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Sometime in 1988, Professor Gordon E. Russell took on the huge task of editing a 
replacement book for Butler and Jones' Plant Pathology which had been published 
by Macmillan in 1949. A large number of eminent plant pathologists were 
invited to contribute to the production of what Russell foresaw as 'one of the most 
important and prestigious books on plant pathology, which should become a 
standard work of reference for many years to come'. Sadly, this ambitious project, 
which was to have covered the world's major crop plants, never came to fruition: 
Russell died suddenly and Macmillan effectively went out of scientific publication. 
This left a number of authors in search of a book, reminiscent perhaps of 
Pirandello's Six Characters in Search ofan Author. 

The present volume retains the original structure for treatment of individual 
diseases of a given crop but its focus is much sharper; we address the legume 
crops alone. The plant family Leguminosae is second in economic importance only 
to Gramineae, which includes the world's cereals and pasture grasses; they clearly 
deserve similar treatment in a separate volume. Our new book is unique. It brings 
together for the first time recent information on the pathology, not only of the 
pulses, or grain legumes, but also of the leguminous oil-seed crops and pasture 
legumes from both temperate and tropical environments. Thus, The Pathology of 
Food and Pasture Legumes has coverage yet broader than our two earlier books, 
The Pathology of Tropical Food Legumes (J. Wiley & Sons, 19113) and Diseases of 
Tropical Pasture Plants (CAB International, 1994), to which the new book 
becomes a sequel. 

About a quarter of the total output of crop protein in the world as a whole 
comes from legumes which are consequently of great importance in human 
diets, and it is estimated that, to at least 700 million people, pulses are an 
essential component of their diet. Furthermore, about 1000 million hectares of 
land, in the tropics and subtropics alone, are suitable for pastures, and 25% of 
the land surface of the earth is under permanent pasture that supports a large 
part of our domestic livestock. In developed countries, grain legumes are a 



valuable protein-rich supplement to animal feed, and legumes as a whole are 
agriculturally important since their symbiosis with Rhizobium enables them to 
yield with less assistance from purchased nitrogen fertilizer than other crops. 

Legumes, and perhaps particularly tropical legumes, were a relatively 
neglected group of crops until about 30 years ago, and concerted attention to 
pasture species is yet more recent. Roth food and pasture legumes now receive 
considerable emphasis by research teams, both at the national and international 
levels, The result is a fast-moving field generating information that needs regular, 
critical review, With research being conducted most often by multidisciplinary 
teams with a commodity focus, progress in crop improvement has been rapid. 
However, commodity research sometimes runs the risk of myopia, and synthesis 
of information across crops can help to share common problems and to give 
insight to principles applicable to related crop plants, fostering an improved 
communication between plant scientists in different commodity teams, At a time 
when resources allocated to commodity crop teams are ever harder to secure, the 
pertinence of a wider, cross-commodity perspective may be keenly appreciated, 
This book has been written principally for legume scientists in the hope of 
kindling closer communication, and thus a greater efficiency, among them. The 
book's extensive bibliography should extend its use as a source of reference 
beyond legume science alone, perhaps including those concerned with policy- 
making in crop improvement among its readership. 

The authors are to be congratulated, we feel, on the coverage and quality of 
their chapters, and it is a pleasure to record our thanks to all contributors, some 
of whom have undertaken their large tasks at short notice despite the heavy 
pressure of senior positions, and all have gracefully accepted the ravages of our 
red pens, Leonora Duque de Allen and I, Nageshwara Rao have given us very 
considerable secretarial support and David Wood has given us valuable 
assistance with editing. The inconsistencies and inaccuracies that remain must 
be borne in large measure by the editors themselves, 

Finally, the editors, authors and publishers would l i e  to thank the UK 
Uepartment For International Development (UFID) for assistance towards the 
cost of printing the colour plates. 

David J. Allen 
Jilhan Ma Lenni 



Vm~gmar ana db~mtiffc Names oJ' 
some ugurne ~ r o p ~  

ldzuki bean 
Slfalfa 
QlpesMne clover 
4lsike clover 
4rrowleaf clover 
hsparagus bean 
Bambarra groundnut 
Bean 
Berseem clover 
Black gram 
Blackeye pea 

Bonavist bean 
Broad bean 
Butter bean 
Butterfly pea 
Catjang 
Caucasian clover 
Centro 
Chickpea 
Cluster bean 
Common bean 
Common stylo 
Cowpea 
Crimson clover 
Faba bean 
French bean 
Garbanzo 
Goa bean 
Gram 
Green gram 
Greenleaf 

Vigna angularis (Willd.) Uhwl & Unasnl 
see Lucerne 
Trijolium alpestre L. 
Trifolium hybridum L. 
Trifolium vesiculosum Savi 
see Yardlong bean 
Vigna subterranea (L.) Verdc. 
see Common bean 
Trijolium alexandrinum L. 
Vigna mungo (L.) Hepper 
Vigna unguiculata (L.) Walp., cvs with white seed and 
black hilum 
see Hyacinth bean 
Vicia faha L., large-seeded types 
see Lima bean 
Clitoria ternatea L. 
Vigna unguiculata (L.) Walp, cv. gr, bflora 
Trijolium ambiguum Bieb. 
Cen trosema pubescens Benth. 
Cicer arietinum L. 
Cyamopsis tetragonoloba (L.) Taub. 
Phaseolus vulgaris L. 
Stylosanthes guianensis (Aublet) Sw. 
Vigna unquiculata (L.) Walp. 
Trifilium incarnatum L. 
Vicia faba L. 
see Common bean 
see Chickpea 
see Winged bean 
see Chickpea 
see Mung bean 
Desmodium fntortum (Miller) Urb. 



Ground bean 
Groundnut 
Guar 
Haricot bean 
Horse bean 
Horse gram 
Hyacinth bean 
Indigo 
Jack bean 
Jungli bean 
Kersting's groundnut 
Kidney bean 
Lentil 
Leucaena 
Lima bean 
Lucerne 
Mat bean 
Monkey nut 
Moth bean 
Mung bean 
Narrow-leaved lupin 
Navy bean 
Pea 
Peanut 
Pearl lupin 
Perennial glycine 
Persian clover 
Phasey bean 
Pigeonpea 
Red clover 
Red gram 
Red hot poker tree 
Rice bean 
Russell lupin 
Sand plain lupin 
Scarlet runner bean 
Shrubby stylo 
Sieva bean 
Silverleaf 
Siratro 
Small hop clover 
Snake bean 
Snap bean 
Soyabean 
Subterranean clover 
Sunn-hemp 
Sweet clover 

Macrotyloma geocarpum (Harms) Marechal & Baudet 
Arachis hypogaea L. 
see Cluster bean 
see Common bean 
Mucuna sloanei Fawcett & Rendle 
Macrotyloma unijlorum (Lam.) Verdc. 
Lablab purpureus (L.) Sweet 
Indigofera spp. 
Canavalia ensiformis (L.) DC. 
Vigna trilobata (L.) Verdc. 
see Ground bean 
see Common bean 
Lens culinaris Medik. 
Leucaena leucocephala (Lam.) de Wit 
Phaseolus lunatus L. 
Medicago sativa L. 
see Moth bean 
see Groundnut 
Vigna aconitijolia Uacq.) Marechal 
Vigna radiata (L.) Wilcz. 
Lupinus angustiJolius L. 
Phaseolus vulgaris L.. cvs with small white seed 
Pisum sativum L. 
see Groundnut 
Lupinus mutabilis Sweet 
Neonotonia wightii (Wight. & Arn.) Lackey 
Trifolium resupinatum L. 
Macroptilium lathyroides (L.) Urb. 
Cajanus cajan (L,) Millsp. 
Trijolium pratense L. 
see Pigeonpea 
Erythrina ahyssinica Lam. ex L)C. 
Vigna umbellata (Thunb.) Ohwi & Ohashi 
? Lupinus polyphyllus Lindl. X L. arboreus Sims 
Lupinus cosentinii Cuss. 
Phaseolus coccineus L. 
Stylosanthes scabra Vog. 
Phaseolus lunatus L., small-seeded types 
Desmodium uncinatum Uacq.) DC. 
Macroptilium atropurpureum (DC.) Urb. 
see Yellow suckling clover 
see Yardlong bean 
Phaseolus vulgaris L., cvs grown for their green pods 
Glycine max (L.) Merr. 
Trifolium subterraneum L. 
Crotalaria juncea L. 
Melilotus spp. 



Sword bean 
Tepary bean 
Tick bean 
Tree lupin 
Tropical kudzu 
Urd bean 
Velvet bean 

White clover 
White lupin 
Winged bean 
Yam bean: African 

Mexican 

Yardlong bean 
Yellow lupin 
Yellow suckling clover 
Zigzag clover 

Canavalia gladiata (Jacq.) DC. 
Phaseolus acutijolius A. Gray 
Viciafaba L., small-seeded types 
Lupinus arboreus Sims 
Pueraria phaseoloides (Roxb.) Benth. 
see Black gram 
Mucuna pruriens (L.) DC, var. utilis (Wall, ex Wight) 
Baker ex Burck. 
Trijolfum repens L. 
Lupinus albus L. 
Psophocarpus tetragonolobus (L.) DC. 
Sphenostylis stenocarpa (Hochst, ex Rich.) Harms 
Pachyrrhizus erosus (L.) Urban and l? tuberosus 
(Lam.) Spreng. 
Vigna unquiculata (I,.) Walp. cv, gr. sesquipedalis 
Lupinus luteus L. 
Trifolium dubiurn Sibth. 
Trifolium medium L. 



Plate 1. Reddish-brown lesions of early leaf spot (top) and black lesions of late leaf spot (bottom) on 
abaxial surfaces of groundnut. Photo courtesy of ICRISAT. 

Plate 2. Web blotch of groundnut caused by Phoma arachidicola. Photo courtesy of P. Subrahmanyam. 

Plate 3. Small, curled, distorted, pale yellow leaves caused by chlorotic rosette (top) and dark green leaves 
with outward rolled margins typical of green rosette (bottom) of groundnut. Photos courtesy of P. 
Subrahmanyam. 

Plate 4. Angular leaf spot lesions on bean leaf. Adaxial surface on left, and on the right, the abaxial surface 
on which synnemata are conspicuous Photo courtesy of CIAT. 

Plate 5. Common bacterial blight lesions on bean leaves. Photo courtesy of CIAT. 



Plate 8. Halo blight lesions on bean leaves. Photo courtesy of D.J. Allen. 

Plate 7. Green vein-banding symptoms induced by blackeye cowpea mosaic virus in Tanzania. Photo 
courtesy of D.J. Allen and John Wiley & Sons. 

Plate 8. The witchweed of cowpea bears a loose spike of dull mauve to pale purple flowers (northern 
Nigeria). Photo courtesy of J.B. Smithson and John Wiley & Sons. 

Plate 9. Interveinal chlorosis is a typical symptom of the root parasite Striga gesnerioides (northern 
Nigeria). Photo courtesy of D.J. Allen. 

Plate 10. Water-soaked lesion on middle pea seedling caused by Aphanomyces euteiches. This pathogen 
can attack the plant at all stages of maturity and is not limited to root tips or seedling rot, as are Pythium 
spp. Photo courtesy of J.M. Kraft. 



Plate 11. Vascular discoloration of above-ground pea stem from plant infected with Fusarium oxysporum f. 
sp. pisi race 2. Photo courtesy of J.M. Kraft. 

Plate 12. Vine rot and fluffy white mycelial mass on pea vines on soil surface infected with Sclerotinia 
sclerotiorum. Photo courtesy of J.M. Kraft. 

Plate 13. Symptoms of alfalfa mosaic virus in a semi-leafless pea cultivar. Note vascular discoloration and 
chlorosis. Photo courtesy of J.M. Kraft. 

Plate 14. Pod symptoms of pea streak. Note brown necrotic lesions with associated sunken areas. Photo 
courtesy of J.M. Kraft. 

Plate 15. Ascochyta fabae on faba bean showing pycnidia in centre of lesion and possible effect of toxin 
along one midrib. Photo courtesy of G.J. Jellis. 



Plals 16. Downy mildew (Peronospora viciae) sporulating on underside of faba bean leaf. Photo courtesy of 
G.J. Jellis. 

Plats 17. Uredosori of lentil rust on leaves and stem. The heavy attack has caused pod abortion. Photo 
courtesy of CODIS, ICARDA. 

Plats 18. Foliar blight from stem girdling by the ascochyta blight pathogen. Photo courtesy of B. Bayaa. 

Plate 19. Screening lentil for resistance to vascular wilt using a 'sick-plot' with rows of a repeated 
susceptible check. Photo courtesy of B, Bayaa. 



Plate 20. Broomrape attack in lentil: Orobanche crenata (unbranched inflorescence of white flowers) and 0. 
aegyptiaca (branched inflorescence of blue flowers). Photo courtesy of CODIS, ICARDA. 

Plate 21. Effective field screening for resistance to fusarium wilt in the chickpea wilt-sick plot at ICRISAT 
Centre, Patancheru, India. Photo courtesy of M.P. Haware. 

Plale 22. Effect of Trichoderma harzianum (right) in reducing damage caused by Botrytis cinerea on 
seedlings of chickpea (untreated seedlings on left). Photo courtesy of M.P. Haware. 

Plale 23. Leaf reddening on desichickpea caused by stunt virus. Photo courtesy of ICRISAT, 



Plate 24. Reduction in phytophthora blight of pigeonpea by intercropping with short leguminous crops. 
Photo courtesy of M.V. Reddy. 

Plate 25. Comparison between susceptible (right) and resistant (left) pigeonpea cultivars to powdery 
mildew. Photo courtesy of T.N. Raju. 

Plate 26. Sterility mosaic-affected leaves of pigeonpea showing light and dark green mosaic. Photo 
courtesy of M.V. Reddy. 

Plate 27. Section of field of red clover affected by fusarium root rot. Photo courtesy of K.T. Leath. 

Plale 28. Extensive necrosis of red clover plant following inoculation with Sclerotinia trifoliorum. Photo 
courtesy of P.C. Mercer. 



Plate 29. Wilt-type symptoms of Kabatiella caulivora on red clover. Photo courtesy of C.J. O'Rourke. 

Plate 30. Phyllody of white clover caused by phytoplasma. Photo courtesy of C.J. O'Rourke. 

Plate 31. Symptoms of clover yellow vein on leaves of arrowleaf clover (left) compared with healthy leaves 
(right). Photo courtesy of M.J. McLaughlin. 

Plate 32. Symptoms of white clover mosaic on leaves of white clover. Photo courtesy of M.J. McLaughlin, 



Plate 39. Symptoms of alfalfa mosaic virus on right-hand leaf of white clover. Centre leaf infected by peanut 
stunt virus and left-hand leaf healthy. Photo courtesy of M.J. McLaughlin. 

Plate 34. Cream to light grey lesions with dark margins on leaves of Srylosanthes hamata - Type A 
anthracnose (top), and black blight lesions on leaves of Stylosanthes guianensis - Type B anthracnose 
(bottom). Photos courtesy of J.M. Lennd and CIAT. 

Plate 35. Evaluation of Stylosanthes spp, for resistance to anthracnose in Bahia, Brazil. Photo courtesy of 
J.M. Lennd. 

Plate 36. Coalescence of necrotic lesions on leaves of Centrosema bnsilianum (bottom) and profuse 
growth of mycelium of Rhizoctonia solanion Stylosanthes guianensis (top). Photos courtesy of J.M. Lennd. 



DISEASE AS A CONSTRAINT 
TO PRODUCTION OF 
LEGUMES IN AGRICULTURE 

D. J. ALLEN1 AND J.M. LENNE~ 
'Higher Quantock, Stockland, Honiton, Devon E X 1  4 9DX, UK; 

2Crop Protection Division, International Crops Research Institute for the Semi-Arid Tropics, 
ICRlSAT Asia Center; Putancheru 502324, Andhra Pradesh, lndia 

LEGUMES IN AGRICULTURE 

Evolutionary Diversity 

The Leguminosue, which is the third largest family of tlowering plants, comprises 
some 18,000 species, Subfamilies Mimosoideae and Caesalpinioideae are mostly 
tropical whereas Papilionoideae, which contains most species of economic impor- 
tance, is more widespread. Some 6600 species are African, and it has been esti- 
mated (IR Houerou, 1991) that some 2000 of these are actually consumed as 
herbage or browse by large herbivores, the palatable species being about evenly 
distributed in the three subfamilies of Leguminosae. Among the genera mentioned 
in this book, Cassia and Senna belong to the subfamily Cuesalpinioidtae and 
Leucuerta is in the Mimosoideue: all other legumes we discuss belong to the 
Pupilionoideae, which is separable into botanical tribes. Affinities among the 
species and their origins are shown in Table 1.1. Legumes show great variety in 
habit, from trees and shrubs to herbs and climbers. Many have the characteristic 
of being able to form a symbiotic relationship with a group of bacteria (Rhizobiutn 
spp.) which can utilize atmospheric nitrogen, and it may be that this peculiar 
ability is the key to the success of the family which has a cosmopolitan distribu- 
tion. The Leguminosae are characterized by their fruits, which are pods, and by 
their usually alternate, compound, pinnate or trifoliolate leaves. 

In economic importance, the legumes are second only to the grasses among 
plant families. They are of value firstly for their nitrogen-rich plant material for 
consumption by humans and their animals, and secondly for the nltrogen-rich 
residues legumes leave in the soil. The human food they supply is of three kinds: 
edible tubers, as in the genera Pachyrhizus, Psophocarpus and Sphenostylis: leaf, 
green pods and unripe seed (Cajanus, Phaseofus, Pisum, Psophocarpus and Vigna); 
and ripe dry seed,' as in the various pulses or grain legumes. Some are oil-rich, 
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like groundnuts (Arachis) and soyabeans (Clycine). About a quarter of the total 
output of crop protein in the world as a whole comes from legumes, and it is esti- 
mated that, to at least 700 million people, pulses are an essential component of 
their diet. Furthermore, about 1O00 million hectares of land, in the tropics and 
subtropics alone, are suitable for pastures, and 25'26 of the land surface of the 
earth is under permanent pasture that supports a large part of our domestic live- 
stock. Animal feeds in developed countries rely substantially on supplements 
from protein-rich grain legumes like soyabeans, lupins and faba beans, and 
improved pastures rely on clovers or lucerne. In tropical areas, Stylosanthes is the 
single most important pasture legume, and forage and browse legumes like 
Leucaena are important in some areas, while crop residues such as haulms of 
groundnuts, soyabeans and common beans are important animal feed supple- 
ments in developing countries. Many species have multiple uses. Woody species 
provide timber and fuel and often fertilizer from their ash: others provide fibre 
(Vigna) and green manures (Crotalaria, Medicago). Dyes (Indigofera), fish poisons 
(Tephrosia), insecticides (Derris), laxatives (Senna), gums (Cyamopsis), fruits 
(Tamarindus) and showy ornamentals (Amherstia, Erythrina and Wisteria) are 
among many other uses of the 1,eguminosa~ (NAS, 19  79). 

Many of the grain legumes were domesticated very early in history in the 
major centres of origin of agriculture. Peas, faba beans, chickpeas and lentils are 
among the early domestications in the Old World, dating from about 7500 ~c 
in the Mediterranean and temperate Eurasia. Among lupins, species of 
Mediterranean origin appear to have been in cultivation for 3 0 0 0 4 0 0 0  years. 
The Afro-Asian group is indigenous in areas to which agriculture was intro- 
duced from the Middle East; soyabeans are more recent domesticates, emerging 
in north-eastern China perhaps in about 1100 BC. In the New World, the earliest 
domesticated types of common bean are dated between 8000 and 5 500 HC while 
the groundnut has been dated at 3000-2000 BC. The domestication of pasture 
legumes is a relatively new process and most tropical pasture legume cultivars 
are selections from the wild (LennC and Sonoda. 1990). Since their early origins, 
the grain legumes have spread widely and, in some cases well illustrated by 
groundnut and soyabean, the regions of major production today are far removed 
from centres of origin. The most obvious effects of pulse domestication involve 
the modification of growth habit. Stems tend to be thicker, leaves larger, branches 
fewer, the node number less and internode length shorter, a process culminating 
in the evolution of self-supporting plants well adapted to monocrop farming sys- 
tems (Allen, 1983; Smartt and Hymowitz, 198 5). 

Production and Productivity in Legume Farming Systems 

The world production of soyabean far exceeds that of any other legume crop, fol- 
lowed by the other oilseed legume, groundnut. Among pulses, the most impor- 
tant in terms of production are pea, common bean and chickpea, followed in 
some order by faba bean, lentil, pigeonpea, cowpea, mung bean and lupin. 
Monocropping is the rule in developed countries of temperate and subtropical 
regions, examples being the production of soyabeans, groundnuts, peas and 



common beans in the USA; or common beans in Brazil, lupins in Australia and 
faba beans in Britain. These are produced by intensive systems of mechanized 
farming from which grain yields of 1.5-3.0 t ha-lare common. However, with 
the exception of soyabean, the vast majority of the harvest of food legumes comes 
from small-scale subsistence farms where common practices are mixed cropping 
and landrace or cultivar diversity, strategies that avoid risk rather than maximize 
productivity. Added inputs are few and yields are typically low, perhaps 200-700 
kg ha-'. Pasture legumes, in both temperate and tropical production systems, are 
rarely monocropped unless the land is exclusively used for high quality hay Most 
pasture legumes are incorporated into grass-based pastures, i.e. at minimum, 
intercropped. In tropical regions, particularly, perennial Stylosanthes pastures are 
highly heterogeneous plant communities (Lenne, 1989; LennC, Chapter 13, this 
volume). It seems probable that there are cogent parallels here between such 
practices in the production of food legumes and the diversity implicit in pastures, 
Diseases have played a part in the evolution of tropical agroecosystems within 
which crop diversity seems a sound strategy for sustaining productivity (Allen, 
1983; Smithson and Lenne, 1996). The extent to which disease alone, among 
other agronomic constraints, can account for the yield gap (between subsistence 
and 'modern' agriculture) has seldom been well quantified in legumes, and 
attention is drawn to the need for better assessment of yield loss in the final chap- 
ter (Lenni and Allen, Chapter 14, this volume). 

Minor Legumes 

The following chapters (2-13) give monographic treatment, crop by crop, of 
groundnut, soyabean, common bean, cowpea, pea, faba bean, lentil, chickpea, 
pigeonpea, lupins, clovers and tropical pasture legumes. To a point, our choice 
has been subjective and we can be criticized for various omissions amongst 
which lima bean, winged bean, mung bean and lucerne (alfalfa) are obvious 
examples. These and many 'minor' legumes are either locally important or have 
potential for greater development (NAS, 1979). Much of the substance of 
Chapters 4 and 5 is relevant to lima bean and mung bean, respectively, and some 
of the content of Chapter 12 has relevance to lucerne. The literature on the 
pathology of the more minor species is dispersed and fragmentary. Recognizing 
the need to capture what is available, we have tabulated information on the dis- 
eases of lima bean, hyacinth bean, the Asian Vigna species, bambarra groundnut, 
winged bean, Leucaena and lucerne in Tables 1.2 to 1.8. 

Many diseases, and the pathogens that cause them, are common to a range 
of legume species, so that synthesis of information in a critical review could help 
to highlight particular problems and opportunities. For this reason, the next sec- 
tion of this chapter focuses on the legume pathogens themselves. 







Bacterial bligM Xanthomonas sp., presumably Probably widespread Angus (1962-1 966); 
X. campestris pv. phaseoli Lyman et a/. (1985) 
(E.F. Smith) Dye 

Bacterial brown spot 

Halo blight 

Cucumber mosaic 

Common mosaic 

Peanut mottle 

Cowpea mild mottle 

Golden mosaic 

Root knot 

Pseudomonas syringae pv. 
syringae van Hall 

Pseudomonas syringae pv. phaseolicola 
(Burk.) Young etal. (=Ps. savastanoi 
pv. phaseolicola (Burk.) Gardan et a/.) 

Cucumber mosaic cucumovirus 

Bean common mosaic potyvirus 

Peanut mottle poiyvirus 

Cowpea mild mottle carlavirus 

Bean golden mosaic geminivirus 
Lima bean golden mosaic geminivirus 

Meloidogyne spp. 

USA: East Africa 

Eastern and southern Africa; 
Madagascar 

USA 

Widespread 

East Africa 

Nigeria 

Latin America 
Nigeria 

Widespread and important 

Tisdale and Williamson (1923); Thaung and 
Walker (1 957); Riley (1 960); Teverson (1 991) 

Riley (1960); Teverson (1991) 

Harter (1 938); Anderson (1 955) 

Morales and Bos (1988) 

Bock et a/. (1 978) 

Rossel and Thottappilly (1985) 

Goodman and Bird (1978); Williams (1976); 

Vetten and Allen (1 983) 

Allard (1 954); Toler and Wester (1 966); 
Rachie et a/. (1980) 





Powdery mildew 

Altemaria leaf spot, 
foliar blight 

Myrothecium leaf spot 

Yeast spot 

Pyrenochaeta leaf spot 

Bacterial blight 

Halo blight 

Alfalfa mosaic 

Sunn-hemp mosaic, 
dolichos enation mosaic 

Peanut stunt 

Dolichos yellow mosaic 

Root knot 

Wichweed 

E H p h e  polygoni DC 

Leveillulla taurica (Lev.) Arnaud 

Alternaria altemata (Fr.) Keissler 

A. tenuissima (Pers.) Wilts. 
A. circinans (Berk. & Curt.) Bolle 

Myrothecium roridum Fr. 

Nematospora coryli Pegl. 

Pyrenochaeta dolichi Mohanty 

Xanthomonas sp. 
X. campestris pv. phaseoli (E. F. Sm.) Dye 

Pseudomonas syringae pv. phaseolicola 
(Burk.) Young etal. (=Ps. savastanoi 
pv. phaseolicola (Burk.) Gardan et al.) 

Alfalfa mosaic alfamovirus 

Sunn-hemp mosaic tobamovirus 

Peanut stunt cucumovirus 

Dolichos yellow mosaic geminivirus 

Meloidogyne sp. 

Striga sp. 

Venezuela 

India, Ethiopia, Kenya, Nicaragua 

Sudan 

Hong Kong, India, Kenya, Sudan 
lndia 

Malaysia, India, Ghana and 
Sierra Leone 

Tanzania 

Ghana, Uganda 

Tanzania 
Zimbabwe, Sudan 

Ethiopia, Kenya, Tanzania, 
Zimbabwe 

Sudan 

lndia 

Sudan 

lndia 

Widespread 

? Africa 

Stewart and Dagnatchew (1967); 

Ondieki (1 973); Lenne (1 990) 

Lenne (1 990) 

Lenne (1 990) 
Garud et al. (1 977) 

Williams and Liu (1976); Lenne (1990) 

Riley (1 960) 

Lenne (1 990) 

Ebbels and Allen (1979) 
Tarr (1958); Sabet and lshag (1969); 
Rothwell(1983); 

Rothwell (1983); Teverson (1 991) 

Nour and Nour (1 962) 

Kassanis and Varma (1975) 

Ahmed and Mills (1985) 

Capoor and Varma (1950); Harrison etal. 
(1 991) 
Anonymous (1981) 

NAS (1 979) 





Myrothecium leaf spot Myrothecium roridum Tode ex Fr. 

Black spot Protomycopsis phaseoli 
Ramakrishnan & Subraman. 

False rust 

Rust 

Powdery mildew 

Pod rot 

Bacterial blight, 
leaf spot 

Halo blight 

Blackgram mottle 

Urdbean leaf crinkle 

Cowpea severe mosaic 

Southern bean mosaic 

Alfalfa mosaic 

Cucumber mosaic 

Bean common mosaic, 
? mung bean mosaic 

Bean yellow mosaic 

Tobacco ringspot 

Tomato spotted wilt, 
leaf curl 

Cowpea mild mottle 

Mungbean yellow mosaic 

Synchytrium sp. 

Uromyces appendiculatus (Pers.) Ung. 
Phakopsora pachyrhizi Syd. 

Erysiphe polygoni DC. 

Diplodia sp. 

Xanthomonas campestris pv. phaseoli 
(E .  F. Sm.) Dye, pv. vignicola Burkh., 
and pv. vignaeradiatae Sabet et al. 

Pseudomonas syringae pv. phaseolicola 
(Burkh.) Young etal. (= Ps. savastanoi 
pv. phaseolicola (Burkh.) Gardan eta/.) 

Blackgram mottle carmovirus 

? 

Cowpea severe mosaic comovirus 

Southern bean mosaic sobemovirus 

Alfalfa mosaic alfamovirus 

Cucumber mosaic cucumovirus 

Bean common mosaic potyvirus 

Bean yellow mosaic potyvirus 

Tobacco ringspot nepovirus 

Tomato spotted wilt tospovirus 

Cowpea mild mottle carlavirus 

Mungbean yellow mosaic geminivirus 

lndia 

lndia 

South-east Asia 

Widespread; Asia and Africa 

Widespread and important 

South-east Asia 

Probably widespread; 
comparative studies 
seem warranted 

India, Eastern Africa. 
USA and New Zealand 

lndia and Thailand 

lndia 

Trinidad 

lndia 

Iran, probably widespread 

Widespread? 

Iran and India, probably 
widespread 

Indonesia 

Sri Lanka 

lndia 

Tanzania 

Widespread in South Asia 

Srivastava (1 980) 

Pavgi and Thirumalachar (1953); Prasad etal. 
(1 962) 

Yang (1 978) 

Bose (1 932); Yang (1 978); Ebbels and Allen 
(1 979); Lenne (1 990); Ono et al. (1 992) 

Bose (1932); Lawn and Ahn (1985) 

AVRDC (1 978) 

Sabet eta/. (1969); Patel and Jindal (1 972); 
D.J. Allen, unpublished 
(IMI 8 6940 and B 6943) 

Stewart and Dagnatchew (1 967); Patel and 
Jindal(1972); Taylor etal. (1996) 

Scott and Hoy (1981) 

Williams et al. (1 968); Beniwal et al. (1 980) 

Dale (1 949) 

Tremaine and Hamilton (1 983) 

Kaiser (1 979); Jaspars and Bos (1 980) 

Purivirojkul and Poehlman (1 977) 

Kaiser and Mossahebi (1974) 

lwaki and Auzay (1 978) 

Vignarajah (1 978) 

Ghanekar et a1 (1 979) 

Mink and Keswani (1987) 

Honda etal. (1983); Harrison et al. (1991 ) 









False rust Synchytrium psophocarpi 
(Racib.) Gaum. 

Powdery mildew 

Flower blight 

Bacterial wilt 

Ringspot 

Necrotic mosaic 

Mosaic 

Cyst nematode 

Root knot 

Oidium sp.. probably Erysiphe 
cichoracearum DC ex Merat 

Choanephora cucurbitarum 
(Berk. & Rav.) Thaxt. 

Pseudomonas solanacearum (E. F. Sm.) 
E. F. Sm. (=Burkho/deria solanacearum 
(E. F. Sm.) Yabuuchi etal.) 

Cucumber mosaic cucumovirus 

Cowpea mild mottle carlavirus 

Cowpea mosaic comovirus 
Cowpea severe mosaic 
comovirus 

Heterodera radicicoia (Greeff) Muller 

Meloidogyne incognita (Kof oid & 
White) Chitwood and other spp. 

Papua New Guinea, Drinkall (1978); Drinkall and Price, (1979, 
Java, Philippines. Malaysia 1983,1986); Allen (1991 ) 
Tanzania (on Psophocarpus ? 
scandens), Uganda and Ghana 
(on F! palustris) 

Papua New Guinea Price (1 977) 

Papua New Guinea Price (1978) 

Malaysia Abdullah (1 980) 

West Africa, Fiji 

Ivory Coast 

East Africa 
Brazil 

Mauritius 

Widespread 

Fauquet etal. (1979); Brunt and Phillips 
(1981); Rossel and Thottappilly (1985) 

Fauquet et al. (1979); Rossel 
and Thottappilly (1 985) 

Kitajima et a/. (1 979); Allen (1 983) 

de Sornay (1 91 6) 

Price (1976); Price and Linge (1979) 
Eagleton eta/. (1 985) 



Table 1.7. Diseases of Leucaena species. 

Disease Causal agent Distribution Importance 

Seedling and root diseases 
Root rot Ganoderma lucidum (FL) Karst; Widespread 

G. applanatum (Pers.) Pat; 
G. tornatum (Pers.) Bres. 

Potentially 
irnportant 

Root rot Fusarium oxysporum Schlecht; Sri Lanka, India, 
E moniliforme Sheldon var. Mauritius 
subglutinans L.; 
E solani (Mart.) Sacc. 

Minor to 
locally 
important 

Damping-off and Fusarium spp.; Widespread 
seedling rot Rhizoctonia solani Kiihn; 

Pythium spp. 

Locally 
irnportant 

Seedling rot Colletotrichum truncatum Philippines 
(Schwein.) Andrus & Moore 

Minor 

Stem diseases 
Gummosis Unknown aetiology Widespread Important 

Locally irnportant Stem rot Pseudolagarobasidium Taiwan 
leguminicola Chang & Chen 

Stem canker Pirex subvinosus (Berk. & Br.) India 
Hjortstam 

Locally important 

Blight, canker Complex of Calonectria Taiwan 
rigidiuscula (Berk. & Br.) 
Sacc. and Fusarium roseum Fr. 

Minor 

Foliar diseases 
Leaf spot Camptomeris leucaenae Widespread 

(F.L. Stev. & Dalbey) 
H. Sydow 

Locally important 

Minor Anthracnose Colletotrichum capsici Widespread 
(H. Sydow) E. Butler & 
Bisby; C, crassipes (Speg.) 
v. Arx; C, gloeosporioides (Penz.) 
Penz. & Sacc. 

Pod rots 
Fusarium pod rot Fusarium sp. Brazil and 

Colombia 
Minor 

Bacterial pod rot Pseudomonas fluorescens Central and 
(Trev.) Migula Biovar II South America 

Main source: Lennb (1990,1991); Lennb and Trutmann (1 994). 

Locally 
important 



Table 1.8. Diseases of lucernelalfalfa (Medicago sativa). 

Disease Causal agent Distribution 
- -  -. . -- . 

Root and crown diseases 
Acrocalymma root Acrocalymma medicaginis Australia 
and crown rot Alcorn & Irwin 

Brown root rot Phoma sclerotioides USA (Alaska), 
G .  Preuss ex Sacc. Canada, Australia 

Phytophthora root rot Phytophthora megasperma Widespread 
Drechs. f. sp. medicaginis 
T. Kuan & D.C. Erwin 

Winter crown rot Coprinus psychromorbidus USA (Alaska), 
Redhead & J.A. Traquair Canada 

Root knot Meloidogyne hapla Chitwood Widespread 

Wilts 
Fusarium wilt Fusarium oxysporum 

Schlech. f. sp. medicaginis 
(Weimer) Snyder & Hansen 

Verticillium wilt Verticillium albo-atrum 
Reinke & Berthier 

Lower stem and crown diseases 
Anthracnose Colletotrichum trifolii 

Bain & Essary; 
C, destructivum O'Gara; 
C. truncatum (Schwein.) 
Andrus & Moore 

Root canker, crown Rhizoctonia solani Kij hn 
and bud rot, stem ( Thanatephorus cucumeris 
blight (Frank) Donk) 

Sclerotinia crown and Sclerotinia sclerotiorum 
stem rot (Lib.) de Bary S. trifoliorum 

sensu Kohu 

Leaf and stem diseases 
Common leaf spot Pseudopeziza medicaginis 

(Lib.) Sacc. 

Widespread 

Europe, USA, 
Canada, New 
Zealand 

USA, Argentina 
Australia, Europe, 
former USSR 

USA, Australia, 
Iran 

Widespread 

Widespread 

Leptosphaerulina leaf Leptosphaerulina briosiana Widespread 
spot (Pollacci) Graham & Luttrell 

Importance 
- - 

Significantly contributes 
to poor persistence and 
productivity 
May be serious in 
winter and early spring 
Especially severe under 
flood irrigation 

Severe, may progressively 
kill 75-100% of a stand 

Locally important, 
especially in association 
with pathogenic fungi 

Severe, especially 
under warm, temperate 
conditions 
Serious, can reduce 
yields by up to 50% 
and shorten stand life 

Serious, especially 
in areas with summer 
rainfall 

Damaging under con- 
ditions of high temperature 
and soil moisture 

Damaging to seedling 
stands 

Reduction in yields 
up to 4O0/0, reduced 
quality of hay 
Economically important 
during cool, wet 
summers 

Continued overleaf 



Table 1.8. Continued 

Disease Causal agent 

Spring black stem and Phoma medicaginis Malbr. 
leaf spot & Roum var. medicaginis 

Boerema 
Alfalfa stem nematode Ditylenchus dipsaci (KLlhn) 

Filipjer 

Alfalfa enation Alfalfa enation 
rhabdovirus (AEV) 

Alfalfa mosaic Alfalfa mosaic virus (AMV) 

Distribution Importance 

Widespread Destructive in northern 
temperate regions, 
reducing yield and quality 

Widespread Serious pest in heavy 
soils, areas of high 
rainfall and irrigation 

Europe, Saudi Serious disease in 
Arabia southern France 
Widespread Moderate to minor loss 

to alfalfa but host acts 
as an important 
reservoir for other crops 
including pea 

Source: Stuteville and Erwln (1990). 

LEGUME PATHOGENS 

Pathogen and Disease Diversity 

Legume crops throughout the world are prone to attack by the whole gamut of 
plant pathogens, from fungi, bacteria, phytoplasmas and viruses, to nematodes 
and parasitic angiosperms. Among these, fungi and viruses are the largest and 
perhaps most important groups. All parts of the plant are affected at all stages of 
growth. Among fungi, species of Aspergillus, Fusarium Pythium and Rhitoctonia 
are typically associated with seed and seedling diseases, crown rot, root and stem 
rots, or wilt. For accounts of Aspergillus, which is especially important on ground- 
nut, the reader is referred to McDonald et al. (Chapter 2 ,  this volume). The genus 
Pythium has a wide host range among legumes but it is perhaps on soyabean, pea 
and chickpea that it is most important (Chapters 3, 6 and 9, this volume). Many 
of the chapters address Fusarium and Rhizoctonia as legume pathogens. 
Macrophomina, which causes charcoal rot on a range of legume hosts, is reviewed 
in Allen (1997) and by Sinclair (Chapter 3, this volume) and Haware (Chapter 9, 
this volume). Phytophthora species cause various blights (Allen, 1983), the most 
important of which are in soyabean (Chapter 3, this volume) and pigeonpea 
(Reddy et al., Chapter 10, this volume). A stem rot and blight, often called white 
mould, is caused by Sclerotinia species that affect a vast range of plant hosts 
including many legumes (Allen, 1997; Sinclair, Chapter 3; Kraft et al,, Chapter 6; 
Jellis et al., Chapter 7; Mercer, Chapter 12, this volume). Grey mould and choco- 
late spot, caused by species of Botrgtis, are of great importance to faba bean, lentil 
and chickpea (Jellis et al., Chapter 7; Bayaa and Erskine, Chapter 8; and Haware, 
Chapter 9, this volume). Rhitoctonia also causes aerial blight, often called web 



blight, in a range of legumes, among which the disease is particular important in 
lowland humid tropical environments (Sinclair, Chapter 3; Allen et al., Chapter 5; 
Lennk, Chapter 13, this volume). 

Numerous fungal genera cause various leaf spots; among them the genus 
Cercospora and its allies are especially important. This group, which has been 
reviewed in Allen (1983), includes the genus Phaeoisariopsis which causes dis- 
eases of world importance in groundnut and common bean (McDonald et aL, 
Chapter 2; Allen et al., Chapter 4,  this volume). Cercospora leaf spot fungi are 
treated also by Sinclair (Chapter 3, this volume), Allen et al. (Chapter 5, this vol- 
ume) and Reddy ct al. (Chapter 10, this volume). The genus Sternphylium causes 
folinr diseases of consequence in lentil and lupin (Bayaa and Erskine, Chapter 8; 
Hill, Chapter 11, this volume), and Phomopsis is important in soyabean and lupin 
(Sinclair, Chapter 3; Hill, Chapter 11, this volume). Septoria species cause leaf 
spots in soyabean, cowpea and various tropical pasture legumes (Lenne, 1990; 
Sinclair, Chapter 3; Allen et al., Chapter 5 ,  this volume). 

Downy mildews are important in soyabean and pea (Sinclair, Chapter 3: 
Kraft et ul., Chapter 6 ,  this volume) and powdery mildews are important espe- 
cially in pea, pigeonpea and clovers (Kraft et ul., Chapter 6: Reddy et al.. Chapter 
10; Mercer, Chapter 12, this volume). Smut fungi are relatively unimportant, 
although Entyloma species cause disease in cowpea and Aeschynomene (Allen, 
1983; I,ennk, 1990). Conversely, rust fungi are important on a wide range of 
legumes and are subjects well treated in many of the chapters. Perhaps especially 
notable are recent studies by Hennen and his co-workers on the taxonomy of the 
groundnut and soyabean rust fungi, as discussed by McDonald et ul. and Sinclair 
(Chapters 2 and 3, this volume). 

From the fungi affecting legumes, we have chosen four groups for more 
detailed treatment in the following sections of this chapter. Our choice is 
inevitably somewhat subjective, but we have borne in mind factors including 
their importance across legume crops or their comparative neglect in the litera- 
ture. Our intention is to highlight aspects that seem to deserve greater attention 
and to derive principles that appear applicable to several host legume crops. The 
fungal genera we focus on are: Synchytrium; Colletotrichum; Elsinoe and 
Sphuceloma; and Ascochy tu and Phomu. 

Among bacterial pathogens of legumes, the most important belong to the two 
species Pseudomonas syringue van Hall and Xanthomonas carnpestris (Pammel) 
Dowson; we choose the latter for discussion later in this chapter. Host-specific 
pathovars within t! sgringae cause major diseases in soyabean, common bean and 
pea (Sinclair, Chapter 3; Allen et al., Chapter 4; Kraft et al., Chapter 6, this volume); 
these and other pathovars also cause disease in other legume crops. Fluorescent 
pseudomonads are recorded as minor pathogens of clover and Leucaena (Mercer, 
Chapter 12; Table 1.7). Bacterial wilts are caused by Burkholderia solanacearum (E.F. 
Sm.) Yabuuchi et al. or by Curtobacterium flaccumfaciens (Hedges) Collins & Jones. 
The former is especially important in groundnut (McDonald et al., Chapter 2, this 
volume) but also affects common bean (Allen, 1995) and Stylosanthes (Lenne, 
Chapter 13, this volume). C. flaccumfaciens affects soyabean (Sinclair, Chapter 3, 
this volume), and various other legumes including common bean in which it 
appears to have been accorded undue quarantine significance (Allen, 1995). 
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Phytoplasmas are also common legume pathogens but relatively few cause 
diseases of great economic importance. The principal exceptions include phyllody 
diseases of pigeonpea and clover, and little leaf of tropical pasture legumes (Reddy 
et al.. Chapter 10; Mercer, Chapter 12: Lenne, Chapter 13, this volume). 

There is a rapidly expanding number of characterized viruses described from 
natural infections of legumes, with representatives in many of the virus groups 
now recognized. Among the more important groups are the carlaviruses, 
furoviruses and potyviruses, all with rod-shaped or filamentous particles. The 
potyviruses are probably the most important overall and these are selected for 
further comment below. Among the viruses with isometric particles, the como-. 
carmo-, bromo- and sobemoviruses are important in legumes in which they are 
transmitted by beetles: cucumo- and luteoviruses are aphidborne, the former in a 
non-persistent and the latter in a persistent manner: tymoviruses have no known 
vector. Alfalfa mosaic virus is currently the only virus known in legumes that 
possesses bacilliform particles. The geminiviruses, with geminate particles, are a 
group with members transmitted in legumes either by whiteflies or by leafhop- 
pers. Thrips are important vectors of the tospoviruses, notably in the groundnut 
crop (McDonald et al.. Chapter 2 ,  this volume), and both thrips and nematodes 
are implicated in the transmission of the nepovirus that causes bud blight in soy- 
abean (Sinclair, Chapter 3, this volume). The furoviruses that cause peanut 
clump are examples of soilborne, and fungus transmitted, pathogens. 

Many of these viruses are seedborne in their legume hosts, some at levels suf- 
ficient to have enabled worldwide distribution: others, though seedborne, remain 
relatively restricted ecologically or geographically, suggesting that seed transmis- 
sion is inefficient. The carmovirus cowpea mottle seems an example (Allen ct al., 
1982); there may be others among comoviruses. Geminiviruses are not seed- 
borne: the emerging pattern of relationships among them suggests that whitefly- 
transmitted geminiviruses from the same area are closely related whereas those 
from different regions are more distantly related, irrespective of their host species 
(Natesham et a] . ,  1996). 

The economic importance of legume viruses also varies widely, depending in 
part on the width of virus host range among major crop species, partly on geo- 
graphic distribution of the virus and partly on the intensity of its damage. The 
prediction of disease-prone areas by means of geographic information systems, as 
applied to peanut clump, could prove valuable, but it is salient to note that the 
importance of diseases like groundnut rosette can vacillate wildly with the sea- 
son, from trivial losses to catastrophic epidemics (McDonald et al., Chapter 2 ,  this 
volume). The potential for the more effective management of virus diseases in 
legumes is reviewed by Lenne and Allen (Chapter 14, this volume). 

Among the wide range of nematodes, or eelworms, that parasitize legume 
crops worldwide, the root-knot nematodes (Meloidogyne spp.) are of greatest 
importance, particularly in tropical regions. About 40 species of Meloidogyne are 
recognized but only four account for 9 5% of their damage: these are M. incognita 
(Kofoid & White) Chitwood, M, favanica (Treub.) Chitwood, M. arenaria (Neal) 
Chitwood and M. hapla Chitwood. One or other of these species attacks almost all 
of the tropical legumes but their economic importance is variable: perhaps over- 
all they cause greater damage to groundnut and to pasture legumes like 
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Desmodium (McDonald et ul. and Lenne, Chapters 2 and 13,  this volume, respec- 
tively). The cyst nematodes (Heterodera spp.) are perhaps better adapted to more 
temperate climates where they are especially damaging to soyabean (H. glycines 
Ichinohe) and to peas (H. goettingiana Liebs.) and to a lesser extent to faba bean 
and, locally, to pigeonpea (Allen, 1983; Sinclair, Chapter 3; Kraft et al., Chapter 6 
this volume). The stem nematode, Ditylenchus dipsaci (Kuhn) Pilipjer, is the most 
important of several nematode species that attack faba bean (Jellis et al., Chapter 
7, this volume). The root lesion nematodes (Pratylcnchus spp.) are widespread 
and often important, and the reniform nematode (Rotylenchulus renijormis L. & 
0.) is also widely distributed with a broad host range that includes many 
legumes. Other nematodes of economic importance to legume crops are more 
restricted in their distribution; their importance is not confined to their individ- 
ual effects on crop yield, for nematodes are well known to be involved in disease 
complexes with other soilborne pathogens and some, like Xiphenema species, are 
virus vectors (Allen, 1983; Lenne and Trutmann, 1994). 

Finally, among the groups of legume pathogens with which this book is con- 
cerned are the parasitic angiosperms. Those that are parasites of the aerial parts 
of plants include the dodders (Cuscuta spp.) which occasionally are reported from 
legume crops, including soyabean, common bean, cowpea, chickpea and pigeon- 
pea (Allen, 1983), but they are seldom of much importance. On the other hand, 
the root parasites are of very great importance. Rroomrapes in the genus 
Orobanche are temperate in distribution and have many hosts among legumes, 
including clovers (0. rninor Sm.) and the shrubby genera Ulex, Genistu and 
Cytisus (0. rapum-genistae Thuill.) in northern Europe, but it is in the 
Mediterranean region and Near East where Orobanchc spp. are of greatest impor- 
tance and rank among major field problems of the region. 0. crtlnatu Forskall, 0. 
aegyptiaca Pers, and 0, ramosu L. together cause substantial damage to faba bean 
and lentil crops (Jellis ct al., Chapter 7; Bayaa and Erskine, Chapter 8, this vol- 
ume). In the related family Scrophuluriuceae, two other genera of root parasites 
are of consequence, Alectru and Striga. Of these two, Striga is much the more 
important. S. gesnerioides (Willd.) Vatke, which has a relatively broad host range 
that includes various legume and non-legume genera, is of extreme importance 
to cowpeas in western and southern Africa. Within the species there is a consid- 
erable degree of host specificity, as reviewed by Allen ct al. (Chapter 5, this vol- 
ume). 

Synchytrium Species as Legume Pathogens 

The genus Synchytrium belongs to the Chytrideales whose species are water- or 
soil-inhabiting organisms. The genus Synchytrium is subdivided into at least six 
subgenera. S, desmodii Munasinghe belongs to Mesochytrium whereas all the rest 
of the species on legumes are placed in subgenus Woroninella, in which no thick- 
walled resting stages occur (Karling, 1977). Although the potato wart pathogen 
(S. endobioticum (Schilb.) Perc.) is well known, the species that have been recorded 
as parasites of legumes have received relatively little research attention: some 18 
species are shown in Table 1.9. The best known of the legume synchytria are 



Table 1.9. Species of Synchytrium on legumes. 

Pathogen Natural host and distribution 

Synchytrium aequatoriense Teramnus sp. in Sudan 
(H. Sydow) Gaum. 

S, alysicarpi T. S. Alysicarpus vaginalis in India 
Ramkr. & Sundar. 

S, cassiae Lingappa Senna cobanensis in India 

S, citrinum (Lagerh.) Gaum. Desmodium intortum and 
D. molliculum in Caribbean and 
South America; Desmodium sp. in 
Caribbean, Central America, 
South-east Asia and Papua New 
Guinea 

S. cookii Lingappa Alysicarpus monilifer and 
A. vaginalis in lndia 

S, crustaturn Lingappa lndigofera linifolia and 
I. spicata in lndia 

S. cyamopsae Gupta & Sin ha Cyamopsis tetragonoloba in lndia 

S, decipiens Farlow Vigna vexillata in Central America 

S. desmodii Munasinghe Desmodium adscendens in Tanzania; 
0 ,  heterocarpon and D. ovalifolium 
in Colombia and Ecuador 

S. dolichi (Cooke) Gaum. Phaseolus lunatus in Tanzania; 
Vigna unguiculata and Vigna spp. 
in Africa; Neonotonia wightii 
in Africa; Glycine spp, in 
Australia; and Rhynchosia spp. 
in Venezuela and South Africa 

S. eriosematis (Henn.) Sydow Eriosema psoraleoides in Uganda 

S. minutum (Pat.) Gaum. Pueraria sp, in Asia, Papua 
New Guinea and Fiji 

S. phaseoli Weston Phaseolus acutifolius, I? lunatus; 
Vigna calcarata, V. radiata and 
Vigna spp.; Rhynchosia elegans in 
Kenya; Rhynchosia minima in 
Zambia; Neonotonia wightii in Brazil; 
and Macroptilium atropurpureum in 
Latin America 

References 

Lennb (1 990) 

Lenne (1990) 

Lenne (1 990) 

Lenne (1990) 

Lenne (1990) 

Gupta and Sinha (1955) 

Lenne (1 990) 

LennC (1 985,1990) 

Riley (1960); Allen 
(1 983); Lenne (1 990) 

Lenne (1990) 

Lenne (1990) 

Angus (1 962-66); 
Lenn6 (1 990); 
Lennb and Trutmann 
(1 994) 

S. phaseoli Patel., Kulk. & 
Dhande (= Protomycopsis 
phaseoli Ramakr. & Subram.) 

Holliday (1980) 
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Tablel.9. Continued 

Pathogen 

S, phaseoli-radiati 
Sinha & Gupta 

S, psophocarpi (Racib.) Gaum. 

S. rynchosiae 
Lingappa 

S. umbilicatum 
(Berk. & Br.) Karling 

S. zorniae Lingappa 

Natural host and distribution 
- - - -- 

Cajanus cajan, Vigna mungo and 
V: radiata in lndia 

Psophocarpus tetragonolobus in 
Papua New Guinea and South-east 
Asia; F! palustris and P ? 
scandens in Africa 

Rhynchosia aurea in lndia 

Cajanus cajan in lndia 

Zornia glochidiata in l ndia 

References 

Gupta and Sinha (1951) 

Drinkall and Price (1979); 
Allen (1991) 

Rarnakrishnan and 
Sundararn (1954) 

Lenne (1990) 

probably S, psophocarpi (Racib.) Gaum, which is an obligate biotroph and causes a 
serious disease of the winged bean (Psophocarpus tetragonolobus) in Papua New 
Guinea and South-east Asia (Drinkall and Price, 1979: Table 1.6), and S. 
desmodii, the false rust pathogen of Desmodium species (LennC, 1985, 1990; 
Chapter 1 3, this volume). 

In contrast to S, endobioticum which is now widespread in temperate regions 
of the world, the legume synchytria are essentially tropical. S, dolichi (Cooke) 
Gaum. and S, phaseoli Weston have each been recorded from tive legume genera 
in three continents and are the most widespread species. S, phaseoli is more fre- 
quently recorded from Latin America whereas S. dolichi records show an African 
bias (LennC, 1990). Many species are apparently contined to a single host genus: 
S. desmodii on l)esmodium, S, eriosematis (Henn.) Sydow on Eriosemu, S, crustatum 
Lingappa on lndigofira and S. zorniae Lingappa on Zornia, among others (Lenne, 
1990). Some legume genera appear to be hosts to several Synchytrium species. 
mostly notably Rhyndwia (with S, dolicki, S. phaseoli and S,  rhyn(Jlosiae) and 
Vignu (with S, dpciriens Farlow, S dolichi. S phusroli and S pharoli-adiati Sinha & 
Gupta): the extent to which synonymy confuses the picture is unclear, and there 
is probably scope for comparative studies including cross-inoculations, 

Synrhytrium species typically induce diseases in legumes variously termed 
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false rust, wart or yellow blister. Symptoms develop especially along the midrib, 
veins and leaf margins and enlarge to form yellowish-orange to brownish-orange 
galls, developing on all aerial parts of the plant. Vegetative growth may be 
arrested, internodes are shortened, and leaves and branches become deformed. 
Severely infected stems may die back and seed production can be decreased 
markedly. Seedling mortality can also occur (Lenne, 1985). Typical symptoms of 
false rust on cowpea and on Desmodium and Mucroptiliurn are colour-illustrated, 
respectively, in Singh and Allen (1979) and Lenne and Trutmann (1994). 
Figures 13.5 and 13.6 illustrate false rust on adult plants and seedlings of 
Desmodium ovalijolium. Losses from false rust have seldom been quantified. Under 



intermittent flooding. S. dvsmodii was found to decrease adult plant yield of 
Desmodium ovalifolium by almost 73%. Seedling survival, recruitment to the adult 
plant population, the soil seed bank, productivity and persistence are all 
adversely affected (Lenne et ul., 1990). Standard area diagrams have been devel- 
oped and found superior to disease keys in evaluating the severity of false rust in 
winged beans but the effects on crop loss remain undetermined (Price et ul., 
1982). Diseased pods are consumed as a delicacy in West Java. 

S. desmodii produces both summer sporangia and resting sporangia within 
galls that develop on leaves, petioles and stems of D. ovalifolium (Price, 19x7: 
Lenne, Chapter 13, this volume). Bright yellow summer sporangia develop 
within a membrane which protrudes from an opened gall from which zoospores 
are liberated. Each sorus may contain 20-50 summer sporangia. Summcr spo- 
rangia of S. desmodii are apparently not wind-dispersed. Zoospores are released 
from the sporangia within the galls in guttation droplets, moving in water films 
along leaf hairs (Price, 1987: I ~ n n e ,  Chapter 13, this volume). When leaf tissue 
starts to disintegrate, thick-walled brown resting sporangia form within the gall: 
these resting sporangia are probably liberated passively by wind and dispcrsed by 
grazing animals (Price, 1987). They may also occur as seed contaminants and 
become implicated in intercontinental spread (Lenne, 1985). In contrast. S. 
psophocarpi produces only summer sporangia. Unopened sori contain 
4000-5000 sporangia, each of which contains 100-1 50 zoospores (Drinkall 
and Price, 1979). Sporangia, of S. psophocurpi, like S, citrinum and S. pknsuoli, are 
liberated as a dry mass and are airborne. Dispersal has diurnal periodicity, and it 
has been shown (Drinkall and Price. 198 3) that the amount of airborne sporan- 
gia is correlated positively with temperature and negatively with humidity and 
dew. Sporangia are deposited within 1 5  m of their source. Resting spores are not 
formed (Drinkall and Price, 1986). 

False rust of D. ovaliJolium is favoured by humid conditions both in Sri Lanka 
and Colombia (Lenne, 1985: Lennd, Chapter 13,  this volume), Similarly, false 
rust of winged bean in Papua New Guinea is especially damaging in the high- 
lands. It has been shown in each case that high humidity and the presence of free 
water are essential for germination and infection, and both the humidity and 
temperature requirements found essential in the laboratory correspond to those 
prevailing where false rust is epidemic (Drinkall and Price, 1979; Price and 
LennC, 1988). 7aospores of S, psophocarpi lose their motility within half an hour 
of their release from the sporangium, encysting after 2-3 h (Drinkall and Price, 
1979). Zoospores probably move in water films on plant surfaces and re-infect 
either the same plant or move by rain-splash to adjacent plants (Price, 1987). At 
least 4 h of leaf wetness is necessary for infection of seedlings of D. ovulifolium, at 
an inoculum concentration in excess of 3000 zoospores per cotyledon. Price and 
Lenne (1988) found that maximum infection occurred at the emergence of the 
first primary leaf, following inoculation with 28,000 zoospores per cotyledon 
and a 24-h period of leaf wetness. These pathogens are not known to be inter- 
nally seedborne and their survival seems to depend on sporangial viability in 
infected debris, in soil, or on perennial hosts (Lenne, 198 5). Exposed sporangia of 
S. psophocarpi have been found to lose viability after only 4 days, but when sealed 
under experimental conditions survival is extended to 24 days (Drinkall and 
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Price, 19 79). However, resting sporangia of other Synch~t r ium species are clearly 
long-lived in soil and plant debris (Glynne, 1926), and Karling (1977) states that 
some species within subgenus Woroninella, in which no resting stages occur, are 
capable of overwintering in temperate regions. 

Genotypes of Desmodiurn ovalifolium with an erect growth habit tend to be 
less affected by false rusl than semi-prostrate to prostrate ones. A Thai accession 
(CIAT 13089) has been shown to possess valuable adult plant resistance (1,ennC 
et al., 1990; 1,enne and Trutmann, 1994; LennC, Chapter 13, this volume). In 
winged bean two lines from Thailand have been found resistant to S, psophocarpi 
and Psophocarpus scand~ns is considered immune (Thompson and Haryono, 
1979: Drinkall and Price, 1986). Fungistatic compounds, pterocarpans, have 
been found in winged bean seed (Preston, 1977) but their involvement in host 
plant resistance, if any, remains unknown. Resistance in potato to S, endobioticurn 
involves hypersensitivity, and physiologic races of S, endobioticum have been 
shown to exist (Brooks, 19 5 3; Olsen and Nelson, 1964). The existence of culti- 
var-specific pathotypes among the legume synchytria remains undetermined. 
However, one shred of evidence comes from the very few records of S, psophocarpi 
in Africa where the fungus is known from l? palustris in West Africa, but also 
from a wild winged bean in Tanzania (Allen. 1991) where P scundens is the only 
species recorded (Verdcourt and Halliday, 1979). Since f! scandens is considered 
immune both in Indonesia and Papua New Guinea, this suggests that the patho- 
genicity of East African populations of S, psophocarpi differ from those in South- 
east Asia. 

We may conclude that Synchytriunt species have exacting moisture require- 
ments. Those infecting legumes are airborne and splash-dispersed pathogens of 
aerial habitats, confined to the humid tropics or to the wet season in semi-arid 
areas. The wart pathogen of potato, being a soil inhabitant, is freed of this restric- 
tion and has been able to adapt to temperate climates, to where it was presum- 
ably introduced from an Andean origin. 

Colletotrichum Species as Legume Pathogens 

Colletotrichum Corda belongs to the Coelomycetes in the M~lanconiaceae. All 
known teleomorphs belong to the genus Glomerella Schrenk. & Spauld. in the 
Phyllur*horaceac. However, many species of Colletotrichwn have no known perfect 
stage; in other cases, claims of the existence of a teleomorph have not been sub- 
stantiated. The taxonomy of the genus was extensively reviewed by von Arx 
(19 57) who accepted only 11 species and placed more than 600 species in syn- 
onymy with C. gloeosporioides and nearly 90 with C. dematiurn. In his treatment of 
the genus. Sutton (1992) accepted 39 taxa. The recent development of improved 
diagnostic tools and methods of characterization has raised further questions 
as to the identity of certain species and the relationships between species. For 
example, anthracnose of lupins was until recently thought to be caused by C. 
gloeosporioides (Hill, Chapter 11, this volume). However, the development of a 
species-specific molecular probe for C. acutatwm (Sreenivasaprasad et al., 1994) 
has led to this and other pathogens, previously described as C, gloeosporioides, 



being reclassified as C. acutatum (Sreenivasaprasad et al., 1994; Reed et al., 1996; 
Hill. Chapter 11, this volume). Similarly, investigations of the infection process 
and host specificity of an isolate of the cowpea anthracnose pathogen from 
Nigeria suggest that it is best referred to as C. destructivum and not C. lindernuthi- 
anum (Allen et al., Chapter 5 ,  this volume). Using combined biological and molec- 
ular approaches, new relationships between species are being established and a 
firmer foundation for the taxonomy of the genus is being developed (Bailey et al.. 
1995). 

Many Colletotrichum species affect legumes, attacking all parts of the plant 
causing anthracnoses, as well as leaf, stem and pod spots and blights, crown and 
root rots, and seedling diseases (Lenne, 1992). The diagnostic symptomatology 
of the group is typified by the ulcer-like lesions formed on legume pods, especially 
on bean (Fig. 4.3). although a range of other symptoms are found, e.g. brown 
blotch of cowpea and lima bean and type B anthracnose of Stylasanthes guianensis 
(see Allen et al., Chapter 5 ,  this volume, and Lennt., Chapter 1 3, this volume). 
Diseases caused by Colletotrichum spp. on soyabean, common bean, cowpea, 
lupins and tropical pasture legumes are reviewed in Sinclair, Chapter 3, Allen et 
al., Chapters 4 and 5: Hill. Chapter 11, and Lenne. Chapter 13, this volume, 
respectively. 

At least eight species of Colletotrichum have been commonly recorded on 
legumes in tropical and temperate regions. These include C. capsici (H. Sydow) E .  
Butler & Bisby, C. crassipes (Speg.) Am, C. dematiutn (Pers.) Grove, C. destructivurn 
O'Gara, C. gloeosporioides (Penz.) Penz. & Sacc., C. lindemuthianutn (Sacc. & Magn.) 
Br. & Cav., C. trifolii Bain & Essary and C. trurlcatum (Schw.) Andrus & Moore. 
Legume hosts of these species are given in Table 1 . lo  and further information is 
available in Lenne (1990, 1992) and Chapters 3,  4, 5, 11 and 13. Another 
species, C. acutatum Simmonds, affects lupins (see Hill, Chapter 11, this volume) 
and probably occurs more widely on grain legumes, having frequently been 
misidentified as C. gloeosporioides in the past (Sutton, 1992: Sreenivasaprasad et 
al., 1994). 

The principal Colletotrichum species that affect grain legumes are C. linde- 
muthianum, which has a worldwide distribution on common bean (see Allen et 
al., Chapter 4 ,  this volume) and is thought to affect other grain legumes in the 
genera Phaseolus and Vigna, lima, pea, hyacinth bean, winged bean (Tables 1 .2 ,  
1.3,  1.4, 1.6); C. capsici which is pantropical on groundnut, cowpea, chickpea 
and soyabean (Table 1.4); C. truncatum, another worldwide species whose host 
range includes soyabean, cowpea, lima bean, pigeonpea and groundnut (Tables 
1.2, 1.3); C. destructivum affecting soyabean, cowpea and lentil in the USA and 
Asia; C. acutatum on lupins (Hill, Chapter 11, this volume) and possibly other 
grain legumes; and C. gloeosporioides reported from pigeonpea, soyabean, winged 
bean and groundnut (Table 1.6). The wide host ranges conventionally attributed 
to some species, e.g. C. lindemuthianum and C. gloeosporioides (Table 1.10). may 
prove spurious as suggested by recent studies on cowpea and lupin anthracnose 
diseases, and future work seems likely to reveal additional anomalies. 

The principal Colletotrichum species that affect pasture legumes include C. 
trifolii, on lucerne and clovers and C. gloeosporioides on tropical pasture legumes 
of the genera Aeschgnomene, Centrosema, Desmodium, Leucaena, Pueraria and 
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Table 1.10. Common species of Colletotrichum on legumes.l 

Pathogen Natural host 

Colletotrichum acutatum Lupins 
Simmonds 

Colletotrichum capsici ( H .  Syd.) Groundnut, chickpea, soyabean, 
Butl. & Bis. yam bean, cowpea, Vigna spp., 

Acacia, Desmodium, Leucaena, 
Stylosanthes spp. 

Colletotrichum crassipes Pigeonpea, Acacia mangium, 
(Speg.) v. Arx Leucaena leucocephala 

Colletotrichum dematium Groundnut, soyabean, pigeonpea, 
(Pers.) Grove common bean, winged bean, 

cowpea, bambarra groundnut, 
Wgna spp., lucerne and many 
tropical pasture legumes 

Colletotrichum destructivum Lentil, cowpea, lucerne, clovers, 
O'Gara (teleomorph Glomerella Melilotus alba, Vicia spp. 
glycines Lehm. & Wolf) 

Colletotrichum gloeosporioides Pigeonpea, winged bean, 
(Penz.) Penz. & Sacc. (teleomorph lucerne, Lespedeza striata, 
Glomerella cingulata (St onem. ) Aeschynomene Centrosema, 
Spauld. & v. Schr.) Desmodium, Leucaena, 

Stylosanthes spp. and many 
other tropical pasture legumes 

Colletotrichum lindemuthianum Common bean, Phaseolus spp., 
(Sacc. & Magn.) Br. & Cav. soyabean, pea, yam bean, 

hyacinth bean, winged bean, 
Vigna spp., lucerne, 
Macroptilium atropurpureum 
(Siratro), Cassia spp. 

Colletotrichum trifolii Clovers, lucerne, Lupinus luteus, 
Bain & Essary Melilotus alba, Vicia spp. 

Colletotrichum truncatum Groundnut, cowpea, soyabean 
(Schw.) Andrus & Moore common bean, pea, pigeonpea, 

hyacinth bean, Phaseolus spp., 
clovers, lucerne, Centrosema, 
Stylosanthes, Macroptilium 
atropurpureum (Siratro) and 
many other tropical pasture 
legumes 

A more detailed review is given by Lennb (1992). 
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Stylosanthrs. C. trutlcaturtl is also common on these legumes, but is generally less 
damaging than C. gloeosporioides (LennC and Trutmann, 1994; Lenne, Chapter 
13, this volume). Just as anthracnose of lupins was recently proven to be caused 
by C. acutatum and not C. yloeosporioides, further analysis may reveal that the for- 
mer species affects a wider range of tropical pasture legumes. Most species affect- 
ing legumes also show considerable pathogenic variation which has necessitated 
the development of high-input, long-term breeding programmes to control many 
of them (see Chapters 3,4, 5 and 1 3,  this volume). 

Losses due to Colletotrich~trn diseases of legumes have been described as 'sig- 
nificant', 'substantial', 'considerable' and even 'total'. A review of available liter- 
ature, however, shows a dearth of both qualitative and quantitative studies. This 
lack of accurate, long-term data on crop and pasture losses hinders realistic defi- 
nition of the economic importance of most Colletotrichum diseases of legumes. 
This situation is not, however, unique to Colletotrichum diseases of legumes and is 
discussed in more detail by Lennc and Allen (Chapter 14, this volume). 

Colletotrichurn diseases of legumes can be controlled by genetic, chemical, 
cultural, biological (by microorganisms) and integrated management strategies. 
Availability of many of these strategies in developed countries allows the use of 
individual and integrated systems especially for grain legumes (see Chapters 3, 4 
and 5, this volume). In developing countries, the high cost of chemical control 
prohibits use of this strategy, except perhaps as a seed treatment: however, inte- 
grated control strategies using cultural and genetic options are feasible 
(Trutmann et al., 1993: see Chapters 4 and 5). The most promising and widely 
used management strategy in developing countries is the use of resistant culti- 
vars. They are of low cost to the farmer (Allen, 1983), can provide potentially 
permanent protection against disease, and their adoption does not upset the 
farming system. 

Resistance is also the principal recommended control strategy for anthrac- 
nose of lucerne and clovers (Stuteville and Erwin, 1990). Resistance to anthrac- 
nose has been easily identified and isolated from lucerne populations and red 
clover and readily incorporated into productive cultivars in North America and 
Australia (Elgin and Ostazeski. 1982: Leath, 198 5, 1989: Irwin, 1989). 
Selection for resistance to stem anthracnose also confers resistance to crown rot 
(Irwin, 1989). Resistance is also the most practical and economic method for 
managing anthracnose of Stylosanthes species ( k n n e  and Trutmann, 1994). 
Current breeding programmes are comprehensive and directed towards diverse 
breeding strategies ( I ~ n n e  and Trutmann, 1994; Davis and Irwin, 1994). 
Management strategies are reviewed in detail in Sinclair, Chapter 3, Allen rt ul., 
Chapters 4 and 5, Hill, Chapter 11 and Lenne, Chapter 13, this volume. 

With the exception of brown blotch of cowpea (Allen et al., Chapter 5 ,  this 
volume), most diseases caused by Colletotrichum species are important under 
warm, humid conditions. This is directly related to fungal biology as the opti- 
mum conditions for disease development of most species affecting legumes 
include temperatures of 15-28°C and relative humidities greater than 900/0 (see 
Chapters 3, 4, 5 and 13). The production of conidia in a mucilaginous matrix in 
an acervulus facilitates dissemination by rain-splash and wind-driven rain over 
short distances. For example, in Canada, the spread of infection in common bean 
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from foci of C. lindemuthianum was up to 4.6 m per rainstorm (Tu. 19 8 1). Recent 
studies have also shown that dry conidial masses may be dispersed as wind- 
blown particulate matter (Nicholson, 1992) who also noted that conidia may 
survive for months in the matrix at 45% relative humidity. Survival in crop and 
pasture residues and seeds has been shown for all Collvtotriclrum species affecting 
legumes (Lenne, 1992); for example, C. lindurnuthianurn may survive in seed of 
common bean for up to 5 years (Tu, 198 3) .  There appear therefore to be many 
similarities among Colletotridlurn diseases of legumes. 

Legume Scab Fungi 

The scab fungi of legumes belong to the genus Blsinoe in the Myringiclc-ccru, with 
anamorphs in Sphacelorna. These fungi have received surprisingly little research 
attention since the intensive studies of Jenkins (19 3 1 a, b: at saq.). Among the bet- 
ter known species are E. /awcrttii Bitanc. & Jenk., the cause of citrus scab, E. 
vivtrta (Burkh.) Jenk.. the pathogen of cane spot of Rubus, and E, br~isiliansis 
Ritanc. & Jenk., which causes super-elongation of cassava (Zeigler and Lozano, 
1983). The species that attack legumes (Table 1.11) have been discussed by 
Allen ( 1  98 3 )  from which this review is an expansion. The extent to which there 
is synonymy among the species is unclear, though they were erected on the basis 
of host range and symptoms, and these criteria alone seem insufficient to distin- 
guish species (Zeigler and Lozano, 198 3).  Certainly, natural host ranges are nar- 
row and essentially genus-specific (Table 1.11 ). The apparently wider host range 
of E,  phnseoli, rcported from common bean, lime bean, runner bean, cowpca and 
mung bean, may be illusory, judging from the much narrower pathogenicity 
spectra of common bean and cowpea isolates (Bmechebe, 1980: Phillips, 1996). 
Thc host range of the mung bean pathogen in Africa (Allen, 199 1 ) has not been 
investigated. Whether or not the host species-specific isoli~tes should be regarded 
as distinct J~rnrur specialus of E,  pl~aseoli, as proposed by Staples ( 19 58, cited by 
Allen, 1983), or warrant recognition as separate species, remain unclear. 
However, the cowpea scab fungus does appear to be distinct. Since its teleomorph 
has not been reported, it is best regarded as Sphac3vlom(i sp. (Emechebe, 1980; 
Phillips, 1996) rather than as a form of E. phnscoli. I:', pkascoli was first described 
from IY~aseolus lurlul~ls in the New World by Hruner and Jenkins ( 193 3) who con- 
sidered P vulgi~ris to be a non-host; scab of the common bcan remains unknown 
in the Americas, despite the plant's Latin American origins. The recent work of 
Phillips (1996) reveals that E,  phnseoli populations vary in their pathogenicity 
also at the host cultivar level, with obvious implications for scab resistance breed- 
ing. 

The diseases caused by this group of fungi are characterized typically by the 
development of raised corky lesions that develop on most aerial parts of the plant. 
The plant becomes severely distorted, in some cases as a result of gibberellin pro- 
duction (Zeigler et ul., 1980). Early infection in common bean is detectable by dis- 
tortion of apical growth during the plant's vegetative stage (Allen et al., 1996), 
followed by the development of the typical corky lesions especially on upper sur- 
faces of leaves. In cowpea it is perhaps stem and peduncle lesions (see Fig. 5-31, 



Table 1 .ll. Species of Elsinoe and Sphaceloma on legumes. 

Pathogen Natural host 

Elsinoe canavaliae Racib. Canavalia ensiformis and C, gladiata 

Elsinoe dolichi Jenkins et a/. Dolichos sp., Lablab purpureus 

Elsinoe erythrinae Erythrina spp, in Brazil and 
Sivan. & Gomez Costa Rica 

Elsinoe iwatae Mung bean in Indonesia 
Kajiwara & Mukelar 

Elsinoe phaseoli Jenk. Lima bean, runner bean, common 
bean, cowpea and mung bean? 

Elsinoe rhynchosiae 
Jenk, & Wats. 

Elsinoe tephrosiae Hansf. 

Elsinoe wisconsinensis 
H.C. Green 

Elsinoe sp. 

Sphaceloma arachidis 
Bitanc. & Jenkins 

Sphaceloma glycines 
Kurata & Kuribayashi 

Sphaceloma zorniae 
Bitanc. & Jenk. 

Sphaceloma sp 

Rhynchosia calycosa in Panama 

Tephrosia candida and 
T: vogelii in Uganda 

Desmodium illoense in USA 

Calopogonium caeruleum in Peru 

Groundnut in Brazil and Japan, 
Arachis glabrata, A. pintoi in 
Brazil and Colombia 

Soyabean in Japan 

Zornia spp, in Latin America 

Cassia obtusifolia in Zimbabwe, 
and Galactia eggersii in USA 

References 

Jenkins ( l93 la) ;  Lennb (1990) 

Cheo and Jenkins (1945); 
Lennb (1990) 

Lenne (1990) 

Mukelar (1 978) 

Jenkins (1931 b); Bruner and 
Jenkins (1 933); Allen (1 983); 
Allen et a1 (Chapter 5, this 
volume) 

Jenkins and Watson (1962); 
Lenne (1990) 

Lenne (1990) 

Holliday (1980) 

Lenne (1990 

Bitancourt and Jenkins (1940); 
Lenne (1990); McDonald etal. 
(Chapter 2, this volume) 

Jenkins (1951) 

Lennb (1990) 

and in Zornia and Arachis spp, the stem and petiole lesions (see Pigs 13.8 and 
13.9), that are especially characteristic. Since the illustration of symptoms of 
scab caused by Cladosporium vignae Gardn. (Gardner, 1925) are strikingly similar, 
it is tempting to suggest that there has been confusion between the two, albeit a t  
a time when Jenkins' pioneering work on the scab fungi had not begun. It is 
salient to note, too, that Hansford (1937) records Hlsinoe sp. as a host of a 
Cladosporium sp. 

The economic importance of this group of pathogens on legumes is variable. 
Some species are destructive only locally, including the scab of groundnut In 
Brazil, soyabean scab in Japan (Allen, 1983), scab of Zornia latijolia under humid 
conditions in Brazil and Colombia (Lenne, 1981) and hyacinth bean scab in 



China (Cheo and Jenkins, 1945). Others are widespread and very destructive, 
and their importance may well have been underestimated. Common bean scab 
causes yield losses of 50% in South Africa and up to 70% in Kenya (Phillips, 
1994). Work in Mbala, Zambia (D.C. Greenberg, Chipata, 1985, personal com- 
munication) revealed a negative correlation between scab and bean seed yield of 
-0.82, suggesting that the disease is important under some conditions. Cowpea 
scab is perhaps the most important of all, causing almost complete crop loss in 
some cases. It is considered the most important fungal disease of cowpea both in 
Africa and in north-east Brazil: in northern Nigeria, losses of at least 71% can 
occur when scab is severe (Allen et al., Chapter 5, this volume). 

Most of the scab fungi are known to be seedborne and survive intercrop peri- 
ods on infected debris, but the relative importance of the anamorph and teleo- 
morph in survival and spread appears not to have been investigated. Bean scab 
has been estimated to spread (principally by wind) at the rate of 7.5 m over 6 
weeks (Mutitu, 1979). In most cases, host plant resistance seems likely to be a 
sound strategy for scab disease management. Sources of scab resistance have 
been found in Aruchis pintoi (Lenne and Trutmann, 1994), in cowpea (Allen et 
al., 198 1 b), and in common bean (Phillips, 199 5). 

Ascochyta and Phoma Species as Legume Pathogens 

Asrorh~ ta  and Phorna are two closely related form-genera within the 
Sphaeropsidales. They are distinguished on the basis of septation of conidia, being 
essentially two-celled in Ascochytu and without septation in Phoma. Ascochyta 
species show annclidic ontogcny: conidial septation is an essential part of coni- 
dial completion so that the conidia are always two-celled or more. Phoma species 
show phialidic ontogeny and the conidia are in principle aseptate, although sec- 
ondary septation may occur (Holliday, 1980). Nevertheless, there remains con- 
siderable confusion between the two genera as well as synonymy between 
species: a good example is Ascochgta phaseolorurn Sacc. which is considered a syn- 
onym of Phomu axigua Desm, by some authors (Boerema, 1972) but apparently 
not by others (Holliday, 1980). 

The species of Ascochyta and Phoma that have been reported as legume 
pathogens are shown in Table 1.12. Only anamorphs are known in many of these 
species; known teleomorphs belong essentially either to Didgmulla, in the 
Venturiaceae, or to Mycosphaerellu in the Dothideaceae. Species of Didymella include 
the ascochyta blight pathogens of chickpea, lentil and faba bean and the web 
blotch pathogen of groundnut, whereas the genus Mycosphaerella includes one of 
the ascochyta blight pathogens of pea, though this species, too, is sometimes 
placed in Didymella (Muller and von Am, 1962). Ascochyta pinodes (Mycosphaerella 
pinodes) is homothallic whereas A, fabae f. sp, lentis (= A,  lentis, teleomorph 
Didgmella lentis; W.J. Kaiser, Pullman, Washington, 1996, personal communica- 
tion) and A,  rabiei (D, rabiei) are heterothallic (Jellis and Punithalingam. 1991: 
Trapero-Casas and Kaiser, 1992; Kaiser and Hellier, 1993). 

There is considerable variation in the nature and severity of symptoms 
induced by this group of fungi. Discrete spotting of leaves, stems, peduncles and 



Table 1.12. Species of Ascochyta and Phoma on legumes 

Pathogen Natural host 

Ascochyta adzamethica Schosch 
see Phoma arachidicola 

Ascochyta arachidis Woronich. 
see Phoma arachidicola 

Ascochyta boltshauseri Sacc. Common bean, cowpea 
(=Stagonosporopsis hortensis 
(Sacc. & Malbr.) Petr.) 

Ascochyta cassiae Henn. Senna spp. 

Ascochyta caulicola Laub. Sweet clover (Melilotus spp.) 

Ascochyta dolichi Gonz. & Frag. Hyacinth bean, Vigna parkeri 

Ascochyta erythrinae Elisei Erythrina spp. 

Ascochyta fabae Speg. (teleomorph Faba bean 
Didymella fabae Jellis & Punith.) 

Ascochyta fabae Speg. f. sp. lentis Lentil 
Gossen etal. (teleomorph 
Didymella sp .) 

Ascochyta imperfects Pk. see 
Phoma medicaginis Malbr. & Roum 

Ascochyta lentis Vassil. 
see A. fabae f, sp, lentis 

Ascochyta lethalis Ell. & Barth. Lucerne, clovers 
(= ? A. melilotiTrus.) (teleomorph 
Didymella lethalis (Stone) Sivan. 
(= Mycosphaerella lethalis Stone)) 

Ascochyta meliloti Trus. 
see A. lethalis 

Ascochyta phaseolorum Sacc. Common bean, cowpea, 
(= Phoma exigua var. exigua Desm.) soyabean, hyacinth bean, 

lima bean, bambarra, 
groundnut 

Ascochyta pinodes L.K. Jones. Pea, common bean, 
(teleomorph Mycosphaerella Lathyrus and Vicia 
pinodes (Berk. & Blox.) 
Vestergr. (= Didymella pinodes 
(Berk. & Blox.) Petrak)) 

Ascochyta pisi Lib. Pea 

-- 

Ki ALLEN AND J.M. LENN~ 

References 

Allen (1983, 1995) 

LennB (1 990) 

Dickson (1 956) 

LennB (1 990) 

Lennb (1 990) 

Jellis etal. (Chapter 7, this 
volume) 

Bayaa and Erskine 
(Chapter 8, this volume) 

Dickson (1956); Holliday 
(1 989) 

Boerema (1 972); 
Allen (1 983); Lenn6 (1 990) 

Holliday (1 980); Allen 
(1 995); Kraft et al. 
(Chapter 6, this volume) 

Kraft etal. (Chapter 6, this 
volume) 
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Table 1.12. Continued 

Pathogen Natural host References 

Ascochyta rabiei (Pass.) Lab. Chickpea 
(=Phoma rabiei (Pass.) Khune 
& Kajoor) (teleomorph Didymella 
rabiei (Kovachevski) v. Arx 
(= Mycosphaerella rabiei Kovachevski)) 

Trapero-Casas and Kaiser 
(1 992); Haware 
(Chapter 9, this volume) 

Ascochyta sojicola Abramoff Soyabean, Neonotonia wightii, 
Glycine ussuriensis 

Allen (1 983); Lennk (1 990) 

Ascochyta trifolii Bond. & Truss. Clovers Moore (1959) 

LennC (1 990) 

McDonald et a/. 
(Chapter 2, this 
volume) 

Phoma anguina Berk. & M.A. Curtis Alysicarpus spp. 

Phoma arachidicola Groundnut 
Marasas eta/., (teleomorph Didymella 
arachidicola (Chochrjakov) Taber etal.) 

Phoma bakeriana Sacc. Cowpea Allen (1983) 

Phoma cajani Rang el Pigeonpea Lopez-Roza (I 969); 
Lennk (1 990) 

Phoma exigua var. exigua Desm. Common bean, cowpea, 
(=Ascochyta phaseolorum Sacc.) soyabean, hyacinth bean, 

lima bean, barnbarra, 
groundnut 

Boerema (1 972); Allen 
(1 983); LennC (1 990) 

Phoma exigua Desm. var. Common bean, cowpea, 
diversispora (Bu bak) Boerema hyacinth bean 

Gerlagh (1 987); 
Allen (1991) 

Phoma glomerata (Corda) Cowpea, pigeonpea 
Wollenw. & Hochapf. 

Lennk (1990); D.J. Allen, 
unpublished record 
(IMI 200636) 

Phoma herbarum var. medicaginis 
Westend. see F medicaginis 

R macrostoma Mont. Macrotyloma uniflorum, 
Senna spp. 

Phoma medicaginis 
Malbr. & Roum. 

Lucerne, chickpea, 
Glycine ussuriensis 

Dickson (1956); 
Boerema etal. 
(1 965); Haware and 
Nene (1 981); Lenn6 
(1 990) 

Phoma medicaginis Malbr. & Roum. Pea, red clover, lentil 
var. pinodella (Jones) Boerema 
(=R trifo1iiE.M. Johnson & Valleau 
= Ascochyta pinodella L.K. Jones) 

Boerema et al. (1 965); 
Kraft etal. (Chapter 6, 
this volume) 

Phoma minutella Sacc. & Penz. Centrosema pubescens, 
Vigna adenantha 

LennC (1 990) 

Phoma phaseoli Desm. Common bean Qsan and Dumitras (1979) 

Continued overleaf 



Table 1.12. Continued 

Pathogen Natural host References 
- - - - - - -- . -  

Phoma phaseolina Pass. Common bean Allen (1995) 

Phoma rabiei (Pass.) Khune & 
Kajoor. see Ascochyta rabiei 

Phoma sclerotioides Lucerne 
G. Preuss ex Sacc. 

Stuteville and Erwin (1990) 

Phoma sorghina (Sacc.) Common bean, pigeonpea, Lennb (1 990); 
Boerema et a/. Centrosema, Desmodium, Allen (1995) 

Etythrina, Lablab, Macroptilium, 
Stylosanthes, Teramnus, Zornia 

Phoma subcircinata Ell. & Everh. Common bean Allen (1995) 

Phoma terrestris Hans. Common bean Schwartz (1989) 

Phoma trifo1iiE.M. Johnson & Valleau. 
see F! medicaginis var. pinodella 

pods are typical of many species, including Ascoi'lryta pisi on pea, A. sojic,ola on 
soyabean, Photna bakeriana on cowpea and l? sorghinu on a wide range of 
legumes. Some cause stem canker, like Phorna c'ajarri on pigeonpea (Lopez-Kosa, 
1969: Lenne, 1990) and P medicaginis which causes spring black slem on 
lucerne; others including ?? rnedicaginis var, pinodella and f! sclerotioides also cause 
foot and root rots (Boerema et al., 1965, Stuteville and Erwin. 1990). However, 
the most important symptoms are blights which often affect all aerial parts of the 
plant, and ascochyta blights rank among the most important diseases of com- 
mon bean, cowpea (Allen et al., Chapters 4 and 5 ,  this volume), pea (Kraft et al., 
Chapter 6 ,  this volume), faba bean (Jellis et ul., Chapter 7 ,  this volume), lentil 
(Bayaa and Erskine, Chapter 8, this volume), chickpea (Haware, Chapter 9, this 
volume) and groundnut (as web blotch: Mcllonald et ol., Chapter 2, this volume) 
The reader is referred to these chapters for greater detail. The association of 
Ascochyta with leaf spots and of Phoma with plant parts other than leaves 
(Barnett, 1960) appears wholly fallacious. 

The degree of host specificity found among these fungi is also very variable. 
Fungi like Ascochuta phaseolorumlPhoma exigua var, exigua have a very wide host 
range among legumes and apparently other plant families, Conventionally 
regarded as a weak wound parasite (Crossan, 1958; Alcorn, 1968), outbreaks of 
severe blight of common bean led to the recognition of a distinct taxon possessing 
much greater host specificity (Boerema et al., 1981), and l? exigua var, diversis- 
pora is now recognized as the principal cause of foliar blight of common bean and 
probably also of cowpea, hyacinth bean (Lablab purpureus) and several other 
species of Vigna and Phaseolus in Africa (Gerlagh, 1987: Allen, 1991), 
Insufficient host range studies have been made with l? exigua var, diversispora, but 
on present evidence it may be host-tribe-specific, with hosts among the 
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Phuseoleae. There is no evidence that the ascochyta blight pathogens of either 
common bean or cowpea exhibit pathogenic variability within this taxon, rather 
that several morphologically distinct species are part of an ascochyta blight com- 
plex (Allen et al. ,  Chapter 4 ,  this volume). Similarly, there are several related but 
distinct species associated with ascochyta blight of lentils (Rayaa and Erskine, 
Chapter 8, this volume) and in peas, wherein the existence of an 'ascochyta 
blight complex' is particularly well illustrated (Kraft r t  ul., Chapter 6, this volume; 
Bowen et al. ,  1996). In comparing isolates of F! medicaginis from various hosts, 
plant parts and soil, Cormack (1945) found no evidence of host specificity. 
Subsequent studies (Schenk and Gerdemann, 19563) of both t? mrdicaginis and I? 
m~dicagirlis var. pirlodellu revealed that, although all isolates caused the same 
types of symptoms on both lucerne and red clover, all were more pathogenic to 
the host species from which each had been isolated originally, indicating host 
adaptation at the species level. Isolates oft! medicaginis var. pinodellu from pea in 
Australia appear not to vary pathogenically (Ali rt ul., 1978). IIowever, qualita- 
tive differences in host resistance and susceptibility do appear to exist in pea 
(Clulow et al. ,  1991) and genetic variation among isolates both of A, pinodes (Ali 
et al., 1978; Clulow et ul., 1991) and A. pisi (Ali et a l . ,  1978; Darby rt ul., 19863) 
has been demonstrated. Both A, fabur and A. /i~buu f. sp. l ~ n t i s  have narrow host 
ranges that are essentially host-genus-specific, and the same is true of A. rubiei on 
chickpea and its close relatives within the genus Cicer. The extent to which host 
specificity is found at the cultivar level among this group of fungi appears to be 
debatable. No physiological races of the lentil or groundnut pathogens have yet 
been identified, but races of the faba bean fungus have been reported (Hanounik 
and Kobertson, 1989: Rashid rt ul.. 199 1 ), though some lines revealed no differ- 
ential host-pathogen interactions. Further work to validate those races and to 
standardize methods is warranted (Jellis et al., Chapter 7, this volume). The case 
of ascochyta blight in chickpea is especially complex and deserves more com- 
ment. 

Variation both in the degree of host susceptibility of chickpea cultivars and 
between isolates in a range of characters including pathogenicity has been estab- 
lished for many years (Sattar, 1933: 1,uthra at a ] . ,  1939). 'l'he nature of this 
host-parasite interaction has remained ill-understood, if not also contentious, 
and it is a matter of profound concern that this remains so (see Haware, Chapter 
9, this volume): the amount of resources devoted to work on ascochyta blight of 
chickpea over recent years is evidence enough. On the one hand, the conven- 
tional view is that physiological races of the pathogen exist (Aujla. 1964; Grewal, 
1984) and that the evolution of new races accounts for the reported breakdown 
of resistance which is under monogenic control (Singh and Reddy, 1983). 
Evidence for the existence of physiological races is not strong, as argued else- 
where (Allen, 198 3): such variation in pathogenicity between isolates as does 
exist is probably attributable to variable aggressiveness, which is quantitative in 
nature and usually without significant reversals in the ranking order ot host cul- 
tivars (Gowen et al., 1989), a conclusion drawn also by Buddenhagen and Kaiser 
(1988) after reviewing the evidence on the nature of pathogenic variation. 
Studies of the nature of resistance have often also lent weight to the view that the 
A. rabki-chickpea relationship is essentially quantitative in nature (Boorsma, 
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1980: Pieters and Tahiri, 1986: Gowen et al., 1989; van Rheenen and Haware, 
1993: Haware, Chapter 9, this volume). That this evidence appears to have been 
ignored seems to be attributable to several factors, including a lack of under- 
standing of the concept of aggressiveness (Buddenhagen and Kaiser, 1988), and 
a tendency to regroup data on plant response to make two distinct categories 
('resistant' and 'susceptible'), a dilemma nicely treated by Robinson (1987) that 
could be pertinent to work on other legume-blight relationships. 

The relative economic importance of this group of legume pathogens per- 
haps has tended to be understated. Although species that cause only discrete 
spotting can be accepted as minor pathogens, the blight pathogens do cause 
severe damage to their respective hosts, in some cases accounting for complete 
crop failure under conditions that favour disease development. The taxa that pos- 
sess the greatest host specificity tend to be the most important. Phonla sorghit~n, 
which has a very wide host range anlong legumes as well as cereals, is known to 
produce a mycotoxin, the signiticance of which appears uncertain (Kabie at ul.. 
1975). 

Asrocllyta and l'hotna species are known to be seedborne. with implications 
both for their international dissemination and for their survival. Seedborne 
inoculum retains its viability for several years, in some cases over a wide range of 
temperature (Kaiser, 1989). Infected debris and stubble are also important 
sources of primary inoculum in several of the ascochyta blights but the relative 
significance of infected seed and infected straw seems likely to depend on the 
environment and the farming system as well as the biology of the pathogen. In 
species that produce chlamydospores. these structures may be presumed to have 
a role in saprophytic survival. A. pinodes survives overwinter in the IJK in soil. 
whether as pycnidiospores, mycelium, chlamydospores or sclerotia. The survival 
of pycnidiospores depends partly on their transformation into chlamydospores in 
soil, and it seems that A. pinodes, in contrast to A, pisi, is a moderately successful 
saprophyte (Dickinson and Sheridan. 1968). t! rnadicagif~is overwinters as pycni- 
dia in dead lucerne stems (Toovey at al., 1936). Factors including the burial of 
infected straw, and increases in humidity appear to decrease survival periods 
(Kaiser, 1973; Navas-Cortes et al., 199 5 ) ) .  The main sources of primary inocu- 
lum are most widely considered to be rain-splashed conidia which spread over 
relatively short distances. For instance, ascochyta blight of faba bean spreads 
only 6-10 m, and in lentils about 10-30 m, from an infection source (Hewett, 
1973: Pederson et al., 1993). In view of the seasonal effects on the distance of 
spread sometimes reported (Bond and Pope, 1980), it seems probable that wind- 
borne ascospores from pseudothecia of the teleomorph are involved, but more 
work is needed to clarify the role of ascospores in dispersal of the faba bean 
pathogen (Jellis and Punithalingam, 1991; Jellis et al., Chapter 7, this volume). 
Conversely, there is now solid evidence (Trapero-Casas and Kaiser, 1992) that the 
teleomorph of the chickpea ascochyta blight pathogen locally plays an important 
role in the epidemiology of the disease. Approximately 15,000 ascospores per 
square millimetre are estimated to be discharged energetically from the surface of 
infected crop residue at a time of year (early March-late May in the Yacitic 
Northwest of the USA) when the chickpea crop is in the vegetative stage, indicat- 
ing that ascospores of Did~mellu rabiei do serve as primary inoculum for 
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epidemics. The extent to which the teleomorph is important in other regions of 
the world, where the climate between chickpea crops is cool and moist, remains 
to be established. On the Indian subcontinent where the tcleomorph is consid- 
ered absent, the chickpea crop season ends with rising temperatures, contrary to 
the situation in those areas where Didymullu has been found (Haware, Chapter 9, 
this volume). But this seems not to be the whole story. The rapidity with which 
blight develops is well cstablished (Sattar, 1933) but not fully explained. 
Buddenhagen and Kaiser (1988) raise the suggestion that the teleomorph may, 
indeed, occur in a hitherto undetermined area of cold hills from where its air- 
borne ascospores could play a key role in long-distance dissemination to foci of 
re-infection after the off-season. Critical studies along these lines are keenly 
awaited. 

The effective management of this group of discases in all cases rests on an 
integrated approach. Components include a range of cultural practices including 
crop rotation, field sanitation, the manipulation of sowing date and, especially, 
the use of clean seed. Seed dressing with fungicide is widely advocated and foliar 
sprays rnay possibly have upplication in some farming systems. In subtropical 
and tropical areas, the use of barrier crops and intercropping would seem to have 
potential (1,uthra et nl., 1935, Moreno. 1975; van Rheenen et ul., 1981). The 
application of mulch may also deserve more attention in some areas (Allen et nl., 
Chapter 4, this volume). Success with the identification of host plant resistance to 
the ascochyta blights has bcen variable: high levels of resistance have proved clu- 
sive in many of the host-pathogen relationships, and varying degrees of partial 
resistance have necessitatcd the adoption of cultural or chemical measures in 
support of them. In the common bean, higher levels of resistance have been 
found within related species in the secondary gene pool and, in lentil and chick- 
pea, sources of resistance have also been located in wild relatives (Allen et al., 
Chapter 4, this volume: Rayaa and Erskine, Chaptcr 8 ,  this volume: Haware, 
Chapter 9, this volume). Relatively little is known of mechanisms of resistance. 
Factors in various ways associated with resistance include straw length 
(1,ockwood i>t al., 1985), flower and seed colour, and so also the concentration of 
tannins, the accumulation of phenolics, and even the secretion of malic acid from 
glandular hairs (Hafiz, 1952; Vir and Grewal, 1974: Jellis et nl., C'hupter 7, this 
volume). Working on chickpea, Hafiz (1952) found that penetration in blight- 
resistant cultivars tended to be delayed relative to the infection process in suscep- 
tible cultivars, perhaps in a manner similar to the mechanism of resistance in pea 
to Asi*oc$/ta pisi (Darby et al.,  1981). Very little is known about the durability of 
resistance, nor is there much known about its genetic control. Resistance in lentil 
is controlled by three major genes (Bayaa and Erskine, Chapter 8, this volume), 
and a total of seven genes for resistance have bcen identified in faba bean, all 
either monogenic or oligogenic (Rashid et al., 1991: Jellis et al., Chapter 7 ,  this 
volume). A combination of minor and major genes is implicated for chickpea 
(Haware, Chapter 9 this volume). No major genes have been identified in pea 
against Ascochyta pinodes, and Kraft et 01. (Chapter 6, this volume) advocate the 
combination of minor genes for resistance. In common bean and cowpea, too lit- 
tle is known, but on present evidence the relationship between host and 
pathogen appears quantitative (Allen et al.. Chapters 4 and 5, this volume). In 



such situations it is tempting to suggest that partial resistance seems likely to be 
durable, but evidence either way remains scanty. Physiological races have been 
defined in several of these pathogens (Grewal, 1984: Kashid et al., 1991) and 
claims have been made that resistance has proven transient (Aujla, 1964; 
Grewal, 1984). The occurrence of teleomorphs (Jellis and Punithalingam, 199 1; 
Trapero-Casas and Kaiser, 1992; Kaiser and Hellier, 199 3) and of parasexuality 
(Sanderson and Srb, 1965) each seem likely to have important implications for 
the maintenance of genetic diversity in these fungi. In general, there seems a 
need for more investigations into the nature of host-parasite interaction. 

Legume Pathogens Among Xanthomonads 

There are at least 20 apparently distinct pathogens that naturally infect legume 
crop plants (Table 1.13): all are currently regarded as pathovars of the single 
species Xanthomonas carnpestris (Pammel) 1)owson (Rradbury, 19X6). The taxon 
of pathovar, which may be regarded as synonymous with forma sprciulis in fungi 
(Holliday, 1989), is used for the host-specific 'nomenspecies' below the level of 
subspecies for which a set of international standards have been set (Ilye et rrl . ,  
1980). However, Vauterin et (11. (1995) emphasize that the classification of xan- 
thomonads on the single phenotypic feature of host specificity is not sound, 
suggesting that DNA hybridization studies are liable to reveal truer genomic rela- 
tionships, so that further revision of the genus seems imminent. 

There is considerable overlap in host range of the pathovars amongst which 
there is perhaps confusion in the literature. One example will suffice. X. c, pv, vig- 
nicola infects cowpea and common bean (Burkholder, 1944; Vakili rt al., 1975). 
mung bean in Ethiopia (Allen et al., Chapter 5, this volume) and Vigna puhigrra in 
Sudan (Bradbury, 1986); X. c. pv. vignarradiatue is known from mung bean in 
Sudan (Sabet et ul.. 1969); and X ,  c. pv. phaseoli, the cause of common blight in 
Phaseolus species, is recorded also in India from the Asian Vigna species that were 
formerly considered as Phaseolus (Patel and Jindal, 1972, 1973). Clearly, there is 
need for comparative studies, perhaps particularly between isolates from mung 
bean (Vigna rudiata = Phuseolus uureus). Conversely, four pathovars infecting 
1)esmodium are recognized (Table 1.13). Dye (1958) has drawn attention to the 
close affinity also between X. c, pv, phaseoli and X,  r ,  pv, mulvacearum, the cotton 
bacterial blight pathogen. 

Xanthomonads induce a range of symptoms in their legume hosts, from 
seedling blight (pv, cassiae in chickpea) and stem canker (pv. cajani) to bacterial 
leaf spot and foliar blight, Discrete leaf lesions, with or without chlorotic haloes, 
are sometimes raised in the manner typical of the bacterial pustule diseases of 
soyabean (pv, glycines) and cowpea (pv, vignueunguiculatae). The most destructive 
are the blights in which all above-ground parts of the plant are infected, includ- 
ing stems, peduncles and pods as well as leaves. In some cases, separate syn- 
dromes are distinguishable (Allen eta]., Chapter 5, this volume) in the manner of 
bacterial blight of cotton, in which angular leaf spot, blackarm and boll rot are 
components of the disease (Innes, 1983). Estimates of crop loss range from 15% 
from bacterial pustule of soyabeans (Hartwig and Johnson, 1953) to as much 
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Table 1.13. Pathovars of Xanthomonas campestris as legume pathogens. 

Bacterium Host, disease and distribution References 

Xanthomonas campestris 

pv, alfalfae (Ricker et a/.) Dye Lucerne and red clover leaf spot Bradbury (1986) 
pv. cajani(Ku1karni etal.) Dye Leaf spot and stem canker of Kulkarni et a1 (1 950); 

pigeonpea; China, India, Sudan, Fiji Sabet etal. (1969); 
Davis etal. (1 989) 

pv. cassiae (Kulkarni et a/.) Dye Leaf spot of Cassia tora and Rangaswami and Prasad 
seedling blight of chickpea; (1 959); Bradbury (1986) 
India, Sudan, China 

pv, clitoriae (Pandit & Kulkarni) Leaf spot of Clitoria biflora Bradbury (1 986) 
Dye in India 

pv. cyamopsidis (Patel etal.) Dye Leaf spot and blight of Cyamopsis Patel eta/. (1953); 
tetragonoloba in India, South Bradbury (1 986) 
Africa and USA 

pv. desmodii (Patel) Dye Leaf spot of Desmodium diffusum Bradbury (1 986) 
in lndia 

pv. desmodiigangetici (Patel Leaf spot of Desmodium gangeticum Bradbury (1 986) 
& Moniz) Dye in India 

pv. desmodiilaxiflori (Pant & Leaf spot of Desmodium laxiflorum Bradbury (1986) 
Kulkarni) Dye in India 

pv. desmodiirotundifolii (Desai & Leaf spot of Desmodium rotundifolium Desai and Shah (1 960) 
Shah) Dye in India 

pv, erythrinae (Patel etal.) Dye Leaf spot of Erythrina indica in lndia Bradbury (1986) 

pv. glycines (Nakano) Dye Bacterial pustule of soyabean; Patel et a1 (1949); 
widespread and locally damaging. Hartwig and Johnson 
Also on Neonotonia wightii in (1 953); Allen (1 975); 
south-central Africa, and on Lennk and Trutmann, 
Dolichos uniflorus in India (1 994) 

pv. lespedezae (Ayres eta/.) Dye Leaf spot and blight of Lespedeza Bradbury (1 986) 
spp. in USA 

pv. patelii(Desai & Shah) Dye Leaf spot of Crotalaria juncea in lndia Bradbury (1986) 

pv. phaseo/i(E. F. Sm.) Dye Common bacterial blight of common Sabet and lshag (1969); 
bean; widespread, a major disease. Patel and Jindal (1 972); 
Recorded also from Phaseolus acutifolius, 1973); Brad bury (1 986); 
I? lunatus, Lablab purpureus, Allen etal. (Chapter 
Macroptilium lathyroides, Strophostyles 4, this volume) 
helvola and various Asian Vigna spp. 

pv, pisi(Goto & Okabe) Dye Pea blight in Japan Holliday (1 989) 

pv. rhynchosiae (Sabet et a/.) Leaf spot of Rhynchosia memnonia Sabet et a/. (1 969) 
DY e in Sudan 

Continued overleaf 



Table 1.13. Continued 

Bacterium Host, disease and distribution References 

pv. sesbaniae (Pate1 et a/.) Dye Leaf spot of Sesbania spp. in India 

pv. vignaeradiatae (Sabet Mung bean in Sudan and perhaps 
et a/.) Dye elsewhere 

pv. vignaeunguiculatae Bacterial pustule of cowpea in Africa 
Pate1 & Jindal 

pv, vignicola (Burkh.) Dye Bacterial blight of cowpea; 
widespread and damaging. 
Also infects common bean, 
mung bean and Vigna pubigera 

Bradbury (1986) 

Sabet et a1 (1 969); 
Bradbury (1 986) 

Williams (1 975); 
Patel and Jindal (1982); 
Allen etal. (Chapter 5, 
this volume) 

Burkholder (1944); 
Vakili et al. (1 975); 
Allen (1983); Allen etal. 
(Chapter 5, this volume); 
D.J. Allen, unpublished 
(IMI 86940 and 6943) 

as 77% in bacterial pustule of cowpea (Omotunde. 1987). Bacterial blight of 
cowpea has been estimated to cause losses of 26-100%, depending on environ- 
ment as well as the degree of cultivar susceptibility (Kishun, 1989). In the com- 
mon bean, yield losses in the range of 10'X) to over 40% in susceptible cultivars 
are reported (Wallen and Jackson. 1975: Opio et ul.. 1992). Recent work in 
Uganda indicates that for each 1% increase in the incidence of the disease during 
reproductive growth of the common bean crop there is a concomitant loss in seed 
yield of 4-12 kg ha-', depending on the season (Opio et al., 1992). 

These bacterial pathogens are typically seedborne in legumes both as inter- 
nal infections and as external contaminants (Shekhawat and Patel, 1977: Cafati 
and Saettler, 198 3). X. c, pv. phaseoli may infect seed of both susceptible and resis- 
tant host cultivars (Cafati and Saettler, 1980: Aggour et al., 1989) and this must 
account for the pathogen's widespread distribution. The seedborne nature of 
xanthomonads is often thought crucial in pathogen survival between seasons 
but it is also often found to constitute the main source of primary inoculum (Opio 
et al., 1993). An initial inoculum of 0.2-0.5'X infection of bean seed (Weller and 
Saettler, 1980; Opio et al., 1993), and of 1% of cowpea seed (Shekhawat and 
Patel, 19 77), is sufficient to initiate an epidemic. Opio et al. (1 99 3 )  have shown 
that the minimum bacterial population necessary to initiate field infection was 
lo2 colony-forming units per seed, and Weller and Saettler (1980) concluded 
that symptoms develop from primary inoculum once the bacterial population 
reaches a threshold of 5 X lo6 colony-forming units per 20 cm2 of tissue. 
Infected cotyledons and primary leaves serve as sources of secondary infection. 
Spread within the crop is favoured by wind-driven rain and soil particles associ- 
ated with mechanical injury (Claflin et al., 1973), by irrigation and agricultural 
implements (Saettler, 1989) and presumably by animals. The extent to which 
grazing herbivores are vectors of xanthomonads in pasture legumes seems 
uncertain, though sheep do transmit plant pathogenic pseudomonads (Starr and 
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Kercher, 1969). Certain insects including various beetles (Kaiser and Vakili, 
1978) and whitefly (Sabet and Ishag, 1969) are known to be vectors of xan- 
thomonads in legumes. The intercropping of legumes with cereals can some- 
times retard the secondary sprcad of these diseases (van Kheenen tJt al, 1981; 
Ouko and Buruchara, 1989). 

Outbreaks of blight occur occasionally where certified seed is used, suggest- 
ing the existence of primary inocula other than seed. The existence of epiphytic 
colonies of xanthomonads on various weeds and non-host plants has long been 
recognized (Gardner, 1924; Jones, 1 96  1 ) and more recent work has confirmed 
this (Groth and Braun, 1989; Ramos et al., 1991; Opio rt ul., 1995). Jt seems 
that, under some tropical conditions at least, symptomless weeds may play an  
important role in xanthomonad survival by acting as reservoirs which bridge 
the gap between successive crops. Plant pathogenic xanthomonads do not pro- 
duce resting spores, their competitive saprophytic ability is slight and their asso- 
ciation with the soil is transient (Buddenhagen, 1965; Schuster and Coyne, 
19 74). Nevertheless, it is clear that both infested soil and infested crop residues 
are sources of primary inoculum under certain conditions. X. c. pv. phaseoli has 
been shown to survive for as long as 18  months in hyacinth bcan debris when 
kept dry (Sabet and Ishag, 1969). When debris is buried, or under moist condi- 
tions, survival is greatly decreased. IJnder IJgandan field conditions, the bac- 
terium was found to survive in infested soil and debris for several months 
between common bean crops; when two successive scasons passed without a 
bean crop, the pathogen was eradicated from the soil (Opio rt al., 1994). 
Essentially similar results are reported from tropical America (Santana at al.. 
1990). However, in temperate North America, X. c. pv. pl~aseoli appears not to 
survive at all in plant residues (Saettler ut ul., 1986). The xanthomonads of 
legumes are rathcr less susceptible to high temperatures than are the 
pseudomonads, borne out by differences in their ecological distribution. 
Whereas halo blight of common bean (Psuudon~onns syringne van Hall pv. phusr- 
olirola) and the bactcrial blights of pea and soyabcan (I! s. pv. jlisi (Sackett) 
Young et ul, and pv, glycinea (Coerper) Young et al., respectively) are widespread 
and damaging in temperate and cool highland tropical areas, the xanthomon- 
ads are also prevalent in the hot lowland tropics (Allen, 198 3) .  This indicates 
that disease management strategies need to be appropriate to tropical agricul- 
ture, often in subsistence settings. 

Chemical control of xanthomonads has been largely unsatisfactory, whether 
applied as foliar sprays or as seed dressings. Various copper compounds provide 
some protection, and antibiotic formulations have shown some potential though 
there is risk of the development of antibiotic-resistant strains (Allen, 1983; 
Saettler, 1989). Cultural practices include field sanitation, crop rotation and the 
production of clean seed, the latter especially if suitably arid areas are available. 
Since symptomless plants can produce contaminated seed, sensitive assays for 
detection of the bacterium may be necessary, but the feasibility of operating con- 
ventional seed certification schemes in tropical regions (wherein farmers' save 
their own seed) seems remote. The best strategy is likely to be an integrated one 
in which several of the above-mentioned components are combined with host 
plant resistance in a manner deemed locally appropriate. 



Sources of resistance have been found in soyabean against bacterial pustule 
(Lehman and Woodside, 1929), in cowpea against bacterial pustule (Williams, 
1977) and blight (Sherwin and Lefebvre, 1951; Allen et al., 1981b), and in 
common bean against bacterial blight (Coyne and Schuster, 1973). Levels of 
available resistance are variable, in some cases providing only partial protection, 
and some appears under monogenic control (Hartwig and Lehman, 1951; Patel, 
1982) and in other cases it is essentially quantitatively inherited (Beebe, 1989). 
Physiological races of these xanthomonads appear seldom to threaten the stabil- 
ity of resistance as do the major legume pseudomonads (Fett and Sequeira, 1981; 
Taylor et a] . ,  1989, 1996). In soyabean, pustule resistance has proven durable 
Uindal et al., 1981) and in cowpea current evidence suggests that available 
sources of non-hypersensitive resistance may be race non-specific (Allen et al., 
1981b; Pate1 198 1 ). In common bean, it appears that populations of X. c. pv. 
phaseoli do vary in pathogenicity but that physiological races can only be defined 
by use of Phaseolus acutifolius; common bean cultivars cannot yet distinguish 
them, with the result that the host-bacterium relationship is stable (Opio et ul., 
1996). It is tempting to suggest that there may be parallels between the bacterial 
blights of common bean and cotton, in which major genes for resistance have 
been transferred by interspecific hybridization and superimposed upon an essen- 
tially quantitative host-parasite relationship (Arnold and Brown, 1968) so that 
variability for virulence now poses a problem (Innes, 1983). The gradual evolu- 
tion of these xanthomonads toward increasingly sustained plant-to-plant infec- 
tion cycles, liberated from the requirement of a soil saphrophytic phase 
(Buddenhagen, 1965), may underlie the degree of host specialization they now 
exhibit. But whether or not one might expect the cool-climate pseudomonads to 
have progressed further than the more tropical xanthomonads in this regard 
remains less clear. 

Potyviruses and Legumes 

The potyviruses, which are named after potato virus Y, are the largest group of 
plant viruses now often referred to the family Potyviridae. All have flexuous fila- 
mentous particles mostly 730-790 nm long, containing single-stranded RNA. 
They are transmissible experimentally by inoculation with sap and, in nature, by 
various aphids in the non-persistent manner. Potyviruses that naturally infect 
legume crop plants are shown in Table 1.14; various others that have been less 
well characterized are omitted. Among the potyviruses of legumes, some (like 
bean yellow mosaic) have wide host ranges; others, that perhaps tend to be more 
efficiently transmitted through seed, have rather narrow host ranges. Some are 
transmitted through pollen. Infected plants show various mosaic and mottle 
symptoms. 

Much attention has been paid recently to relationships within the 
Pot~viridae, and increased knowledge of coat protein structure has contributed 
greatly in this regard. Distinct potyviruses have a 31-71%) sequence homology in 
their coat proteins whereas homology is greater than 90% among strains of the 
same virus (Shukla and Ward, 1989). Subgroups of potyviruses have been 
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proposed (Dijkstra and Khan, 1992) and include the bean yellow mosaic and the 
bean common mosaic potyvirus subgroups. Work on bean common mosaic virus 
has led to its separation into two distinct viruses, necrosis-inducing strains being 
referred to the newly delineated bean common mosaic necrosis virus (Allen ut al. ,  
Chapter 4,  this volume). A newly defined bean common mosaic virus now 
embraces isolates of adzuki bean mosaic, blackeye cowpea mosaic and peanut 
stripe viruses (Anonymous, 1994). 

Potyviruses are transmitted through seed of many but not all their legume 
hosts. Rates of transmission vary with host species and cultivar, the time of infec- 
tion and environment, as well as with the virus and its strain. Bean common 
mosaic and soybean mosaic viruses have long been recognized as seed- 
transmissible (Allen. 1983). Peanut mottle virus is transmitted in seed of 
groundnul but not of cowpea or soyabean (Bock and Kuhn, 1975), whereas seed 
transmission of bean yellow mosaic virus is less common. Certain host cultivars 
appear to possess a resistance to seed transmission, as shown in cowpea to black- 
eye cowpea mosaic virus (Allen et ul. ,  Chapter 5 ,  this volume), in soyabean to 
soybean mosaic virus (Goodman and Oard, 1980) and in groundnut to peanut 
mottle virus (Mc1)onald ut al., Chapter 2 ,  this volume). Seed transmission plays a 
crucial role in the ecology of potyvirus disease both in survival and in providing 
foci of infection for the subsequent season, and the eficiency of transmission 
accounts for the widespread distribution of many of the legume potyviruses. 

All the legume potyviruses are transmitted also by aphids in a non-persistent 
manner. Whereas a relatively wide range of aphid species has been demonstrated 
to act as veclors, few studies have been made of their relative importance under 
field conditions nor is much known of aphid behaviour in relation to potyvirus 
transmission in legumes. One notable exception is the work on soybean mosaic 
(Halbert et al. ,  1981) and another is the more recent work with blackeye cowpea 
mosaic in cowpea in Nigeria (Allen tt ul., Chapter 5 ,  this volume). Weeds and 
wild legumes are sometimes found to be reservoirs of potyvirus infection 
(Sengooba et a l . ,  199 3 ;  McDonald et al.. Chilpter 2 .  this volume) and aphids are 
presumably responsible for virus spread to the crop. 

Strains, most often defined by variation in symptoms, are recognized in most 
of these potyviruses. Symptom expression is extremely variable and it is often dif- 
ficult to identify the causal virus by symptomatology alone. Symptomless infec- 
tion is known but potyviruses typically induce a range of mosaics, mottling, vein 
clearing, epinasty, cupping and blotching of foliage, and sometimes plant stunt- 
ing or a rosette, as in pea seedborne mosaic infection. Chlorotic stripes or rings 
are characteristic of infection with some strains of peanut stripe virus (McDonald 
et NI., Chapter 2, this volume). An apical necrosis that leads to the lethal 'black 
root' in common bean is a symptom in some strain-cultivar combinations in 
bean common mosaic necrosis (Allen t t  al., Chapter 4 ,  this volume) and appar- 
ently similiar necroses in soyabean and cowpea are associated also with infec- 
tions by soybean mosaic virus (Cho and Goodman, 1979) and blackeye cowpea 
mosaic virus (Kannaiyan and Haciwa. 1993), respectively. Yield losses also vary 
widely, depending on the susceptibility of the cultivar, the virus and strain, time 
of infection and environment. Peanut mottle virus infection of groundnut seldom 
leads to losses above 6%; peanut stripe can cause as much as 70% loss and 







soybean mosaic often causes crop losses in excess of SO'%, (Mcllonald et al. and 
Sinclair, Chapters 2 and 3 ,  this volume, respectively). Complete crop loss can 
occur from infection with bean common mosaic necrosis virus (Allen ct al., 
Chapter 4, this volume). 

The production of virus-free seed has great potential in the management of 
legume potyvirus disease in agricultural systems wherein this is feasible. Certain 
insecticides may possibly have potential in controlling these diseases but, in view 
of the rapidity with which potyviruses can be introduced into the crop by aphids, 
virus incidence can actually be higher in sprayed plots relative to unsprayed con- 
trols, especially when the incidence of incoming alates is high. Host resistance 
against the vector seems also ineffective (Allen et 01, Chapter 5, this volume) and 
in most cases the development of virus disease resistance seems the most power- 
ful strategy for effective management of potyviruses in legumes. 
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INTRODUCTION 

The cultivated groundnut or peanut, Aruivhis hypoguu, is an annual oilseed 
legume native to South America but now grown in diverse environments in six 
continents between latitudes 40°N and 40"s. The genus Arachis contains 70 or 
more diploid and tetraploid species of which A. gluhrata, A, h,qpogea, A. pintoi, A, 
repens and A. villosulicarpa are cultivated. Arachis is placed with the related gen- 
era Aeschynomene, Arthrocarpum, Chapmanniu, Pachecou, Stylosanthes and Zornia 
in the subtribe Stylosanthinae of the tribe Auschynorneneae. 

World groundnut production in the 1980s averaged 19.8 Mt from approxim- 
ately 18.3 million hectares (Nigam et ul., 1991). Of over 100 countries with sig- 
nificant production of groundnut, the most important are India ( 3  3.406), China 
(2 7.8'%), USA (9.3%)' Senegal (4.2%), Indonesia (4.2%), Nigeria ( 3.30/0), 
Myanmar (3.0%), Sudan (2.7%) and Argentina (2%). Groundnut seed contains 
around 50% high quality edible oil and 2 5% protein. Groundnut is consumed as 
whole seed or processed as traditional dishes or snack foods. The oil may be 
extracted and used for cooking, and the residual cake used in production of food 
or, more commonly, in animal feeds. The haulms are used as hay for feeding live- 
stock, and this is particularly important to resource-poor farmers in the arid and 
semi-arid tropics. After decortication, the shells may be burnt as fuel, or used for 
production of particle board. They may also be ground and used as a filler in 
animal feeds (Nigam et al,, 199 1) .  

About 80% of the world's production of groundnut is grown by resource-poor, 
small farmers in developing countries who obtain low yields of 500-800 kg ha-l. 
This compares poorly with yields of over 2.5 t ha-' in developed countries, and with 
potential yields of over 10  t ha-'. Poor yields are due in many cases to diseases. 

@CAB INTERNATIONAL 1998. The Pathology of Food and Pasture Legumes 
(eds D.J. Allen and J.M. Lend) 



However, it should also be noted that some abiotic stresses can cause symptoms that 
mimic those caused by pathogens, and that biotic and abiotic stresses may interact 
with the host plant and environment to produce complex disease situations and sip- 
nificant losses. 

There is extensive literature on groundnut diseases and the reader can 
access much of this through the reviews by Garren and Wilson (1951), Feakin 
(1973), Garren and Jackson (1973), McDonald and Raheja (1980), Porter et al, 
(1982, 1984), Middleton et al. (1994) and NRI (1996). The monograph by 
Jackson and Bell (1 969) on diseases of groundnut caused by fungi continues to 
be cited because of its comprehensive coverage of the subject. For identificatiorl of 
groundnut diseases, we recommend the Compendium ofPeanut Diseases published 
by the American Phytopathological Society (Porter et al.. 1984) which provides 
descriptions and illustrations of nearly all common diseases of the crop. A revised 
edition has recently been published (Kokalis Burelle et (11.. 199 h). Illustrated 
handbooks to assist lield workers in disease diagnosis have been published in sev- 
eral countries and the International Crops Research Institute for the Semi-Arid 
Tropics (ICKISAT) has produced one in several languages that gives a compre- 
hensive coverage of groundnut diseases worldwide (Subrahmanyam rt al., 
1992). Computer-based 'Expert Systems' are being developed to assist with dis- 
ease diagnosis and to provide advice on management. 

Diseases are caused by numerous fungi, bacteria, a phytoplasma, and more 
than 20  viruses: at least 100  species of nematodes attack groundnut (Sharma 
and McDonald, 1990; Subrahmanyam ut al., 1990a; Keddy, 1991). A few 
angiosperms are also capable of parasitizing groundnut but their incidence is 
high only in Malawi and Burkina Faso. Fourteen diseases have been distin- 
guished as of global importance and are featured in this chapter under aetiology, 
biology, symptoms, epidemiology, effects on yield and quality, and management. 
Fungal diseases of local or minor importance are listed in Table 2.1 according to 
disease type. Similarly, diseases of local or minor importance caused by viruses 
and nematodes are summarized in Tables 2.2 and 2.3. 

ASPERGILLUS CROWN ROT 

Aetiology 

Aspergillus crown rot was first reported on groundnut in 1926 in Java (Jochems, 
1926). Gibson (1953a, b) contributed greatly to knowledge of the aetiology of 
crown rot in East Africa. Although early reports suspected that two separate 
species of Aspergillus - A. niger van Tieghem and A. pulverulentus (McAlp.) Thom 
- were responsible for crown rot (Jackson and Bell, 1969), Porter et al. (1984) 
suggest that the latter species is a mutant of the former. The accepted causal 
agent is A, niger and further taxonomic details can be found in Raper and Fennell 
(1965). 
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Table 2.3. Nematode diseases of local or minor importance. 

Disease Causal nematode Distribution 
-- - -- -- - - 

Kalahasti malady Tylenchorhynchus brevilineatus India 
Williams 

Peanut chlorosis Aphasmatylenchus straturatus Burkina Faso 
Gerrnani 

Peanut rot Ditylenchus africanus South Africa 
Wendt, Swart, Vrain, Webster 

Root lesion Pratylenchus brachyurus Widespread 
(Godfrey) Filipjev & Sch. Stekh. 

Testa discoloration Aphelenchoides arachidis Bos Nigeria 
Peanut yellows Criconemoides ornata (Raski) India, USA 

Luc & Raski 
Crop growth Scutellonema cavenessi Sher.; Niger, Senegal 
variability S. clathricaudatum Whitehead 
Crop growth Paralongidorus bullatus Niger 
variability Sharma & Siddiqi 

Importance 
- - 

Localized 

Localized 

Localized 

Localized 

Localized 
Minor 

Localized 

Localized 

Sources: Bridge eta/ .  (1977); Minton and Baujard (1990); De Waele etal. (1988); Sharrna and McDonald 
(1 992). 

Biology 

Aspergillus tligrr causes rot of seed and germinating seedlings and post- 
emergence crown rot (Jackson and Bell, 1969; Porter et al., 1984). It is a ubiqui- 
tous and very efljcient saprophyte which can parasitize groundnut and other 
crops. It probably occurs in all groundnut growing regions of the world. There 
are morphological and physiological variants but little is known about patho- 
genic variability Colonies on malt agar produce a loose, white to yellowish 
mycelium which rapidly becomes black to dark brown with the development of 
conidia (Onions, 1966a). The fungus typically has large black conidial heads 
that are globose to radiate, in columns 700 to 800 pm in diameter; conidio- 
phores variable. 1.5-3.0 mm X 15-20 pm, smooth-walled, colourless to brown. 
Vesicles are 45-75 pm in diameter, at times smaller or up to 80 pm; sterigmata in 
two series: the primary 20-30 X 5-6 pm; when young reaching 60-70 x 8-10 
pm dl maturity; the secondary more uniform, ranging from 7-10 X 3.0-3.5 pm: 
conidia globose, 4-5 pm in diameter and irregularly roughened (Raper and 
Fennell, 1965; Onions, 1966a). The optimum growth temperature range is 
3040°C and the fungus persists and grows on a range of substrates (Jackson 
and Bell, 1969). 



Symptoms 

Seed may be attacked as soon as it is sown in moist, infested soil (Jackson and 
Bell, 1969). Seedlings are also very susceptible (Porter et (11. .  1984). Rotted seed is 
reduced to a spongy mass of disintegrating tissue often covered with black or 
brown masses of sporulating mycelium. Emerging seedlings show rapid wilting 
especially during dry weather, become desiccated and the cotyledons and grow- 
ing points are covered by sporulating mycelium giving them a black powdery 
appearance. As the disease progresses the collar region becornes shredded and 
discoloured and the affected seedling usually dies (Gibson. 19 5 3b: Jackson and 
Bell. 1969). In mature plants, death may occur due to previously cstablishcd 
infections. Recause of the woodiness of mature plants, symptoms may not bc 
noted until permanent wilting of branches or the entire plant is apparent. 
Disease incidence in mature plants is much less than in seedlings. 

Epidemiology 

Growth and sporulation of the fungus are favoured by warm, moist soil condi- 
tions and disease can be particularly damaging in the warm tropics (Porter et id., 
1984). The fungus can tolerate low soil moisture (Coleman, 19 16), and is more 

11 son, tolerant of mercury than most fungi associated with groundnut seed (C'b 
19 5 3b). The disease is often more prevalent in sandy soils low in organic matter 
(Porter et nl., 1984). As a saprophyte, A, niger is found abundantly in soil and 
plant debris and these agents are probably the most important sources of primary 
infection. The infection process takes around 1 0  days (jackson and Hell, 1969). 
The disease may also develop from mycelium already established in thc seed. 
infestation of seed lots can exceed 90°% (Porter rt  al., 1984). Plants growing from 
such seed are usually highly infected. The fungus can invade shells and seed as 
pods mature in the soil, as the harvest is dried in windrows, or as it is held in stor- 
age (Jackson, 1967). This establishes a cycle when infected seed is sown. 

Effects on Yield and Quality 

According to Porter et al. (1984), stand losses in individual fields can reach S O ' %  
but are more usually less than 1%. Infected plants may survive and produce 
pods, but the damaged plants may be more liable to end of season drought dam- 
age and their seeds may be invaded by various soil fungi with resulting loss of via- 
bility and free fatty acid content as well as contamination with mycotoxins. 

Management 

Several seed protectant chemicals are recommended for use against A, niger and 
other soil fungi infecting groundnut (Porter et al., 1984). Those based on thiram 
or captan are usually effective but mercury-containing substances should not be 



used (Jackson and Bell, 1969). It is important to sow undamaged, healthy seed, 
and to rotate groundnut with cereal. Sowing time should be adjusted to ensure 
ample soil moisture for rapid germination and seedling growth. All commonly 
grown cultivars can be affected by crown rot under conducive environmental 
conditions. Bunch types are usually less susceptible than runner types (Porter et 
ul., 1984). Some of the cultivars being bred for field resistance to pod invasion by 
the aflatoxigenic Aspergillusjlavus also have resistance to invasion by A. niger and 
other soil fungi, and could be utilized in areas where crown rot is a serious and 
recurring problem. 

YELLOW MOULD/AFLAROOT 

Aetiology 

I11 a detailed taxonomic account of the genus. Raper and Fennell (1945) noted 
that one synonym and 12  possible synonyms exist for Aspergillusflavus [,ink ex 
1:ries. This species is the most common of ir very large group of related fungi 
which tend to show similar behaviour, arc frequently observed on groundnut 
and cause similar diseases (Onions, 19bhb: Ahmed and Reddy. 1993). A. ,flavus 
may be distinguished from A, jlavus var. c'olun~naris Raper and Fennell, which has 
phialides only and conidia borne consistently in columns, and from A. pamsiticus 
Spear, which has decper grccn colonies, phialides only and smaller conidia 
(Onions, 19636b). 

Biology 

A, jlavlrs is reported most commonly as a pod and seed inhabitant (lackson and 
Bell. 1969). Relatively few reports associate the fungus with older plants. A. 
jlavus causes diseases of seed and seedlings very similar to those incited by 
A, nigrr. The term yellow mould relates to the colour of the sporulating fungus. 
A. jluvus and A. parositicus commonly occur together as causal agents of yellow 
mould (Porter et (11 . .  1984). In the 1960s, mycotoxins produced by A.fluvus were 
found in groundnut meal. Feeds prepared from this meal were responsible for the 
death of 100,000 turkeys in the IJK (Middleton el al.. 1994). Four mycotoxins 
occur naturally in groundnut seed: aflatoxin, citrinin, ochratoxin A and zear- 
alenone; of these aflatoxins are the most important and widespread, being toxic 
in small amounts (Porter et ol., 1984; Middleton et al., 1994). Yellow mould and 
aflatoxin contamination can occur in seedlings, near harvest on pods and seed in 
the soil, and during harvest and postharvest on seed in storage (Jackson and Bell, 
1969; Porter et a / . ,  1984). Aflatoxin contamination has had a tremendous 
impact on the global groundnut industry and on consumers. This has been 
reviewed in detail by Mehan et al. (1 99 1 ) .  

Colonies are usually spreading, yellow-green, occasionally dominated by 
hard sclerotia (Onions. 1966b). The young conidial heads are yellowish but 
quickly shade through bright to dark yellow-green, jade green or cress green 
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colours (Jackson and Bell, 1969). Sclerotia are produced by many strains, start- 
ing as white mycelial tufts, changing to dark red-brown to near black, globose to 
subglobose, 400-700 pm in diameter (Onions. 1966b). Conidial heads radiate, 
splitting into several poorly defined columns, commonly 3 0 0 4 0 0  pm in diame- 
ter. Conidiophores are thick-walled, hyaline coarsely roughened, usually less 
than 1 mm long (occasionally 2-2.5 mm), with stalk diameters immediately 
below vesicles 10-20 pm. Vesicles elongate, becoming subglobose or globose, 
10-65 pm in diameter, mostly 25-45 pm. Sterigmata arc uniserate or biserate; 
primaries 6-1 0 X 4-5.5 pm (sornetimcs 1 5-1 6 X 8-9 pm): secondaries 6.5-1 0 
X 3-5 pm. Conidia are globose to subglobose, echinulate, 3-6 pm in diameter, 
mostly 3.5-4.5 pm; sometimes elliptical. 4.5-5.5 X 3.5-4.5 pm (Onions, 
1966b). 

A.jluvus thrives as a soil parasite in the tropics, subtropics and warm temper- 
ate regions (Onions, 1966b). Yellow mould and aflatoxin contamination of 
groundnut sced occur throughout the world and they also affect seed of other 
crop plants including legumes such as soyabean, bean and pea (Onions, 1960b; 
Jackson and Bell, 1969). Isolates of A. flavus and the closely related A. parctsilicws 
vary in their ability to produce aflatoxins, but little is known of their pathogenic 
variability. 

Symptoms 

It1 pre-cmergcnce attack, seed and seedlings are reduced to shrivelled, dried 
brown or black masses covered with yellow or greenish-yellow spores (Fig. 2.1) 
(Ahrned and Reddy, 1993). When infected seedlings do emerge their cotyledons 
have necrotic lesions with reddish-brown margins and are covered with sporu- 
lating niycelium (Porter et ol., 1984). This is very similar to A. rligrr crown rot 
and, in some cases, both fungi may be present as mixtures of yellowish-green and 
black spore masses covering the diseased cotyledons and growing point. When 
the strain involved is aflatoxigenic, the seedling may be severely stunted with 
chlorotic leaves and vein-clearing of leaflcts that are smaller than usual and have 
pointed tips (Chohan and Gupta, 1968). Roots are necrotic with few or no sec- 
ondary roots. This condition is known as 'atlaroot disease' (Chohan and Gupta, 
1968; Porter et al., 1984). Affected seedlings sometimes die. Yellow mould of 
pods and seed appears on or in pods before harvest, especially when plants are 
stressed by drought (Porter et al., 1984). Yellow-green colonies of A. Jlavus may 
develop on seed and pods that are overmature or damaged. During and following 
harvest, additional pods may be contaminated. 

Epidemiology 

The disease is favoured by warm, dry soil conditions and i t  can be particularly 
damaging in the warm arid and semi-arid regions of the tropics (Jackson and 
Bell, 1969). A. flavus grows between 17  and 42OC and in a declining soil mois- 
ture regime, providing relative humidity is maintained between 85 and 95% 



Fig. 2.1. Seed of groundnut covered with masses of greenish-yellow spores of Aspergillus 
flavus (Photo: courtesy of ICRISAT). 

while the optimun~ temperature Ibr allatoxin production is 2 5 - 3 5 O C  (Pcttit et ul., 
197 1: Porter et rrl., 1984). Mehan rt ril. (1988) showed a signiticant, positive lin- 
ear relationship between water deficit (drought intensity) and seed infection in 
groundnut genotypes. Like A.  nigc'r, it is tolerant of mercury, low soil moisture 
and high temperature. The epidemiology of' A. Jlav~rs has been reviewed in detail 
by Jackson and Bell (19h9) and Porter tlt ul. (19234), and is similar to that of A. 
niger: The literature on aflatoxin contamination of groundnut, including the rela- 
tionship of A. Jklvus with other fungi present in groundnut field soils, in the 
rhizosphere and geocarposphere, and in shell and seed nlycofloras, has been 
reviewed by Mehan ct (11. ( 199 I ). 

Being a soil inhabitant, A.flilvus can survive in soil and crop residues (Porter 
et al., 1984). Its ability to cause disease is related to its ability to compete with 
other soil microflora, the availability of' susceptible plant tissues, and the occur- 
rence of favourable environmental conditions. Allatoxin contamination of seed is 
influenced by the aflatoxin producing ability of the particular isolate of A. flavus, 
composition of the substrate, environmental conditions and harvesting, han- 
dling and storage practices (Mehan et al., 1991). 

Effects on Yield and Quality 

Direct damage to groundnut by seed and seedling diseases is probably less than 
that caused by A. niger but pre- and/or postharvest contamination of seed with 



atlatoxins creates a serious quality problem of international conccrn. Allatoxin 
delection systems have been set up in many dcveloped countries. In particular in 
the USA, the Food and Drug Administration has set levels of aflatoxin for all cdi- 
ble products and a detection system is in place to prevent groundnut seed 
contaminated with allatoxins from being used for human arid animal foods 
(Porter et ul., 1984; Middleton cat al., 1994). Chemical detection of allatoxin is 
carried out by various chromatographic procedures (Coker and Jones. 1988: 
Mehan et ul., 199 1): however, increasingly, more cost-cffectivc serological methods 
based on monoclonal antibodies to aflatoxin B ,  are being used successfully (Cole 
cpt ul., 1988; Mehan c't ul., 1991). 

Management 

Control of yellow mould and management oC aflatoxin contamination in ground- 
nut seed is best achieved by preventing A. flilvus from infecting growing plt~nls 
and by destroying contaminated seed (Porter rlt nl., 1984). Recommendations 
include: avoiding mechanical damage to the crop during cullivation, harvesting 
and processing; harvesting at the optimum time and rapid postharvest drying: 
removal of damaged and mouldy pods: drying to a safe moisiurc level (8'X)) before 
storage: and storage under conditions ol' low temperature and humidity 
(Middleton et ul., 1994). IJse ol' appropriate seed protectants (Subrahmanyam, 
1991) and the cultural practices recommended above for control of A, rliger 
should also be helpful in managing yellow mould. Such measures have been 
applied with success in developed countries but have been largely neglected in 
developing countries (Mehan and McDonald, 198 3). 'l'hus atlatoxin contamina- 
lion of groundnut continues to be a major problem and health risk in developing 
countries, especially in West Africa (Waliyar ut ul., 1994a). 

Groundnut genotypes resistant to seed infection by aflatoxin-producing 
strains of A. fluvus that do not support aflatoxin production are being sought 
(Mehan et al.. 1991). Several lines have been identified which resisl seed colo- 
nization and reduce capacity to produce aflatoxin H, (Mehan et al., 1986: Wynne 
et al.. 1991; Waliyar rt ul., 1994a: Kao et al., 1995). Varieties are being dcveloped 
that have resistance to both A. jluvus infection and to aflatoxin contamination 
(Mehan et al., 1991: Wynne et ul.. 1991: Rao et ul., 1995). As resistance may 
operate at the pod surface, within the shell, at the seed surface and within the 
testa and/or cotyledon, different screening methodologies are needed. There 
appear to be different genes conferring resistance to seed colonization, posthar- 
vest infection and aflatoxin production (Utomo et al., 1990: Wynne et ul., 1991: 
H.D. Upadhyay, ICRISAT, India. 1996, personal communication). As very high 
levels of resistance to aflatoxin production have not been found, resistant vari- 
eties should be considered as part of an integrated aflatoxin management pro- 
gramme incorporating cultural control strategies and crop handling practices 
appropriate to the particular environment (Mehan ut al., 1991). Current 
research is examining the possibility of replacing natural populations of aflatoxi- 
genic strains of A. flavus with highly competitive, non-toxigenic strains (Cotty, 
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1990), but it would be essential to ensure that these are no more pathogenic to 
groundnut than the strains they replace. 

STEM, ROOT A N D  POD ROT 

Aetiology 

The name Sclerotiur,l roysii Sacc. was given by Saccardo (1 91 1 ) who character- 
ized thc fungus as an imperfect form without sexual spores and belonging to this 
heterogeneous form-genus. The taxonomy has been reviewed by Aycock (1966). 
The basidial stage was first known from culture only and  was given the name 
('orticqiuttl roljsii (Sacc.) Curzi which was later changed to Pellii*ularicr ro!fsii (Sacc.) 
West (West, 1947). As the basidial stage is rarely found in nature, it is common 
practice to use thc name of the sclerotial stage (Mehan ct nl., 1995). 

Biology 

S. roljsii causes stem, root, peg and pod rot of groundnut which are major con- 
straints to production in many countries (Jackson and Hell, 1969: Porter et al., 
1984: Mehan et (11. .  1995). Stem rot is also known as southcrn blight in the 
 souther^^ IISA. It is mainly a problem of older plants but can also attack 
seedlings. Stem, root and pod rot is an increasing threat to groundnut produc- 
tion under irrigation (Mehan et ~ 1 . .  1995). 

The sclerotial stage is characterized by septate. hyaline n~ycelium with con- 
spicuous brunching at acute angles (Aycock. 1966). Thc well-developed 
mycelium is in cord-like strands of hyphae with clamps in the form of hooks and 
forks. Thc young mycelial mass is snow-white with a silky lustre. Thc developing 
mycelium grows in strands and sclerotial formation occurs at its tips in 6-12 
days. At first white, the sclerotia turn light to dark brown at maturity. They are 
subspherical, sometimes flattened, wilh surfaces tincly wrinkled or pitted, and 
usually measure 0.5-1.5 mm in diameter (Aycock. 1966). The hymeniunl of the 
basidial stagc is at lirst coarsely areolate, becoming more dense with the forma- 
tion of basidia but never forming a continuous lleshy layer. 30-40 pm thick. 
white to grey in colour (West. 1947). Basidia are ovoid. 7-9 X 4-5 pm, each 
bearing two to four parallel or divergent sterigmata that bear basidiospores 
which are hyaline. smooth, elliptical to obovate, rounded above, rounded to 
pointed at the base. apiculate. 3.5-5 X 6-7 pm (West, 1947). 

S, rolJsii grows well in culture on a wide range of media, over a wide range of 
conditions (Mehan rt  (11. .  1995). The optimum temperature range for growth is 
2 7-30°C. In general, media which support mycelial growth also support sclero- 
tial production. Considerable variability in morphological characteristics among 
isolates has been docume~lted (Punja, 198 5), and recent studies (Shokes rt al. 
unpublished results, reported in Mehan et al., 1995) have shown that isolates 
may vary considerably in their ability to infect groundnut genotypes. S. rolfs.ii has 
a very large host range including many legumes (see Bayaa and Erskine, Chapter 



8, and Haware, Chapter 9 ,  this volume) and it is found wherevcr groundnut is 
grown. All aspects of the pathogen and its interactions with groundnut htwe 
been reviewed in detail (Jackson and Bell, 1969: Porter ef (rl., 1984; Mehan iJt 111.. 

1995). 

Symptoms 

Early symptoms of stem rot are yellowing and wilting of branches tlrar the base 
of thc plant (Jackson and Bell. 1969: Porter clf nl., 1984: Mehan rJt (11.. 199 5). 
Sheaths of nlycelium develop around the affected arcas close lo the soil surfr-~ce 
(Fig. 2 . 2 ) ,  and the slerns become shredded. Abundant for~nt~tion of sclerotio 
occurs over infected parts of the plant and this is often diagnostic. Individual 
branches or thc entire plant may bc killed. lr~fected pegs lirst show light to dark 
brown lesions, but  with advance of the disease bcco~ne necrotic trnd shredtfed 
and pods are detached and leu in the soil at harvest. 1,esions on pods are light tan 
in colour but scverely damaged pods are covcrcd with a while mycelial mat. Sceds 
from inl'ected pods rnay show 'blue darnagc', a characteristic bluish-grey discol- 
oration caused by oxelic acid produced by S, ml/sii. 'l'hc fungus can also c-ausr 
leaf spots although these itre not common. 'I'he grey necrotic ring spots usui~lly 
develop shot holes. llnder very we1 conditions thc lesions coalesce to cause severe 
blight. Minute sclcrotiii appear on both leaf surfaces. Jackson and Bell ( 1  969)  
cover symptomatology in detail. 

Fig. 2.2. Sheaths of white mycelium of Sclerotium rolfsiion groundnut stems 
(Photo: courtesy of V.K. Mehan). 



Epidemiology 

Environmental factors are important in determining the form the disease will 
take whether stem, root or pod rot. Warm (25-35OC). moist conditions favour 
disease development (Aycock, 1966: Rodriguez-Kabana rt ul., 1975). Factors 
which tend to increase or prolong soil moisture favour stem rot while dry periods 
favour severe root and pod rot (Mehan rt ul., 1995). In the USA, stem rot is most 
prevalent in sandy soils (Porter et al., 1984) whereas in India it is more common 
in vertisols (Mayee and Llalar, 1988). Sclerotia of S, rolfsii remain viable in the 
soil for 2-3 years and serve as the primary source of inoculum; they can initiate 
infeclion without need for an additional food base (Aycock 1966: Mehan et al., 
199 5 ) .  High temperatures and high soil moisture reduce survival of sclerotia, as 
do cycles of drying and wetting which stimulate nutrient leakage and microbial 
antagonism. The fungus readily colonizes organic substrates in the soil, and 
inoculum potential and disease severity are positively correlated with the food base. 

Effects on Yield and Quality 

Stem, root and pod rot caused by S. rolfsii results in serious losses in yield of 
groundnut in many parts of the world (Mehan et al.. 1995). In the south-eastern 
USA, losses range from 10  to 25'X) (Porter r t  ul., 19X4), and similar levels have 
been noted in India (Mayee and Datar, 1988). 1)iscoloration of seeds from infested 
pods (blue damage) render them unacceptable for confectionery use. 

Management 

Mehan et al. (1995) reviewed the considerable amount of research which has 
been done on cultural control measures (crop sanitation, rotation, moisture con- 
trol, soil amendments, soil solarization), biological control organisms, chemical 
control products (chemicals or mixtures of chemicals) and resistant varieties for 
management of stem and pod rot and provide a useful bibliography, They note 
that although little is known as to how different cropping systems affect soil 
microorganisms, especially the survival of S. rolfsii, there is scope for using 
microorganisms as biocontrol agents to manage S, rolfsii populations which can 
be linked to other management practices of stem and pod rots. 

In recent years, progress has been made in the development of screening 
techniques for identifying sources of resistance (Shew et al.. 1987; Shokes et aL, 
1994). Although no genotypes have been identified which are immune or even 
highly resistant to S. rolfsii, several genotypes and breeding lines have shown field 
resistance (Smith et al., 1989; Grichar and Smith, 1992: Branch and 
Brenneman, 1993). Mehan et al. (1995) list 1 7  genotypes of groundnut resistant 
or partially resistant to stem and pod rot. Resistance is thought to be due to thick 
cuticle, thick-walled cortical cells and cork cambium activity (Cooper. 1961). 
Many resistant lines have non-succulent stems and smooth, hard shells (Mehan 
et a]., 199 5). Further studies on this topic are needed. 



An integrated management approach is recommended for stem, root and 
pod rot (Mehan et ul., 1995). Partially resistant cultivars could be grown in rota- 
tion with crops highly resistant to S. rolfsii. Other appropriate cultural controls 
such as deep ploughing could be incorporated and biological control could be 
part of the systems. Clearly, development of integrated management packages 
suitable for specific farming systems and environments should be given some 
attention. 

RUST 

Aetiology 

Groundnut rust was first recorded from Surinam as U n d o  nnit,l~idis 1,agerheim 
(Hennen et ul., 1987). The second record was from Paraguay, named Puccirlir~ 
arurhidis by Spcgamini in 1884.Debi1te regiirding the correct namc followed until 
IIennen compared both collections with a new collection from Rrazil and pro- 
posed that the latter name be accepted as the teleomorphic and holomorphic 
binomial for the groundnut rust fungus (Hennen rt ril., 1976). The taxonomy of 
the fungus has been summarized by Subrahmanyam and McDonald ( 198 3) and 
is discussed in some dctail by IIennen et a / .  (1987) and Henncn and Ruritica 
(199 3 ) .  

The namc universally accepted is Puc3c'inia aruc,hidis Speg, but the fungus is 
not regarded as a Pucciniij by Hennen and Ruritica ( 199 3). On cultivated ground- 
nul, a conidial anamorph occurs widely but the teleomorph has been found only 
rarely, most commonly on wild Aradlis spp. in Brazil. IIennen and Ruritica 
(1993) proposed the name I'eridiyes rrruchidis as the conidial anamorph of 
groundnut rust due to possession of a membranous peridium and pedicillate 
spores. Pui7ciniu uruchidis is retilined as the holomorph. There is no knowledge of 
spermogonia, aecia and hosts that basidiospores will infect, thus the taxonomic 
position of this fungus is inconlplete (Subrahmanyam and McDonald, 198 3). 
The urcdial stage is the predominunt form globally. 

Cummins (1978), Iiennen rt ul. (1987) and I,enne (1994a, b) have com- 
mented on the relationship between I! uruchidis and apparently closely related 
rusts on the legume genera Zorrliu and Stylosanthes (see Chapter 13, this vol- 
ume). 'These genera together with Ararhis are in the same subtribe of 
Stylosanthinue and they frequently occur together in natural vegetation in South 
America, especially Rrazil (Lenne, 1994b). The rusts are P ojjuscata Arthur and 
l? zorrliue McAlpine on Zornia spp. and F? stylosunthis Viegas on Stylosunthes spp. 
Sutton (1984 -cited in k n n e ,  1994b) considered that these rusts form part of a 
closely graded series, with relatively small differences in uredospore morphology 
(see LennC, Chapter 13, this volume). J.F. Hennen. Texas. IJSA (1996, personal 
communication) also believes that the four rusts are very closely related. He 
noted, as did Lenne (1994b3, that cross-inoculation studies are needed to eluci- 
date the relationship between these taxa and the taxonomic position of I! 
arachidis. 
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Biology 

Rust of groundnut probably originated in South America with cultivated ground- 
nut and, until the late 1960s, its distribution was limited (Subrahmanyam et ul., 
198 5a). During the past 30 years, it has spread rapidly throughout most impor- 
tant groundnut growing areas (Subrahmanyan and McDonald, 198  3: Porter et 
( I / . ,  1984; Subrahmanyam r~t (11.. 198 5a). Together with late and early leaf spots 
with which it often occurs, it is considered to be among the most important dis- 
eases of groundnut. 

ITrcdinial sori are pustular, predominantly hypophyllous, scattered or irregu- 
larly grouped, round ellipsoid or oblong in shape, dark cinnamon brown in 
colour when mature; mostly on abaxial leaf surfaces where the ruptured epidcr- 
mis is conspicuous but may also occur on petioles, stipulcs and stems (Cumrnins, 
1978; Hennen rt 01.. 1987). Uredospores are broadly ellipsoid or obovoid, 1h-24 
X 21-30 pm in size, the wall brown in colour, 1-2 pm thick, tinely echinulatc, 
with mostly two, occasionally three to four germpores, nearly equatorial, often in 
llattencd areas. 'Lelia are rarely observed, chielly hypophyllous, 0.2-0.3 mm in 
diameter, scattered, prominent, pulvinate, chestnut brown, ruptured epidermis 
prominent; teliosporcs arc oblong, obovate or ellipsoid, with rounded to acute 
and thickened apex, slightly or not constricted at the septum, predominantly 
two-celled, 3 3-60 X 12-18 pm, wall smooth. light to chestnut brown, 0.7-0.8 
pm thick at the sides, 2.5-5 pm thick at the top, apical thickening almost hyaline, 
pedicel thin-walled, hyaline, up to 35-65 pm in length, but usually broken. 
shorter or detached at the spore base, germinating i ~ t  maturity without dor- 
mancy (Cummins, 1978; Hennen et ill., 198 7). 

The complete life cycle of groundnut rust is at present unknown. The only 
known hosts arc the cultivated groundnut and many related species ol' Aru(d~is, 
including A. gl(lbrtltn, A, burknrtii. A. mrlrgirlatn (Hennen et rll., 1987). A, c,nrrlr- 
trrrsii, A. I~elorl(~s, A. stnlosyermrr, A, t~c~rnbgquurtrt~ and A. I~ngenbeckii (J.F. Hennen, 
'l'exas. LISA, 1996, personal communication), yet these are unlikely to play a role 
in the disease cycle of rust on groundnut as most occur in natural vegetation and 
only in South America, distant from major groundnut growing areas 
(Subrahmanyam and McDonald, 1983). It is generally assumed that rust has 
inherent capabilities for development of physiological races when confronted 
with host genotypes possessing major gene resistance (Wynne ut nl..  1991). 
There are, however, no confirmed reports of pathotypes, and groundnut cultivars 
tested in many different parts of the world have shown comparable reactions to 
the local rust populations (Subrahmanyam and McDonald, 1983, 
Subrahmanyam et al . ,  1985a. 1989. 1995; Wynne et ul.. 1991: NRI, 1996). 
Rust resistance has remained stable over a wide range of geographical locations. 

iymptoms 

The characteristic orange-coloured pustules (uredia) appear first on the abaxial 
surfaces of leaflets and rupture to expose masses of reddish-brown uredospores 
(Fig. 2.3) (Subrahmanyam and McDonald. 1983; Porter at d., 1984). Pustules 
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Fig. 2.3. Reddish-brown uredospores of Puccinia arachidis on the abaxial surface of ground- 
nut (Photo: courtesy of ICRISAT). 

arc circular and range from 0.5 to 1.4 mm in diameter. On highly susceptible 
cultivars, sccondtlry pustules may develop around the earlier ones. I-'ustules may 
latcr appear on the adaxial surfaces of the leaflets opposite those on thc lower 
surfaces on susceptible varieties. Pustulcs may li~rni on all aerial plant parts with 
the exception of Ilowcrs. Infected leaves tend to becomc nccrotic and dry up but 
remain attached to the plant, l'ltlnts have a burnt appetrrance. 

Epidemiology 

Rust perpctuates, sprcads, and causes disease by rncans ol' its uredospores 
(Mallaiah and Hao, 1979a, b; Subrahmanyam and McDonald. 1983: Savary clt 
al., 1988). 'l'hese arc short livcd, particularly in warm climates, and are unlikely 
to survive for long between crop seasons in the tropics (Subrahmanyam and 
McDonald, 1983: Porter at  al., 1984). Infected volunteer plants and overlapping 
crops are important in carry-over of the disease (Mallaiah and Rao, 1979a: 
Subrahmanyam and McDonald, 198 3) .  Long-distance dissemination of the dis- 
ease may occur by airborne uredospores, the movement of infected crop debris, 
or the movement of pods and seeds surface contaminated with uredospores or 
debris. However, only circumstantial evidence exists for long-distance dispersal 
(Savary ct al., 1988). There is no reliable evidence that rust is internally seed- 
borne and no authenticated report of rust being spread by germplasm exchange 
(Subrahmanyam and McDonald, 1983). 



Temperatures around 20-28OC, high relative humidity, and free water on 
the leaf surface favour infection and disease development (Mallaiah and Rao, 
1979b; Savary et al., 1988). Spread of disease in growing crops is facilitated by 
rain-splash, wind movement and insects (Subrahmanyam and McDonald, 
1983). Aerial dispersal of uredospores showed strong diurnal rhythm related to 
daily variations in wind velocity (Savary et al., 1988). 

Effects on Yield and Quality 

Losses due to rust alone are difficult to assess because leaf spots are often present 
and also contribute to losses. Rust causes serious damage to groundnut crops in 
many parts of the world with pod losses of up to 70% being reported (Harrison 
1973; Subrahmanyarn et al., 1984, 1985a). Losses of haulms are also substan- 
tial and rust can also affect the quality of fodder. In a study in Nigeria, protein 
content of haulms was reduced from 16 to 12% due to foliar diseases including 
rust (Salako and Adu, 1990). The disease can be particularly scvere when it 
occurs in conjunction with early or late leaf spots, or if it affects the crop early 
(Subrahmanyam and McDonald, 198 3). 

Management 

Although rust can be controlled very effectively by fungicides (Smith and Littrcll, 
1980; Porter et al., 19841, these are costly and not readily available to resource- 
poor farmers in developing countries, who also generally lack the technical 
expertise to use chemicals effectively (Subrahmanyam et al., 199 5). Breeding for 
resistance is therefore a key strategy in reducing yield losses due to rust. In recent 
years, there have been efforts by many countries to exploit genetic resistance to 
groundnut rust (Subrahmanyam et al., 1985a, 1995). A world collection of 
12,000 accessions of groundnut germplasm from as many as 87  countries has 
been systematically screened for resistance at ICRISAT, India, and many acces- 
sions have also been screened in the IJSA, Nigeria, Mali, Burkina Faso and 
Malawi (Subrahmanyam et al., 1982, 1985a, 199 5: Subrahmanyam and 
McDonald, 1983; Waliyar and McDonald, 1988), Over 100 genotypes with good 
resistance to rust have been found, mainly in valencia-type landraces originating 
from Tarapoto, Peru (Ramanatha Rao, 1987; Subrahmanyam el ul., 1989), 
Several have been used successfully in breeding programmes (Reddy et al., 1987; 
Subrahmanyam et al., 1995). 

High levels of resistance and, in some cases immunity, have been found in 
wild Arachis species (Subrahmanyam et al., 1983a: Singh and Nigam. 1996). 
and through hybridization with cultivated groundnut, some rust-resistant geno- 
types with good agronomic characters have been bred (Singh et al., 1987). 
Cultivars have been released in different countries for use in rust-affected areas 
(Hammons et al., 1982a, b, c; Subrahmanyam et al., 1985a, 1995). Resistance 
presently used by groundnut breeders appears to include factors for 'slow rust- 
ing' (polygenic, minor genes) characterized by reduced infection frequency, 
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increased incubation period, reduced lesion diameter and sporulation index 
(Subrahmanyam et al.. 1 9 8 3 ~  b: Wyrlne rt (11.. 1991: Mehan rt rrl., 1994a). 
Rust-resistant cultivars should be used together with cultural practices such as 
eradication of groundkeepers and volunteer plants, and adjustment of sowing 
and harvest dates to ensure a sufliciclltly long break between successive ground- 
nut crops and to avoid environmental conditions conducive to disease build-up 
(Subrahmanyam and McDonald, 198 3). Weeds should be controlled, as ;I heavy 
growth of weeds may encourage disease development due to higher humidity in 
the crop canopy. 

Under experimental conditions, large yield increases have been obtained 
through application of fungicides and, in the USA. fungicides are used widely to 
control rust and leaf spots with as many as six to eight applications throughout 
the growing season (Smith and Littrell, 19110). Integrated control packages 
suited to specilic production systems and environments, including tropical devel- 
oping countries, can be developed particularly through combining chemicals 
with resistance (Subrahmanyam and Mcl)onald, 19113). The choicc ol' fungi- 
cide(~)  will be influenced by the presence of other Soliar diseases and this is dis- 
cussed in some detail in Smith and Littrell (1980) and Subrahmanyam and 
Mcllonald ( 1983). Good control of rust, leaf spots and web blotch can be 
obtained with chlorothalonil, while the systemic I'ungicide calixin is effective 
against rust but not against the other bliar diseases (Subrahmanyam and 
Mc1)onnld. 198 3) .  

EARLY A N D  LATE LEAF SPOTS 

Aetiology 

Early leaf spot is caused by the fungus Mycos~~huerella urnhidis 1)cighton 
(Deighton, 1967: Mulder and Holliday, 1974a). The accepted anamorph is 
Cerrospora aruchidirolu Ilori (Jenkins, 19 38: Chupp, 19 5 3). Jenkins (19 38) 
described the teleomorph as M.yrosphaerella arurhidicolu but this name had 
already been applied to a different fungus with an Ascoch!jtu conidial state. 
Deighton (1 967) proposed that the name Mycosphurrella arurlridis Ileighton be 
used for the teleomorph of the early leal'spot fungus. Late leaf spot is caused by 
the fungus M,yrosphuurella berkeleyi W.A. Jenkins (Jenkins, 1939: Mulder and 
IIolliday, 1974b). The nomenclature of the anamorph has undergone several 
changes (Chupp, 1953: Porter ut (11.. 1984: Mcllonald et ul., 1985). IJntil recently 
the combination Cercosporidium pcrsorratum (Berk. & Curt.) lleighton (syn. 
Crrcosporu persnnuta (Berk. & Curt.) Ell. & Everh.) was widely used (Deighton, 
1967). The anamorphs of the genus Mycosphaerella were reorganized and 2 3  
form-genera were enumerated, mainly on the basis of conidionatal structure and 
position on the host plant and the types of scars on the conidiogenous cells and 
conidia (von Arx, 198 3). The accepted anamorph is Phaeoisariopsis personata 
(Berk. & Curt.) v. Arx. The teleomorphs of both fungi are rare. Leaf spots caused 
by Cercospora spp. and allied genera are common on legumes and are further 



reviewed in Sinclair, Chapter 3; Allen i,t ul., Chapter 5; and Reddy et al. ,  Chapter 
1 0 ,  this volume. 

Biology 

Early and late leaf spots (also known as tikka spots, cercospora leaf spots and 
brown leaf spots) are very widespread on groundnut although early leaf spot is 
more restricted in distribution than late leaf spot (CMI, 1966, 1967; Jackson and 
Bell, 1969; Mcllonald clt ul., 1985). As the names suggest, early leaf spot tends to 
appear earlier in the growing season and late leaf spot later in the season 
(Gibbons, 1966; Garren and Jackson, 1973; NKI 1996); however, it depends 
very much on environmental conditions and there can be both short- and long- 
term tluctuations in the relative proportions of either leaf spot. 

Leaf spots of C. aracllidic'ola are subcircular to irregular, coalescing, 1-10 mm 
in diameter, dark brown to black on the lower surface and reddish-brown to 
black on the upper surface (Mulder and IIolliday, 1974a). A yellow halo usually 
develops. Fruiting is confined mostly to the upper surl'i-~ce. The stroma is present 
but slight, 25-100 pm in diameter and dark brown. Conidiophores are arranged 
in dense fascicles, five to many, pale olivaceous or yellowish-brown, darker at the 
base, mostly once gcniculate, unbranched, septate. 15-45 X 3-6 pm. conidia 
are subhyaline, slightly olivaceous, obclavate, mildly to much curved, up to 12 
septa, base round. truncate, tip subacute. 3 5-1 10 x 3-6 pm. M. irriu'ltidis is 
characterized by scattered perithecia, mostly along lesion margins, amphigen- 
ous, partly embedded in host tissue, erumpent, ovate to nez~rly globose. 
47.6-84.0 X 44.4-74.0 pm in size, black, ostiole slightly papillate; asci are 
cylindrical, clubshaped, short stipitate, fi-lsciculate, 27.0-37.8 X 7.0-8.4 pm in 
size, aparaphysate, bitunicate, eight-spored: ascospores are uniseriate to imper- 
fectly biseriate in ascus, bicellular, the upper cell somewhat larger, slightly 
curved, hyaline. 7.0-1 5.4 X 3-4 pm (mean 11.2 X 3.64 pm) in size (McDonald 
et ill., 1985). 

I,eaf spots of l? personata are circular, coalescing, dark brown to blackish- 
brown. 5-10 mm in diameter, occasionally a yellow halo appears in mature 
spots (Mulder and IIolliday, 1974b). Fruiting is more often on the lower surface. 
The stroma is dense, pseudoparenchymatous, and up to 130 pm diameter. 
Conidiophores are numerous, sometimes in concentric circles on the spot, in 
dense to very dense firscicles, pale to olivaceous brown, smooth, geniculate, con- 
tinuous or sparingly septate, 10-100 X 3-6.5 pm. Conidial scars conspicuous, 
prominent, thickened, 2-3 pm wide. Conidia are medium olivaceous, mostly con- 
colorous with the conidiophores, cylindric, obclavate, usually straight or slightly 
curved, wall usually finely roughened, rounded at the apex, base shortly tapered 
with a conspicuous hilum, one to nine septa usually not constricted, mostly three 
to four-septate. 20-70 X 4-9 pm (Mulder and Holliday. 1974b). Differences 
between M, berkeleyi and M, arachidis are clearly exhibited in the nature of the 
conidia (Mulder and Holliday, 1974a. b). M. berkeleyi is characterized by scat- 
tered perithecia, mostly along lesion margins, amphigenous, partly embedded in 
host tissue, erumpent, broadly ovate to globose, 84-140 X 70-1 12 pm in size, 
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black in colour. ostiole slightly papillate; asci are cylindrical, club-shaped, short 
stipitate, fasciculate. 30-40 X 4-6 pm, aparaphysate, bitunicotc, cight-spored: 
ascospores arc uniseriate to imperfectly biseriate in thc ascus, biccllular, thr 
upper cell somewhat larger, slightly constricted at the septum, hyaline, 
10.9-1 9.6 X 2.9-3.8 pm (mean 14.9 X 3.4 pm) in size (Mcl>onald ot nl., 1985). 

'I'here is some evidence for variation in pathogenicity in both I! pclrsorlntn ;~nd 
C'. urnc~hirlic~ola (Gibbons. 1966: Subrahmanyam cpt rrl.. 198 3a) but rilceS of either 
pathogcn have not been defined (Mulder i~nd  iIolliday, 1974ii. b). Although, cvi- 
dencc for host specilicity has not been conclusively dcrnonstrotrd, pathogen 
adaptation to local environments has been rrported (Wynne ot al,, 199 1 ). 'Phis is 
thought to be duc to environmentally induced alterations in host metabolism 
rathcr than pathogen specilicity (Shew t>t al., 1988). Kecent studies have shown 
that isolates of C', nrrrc~ltidicola collccted globally producc differential responses on 
sornc groundnut genotypes (Subba Kao rt al., 199 3). The possibility ofcnviron- 
mental adaptation of local pathogen populations should not be dismissed 
(Wynne ct (I/., 199 1 )  and I'urthcr studies tire needed lo undcrstt~nd the vt~riehility 
in both F? yersor~trttr and C. artlc~ltidi(~o1rr. Groundnut is the only known natural host 
of C, ornc~llidic~olrr and l! ~~rrsottntrr (Mclloneld ot rrl., 19 8 5). Wild Artrc~ltis spp. are 
suspected natural hosts as sornc are suscrptible undcr artificial inoculation. 

Symptoms 

Plants may be affected in the vegetative growing stage, flowering stage and pod 
filling stage and both fungi can infect leaves, stems, petioles tlnd pegs. Symptoms 
arc inlluenced by host genotype and environmental factors (Jackson and 13ell, 
1969: l'orter et al.. 1984: Mcllonald rt al., 198 5). Symptoms ot'both diseases are 
initially similar. Small chlorotic spots appear on leaflets about 10  days after infcc- 
tion and develop into sporulating lesions in a further 5 days. 'l'hc subcircular 
lesions produccd by C'. araihidic.ola are up to 10 mm in diameter, reddish-brown 
to black on the adaxial leaf surface and lighter shades of brown on the abaxial 
surface (Plate 1 ) (Mulder and Holliday, 1974a; McDonald et cd., 1985). 1)istinct 
chlorotic haloes develop early on the upper surface but their presence and promi- 
nence is altered by host genotype and environmental factors. Similar haloes may 
be found around F1 personrrta lesions (Mcrlonald rt ul., 1985). Lesions tend to be 
larger than those of t? persottata and the dark stroma of the latter is absent. 
Conidia Corm on both leaf surfaces, the conidiophores being somewhat diffusely 
arranged. 

The circular lesions produced by I? prrsonatu are up to 8 mm in diameter 
(usually smaller than those developed by C. r~ruchidicolu) and become dark brown 
or black (darker than those of C, aruchidicolu) (Jackson and Bell, 1969; Muldcr 
and Holliday, 1974b: Porter et al.. 1984). Symptoms caused by l? personutu are 
most clearly identified by the distinct dark stroma of the conidial state. On the 
aboxial surfaces, where most sporulation occurs, lesions are black with a slightly 
rough appearance (Plate 1 ) (Mc1)onald et a]., 198 5). Conidiophores and conidia 
are pioduced in concentric rings. In contrast, C. arachidicolu forms conidia on 
both surfaces and has no dark, rough stroma (Mulder and Holliday, 1974b). A 



distinctive, chlorotic halo is often present around I? persorlata lesions, but its pres- 
ence and prominence are altered by host genotype and environmental factors. As 
similar haloes may be found around C. aruc,hidicolu lesions, the halo is not a good 
diagnostic character. 

The colour of the lesion on the abaxial lcaflet surface, light brown for C'. 
aruc'!ridic.olu and black for tl personutu, and the distribution of fruiting structures, 
randomly on the adaxial surface for C, urarhidicolu and in circular rings on the 
abaxial surface for I? personata, are useful diagnostic characters for distinguish- 
ing between thc two leaf spots in the lield (Mcl)onald et al., 1985). The two 
pathogens can also be readily identified by the morphology of conidiophores and 
conidia. In addition to causing leaf spots, the two pathogens also produce oval to 
elongate lesions on petioles, stems and pegs which have more distinct margins 
than the leaflet lesions. When disease attack is severe, the affected leaflets 
become chlorotic and necrotic and are shed. Severe attacks cause corlsidcrable 
defoliation. 

Epidemiology 

('. urac.lridic~olu and I? persorlntrr arc both soilborne, disease onset being earliest and 
attack most severe when groundnut follows groundnut in the rotation (Gibbons, 
1966: Garren and Jackson 197 3 :  Mc1)onald and Raheia. 1980; McDonald t't nl., 
1985). An attack by C'. ~rur~l~iilii-olu normally precetles that of F! yursonuta, but 
both diseases may appear within 3 to 5 weeks after sowing. Ascospores are gen- 
erally not regarded as important sources of primilry inoculum although Jenkins 
(19 38) reported that ascospores produced on mycelium in the soil could be 
involved in early season infections. Conidia produced directly from mycelium in 
crop debris in the soil or on volunteer plants following early rains usually initiatc 
the disease cycle when deposited on leaves of young plants by rain-splash and 
wind (McDonald et ul., 198 5). 

Temperatures of 18-30°C leaf wetness of 2 0  hours and a total wetness 
period of greater than 160 hours favour infection and disease development 
(Butler et al., 1994). The first lesions normally develop on the leaves near the soil 
surface and the conidia produced on them are carried by wind, rain splash and 
insects to younger leaves on the same plant and to adjacent plants (McLIonald et 
al., 1985). Leaves are susceptible during the entire growing season. Given 
favourable conditions, disease progresses throughout the season and may result 
in nearly total defoliation of plants. Recent studies have focused on assessment of 
the effects of relative humidity (RH), leaf wetness, temperature and light on coni- 
dial production by t! personata (Butler et al., 199 5) .  It was interesting to note that 
conidial production was less with continuous leaf wetness than with intermittent 
leaf wetness under continuous high RH (98-99%). With intermittent wetness, 
there was also clear evidence of trophic growth of germ tubes towards stomata 
and penetration (Wadia and Butler, 1994). With constant high RH (98-99%), 
conidial production increased linearly from 10 to 2 8 O C  during 2-6 days (Butler 
et al., 1995). 

Conidia may be detached from lesions at any time but peak release periods 
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occur when leaf surfaces dry in the morning (between 1 and 4 hours after sun- 
rise), and at the onset of rainfall (Smith and Crosby, 19 73). Air-dispersed conidia 
of both l? personata and C. urachidicolu showed diurnal periodicity with peak 
catches occurring between 1000 and 1800 hours which increased rapidly with 
the onset of rain (Smith and C'rosby, 1973: Alderman and Nutter, 1994). 
Evidence of vertical dissemination of conidia of I? p~rsonrctu to heights of 2.7 m 
was obtained (Smith and Crosby, 197 3 ) .  

The pathogens may survive from season to season on volunteer groundnut 
plants and infected crop debris (McDonald et ( I / . ,  1985). Jackson and Bell (1969) 
note that conidia in crop debris have sufficient longevity to carry over from one 
season to another. However, in India ?? persorluta survived on crop debris for 
35-60 days only (Rao rt (11.. 1993). IJnder certain environmental conditions, 
crop debris may not be a major source of initial inoculum and volunteer plants 
and overlapping crops may be more important. Further studies on inoculum sur- 
vival would be worth while. Survival ofthe perfect stages of both pathogens is not 
considered important epidemiologically. Long-distance distribution of the 
pathogens may be by airborne conidia, movement ol' infected crop debris, or 
movement of pods or seed that are surface-contaminated with conidia or crop 
debris (Jackson and Bell, 1969: McDonald et al., 1985). There is no evidence ot' 
either pathogen being internally seedborne. 

Effects on Yield and Quality 

Late and early leaf spots are considered to be the most serious and widespread 
diseases of groundnut globally (Porter et ul., 1984: McDonald et a / . ,  198 5: NRI, 
1994). In the southern LISA, where fungicide applicalion is ;I normal practice, 
pod yield losses arc estimated at around 10%. Where fungicides are not used, pod 
yield losses due to the two leaf spots alone can reach as high as 50'2C) (I'orter et a/ . ,  
1984). When rust is also present, losses can be as high as 70'X). 1,osses in yield 
and quality of haulms can also be high due to serious defoliation during the 3-4 
weeks prior to harvest (Cummins and Smith, 1973). 

Management 

Breeding resistant cultivars is one of the best means of reducing yield losses from 
diseases (Gibbons and Bailey, 19 h 7; Cook, 198 1; Porter et ul., 19 84; Mcllonald flt 
al . ,  1985). It is the best strategy to help resource-poor farmers in the semi-arid 
tropics who generally lack the financial resources and technical expertise to use 
chemical control methods effectively. The need to breed resistant cultivars in 
developed countries to reduce farmers' dependence on fungicides is also critical. 
Many sources of resistance to early and late leaf spots have been reported and are 
available from various research institutes (Abdou et a / . ,  1974; Sowell et a / . ,  1976: 
Mixon et al . ,  1983: McDonald et a]. ,  1985: Wynne et a/.,  1991; Smith et a l . ,  
1994: Subrahmanyam et ul., 1995). Genotypes resistant to late leaf spot are 
available from ICRISAT, listed in McDonald et al. (1985) and Subrahmanyam et 
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al. (1995). Some are also resistant to rust (Subrahmanyam et  a/., 1995). As 
recently as 10  years ago, although many sources of resistance had been identi- 
fied, there was no agronomically acceptable groundnut cultivar with resistance 
to either of the leaf spots (Wynne ot a/., 1991). During the past few years, effec- 
tivc field and laboratory screening methods have becn developed and systematic 
screening of groundnut germplasm for resistance to lcaf spots has becn inten- 
sively carried out in different parts of the world (Subrahmanyam et a/., 1995). 
Research is aimed at incorporaling lcaf spot resistance and high yield into culti- 
vars with agronomic and quality characters suited to different environments 
(Subrahmanyam el ul., 198 3b, 1995; Wynne rt al., 1991: Smith et nl., 1994). 
High-yielding breeding populations, with rcsistance to late leaf spot and rust, ;Ire 
routinely generated at IC'KISAT (Subrahmanyam et (11 . .  1995). 'this material 
could bc used immediately in developing countries but some quality characters 
will need to be improved for sophisticated markets. The recent rapid spread of 
groundnut rust has created a problem for breeders in incorporating rcsistance to 
all three diseases into agronomically acceptable cultivars (Mc1)onald and Raheja. 
1980). Success has been achieved for rust and late leaf spot, and sources of corn- 
bined resistance to thesc diseases are listed in Subrahmanyam rt (11. ( 199 5). 

Considerable emphasis has been placed on screening wild Amchis spp. for 
resistance to lcaf spots (Moss, I 980; McDonald clt rrl., 1 98 5 ;  Moss et ( 1 1 . .  1992: 
Singh and Nigam, 199 (7 ) .  Accessions of some wild Aracllis spp. are highly rcsis- 
tan1 to both lute lcaf spot and rust (Subrahmanyam clt a]., 1985b: Wynne tlt (I]., 
1991). C'ytogcnetic research aimed at incorporating leaf spot resistance from 
wild Arrrcsllis spp. into cultivated groundnut is in progress in several institutcs. At 
IC'RISAT, tetraploid lines incorporating resistance to late lcaf spot and rust have 
been produced which are being used in breeding programmes in many countries 
(Shariefrt nl., 1978: Moss et ( 1 1 . .  1992). High levels of resistance to late leafspot 
and rust have been observed in a number of the derivative populations. In the 
near future, application of molecular tools including markers is expected to lead 
to the development of probes for resistance gene detection (JI? Moss, IC'KISAT, 
India, 1996, personal communication). 

Resistance to leaf spot pathogens has been attributed to various morphologi- 
cal and anatomical characters of the host plant (Taber rt crl., 1977: Mayee and 
Suryawanshi, 1995) and to different chemical constituents of leaves and seeds 
(Alabi and Naqvi. 1977). It operates by prolonging incubation and latent periods, 
and by reducing the nu~nber of lesions per unit area of leaf surface, defoliation, 
and sporulation (Nevill, 1981). Kornegay et 111. (1980) proposed that resistance 
to leaf spots was quantitatively inherited. Nevill(1982) showed that late leaf spot 
resistance was determined by recessive alleles at five loci. At present it is accepted 
that resistance to both leaf spots is based on additive genetic effects (Wynne et ul., 
1991). Waliyar et al. (1993a. b) found that expression of resistance to C'. aratJ~idi- 
cola varied across diverse geographical locations. Further studies showed that 
temperature affected the stability of components of resistance, especially lesion 
number, infection frequency and incubation period (Waliyar et a!., 1994b). 
Several groundnut genotypes were identified with stable resistance to C. arachidi- 
cola across all temperatures tested. 

Where possible, there should be a distinct break between successive ground- 



nut crops (Jackson and Hell. 1969: Mc1)onald rt (11.. 1985). As the diseases are 
largely soilborne. rotation with other crops is important (Kuchurek. 1975). Plant 
debris should be removed from the field after hirrvcst, burned it1 sitzr, fetl to 
animals or buried dceply. Volunteer groundnut plants and groundkeepers s h o ~ ~ l d  
he eradicated. 1)epending upon the length of the growing season and cultivurs 
grown. the time of sowing may be adjusted to avoid infectio~l of the crop Srom 
outside sources and to avoid environmental conditions conducive to diseilse 
build-up. Weeds should be kept under control becausc they ~ n i ~ y  encourage dis- 
case devclopmcnt through modification of the crop microclimate (Jtrckson i111d 
Bell. 1 'l(79). Early maturing cultivars (9  5-1 00 d;rys) may be mi~turc beti)rc I :  par- 
soneitcl can build up and thus escape major cliscase problems. ICKISAT is pl;rcing 
emphasis on the developrnent of such cultivars in several groundnut growing 
regions (Nigam rt trl., 199 5). 

In developed countries, fungicidal control of leaf spots is effective ant1 cco- 
nomic and hes been widely adopted (Smith and I,ittrrll, 1980; Subrahmanyi~m I J ~  

RI., 1984; Mc1)onald rl (11.. 198 5;  C'ulbreath i,t a/., 199 5) but it hirs presented 
problems for resource-poor groundnut firrrncrs in developing countries. In thc 
LISA, fungicides are irpplied by various kinds of tractor-propelled machines. air- 
craft, helicopters. and, more recently, through sprinkler irrigation systems. 
Recent studies have focused on developing disease li~rccasting systems based on 
climatological data (Jacobi ct trl.. 199 5; Linvill and Ilrye. 1995; Wu vt ell.. 199 6). 
According to Smith and 1,ittrell (1980) there was a rapid move towirrds spray 
applictrtion following the introduction of highly effective fungicides such iIs beno- 
myl, chlorothalonil and fentin hydroxide in the early 1970s; however, after scv- 
era1 years of extensive use of benomyl, tolerant strains ol' t! persorrtrttc itnd ('. 

arcrc.l~idic-olu appeared (1,ittrell 1974; Smith et (11.. 1978). Benomy1 is rarely used 
alone now for leaf spot control, but is used in mixtures with protectant fungi- 
cides. Chlorothalonil is now the most widely used fungicide for lcaf spot control 
and it is also very effective for controlling rust and minor foliar diseases 
(Mc1)onald cJt ul., 19 8 5). An extensive review of chemical control of leaf spots can 
be found in Mcllonald rt 111. ( I  985).  Mycoparasites. Dicyrnu pulvir~trtu (Herk. & 
Curt.) v. Arx (Mitchell, 1984; Porter and 'I'aber, 1992) and Vrrtii'illium lec~urtii 
(Zimmerm.) Viegas (Subrahmanyam et a/.. 1990b) have been observed to para- 
sitize the early and late leaf spot pathogens of groundnut. These were found to be 
effective in controlling leaf spots in greenhouse studies; however, no serious 
attempts have been made to use them in the Held. 

Every effort should be made to utilize all available and compatible disease 
control measures (Gorber u t  ul., 1982; Mc1)onald u t  ul., 1985; Ghewande u t  a/,. 
199 3 ) .  Breeders should endeavour to combine lcaf spot resistance with resis- 
tance to rust and other diseases. Cultural and chemical control measures effec- 
tive against one lcaf spot will normally be effective against the other ((;ibbons, 
1966; Garren and Jackson 197 3). Pande et ul. (1993) noted that intercropping 
with pigeonpea resulted in higher levels of late leaf spot on groundnut compared 
to the sole crop. Similar observations have been made for angular leaf spot of 
Phuseolus bean, which is caused by Phaeoisariopsis griseolu (Allen, 1990; see 
Chapter 4, this volume). If fungicides are the choice for leaf spot management, 
they should be capable of controlling both leaf spots and rust, and the possibility 
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of applying fungicides combined with insecticides should also be considered 
where insect pests are a problem. Recent work in Malawi has shown that partial 
resistance, combined with judicious use of fungicides (such as chlorothalonil) 
and cultural practices (such as early planting and crop rotation) can be effective 
in reducing early leaf spot (Subrahmanyam et al.. 19944 .  

WEB BLOTCH 

Aetiology 

'I'he causal agent of web blotch was earlier identified as a species of Ascoch,qta by 
many workers (Subrahmanyam rt ul., 1994b). The taxonomy of the anamorphic 
state of the pathogen was clarified by Marasas et ul. (1974) based on differences 
in conidiogenesis between Phoma and Ascochgta, described by Uoerema (1965). 
The accepted anamorph is Phoma arac,hidicolu Marasas, Pauer & Boerema. The 
teleomorph has been variously identified as a species of Myc~osphut~rella, Didyrnella 
and Didymosphueria and details of the taxonomic debate are given in 
Subrahmanyam pt al. (1994b). The now accepted teleomorph is Did!jmelln 
arai~/~idicola (Chochrjakov) Taber, Pettit & Philley 

Biology 

Web blotch has received extensive treatment in Porter et al. ( 19 84), Ttiber et al. 
(1984) and, more recently, by Subrahmanyam rt al. (1994b). Web blotch of 
groundnut is also known as phoma leaf spot, ascochyta leaf spot, net blotch and 
'spatselvlek' (Porter rt al., 1984). The disease has been reported from southern 
APica, Australia, South America. China, Japan, the IJSA and the former USSR 
(Subrahmanyam rt al., 1994b). It is especially important in Zimbabwe 011 irri- 
gated long-duration cultivars, in the Vaalharts, Transvaal and Natal regions of 
South Africa, and in Texas, USA. Leaf blight caused by PhomulAsc30hyta spp. is 
common on legumes and similar diseases are reviewed in Chapters 4, 5 and 6, 
this volume. 

Pycnidia off? umchidicola are pale to dark brown, separate, globose to flask- 
shaped, ostiolate, amphigenous, and immersed in leaf tissues, 85-240 pm in 
diameter and produced in concentric rings, corresponding to periods of light and 
dark (Subrahmanyam et ul., 1994b). Pycnidiospores arise as buds on conidio- 
genous cells, and are hyaline, smooth-walled, and subglobose to ellipsoid with 
rounded ends. They vary in size with substrate and septation; single-celled spores 
from culture measure 4-9 X 2.5-4 pm while on the host, spores may be larger 
and are often septate. Spore size is influenced by temperature, and cultural char- 
acteristics vary with temperature, light and medium (Taber et al., 1984). 
Optimum temperature for mycelial growth is 20°C while pycnidial production is 
greatest at 25OC. Chlamydospores may be formed by some isolates 
(Subrahmanyam et al.. 1994b). These are brown, thick-walled, round to irregu- 
lar, 8-19 X 8-17 pm, and may be formed singly or in chains. Pseudothecia of 
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D. ~rncllitlicola arc dark brown, subglobose to globose, separate. usually immersed 
in host tissues, ostiolatc, and measure 65-154 pin in diameter (Subrahmanyotn (lt 
frl., 1994b). Asci arc hyaline, cylindrical to somewhat clavilte, lnostly with a differ- 
entiated foot, cight-spored and distichous. Ascospores are uniseptate, smooth, 
hyaline at first, becoming dark with maturity, with the upper cell broader tlnd 
Inore sharply tapcred than the lowcr cell, and measure 4.541 X 1 3-1 7 Irn 

Groundnut is the only knowri natural host of I? ~rtrcl~idicoln but it can also bc 
successfully inoculated to soyabcan, sweet clover. alfalfa and hairy vetch (l'ettit (lt 
(11.. 1986). There is no evidence of variation in pathogenicity in l? trrrrc-lritli(~c~ltr. 
Pettit et nl. (1986) reported that all isoliltes from IISA, South Africa and 
Argentina were equally pathogenic on groundnut and the above legumes. 

Symptoms 

I,csions first appcar on the adaxial surfaces of' lower Icavcs as scattered tan- 
coloured specks or streaks that form a wcbbed pirttcrn (Plate 2 )  (Porter ot (ti., 
1984; Subrahmanyam c't trl.. 1994b). Each strand ol'thc web is associiltcd with a 
single hyphal strand. The discoloured areas cxpand forming nearly circultrr, pur- 
plish-brown to dark brown blotches with inconspicuous margins. 'l'hc blotches 
may coalesce and cover entirc leullcts. Older Icsions are dark brown to black with 
roughened surl'accs, and tcnd to dry out and crack. Symptoms appcar Iiltcr on 
the abaxial leiif surhcc. The web and blotch symptoms may develop in sequence 
on the same lcaflet or independently on diff'crent leaflets. When environmental 
conditions are favourable, hyphal growth is extcnsivc, leaf tissue is scvcrely dam- 
aged, and prernaturc defoliation results with subsequent reduction in pod yield 
(I'ortcr rt nl., 1984: Pettit et nl., 1986; Subrahmanyam c,t (11.. 1994b). 

Epidemiology 

Web blotch tends to be more scvere undcr cool ( 1  5-20°C), moist conditions in 
the semi-arid tropics and subtropics (Blamcy rt id., 1977). I t  is more severe on 
irrigated crops than on rainfed crops in the IJSA (T,iddell, 1990) and Zimbabwe 
(Rothwell, 1962). 1,iddell (1990) reported that temperatures below 29°C and 
diurnal cycles of rclativc humidity tibove XS'X, with periods over 9 5% favour web 
blotch development in the 1JSA. Subrahmanyarn iind Smith (1989) found a 
highly positive correlation between temperature and Icaf wetness period on wcb 
blotch development. Increasing the duration of leaf wetness from 2 to X days 
increased web blotch devclopment between 15  and 2 5°C. 

The fungus survives in infected crop residues or on volunteer plants (I'ettit rt 
(]I., 1986). Fruiting bodies arc formcd on fallen infccted leavcs under moist. condi- 
tions (1,uttrell and Smith, 1981: Pettit pt ul., 1986). Pycnidia and pseudothecia 
provide the initial inoculum and infection and pycnidiospores, ascosporcs and 
chlamydospores are all capable of initiating infection of leaflets, petioles, stipules 
and stems, invasion being directly through the cuticle and subsequent growth 
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being intcrcellular. Younger plants tend to be more susceptible than older plants 
(Subrahmanyam and Smith, 1989). 

Effects on Yield and Quality 

Web blotch can be as destructive as early and late leafspot, causing serious dam- 
age in the IJSA (particularly in 'l'ext~s) and in southern Aliica (South Africa tlnd 
Zimbabwe) (Subrahrnanyam ut ul., 1994b). It is not as widespread as the two leaf 
spots and rust but can cause losses of 10-18%) on its own and up to 401X, whcn 
cotnbined with early or late leaf spots (Ulamey rt 01.. 1977; Ilildcbrand. 1987). 

Management 

High levels of resistance have been found in groundnut cultivars, germplasm 
lines and wild species of Amcl~is,  and these arc listed in Subrahrnanyam 41 rrl. 
(1994b). In general, resistant accessions show low infection frequency, long 
incubation periods, small lesions, minimal defoliation and leaf area damage 
(Subrahmanyam and Smith, 1987; Subrahmanyarn ct rd., 1994h). Resistance to 
I? artlc~11idic.ola in groundnut cultivars appears to be manifest as fewer succcssSul 
infections from pycnidiosporcs and reduced developmer~t on the hosl. A few 
sources of resistance have been used in breeding programmes in Zimbabwe 
(Ilildebrand, 1987; Subrahrnanyam et nl.. 1994b). 

Crop rotation with nun-hosts and erildication of infected crop debris and 
infected volunteer plants can reduce sources of inoculum (Subrahrnanyam ut nl., 
1994b). Several fungicides comlnonly used against leaf spots and rust car1 reduce 
web blotch damage and arc reviewed in Subrahmanyam tlt 111. ( I  994b). Cole 
(19 8 1, 1982) reported interactions between web blotch and early leaf spot and 
found that by delaying fungicide application for leaf spot control, suppression of 
web blotch was more successful. Mancozeb, benomyl and chlorothalonil gave 
good control of leaf spots and moderate control of web blotch, but did not give 
satisfactory control of sevcre web blotch disease. There are good prospects for 
developing integrated disease management packages incorporating cultural 
practices such as rotation and eradication of crop residues and volunteer plants. 
judicious use and timing of fungicides. and adequate levels of resistance to both 
web blotch and other foliar diseases of groundnut (Subrahmanyam et ul., 
1994b). 

BACTERIAL WILT 

Aetiology and Biology 

The causal agent of bacterial wilt is Rurkholderia solartaceurum (E.F. Smith) 
Yabuuchi et al. (syn. Pseudomonus solanacearurn (E.F. Smith) E.B Smith). The tax- 
onomy, characteristics, natural and inoculated host range and geographical 



distribution of the bacterium are reviewed by Rradbury (1986). U, sokrrrtrc*t~trrtrrn 
is an  iierobic, non-fluorescent, non-spore-forming, rod-shaped, gram-negative 
bacterium, approximately 0.5 X 1.5 pm (Kclman, 1954: IIayward. 1964). Key 
diagnostic features are its cultural characteristics on tetrazolium agar nieclium 
where virulent isolates, which are mainly non-Ilirgclli~te and non-motile, limn 
irregularly round, fluidal, creamy white colonies with light pink centres 
(Kclman, 19 54). Extracellular slime formation is a common attribute ol' all viru- 
lent isolates of R. solatwceurutt~. Avirulent isolates usually bear one to four poli~r 
flagella and are highly motile. The bacterium produces a brown diffusible pig- 
ment on some media including tyrosine. Acid production from carbohydrates 
varies greatly between biovars and strains. Optimum temperature for growth 
varies between 2 5 and 3 5°C'. Further information is available in a recent review 
(Mehen pt al.. 1994b). 

B. sola~~ncr~urutn has a very wide natural host range which includes many 
crop plitnts end weeds that are found in groundnut production systems 
(Brildbury, 1986). Susceptible legumes include P/~rrs(r~lus bean, lupins, pea, soy- 
abean, fiiba bean, cowpca. Trifidiurr~ spp. and St!~losrrrlthc~s spp. 'l'he species is 
highly heterogeneous (Bradbury, 1986).  Isoliites are classified into five races 
bnscd on host range (Buddenhagen and Krlman, 1964; Ilc rl al., 198 31,  i~nd  into 
five biovars based on biochemical chari~ctcristics (Hayward, 1964: fle clt rrl., 
1983).  Races and biovars are informal groupings at the i~ltri~spccilic level. 
Although the two systems of classification are largely independent, euch system 
has contributed considerably to understanding the complex pathogenicity of H. 
solunirr-~~nruti1 (Mehan rlt  al., 1994b). Race 1 isolates cnusr wilt in groundnuts and 
in marly other leguminous iind solanaceous plants. Riovi~r 1 isolatcs cause wilt of 
groundnut in the IJSA; biovar 3 iind, to a lesser extent, biover 4 isolatcs cause 
wilt of groundnut in Asia and Africa (Hayward, 199 1 ). Biovars 2 and 5 have not 
been reported from groundnut. 

Serological techniques based on both polyclonal and monclonal antibodies 
have been developed for detection and identitication of B, solat~ac~nrrurt~ (Alvarcz 
et nl.. 1993: Robinson. 1993).  Molecular techniques are also being developed to 
enhance detection of the bacterium and to understand better its considerable 
genetic diversity (Cook rt clL, 1989; Seal, 1994).  B. solanrrc-c>arurn-specitic DNA 
sequences have been identified and oligonucleotide primers constructed for those 
regions which helped in detecting single cells of the bacterium in hosts by the 
polymerase chain reaction (PCK) (Seal, 1994). A rapid identification test was 
also developed for distinguishing biovars 3.4 and 5 based on restriction fragment 
length polymorphism DNA probes. Further work is focusing on the development 
of an immunocapture lJCR test for R, snlanaruarum. 

Bacterial wilt is most important on groundnut in the warm, humid and sub- 
humid tropics, especially in South Asia and South-east Asia (Hayward, 1991; 
Mehan et al., 1994b). It has also caused sporadic damage in wetter areas of the 
semi-arid tropics. In general, isolatcs of B. solanarearum from groundnut are 
reported to be more virulent on groundnut than isolates from other hosts 
(Mehan et ul., 1994b): however, strains from groundnut differ greatly in their 
pathogenicity on the host (Tan et al., 1992). Further information is needed on 
the geographic distribution of races that infect groundnut before specific linkages 
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with environmental conditions can be made to cxplain why wilt is severe in some 
zones but not in others. 

Symptoms 

Very young seedlings may wilt but it is more common for willing to commence at 
Ilowering (Fig. 2.4) (Mehan e l  a].,  3994b). B. solarlacenrt~rn invades groundnut 
through wounds or through natural opcnings in roots. The bacteria enter the 
water-conducting tissues, mult.iply, and block thc vcsscls causing wilting of t,he 
plant. Infection of young plants results in rapid wilting of stems and foliagc but 
leaves remain green until tinal rotting occurs. Whcn older plants or partially 
resistant varieties are infected, wilt.ing proceeds morc gradually, usually sti~rt.ing 
with the lateral branches. Infected plants have discoloured and rottcd roots, and 
sometimes rotted pods. A uscful diagnostic characteristic is the streaming of bac- 
terial oozc from the cut ends of infectcd stcms and roots when these are 
immerscd in water. 

Epidemiology 

The diseasc is soilborne and its long-term survival is favoured by continuous 
cropping of groundnut and other host plants and by the prcscncc of weed hosts 

Fig. 2.4. Bacterial wilt of groundnut caused by Burkholderia solanacearum (E.F. Smith) 
Yabuuchi etal. (Photo: courtesy of V.K. Mehan). 
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(Mehan et ul., 1994b). The bacterium is mainly disseminated through water and 
infested soil. Soil temperatures above 25°C together with high soil moisture 
favour the development of wilt (Wang at ul., 1983). Wilt peaks when the soil tem- 
perature is over 30°C for 10 days (Tan and Liao, 1990). Under continuously wet 
conditions, wilt develops and spreads but severe wilt symptoms may not appear 
for some time. However, infected plants wilt rapidly if they are subjected to a dry 
period. A clear relationship between soil type and groundnut wilt has not been 
established. In Indonesia, wilt is predominantly a problem of heavy clay or loam 
soils (Machmud, 1986). whereas in China wilt is more common in sandy soils 
(He, 1990). Wilt is less prevalent in soils with high organic matter and prelimin- 
ary information suggests that alkaline soils are wilt-suppressive (Yeh, 1990). 
Machmud and Middleton ( I  990) found seed transmission of 5-8% in freshly 
harvested seed, but this was greatly reduced by drying. Seed transmission is of 
obvious quarantine significance and more research is needed to determine the 
extent of transmission (Mehan ut ul., 1994b). 

Effects on Yield and Quality 

Bacterial wilt is a major constraint to groundnu1 production over large aretls of 
China, Indonesia and Vietnam (Mehan ut ul., 1994b). Yield losses are usually in 
the range of' 10-30% but losses can reach 60'% when highly susceptible culti- 
vars are grown in heavily infested fields. In China it is estimated that the annual 
loss of groundnut pods from wilt exceeds 50,000 t. Severe losses are also reported 
from parts of Malaysia, Fiji, Papua New Guinea and IJganda (Opio and Busolo- 
Bulafu, 1990: Meharl et uI., 1994b). 

Management 

Crop sanitation measures such as burning of crop residues and removal of weeds, 
and cleaning of implements after cultivation help to reduce carry-over and 
spread of the disease (Mehan et al., 1994b). Adjustment of sowing date to avoid 
periods of high temperature and soil moisture has had limited succcss (Kelman, 
19  5 3). Rotation with immune or highly resistant crops including rice, maize, 
sugarcane, soyabean and sorghum is useful (Wang and Hou, 1982: He 1990). 
Chemical control is not economically feasible. Varieties with high levels of resis- 
tance and good agronomic qualities have been bred and released in China and 
Indonesia (Liao et ul., 1990: Yeh, 1990; Machmud, 1993) and Mehan et al. 
(1994b) list 54 resistant genotypes. In addition, several wild Aruchis spp. are 
highly resistant (Yeh, 1990). The best approach to management of wilt is to com- 
bine appropriate cultural control practices with the planting of resistant vari- 
eties. Considerable progress has been made in understanding cropping practices 
which significantly reduce wilt but more information is needed on how they 
affect the survival of the bacterium (Mehan et ul., 1994b). 



BUD NECROSIS OR SPOTTED WILT 

Aetiology and Biology 

Three distinct viruses can cause bud necrosis disease or spotted wilt of ground- 
nut. Thesc are tomato spotted wilt virus (TSWV), groundnut ring spot virus 
(GRSV) and peanut bud necrosis virus (PBNV). TSWV is widcly distributed in the 
Americas, Australasia, Africa and Europe. GKSV is reported from South Amcrica 
and Africa. PBNV appeilrs lo be restricted to South and South-east Asia (Reddy clt 
nl.,  1991a). These viruses are present in all organs of infected plants, and clusters 
of virus particlcs arc oftcn found in thc cndoplasmic reticulum, l'articles of the 
three viruses ilre of similar shape and size: spherical, covered with projections, 
and of 80-120 nm ditrmeter. 'l'he nucleocapsid ( N )  protein ofll'SWV and GRSV is 
29 klla, and that of lJBNV is 3 1 kLla. 'L'SWV, CKSV and IJBNV irre grouped under 
tospoviruscs in the family B u t ~ ~ n v i r i d i ~ e .  Thcy arc diffcrcntiatcd on the basis of 
serological cross-reactions (de Avila ~ t  id . ,  1992: Adam tlt irl., 199 3 )  and amino 
acid sequence homology ofthe N protein (de Avila clt ill., 199 3 :  Satyariarayaria et 
a l . ,  1996 a, b). 'l'hey all conti~in three single-stranded RNA species, called small 
RNA (1,. 2900 nucleotides), mcdium KNA (c. 5000 nucleotides) and Iwge KNA 
(1.. 9000 nucleotides). The large RNA has ncgativc polarity, whereas the mcdiunl 
and small KNAs are ambisense, i.e. both negative and positive sense RNAs can 
code for polypeptides. 'I'he large RNA codes for a singlc largc protcin, whcrcas 
each of the mcdium and small KNAs codes for two proteins (Goldbach and Peters, 
1996). 'I'ospoviruses have a very low thcrmal inactivation point (45°C' for 10  
min) and their longevity i t1  v i t ro  is less than 5 h at room temperature. The viruses 
have u very wide host range: over 600 plant species in more than 70 families. 
These include many crop and weed species commonly found in groundnut 
production systems (Reddy and Wightman, 1988: IJeters and Goldbach, 1995), 

Symptoms 

Symptoms of diseases caused by TSWV and PBNV in groundnut are similar 
(Reddy et ul., 1991a, b). Initial symptoms appear on young leaflets as chlorotic 
spots or mottling that may develop into chlorotic and necrotic rings and streaks 
until the whole plant is affected (Fig. 2.5). Terminal bud necrosis (Fig. 2.6) often 
occurs when temperatures are relatively high. Early infection results in stunting 
and sometimes proliferation of axillary shoots. Leaflets produced on axillary 
shoots are reduced in size and may show puckering, chlorosis, mosaic, and dis- 
tortion of the lamina. Any seeds produced on early infected plants are small, 
shrivelled, and testae have red, brown or purple mottling. Late-infected plants 
may produce seed of normal size; however the testa of such seed is often mottled 
(Reddy et al,. 1991a, b). 



Fig. 2.5. Early infection of groundnut by tomato spotted wilt vlrus resulting In stuntlng 
(Photo: courtesy of D.V R. Reddy). 

Fig. 2.6. Terminal bud necrosls of groundnut caused by peanut bud necrosis virus (Photo: 
courtesy of D.V.R. Reddy). 



Epidemiology 

Diagnostic hosts are Vigna unguiculatu, concentric chlorotic and necrotic rings 
being formed on leaves of cvs. C-152 or California Black Eye 4-5 days after inoc- 
ulation, and Petunia hybrida, necrotic lesions appearing on leaves within 3-4 
days. While the viruses can be mechanically transmitted, natural transmission is 
by thrips, TSWV and GRSV by Frankliniella occidentalis Perg., E schultzei 
(Trybom), 1.: fuscu (Hinds), Thrips tabaci rindeman, and T. setosus Moulton, and 
PBNV by Thrips palmi Karny. Transmission is in a persistent manner, viruses 
being acquired by larvae and transmitted by adults. The last instar larvae can 
transmit. These viruses multiply in their vectors and are not seed- 
transmitted in groundnut (Reddy et al., 1991a, b: Goldbach and Peters, 1994). 
The primary source of inoculum is likely to be from a range of hosts, which 
include weeds as well as crop plants. Incidence will be dependent on the sources 
of inoculum and factors that contribute to multiplication and spread of vector 
thrips (Reddy et a]., 1983). 

Effects on Yield and Quality 

Yield losses can be as high as 80% when infection occurs early in the crop season 
and many plants are infected. PBNV has caused serious damage in India, and 
TSWV has been a serious problem in Australia and more recently in the lJSA 
(Reddy rt ul., 199 1). Of more than 1000 plant viruses, TSWV is included among 
the top ten of the most devastating plant viruses (Goldbach and Peters, 1994). 

Management 

Management of bud necrosis has concentrated on control of the thrips vector. 
Insecticide use is not recommended as this can lead to increased levels of the dis- 
ease and may encourage other pest problems. If information is available on time 
of arrival of principal thrips vectors, and if the growing season permits, sowing 
dates may be adjusted so that plants are well established and the crop canopy 
developed before infection occurs (Keddy ct al, ,  1983). Field resistance which 
appears to operate mainly against the vectors has been found in some cultivars 
and germplasm lines, ICGV -86029, -86031, -86388, -91239, -91245, 
- 91246 and -9 1249 have shown field resistance. Preliminary evidence indi- 
cates that ICGV-86388 and -91239 may also possess resistance to PBNV 
(Dwivedi et al., 1995). In the USA, the cv. Southern Runner showed 50% less 
incidence of TSWV than did cv. Florunner (Culbreath et al., 1993). Transgenic 
peanut plants expressing the 'N gene of TSWV have been produced (2. Li, J.W. 
Demski and R. Jarrett, Griffin, Georgia. USA, 1996, personal communication). 
They are currently being field-tested in south Georgia, USA. 
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PEANUT CLUMP 

Aetiology and Biology 

I'eanut clump disease is caused by ilt least two distinct viruses of the  Surovirus 
group. In West Atkica the disease is caused by peanut clurnp virus (I'CV) 
(Thouvenel ct ol . ,  1988) ,  while that in India is caused by the variable Indian 
peanut clump virus (IPCV) (Rcddy et id., 1988).  PC'V and II'CV ;ire not rclated 
serologically, and IPC'V's coat protein is only (31'X1 identical to that ol' PC'V. Both 
viruses have rod-shaped particles of 24 nm in ditimcter with two predominiint 
lengths of c. 1 8  5 and 2 SO nm. Each of the particles enctrpsidalcs 21 distinct KNA 
molecule. The two RNA molecules ol' TI'CV (Hydcri~bad isolate) (Miller (11 ( I / . ,  

199h)  and PCV (Senegill isolate) (Hcrzog ~t ( 1 1 . .  1994) hiivc been firlly sequcnccd. 
Serologically distinct variants occur within ITV itnd, especially, IPC'V, where Sour 
distinct serotypcs have becn identilied. 

Symptoms 

Peanut clump is soilbornc tind occurs in patches in the field which recur in the 
same positions when groundnuts arc grown again (Fig. 2.7) (Reddy c( [ r l . ,  1988).  
Young leirves show mosaic, mottling, end chlorolic ring symptoms. Older leaves 
tire darker green with faint mottling. Early infected plants ;ire severely stunted: 

Fig. 2.7. Patches of groundnut affected by peanut clump virus in Rajasthan, lndia (Photo: 
courtesy of P. Delfosse). 
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they may produce flowers, but the pods are not properly developed. Late-infected 
plants may also show stunting, and leaves are dark green; they produce pods but 
seeds are much reduced in weight (Keddy r l  ul., 1988). 

Epidemiology 

lJCV and I1'CV have extremely wide host ranges which include both monocotyle- 
dons (c.g. sorghum, tinger millet, wheat, foxtail millet and barley) and dicotyle- 
dons (e.g. Phirsuolus vulguris. Vigiln unguic'uluta, I! inuttgo) (Reddy tJt nl., 19821; 
1)clfosse (11 ul., 1996). Both viruses arc readily sap-transmissible. They arc 
thought to be transmitted by the soil-inhabiting fungus t'ol~jmyxa gmrilinis 
1,cdinghum (Ratna et al., 1991) and are seed-transmitted in groundnut with over 
6'5, frequency. IPCV has been shown to be seed-transmitted in millets but not in 
sorghum (Reddy et ((I., 1988). Llistribution of rainfall, rotation with highly sus- 
ceptible cereal crops (to both the virus and the vector) and date of sowing have 
immense influence on the disease incidence, 1)eveloping evidence indicates that 
infected groundnut seed may not provide inoculum to the fungal vector. 
tlowever, infccted seed from cere;il hosts is likely to play an important role in the 
disease establishment in soils infested with I'ol!ji,l!jxii spp. (I? I)elfosse, A.S. Reddy 
and I1.V.R. Rcddy, IC'RISAT, India, 1996, personal communication). With the 
help of geographic information systems it is possible to locate the potential areas 
for the occurrence of the disease. Parameters which helped in this process were 
soil type, temperiiture, rainfall and cropping system. This inbrmation will help 
immerlscly in assessing the economic importance of the disease (I? 1)elfosse and 

Reddy. unpublished data). 

Effects on Yield and Quality 

Yield losses can be serious (up to 60'5, even in late-infected crops) in crops grown 
in light sandy soils in drier areas of the semi-arid tropics of South Asia and West 
Africa. The build-up of inoculum in the soil can lead to groundnut being aban- 
doned in such areas (Keddy et ul., 1988). 

Management 

Soil solarization for about 2 months in hot summer weather can reduce IPCV 
incidence (Reddy et al. 1988). In some areas it may be possible to grow an irri- 
gated post-rainy season crop, if temperatures remain below 2 5"C, as clump inci- 
dence is much reduced compared with the rainy season crop. Several soil biocides 
have given successful control of the disease but may not be economical and pose 
environmental hazards. No resistant variety has been found despite extensive 
screening (Reddy et al., 1988). As the genomes of PCV and IPCV have been 
sequenced there are prospects for inducing resistance in groundnut by non- 
conventional methods (Mayo ct al.. 1995: Miller et al.. 1996). 
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Care is necessary to avoid ~novement of infected seed to new areas. Seed of 
cereal crops from infested soils should not be uscd for planting, As several of the 
most important cereal crops used in groundnut productiorl systems of the serni- 
arid tropics are susceptible to PCV and LPCV, management of the disease will 
require careful selection of rotation crops and integration of all feasible control 
measures. Prospects are also good Ibr controlling the disease by sowing trap 
crops, such as pearl millet, prior to planting groundnut. The trap crop should be 
removed at the seedling stage before multiplication ol'the vector in the root sys- 
tem. In preliminary trials from groundnut crops raised in soils treated in this 
manner either escaped or showed much lower disease incidence than those, 
untreated soils (1'. Dclfosse, A.S. Reddy and I1.V.R. Reddy, LC'HISA'I: India. 199(7. 
personal comnlunication). 

PEANUT STRIPE 

Aetiology and Biology 

Peanut stripe discase is causcd by the pet~nut stripe potyvirus (PStV) which is 
included under the 'Rean Commo11 Mosaic' subgroup (Ilcmski rt i t l . ,  1984). 'l'hc 
disease is now present in most areas ol' South-cast and South Asia, in North 
America, and has recently been found in South America and in Wcst Africa. 'l'hc 
virus particles are filamentous flexuous rods, about 752 nm long and 11 nm in 
diameter. PStV is serologically distinct from peanut mottle virus which it rescm- 
bles, and is rclated to blackeye cowpeil mos;lic virus, bean comrnon mosaic virus, 
and soyabean mosaic virus. The complete nucleotide scquenrc b r  the I'StV 
genome is available (Gunasinghe c>t al . ,  1995). Dcmski ct (11. (1993) list natural 
and diagnostic hosts of PStV and explain how thesc and serological tests can be 
uscd to differentiate the virus from peanut mottlc virus. 

Symptoms 

There are several symptom variants of PStV, and host variety may also inlluencc 
symptom expression. The name was derived from the isolate that induces discon- 
tinuous chlorotic stripes along the lateral veins of' young leaflets (Fig. 2 . 8 )  
(Ilemski et al.. 1984). Another variant, which cuuscs irregular darker green 
blotches on young leaflets, that persist as leallets age, is the most widely distrib- 
uted (Demski rt al. ,  1993). Yet another induces chlorotic rings surrounding 
blotches on young leaflets. An isolate widely distributed in Chinil induces a mild 
mottlc on leaflets, An 'oak leaf' symptom is occasionally seen (Wongkaew and 
Ilollet, 1990; llemski rt al.. 199 3 ) .  

Epidemiology 

PStV is transmissible by sap inoculation. It is naturally transmitted by many 
aphids in a non-persistent manner, and this is probably its only means of spread 



Fig. 2.8. Chlorotic stripes on groundnut leaflets caused by peanut stripe virus (Photo: 
courtesy of D.V.R. Reddy). 

Sro~n ils primary sourcc under ticld conditions (Ilrmski cJt NI . ,  199 3 1. Aphis crccc,- 
c*ivont Koch, is a very eflicient vector: A, goss!jpii Glover rather less effcctive. PStV 
can be transmitted through seed at up to 37% frequency, but the normal rate of' 
transmission is usually less that1 5'%,. 'l'hc primilry source ol'inoculum is likely to 
be seed. Sccondsry sprcad is by aphids (Demski ot nl., 199 3 ) .  

Effects on Yield and Quality 

I'StV c i ~ n  seriously affect yield of groundnut in South-east Asia. Yield loss in 
infectcd plants can be as high as 7 0 k  (Middlcton iind Saleh, 19881, An annual 
yield loss lrorn the disease in northern China was estimated at 200,000 t (Xu, 
19x8). 

Management 

The most important factor in managelllent of 1'StV is to sow only virus-free seed. 
For very high value germplasm, nun-destructive serological testing of seed is pos- 
sible to eliminate infected materials, I t  may be possible to And environrnents 
where the vectors are not present for seed production. Despite extensive resis- 
tance screening, no resistant germplasm has been identified in cultivated 
groundnut ([)emski et nl,, 1993). Some wild Arrrchis spp. have shown resistance, 
and interspecific hybrids may show promise. Research is in progress to produce 
transgenic plants with PStV genes (Reddy rt nl,, 1994). 



GROUNDNUT ROSETTE 

Aetiology and Biology 

Groundnut rosette disease is caused by a complex of two viruses and a satellite 
RNA (Murant et a],, 1995). One component is a mechanically transmissible 
virus, groundnut rosette virus (GRV). It depends Ibr transmission by Apllis c3rcrc9- 
civoru on the presence of the aphid-transmitted groirndnut rosette assistor virus 
(GRAV). GRV RNA was shown to contain 401 9 nucleotides and can code for Ibur 
proteins (Taliansky rt  ul., 1996). A satellite RNA of c. 900 base pairs is dependent 
on GRV for its multiplication. I1 is mainly responsible for the symptoms ol'rosettr 
disease and is also nceded for aphid transmission. GRV is a member ol'the genus 
umbravirus (Muranl ct ul.. 1995). GRAV is a typical lutcovirus and can be 
detected by polyclonal antisera produced against it, and other luteoviruses such 
as potato leaf roll or bean leal' roll viruses. GRAV can also be detected by some 
monoclonal antibodies produced for thc potato leaf roll virus (Murant, 1990). 
Satellites can bc detected by cDNA probes. No virus particles have been associ- 
ated with GKV, but infectious single-stranded RNA is present in diseased plants. It 
can be identified by symptoms on Chenopotliur~r irrr~trrtrr~tic.olc,r and Nicvtirrnu c~luvt.- 
landii, and by the presence of double-stranded KNA of 4hOO ;~nd 1 3 0 0  base pairs. 
Sincc satellite RNA is fully dependent on GRV b r  its replication, the presence of a 
satellite is diagnostic for GRV Satellites occur as different variants. 'l'he 'green' 
and 'chlorotic' forms of rosette are caused by different satellites. Another variant 
was shown to cause mottle symptoms. 1,aboratory studies have revealed thc pres- 
ence of a large number of variants of satellite KNA, which can induce distinct 
symptoms (Blok et al,, 1994). Rosette is widespread in Africa south of the Sahara 
but there are no authenticated cases of its occurrence elsewhere. 

Symptoms 

Three types of rosette are recognized bascd on symptoms. 'l'he most common is 
chlorotic rosette which is found in all regions but is prevalent in East and Central 
Africa (Porter rt al,, 1984). Faint chlorotic mottling appears on young leaflets 
and subsequently produced leallets are pale yellow with green veins, reduced in 
size, curled and distorted (Plate 3) .  Early infected plants are severely stunted. In 
later infected plants, individual branches only may show symptoms. Pew pods 
are formed and these may not develop properly. Another form, green mottle, 
occurs in West Africa and in Uganda (Porter et al.. 1984). Young leaflets have 
mild chlorotic mottling with isolated flecks. Older leaflets are dark green, remain 
small and show outward rolling of their margins (Plate 3). Early infected plants 
are severely stunted and produce no mature pods. The third form, mosaic mottle, 
is less common, being found in eastern, central and southern Africa. Young 
leaflets show conspicuous mosaic symptoms (Porter et al., 1984). 
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Epidemiology 

All fbrms of rosette are trarisrnittcd by A. orilc9c-i\)om in u persistcnt manner. GRV is 
only transmitted from plants that also contain the GRAV. It is possible to infect 
many plant species with rosette by aphid trctnsmission, but no alternative host is 
known to be involvcd in perpetuation of the diseasc. Currently groundnut itself is 
suspected of bcing the main source of infection of the crop, possibly through 
infected groundkeepers and volunteer plants (Reddy, 199 1 ). Kecently developed 
diagnostic tools should fi~cilitatc cpidemiolngical studies now in progress in 
Malawi to clarify the situation regarding perpctuation of the diseasc. 

Effects on Yield and Quality 

 roundnu nut roscttc causes annual crop losses of under S'X,. but thc sporadic 
epidemics can be extrcmcly serious. Onc such outbreak in West Africa in 1975 
destroyed much of Nigeria's crop and losses were estimated at 560,000 t (Yoyock 
et  (11.. 1976: Yayock, 1977). As a result, much of thc groundnut production in 
northern Nigeria changed from solc to intercrop systcms. A rosette epidc~nic 
occurred in southern Africa (Malawi, Zambia, Zimbabwe) in 198 3 ,  L)uring thc 
1994105 scason, a rosette epidc~nic occurred in Malawi (Lilongwe, Kasugu and 
Mchingi) and in thc castern provinces of Zambiir. The crop losses in Zambia wcrc 
estimated to be over [JS$4.5 million. Yield reduction in both thc countries was so 
severe that it resulted in an acute shortage of sccd for the 199519h scason (1? 
Subrithrnanyam, Lilongwe, Malawi. 1995, persorial communication). 

Management 

Roscttc disease can be effectively managed by cultural practices such its c-rop san- 
itation, destruction of groundkeeper and volunteer plants, and early sowing of 
good quality seed at recommended rates to ensure rapid establishment uf ground 
cover (Kcddy, 1991). Broad spectrum insecticides are not recommended as they 
may worscn thc situation by killing predators of thc aphid vectors, but systc~nic 
aphicides can be used if cost cffcctivc. High levels of resistance are ttvailable based 
on germplasm originating from West Africa, and this has been used to breed 
medium- or long-duration rosette-resistant cultivars in West and southern 
Africa, e.g. RMP 41. 48. 91 and 93, KC; 1 and RRJ/6, I 1  h and 124. In on-farm 
trials, a long-duration virginia bunch type ICCV-SM 90704 out-performed thc 
local cultivars (Chiycmbckcza ct ~ 1 . .  1996). These cultivars are suitable for culti- 
vation only in the wcttcr areas of Africa. The resistance, which is controlled by 
two independent recessive genes, is against the GRV and satellite components of 
the complex only. Keccntly roscttc resistance was observed in 16 early maturing 
Spanish types (Subrahmanyam et ul., 1996). Many advanced short-duration 
breeding lines have recently been developed, Jntcgration of resistant cultivctrs 
with cllltural control practices should be effective in managing rosette disease. 
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PEANUT MOTTLE 

Aetiology and Biology 

Pcanut mottle virus (I'MV), a potyvirus, is prescnt in all the major groundnut 
growing countries (I'orter i't nI., 1984: Rrunt et (71.. 1990). It is the most wide- 
spread virus of groundnut. Its seedborne nature and availability of aphid vectors 
in most environments probably account for this wide distributio~l (Keddy and 
I)cmski, 1996). 'l'he virus particles are sirnilar to those of PStV, belng lilamcntous 
flexible rods of 750 nrn in lcngth and of 1 2  nlll diameter. PMV is serologically dis- 
tinct fro111 PStV, peanut green rnosaic and groundnut eye spot potyviruses. The 
coat protein has an apparent molecular weight of 32-3h kL)a. A comparison of 
nucleotidc scquences of PMV with PStV revealed similarities of h4.4'Xt in the cSoat 
prolein gene and 34. h'X, in the tllrec regions (llietxgcn rt  nl., 1 994) .  

Symptoms 

YMV produces a range of symptoms on groundnut. The youngest Icatlets may 
show ;I mild mottle or a mosaic of irrcguli~r (lark greer~ islands (l'orter o r  ( T I . ,  
1984). In older Iei~ilcts mosaic symptoms iire not so obvious but can be seen in 
transmitted light. In some genotypes, conspicuous intcrvcinwl depression and 
inward curlir~g of the n~ilrgins of Irilllets can occur (Fig. 2.9). Plants are slightly 

Fig. 2.9. Interveinal depressions and ~nward curling of leaf marglns of groundnut caused by 
peanut mottle virus (Photo: courtesy of D.V.R. Reddy). 
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stunted, and both number and sizc of pods are reduced by the disease (Reddy and 
Dcmski, 1996). 

Epidemiology 

PMV has a natural host range that includes several important legume crops 
(cowpen, Phusuolus bean, soyabean, lupin) and weeds that occur in groundnut 
cropping systems (Porter ut  ul.. 1984). The virus is both sap-transmissible and 
seed-~ransmissible in groundnu1 at low frequency (usually less than 1.0%, the 
maximum recorded is 8.5%). It is also seed-transmitted in cowpea, mung bean 
and common bean. PMV is transmitted in a non-persistent manner by Aphis crac- 
civora, A. qossypii, Myzils pursicuv (Sulzer), Hyp~romyzus lac.tul.ne (L.), 
Rkopnlosiphur?~ pudi (I,.) and R. rrtaidis (Pitch). (Reddy ilnd Ilemski, 19Yh). 

Effects on Yield and Quality 

Crop losses from 1)MV rarely exceed hi%,, and are inlluenccd by incidcncc and 
time of infcction. Susceptible cultivars tested in India, however, sustained yield 
losses ;IS high as 40% (Keddy and Demski, 1996). 

Management 

As infected seed appears to be the primary source of inoculunl (Kuhn end 
I)cmski, 1975), it is obviously important to sow only virus-free seed. Non- 
destructive serological testing procedures are available to detect infected secd but 
this process is only feasible for small quantities of high value n~aterials, e.g. for 
gcrnlplasm maintenance or exchangc. Genotypes with very low levels of secd 
transmission have been found and are being used in breeding programmes. 
Resistance Lo PMV has been located in some wild species of Arucllis but has not 
yet been transferred to the cultivated groundnut (Keddy and Demski, 199 6). 

ROOT-KNOT 

Aetiology and Biology 

Four species of Mrluidugynu produce root-knots and galls on pegs and pods of 
groundnut. Mcloidogyrlc arvrlnriu (Neal) Chitwood and M, javanica (Treub) 
Chitwood arc found mainly in tropical regions, and M, hupla Chitwood in temper- 
ate, cooler regions (Minton and Baujard, 1990). M, incognita Kofoid & White 
occurs in the Mediterranean region. M. javunka populations capablc of infecting 
groundnut were originally thought to be of restricted distribution, but this 
species has recently been observed to be widespread on groundnut in India and 
Egypt (Sharma and McDonald, 1992; Tomaszewski et al., 1994) and it is emerging 
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as an important paraslte of groundnut (Sharma clt 1d., 1995).  M, r~r~rl(rric~ is widc- 
spread and probably the most damaging nematode pest of groundnut on a world 
scale (Minton and Baujard, 1990). Koot-knot nematotles have widc host ranges 
including legumes and are further reviewed on tropical pilsture Icgu~ncs by 
I.ennk. Chapter 1 3, this volume. 

Identification of M ~ l ~ i d o ~ ! j t ~ ~  spp.. which is i tnp~rtilnt k)r designing efticierit 
manegernent strategies, has been principally based on perineal pattern morphol- 
ogy and host preferences. However, due to considerable variation in these char- 
acters, newer crileria have been dcvt.lopcd. Isozyme ilnalysis (Esbcnshadc and 
l'riantaplyllou. 19 8 S), polymerase chain reaction (I'C'li) method (Power and 
Ili~rris. 199 3 ) ,  random i~mplilicd poly~norphic DNA (RAI'D) assay (('enis, 199 I ) ,  
and serological methods havc becn helpful in identilication of Moloid(~g,~/r~c~ spp. 
populations. 

According to Porter cJt ril. (1  984) ,  the ricmiltodes exist in soil as egg masses. 
infective second-stage larvae, t ~ n d  adult males. Kggs ilre clorlgate and ovate rnca- 
surir~g 30-60 X 75-11 3 pm. The larvile which arc 430-470 prn long, move 
through the soil and penetrate plant tissue through which they move to ;I region 
near vascular tissue. 'l'hcy lose mobility anti ltcd on adjacent plant cells. The lar- 
vae develop into adults and the enlarged females produce Ii~rgc numbers of eggs. 
Cells of roots, pegs or pods react to the damage by producing galls. Eggs relei~sed 
into the soil hatch and ;I further cycle ol'inl'ection and disease is initiated. 

Symptoms 

Plants infected with root-knot nematodes niay or may not show chlorosis and/or 
sturlting of above-ground parts. Infected roots and pegs arc enlarged and galls of 
v;lrying size are produced on them; protrusions or warts develop on pods (I1orter 
1.t cil.. 1984).  Symptoms are similar for all specics, but galls are ri~lhcr smaller 
when M. I~npla is involved arid increased root brunching results in a bushy root 
system. Sevcre root-knot attack reduces the efficiency nf symbiotic nitrogen tixa- 
tion by damilging nodulcs. The nematodes havc also been held responsible for 
increasing the incidence and severity of several soilborne diseases, particularly 
those caused by species ol'I.'~~suriurrl and Pytl~iurr~. 

Effects on Yield and Quality 

Nematodes reduce groundnut yields by feeding on roots with resulting loss of 
vigour: they also cause direct damage to pegs and pods (Middleton ot a/., 1994).  
Sasser and t:rcckman (1987) estimated that the annual groundnut yield loss 
worldwide due to nematodes was around 12% and that equates with a rnonc- 
tary loss of approxin~ately ITS$ 1 billion. Yield losscs li-om root-knot in the USA 
are considered to be economically important but rarely exceed 5'%,. The disease is 
also considered to be important in Australia, China. Egypt and India (Sharma 
and McDonald 1990). Groundnut yields have becn negatively correlated with 
numbers of infective nematode larvae in the soil. 
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Management 

Management praclices used against nematodes include crop sanitation, rotation 
with non-host plants, use of resistant varieties and application of nematicides. 
Nematicidcs arc commonly used for control of root-knot diseasc in the lJSA and 
other developed countries (Middleton t l t  nl.. 1994). Nematode populalions in the 
soil may be reduced by rotation with crops such as castor, maize, sesame, 
sorghum ant1 pearl millet. No resistant cultivars of groundnut are available, but 
resistance to the various nematodes has been found in several groundnut geno- 
types and in related wild Anrcllis species (Wynnc c>t nl., 199 1 ). Nematodc prob- 
lems have not received the attention they warrant arld rnorc information is 
needed bcfore effective integrated diseasc management packages can be assem- 
bled. 

CURRENT SITUATION AND RESEARCH NEEDS 

Considerable progress has been made lowards the control o f  g roundn~~ t  discases 
since they were reviewed by Carrel1 arid Wilson ( 195 11, but very few of the prob- 
lems they outlincd 45 years ago havc been f~illy resolved, and new discascs and 
problems have appeared. Early crop protectiorl research in North America placcd 
much emphasis on use or pcsticides, and increasingly effective I'ungicidcs were 
devclopcd for control of leaf spots. Thesc gave ecoriomic control in developed 
countries and for large-scale l'i~rrners in tropical developing countries, but were 
rarely satisfr~ctory for use by resourcx-poor farmers in the tropics. For the latter, 
cultural control ~ncasi~rcs and resistant varietics were considered to be more 
appropriate. This and the increasing concern for protecting the enviro~~ment led 
to cn-lphi~sis being given to resistance breeding with n view to developirig inte- 
grated crop protection packi~gcs i~lvolving iisc ofrcsistant varietics, cultural con- 
trol measures, biological control and appropriate use of pesticides. 

International coopcration has resulted in a comprehensive world collection 
of groundnut and related Arnrltis species gcrmplasm being assembled. Sources of 
resistance to marly important diseases have bcen tbund within this collection and 
thcse are being used to breed agronomically acceptable varietics with good lcvels 
of resistance. Multiple diseasc resistance is required for most production systems 
and this has proved relatively easy for some diseases. c.g. rust and late leaf spot, 
but dillicult to achicve in other cases, e.g. rosette and early leaf spot. If current 
research into the transformation of grourldnut by insertion of foreign genes 
proves to be successful, thc objective of multiple disease resistance will be much 
closer. This gcnetic engineering approach has particular relevance for developing 
groundnut with resistance to viruses. 

It is important to have a clear understanding as to what diseases occur in 
each groundnut production system, their prevalence and severity over seasons 
and how they are intluenced by other crops in the system, cultural practices etc. 
Such data are often missing or inadequate, and high priority should be given to 
disease surveys and crop loss evaluations. These activities could be coordinated 
at national, rcgional and international levels and stored in geographic information 
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systems where they could be correlated with infor~liirtion on soils, climate, and 
other data used for crop simulation modelling. The microclimatic data gathercd 
li)r physiological growth models would have much rclcvancc in c,alculating dis- 
case risk and developing forect~sting systems, 

Further research is needed on effects of temperature, hurnidity arid leaf wet- 
ness in the canopy o n  infection by lea[ spot and rust fungi, as smirll virriations 
can greatly influence disease developmenl (IJuller clt (11.. 1994). 'l'he d;ll;r would 
be incorporated into the crop models and the techniques developed in such 
rcsearch could be used in st i~dying pillhogen vuriirbilily. Another approach to 
this would be to collect isolates of a pathogen from diffcrcnt regions of the world 
i ~ n d  screcn them in one environment at one time for reaction on a selected rirngc 
of groundnut genotypes. This has been tried li)r early lei~f spot disease i ~ n d  con- 
siderable variability was found (Subba liao cJt nl., 199 3) .  

Groundnut crop protection should irddress lhe croppirlg systern as a whole il '  
full advantage is to be taken of cultural control nleirsures such ils i~djustrner~t ol' 
sowing dates, use ol'varielies of different crop duration, rotations. intercropping, 
cultivations and land form, plant population and spacing patterns etc. 
Interilctiorls between different diseases, and with abiotic stresses such as drouyht 
and uufirvourable temperirtures, also rcquirc more study. The cconomic iund 
socio-economic nspecls of intcgratcd crop protection packages should be exam- 
incd whcn these packages are being lield-tested. 
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JAMES B. SINCLAIR 

Ilrrivprsil!/ c!t'lllirrois, Nntiotrcrl Sogbcr~ii Ktlsc~rtr~*li I,rrborotc~r!/, 1 10 1 Wtlst LLrrbor/!/ Urivo. 
Urt)rrrrrr, fl, 6 I X O  1-47' 3, USA 

INTRODUCTION 

'J'he soyabeun, G'l!lr<irrc~ irrrrs (1:trhtrr~r~rrr~: I'l~rrsaolotr~), was domcsticirled by fa rmcrs iri 

thc eastern half of nor t l~crn  ('hina during the Shang dynasty ( r :  1700-1 3 0 0  lit]) 
or perhaps eilrlicr. For scveral thousand years pcople in cirstcrn Asia have used 
the soyabean for food and animal ked and as a medicinc to trcat a r~urrlber of 
human disorders. An cxterlsive review ol'i he origin ;ind early history ofttiis crop 
was published with highlighted relrrcnces Lo soyiihcan in books written over 
4500 yeilrs (l'robst and Judd, 1973) .  'l'hc geographic clistribution suggcsts that 
the botanical home of (;l!lc<irrc~ may bc Australia. 

Iluring ihc 199 3/94 season, soyabeans were grown in at least 45 countries 
with u production of' 1 1 3,0hC),000 metric tonncs ( t ) .  The major producers of thc  
crop are the IISA (44'X)). Brazil ( 2  l1X,), thc l'eoplc's Kepuhlic of L'hini~ (1.2'%,) and 
Argentina ( 1 1'%1) (Soytech, Inc., 1995) .  Soyabeans are a primary source of veg- 
ctable oil and protein. The oil is used in cooking oil, margarine, salad oils. and 
shortening. l'he soya meal or cake rerr~airlirig after the oil is cxtracied is uscci for 
animal feed and textured protein. used as a meat extender irnd in preparcd li)ods. 
In addition L o  being used in the li)rmul:ition of new, low-cost, nutritionally bal- 
anced, high-protein hods  and beverages for human consumption, studies under 
way suggest that certain components may be bcnclicial to human health. 
Various industrial uses irlclude making biodicsel fuels, paints, plastics, insccti- 
cides and adhcsives. 

'I'he nloisture, soil and temperature requirements ofthc soyabcan arc similar 
to those of maize (Zen tilrrys), which explains why the major producing areas are 
in tenipcrate and subtropical regions. Soyabean seeds require a rlloisture rontcnt 
of 5Ur%, on a dry weight basis for germination. Therefore, a good supply of mois- 
lure is criticitl a t  planting time, Another critical period is during the R3 to R4 
growth stages (Fehr et nl., 1971). Soyabearls flower over a 3 -  to 4-week period 
and can resist short periods of moisture stress. Soyabeans grow best between soil 
pH 5.8 and 7.0 with an  average betwecn pH 6.3 and 6.5. Soyabeans grow well in 

N A B  INTERNATIONAL 1938. The Pdthology of Food and P,isl(lre Legom~s 
(cds D.I. Allen and 1.M. I.cnn6) 
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a rangc of soil typcs, the type determining specific practices to obtain the maxi- 
mum yield. Soil temperature should be 1 0 ° C '  or above before planting and about 
30°C for germination and rapid cmergencc, but other factors may detcrrnine 
plunting date. Thc ideal temperitturc for growth is 30°C. Sustained temperatures 
below 2 4 O C '  will delay the onset of flowering. Flowers will not set sccd if night tem- 
pcratlrres fall below 10°C. Successful seeti set occurs when night temperatures 
reach 2 1 ° C  followed by day tcmperaturcs ol' at lcast 2 7 O C  (Scott and Aldrich, 
198 3). A standard method for reporting soyabean growth stngcs has been devised 
(l'able 3.1 ). 'l'his terminology should be used in reporting data associated with 
growth slages, 13rcausc of their responsc to photopcriod, soyabean cultivars ;Ire 
placed in 1 3 maturity groups designated 000 t o  X. Cultivars in the 000 group are 
the earliest in maturity and are adaptcd to the northern- and southernmost world 
production ;Ireas; groups IX and X are used primarily in subtropical and tropical 
areits ol'low itltitude. Most soyabean cultivitrs arc adapted for full-season growth 
in a band no wider than I60 to 240 km (Scott and Aldrich, 198 3 ) .  Thereli)re, 
unlike most other crops, improved gcnetic traits must bc incorporated in cultivars 
of the i~ppropriate nlaturity group to be of value. 

Table 3.1. Growth stage key for soyabean disease evaluation. 

Stage Description1 
- -- -- 

Completely unrolled leaf at the unifoliolate node 
Completely unrolled leaf at the first node above the unifoliolate node 
Three nodes on the main stem, beginning with the unifoliolate node 

N nodes on the main stem, beginning with the unifoliolate node 
One flower at any node 
Flower at node immediately below the uppermost node with a completely unrolled 
leaf 

Pod 0.5 cm long at one of the four uppermost nodes with completely unrolled leaf 
Pod 2 cm long at one of the four uppermost nodes with a completely unrolled leaf 
Seeds beginning to develop (can be felt when the pod is squeezed) at one of the 
uppermost four nodes with a completely unrolled leaf 
Pod contains full-sized green seed at one of the four uppermost nodes with a 
completely unrolled leaf 
Pods yellowing, 50% of leaves yellow (physiologic maturity) 
95% of pods brown (harvest maturity) 

Source: Fehr eta/. (1971) (Reproduced by permission of the Crop Science Society of America, Inc., 
Madison, Wisconsin, USA). 

To use the key to report disease occurrence at specific stages of soyabean growth, first select a random 
sample of soyabean plants for disease assessment. The sample may consist of individual leaves or plants, 
groups of plants, or all plants in a plot. Next, calculate the average infection for the units in the sample. 
Then, determine the vegetative stage by counting the number of nodes on the main stem (beginning with 
the unifoliolate node) that have a completely unrolled leaf and finding the corresponding entry in the table. 
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More than 100 discases arc known to affect soyabcans (Sinclair and 
Backman, 1989); about 20 are important economically. The economic impor- 
tance of any single disease [nay vary from one geographic area to another in any 
one scason. The major discases that are considered in detail in this chapter are 
thc following: frogeye lcaf spot, anthracnose, stem canker, pod and stcm blight, 
fusarium root, collar and pod rol, charcoal rot, rust, phytophthora root arld stem 
rot, pythium root and seedling rot, rhizoctonia diseases, sclerotinia stcm rot, sep- 
toria brown spot, bacterial blight, bean yellow mosaic, soyabean mosaic, the bud 
blights and soyabean cyst nematode. Minor diseases are presented in Tables 3.2, 
3 .3  and 3.4. Non-infectious and stress-related diseases are not considered. For 
additional iniormi~lion the rcader is rcferred to T ~ J  Putholog~~ oj' Tropic'nl Food 
Lrgurr~us (Allen, 1983) and thc Corrrpntdiunr cf Soyhvirrl Dialasas (Sinclair and 
Rackman, 1989). 

During the 1994195 growing season, a conscrvativc estimate of the world 
loss to all soyabearl diseascs was over 19.6 MI (about 15'X)). 1,osses in the IJSA 
alone wcre 2.88 Mt in 1989, 2.14 Mt in 1990, and 2.2 1 Mt in 1991 (Doupnik, 
1993; Wrather et ul., 1995a). 

FROGEYE LEAF SPOT 

Causal Pathogen 

Corcospori~ sojirru Hara, which is classitied in the subdivision D o u t e n ~ ~ i o i r i  and 
class liyphorr~yc.ut~s, is highly variable. C, kiklcchii causes a distinct discase (see 
Table 3.2). T,eaf spots caused by Cerr7r~sporir spp, and allied genera arc also 
reviewed in McDonald et id. (Chapter 2,  this volume), Allen et ctl. (Chapter 5, this 
volume) and Keddy at ctl. (Chapter IT), this volurnc). 

Biology 

Frogeye leaf spot occurs worldwide but is common in warmer regions during 
warm, humid weathcr, Oftcn it is prevalent in one area and scarce in another. 
Conidiophores arise in fascicles of 2 to 2 5  from a thin stroma, and are light to 
dark brown, 52-1 1 0  X 4-6 pm, Conidia are nun- to 10-septate, hyaline whcn 
young, and elongate to fusiform, tapering toward the tip. The base usually is 
rounded. On infected Icaves, conidia are 24-108 X 3-9 pm, but can be even 
larger. The fungus appears restricted to soyabeatls. Five physiologic races have 
been reported (Phillips and Boerma, 1988). Race 2 is seedborne but does not 
sporulate on soyabean seeds. 









Symptoms 

This is primarily ;I foliage disct~se, but stems, pods and seed lnny be infected. I,c;~f 
lcsions are circular to angular, varying from lcss than 1 mm to 5 mrn or more in 
diameter. Lesions arc at first brown with a reddish-brown margin, then the cen- 
tral area becomes light hrown to i ~ s h  grey with dark margins. 'l'he Icat'spots mily 
coalescc to for111 largcr affected areas (Fig. 3.1 ). When lesions are Iiumcrous the 
Icavcs wither and drop prelnaturcly. 

Epidemiology 

'I'he fungus survives as myceliunl in infectcd seeds (Sing11 and Sinclair, 198 5 )  
and in irlfrstcd soyabean debris. Heavily inkcted seeds that germinate produce 
weak seedlings that bear Icsions. Sporulation on cotyledons provides prirnary 
inoculum. 011 inoculated plants, Icsions arc visible after 9-12 days and,  uridcr 
ideal conditions, the first sporcs arc proclucecl within the next 24- 18 11. L'onitlii~ 
are carried short dislarlces by air c ~ ~ r r e t i t s  and splashing rain. It '  t t~c rc~  are i~ttcr- 
nating wet and dry periods, a laycrctl pattern of hcavily irrid lightly discnsrd 
leavcs lnay develop. Sced colonization takes plilcr  tir rough pod infection (Kunwar 
clt ( { I . ,  1985). Reactions ol'cultivars to the puthogcn vary t'ronl imrnunity lo high 
susceptibility wliich results in varii~tion in syrnptorns and coniditit production. 

Fig. 3.1. Soyabean leaflets with symptoms of frogeye leaf spot, caused by Cercospora sojina, 
on upper leaf surface (left) and lower leaf surface (right) (photo: courtesy of J.T. Yorinori). 



Damage and Crop Loss 

Yield losses on susccptiblc cultivtrrs may be 15'%, (Dashiell and Akcm, 1991). 
(ireatcr losscs have been reported in certain areas of Bra~il. Discoloured seeds due 
to the pathogen may reduce seed quality and value (13isht end Sinclair, 1985). 

Management 

Plough undcr crop residues and sow high quality seeds of adapted or resistant 
cultivars that arc relatively frce of the pathogen. Llse a seed dressing when plant- 
ing low quality or inl'ectcd seeds. Rotate soyabeans with other crops for two 
years. I f  frogeye Ieel'spot occurs in a seed crop, apply a foliar fungicide at growth 
st ages H 2-K 5. 

ANTHRACNOSE 

Causal Pathogen 

'I'hc most common fungal pirthogen associated with anthracnose is 
C'ollrtotric~I~~~rt~ tr~lrlc~ltlcrt~ (Schwein.) Andrus R. Moore. Other species that can be 
involved include C', dc~str~lc~li\~lrt~l O'(;ar;r (teleornorph (;lon~c>wlln gl!jc.inos k'. 
1,chmiln K! P.A. Woll'). C'. ~~lor~os~~i~rir,iilrs (IJenz.) I'enz. Kr Sacc. in t7enz. (tcleomorph 
C. ~~ir~!j~rltrtrr (Stoneman) Spauld. Kr 11. Schrenk), and C. !f,rrrl~ir~ic*olrr (ces.) C. W. 
Wilsori (teleornorph C;. ~rt~rnit~icolrr Politis). These fungi arc classitied in the sub- 
division Uerrtrmtr~!jc'otirln class Coelorrl,tjcotos. C. tr~rncnturt~ also affects tropical pas- 
ture lcgunles (see Lennk, C'haptcr 13, this volume), while other Ci~llt~totricJ~utt~ 
spp. affect common bean (Allen ilt nl., Chapter 4, this volume), cowpea (Allen et 
rrl., C'haptcr 5 this volume), lupins (Hill, C'haptcr I 1 ,  this volume) and tropical 
pirsturc legumes (see I,ennC, Chapter 1 3, this volume). 

Biology 

Anthracnose is li~und wherever soyabeans are grown and c;luscs severe losscs in 
warm, humid areas following prolonged rainy spells. Isolates of C', lrlltlcntunl vary 
in colony characteristics, sclerotial production (Khan and Sinclair, 1992), size of 
fruiting structures and pathogenicity. C, truncntum is characterized by crowded, 
black acervuli borne on well-developed stromata. The accrvuli are oval to elon- 
gated, hemispherical to truncate-conical, and erumpent, with numerous black, 
needle-like setae intermixed long and short, 60-300 X 3-8 pm. Conidia ere 
borne singly on conidiophores and are bluntly tapered, curved, unicellular and 
hyaline. C'onidia measure 7-3 1 x 3-4.5 pm. C. truncntum has a wide host range 
including a variety of crop and weed species (Sinclair, 1988a). 



Symptoms 

All plant parts can be affected, causing damping-oft: leal' veinal necrosis, pod 
lesions, stem cankers, prcinature dcfoliation. and seed discoloration (I:ig. 3.2). 
I'lants may be infected throughout the growing season and not show syrnptonls 
(Sinclair. 1 9 9  1). Dark brown to black irregultrr Icsiorls i~rld cankers form on vilri- 
oils plant parts; infected seeds appear dirty brown (Sinclilir, 1992). Infccted plant 
parts exhibit spir~y bristles (setac) iund black fruiting structures (acervuli) which 
arc scattered or clustered. 

Epidemiology 

The firrigus overseasons us mycelium in inl'ectcd sccds and in crop and wced host 
rcsiducs, which ilrc sourccs ol' inocululn for pre- ancl post-er~~crgcnc.r damping- 
off. Severe dainngc to all plant pilrts results. regardless of age. urlder warrn, moist 
conditions li)llowing a prolonged period ol' rain. The optimum soil temperature 
for root infection is 30°C (Khtin and Sinclair, 1991  ). 1)iscase li)rccusting methods 
~rscd in the south-eastern IJnited States predict infeciions from growth stages R 1 
to R 5-6 and allow the tirncly use of foliar fungicides. 

Fig. 3.2. Anthracnose lesions on soyabean leaf petioles, caused by Colletotrichum truncatum, 
which are similar to those that appear on stems and pods (photo: courtesy of P.R. Hepperly). 
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Damage and Crop Loss 

The disease can reduce stand, secd quality, and yield by 1 h-26'% or up to 100'X, 
in tropical and sub1ropicill areas. 

Management 

I'lough undcr cmp residues and sow high quality sccds that are relatively free of 
the pathogen. If;~nthracnose is a chronic problem in seed product.ion fields, spray 
with a foliar I'ungicidc berwccn growth stages R2 and R 5 .  l'olyamine biosynlhc- 
sis inhibitors may ol'ltr pro~nisc for control of seetlborne C, truncvrttutir (Gamarnik 
Pt (11.. 1994). 

STEM CANKER 

Causal Pathogens 

1)iit~~orllti~ pl~trseolorrrn~ (C'ooke Ct Bllis.) Sacc, f. sp. i7riitlivom K.1,. Athow tSi K.M. 
('aldwell (anirmorph Plrornoysis /~ltrrsvoli (1)esrnaz.) Sacc.), primarily in the north- 
crli IJSA, and D. plirrsrolorrrr~r (('ooke & Ellis) Sacc, f. sp. riti~riiIior~r~lis F.A. 
I:crnandcz, in thc southern IJSA. Roth are cliissitied in the subdivision 
Asc~r~r~r!/rolir~ir, class I'!/n~rrorir!~cv~ti~.~ and order Uinportlrirlt~s. D,p, var, sojci~ 
(I.chmiln) Wchmeyer causes a distinct disease, pod and stem blight. 

Biology 

'l'his disease is part ofthe l)inport/tc~lt'/~otr~~~~~sis discase co~nplex of soyabeans (sce 
'Pod and stern blight'). Although pod and stem blight and phomopsis seed decay 
arc worldwide in distribution, stcm cankcr has been reported only in Brazil, 
Europe ilnd North America. On potato-dcxtrosc agar, colonics of thc northern 
type arc white and closely appressed, later beconling Ilocculent, whereas those 
ol' I). 11. f. sp. rrti~ridiorrtrlis are tan to buff, with early development of tufted 
aerial mycelium, which latcr becornes lanose (McGcc and Biddle, 1987). 
Chlamydosporcs fort11 in f. sp, ir~t~ridionnlis giving a tan to buff coloration to the 
colonies. Stromata off, sp, c*rrcrIivom are circular, while those off. sp. ri~rridionrtlis 
are irregular in shape, 2-10 nlm in diameter. Perithccia rcadily form; the 
pcritheciul neck off. sp. r,rrlrli\jonl is half the length off, sp. merirlionrrlis. Isolates of 
1: sp. rntlrirlionalis contain only alpha conidia. Both are homvthallic (Welch and 
Gilman, 1984). 

l'erithccia of f. sp. cnuli\~ort~ are black and globose and formed in cacspitose 
groups of 2 to 1 2;  in C sp. rt~eridiorrcllis, perithccia arc borne singly. Isolates off. sp. 
ocrlrlivortr produce perithecia embedded in cortical tissues, measure 165- 340 X 

282-412 prn, with a protruding beak that is variable in length and width. The 



eight-spored asci, 30-40 X 4-7 pm, are sessile and elongate-clavatc, with thin. 
evanescent walls, slightly thickened at the base. Ascospores, 8-1 2 X 3-4 pm, arc 
hyaline, elongale-ellipsoidal, two-celled, slightly constricted at the septum, and 
biguttulale in each cell. The fungus may occur on other crops and weeds (Kulik, 
1984) (see 'Pod and stem blight'). 

Symptoms 

The first symptoms appear as small, reddish-brown lesions, usually near the leal' 
node. The lesions expand longitudinally lo forrn dark brown to black, sunken 
cankers (Fig. 3.3). I,caf symptoms develop at this sttrgr, with interveinal chlorosis 
and r~ccrosis characteristic of diseases associated with restricted water conduc- 
lion. 

Fig. 3.3. Lesions and cankers associated with nodes of a soyabean plant infected by 
Diapoflhe phaseolorum var. caulivora, cause of stem canker (photo: courtesy of the US 
Department of Agriculture). 



Epidemiology 

'I'he source of primary inoculum is from ovcrwintcring dcbris. Primary spread is 
through infcsted debris, contirminated equipment, iind infected or infcsted seeds, 
with the latter being ol' lcast importance (1)amicone et ril., 1990). Pcrithecia 
dcvelop any tinlc after senescence or plant death but require 8 or more days 
of frcc moisture a1 temperatures above 20°C' (Keeling, 1988; Subba Kao ct nl . ,  
1902: 'l'ubnjika  rid Kussin. 1995). Mi~ture perithecia produce viable ascospores 
for up to 3 weeks, Plants develop the maximill lcvels of diseuse if infected by the 
V 3 growth sti~gc. All cultivi~rs are colonized by the pathogen, but only suscepti- 
ble cultivars allow disease development. The quentily of spores produced by 
perithcciii is relntcd to cultivar susceptibility: the more susceptible, thc more 
spores that ore produced. 

Damage and Crop Loss 

Both fungi causc pli111t death as a result of stem girdling. Lliseirse losses arc mirii- 
rnal in thc norther11 IISA with the advcnt of resistant cultivars, but losses in the 
southern IlSA vary from year to year, with losses ;IS much as 100'%, in susceptible 
cultivilrs. 

Management 

I<otatc. soyabcans with maize or other uon-host crops and use tolerant or less sus- 
ccptible cultivurs. Benzirnidazole fungicide sprays coordinated with infection 
periods have becn successful in reducing disease severity. 

POD AND STEM BLIGHT 

Causal Pathogen 

Dial~ortllz /~l~nseolorurn (Cookc Kr Ellis) Sacc. var. sojae (Lehman) Wehm. 
(ani~morph I'hott~opsis phast*oli (1)csm.) Sacc.). The fungus is classified in the sub- 
division Ast-ortl!/c.otir~ii, class l'~~rrnomyc*etes, and order Diayortkules (Morgan- 
jo~ies, 1989). 

Biology 

Colonics of U. 11. var. sojue on potato-dextrose agar are floccose and ropy, turning 
tan to brown with age. In reverse, the colonies are tan to dark brown with black, 
pulvinate stromata. C'onidiomata are pycnidial, black, stromatic, solitary or 
aggregated, and usually unilocular, with no beak, or with a beak less than 200 
pm long, opening by an apical ostiole. Locules are uni- to multiostiolate, lenticular, 
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and up lo 3 5 0  pm widc. Condiophores arc simple phialidcs, hyalinc and up to 10 
X 1 . 5 - 2 . 0  pm. Rcta conidia are common, hyalinc, lilifor~n, irnd hamatc. 
I'crithecia arc produced on old agar cultures in light or on overwintcrcd soya- 
bean stems. Mature pcrilhccia are nearly sphericill and slightly flattened at the 
basc. 1 48- 346 pm, have long tapered beaks. ( 7 0 - 1 0 0  x 00- 1 5 0  kiln. 'l'hey are 
not usually clustered. Asci, which Ineilsure 3 5-5 1 x 3.3- I .O lcm, arc clongi~tc 
and clavatc ;ind dissolve before ascosporc liberation. 'l'hc asc'i arc unitruncale. 
with a distinct apical ring. They are released in a viscous fluid thiit oozes o ~ i t  of 
the osliole. Ascosporcs arc biccllular, 9-1 3 X 2-h pm, biguttulate in both cells. 
The causal fungi colonize debris o l  pigeonpea (('rrjrrrl~rs c , t r j r r r r ) ,  colnmoll beon 
(Pl~ast~olrr,~ vrrlgrrris), linia bean ( I ?  Irrrlrrlrrs), cowpca (\fi;grrrr ~rrrgrric~rrlrrtcr). g i ~ r l i ~  
(Alli~on srttivrrm ), onion ( A ,  r7cJprc), lespcdeza (l,t,,spc~tlr;rr spp.), lupins (I,lr/)irr~rs spp.). 
groundnut ( ArrrcJris Ir!~po~~ar~rr), okra (Abrlrrrosc~llris c,sc,ul(~rrtrrs), pctppcr (('tr/,sic~rrrtr 
frrrlrsc~c~rrs), and tomato (l,!/r~ol~cJr.,sic~ot~ r1,s~~rrlorrtrrrrr) (Kulik. 1'983). 

Symptoms 

'fhe pod and stern blighl fungi lirst cause a lutcllt inti-ction (Sincliiir, 19')l 1. 
l'ycnidia b r m  on iibsc'iscd Icavcs or hroken briinchcs (t:ig. 3.4). In wet seasons, 
laterlt infections rcsirlt in pycmitiia being produced over the erltirr plitnt whcn it 
matures; in a dry season they arc confirled lo arcas on Illc s l c~ns  near the soil line 
and nodes (Sinclair. 1988b).  l'ycnidia dcvclop on dry, poorly dcvelopecl pocls. 

Fig. 3.4. Soyabean stem with black pycnidia of Diaporthe phaseolorum var. sojae, cause of 
pod and stem blight (photo: courtesy of R.F. Nyvall). 
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Epidemiology 

The fungus overscasons as dormant mycelium in soyabeans and other host 
debris and in infccted seeds (Kunwar ut al., 19 85). Pycnidia are produced on peti- 
oles of the current season's abscised leaves and on crop debris, while perithecia 
are produced in carly summer on overseasoned crop debris. The fungus colonizes 
plant tissues within 2 cm of the infection point until the plant begins to senesce, 
then spreads to tissues about 5 cm from the infcction point. Progressive spread is 
caused by infection from conidia dispersed by splashed water. Both alpha conidia 
and ascospores can be splashed onto plants and initiate infection (Sinclair, 
19XXb). 

Damage and Crop Loss 

The main losses are thc result of reduction in seed quality leading to grade reduc- 
tion (Sinclair, 199 3).  

Management 

Kolate with maize and plough down residues, plant high quality seeds relatively 
free of the pathogen, or use a fungicide seed treatment. Plant late or use late- 
maturing cultivars which allow b r  maturation during a dry period. Use a less 
susceptible cultivar, if available. 

FUSARIUM ROOT, COLLAR AND POD ROT 

Causal Pathogens 

1:usariunr oxyspor~rm Schlecht.: Fr, and Fusariunl pnJJidoroseurn (Cookc.) Sacc. are 
classified in the subdivision Deuteromycotina, class H!jphon~ycetus. R oxysporum is 
in the section EJrguns and E: pullidorosrum is placed in the section Artl~rosporiellu. 
Other fusaria cause sudden death syndrome and fusarium wilt (see Table 3.2). 
Root, collar and pod rots and wilt caused by Fusurium spp. are common 
and serious diseases of legumes, reviewed in Chapters 6 ,  8, 9, 10 and 12,  this 
volume. 

Biology 

Both species are extremely variable, have wide host ranges, and are made up of 
form-species and physiologic races. In general, E oxysporum in culture is white or 
tinged with purple, tloccose, septate, sometimes forming aerial hyphac: the 
underside is colourless, dark blue or purple. Conidiophores are branched or 
unbranched ~nonophialides, usually short and branched and dolioform. 
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Sporodochii~ are cream, tan or orange. L'hlamydosporcs are intercalary or tcr- 
minill and formed singly or in pairs. Microconidii~ are single-celled, oval to kid- 
ney-shaped, and produced in Salse heads. Microconidia are hyi~line, thrcc- to 
livca-scptate, with a sickle-shaped basil1 cell and an  attcnut~ted apiciil cell. 11 ~)trlli- 
rfcrros~lirtr produces either white mycelium or a pconnotal colony in culturc. 
Aerial rllyccliuril is tan  to brown. Sporodoctiit~, i f  prcsent, iirr orange. 'l'hc agar 
reverse varies from peach, tan to brown. C'onidiophores ;Ire u~ibrunchcd or 
branched mono- and polyphialides. C'hlamydosporcs are intercalary or  terminal. 
Microconidia iire spindle-shilpcd and bortle on aerial mycelium, with a piipillii i ~ t  

the biisal ccll. 'l'hose bornc. in sporodochia are slightly curved with ii Soot-shiipcd 
btlsal ccll. Microconidia arc rare. 

Symptoms 

The dise;iscs c>auscd by Flrsttrilrrtr occur wllcrevcr soyiibeilns are grown itntl often 
arc ussocialed with other pathogens or stress conditions. Pusarium root rot usu- 
ally appcilrs on sccdli~igs and young plants i l l  cool wc;~[licr ( 1 4 O C ' ) .  Sccd l i~~g  
ernergence may be delayed and aSfc.cted plants iirc stulltcd and weak. Symptoms, 
which are confined to the roots ant1 lower stcnis, consist of ;I dark discoloration of 
1 1 1 ~ ~  corlex, but the vasculur system may be invaclcd in i~dvilnced slngcs ol'root rot 
(Pilrias and (:riftin, 1990) (Fig. 3.5) .  Pod and collar rot is c-haractcrixcd by 
depressed. water-soaked, cream-coloured lesions 011 cotyledons and  hypocotyls ol' 
emerging seedlings. After emergence, these lesions turn dark brow11 to black, 

Fig. 3.5. Root rot lesions on soyabean seedlings caused by Fusariurn (photo: courtesy of J.M. 
Dunleavy). 
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1,esions rnay girdle the young stem, lrlfccted pods dry prenlaturely and seeds turn 
dark brown to black. 

Epidemiology 

130th I'ungi are soil inhabitors and ovcrseason as chlamydospores or mycelium. 
which are sources of' primary inoculum. Seedborne mycelium has bee11 rcported 
and can reducc seed gcrminiltion. Host penetration is either direct or indirect. 
Initial pcnctrtttion is followcd by irltcrcellular growth of hyphac in the cortex, 
later the xylem may become invaded. t: oxllsporrrttr is most destruclive when the 
soil is saturated with water at 14-2 3°C'. Ii ptillidorosr~ur,1 seems most destructive 
when conditions are warm anti dry. Infestalion wilh thc soyabean cyst ncmatode 
(Il(~tc~roi1arri gl!lc~itlos Ichinohc), a root-knot ncmatode (Meloithg!jtre ittr-ogtritrr 
(Kol'oid & White) Chitwood), or ;I sting nernatode (13l~lot1olnintlr.s 1otl.qir~riurlritri.s 
liau) predisposes seedlings and yourig soyabean plants to infection by E ox,qsl)o- 
rrrttt, as do dinitroaniline hcrbicides. 11 oxysporrrttt ir~teracts with Kl~izac~totrin 
solcltli Kiihn in cilusing a root rot of soyabei~ns (Summer and Mi~iton. 1987; 
I>atnoffand Sinclirir. 1988). 

Damage and Crop Loss 

1,osses of over 501X ,  have beell reportcd frorr~ scvere infcctio~i by I:' ctx.!jsporrinr. 
I)utu on cconornic losses causcd by II pnlliilorosertrt~ ;Ire not av;~ilablc, though ger- 
mir~;llion can he decrcasetf by as much as 40'X). 

Management 

Plant high quality seeds of cultivars resistant or tolcra~lt to I:usariut?t and soya- 
bean cyst and root-knot ncn~t~todes  in warm, well-drained soil. Avoid cultivation 
until soil rnoisture is adequate. In a Held with a history of these ptithogcns, ridge 
soil around the base of the  plants to promote adventitious root formilt ion. 

CHARCOAL ROT 

Causal Pathogen 

Mar*ro~Jrott~itrn phtisuolinu (Tassi) Goidanich, The fungus is classified in the sub- 
division r)c~rrterottrycotirt(~ and class Coelotn!jc3c~tes. 

Biology 

Charcoal rot, also called ashy stem blight, occurs worldwide and appears in irri- 
gated soyabeans along with accelerated maturity when water is withheld after 
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llowcring. The pycnidial stage is not common on soyabeans. Pycnidia, which are 
initially immersed in host tissues, are erumpent at maturity, and more or less glo- 
bose; they are membranous or subcarbonaceous, dark greyish, becoming black 
wilh age, generally measuring 200-300 pnl in diameter. On artiticial n l ~ d i i ~ ,  
sclerotia range from 75 to 1 5 0  pm in diameter. 'l'hc optimal temperature for 
growth riinges from 28 to 3 50C1. Severill selective media have been developed. 
C'olonies are at lirst while Lo brown and become darker with age. Hyphnl 
bratlclles generally arise a t  right angles and may be constricted at the point of the 
~111ion with the parent hypha. The fungus has an  extensive host range and is 
highly variable in culture characteristics as well ;IS in pathogenicity. 

Symptoms 

Infected seedlings show a retldish-brown discolori~tio~~ at the etncrging portion of 
the lypocotyl. If infection occurs through the roots, discoloration is evident at or 
just above Ihc soil line. In oldcr plants, charcoal rot usually appears al'trr mitl- 
season. Infected plants at first produce leaves smaller than normal, and there is :I 

subtle loss ol'vigour. In advanced stages, leaves turn yellow and will hut remain 
attached. After flowering ;I light grey or silvery discoloration of the epidermal 
and subepidermal tissues devclops in the taproot and the lower part of the stern 
(Fig. 3 . h ) .  Microsclerotia forrn bencath the cpider~nis, rcsernbling powdered char- 
coal. When thc pathogen is seedborne, inkcled seeds may be symptomless; sonic- 
times microsclerotia forrn in the cracks of colonized seed cot~ls (Kunwar el rrl., 
1986b) .  

Epidemiology 

M. p/~rlst~olz,~o is seedborne in soyubeans and silrvives as microsclcrotia, i l l  soil or 
in crop or weed host debris (Mihail, 19XO). 'rhe fungus competes well when mil 
nutrient levels arc low and temperatures arc above 30°C (C'ollins rlt r r l . ,  199 1 ). 
Microsclerotia germinate on root surlhces and penetration is either direct or indi- 
rect. Pathogen growth can occur early in the seilsoll and the rate of infection 
increases with higher soil ternperalures. I,ow soil moisture enha~lces  disease 
severity (Olaya and Abawi, 1995) .  Plants become infected at any time during the 
growing season, bul disease development rnay be delayed until the plants are 
under stress (Sinclair, 1991) .  

Damage and Crop Loss 

When severe, the disease reduces yield and seed quality through debilitation of 
the host. 



Fig. 3.6. Charcoal rot on soyabean stem (left) and roots (right), caused by Macrophomtna 
phaseol~na, show~ng m~crosclerot~a exposed after removal of the ep~dermis (photo courtesy of 
the US Department of Agriculture) 

Management 

In severely lnlested fields, rotate wlth colnparatlvely poor hosts l~ke cotton, for 1 
or 2 years: w ~ t h  sorghum or maze, rotatloll must be extended to 3 years. Avoid 
excessive suedlng rates: crowdlr~g produces weakened seedlings wh~ch  are more 
vulrierable to fungal attack. Fert~lize soyabeans to encourage vlgorous growth, 
and lrrlgate, where possible, to keep soil moisture h ~ g h ,  or tlood fields for 3 to 4 
weeks before planting. Some field-tolerant cultlvars have been reported (Carvd 
and Smith, 199 5 :  Wrather and Anand, 1995). 
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RUST 

Causal Pathogens 

Soyabean rust has long been regarded as caused by lJhakopsora pcro.Irgrhizi H. 
Sydow & Sydow, a fungus with a wide host rangc including tropical pasture 
legumes (see Lcnnk, Chapter 1 3, this volume) and numerous synonyms (Allen, 
198 3: Sinclair and Rackman, 1989). Recent work (Ono tlt al. ,  1992) has shown 
that the fungus is better delineated into two distinct species, on the basis of mor- 
phological differences between their anamorphs and teleomorphs. Thus, P 
pack!jrhiti includes the Austro-Asian populations whose telia are irregularly two 
to seven spore layered and whose teliospores have walls that are pale yellowish- 
brown to colourlcss. Mnlupa sojuv (P. Hennings) Ono. Buritica & Hennen is its 
i~redial anamorph. Phnkopsortt tneibornirir~ (Arthur) Arthur includes the New 
World populations whose tclia are irregularly one to four spore layered and 
whose teliospores have walls that are cinnamon to light chestnut brown. Mulupn 
vignur (Brcsadola) Ono. Buritict~ & 1Icnnen is its uredial anamorph. 

Biology 

R pac*h!jrhizi occurs on 34 natural hosts (and 61 inoculated hosts) in Australia, 
Burma, Cambodia, India, Indonesia, Japan, Malaysia. Nepal, Papua New (iuineii, 
People's Republic of C'hina, the Philippines, Taiwan, Thailand, and Vietnam. In 
Africa. the fungus is recorded from Ghana, Nigeria, Sierra Leone, Tanzaniir, 
IJganda, Zaire and Zambia, and elsewhere in the former IJSSR (Singh Xr Allen, 
1979; Ono at ul., 1992; see I,enne, Chapter 1 3 ,  this volume) and in the IlSA in  
ITawaii (Killgore, 1994). I? tneibomiue occurs on 41 natural hosts (and 2 5 inocu- 
lated hosts) in the New World: Barbados, Belize, Holivia, Hrazil, Chile. Colombia, 
Costa Rica, the Dominican Republic, Ecuador, Guatemala, Mexico, Pucrto Kico, 
St Thomas, Trinidad and Tobago, and Vene.zuela (see Lenne, Chapter 1 2, this vol- 
ume). I? puchyrhizi is considered more aggressive than F! meihornirrr. Phakopsoru is 
classified in the subdivision Bnsidiortr!jc~otir~a, class Uredinion~!jcrtrs, and order 
Uredinulrs (Ono rt ul., 1992). 

Soyabean rust is found extensively in areas of the eastern and western hemi- 
spheres; in the eastcrn hemisphere from Japtrn to Australia, westward to India, 
and the People's Republic of China. Jn the western hemisphere, soyabcan rust 
occurs generally throughout Latin America and the Caribbean. The anamorph 
fruiting structures have a cellular basal peridium terminating in paraphyses. l? 
rrreibomiav tcliospores are angularly subglobose, oblong to elliptical, and more or 
less regularly layered in rows or irregularly arranged, 12-26 X 6-12 pm, walls 
uniformly 1.5-2 pm thick and thickened apically to 6 pm, yellowish-brown to 
light chestnut brown; uredospores are ellipsoid, 16-31 X 12-24 pm, densely 
echinulate, colourlcss to pale yellowish-brown. l? pai1h!jrhizi teliospores are one- 
celled, irregulally arranged, angularly subglobose, oblong to ellipsoid and mea- 
suring 15-26 X 6-12 pm, with walls uniformly l pm thick and slightly 
thickened apically, colourless to pale yellowish-brown. Uredospores are obovoid 



to broadly elliptical, measuring 18-34 X 1 5-24 pm. Walls are 1 pin thick, 
minutely and densely cchinulatc, colourlcss to pale yellowish-brown (Ono rt rr l . ,  
1992). 

Symptoms 

'I'he most common syrrlpto~u is thc development of tan to d;lrk brown or rcddish- 
brown lesions with one to milny erunlpent, globose urcdia, particularly on the 
underside of leaflets (Pig. 3.7). 1,esions tend to be angular, restricted by leul'vcins, 
reaching a size of 2-5 mm2. 1,esions may appear on peliolcs, pods, and sterns. 
'I'elii~ for111 subcpidermully among urcdia and are dark brown lo black at rnatu- 
rity. '1'hc.y are crustose, irregular to round, sparsc to aggrcgaled and about 
150-1 50 pm in diameter. 

Epidemiology 

Kusl epidemics arc most sevcrc when the mean daily temperi~turc is less than 
2X°C', with long periods of leiif wetness occurring throughout the growing sea- 
son. I?ec watcr is necessary for urcdospore gcrnmination and pc.nctratior1 which 
take place over a temperature range of 8-28°C. Ilredia appear about 9-1 0 days 
after inl'ection, kind urcdospores are produced at 3 weeks. tlrcdosporcs are Ihc 
priniary mcans of disease spread, The role of individuiil hosts in thc overseiison- 
ing ol' thc pathogens is not known. Soyabeans arc susceptible a t  any stage of 

Fig. 3.7. Lower surface of a soyabean leaflet with rust lesions and pustules, caused by 
Phakopsora pachyrhizi (photo: courtesy of K.R. Bromfield). 



development, but symptoms usually appear mid- to late-season because of the 
requirements of a prolonged wet, cool period for infection and sporulation. 
Spread of uredospores is by wind-blown rain. The pathogens are not seedborne in 
soyabcans. 

Damage and Crop Loss 

Signilicant losses have been reported only in the eastern hemisphere. 10-40'X) in 
Thailand. 10-90% in India, 10-501X, in southern China, 2 J-90% in Taiwan, 
and 40'%1 in Japan. Nearly complete losses can occur in limited areas in most of 
these countries. Losses are due to reduced seed weight, and fewer pods and seeds 
(AVKLIC', 1992). 

Management 

Resistance has been identificd in at least 11 soyabcan cultivars and strairis 
(Bromlield. 1984), and in wild G l y c i n ~  spp. from Australia (Schoen et al., 1992). 
However, because ofthc recent recognition of two distinct species within which 
there cxists physiologic specialization, cultivars must be screened carefully. 

Ion Certain fungicides can reduce rust damage. However, since frequent applic' t' 
is required, often bcfore symptoms appcar, it may not be cost effective. 

PHYTOPHTHORA ROOT AND STEM ROT 

Causal Pathogen 

The causal fungus has been considered for some years to be Phgtophthoru 
mugusperma Drechs. f, sp. glycinea Kuan & Erwin (1980), but more recent work 
(Ilansen and Maxwell, 1991) suggests that the pathogen should be narned 
Pl~ytopl~thom sojue M.J. Kaufmann & J.W. Gerdermann. This fungus belongs to the 
subdivision Mustigornycotina, class Oornyces and order Rronosporales. 

Biology 

The disease was first described in the IJSA and has been reported in Australia, 
Canada, Hungary. Italy, Japan, and the former IJSSR. The fungus is pathogenic to 
soyabeans and three Lupinus spp. At least 25  physiologic races have been 
described (Schmitthenner et al., 1994). The disease has been misidentified as 
water damage since it is usually associated with poorly drained soils. Isolates 
vary in cultural characteristics and morphology. Mycelium is coenocytic when 
young, septate with age, branching at right angles with a slight constriction at 
the base of each branch. Hyphae are 3-9 pm wide. The optimum for growth is 
25-28°C. Sporangiophores are simple and indeterminate. Conidia (terminal 



1 48 J.B. SlNClAlR 

sporangia) are obpyriform, non-papillatc, 65 X 32-53 pm. Sporangia may ger- 
minate directly functioning as a conidium, or indirectly by forming zoospores. 
The optimum for zoospore production is 20°C.  Zoospores are ovoid, bluntly 
pointed at one or both ends, and flattened on the sides with two flagella, one 
directed anteriorly and the other, four to five times longer, dirccted posteriorly. 
Zoospores encyst, germinate directly, and form an appressorium for dircct pene- 
trtltion of host tissues. 'l'he sexual antheridia and oogonial form, fertilization 
takes place and the resulting oospores have a thick, smooth inner and outcr 
walls. Oosporcs germinate directly eftcr about 30 days. The optimum for oosporc 
formiltion and germination is 24°C. 

Symptoms 

The discase dcvelops a1 any lime during thc growing season. The pathogen 
causes a seed rot, pre- and post-emergence damping-off, and root and stem rot ol' 
oldcr pl;lnts. Symptoms depend upon cultivar susceptibility. In low-tolerant culti- 
vtirs at the primary leaf stage, affccted stems may appear water-soaked, primary 
leaves turn yellow and wilt, and affected seedlings may die (Fig. 3.8). On highly 

Fig. 3.8. Soyabean plants with advanced symptoms of Phytophthora root and stem rot, 
caused by Phytophthora sojae (photo: courtesy of M. Ferguson). 
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tolerant cultivars damage may be restricted to roots, arid seedlings are only 
stunted (Bhattacharya and Ward, 1986). Older plants of slightly tolerant culti- 
vars are killed gradually: lower leaves develop an interveinal yellowing followed 
by chlorosis of the upper leaves. The plant wilts iind wilted leaves remain 
attached to the plant. Wilted plants usually appear in groups. Roots of affected 
plants arc dark brown, and the discoloration progrcsscs up the stem involving 
the cortex and vascular system. In older plailts of highly tolerant cultivars, symp- 
toms generally are confined to the roots, plants are not killed but may be stunted 
and slightly chlorotic (Wagner clt nl., 199 3 ) .  Lesions occ:~sionally form on the 
lower stems. 

Epidemiology 

Phytophthora rot is most common in heavy, tightly compacted, clay soils subjcct 
lo flooding. Primary inoculurn comes from oosporcs which survive in soil or crop 
residues. Oospores gcrniinate at suitable temperatures and form sporangiii which 
release zoospores. Zoospores are attracted to soyabcan roots whrrc thcy encyst 
and germinate. After penetration, hyphae grow intercellularly ant1 produce glob- 
ular or Linger-like haustoria within thc cells. Oogonia and oospores are formed in 
infected root and stem tissues of all cultivars, with many morc being I'ormcd 
in susceptible than in resistant ones. The ilssociation and interaction of I !  sojrrcl 
with mycorrhizal fungi may decrease disease severity, while dense populations 
of l:usnritr,n spp., lJ!lthiutii spp. or Rllizoctoniir solr~rli may increase the disease. 
infection by the nematode Mr>loidog!ln~ Irnph increases severity of root rot. 

Damage and Crop Loss 

l'lant losses and yield reductions range from 40'XI in highly tolcranl cultivars to 
1 OO'X, in susceptible ones, Disease severity depends on cultivar susceptibility, 
rainl'iill, drainage, soil type and tillage practices. 

Management 

Use race-specific resistant cultivars, noting that a cultivar need not be resistant to 
all races. Combine optimal cultural conditions for integrated disease manage- 
ment of highly tolerant cultivars, good drainage, autumn or spring ploughing 
and crop rotation. Apply metalaxyl fungicide seed treatment for highly tolerant 
cultivars for control of damping-off, Metalxyl may also be applied in the seed t'ur- 
row at time of planting. The fungicide leaches into the root zone and is taken up 
by roots before moving upward into the plant. Pkytophthortt cannot coloniae 
roots containing metalaxyl at the appropriate concentrations (Schmitthenner 
and van Dorcn, 1985: Lamboy and Paxton, 1992). 
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PYTHIUM ROOT AND SEEDLING ROT 

Causal Pathogens 

l'!jtltiurn aylturridrrrnatrrrn (Edson) Pitzp.. i? dilbargcrnurn Hesse and F! ultitnurn 
Trow. are classified in the subdivision Mastipornycotinu, class Ooinyc'etes and order 
Pi~rortosporules. 'rhese species also cause seedling diseases of many other legumes, 
arid diseases caused by l? rrltiml~rn on pea and chickpea are reviewed by Kraft rt 
a1. Chapter h and Haware, Chapter 9, this volumc, respectively 

Biology 

I'ythiurn rot is primarily a secdling disease but the pathogcns can cause seed 
decay, prc- and post-emergence damping-off, and root rot. These soil pathogens 
are cosmopolitan and attack a wide range of crop plants. They grow well on 
sugar-rich media, produce sporangia on coenocytic hyphae, have biciliatc 
zoospores and possess oogonia which are spherical and smooth-walled. The 
hyphae of l? apllarlider~r~aturn are 2-8 pm wide. Sporangia arc tilamentous, 
branched or unbranched, and produced frecly Oogonia are terminal; antheridia 
are mono- or diclinous, dome-shaped, and intercalary. Oospores are smooth, 
aplerotic, single, and moderately thick-walled. The hyphae of I? drhar!jitnuin usu- 
ally are 5 pm in diameter. Sporangia are spherical to oval and both tcrminal and 
intercalary. Oogonia are smooth, terminal or intercalary, and usually spherical. 
Anthcridia are monoclinous or diclinous. Oospores are smooth and aplerotic and 
gcrminatc directly, 'I'hc hyphae of F! ultimurn are 1.7-6.5 pm thick. Sporangia are 
mostly terminal and spherical and germinate by one or morc germ tubes. 
Zoospores are formed rarely. Oogonia are mostly terminal. Antheridia are mono- 
clinous and arise first below the oogonium. Oospores are aplerotic, single, spheri- 
cal, smooth and thick-walled. 

Symptoms 

Soyabean seedlings infected with either P deburyanum or F! ultimurn may develop 
different symptoms. l? uphunidfv-rnatum causes a root rot resembling those caused 
by other Puthiurn spp. Infection by Pytlliurn in nature is often followed by other 
microorganisms which mask typical symptoms. Generally, wet rot symptoms 
develop in seedings infected with l? ultimurn, whereas retarded development of 
the growing point of seedlings infected with F! dubaryanum is characteristic (Fig. 
3.9). In cold, wet soil both species cause a seed rot and pre-emergence damping- 
off. Seedlings infected with P ultimum generally fail to emerge, but if attacked at 
the root tip, they will survive. Recently invaded stem tissues are translucent; 
older lesions become brown. Cortical tissues may disintegrate and slough off. 
Smaller roots decay and break away. Seedlings infected with l? debaryanum 
develop small, black, dry, sunken, lesions on the cotyledons. Apical meristems 
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Fig. 3.9. Soyabean seedlings wlltlng and dylng ln the f~e ld  from Pythlum root rot, caused by 
Pylh~um (photo courtesy of H J Walters) 

may be severely stunted. IIypocotylc may swell to two to three times their normal 
size, symptoms which may bc confused with herb~cide damage. Axillary buds 
may develop at the cotyledonary node. 

Epidemiology 

All species are soil inhabitants and subsist as saprophytes, colonizing the residues 
of many crops. They overseason as oospores. Low soil temperatures (10-1 5°C) 
are most favourable for damping-off causcd by l? debaryunurn and l? ult~rnurr~ 
(Griffin. 1990). llamping-off decreases at soil temperatures above 1 5 ° C  and the 
number of damped-off seedlings declines sharply above 22°C.  Seedlings up to 1 0  
days old are more susceptible to damping-off than older plants (Schlub and 
I,ockwood, 198 1). Infection by 1: uphun~derrnatum occurs between 2  5  and 3 6°C. 
Hyphae enter the host directly and spread intercellularly within the cortex and 
endodermis, ultimately invading the stele. In seeds, hyphae penetrate the seed 
coat and spread extensively in the cotyledons. 

Infection by Pythiurn commonly occurs at high soil moistures. IJnder these 
conditions, not only is the oxygen content of the soil low, but water hinders 
uptake of oxygen by soyabean seeds. 



Damage and Crop Loss 

Only scattered individual plants or small groups of plants arc killed, and 
although stands may be reduced, the disease usually does not cause economic 
losses alone. 

Management 

Plant good quality seed, free of cracks and capable of at least 8 5?4, germination in 
warm (above 19"C), well-drained, fertile soil that is well prepared. Where possi- 
blc, plough under weeds or cover crops several weeks before planting. Rotate with 
less susceptible crops such as maize (Zhang and Yang, 1995). Avoid excessive 
irrig;ition during the first 1 0  days after planting. Where the disease persists year 
after year, use mctalaxyl fungicides either as a seed treatment or applied in the 
furrow. 

RHlZOCTONlA DISEASES 

Causal Pathogen 

Rlli;oi~lottic~ S O I N I ~ ~  Kiihri (teleomorph T l ~ ~ n o t r p l ~ o r u s  clrc.umc'ris (Frank) Donk.) T. 
cS~rr~utitcris is in the subdivision Bc~sidiomyrotit~u, class H~rncrtort~!jc.c.tus and ordcr 
Aph!jllo~)l~orrrlrs. Most soyabean pathogenic isolates are members of anastomosis 
group AG-4, but some have been shown to belong also to groups A(;-1, AG-2-1, 
AG-2-11. A(;- 3 and A(;-5 (1,iu and Sinclair, 1991 ). Several ungrouped isolales are 
iilso pathogenic to soyabeans. The pathogen has a wide host range including 
crop (e.g. cowpea, see Allen rt ol., Chapter 5. this volume), pasture (see T,cnntl, 
Chapter 1 3 ,  this volunle) and weed host species. Binuclcate Rl1izoc~torlil4 spp. 
affect lupi~ls causing similar diseases (see Hill, Chapter 11, this volume). 

Biology 

Rhizoctonia diseases, including pre- and post-emergence damping-off, root and 
stem decay. and web (or acrial) blight, have been reported in soyabean growing 
areas worldwidc. The diseases occur at any time during the season when condi- 
tions are favourable. Isolates of R .  soluni are ecologically specific. differ rnorpho- 
logically, and are highly variable in cultural characteristics, pathogenicity, 
responses to environmental changes and DNA polymorphism (Liu and Sinclair, 
199 3 :  Liu ut (II., 1995). Isolates that cause root and stem decay may not cause 
aerial blight. Colonies are fast-growing in culture, at first colourless, submerged 
or with some radiating aerial hyphae, rapidly becoming brown. Hyphae are sub- 
hyaline to pale brown, thick-walled cells about 100-1 5 0  pm long and 5-1 7 pm 
wide, often constricted near septa and where branching, with conspicuous 
dolipore septa, lacking clamp connections branched widely at angles. Hyphal 
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cells contain 2 to 28 nuclei. Some isolates produce solitary sclerotiir, 1 mm in 
diameter, some turning brown. Basidia are resupinatc, creamy, effuse and loosely 
attached, arising in asymrnctrical cymes or raccmcs from tufts of ascending 
hyphac, variable in shape, barrel-shaped to cylindrical, me;rsuring 10-25 X 

6-12 pm with two to seven stout, straight sterigmata as long or longer than the 
mctabasidia. Rasidiospores arc oblong to broadly ellipsoid, unilaterally Ilatlencd. 
apiculate a t  the base, hyaline, smooth-wt~lled and 6-14 X 4-8 p ~ n  in size. 

Symptoms 

l're-emcrgence blight occurs irnnlcdiatcly al'ter the plutnule emerges. I)i~rnping- 
off can occur a k w  days aftcr emergence, with lesions appcaririg at the base ol' 
seedling stems and on roots below the soil line (Fig. 3 . 1 0 ) .  'These mily cnlarge 
into a sunken lesion, girding thc stem. Aft'rcted plants may show wilting during 
the heat of the day. Young lesions arc brown, dark brown, or reddish-brown. 
Seedlings th;rt survive initial infcction miry develop rrddish-brown cortical deci~y 
above the crown. Thc discoloratiotl may rxlcnd into the pith of stems and roots. 
Deciry may continue throughout thc growing season with continuing tlcath ol' 
plants. Syniptonls of irerial blight on lcavcs, stems and pods irsually begin mid- 
season on the lower or middle parts of infected pli~nls and move upward (Yilrig rlt 
t r l . ,  1990). Infccted leaves are lirst watcr-soi~kcd, then takc on ;I greenish-brown 
to rcddish-brown cast and later turn dark. Inl'cctctl le;rvcs drop ill~d adhere to 

Fig. 3.10. Soyabean roots, crowns and stems with symptoms of Rhizoctonia root rot, caused 
by Rhizoctonia solani (photo: courtesy of P.S. Lehman and C.C. Machado). 



pods and stems below. A brownish web of fungus hyphae may form over affected 
plant parts (Yang eta].,  1991). 

Epidemiology 

The fungus colonizes all types of plant debris, and can overseason in soil in the 
absence of crop tissue. The extent of saprophytism varies among isolates. When 
environmental conditions are favourable for disease dcveloprnent, disease scver- 
ity is related directly to inoculum potential. Generally, discase is most severe 
under conditions of high moisture and moderate to warm temperatures. 

Damage and Crop Loss 

Yield losses up to 3 5%) have been attributed to the aerial web blight phase. 

Management 

Rhizocotonia diseases are difficult to control because of thc unpredictability of 
their occurrence in any one field or in any one season. If rhixocotonia seedling 
diseasc is a chronic problem, ensure that there is good soil drainage, and preferably 
use less susceptible or tolerant cultivars (Muyolo rt i l l . ,  199 3 ) .  Foliar application 
of systemic fungicides appears promising for control of the web blight phase. lJse 
a fungicidc seed treatment for both typcs of disease. 

SCLEROTlNlA STEM ROT 

Causal Pathogen 

Sclerotinia sclerotiorum (Lib.) de Bary is classified in the subdivision Ascomycotirlu, 
class Discomycetes, and order Ht~lotialus. 

Biology 

The disease, which is also sometimes called white mould, is known worldwide 
and usually occurs locally in individual tields. The disease is most serious on soy- 
abean when planted after highly susceptible crops such as sunflowers, and cru- 
ciferous or leguminous vegetable crops. Its effects on pea and faba bean are 
reviewed in this volume (see Kraff et nl., Chapter 6 ,  and Jellis et al., Chapter 7 ,  this 
volume). One hazard associated with this disease is contamination of soyabean 
seed lots with sclerotia. A few sclerotia can infest a large number of seeds and 
may be grounds for rejection of an entire shipment. The large, black sclerotia 
range in size from 2 to 2 0  mm in diameter and germinate either directly or 
indirectly. Indirect germination results in the production of one to many 
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cup-shaped apothecia borne on slender stalks. The apothecia are 0.5-2.0 mm or 
more in diameter, funnel-shaped to discoid, and light tan to brown in colour. 'l'he 
hymerlium is conlposed of closely packed, eight-spored asci interspersed with 
slender, simple, hyaline paraphyses. The asci are narrow and cylindrical or cylin- 
drical-clavate, and measure 81-252 X 4-22 pm. The pathogen has a large host 
range including many crop and broadleaf weed hosts (Grau, 1988). 

Symptoms 

Cknerally, the first symptonls are the wilting and the eventual death of uppcr 
leaves of infected plants in the reproductive stage. 1,eavcs become greyish-green. 
necrotic i~nd  turn brown, remaining attached to the stern. Diagnostic symptoms 
develop i ~ t  first above the soil line and up to 50 cm above i t .  Water-soaked lesions 
develop at the nodes and change fi-om tan to white, then girdle the stel11 with sidc 
briinchcs and pods becorning infected. C'ollony mycelial growth on all diseased 
parts is characteristic. The rnost conspicuous sign of the disease is the formation 
on and within stems arid pods of large, black, round to irregularly-shaped sclero- 
tia t hat are pirrtially covered with white mycelium (Fig. 3.1 1 ). Seeds may become 
irlfectcd within diseased pods, appearing fattened end shrivelled. 

Epidemiology 

The fungus survives for long periods in soil as sclerotia which are highly resistant 
to fungicides as well as to dry heat and prolongect freezing tint1 thawing. 'l'hose 
within 5 crn of the soil surface germinate by producing apothecia. Prolonged 
periods ol' soil temperatures in the range of 5-1 5 O C  and high soil moisture 
(-0.25 bar) for 10-14 days are favourable Ibr apothecial production. 
Ascosporcs are li)rcibly discharged from asci and carried by wind to other plants 
where infection occurs if relirtive humidity is high. Infection may occur by direct 
or by indirect penetration. The disease usually develops during periods of low 
rainfall when the crop is planted at a narrow row spacing of less than 38 cm 
(Boland and Hall. 1988). Seed contamination by sclerotia is the rnost likely 
means of introducing the pathogen into new areas. 

Damage and Crop Loss 

This disease has become of increasing importance in soyabean fields rotated with 
other legumes or with sunflowers. Losses in individual fields range from trace lev- 
els to as much as 1 5%. Pods above a stem lesion are reduced in number and size. 

Management 

Soyabean cultivars range from moderately resistant to highly susceptible, vary- 
ing with plant architecture, maturity and lodging characteristics (Chun at ul., 



Fig. 3.11. Soyabean stem with external symptoms of sclerotinia stem decay (centre), with 
internal sclerotia in a split stem (right), and extracted sclerotia (left), caused by Sclerotinia 
sclerotiorum (photo: courtesy of M.C. Shurtleff ). 

1987; Nelson et ul., 1991). The expression of resistance is altered by cultural 
practices, such as row width, plant population and irrigation applied at flower- 
ing. Alternating soyabeans with non-host crops such as maize, grain sorghum or 
pasture grasses, or clean fallowing for 2 years, may prevent inoculum build-up. 
In fields heavily infested with S, sclerotior~ii~, a 3- to 4-year rotation with non- 
host crops may be needed. Burying crop debris bearing sclerotia at a depth of 
15-25 cm with a mouldboard plough may reduce: inoculum carry-over and 
delay disease development. Movement of soil during cultivation around soyabean 
stems may increase disease incidence. 
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SEPTORIA BROWN SPOT 

Causal Pathogen 

Septorio gI!jcirles IIcmmi (teleomorph M!ycos/~hcrrrolh uspertskajrra Mashk. X 
'Tomil.). M, uspenskajae is classilied in the si~bdivision Asc~oi)t!lcotirtr1, class 
l,c~c't~/onscor~t~~etesS and order Dotlridoc~les. Srptorin sojae Syd. & 13utl. and S, sojirtn 
Thum, arc considered lcss important. 

Biology 

Brown spot occurs worldwidc pt~rticularly in tempcrate rcgions, or in subtropic;~l 
and tropical trreas whcre mild temperatures and abundant moisture prevails. 
Thc fungus has a relatively narrow host range and is variable (Karnicker and 
I,im, 198 5 ) .  

Symptoms 

Brown spol is primarily a folier disetlsc although stems, pods and seeds ol'matur- 
ing plants can also bc infected. Irregular dark brown spots, varying in size up to 
4 lnln in diameter, appear on both upper and lower leaf surfaces (Fig. 3.12). 
Inl'ectcd leavcs quickly turn ycllow and drop. Adjaccnt lesions may coalcsce to 
b r m  blotches. The diseasc usually progrcsses from lower to uppcr leaves. 
Symptoms on other plant parts are not sufficiently distinct to be diagnostic. 
Symptorn production is duc in part to a pathotoxin (Song ~t a/., 1993). The 
pathogcn colonixes soyabct~n sced coats without produc-ing conspicuous symp- 
toms. The pycnidia, which are thc most conspicuous fruiting structure in the 
tield, form in thc dead tissucs of old Icsions and are globose to conical-globose 
and generally opcn to the upper surlkce. Those formed in stcms arc tlattcncd. 
Thcy are embedded in the substrate and open to lhc surface with a large ostiole. 
l'ycnidial walls are membranous and thin. C'onidia arc hyaline, filiform, curved 
and measure 21-50 x 1.4-2 pm. l'hcy ;Ire distinctly one- to three-scptate, with 
septation becoming noticeable at gerrnint~tion. Corlidia readily germinate in frec 
water or on leaf surl'accs. Maturc hyphac are thick-walled and dcnsely branched. 

Epidemiology 

The primary crop inoculum ariscs from conidia and mycelium overseasoning in 
d~seased seeds and crop debris. 1,csions in cotyledons and unifoliolate leaves are 
inoculum sources. Infection and discase development arc fdvoured by warm, 
moist weather which promotes sporulation on primary lcsions (Schuh and 
Adamowicz. 199 3). Conidia are spread by wind and splashing rain. The fungus 
enters through stomata and grows intercellularly, killing cells next to the 
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Fig. 3.12. Soyabean leaflet with leaf lesions of brown leaf spot, caused by Septoria glycines 
(photo: courtesy of R.F. Nyvall). 

hyphae, or by growing through funicular and placental tissue and later invading 
the seed coat without producing symptoms. 

Damage and Crop Loss 

The disease causes premature defoliation with yield losses ranging from 8 to 15% 
under natural field conditions, and from 8 to 3 5% in inoculated field trials (Lim, 
1980: Pataky and I,im, 1981). The disease is most severe when soyabeans are 
grown continuously in the same field. 

Management 

Plough under all crop residues after harvest. Rotate soyabeans with a crop that is 
not susceptible to the causal fungus. Plant seed of cultivars that have been shown 
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to be relatively free of the pathogen or are generally less susceptible. Ilse resistant 
or tolerant cultivars where available (Sebastian rlt nl., 198 3; Song et rrl., 1994). 

BACTERIAL BLIGHT 

Causal Pathogen 

Psc~ulk~n~oncts sgringcle pv. glycinail (C'oerpcr) Young, llyc & Wilkie is a motilr, 
Gram-negative rod (1.2-1.5 X 2.3-3.3 pm) with rounded ends, and one to scv- 
era1 polar tlagclla in the Pseutlontot~ntI(~(~f~(~~~.  Bi~ctcrial blight caused by othcr 
pnthovars of this bacteriunl affect common bean (see Allen rt (11. C'haptrr 4, this 
volume) and pea (see KraSl et nl., Chapter 6, this volume). 

Biology 

Bactcriiil blight is the most common bacterial foliar diseasc of soyabe;ins, occur- 
ring wherever the crop is grown, especially during cool, wet wcat hcr. Colonies on 
nutrient agar arc circular, srnooth and glistening, with an ilcute margin: they ilrc 
white t~nd  raised but not viscid (Hasu and Butler, 1986). 'l'he optimum li)r growth 
is 24-2 6°C. Sclectivc media havc been developed ( Alvarcz ot irl., 199 5 ) .  Struins 
infect bean (t'hirsr~olus vulguris L.), lirna bean ( t !  lro~rrlus L.) ,  tcpary bean (I? rtc,rrli- 

folius A. Gray) and cowpea (Vigm rrnguiculatu (I,.) Walpcrs). At Icast nine races of 
the bacteriurrl havc been identified (Fctt and Sequciri~, 19% 1 ). 

Symptoms 

Angular, yellow to light-brown lesions appear tirst on young leallcts, thcn enlarge 
to produce irregular dead tissue with yellow haloes (Fig. 3.1 3). 'l'hese areas drop 
out, giving a ragged appearance, especially after strong winds and beating rains. 
Early defoliation of lower leaves may occur. Infected stored seeds may shrivel, 
develop sunken or raised lesions and become discoloured or remain symptomless. 

Epidemiology 

Cotyledons may be a major source of inoculum that causes secondary lesions on 
seedlings. The bacterium is spread during windy rainstorms and during cultiva- 
tion while foliage is wet. It exists epiphytically on leaf surfaces and buds, needing 
only the proper temperature and wind-blown rain lo enter the leaf. Cool, rainy 
weather favours disease development. The bacterium overseasons in crop debris 
on the surface as well as in seeds. 



Flg. 3.13. Soyabean leaflets with symptoms of bacterial blight, caused by Pseudomonas 
syringae pv. glyinea (photo: courtesy of D.W. Chamberlain). 

Damage and Crop Loss 

Estimates of economic losses range from 5 to 1 X'%) from various world locations. 
but losses generally are low where resistant or tolerant cultivars are planted 
(IIuynh ut  ml.,  1989). 

Management 

Rotate soyabeans with non-susceptible crops and completely bury crop residues 
by clean ploughing before planting. Avoid planting highly susceptible cultivars 
and sow seeds that are relatively free of the pathogen. To prevent field spread of 
the pathogen, do not cultivate when the foliage is wet with dew or after rain. 
Antibiotic sprays have been successful in controlling bacterial blight, but cost 
may be prohibitive. 

BEAN YELLOW MOSAIC 

Causal Pathogen 

Bean yellow mosaic virus (BYMV), a member of the potyvirus group, is a tlexu- 
ous rod. about 750 X 12 nm. Its dilution end point is 1 0 - I  to and the 
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thermal inactivation point varies between 5 0  and b2"C. depending on the strain. 
Longevity in vitro varies Ikon1 1 to 4 days at room temperature. 

Biology 

RYMV and the disease it  causes in soyabean are lbu~ld throughout Asia, in 13razil. 
and in certain areas of the IJSA and the b r ~ n e r  1JSSK. RYMV has a wide host 
range including many legumes, c.g. t'aba bean (see Jellis c>t r r l . .  C'haptcr 7, this vol- 
ume), lupins (see Hill, Ohaptcr 1 1 ,  this volume) and clovcrs (sce Mercer. Chapter 
12, this volume). It is made up of a number of strains. 

Symptoms 

Early symptoms include vein-clearing alorig the small, branching veins ol'young 
leaves. Later, a conspicuous yellowing mottling of thc eritirc leaf develops (Fig. 
3.14). Rusty, necrotic spots appear in the yellow areas as the Icaves rnaturc. Somc 
strains produce severe mottling and crinkling of the Icaves. 

Fig. 3.14. Soyabean leaf with symptoms caused by bean yellow mosaic virus (photo: 
courtesy of J.B. Sinclair). 



160 J.B. SINCLAIR 

Epidemiology 

Soyabeans are most susceptible from 3 to 9 weeks after planting and susceptibil- 
ity decreases with age. The virus is sap-transmitted and more than 20 aphid 
species transmit the virus in a nun-persistent manner. Seed-transmission has not 
been rcported in soyabeans. 

Damage and Crop Loss 

Losses ranging from 15 to 75% have been reported from India due to decreased 
number of pods and seeds per pod, seed weight arld rlodulatiorl by Bradyrhizobiutn 
(Llhingra and Chenulu, 1985: Dante et 111.. 1992). Reduced oil content has been 
recordcd in seeds from infected plants. 

Management 

Use resistant cultivars where available (Ram r,t ul., 1984). Insecticides have beell 
effective in controlling transmission in India. 

SOYBEAN MOSAIC 

Causal Pathogen 

Soybean mosaic virus (SbMV) and at least 14 closely related potyviruses from 
soyahearl (Jain et ul., 1992: Qusus et ul.. 199 5) .  

Biology 

Soybean mosaic occurs wherever soyabeans are grown. SbMV is a llexuous rod 
averaging 750 X 15-18 nm. However. virus particles range from 300 to 900 
n m ,  the most infectious particles being over 656 nm long. Soybean mosaic virus 
virions have helical symmetry with a pitch of 34". The nucleic acid in the parti- 
cles is single-stranded KNA, constituting 5.3'% of the particle mass and having a 
molecular weight of 3.25 X lo6. Thermal inactivation points range from 55 to 
70°C; longevity in vitro is 2 to 5 days. The virus remains infective in desiccated 
leaves for 7 days at 2 5-3 3°C and is most stable at pH 6 and loses infectivity below 
pH 4 and above pH 9. The virus can infect several host species, mostly in the 
1:abaceae. It induces systemic symptoms in soyabeans, as well as in Canavaliu ensi- 
forrnis, C ~ s s i a  occiderltulis, Crotaluriu spectabilis, Cyamopsis tetrugonoloba, Dolichos 
falcatus, Lespedeza stipulacea, L, striuta, Lupinus albus. L. luteus, M~croptilium lathy- 
roides, Mucuna deeringianutit, Phaseolus lunatus, l? nigricans, some cultivars of l? 
vulgaris, Sesbarlia exaltata. Trigorlellu caerulea and T. foenurn-gruecum. 

Latent infections occur in Hippot'repis ~nultisiliquosu. Lotus tetragonolobus. 
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Lu4pirurs ungustifoolius, Phnseolus speciosus, sornc cultivars of P vulgnris, and 
S['orpiurus sulcatu. SbMV causes local lesions on C l ~ e n o ~ i i t t  album, C'. rl~rirroir. 
C'yt~n~opsis tt~trugor~olobu, Dolic-has biflorrrs. Indiqcfltril I~irsuta, Lnbltrh purprlreus, 
Lourvtr vc~spertilionis, Mat.rnptiliurrr lnth!lroid[~s, t'l~rrstolus Irrnutus, sornc cultivars of 
P vulgaris, and Vignu unguiculirttr. Some isolates of SbMV cause both local lesions 
and systemic synlptoms in C~an~opsis  tctragonolobn and Matlroptiliurr~ Itrtlr!yroidus. 

SbMV also infects At~~urnrrtltrts sp., IY~~sulis longifolL, I? \~irgirrinro~cr, Sctnritr sp. 
and Solurtutil carolinc~r~se. Several strains of the virus have been recognized, on the 
basis of the reactions of ti differential set of soyabeirn cultivars (Bowers and 
Goodman, 1991). 

Symptoms 

Sytnptorn production depends on host genotype, the virus strain, pltrrlt ilgc, and 
environmental conditions. Seedlings arising from infccteti seeds are spindly, with 
rugose or crinkled unifoliolotc leaves which may be rnotlled or curl longitudinally 
downward. Subsequent leallets arc chlorotic, sevcrcly stunted, mottlcd. and 
rugose (Fig. 3.1 5 ) .  Plants infected early in the season irrc stunted, have short- 
ened petioles and internodes and olf en show a browning of stems and peliolcs. 
Leaves arc reduced in size and generally misshapened: the youngest show the 
most severe symptoms (I'ucurnbaba. 1995). 'l'ypic;rlly, irif~~cted plants mature. 
conspicuously later than uninfected oncs, being conspicuous in the lield where 
they remain green while most other plants have become tieti~liated irnd dried. 

Fig. 3.15. Soyabean plant in the field with symptoms caused by soyabean mosaic virus 
(Photo: courtesy of G.R. Bowers, Jr.). 
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The pattern of infected plants in the field depends on aphid transmission. Seed 
from infected plants may or may not show sytnptoms. Yellow-seeded cultivars 
infected with SbMV may produce seeds that are mottled brown or black, depend- 
ing upon hilum colour (Bottenberg and Irwin, 1992). The presence of symptoms 
does not necessarily mean the virus can be detected in seeds. Other viruses and 
certain environmcntul conditions can each cause such mottling. 

Epidemiology 

Seed transmission in the embryo is important in the epidemiolngy of soyabearl 
mosaic, particularly in areas that lack vectors and alternative hosts of SbMV. The 
extent of seed transmission depcnds on the virus strain and host genotype. A 
smell percentage ol'sccds from infected plants carry the virus for periods excced- 
ing 2 years. The virus is sap- and graft-transmissible, but it is not transmitted by 
Custwtn. At least 3 1 aphid species transmit the virus ellicicntly in a non-pcrsis- 
tent manner (Gunasinghe et nf., 1986). The virus moves systemically in infected 
plants. Multiplication and movement occur most rapidly at 26OC. with no move- 
merit at 10°C. 

Damage and Crop Loss 

Yields may be reduced by 50°/0. Yield reduction of 9 3 %  has been reported in 
expcrimentally inoculated plants. Infected plants produce fewer, sniallcr, lighter 
seeds which may have mottled sced coats (Hill cTt nl., 1987). Infection of pliirits by 
the virus can predispose some cultivars to infection by Pl~orrlopsis lorrgic~olln, cause 
of Photnopsis sced decay. 

Management 

Control of soyabean mosaic is diMcult because of the broad host range of SbMV, 
the number of aphid species that transmit the virus, and the importance of seed 
transmission. No cultivar is resistant to all strains. C'ultivars vary in their resis- 
tance to the virus, seed transmission, and symptom expression (Lirn, 1985). Ilse 
the most tolerant cultivar available and sow seeds relatively free of the virus (not 
necessarily free of the symptoms). and practise alternative-host weed control in 
and around soyabean fields. Controlling aphids with insecticides often increases 
disease incidence by promoting flights of viruliferous insects. Cross-protection by 
mild strains has been studied (Kosaka and Fukunishi, 1994). 

BUD BLIGHT 

Causal Pathogen 

Tobacco ringspot virus (TRSV) and tobacco streak virus (TSV) in Brazil (see 
'Brazilian bud blight'). Tobacco ringspot virus is a nepovirus, and TSV an 
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ilarvirus. Phytoplasma-like organisms can cause sylnptorns somewhilt similar to 
those caused by TRSV and TSV. 

Biology 

Bud blight symptoms can be caused by different agents and the diseilsc has been 
reported in all the major soyabean growing countries (Almcida, 199 3).  'The viri- 
ons arc polyhedral particles, 28 to 3 0  nnl in diameter, which ciin bc separated 
into top-, middle- and bottom-scdimenting componcnts (53,  91, and 126  S. 
respectively). The top co~nponcnt is devoid of nucleic acid. The bipartite gcnomc 
consists of single-stranded RNA molecules with mo1ccul;lr wcights of 1.4 x 10'' 
i ~nd  1.4 X lo", encapsidated separately in the rniddle and bottorn components, 
rcspectivcly. 'l'he virus is moderately immunogenic. Thc thermal int~ctivation 
point ofTRSV is between 60  and 65°C'; its dilution end point is between 10 -' and 
10 5 ,  and longevity ill vitrc~ is h- I0  days at 250C1 and 10  montlis at 2-4°C'. I t  is 
sap-transmissiblc and is made up of mimy strains ((krgrrich et rrl., 198 3 ;  'l'u. 
1986). 

'She virus induces local or systen~ic symptoms, or both, in a wide range of 
plants, and some syn~ptornless carriers also are known. 'l'hc hosts anlong 
legumes, many of which act as reservoirs, include ('rotalnriir interrt~oditr. 
Cytrttlo~psis t t J t  rugonoloba, Lupi~lus spp., Ml~lilotus spp., Phrrst~nlus lrrrlrrtus, 1.1 vulgilris, 
l'isurrr sntivum, Trifoli~on pratrrls~ and V~gttn ringuic~rilrctri, as well as various species 
in other ftimilies. Symptomless carriers include Trifoliuttt npcns. Sevcral btrains ol' 
thc virus naturally infecting soyabeans have been reported, 

Symptoms 

TKSV can infect soyabeans at any tirnc, but susceptibility decreases after blos- 
soming begins. Plants infected while less than 5 weeks old arc stunted, 'l'he 
stunting is not evident when grown at above 25OC. The most striking symptom is 
the curving of the ternlinal bud to form a crook. Adventitious leaf and floral buds 
may proliferate. Later, buds on the plant become brown, necrotic and brittle (Fig. 
3.16). Petioles of the youngest trifoliolate leaves often are thickened and short- 
ened and may be curved. Leatlets arc dwarfed and tend to cup or roll, and the 
blades become more or less rugose and bronzed. Pods generally are severely 
underdeveloped or aborted. Those that set before infection often develop dark 
blotches, generally do not produce viable seeds, and drop early. Maturity is 
delayed in infected plants: they remain green until harvest, or until killed by 
frost. The pith and branches [nay show a brown discoloration, Erst near the 
nodes and then throughout the stem. Rrown streaks occasionally are observed 
on petioles and large leaf veins. The virus reduces root and nodule growth. 
Nodulation is suppressed until plants are about 40 days old. 



Fig. 3.16. Soyabean plant in the field with symptoms of bud blight caused by the tobacco 
ringspot virus (photo: courtesy of J.B. Sinclair). 

Epidemiology 

TRSV causes systemic infection in susceptible cultivars, moving from infected 
leaves to stem tips and into roots. Movement from roots to leaves is uncommon. 
Movement is faster at high temperatures and in long photopcriods, and move- 
ment from young leaves is greater than that from maturing leaves. Seed trans- 
mission is the most important mode of long-range dissemination and carry-over 
from season to season. Because all infected seeds come from plants infected 
before bloom, the maximum possible amount of viruliferous seeds is extremely 
small, barely enough to perpetuate the virus. The virus remains viable in seeds 
for at least 5 years. In the absence of seedborne inoculum, the disease first 
appears at the edge of a soyabean field and advances inward as the season pro- 
gresses. The speed of spread depends on the crops and weeds next to the field and 
probably on an  insect vector. More infection occurs in fields next to pastures, and 
less next to maize fields. 

No efficient insect vector of the virus has been discovered. Nymphs of Thrips 
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tnbrcci Lind. transmit it ut a low level of efficiency. A grasshopper (Molntlol~lus t i i f -  

firenlialis (Thomas)) is capable of a 2-3") transn~ission rate after a single fced. 
Whcn feeding is extended to 30 scconds, no transmission occurs. 'The d i ~ g g ~ r  
nematode (Xipl~ir~c~rnn cirnt~ricrxtlurn Cobb) also is an  incfticient vector and the 
infection generally rcmains confined to roots. 

Damage and Crop Loss 

Yields may be reduced by 25-100'%,. In gencral, losses arc greatcr when young 
plants are infcctcd or whcn seeds with a high pcrcentnge of the virus are sown. 
Yields arc lowered through reduced pod sel ; ~ n d  seeti thrmation on inkctcd 
plants. 

Management 

A fcw soyabcan cultivars havc rcsistancc to ;I few strains of the virus. 'I'hcsc 
should bc used whcre available. Virus-free soyabeari secds should be used in com- 
nlcrcial fields, and it may be dcsirublc to avoid tields with dagger nrmntodes. 
Since the spccd of spread depends on thc crops and weeds next lo soyabean liclds 
irnd probably also on insect vcctor populations, loci~le soyabean lields next to 
rliaizr lields rather than pastures. 'l'hcrc is promise of rcsistancc from plant intro- 
ductions (Orcllani~, 198 1 ). 

BRAZILIAN BUD BLIGHT 

Causal Pathogen 

Tobacco streak virus ('I'SV), a member of the ilarvirus group (see 'Rud blight'). 

Biology 

Bud blight caused by TSV occurs in Brazil (Almeida et ul., 1994). the USA, and 
probably elsewhere, because the discase is indistinguishable in the field from bud 
blight caused by tobacco ringspot virus (sce 'Bud blight'). It has isometric parti- 
cles ranging from 2 5 to 3 0  nm in diameter. The particles separatc into three or 
four scdimenting components, with sedimentation coefficients ranging from 78 
to 114 S. Particles contain four moleculcs of positive-sense, single-stranded RNA 
ral~ging in molecular weight from 0 . 3  X 106 to 1.04 X 1 Oh. The three largest 
RNAs are genomic, but they require either coat protein or the smallest (subge- 
nomic) RNA for infectivity. The virus is seed- and sap-transmitted, but is readily 
inactivated if extracted in water. The extent of seed transmission depends on the 
virulence of the virus strain, susceptibility of the soyabean cultivar, and earliness 
of infection (Fetzer et ul., 1988: Almeida and Corso, 1991). In early-infected 



susceptible cultivars, seed transmission may reach 30'Y0. There is indirect evi- 
dence suggesting transmission by thrips, Cd~lioti~rips phaseoli (Hood). 

The virus has a wide host range, including groundnut. Many strains of TSV 
are known (Ghanckar and Schwenk, 1980). and cross-protection between 
strains is common. The thermal inactivation point at pH 7 is between 5 5  and 
hO°C in phosphate bull'er and in sodium sulphitc solution; dilution end point is 
about 10 ' in sap and is between 10 and lo-"? if the virus is cxtractcd with 
phosphate buffer and sodium sulphite. A dilution end point of 1:640 was 
reported in phosphate buffer. The virus is inactivated within 2 0  minutcs in crude 
sap and within I h if cxtractcd with water: infectivity is retained for up  to 9 h if 
cxtractcd with phosphate buffer end sodium sulphitc. 

Symptoms 

Symptoms usually are not seen on young plants. Irregular, yellow spots k)rm 
later on Icaves, followed by systemic symptoms. The virus moves rapidly in soya- 
beans from roots to aerial parts and from leaves to shoots and roots. Infected 
plants tend to recover and thcn develop supernumerary axillary branches which 
arc stuntcd and produce dwarfed leaves (Fig. 3.17). Mosaic syrnptorns and 
necrotic strcaks may develop at nodes. Necrotic blotches appear on pods. TSV 
can be recovered from all parts of the plant except pollen. Virus concentration 
increases in young developing leaves and declines as they mature. 

Damage and Crop Loss 

Early infccted plants produce fewer pods and seeds. Infection at any age delays 
seed maturation. 

Management 

Resistance in soyabean to TSV has not been reported. Therefore, corltrol mea- 
sures should emphasize protection from introducing virus-infected seeds into 
soyabean lields. In areas where the virus causes signilicant problems in soyabean 
performance, the production of virus-free seeds for planting should prove useful. 

SOYBEAN CYST NEMATODE 

Causal Pathogen 

Soybean cyst nematode is Heturodem glycinus Ichinohe which belongs to the order 
njlenc,hida, suborder Tylenchina, superfamily Tylenchoidea, and family 
Heteroderidae. 



Fig. 3.17. Soyabean plant with symptoms of Brazilian bud blight caused by tobacco 
virus (photo: courtesy of A.S. Costa). 

streak 

Biology 

The nematode arid the disease occur in the People's Republic of C'hiria, Colombia, 
Indonesia, Japan, Korea, the former IJSSK and at least 2f3 statcs ol'thc 1ISA. H. 
glyc-inrtt has an egg stage, four juveriiles stages, and an adult stage. 1:irst-stage 
juveniles develop within the egg and moult once lo bccome second-stage 
juveniles, which emerge from the egg. Second-stage juveniles penetrate roots 
approximately 1.0 cm or more behind the root tip from where they migrate to 
the vascular tissue; when feeding begins. the nematodes begin to cnlarge and 
become sedentary. Three more moults occur, resulting in third- and fourth-stage 
juveniles and adults. Males mature faster than females. Development occurs at 
temperatures of 18-32°C; 24-28°C is optimal. Development does not occi~r 
above 33°C and is slow below 16°C. At least 16 races have been described 
(Schmitt ut al., 1987). 
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Symptoms 

Foliar symptoms on seedlings vary from a slight stunting to severe chlorosis and 
death. Mature plants may be stunted or chlorotic, or both. These symptoms, 
however, are not diagnostic, because nitrogen and potassium dcticiencies may 
cause similar symptoms. The root system has symptoms ranging from slight dis- 
coloration to severe necrosis. Lliagnosis must be based on the white to yellow 
females (cysts), which erupt from the roots (Fig. 3 . 1  8). Some populations of the 
nematode, especially race 1, also affect nitrogen fixation. Nodulation may be 
slightly or completely inhibited, and the nitrogen fixation efliciency of thc 
remaining nodules may be reduced. Cysts are Icmon-shaped and measurc 
560-850 X 350-590 pm. Brown bullae (internal knobs in the anal area) are 
present. Young females are white when young and turn yellow with age: upon 
death the body wall hardens and becomes a dark brown cyst, The cyst wall has a 
pattern of irregular, short, zigzag lines. The female produces a gelatinous rnalrix 
at the vulva1 cone which usually contains some eggs, and the female body also is 
filled with eggs. Males are veliform and 1-3.5 mm long. Second stage juveniles 
are approximately 450 pm long. About half of the tail of thc second stage juvenile 
is hyaline. 

Fig. 3.18. Roots of a soyabean plant with cysts formed by female soyabean cyst nematodes, 
Heterodera glycines (photo: courtesy of US Department of Agriculture). 
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Epidemiology 

Eggs within H. glycint~s survive for 11  years or more, The relationship between 
soyabean yield and the number of eggs generally is linear. This tolerance of low 
population levels of the nematode is dependent on soil factors, especially those 
related to moisture and nutrition. Soybean cyst nematode can be disseminated 
by wind, water, soil, pods in uncleaned seed, and machinery. As the nematode 
can move on its own through the soil at a rate of only a few centimetres a year, 
passive movement with soil is important in dissemination of this nematode. 

The length of the life cycle depends on soil temperature. A generation lasts 
from 2 4 4 0  days under ideal lield conditions vilrying with temperature in the 
range of 1 8 to 2 3°C. Thus, three to six generations arc possible in a single year, 
depending on location. 'l'he nematode fails to develop on soyabean roots below 
10°C or above 34°C. Survival in the absence of a host plant depends on soil tem- 
perature and moisture. Eggs in cysts are capable of remaining viable for up to 8 
years in moist cool soil. Even in dry condilions, some eggs may survive in cysts as 
long as 7 years under cool conditions. Viability declines when dry soil is exposed 
to high tcmperatures or to flooding. 

Damage and Crop Loss 

Yield losses vary from minor to complete, depending upon the race and the popu- 
lation density of the nematode, cultivar susceptibility, environmental conditions, 
and crop management practices (Koennig and Barker, 199 5). Sevcrc losses may 
be confined to restricted areas in a Held. Heavy infestation reduces effectiveness of 
Rri~d!irhizobium (McCinnity ilt ul., 1980). 

Management 

Long-term control of soyahcan cyst nernatodc requires an integration of manage- 
ment practices, including crop rotation for at least 2 years, the use of resistant 
cultivars and good crop management (Kocnning ct al., 199 5). Integration of con- 
trol tactics is dependent on the crop or crops, available cultivars, and ability to 
manage soil water. Important considerations in integrated management are the 
use of a non-host to maintain a low nematode population (Rodriquez-Kabana et 
ul., 1991), good weed control and the use of resistant cultivars in such a way that 
race shifts are minimized, 'She use of nematicides may be useful if other nema- 
tode species are present, or if genotypes of soyabean cyst nematode are mixed. 

PROSPECTIVE 

Soyabeans have good potential for production in the tropics. Yields from a newly 
introduced crop to an area are usually good and are larger from late-maturing 
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than from early-maturing cultivars. Howcvcr, yields are still lower than in tem- 
perate regions, in part due to poor nodulation by nitrogen-fixing bacteria. Loss 
from diseases on a worldwide basis is about 1 5 %  of potential yield for any single 
season. These iosses vary widely from year to year, and not always to thc same 
diseasc in any onc year. These losses are due primarily to foliar diseases, such as 
anthracnose, frogcyc leafspot and rust, as well as to soilborne pathogcns that 
cause charcoal rot, pre-and post-emergence diimping-off, seedling diseases, root 
rots and nematode damage. The use of resistant cultivars is a major means of dis- 
ease management in the tropics, especially for srnall growcrs. Howcvcr, the 
pathogcrls that cause the diseases described in this chapter arc highly variable, 
madc up of populi~tions, of races, or strains, and breeding for resistance or toler- 
ance is a long-term objective. Perhaps with the use of biotcchnological methods, 
multiple resistance gencs ctln bc incorporated into soy;rbean cultivars with 
acceptable yicld potential for the tropics. 

Soyabeans have bccn shown to contain it11 but one essential arnino ticids 
required [or good human nutrition and, more reccntly, soya protein has becn 
shown to have beneficial effects on lowering human serum blood cholesterol and 
preventing heart disease. There arc many ncw value-added products from soy- 
&an being developed, such ;IS a control for mosquitoes, non-toxic ndhcsives for 
compositiorl board, plastic foirm for insulation and other uses, biofucls, and 
llavourful prepared li~ods. Biotechnicill tools, such as the usc of r;~ridom amplifi- 
cation of polymorphic IINA (KAPD) for DNA idenlilication, arc providing a 
means to idenlily benelicial genes influencing higher yicld s r ~ d  preferred qualily 
traits ;is wcll as discase resistance. The bretrkthrough of crossing wild G'1,ticinr spp. 
(which are imnlune to most soyabcan pathogens) with C'. t n ~ x  provides a source 
of gcnelic material yet to be exploited (Singh and Hyrnowitz, 198 5 ) .  Soyabcans 
truly are the crop of the twenty-first ccntury. Through integrated disease, insect 
and weed management using sustainable technology and in~proved cultivars. 
soyabean production will be protitable for growcrs worldwide. 
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DISEASES OF 
COMMON BEAN 

D.J. ALLEN', R.A. BLIRLJCIIARA~ AND J.B. SMITHSONS 
' Ct.tltro Int~rt~c?riot~rr/ tlo A~gric'~rltitrcr Tropicvrl, ('/A'/: Arrrslltr. firrrztrt~icr: 

2Cl~7', Ki~~v(rt~t!tl, Ugmld(f (rtll! $ 5  n!{rtt~()l)r A ~ p t ~ t ~ l r o ,  (;r(lcrt A!jt(~tt, C'lll\v~l~rttc! 7'.Scl (111: (]A' 

INTRODUCTION 

This chapter is conlined to :I review of the tliscascs of thc cultivated species ol'thc 
genus Pllnsrolus with emphasis on t he common bcon (I'l~tt,sool~rs vlrl!gtrris). 1'. virl- 
garis belongs lo I he family Pcrbcrc1ene, in tribe l'l~c~sr.olerre of subl'nmily J'c~piliot~oickle, 
which contains ell the grain legunles important in world agriculture (I'olhill and 
van der Maesen, 1985). 1)ornesticated in Latin America. 1'. virl!jaris is 11ow the 
most important grain legume for small-sctlle farmers in intermediate altitudc 
zones of tropical 1,atin America and Africa. 

Its diversity ol' growth habit, from determinate bush types to vigorous 
climbers, suits common bei111 to a wide variety of cropping systems and envirorl- 
ments. Pure stands of common bean are Ihund mainly in large-scale iigricu1tur;il 
situations though, on small farms in the ( h a t  Lakes region of central Africa, 
there are large areas of climbing bean grown pure (Allen et trl., 1989). On small 
farms, common bean is most frequently grown in traditiontll systems, in associa- 
tion with other crops - notably maize, but also with banana and coffee, impor- 
tant in central and eastern Africa (Woolley et al., 199 1). 

Risk aversion is a major strategy of small-scale fr-~rmers in developing coun- 
tries. Mixed cropping helps to avert risk through diversity (van Rhccnen rt rrl., 
198 1 : Davis and Panse, 198 7). But i t  is vulnerable because small farmers lack 
wherewithal to protect crops against the many constraints that afflict them in 
tropical environments (lJinstrup Anderson rt al., 1970; Wortmann and Allcn. 
1994). Among these constraints, diseases feature prominently. Some LOO 
pathogens are known to attack the common bean but fewer than a dozen causc 
substantial economic damage, lliseases like anthracnose, angular leaf spot, rust, 
common bacterial blight, bean common mosaic and bean golden mosaic are very 
widespread and can decrease seed yield considerably. One or more of these dis- 
cases is almost always associated with the bean crop wherever it is grown. Other 
bean diseases can also cause significant crop loss, but they tend to be confined to 
specific environments. This group includes halo blight and ascochyta blight, 

N A B  INTERNATIONAL 1998. The Pathology of Food and Pasture Legumes 
(eds D.J. Allen and J.M. LennC) 



1 180 0.J. ALLEN ET AL. '1 

among others. Another group of bean diseases, although widespread, tends not 
to cause very large losses: all the rest of the diseases arc either sporadic in occur- 
rence or are of only local importance (Reebe and Pastor-Corrales, 1991; Allen, 
1995). 

Here, we focus on the eight diseases referred to above. In the interests of 
keeping text concise, fungal pathogens not dealt with fully are listed in Table 4.1. 

Table 4.1. Local or minor fungal diseases of common bean. 

Disease Causal fungi 
- -- -- - - -- -- - - - - - 

Distribution (references)' 
-. - - - - - 

Seed and seedling diseases 

Seed decay Aspergillus spp., Botryodiplodia 
theobromae Pat. 

Widespread (5,7,9) 

Damping-off Pythium ultimum Trow., f! myriotylum 
Dresch. and other spp., Rhizoctonia spp. 
and Sclerotium rolfsii Sacc. 

Widespread (3,4,14) 

Stem and root rots and vascular wilts 

Charcoal rot, Macrophomina phaseolina (Tassi) Goid. 
ashy stem blight 

Widespread (14) 

Sclerotium root rot Sclerotium rolfsii (teleomorph 
= Corticium rolfsii Curzi) 

Widespread in warm 
temperate and tropical 
regions (14) 

Widespread (14) Pythium root rot Pythium aphanidermatum (Edson) 
Fitz.; f! debaryanum Hesse, P. 
ultimum Trow, and other spp. 

Rhizoctonia root rot Rhizoctonia solani Kijhn (teleomorph = 
Thanatephorus cucumeris (Frank) Donk) 

Widespread (1 4) 

Aphanomyces root 
and hypocotyl rot 

Aphanomyces euteiches Dresch. USA (1 4) 

Texas root rot 

Black root rot 

Phymatotrichum omnivorum (Shear) Dugg. 

Thielaviopsis basicola (Berk. 
& Br.) Ferr. 

USA, Mexico (1 4) 

USA, Europe (14) 

Fusarium dry root rot Fusarium solani f , sp. phaseoli (Burk.) 
Snyder & Hansen (teleomorph 
= Nectria haematococca Berk. & Br.) 

Widespread (14) 

Fusarium wilt, yellows Fusarium oxysporum f, sp. 
phaseoli Kendrick & Snyder 

Ternperateltropical 
America, central Africa (14) 

Foliar and pod diseases 

Web blight, rnustia Rhizoctonia solani Kii hn Widespread: especially 
important in Central 
America (1 2) 
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Table 4.1. Continued 

Disease Causal fung~ 
- - 

D~str~butlon/referencesl 

White mould Sclerotinia sclerotiorum (Lib.) Locally important 
de Bary temperate/tropical America, 

eastern Africa and 
Australia (1 3) 

Floury leaf spot Mycovellosiella phaseoli 
(Drummond) Deighton 

Alternaria leaf Alternaria alternata (Fr.) 
and pod spot Keissler and other spp. 

Widespread, warrants 
more research (10) 

Widespread, minor 
(10 , l l )  

Phyllosticta leaf spot Phyllosticta phaseolina Sacc. Widespread, minor (1 0) 

Chaetoseptoria Chaetoseptoria wellmanii Stev. Tropical America (1,2) 
leaf spot 

Scab Sphaceloma state of Elsinoe 
phaseoli Jenkins. 

Easternlsouthern Africa, 
locally and seasonally 
important (1 0,15), needs 
research attention 

Grey leaf spot Cercospora vanderysti P. Henn. Latin America (1 1) 
and C. castellaniiMatta & Bell. 

Cercospora leaf Cercospora canescens Ell. & Mart., Widespread, minor 
spot or blotch Pseudocercospora cruenta Sacc. (10 , l l )  

(Deighton) (teleomorph = Mycosphaerella 
cruenta Latham) and other spp. 

White leaf spot Pseudocercosporella albida (Matta & Bell.) Dominican Republic, 
Deighton Guatemala, Colombia 

(6,11) 

Leaf smut Entyloma spp., but there may be Tropical America, 
confusion with Protomycopsis spp. minor (8,lO) 

Powdery mildew Erysiphe polygoni DC Worldwide, exacerbated by 
shade (1 0) 

Phytop hthora pod rot Phytophthora nicotianae var.parasitica USA, Zaire, India (10) 
(Dast.) Waterh. and F! phaseoliThaxt 

Grey mould Botrytis cinerea Pers, ex Fries Widespread (1 1) 
(teleomorph = Botryotinia fuckeliana 
(de Bary) Whetzel) 

Diaporthe pod blight Diaporthe phaseolorum (Cooke & Latin America (1 1) 
Ellis) Sacc. 

Yeast spot Nematospora coryli Peg. and other spp. Widespread (1 1) 

References: 1. Muller (1953); 2. Yerkes (1956): 3. Schroth and Cook (1964); 4. Gay (1969); 5. Habish (1972); 
6. Deighton (1976); 7. Ellis etal.  (1977); 8. Vakili (1978); 9. Seenappa e ta / .  (1981); 10. Allen (1983); 11. Schwartz 
(1 989a); 12. Galvez et a/. (1 989); 13. Schwartz and Steadman (1 989); 14. Abawi and Pastor-Corrales (1 990); 
15. Phillips (1994). 



Similarly, the othcr bacterial and virus diseases that afflict the common bean arc 
summarized in 'J'ables 4.2 and 4.3, respectively. We have chosen to omit mention 
of discases caused by phytoplasma-like organisms and other disorders caused by 
parasitic weeds, nematodes and nutritional factors. The reader is referred to the 
reviews ol' Allen ( 198 3 )  and Schwartz and Pastor-Corralcs (1989)  for lrcatmer~t 
of these topics. 

Although sced treatments may hold somc promise ('l'rutmann c>t nl.. 1 992),  
Ibr small-scale farmers in the tropics host plant resistance usually rcmains the 
only feasible means of disease control. Its cffectivc deployment rcquires under- 
standing ofthc nature end genetics of pathogenicity in the pathogcn and of resis- 
tance in primary and secondary hosts and of their interactions with 
environment. Important advanccs in thcse fields have beer] made recently with 
several of the major diseases of common bean, notably hi110 blight and bean com- 
mon mosaic virus. Wc review existing knowledge of these and othcr diseases in 
this chapter. 

ANTHRACNOSE 

Aetiology 

The fungus causing bean anthracnosc belongs to the genus Colletotril~lrurrr 
which, despite recent revision, contains much taxonomic uncertainty. Citation of 
the pathogen has been variable (Walker, 1957) and controversial, but (:. lintlr- 
rnutlric~nurrt (Sacc. C(r Magn.) Hri. & Cuv, is used in this rcview following taxonomic 
usage at  the Inlet-national Mycological Institute in the IIK. 'l'hc disease is caused 
exclusively by the imperfect form of the fungus. The perfect stagc, which has been 

Table 4.2. Minor bacterial diseases of common bean. 

Disease Causal bacteria Distribution/references 

Brown spot Pseudomonas syringae Eastern and southern Africa (Kaiser and 
pv. syringae van Hall Rarnos, 1980; Allen, 1995); temperate and 

tropical America (Patel et a/., 1964; Mohan and 
Hagedorn, 1989) 

Wild fire Pseudomonas syringae pv. Brazil (Ribeiro etal., 1979); Argentina 
tabaci(Wolf & Foster) Young, (Mohan and Hagedorn, 1989) 
Dye & Wilkie 

Wilt Burkholderia solanacearum USA (Smith and McCulloch, 191 9); Swaziland 
(E.F. Srn.) Yabuuchi etal. and Madagascar (Allen, 1995) 

Wilt Curtobacterium flaccumfaciens USA (Schuster and Christiansen, 
pv. flaccumfaciens (Hedges) 1957; Mohan and Hagerdorn, 1989); 
Collins & Jones Kenya, Mauritius (Allen, 1995) 
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Table 4.3. Minor virus diseases of common bean 

Disease 

Yellow mosaic 

Peanut mottle 

Soyabean mosaic 

Cucumber mosaic 

Peanut stunt 

Yellow dot, 
spot mosaic 

Pod mottle 

Rugose mosaic 

Severe mosaic 

Bean mild mosaic 

Yellow stipple 

Southern bean 
mosaic 

Bean dwarf mosaic 
'achaparramiento' 

Bean calico mosaic 

Euphorbia mosaic 

Mung bean yellow 
mosaic 

Curly top 

Summer death 

Mild mottle, 
leaf curl 

Red node 

Stipple streak 
Tobacco mosaic 
Spotted wilt 

Causal virus 

Bean yellow mosaic 
potyvirus 

Peanut mottle potyvirus 

Soybean mosaic potyvirus 

Cucumber mosaic 
C U C U ~ O V ~ ~ U S  

Peanut stunt cucumovirus 

Alfalfa mosaic alfamo virus 

Bean pod mottle comovirus 

Bean rugose mosaic comovirus 

Quail pea mosaic comovirus 

Bean mild mosaic virus 

Cowpea chlorotic 
mottle bromovirus 

Southern bean mosaic 
sobemovirus 

Bean dwarf mosaic 
geminivirus 

Bean calico mosaic geminivirus 

Euphorbia mosaic geminivirus 

Mung bean yellow 
mosaic geminivirus 

Beet curly top geminivirus 

Tobacco yellow dwarf geminiviri 

Cowpea mild mottle carlavirus 

Tobacco streak ilarvirus 

Tobacco necrosis virus 
Tobacco mosaic tobamovirus 
Tomato spotted wilt virus 

Distributionlreferences 

Widespread (Galvez and Morales, 1989a), 
including eastern Africa (Vetten and Allen, 1991) 
Important in Chile, Uruguay (CIAT, 1990) 

Eastern and southern Africa (Vetten and Allen, 
1991) 

Widespread (Prowidenti etal., 1982; Galvez and 
Morales, 1989a) 

Widespread (Galvez and Morales, 1989a), 
including south central Africa (Vetten and Allen, 
1991). Locally important in Chile (CIAT, 1991) 

USA, north Africa, Japan (Mink, 1972; Fischer 
and Lockhart, 1978; Ahmed and Mills, 1985) 

USA (Zaumeyer, 1963); South Africa (Allen, 
1995) 

USA (Zaurneyer and Thomas, 1948; Semancik, 
1972) 

Costa Rica, El Salvador, Guatemala (Gamez, 
1982) 

El Salvador, Costa Rica, Guatemala (Moore and 
Scott, 1981 ; Morales and Castano, 1992) 

El Salvador, Colombia (Waterworth, 1981) 

Southern USA, Central America (Fulton etal., 
1975) 

USA, Latin America, western and central Africa, 
France (Tremaine and Hamilton, 1983) 

Latin America, especially N.W. Argentina 
(Morales etal., 1990; Hidayat, etal., 1993) 

Mexico (Brown etal., 1990) 

Latin America (Galvez and Morales, 1989b) 

India (Singh, 1979; Honda etal., 1983) 

USA and eastern Mediterranean (Thomas and 
Mink, 1979) 

Australia (Thomas and Bowyer, 1984) 

Eastern and southern Africa (Mink and Keswani, 
1987; Vetten and Allen, 1991); Brazil (Costa et 
a/., 1983) 

USA, Latin America (Mink etal., 1966; Fulton, 
1971). 
Netherlands (Bawden and van der Want, 1949) 
Kenya (Hollings etal., 1981). 
Brazil, Canada (Allen, 1983) 
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found rarely in either culture or nature, has been named Glomerellrr Iindumuthi- 
anurn (Shear and Wood. 19 1 3 )  and, more recently, C. cingulatu (Stonem.) Spauld. 
& Shrenk f, phuseoli (Kimati and Galli, 1 9 7 0 ) .  Diseases caused by other 
Collutotrichum spp. are reviewed in Allen ct al. (Chapter 5, this volume), Hill 
(Chapter I I ,  this volume) and Lenne (Chapter 13,  this volume). 

Biology 

Conidia are produced in acervuli formed from cushion-like masses of intra- or 
inter-epidermal hyphae, disrupting the outer epidermal cells of the host. The 
acervuli have simple short erect conidiophores, on which conidia arc produced, 
and dark spines or setae at the margin. Conidia are hyaline, single-celled, cylin- 
drical or dumb-bell-shaped and uninucleate. They are confined by a gelatinous 
coating and en massr appear salmon pink in colour, On a suittlblc host, in the 
presence of water, conidia germinate and produce one to four germ tubes whose 
tips enlarge on contact with the epidermis to form thick-walled, brown appresso- 
ria. From each apprcssorium a peg-like infection hypha develops and penetrates 
the host tissue mechanically (Dey, 19 1 9 )  both inter- and intracellularly to form 
the primary mycelium. The invaded tissue then becomes water-soaked (I,cach, 
192 3). A secondary mycelium continues the infection and, under suitable cnvi- 
ronmental conditions, forms lesions which produce acervuli and spores, thus 
completing the life cycle. Several cycles may be completed in the same season. 

The host range of C. l i t ~ d ~ r t ~ u t l ~ i a r ~ u r ~ ~  is thus far conlined to the genera 
Curtuvaliu, Lnblab, I'haseolus and Vigna, all belonging to the tribe P/~ns~~ole(rt~, and 
Vicia in the tribe Vicit~ae. It has been recorded on: the wild form of common bean 
(P. vu!ynris var. rrborigincus): lima bean (P. I U I I I I ~ U S ) :  scarlet runner bean (1'. c30c- 
cineus); cultivated tepary bean (P ,  acutijblius var. lntifi~lius): urd bean (Vigntr 
rnungo); mung bean (L! rndintcl); jack bean (Cur~avulic~ ensiforrnis); horse or faba 
bean (Viciu fabu): and hyacinth bean (Lablth yurpureus) (Zaumeyer and 'Thomas, 
1957;  Mordue, 19713,  b; Onesirosan and Barker, 1971;  Sherf and MacNab, 
1986;  Pastor-Corrales and Tu, 1989) .  lloubts whether C. lindemuthiunurn also 
causes cowpea anthracnose have been raised following the recent observation of 
an abnormal infection process on cowpea for a Collrtotri(~hun~ species (Bailey rt 
nl., 1 9 9 0 ) ,  now considered to be C. destructivum (J.A. Bailey, Warwick, 1995,  per- 
sonal communication; Allen rt ul., Chapter 5, this volume). 

Following the work of Barrus ( 1 9 1 8 )  in the LISA, a large number of races of 
C, lir~dcrr~wthiar~urn have been identilied (Table 4.4).  reflecting the wide range of 
pathogenic variation displayed by the fungus. Recent studies in Latin America 
distinguish two gene pools in C. lindrmuthianurn, corresponding with the Andean 
and Mesoamerican gene pools of cultivated common bean (Pastor-Corrales et ul., 
1993;  Pastor-Corrales, 1994) .  Andean pathotypes have a narrow virulence 
range and predominantly attack large-seeded common bean genotypes of 
Andean origin. Mesoamerican C. lindemuthianum pathotypes have a broader vir- 
ulence range and predominantly attack small-seeded Mesoamerican common 
bean varieties. These observations are consistent with the separate co-evolution 
of the anthracnose pathogen and its common bean host in the two regions. 
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Table 4.4. Races of Colletotrichum lindemuthianum reported. 

Races Countries References 
- - - - - -  -- - - 

alpha, beta 
gamma 
delta 
alpha, beta, gamma 
delta 
delta 
epsilon 
kappa 
alpha-brazil, lambda-mutant 
lambda, iota 
alpha, beta, gamma, delta, epsilon 
alpha, beta, gamma, delta, epsilon 
Aust-1 to A ~ s t - 8  
alpha, beta, gamma, Mexican groups I, 11, 111  
Mexico group IV, alpha group 
alpha, beta, gamma, epsilon, lambda, kappa, 
zeta, theta, mu, Mexico groups I and II, 
Brazil groups I, 11, 1 1 1  
alpha, beta, gamma 
alpha, beta, gamma 
alpha, beta, gamma, delta, epsilon 
alpha, beta, gamma, delta, lambda, 
alpha-Brazil 
alpha, beta, gamma, delta, epsilon 
alpha, beta, gamma, delta, kappa 
alpha, alpha-Brazil, beta, gamma, epsilon 
alpha, beta, Brazil group I, Mexico Group I 
alpha-Brazil 

USA 
USA 
USA 
Germany 
Netherlands 
France 
France 
France 
France 
Netherlands 
Italy 
Canada 
Australia 
Mexico 
Mexico 
Brazil 

Colombia 
Costa Rica 
Uganda 
Malawi 

Kenya 
Tanzania 
Rwanda 
Burundi 
South Africa 

Barrus (191 8) 
Burkholder (1923) 
Andrus and Wade (1 942) 
Peuser (1 931 ) 
Hubbeling (1957) 
Bannerot (1 965) 
Blondet (1963) 
Schnock et a1 (1 975) 
Fouilloux (1 979) 
Hubbeling (1 976) 
Ferrante and Bisiach (1 976) 
Tu et a/. (1 984) 
Waterhouse (1 955) 
Yerkes and Tellis-Ortiz (1956) 
Garrido (1 986) 
Oliarai et a/. (1 973); Balardin (1 988); 
Menezes and Dianese (1 988) 

ClAT (1 976) 
M.A. Pastor-Corrales (unpublished data) 
Leakey and Simbwa-Bunnya (1972) 
Ayonoadu (1 974); Bokosi (1 985) 

Kinyua (1 979); Mwangi (1983) 
Anonymous (1984) 
Nkezabera (1 987) 
Bigirimana and Perreaux (1988) 
Edington (1 990) 

The different criteria, differential cultivars and systems of nomenclature 
used to distinguish races creates problems in comparing results. More than 41 
differential cultivars have been used, with Michelite, Michigan Dark Red Kidney, 
Perry Marrow, Cornell 49-242 and Kaboon the most common (Pastor-Corrales, 
1988; Huruchara, 199 1). The Greek alphabet has been most widely employed to 
designate races. Other systems include: race groups, for example, the Mexico and 
alpha groups (Yerkes and Tellis-Ortiz 19 56); the Roman alphabet (Peuser, 19 3 1 ); 
and numbers Aust-1, Aust-2 (Waterhouse, 195 5). Thus it is obvious that there is 
an urgent need to standardize the system of race designation. It is equally impor- 
tant to use an international standard set of differential cultivars to facilitate data 
comparison and deploy genetic resistance to the pathogen more effectively. 
Recent proposals for standard sets of international cultivars (Pastor-Corrales, 
1988; Drijfhout and Davis, 1989) and use of the binary system for race designa- 
tion have led to the recommendation of a set of 12 differential cultivars (Table 
4.5) which is now used by scientists in Latin America and Africa. 
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Table 4.5. The order, binary values and some characteristics of bean differentials used in 
characterization of the pathogen diversity (races) of C. lindemuthianum. 

Differential Seed Seed Growth Phaseolin Bean 
cultivars size1 colour habit2 type race 
-- - - 

1. Michelite S White I l l  Sb Mesoamerica 
2. MDRK4 L Red I T New Granada 
3. Perry Marrow L White Ill T Chile 
4. Cornell 49242 S Black II S Mesoamerica 
5. Widusa M White I S Durango 
6. Kaboon L White I T New Granada 
7. Mexico 222 M White I T Durango 
8. PI 207262 S Cream I l l  S Mesoamerica 
9. TO M Cream I S Durango 
10. TU M Black I l l  B Durango 
11. AB 136 S Red IV B Mesoamerica 
12. G 2333 S Red IV B Mesoamerica 

Binary 
value3 

S =small ( t25  g seed-'), M = medium (25-40 g seed-', L = large (>40 g seed-'); I = determinate, II = indeterminate 
bush, I l l  =facultative climber, IV = climber; The binary value when a cultivar gives a susceptible reaction. Designation 
of a race is obtained by adding the values corresponding to susceptible cultivars. MDRK = Michigan Dark Red 
Kidney. 

From a study of the progeny of two crosses, Illannerot and Ritcher (1 968) 
postulated the evolution of pathogenicity within two different but related groups 
(A and R )  of races of C. lindernrrthinnurn, and suggested that alpha evolved to delta 
(in group A) and beta to gamma (in group B). They also showed genetic relation- 
ship of host-pathogen interactions of the fungus. 

Molecular approaches confirm the vast genetic diversity in the genus 
(Rodriguez t t  ul., 1990). Preliminary studies with isolates of C'. lindurnuthianuri~ 
from Argentina (Neema clt al., 1994) showed successful amplifications with sev- 
eral primers using a polymerase chain reaction (PCR) technique involving the 
random amplitication of polymorphic DNA (RAPD). The genomic variability of C. 
lirldernutkiunurn was not correlated with virulence patterns or geographic distrib- 
ution of the isolates. In Colombia, KAPD techniques have identified primers that 
lead to the production of unique bands for individual isolates (Otoya et al., 
1994b; CIAT, 1994). The results indicate that C. lindernuthianurn is highly vari- 
able but that RAPD patterns are not correlated with overall spatial distribution 
and virulence, as also found by Neema et al. (1994), suggesting that most DNA 
polymorphism is independent of virulence. Similar observations have been made 
for C, gloeosporiodes on Stylosunthus spp. (see Lenne, Chapter 13,  this volume). 
RAPD patterns among 178 isolates suggest the existence of several lineages of 
genetic evolution of which only a few have evolved virulence of increased com- 
plexi ty. 



Symptoms 

Susceptible genotypes may exhibit synlptoms on  all aerial parts of the plant. 
Seedborne infection usually ir~duces dark brown to black eye-shaped Icsions 
longitudinally on the hypocotyl and cotyledons. On the hypocotyl, the lesions 
enlarge and may cause the s tc~t l  to break. On older stems, lesious are sunken and 
may reach a length of 5-7 m m  (l'astor-C'orritles and 'l'u, 19 89) .  Early signs of lcaf 
inkction occur on the petiole and on the lower lcaf surface where small lesions 
extend along the veins dcvcloping a brick-red to purple-red colorittion becoming 
black (1:ig. 4.1 ). Later, similar symptoms appear on the upper lcaf surl'ncc. 
Perhaps the 111ost ch;rractcristic symptonls occur on the pods, on which brown or  
rusty coloured spots enlarge and tfevclop as sunken cankers with dark brown 
rnargins surrounded by slightly raised reddish-brown bordcrs. Ilndcr I'avourahlc 
etivironrncntal conditions, sporulation of conidia [nay occur, giving the oppcar- 
iince of pink viscous niasscs ;I( the crntres of Icsions (I:$. 4.2). Seeds from heavily 
infected pods may show ;I variation of discoloration depending on the colour ol' 
the seed testa (Zaumcyer and 'l'homas. 1957). In severely infrc-led seed, thc lesion 
rnay extcrld to the cotyledons. 

Fig. 4.1. Anthracnose lesions on bean leaf (photo: courtesy of CIAT). 
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Fig. 4.2. Anthracnose lesions on bean pod (photo: courtesy of CIAT). 

Epidemiology 

Infection and developmenl of anthracnose depend on interaclions among host, 
pathogen and prevailing environmental conditions. lnfected seeds supply the pn- 
mary inoculum for disease development and secondary spread (Tu, 1983; 
Fernandez et al., 1987). Early seedling infection often leads to high disease sever- 
ity on the same plant (CIAT, 1974) and greater chances for spread and infection 
of neighbouring plants (Zaumeyer and Thomas, 1957). Spread of the disease 
from a focus to other susceptible plants is influenced by environmental factors 
responsible for inoculum dispersal, such as rain-splash or wind-driven rain (Tu, 
1983), and cultural practices, such as intercropping and growing of mixtures 
(Mwalyego, 199 1: Trutmann and Kayitare, 1991). The number of foci of the ini- 
tial inoculum has been shown to be linearly related to disease incidence on leaves 
but not on pods (Araya-Fernandez, 1981). 

The penetration rate of the infection tube is faster in younger than in older 
cells (Landes and Hoffman, 1973). In susceptible genotypes, young plants have 
been associated with greater disease severity and yield losses (CIAT, 1976: 
Guman-Vargas et al., 1979). Some genotypes appear less intluenced by plant age 
and exhibit susceptibility throughout the vegetative phase while others show an 
increase in disease severity with increase in plant age (Sindhan and Bose, 198 1). 



Free water is necessary to dissolve the water-soluble gelatin matrix associ- 
ated with the spore mass of C. I i i ~ d ~ ~ i i 1 1 1 t l 1 i r r i 1 1 1 1 ~ 1  in the acervuli. 1,ocal dissemina- 
tion of conidia (within the same plant or crop) is achieved by wiiter-splash from 
rain or irrigation water. Water-splash accompanied by strong winds is rcsponsi- 
ble for secondary spread within the lield (Tu, 198 3 ) .  Direction of spread depends 
on the direction of prevailing winds, while the rate of spread is intlucnced by the 
distance between plants and whcther thc crop is grown alone or in i~ssociatiori 
with other species. C'onidia may also be dispersed by insects, ;rnim;ils and 
hurnans, particularly when the foliage is moist (Zaumeycr and 'Thomiis. 19 5 7). 
l'hc seedborne nature of the pathogen is critical in its international disscmina- 
tion through the introduction of commercial sced ilnd germplasm (Ncergnard, 
19 79). 

In both temperate and tropical climates. C. liirti(~i~~utlrinrllrrll can survive 
betwcen seasons in seeds ancl plant debris. 1,etlgth of surviviil is inllucnccd by 
environment, especially moisture and temperature (Morduc, 1971i1, b: 'l'u, 
1 98 3). The fungus remairis viable for as long as 5 years in air-dried pods or seeds 
stored at 4 O C ,  but alternating wet arid dry cycles curtail its survivill ('l'u, 198 3 ) .  
In secds, the lungus persists as a dormant myc-elium (%aumeycr iind Meincrs. 
1975). 

Infection, disease development and sylnptonl expression are strongly inllu- 
enced by environment. IIigh relative humidity or free moisture is esscntitll for dis- 
semination and germinatiorl of conidii~, infection, incubation i~nd subsequent 
sporulation (Perrante and Bisiach, 1976; Tu, 198 3 ) .  Development of nnthrac- 
nose occurs betwcen 1 3 and 26°C (Zaurneyer and Thomas. 1 9 5 7; E'errtrntc and 
Bisiach, 1976) with optinlum temperatures ranging between 17 and 24°C' ('Tu 
and Aylesworth. 1980). Good infection is obtained wheri inoculated plants are 
incubatcd at or near 100'%, relative humidity at 22°C' for 5-7 days li)llowing arti- 
ficial i~loculation (Pastor-C'orrales, 198 5). 

Crop Loss 

On susceptiblc cultivars. greater disease severity and crop loss are associated 
with early plant infection (CIA'I: 19 76; Guzman-Vargtrs c>t NI., 1979: Mukunya 
and Keya. 1979). On research stations, losses due to anthracnose have been 
estimated to range between 47 and 86'% on susceptible cultivars in 'Tanzania 
(Shao and 'Feri, 1985). 92%) in Malawi (Peregrine. 1971), 95'% in Kenya 
(Mukunya and Keya, 1979) and up to 95% in Colombia (Guzman-Vargas ct ul.. 
1979). Although the potential and actual effects of anthracnose in farmers' 
fields are generally appreciated, estimates of yield losscs under these conditions 
arc lacking. 

Control 

IJse of clean seed is a potentially powerful control measure in areas where strict 
standards of seed health can be maintained (Allen, 1983; Fernandez et ul., 
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G 2 3 3 3 (PI 3 1 1998 of Mexican origin. released in the Great 1,akes as cv. 
Llmubano) has continued to exhibit resistance to most races worldwide except for 
one race from Costa Kica (Pastor-Corrales rt tr l . ,  1994b) and is a valuable source 
of resistance since it is also widely adapted and yields heavily. Two independent 
dominant gcnes appear to control the resistance of G 1 3 3 3 to anthracnose (race 
521) in the seedling and adult plant stages (Pastor-Corrales et d. ,  1994a). Since 
G 2 333 is resislant to a much broader range of pathogen populations, it is 
inferred that the two genes differ from those found in Cornell 49-242, Mexico 
222, To and Tu, and are likely to prove more durable. A form of resistance not as 
yet explained genetically has been observed in the cultivars, ICA 1,lanogrande (G 
12488) and Rio Negro, both of which are susceptible as seedlings but resistant in 
later growth stages and in the field (Beebc and Pastor-Corrales, 199 I ). 

The use of single gene resistance to combat anthracnose is not a lasting solu- 
tion and it will be necessary to identify broader spectrum resistance to reduce thc 
chances of matching by pathogen populations. The possible coevoli~lion of the 
pathogen and its host in the Andean and Mesoamerican gene pools provides a 
useful means of identifying appropriate sources of rcsistance since common bean 
genotypes originating from one genc pool are more likely to express resistance to 
pathotypes from the other. For example. the well-known source of resistance to 
anthracnose, AB 1 36, a small-seeded gcnotypc of Mesoamerican origin, is resis- 
tant lo most Andean isolates but susceptible to Mesoamerican races (C'IA'I', 
199 5). Nevertheless, several bean genotypes are resistant to both Andean and 
Mesoamerican races. Among 20,144 common bean accessions evaluated in 
Colombia, 3 50 (1.7%) were immune to Andean and Mesoamerican isolates inoc- 
ulated separately (Pilstor-C'orrales ct a/., 1994b). 'l'hc majority of the resistant 
accessions were from the Mesoamerican gene pool but differed widely in growth 
habit, seed size, testa colour and adaptation. 

Cattan-'hupance c't rrl. (1995) have recently investigated the variability in 
anthracnose resistance in wild populations of common bean. 'l'heir results sug- 
gest the existence of specific resistance gcnes that are apparently different from 
those identilied in thc cultigen. The susceptibility of plants to local races suggests 
an adaptation of the pathogen toward host genotypes from the same region. 

The physiological and biochemical processes associated with the expression 
of resistance in host-pathogen interactions have been reviewed by Bailey (1982). 
Expression of resistance may be due to a delay in penetration from appressoria, 
cell necrosis and growth of primary mycelia within the dead host cells and may 
be evident as hypersensitivity (Railey and Deverall, 197  1: Bailey, 19  82). The 
cross-protection induced by inoculation with a non-pathogenic race, low inocu- 
lum concentration of the pathogenic race (Sutton, 1979), and heat treatment 
(32-37°C) of tissue before inoculation, are not well understood (Elliston rt ul.. 
1976). 

It has long been known that infection of the bean plant with an incompatible 
race of C, lirtderr~uthianum may afford some protection against disease caused by a 
compatible race of the anthracnose pathogen (Rahe et al., 1969). Whereas some 
progress has been made toward elucidating the phenomenon (Cloud and 
Deverall, 1987), it seems that its role in decreasing disease severity in the field, 
particularly in the cultivar mixtures that predominate in many parts of Africa, 
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has received too little attention, despite the demonstrable potential of induced 
resistance (Lannou et al., 199 5). 

Recent developments in biochemical, physiological and molecular tech- 
niques have improved our understanding of the processes involved in compatible 
and incompatible interactions between C, lindernutl~iurrurn and bean cultivars. It 
is now known that, following infection, polysaccharides from the cell walls of the 
fungus elicit biochemical and physiological changes in host plants resulting in 
accumulation of isoflavonoid phytoalexins, deposition of wall-bound phenolic 
compounds and synthesis of hydroxyproline-rich glycoproteins (HRGPs) (Uixon 
et ul., 1986: Lawton and Lamb, 1987: Ellis et al., 1989: Esquerre-Tugaye et nl., 
1990). 'l'hese elicitor-mediated, plant defence responses arise from a rapid but 
transient induction of enzyme synthesis resulting from accumulation of mRNAs 
due to activation of plant defence genes (Uixon et rd., 1986; Lawton and Lamb, 
1987). Similar responses have been observed following mechanical damage of 
the hypocotyl tissues (Tepper ut al., 1989). suggesting that transcriptional activa- 
tion of defence genes characteristically underlies induction of corresponding 
defence responses and expression of resistance. A positive correlation exists 
between the degree of pathogen-cultivar incompatibility and phaseolin concen- 
tration suggesting that u phytoalexin index may be of value in selecting for dis- 
ease resistance (Cruickshank und Smith, 1988). Similarly, the amount of IIRGP 
has been shown to be greater in incompatible than in compatible intcractions 
(Esquerre-Tugaye et (11.. 1990). Relationships between elicitor activity and host 
response appear complex and do not always explain race-cultivar specificity 
(Tepper ut a].. 1989: l)e Lorenzo et ul., 1990) but may account for some of the 
host-pathogen interactions observed. 

ANGULAR LEAF SPOT 

Aetiology 

The fungus causing angular leaf spot of common bean was first described by 
Saccardo (1  878) in Italy as lsariupsis griseola and then successively as Isurii~psis 
luxa (Ell.) Sacc. (Saccardo, 1886). Cruphiutn luxurn Ell. (Ellis. 1881), Cercospora 
stuhlrnanni Henn., Cerc~osporu colurnr~are Ell. & Ev. (Ellis & Everhart, 1893), 
Arthrobotryum puttemansii Henn, and Linduurnyces grisrola Gonz-Frag. (Gonzales- 
Fragoso, 1927). IIarter and Zaumeyer (1944) concluded these were all syn- 
onyms of lsariopsis griseolu and, based on conidial septation, pigmentation and 
conidiophore and stroma characteristics. Ellis (1971) concurred with the 
description by Ferraris (1909) which recognizes the angular leaf spot fungus as 
Phueoisariopsis griseola (Sacc.) Ferr.. which is used in this review. Phaeoisariopsis 
griseola belongs in the family Stilbellaceu~, order Stilbellales, class Hyphornycetes, 
under the subdivision Deuteromycotina (Sutton, 1980). The diagnostic character- 
istic of Hyphornycetes is the apparent absence of sexual stages or teleornorphs. 
Phaeoisariopsis personatun1 is the causal agent of late leaf spot of groundnut 
(McDonald et al., Chapter 2 ,  this volume). 
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Biology 

The conidia of P. griseollr are borne on colunlnar, synnematous conidiophores 
which are loosely fused along most of their length, splaying out only at the apex. 
Synnemala separate near nlaturity: they are 80-680 pm long and 20-70 pm 
wide (Miles, 19  17; Chupp, 192 5; Hocking, 19b7; Ellis, 197 1 ), The conidia are 
pale grey, cylindrical to spindle shaped and may be slightly curved. 'l'hey are 
30-80 pm long and 3-8.8 pm wide. The septa usually number between three 
trnd six but can range from none to seven (I,lanos, 19 57: Hocking, 19 h7; I:llis, 
197 1 ;  Huruchara, 198 3). Considerable variation in conidial size and scptation 
occurs both between and within isolates (Uuruchara. 198 3). 

'J'he conidia germinate in the presence of water or high relative humidity and 
enter the host through stomata. Growth continues intercellularly in the 
lnesophyll and palisade layers, resulting in tissue disintegration which extends to 
the upper epidermis. Later, the filngus grows introcellularly in the necrotic tis- 
sues, becoming delimited by the vascular bundles in the veir~s (C'artiona-Alvartrx 
and Walker, 1956). Lesions may appear 5-9 days alter the beginning of infection 
(Cardonu-Alvarez. 19  56; Llanos, 19 5 7: Sindhan and Bose, 1 980: Huruchara, 
1983). After tlbout 9-12 days, stromata b r m  in the substomatal cavities and, 
under favourable environmental conditions, syncrnmata form ;~nd  sporul;rtion 
occurs (Cardona-Alvarcz, 1 9 5 h), thus completing the cycle. 

A number of legumes of the genera Plrasc~olus, Vigt~cr, Mrrc'roptili~rttr and l'islrtrr 
are known hosts of 1'. grist,oln. 'l'hese include the principal host, l'l~crsoolus vul- 
gclris, its well as 1'. ltrnatrrs, P. coc'c3inr~us. 1'. trc~rtifolius, Vigtrn mltngo, Ci rrngularis 
(Willd.) Ohwi & Ohashi, V, umhellnta (Thunb.) Ohwi d Ohasha. V ~rt~grri[-ulirtc~ and 
Mucroptiliunr utropurpurcunl (Rrock, 1 9 5 1; Cardonil-Alvarez and Walker, 19 56: 
Uiaz-Polanco et ul., 1965; Golato and Meossi, 1972; C'krmpos-Avila, 1979; I,ennc, 
Chapter 1 3 ,  this volume). Reports that pea (Pisrim strtivrrt,l I,.) (C'hupp, 1925) and 
soyabean (Gl!yc'inu r~~irx (L.) Merill) (Abramanoff cited by ('ardona-Alvarez and 
Walker, 1956) are host to P, griseolir are contradictcd by Campos-Avila (1979) 
and Cardona-Alvarez and Walker (195h), who found no evidence of disease on 
these species. The present authors have Ibund angular leaf spot only on l'hcrsoolus 
species, perhaps suggesting a need to verify the natural vcrsus the experimental 
host ranges of the pathogen. 

Pathogenic variation in P. grisoola was first demonstrated in Australia by 
Brock (1951), who observed differences in the pathogenicity of 13  isolates on 
two bean cultivars, Brown Beauty and Red Mexican. Evidence for physiological 
specialization in P,  griseola has been found by: Marin-Villegas (1959) in 
Colombia: Hocking (1967) in Tanzania: Alvarez-Ayala and Schwartz (1979) in 
Colombia and Ecuador; Ruruchara (1983) in Colombia and the IJSA; Correa- 
Victoria (1984) in Colombia, Brazil, the Dominican Republic, Puerto Rico, the 
IJSA and Malawi; Correa-Victoria (1  98  7) and CIAT (1  98  7a, b) in Latin America 
and Africa; and CIAT ( 1  991) and M.M. Pyndji (unpublished data) in Zaire and 
Rwanda. The intensive studies of Buruchara (1983) and Correa-Victoria (1 987) 
indicate that populations of P, griseola vary in aggressiveness and apparently also 
virulence. 
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Recent efforts to define pathotypes and pathogenicity groups of I! griseola have 
led to the identification of a set of common bean differential cultivars comprising six 
Andean and six Mesoamerican genotypes (CIA'I: 1996). Results of recent studies 
based on these differentials clearly show that, as in C. lindumuthiunum, there are two 
distinct virulence groups: one associated with large-seeded Andean cultivars and a 
second associated with beans of Mesoamerican origin. P. grisuola displays a wide 
diversity of virulence in both Latin America and Africa (CIAT, 1994). The greatest 
diversity is found among Mesoamerican isolates, which exhibit a greater number 
of races and attack Andean cultivars as well as small-seeded genotypes of 
Mesoamerican origin (CIAT, 199 3, 1994. 1995; R.A. Ruruchara. unpublished 
data: Cuman ct nl., 199 5: Pastor-Corrales et ul., 199 5). The parallel diversities of 
virulence and host reaction suggest that the two virulence groups have co-evolved 
separately with their respective common bean gene pools. 

Recent biochemical and molecular studies have produced interesting results. 
Correa-Victoria ( 1  987) found two distinct isoenzyme patterns arnong isolates of 
P. gris~oln from Latin America and Africa, the latter exhibiting the pattern typical 
of Andean cultivars (Beebe and Pastor-Corrales. 1991). Restriction fragment 
length polymorphism (KFLP) techniques have revealed distinct differences 
between isolates of 1'. griseolu from Mesoamerican and Andean cultivars ol'com- 
mon bean while isolates from bean cultivars of the same gene pool have given 
identical hybridization patterns with all probes tested (CIAl', 199 1,  199 5 ) .  Eleven 
primers generated reproducible and distinct RAPD patterns that separated iso- 
lates of 1'. griseolu into Andean and Mesoamerican groups corresponding to their 
pathogenicities on differential cultivars (Guzman et ill., 199 5). In a separate 
study of Colombian isolates, the correlation between virulence and RAP11 simi- 
larity matrices was 0 .5 ,  conspicuously greater than those reported for other 
pathogens (CIA'I: 1994). All these results are consistent with the hypothesis that 
P. grisroln co-evolved with 1'. vulguris separately in the two centres of diversity 
(Pastor-Corrales r t  id., 199 5). 

Symptoms 

Angular leaf spot symptoms may occur on all aerial plant parts, usually appear- 
ing close to or after flowering. On the leaves, lesions are initially greyish in colour. 
On primary leaves, the lesions are round and larger than those on trifoliolate 
leaves and may develop concentric rings. On trifoliolate leaves they become dark 
brown and angular in shape, surrounded by a chlorotic halo (Plate 4). Lesions 
increase in size and may coalesce. In severe infections, general leaf chlorosis 
and/or premature defoliation usually occurs. Lesions are oval to circular and 
reddish- to dark brown in colour on pods (Fig. 4.3) and elongated and brown in 
colour on stems, branches and petioles (Cardona-Alvarez and Walker, 1956; 
Zaumeyer and Thomas, 19 5 7; Hagedorn and Wade, 19 74). Dark grey strotnata 
and, under humid conditions, dark grey to black synnemata bearing conidia are 
produced on all types of lesion (Zaumeyer and Thomas, 1957; Hagedorn and 
Wade, 1974). Sporulation occurs on the lower surfaces of trifoliolate leaves and 
on both surfaces of primary leaves. 



Fig. 4.3. Angular leaf spot lesions on bean pods (Photo: courtesy of D.J. Allen) 

Epidemiology 

1-1 grisc>ol(l survives between seasons as dor~nnnt mycelia in seed anti as stromatic 
growth in plant debris (C'ardona-Alv;~rex and Walker, 1956; Sintlhan ant1 Hosc, 
1980). l'eriods of survival are variable. 'l'he pathogen can rettrin viability in seed 
for at least a year (Sinclhan and Rosc, 1980) and in infected debris from 4 months 
to more than u year, depending on environment (Sindhan and I%osc, 1980; 
Saettler and C'orrea-Victoria, 1985: Sengooba and Mukiibi, 198b). I3uriol of' 
debris decreases pathogen survival (C'orrca-Victoria, 1984). Conidia lose viability 
within 8 months (Sindhan and Bose, 1980). 

Seedborne inoculum, by which long-distance dissemination occurs 
(Neergaard, 1979), leads to the development of lesions at the pod suture but 
seed-to-seedling transmission tends to be inefficient because the transfer of coni- 
dia from testa to leaves depends on wind and water splash (Ijiaz-Polanco cJt rrl., 
1965: Sohi and Sharrna. 1974: Dhingra and Kushalappa, 1980; Correa- 
Victoria, 1984; Ruruchara. 1985; Sengooba and Mukiibi. 1986). Although l? 
grisrolrl solnetimes is carried-over also on volullteer seedlings or off-season crops 
(Sengooba and Mukiibi, 1986), infected debris is the most important form ot'pri- 
mary inoculum and leads to infection of the lower leaves of the canopy in which 
the disease spreads upwards (Cole. 1966; Saettler and Correa-Victoria, 198 5). 
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Although spore release is favoured by dry conditions (Cardona-Alvarez and 
Walker, 1956). efficient dispersal depends on wind-driven rain, and soil and 
water splash. Iligh relative humidity, rainfall or dew are also necessary to permit 
successful infection and subsequent formation of synnemata and conidia 
(Cardona-Alvarcz and Walker, 19 5 6: Llanos, 19  5 7; Silvera, 1967; Alvarez- 
Ayala, 1979: Campos-Avila. 19  79: Buruchara, 1983; Pastor-Corrales. 198 5). A 
period of 48-72 h is sufficient for infection to occur (Alvarez-Ayala, 1979). 
Although infection and disease development occur over a range of temperatures 
from 16 to 28OC, 24°C is optimum. The incubation period at 24OC is about 5-7 
days but this period extends to 15  days under cooler conditions (lh°C) 
(Ruruchara, 1983). Thus, epidemic development can be expected to be most 
rapid under conditions of high relative humidity and moderate temperatures 
alternating with periods of wind and low humidity. 

Plant age may (Santos-Filho. 19 76; Sindhan and Bhose, 1980) or may not 
(Cardona-Alvarez and Walker, 19  56; Berros f 1  al., 19  58; Marin-Villegas. 19  59: 
Costa, 1972) iniluence disease development. Cultural practices, including the 
use of infected debris as mulch, can encourage the dissemination of I! grisroh 
from spore-laden tissue (Neergaard, 1979). Other cultural practices, like thc 
growing of bean cultivar mixtures and intercropping with a cereal, can each 
influerice angular leaf spot development (Moreno, 1977: van Rheencn o t  01.. 

1981; l'yndji, 1988) but the outcome and its underlying causes (Allen. 1990; 
Roudreau. 1990) have received inadcquate attention. 

Crop Loss 

Yield losses due to angular leafspot have been estimated at up to 50% in the IJSA 
(Cole. 1966; Hagedorn and Wade, 1974): 40-80%) in Colombia (Berros ut al., 
19 58; Schwartz flt nl., 1981 ; Pastor-Corrales ut id., 198 3; Mora tJt  ( 1 1 . .  1985): 
45%) in Brazil (Ravas-Seijas el MI., 1985); and 80X in Mexico (Crispin-Medina clt 
(11. .  1976). In Zaire, yield losses of 50-60%) have been demonstrated in farmers' 
fields and on experiment stations (Pyndji, 1988). Yield losses are through reduc- 
tion in seeds per pod and seed mass rather than pod number (Santos-Filho et ( I ] . ,  

1978: M.A. Pastor-Corrales, unpublished data). 

Control 

The use of pathogen-free seed reduces initial inoculum (Correa-Victoria, 1984; 
Buruchara. 19 8 5)  and decreases the possibility of introducing new variants of 
the pathogen (Neergaard, 1979). Since plant debris is an important means of 
carry-over of P, griseoln, the removal of diseased leaves, plants and plant debris 
and deep ploughing are useful management strategies (Cardona-Alvarez and 
Walker, 1956: Saettler and Correa-Victoria, 1985; Trutmann and Kayitare. 
1991). A 2-year rotation with a non-host crop was useful in Michigan (Saettler 
and Correa-Victoria, 1985). Intercropping with maize can either increase 
(Moreno, 1977) or decrease (Mora, 19  78; van Rheenen et al., 198 1; Boudreau, 



PISEASES OF COMMON BEAN 
-- - -- - - - 187 

1990) the severity of angular leaf spot. Angulirr leirf spot hils been shown to be 
less in cultivar mixturcs than in its components grown pure (Pyndji. 1988) i ~ n d  
the incorporation of rcsistant components in traditional mixturcs reduces disertse 
severity and increases yield (Pyndji and Trutmann, 1988. 1992: 'rrutmann and 
I'yndji, 1994). 

Effective chemical control of angular leaf spot has been achieved by sced 
treatment with benomyl, captan-zineb (C'orretl-Victoria. 1984: Sirettler and 
C'orrea-Vicloria, 1985) and ceresan (Singh and Sharma. 197h). Folii~r applica- 
tion of antracol-benomyl, benomyl. bitertanol, captafol, chlorothalonil, etiltr~- 
anol, maneb. tnancozeb, metirarn and zitleb controls diseuhc and incrcirses yiclil 
(Costa, 1972; Cordoba and Martinez, 1975; (:onxales clt 01 . .  1977; l'astor- 
C'orrales et d., 198 3: Sengoobtr, 198 5; Rodriguez and Melendez. 1980; Goulirrt, 
1990).  Copper oxychloridc is effective against angul;rr leirfspot but ct~uses phyto- 
toxicity (Gonzales c't (11.. 1977). The optimurn time of initial appliciltiori, 11itrnhcr 
and frequency of sprays varies with chemical and prevailing environmcnti~l con- 
ditions, which thereby influcncc effectiveness and prolitability. 

For small-scale farmers, genetic resistnncc offers the most cffcctive rind pritc- 
ticable mtrnilgemcnt option for the control of angular leaf spot. Kesihlancc to 
angular leaf spot was lirst dctnonstrirted by (;ardnrr i~nd  Mains (1 9 3 0 )  and vari- 
ous sources of resistance have since been identified (Rrock, 195 1 : Pucrtir and 
Alonso, 1958; Santos-Filho. 1976; Singh ilnd Saini, 1980; C'IAT, 1984: Sloclzcr 
t.1 (11.. 1984b; Corrca-Victoriil rJt al., 1989). 'rhough both qualitrttive and qunnti- 
tativc resistance have been recognized. no genotype with complcte immunity has 
yct been found (Barros tJt  ml., 1958: Cardona-Alvarex, 1958: Hagedorn and 
Rand, 1986: Buruchara ct ell., 1988). Fifty-six genotypes with promising lcvels of 
resistance were identified in Colombia among 1 3 , 0 0 0  accessions from the World 
Common Bean (:crmplasm Collection (Schwarts! et (11.. 1982). 'l'hese formed the 
basis of an  international nurscry through which several accessions have been 
shown to exhibit broad resistance to 1'. grisaolll including A 2-22. A 216. A 247, 
A 384, (; 3391, C; 4032, C; 5207, C; 5698, (; 10474, (; 10474, (; lOh13. (; 
14301, C: 2052 3 ,  CNF 5558, MEX 54 and (; 5686 (C'IA'I: 1995: M.A. I'astor- 
Corralcs, Cali, 199 5, personal communication). Recent advrtnccs in the under- 
standing of the evolution of the pathogen, as we discuss under 'Biology' (see 
above), should be expected to aid the scarch for further sources of resistance. 

Information on the inheritance of resistance is scanty and conflicting. 'l'he 
resistance of some genotypes appears to be conferred by one or more indepen- 
dent or recessive factors, depending on the host-pathogen interaction (Rarros ut 
ul., 19 58; Cardona-Alvarez, 19 58; Santos-Filho rt ul., 19 76) about which little is 
known. Disease reaction is strongly influenced by environment and plant age, 
the latter tantamount to an  'adult plant susceptibility'. Leaf and pod reactions 
may also differ (Santos-Filho et al., 1978: Correa-Victoria rt al., 1989). Whereas 
modern molecular techniques have confirmed the existence of considerable 
diversity in the pathogen, further attempts to elucidate the nature and extent of 
pathogenic variation and to define physiologic races in I? griseola seem unlikely to 
be successful until our understanding of the genetics controlling the interaction 
between the angular leaf spot fungus and P. vulgaris is much improved. 
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ASCOCHYTA BLIGHT 

Aetiology 

Ascochyta blight, known also as black node, leaf and pod spot, zonate leal'spot 
iind target spot, is conventionally attributcd to the imperfect fungus Asc-c~clyyttr 
pl~crseolorunr Sacc. (Alcorn, 1 968: Holliday, 1 980: Allen, 198 3).  However, 
Hoerema (19 72) has shown that A. phtisc~nlorunr is ;i synonym of Pl~orr~a cxiguc~ 
I)esm., a pycnidial fungus frequently found on leaves, stc~ns and roots ol' a wide 
range of herbaceous plants. Among the diagnostic characters of I'. exigtrn is its 
weak parasitism: it is generally a wound parasite and appears lo be il ubiquitoils 
soil filngus (Hoerema and Howeler, 19h7), and this esscntielly confor~ns with thc 
wide host range of isolates of A. ldrrrser~lorrinr fro111 bcans reported by ('ross;in 
(19 5 8 ) .  Subsequent studies of isolates from ascochyta blight collections from 
Europe and eastern Africa rcve;lled that the morphology of the pathogen, which 
was consistently associateti with a blackening of stem nodes and petioles, enabled 
i t  to be distinguished from P. oxigun. Hoercma ct (11. (198 1 )  described it as P. 
exigitri var. divc~rsisl:l,oru (Hub.) Hoerema, which has subsequc~~tly been shown to 
be the cause of ascochyta blight on a range of legume crops including the com- 
mon betin in Africa (Gerlagh, 1987). 

Viirious other related fungi are also known to ciiuse foliar discasrs in beans. 
'I'hcse include Ascoi-lrytn boltslrnlrsori Siicc. (Sprague. 19 3 5: Sneep. 194 i :  1)iriglcy. 
1961; Echandi, 1976), more correctly rcferrcd to as Strrgol~os/)orc~psis Irortrrrsis 
(Sacc. & Malbr.) Pctr, which induces reddish-brown tlccks on leaves, s t e m  and 
pods (Ester, 19% 1 ). A reddish necrosis of lcaf veins, branches, flowers and pods of 
beans is apparently caused by a Plrorilrr species distinct fro111 1'. cJxigun in southern 
C'olombia (Sanudo and Zuniga. 19%2),  and 1'. ? sorglrintr (Sacc.) Hoercma, 
Dorenbosch & Kest. has been found associated with a red lcaf spot of bcans in 
northern Zambia (Allcn, 1995). perhaps confirming ;I previous record (IMI 
I 10419) from the same country (Angus, 1962-1966). Based on the above, i t  
seerris reasonable to conclude that there are at least three separate bean diseases 
caused by distinct taxi1 within the generti Phornn and the related Sttrgonosporo/~sis. 
For the purposes of this account, the following will refer to the Inore important 
blight, caused by 1'. exigrin var, divt>rsisl~orn. 

Biology 

The pathogen belongs to the Spl~(~ariod(~cenv. Pycnidia are black and nleasure 1 h0 
X 120 pm, somewhat larger than in 1'. exiguu var, uxiguu (Boerema ut nl., 198 1 ): 
the conidia are hyaline or pale yellowish-brown, nearly globose to ellipsoidal, 6.8 
X 2.7 pm, and usually aseptate. Secondary septation can occur, apparently 
depending on the environment. No doubt this contributes to the common confu- 
sion between Phonrn spp. with Asi30clrytu: conidia in Pllorna are essentially asep- 
tate while those in Asc'orlr!ytu are essentially two-celled (Holliday, 1980). 

Whereas the type variety of P. vxiguu is a widespread, weak, wound parasite 
with a very wide host range, var. diversisporu appears to be relatively specialized. 
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In eastern Africa, the latter has been shown to be the cause of blight of lJlltrseolus 
vulgaris in Burundi, Rwanda, 'l'anzania, Uganda and Zambia: of I? c.oc~cVinnrs in 
Kwanda; of 1'. lunutus in Kenya and Zambia: of Vigrla rlctiicita in Zambia: tund V. 
lit~guiculuta in Kenya, Zambia and Zimbabwe (M. Cerlagh and I).]. Allen, unpub- 
lished, 1986; Gerlagh. 1987). In Andean 1,atin America, where ascochyta blight 
is also an  important disease, the causal agent is again attributed to 1'. exig~itr var. 
divarsispora (Schwartz, 1989a),  but there is a consistent difference in cultural 
characteristics between the isolates examined in The Netherlands from Latin 
America and those from Europe and eastern Africa. However, as regards symp- 
toms they inducc, spore form and s i x ,  and the lack of coloration of the culture 
medium with sodium hydroxide, they are identical to var. Nvc~rsispor(r (Gerlagh, 
1987). 

Isoenzyme studies by Obando-Rojas (19 89) indicate great uniformity within 
groups of isolates from the same geographic region. She concluded that the Latin 
American isolates as a group were probably sufliciently different from other iso- 
lates of var. diversisporcr to warrant the status of a separale species. Kecent exami- 
nation of a range of Latin American isolates has rcvealed some quantitative 
variation but no differential interactions were Sound between isolates ilnd host 
genotypes. Isoenxyrnc studies showcd little polymorphism, suggcsting strong 
homogeneity and therefore presumably a common origin among latin American 
isolates of the ascochyta blight pathogen (C'IA'r. 1995). 

Symptoms 

The first symptoms appear on leaves, on which lesions are dark grcy to black, 
measuring 1-3 crn in diameter: later these lesions become concentric ringed. 
Such dark brown to black lesions develop also on petioles, stem nodes, peduncles 
and pods, and car1 cause girdling of stems leading to plant death. A blackening ol 
the nodes is characteristic. Extensive blight and premature defoliation occi~rs 
when leaf attack is severe. lJycnidia occur at all the sites attacked. Infection of the 
floral remains can lead to a stem end rot ot'the pod but direct infection of the pod 
can also occur. Such pod lesiorls often cxpand and coalesce (Fig. 4.4) to cause sig- 
nificant damage also to the seed, in which the fungus is internally transmitted. 

Epidemiology 

Ascochyta blight is economically important in tropical regions, principally at alti- 
tudes above 1500  m, under cool and humid conditions. In Europe, P. rxigua var. 
divrrsispora has caused severe problems only in extremely wet and cold summers. 
The extent of damage depends not only on environmental conditions but also on 
the initial inoculum dose. The fungus survives in seed and on bean straw. Work in 
The Netherlands has shown that the disease is carried over to the next season, 
even when infected bean straw is incorporated into the soil. Seed from diseased 
plots can be severely contaminated and are not safe even at several metres from a 
focus. Young plants developing from contaminated seed may produce pycnidia 
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Fig. 4.4. Ascochyta blight lesions on bean leaf and pods (Photo: courtesy of D.J. Allen). 

from which spores may spread by rain-splash ((;erlagh, 1987) .  Successful infec- 
tion is heavily dependent upon a high relative humidity (Boerema et al., 1981)  
and presumably also cool temperatures, since Namekata and Figuciredo ( 1 9 7 5 )  
found that sporulation and germination are optimal at 2 1°C and mycclial growth 
is optimal at 24OC. The fungus is inactivated at temperatures above 30°C. 

The possible role of alternative hosts in pathogen survival (Pegg and Alcorn, 
1967) seems in need of investigation, because of previous confusion between P. 
oxiguu var. exigua (= Ascocll.ytu phuseolorum) and P .  exigrru var. divrrsisporu. 
Whether or not cowpea is the primary host of var. diversispora (Gerlagh. 1 9 8 7 ) ,  it 
is pertinent to note that the fungus apparently causes severe disease in cowpea at 
altitudes of about 1000 m, under conditions where beans are seldom attacked 
(Leakey, 1970; Allen, 198 3). 

Crop Loss 

Seed yield losses of up to 74% have been measured in Colombia, where even mod- 
erate disease pressure can cause a 40% loss (Schwartz et al., 1981;  CIAT, 1984) .  
In northern Zambia, Greenberg eta].  ( 1 9 8 7 )  failed to obtain evidence of a signifi- 
cant yield depression from ascochyta blight, when regression analysis of disease 
scores on seed yield was performed. However, studies at the same site the follow- 
ing season revealed that yield losses in the range of 57-341 kg ha-' per unit 
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increase in disease score (1-9 scale) were attributed to ascochyta blight (Mulila- 
Mitti et ( I / . ,  1989). Under conditions favouring the disease in Rwanda, a 50'X) crop 
loss has been recorded (Munyemana and Trutrnann, 1987). 

Control 

Seed dressings of benomyl combined with Uithane M45 or Mancozeb as li)liar 
sprays have been found to decrease ascochyta blight severity in Ilganda 
(Sengooba, 1989). In Colombia, foliar application of sulphur, benomyl, xincb, 
chlorothalonil and carbendazim has been found to be effective (Schwartx, 
1989a). In the Netherlands, seed dressing with a combination of dichlofen- 
thionlthiratn with benomyl or carbendazim was used successfully (Ester, 198 1 ). 

The use of clean seed, field sanitation, isolation from infected reservoirs and 
Ponnisetum wind-breaks have been suggested as cultural control measures (t'egg 
and Alcorn, 1967). The efficacy of the latter is confirmed by subsequent work 
with mabe-bean associations, in which it has been shown that ascochyta blight 
is decreased in the intercrop (van Rhecnen rJt nl., 198 1 ; Msuku and !:die, 1 Y X L ) ,  
but not invariably so, for some reports indicate the disease m;ly be exacerbated in 
an intercrop (CIAT, 1984; Sengooba, 1989). Recent work on cultural practices to 
manage ascochyta blight in Colombia has shown that soil cover with banana 
leaves can regulate disease severity, especially when the practice is combined 
with rotation of beans with wheat (C'IAT, 199 1 ). 

Evaluation of gerrnplasm of P vlrlguris has shown that there is variation in 
susceptibility to ascochytu blight, but no high level of resistance has been fi)und 
within the species. The more promising sources of partial resistance have been 
assembled into an International Bean Ascochyta Blight Nursery (CIA'I: 1988). 
Evaluations in Rwanda, IJganda and Zambia have confirmed the existence ol'par- 
tial resistance which seems to be effective across locations (Munyemana and 
Trutmann, 1987; Mulila-Mitti et a].. 1989; Anonymous, 1990). l'romising 
materials include VRA 8 1059, (; 1082 3, G 1081 7 and G 10747, the latter two 
of which have been used in crosses in which heritability estimates indicate that 
selection for partial resistance is effective. A generation means analysis of resis- 
tant parents (G 10817 and (; 10823) crossed with the susceptible parent G 
12488 indicates that additive, dominance and epistatic effects may be important 
in the inheritance of resistance. Increasing resistance levels within P, vulguris 
should be possible through selection in advanced generations (EM. Iianson, 
M.A. Pastor-Corrales and J. Kornegay, unpublished, 1992). Many of the 
ascochyta blight resistant lines also have anthracnose resistance, and both bush 
and indeterminate climbing cultivars are among those with resistance (CIAT, 
1988, 1991. 199 5). 

Overall, the best strategy at present seems to be the development of an inte- 
grated management of ascochyta blight, against which both cultural practices 
and the use of partial resistance are the most promising components. 
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RUST 

Aetiology 

Bean rust is caused by the obligate parasitic fungus, Uromyres uppendir.ulutus 
(Pers.) IJng., of the Uusidiomgc~otina. The diseasc was first reported in 179 5 in 
Germany (Persoon, 1795), since when it has been recorded from almost every 
part of the world, occurring wherever beans are grown (Guyot, 1957: Laundon 
and Waterston, 1965; Stavely and Pastor-Corrales, 1989). 

The morphology of U. uppendiculutus has bcen well summarized (Laundon 
and Waterston, 1965; Wilson and Henderson, 1966). The uredial stagc of the 
bean rust fungus was first recorded as Uredo uppertdiculuta Pers. (Persoon, 1796). 
However, by 1804, the fungus had been reported from Germany as IJur~i7inia 
phaseoli Reb. (Kebentisch, 1804) arid Fries ( 1849) later re-named it U. uppcndicu- 
latus (Pcrs.) Fr. Winter (1880) changed the name to U, phaseoli (Pers.) Wint, by  
which bean rust is widely known in the American literature. However, in accor- 
dance with the International Rules of Botanical Nomcnclaturc, both Laundon 
and Waterston (1965) and Wilson and Henderson (1966) retain the name U. 
appendiculntus (Pers.) IJng. which is the name used here. Guyot (1  957) records 
33 synonyms for the bean rust fungus, Arthur (1934) erected three varieties 
within U. app~~ndir~lrlntus (as U. phaseoli) and varieties are occasionally maintained 
in the literature (Almeida, 1977). U, i~ppendiculatus var. crussihumiutus is a major 
pathogen of Macroptiliunt atropurpureunt and is reviewed in Lennk (Chapter 13, 
this volume). 

Biology 

U, appendic~rlatus is an autoecious, macrocyclic rust which has a full complement 
of spore forms (thcir nomenclature here fbllows Holliday, 1989). De Bary (186 3 )  
proved the genetic connection of the aecia with the uredia and telia, and the 
complete life cycle of the bean rust fungus has now bcen induced in the grcen- 
house (Andrus, 1931; Groth and Mogen, 1978). Under field conditions, it is the 
brown uredia and single-celled uredospores that are typical of bean rust, and are 
the 'repeating stage' that gives rise to secondary dispersal of the fungus. Under 
adverse conditions, certain isolates of U. uppendic~ulatus produce within the pus- 
tule dark, thick-walled teliospores, but rust races differ in this ability (IIarter et 
ul., 1935; Allen, 1975a; Groth and Mogen, 1978; Stavely, 1984a). Fusion of 
dikaryotic nuclei occurs in the teliospore immediately following its formation 
(Gold and Mendgen, 1984). Teliospores germinate to produce basidia in which 
meiosis occurs and on which haploid basidiospores develop (Gold and Mendgen, 
1984). Some 6 days after basidiospore infection, a small chlorotic tleck contain- 
ing the pycnium develops. The pycnium later produces droplets of cloudy white 
nectar containing heterothallic spermatia and receptive hyphae. Cross-fertilization 
of a pycnium by pycniospores of the opposite mating type triggers the formation 
of an aecidium, in which aeciospores are formed. Aeciospores in turn infect the 



host plant and, after 8-1 0 days, a uredium develops (Stavely and Pastor-('orrnlcs. 
1989).  

The pycnial and aecial stages of U. rrp~)rr~ili(~trltrtli,v are rare under field condi- 
tions: aecia have been found in various parts of the IISA (Jones, 1 9hO: Vcnette (11 
trl., 19781, in Germany (Heinze. 19 74)  and in Nigeria (Allen. 1979 ). 'l'lic most 
commorily observed spore forms are the urcdospore ~11111 the teliosporc. 
Ilredospores are produced in rows within the uredium, or pustule, on both IcilI' 
surfaces and other plant parts. 'li~wards the end ol' the season, tcliospores miiy 
form within the uredium in responsr to various cnviroliment:~l fticlors influenced 
also by plant genotype and maturity. 

The host rangc of U, irl)l?c~r~ifir~~ilnt~i~ is tribe-specitic, being efttctivcly confined 
to the genera t'hasmlus, Vigr~tr. Mncroptili~rrr~ and 1,trblrth of Ihe Pl~nsonloira 
(Almeida, 1977; Allen. I98  3). Between them, these genet-;) contain crops native 
to the Americas (common bcan, lima bcan, scarlet runner bcan, tcpi~ry bcan ; ~ n d  
siratro). Africtr (cowpea, barnbarra groundnut and 11y;icinth bean) and Asia 
(mung bean): and no single ancestral host, nor region of origin, is readily dis- 
cernible. The host-specific forms within U, trlq~c~r~dic~rrlirlus, given specilii. or vari- 
etal status by some authors (Frornmc, 1'124; Arthur. 19 34; Almcida, 1') 77 scc 
Lennk. Chapter 1 3 ,  this volume), may possibly reflect a New World origin of the 
bean rust fungus versus an  Old World origin of the cowpea rust fungus (Allen. 
198  3). Forrntri> specinlrs, well established among the cereal rusts, have not beer1 
erected within U, nplvndic~tlntus. 

U. appc~rldic'ulatus is a highly variable species ol' rust fungus in which numer- 
ous pathogenic races have been describeti: these have beer1 summarized by 
13allantyne (1974a)  and by Stavely and 1';lstor-C'orralcs ( I  989).  Physiologic 
races, each with a distinct pattern of virulence, as determined by inoculation of ;I 

set of differential cultivars (Hartcr and Zaurncyer, 1941; Crispin-Medina and 
Ilongo, 1962; Uavison and Vaughan, 1'1h 3 :  Stavely ~ ) t  (11.. 198 3 ) .  have long been 
recognized in the IJSA, where IIarter c't (11. (19 35) lirst reported the existence of 
pathogenic variation. At least h i  races have now been identified in the United 
States (Stavely, 1984b),  31 in Mexico (C'rispin-Medina and Dongo, 1962)  and at 
least 8 0  in Brazil (Carrijo clt ill.. 1980; Stavely and Pastor-Corralcs, 1989) .  
Elsewhere in the New World, rust races are known in the C'aribbean, Central 
America, Colombia and Peru (Allen. 198 3: Stavely and Pastor-Corrales, 1989).  
Dean rust races have also bee11 identified in Australasia (Waterhouse, 195 3: Yen 
and Rrien, 1960: Ogle and Johnson, 1974; Ballantyne, 1978) ,  Europe 
(Hubbeling, 1957: Allen, I9 75a), Asia (Yeh, 1983)  and Africa (IIowland and 
Macartney, 1966;  Allen, 1975a: Mrnbaga and Stavely, 1988) .  As many as eight 
races may be found among collections from a single field of a susceptible cultivar 
(Stavely, 1984b),  and changes in virulence gene frequencies occur (Augustin at  
(11.. 1972: Alexander et al.. 1985).  

Owing to the difficulty of making valid comparisons between separate studies, 
in which different sets of differentials, different rating scales and different systems 
of naming races have been used, an International Bean Rust Workshop was held 
in Puerto Rico in 1983  in an  attempt to standardize methods (Stavely rt ul., 
198  3). As a result, it is now possible to determine whether an  isolate is unique or 
whether it is representative of a race already described (Stavely, 1984b). With 
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advances in knowledge of the genetics of bean-bean-rust relationships (Christ 
and Groth, 1979, 1982a. b), it may be expected that yet more valuable systems 
of race notation will be established. 

Mention so far has been made only of variation in virulence. Variation in 
pathogenicity may also be described in terms of litness characteristics, best 
referred to as aggressiveness: such variants, which do not interact differentially 
with host genotypes, can be distinguished by their fitness on a single universally 
susceptible host cultivar (Allen, 1975b). More work seems warranted on the 
relationships between virulence, aggressiveness and other fitness characteristics 
involved in survival kind co~llpetitiveness of races in the bean rust fungus. 

Symptoms 

Symptoms of bean rust first appear about 5-h days after infcctiorl as minute, 
chlorotic, raised spots on both surfaces of leaves and on pods and petiolcs. In a 
susceptible reaction, these spots enlarge and, on the eighth or ninth day after 
infection, the epidermis is ruptured to form reddish-brown coloured uredial pus- 
tules, about 2 mm in diameter (Fig. 4.5). These uredia reach maximum dcvelop- 
ment on the fourteenth day when they are about 5 mm in diameter (Rey and 
Lozano, 1961). The sori may be surrounded by chlorotic haloes and, eventually, 
by rings of secondary sori. As the infection agcs, the leaf becomes debilitated and 
the chlorotic areas surrounding the pustules become confluent, while thc tissue 
ramified by the fungus remains green: these zones have been termed 'green 
islands' (Wingard. I 9 3 5; Wang, 196 1 ). The sori darken as the pigmented, thick- 
walled and single-celled teliospores arc produced and the leaf gradually dies. In 
severe infections, leaves may absciss after about 2 5 days. The green islands may 
remain visible after the leaf has detached and the whole of the leaf is dead. 

Epidemiology 

The selective retention of bean rust urcdosporcs on bean leavcs may depend on 
the release of Alm-forming substances from the spore, the amount produced 
depending on host cuticle wettability (Yarwood, 1968; Woodbury and 
Stahmann, 1970). The extent to which receptivity to U. appc~ldiculatus may vary 
with cultivar has been examined (Groth and Urs, 1982) and there is evidence 
(Shaik, 1985) that leaf epidermal characters including pubescence do influence 
infection rate. The optimum temperature for uredospore germination is between 
14.5 and 22.5OC and germ tubes are longer at temperatures whereat the most 
germination takes place (Harter et al., 19 3 5 ;  Imhoff et al.. 1981). Dew period also 
influences germination (Imhoff et a] . ,  1981). Bean rust spores germinate poorly if 
their concentration is too dense (Yarwood, 1956) because of the presence of an 
auto-inhibitor (Macko et al., 1970). Appressoria form over stomata in response to 
a surface contact stimulus (Wynn, 1976) and the infection process (Mendgen, 
1973) leads to the development of uredia which attain full size some 14 days 
later. 
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Fig. 4.5. Rust uredial pustules on bean leaf (Photo: courtesy of CIAT). 

Llisease development is influenced by plant age. Schcin and Snow ( 1  9 h 3 )  
have shown that whereas young primary leaves of beans ore only slightly suscep- 
tible to infection, susceptibility increases about sixfold as these leaves expand, a 
phcnonienon attributable to the maturity and distribution of stomata. Not only 
individual leaf age but also leaf type affects rust development: primary and trifoli- 
olate leaves may differ substantially in susceptibility to rust infection, again 
attributable in part to differences in stomata1 density (Allen, 1975a; Zulu and 
Wheeler, 1982). Furthermore, spores from old leaves and old pustules may have 
reduced germinability relative to those from young ones (Imhoff ct t r l . ,  198 1 ). 

The international dissemination of bean rust is presumed to have occurred 
principally by means of windborne uredospores. Secondary dispersal occurs as 
uredospores and is favoured by cloudy humid weather with heavy dew and tem- 
peratures in the range of 21-27°C (Schein, 1961). Uredospores, which are 
released and deposited frequently in clusters (Ferrandino and Aylor, 1987), are 
disseminated principally by wind and to a lesser extent through contact with ani- 
mals including humans and their implements (Laundon and Waterston, 1965) 
and probably also by insects (Zaumeyer and Thomas, 19 57). IJredospore produc- 
tion and release are also influenced by moisture and temperature (Yarwood, 
1961: Imhoff et al., 1982a) and apparently also by photoperiod (Cohen and 
Kotem, 1970). It has been estimated that appendiculutus can produce one mil- 
lion uredospores cm-' on leaves bearing 2-100 pustules ~ m - ~  (Yarwood, 196 l ). 
This spore production occurs in waves, with peaks every 3-4 days. Efficiency of 
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sporulation per unit of leaf area varies inversely with uredial density (Imhoff et 
nl., 198La). The rate of radial expansion of a rust focus has been determined to be 
15-16 cm day-' (Habtu Assefa tlt ul., 199 5). The rate of spread and severity of 
rust tend to decrease in cultivar mixtures (Mundt and Leonard, 1986; llavis and 
Panse, 1987; Aylor, 1988: Habtu Assefa et al., 3995). Secondary spread of 
uredospores is impeded by the presence of a cereal intercropped with bean (van 
Rheenen rt ul., 1981; Msuku and Edje, 19 82; Moreno and Mora, 1984). 

The relative importarice of the different spvre forms in the seasonal carry- 
over of bean rust apparently varies with location, The production of teliospores, 
which require a rest period before germinating (Zaumeyer and Thomas, 19  57) .  is 
in part under environmental control and in part governed by the genotypes of 
both the host and the rust fungus. While tcliospores may be the major source of 
overwintering inoculurn in some areas (Milbrath. 1944), in areas where U, 
nppmdic'ultrtris does not produce telia, bean rust epidemics may depend on the 
transport of uredospores from elsewhere (Townsend, 19 39) or on the direct over- 
wintering of uredospores (Frornme and Wingard, 192 1 ; Marcus, 19  52). In 
Brazil, uredospores apparently can survive in the Held for only about 2 months 
(Zambolim and Chaves. 1974). 

Crop Loss 

The extent of crop loss caused by rust depends on the plant growth stage at 
which infection occurs and the susceptibility of thc cultivar: losses are most 
severe when plants are infected bebre or during Ilowcring. 'l'he scverity of rust 
obviously in turn is governed substantially by environmental conditions and. at 
any one location, seasonal differences are pronounced. Early infection of particu- 
larly susceptible cultivars can lead to almost complete crop loss, as has been 
reported in the IISA (Fromme and Wingard, 1921), and in white-seeded canning 
beans in eastern Africa (Howland and Macartney, 1966). Numerous other esti- 
mates of crop loss are reported in the literature (Stavely and Pastor-Corrales, 
1989) but all too seldom are losses measured relalive to agronomic constraints 
as a whole. In one such study (Pinstrup-Andersen ct al., 19 76), rust was held 
responsible for 22% of the total crop loss from all causes. Analysis of disease 
progress curves (Imhoff et ul.. 1982b) can be valuable in assessing crop loss. Leaf 
area index and rust scverity during flowering and late pod setting have been 
found to give the best estimales of yield and yield loss (Ilabtu Assefa, 1994). 

Control 

Certain cultural practices are important in reducing initial infection by rust and 
these include: not using the same land more than once in 3 years; the burial of 
bean debris; not planting near stacks of old bean straw: and avoiding the use of 
the previous season's stakes for support of climbing beans (Milbrath, 1944: 
Zaumeyer and Thomas, 1957). In some areas, there may be potential for adjust- 
ing sowing date so as to minimize exposure to temperatures and dew periods that 
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favour infection at critical stages of crop development (Stavcly and lJastor- 
Corrales, 1989) or to avoid spread from adjacent crops of dilftrent maturities. 

In tropical areas where beans are commonly produced in complex crop asso- 
ciations, intercropping with cereals can afford some protection from rust (van 
Rheenen et al., 1981: Msuku and Edje, 1982: Moreno and Mora, 1984). by act- 
ing as a barrier to uredospores or perhaps even by providing an environmer~t 
wherein induced resistance might operate (Allen, 1 9 7 5 ~ :  Castano and Allen. 
1985). In parts of eastern and southern Africa wherein varietal mixtures of 
beans predominate, the maintenance of genetic diversity appears to contribute to 
protection against diseases, including rust (1,yimo and Teri, 1984; Davis and 
Panse, 1987). 

Numerous chemical control measures for bean rust have been reported. Of 
the older fungicides, sulphur dusts have ofen given good control (Z;rumeyer, 
1946); the dithiocarbamates zineb and rnancoxeb as well as coppcr have also pro- 
vided some protection, though phytotoxicity can be a problem (Oxenham, 1956: 
Cortado, 1969). A 7-14 day spray schedule has been recommended b r  prevcnta- 
tivc fungicides, including mancozeb. maneb and chlorothalonil. Materials that 
have shown promise include bitertanol, triadinlefon and propiconaxole (Stavely 
and Pastor-Corralcs, 1989). In general, protectunt fungicides tend to li~il in areas 
where there is frequent rainfall because the deposit is washed off too soon. Thc 
persistence of fungistatic concentrations of chemicals after rainfall is directly 
related to the amount of fungicide initially deposited. Neely ( 19 7 1 ) founcl that i f  
the initial deposit was not twice the fungistatic deposit, then the first few ccntime- 
tres of' rainfall reduced it to less than the fungistatic concentration. Such short- 
comings of protectant chc~nicals Icd to investigations of systemic materials. 

Effective systemic activity in bean against rust has been displayed by various 
organic substances and antibiotics (Mitchell ct nl., 1959; Smale rt ul., 1961 ) and 
other substances have been found chernotherapcutic against bean rust (llavis at 
ml., 1959; Evans and Saggers, 1962). Bcnomyl, which remains one or the more 
readily available systerllic fungicides, has given rather variable results with bean 
rust. The most important of the systemic fungicides against rust is oxycarboxin 
(Bates and Tweedy, 1 9 71; Stavely and Pastor-Corrales, 1989). 

While certain fungicides may be effective, the overriding factor that should 
regulate their use is their estimated cost-effectiveness. In tropical regions, heavy 
rust infections may necessitate several fungicide applications and this is often 
considered impracticable and uneconomic, even when technically feasible. The 
management decision on when to spray can be guided by information on plant 
maturity and rust severity. Similar observations have been made for rust of 
groundnut (McDonald ut ul., Chapter 2 ,  this volume). 

There are various examples of hyperparasitism of the bean rust fungus, but 
their potential as biological control agents remains largely unexploited, l'he 
agents include a virus (Yarwood and Hecht-Poinar, 1973),  the bacterium 
Bac.illus subtilis (Ehrenb.) Cohn (Baker ~t al., 1985) and the fungus Vrrticilliurn 
lecanii (Zimm.) Viegas (Allen, 1982). Limited evaluation ofthe field performance 
of V ,  lecar~ii (Grabski and Mendgen. 1985) and B, subtilis suggests that the 
bacterium may have rather greater potential in biocontrol, perhaps especially if 
integrated with other disease management practices. 
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Differences in the field susceptibility of bean cultivars to rust infection were 
first reported at the beginning of this century by Duggar in the USA and by 
Gassner in Uruguay (Fromme and Wingard, 1921). Since then, extensive selec- 
tion and breeding for rust resistance have occurred in all the main bean-growing 
areas of the world. Resistance to rust in P. vulgaris is typically based on a hyper- 
sensitive reaction (Wingard, 19 35) under oligogenic control (Zaumeyer and 
Harter, 1941) and associated with the accumulation of phytoalexins (Bailey and 
Ingham, 19 71). Cultivars possessing hypersensitive resistance to rust usually 
prove transient in commercial agriculture because their resistance is race- 
specific, relating to the existence of a gene-for-gene relationship in which a genc 
for resistance in the host is matched, and overcome, by a genc for virulence in the 
pathogen (Christ and Groth, 1982a). IJltrastructural examination of the infec- 
tion process of U, appendiculatus (Hardwick r t  ul., 1971; IIeath, 1971; Mendgen, 
1978) has rcvealed that there are several histologically distinct reactions within 
the leaf, Resistance is expressed variously, from immunity through various types 
of hypersensitivity with necrosis that may, or may not, support sporulation. 
IJredia also vary in size (Kolmer and Groth, 1984), and this range of qualitative 
responses has been used as the basis for developing grading scales (Stavely and 
Pastor-Corrales, 1989). 

Quantitative resistance to rust has received rather less attention, despite the 
pioneering work of Fromrne and Wingard (1921) who showed that there were 
several components of resistance, including decrease in the number of infections. 
smaller pustule size, and longer incubation period. Subsequent studies have con- 
firmed that bean cultivars may differ in infection ratio (Ogle and Johnson. 1974; 
Allen, 1975a; (;roth and Urs, 1982; Statlcr and McVey, 1987), latent period (van 
Breukelen, 19  79), pustule size (Pastor-Corrales and Correa-Victoria, 198 3: 
Statler and McVey, 1987) and sporulation capacity (Allen, 1975a: Aust et al. ,  
1984). Such components of partial resistance to rust are liable to be influenced 
by both environment (Tmhoff rt a l . ,  1982a) and host. The influence of leaf age 
and type on susceptibility (Zulu and Wheeler. 1982) depends in part on the den- 
sity of stomata (Allen, 1975a: Groth and Urs, 1982) and in part on pubesccnce 
(Shaik, 1985; Shaik and Steadman, 1988; Mmbaga et a].,  1994). In the field, 
such components of partial resistance may contribute to 'slow rusting' or adult 
plant resistance (Ballantyne and McIntosh. 1976; Mmbaga and Steadman, 
1991). But, in view of the proven transience of most forms of resistance as a 
result of their race-specificity, the crucial question is whether partial resistance is 
race non-specific and so likely to prove more durable. There is growing evidence 
that race non-specific resistance to rust in beans does exist (Ballantyne. 1974b; 
Allen, 1975a; Groth and Urs, 1982; Shaik and Steadman, 1988; Mmbaga and 
Steadman, 1992) and could perhaps be harnessed to support race-specific resis- 
tance. However, slow rusting and adult plant resistance clearly do not necessarily 
indicate durable resistance and these may also prove race-specific: gene-for-gene 
interactions can also occur in slow-rusting cultivars of wheat (Johnson. 1992) 
and there is now evidence (Sandlin and Steadman, 1994) that adult plant resis- 
tance to rust in beans may be race-specific in some instances. Transgressive seg- 
regants for rust resistance have been found among advanced inbred populations 
derived from the slow-rusting cultivars Apollo and California White Kidney 
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(Ballantyne and McIntosh, 1977), suggesting a polygenic inheritance of slow 
rusting. An innovative approach has looked at the extent of variation among 
races to form appressoria on surfaces of varying topography. Thc uniformity 
among diverse races in this character suggests there arc opportunitics for thc 
development of race non-specilic resistance based on thigrnotropisrn, through 
which a leaf topography capable of providing a disruptive prepenetration signirl 
might prevent infection (Allen et ul., 199 1). 

Genetic studies of rust resistance usually show that rcactiotl grade is con- 
trolled by single dominant genes, of which there ere many in 1'. ~~rrlgtrris 
(Zaumeyer and Harter. 194 1 : Rallantyne and McIntosh. 1977; Chris1 i~nd  Groth. 
1 982a: Grafton ct al., 198  5). Monogenic, dominant resistancc gcncs that ;ire 
effective against several races of' rust have been identilied; they occur in lirlkagc 
groups in which there is a single gene for each of many races (Stavely. 1 9 8 4 ~ ) .  
Some genes are epistatic to others (Kolmcr and (iroth, 1984). Kesistance 
expressed either as reduced pustule size (Kolmer and Ciroth. 1984) or as slight 
incompatibility (Xiang-Sheng and Ileverall. 1989; Edington and Rijkcnberg. 
1991) is also under oligogenic control, perhaps indicating that these chilractcrs 
may not necessarily confer greater stability than miry be expected I'rom hyperscn- 
sitive or immune reactions. Conversely leal' pubescence, which may or miry not 
be associated with race non-specific resistance to rust, is determined by a singlc 
major gene in some crosses (Zaiter ~t ul., 1990), suggesting that thcrc are oppor- 
tunities for combining abaxial leaf pubescence with racc-spccific resistilnce 
through single plant selection. 

A wide range of rust-resisttrnt germplasm has been tested internationally 
since 19 84,  but as yet no single entry has remained resistant across ill1 sites and 
seasons (Staveley and Pastor-Corrales, 1989). 'l'he most resistant cultivars tested 
include Mexico 309, Ecuador 299, Redlands (;reenleaf B and C. 'Turrialbil 1 and 
4, C'ompuesto Chimaltenango 2 and 3 and Pucrto Kico 5 .  

Strategies to stabilize race-specific resistance include 'gene pyramiding' 
which attempts to combine genes to provide protection against many races 
(C'oyne and Schuster, 1975). More work seems warranted on a pyramiding of 
mechanisms of resistance, as suggested by Allen (1983). 'Genc deployment' 
refers to the use of certain single genes that are known to confer effective resis- 
tance to all races of rust recognized within a specific rcgion: the cultivar 
Wcstralia provides an example (Ballantyne and McIntosh, 1977). Multiline vari- 
eties, in which each component line contains a distinct resistancc gene, may also 
stabilize rust resistance (Coyne and Schuster, 1975) but, in tropical regions 
wherein pure lines are less commonly cultivated than heterogeneous landraces. 
the potential for effective management of rust seems especially great in varietal 
mixtures (Davis and Panse, 1987) and perhaps also cereal-bean intercrops. 
whcrein induced resistance could perhaps contribute to the protective effects of 
such systems of cropping (Allen, 1 9 7 5 ~ ) .  There is clear potential for the manipu- 
lation of the components of varietal mixtures (Davis and Panse, 1987) and their 
spatial arrangement (Mundt and Leonard, 1986; Aylor, 1988) so as to achieve a 
balance between protection from rust (and other agronomic restraints) and crop 
productivity and acceptability. 
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COMMON BACTERIAL BLIGHT 

Aet iology 

Common bacterial blight is caused by the bacterium Xanthomonus camprstris pv. 
phaseoli (Smith) Dye. Its brown-pigmented variant is considered to cause fuscous 
blight (Zaumeyer and Thomas, 1957; Saettler, 1989). The bacterium was first 
described as Rucillus phaseoli in 1897 by E.E Srnith in the USA (Zaumeyer and 
Thomas. 1957). He renamed it Pst~udornonus phusroli in 1901 and Rnctrricr phase- 
oli in 1905 (Elliot, 1943: Zaumeyer and Thomas, 19  57). In 1923, following a 
proposal to group all plant pathogenic bacteria in the genus tY~ytontonns (Rcrgey 
et a/. ,  1923), the name of the bacterium was changed to Ph!jtomonns phaseoli. A 
subsequent revision by Ihwson (1943) led to the creation of a new gcnus 
(Xunthomonus) consisting of yellow-pigmented monotrichous phytobacteria, and 
the common blight bacterium was renamed Xanthamonas phaseoli (E.E Smith) 
Dowson. In 1974, Dye and Lelliot separated the genus into five species and Dye 
(1978) transferred the bacterium to the species X. c3~tnpeslris. Based on distinc- 
tive pathogenicity on one or more host species, Dye et al. (1980) placed plant 
pathogenic bactcria in taxa called pathovars: thc cornnion blight bacterium was 
accordingly named X. carnprstris pv. phaseoli and its fuscous variant. X. c'untpestris 
pv. phuseoli var. fuscc~ns. Because the two bactcria cause similar symptoms and 
may occur together on the samc plant, in this review common and fuscous 
blights are treated as the same disease under the name of common blight. The 
bacteria are referred to as XCP and XCPI:, respectively. tiowever, a reclassification 
of the genus (Vauterin et a/., 1995) on the basis of comprehensive DNA-DNA 
hybridization studies now places the bean bacterial blight pathogens into X .  
axonopodis pv, phuseoli and its variety jirscuns, so that our treatment may no 
longer be strictly correct. X, cumpestris pv. vignicola causes bacterial blight of cow- 
pea and is reviewed in Allen et ul. (Chapter 5, this volume). 

Biology 

Both bacteria are typical Xanthomonads: they are Gram-negative, do not form 
spores, are in the shape of rods measuring 0.4 X 1.0 pm and possess a singlc 
polar flagellum. On nutrient glucose or yeast dextrose calcium carbonate agar, 
XCP produces yellow-pigmented, smooth, convex and mucoid colonies (Dye, 
1980). The yellow pigment (xanthomonadin) is due to an extracellular polysac- 
charide slime called xanthan, which is a brominated aryl-polyene ester (Starr rt 
al.. 1977), insoluble in water but soluble in petroleum ether with absorption 
spectrum peaks at 418, 437 and 463 nm (Dye. 1980; Starr, 198 3).  XCPF pro- 
duces a diffusible brown pigment on media containing tyrosine (Dye, 1980), 
which distinguishes it from XCl? The bacterium is strictly aerobic, metabolizes 
glucose and mannose and causes proteolysis of milk (Dye and Lelliot, 1974). It is 
catalase positive, oxidase negative, hydrolyses starch and Tween 8 0  (Dye, 1980) 
and does not induce a hypersensitive reaction on tobacco (Cilbertson et al.,  
1990). 
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Common blight bacteria enter the plant passively via wourlds or natural 
openings such as stomata and hydathodcs (Zaur~icyer and 'I'hornas. 19 i 7) i ~ n d  
multiply in intercellular spaces dissolving the llliddle lamellae. Bacteria may 
block the vascular elements of the leaves and sten1 c,ausing their disintegration 
and plant wilting (Santana. 1985) but do not infect the plarit systcrriically ( I  Iairb, 

1972) .  Macroscopically visible water-soaked spots hccome necrotic, enlarge and 
tnay coalesce. Bacterial exudates may appear on the surf:rcc ot' infcctcyj tissues 
and are disseminated to initiate secondary infection. 

The host ranges of XCP and XC'P1: includc t'l~crsrol~ts v~tlgrrris, 1'. I~rtrtrt~rs. 1'. 
c90c7c.irr~~ts. Mnrsroptili~rrn lntll!~roidus, Vigtltr rtrdiata, V. rrrlrr~go, V. rrr*ot~iti\ol~rl. V. tlrr!grr- 
Irrris, V .  urnbellc~tcr, V .  urrguit?iltrtn, Pisirrrr s(ltivrrrt1, (;l!/itirtcl rrrtrx. 1,trblrrb plrrl)rrrrlrs, 
Stro/~lrost!jles helvolic, Muc'utln deerirlginr~n and 1,lq)irlus /~oI!jplr!yllrrs (Zaumcyer ;~ntl 
Thomas, 1957: Vakili t't trl., 1975: Allen, 1983; I3radbury. 198h).  Hradhury 
(1986)  disagrees with reports that soyubean and 11, rtlilitrtrr arc host to XC'I' 
(Vakili u t  ul.. 1975) and attributes the infections to Xantl~orrrorrtrs c9srr~pstris pv. 
gl!/c'inuu and X. c'art~pustris pv. vigtruc~rtcdiatni), respectively. ]!owever, XC'I' tlocs grow 
epiphytically on soyabean leaves (Cafati and Saettler, 1980). 

Although variation in pathogenicity of XC'I' isolates has been demons~r;~tcd 
within and among geographic regions (Schuster t)t dl., 197 3 :  Valladarcs-Sanchex 
~t nl., 1979), physiologic specialization on P vrrlyclris is unknown. The avirili~blc 
evidence indicates that the interacliori between XC'I' and P. vulgctris is quuntita- 
Live in nature. Conversely, it appears that certain genotypes of P. ~('irtifi)lills differ- 
entiate races within XCl' (Zapata, 1989: Opio ct rrl., 1996). having implications 
for resistance breeding as discussed below. 

Sutton and Wallen (1970)  obtained evidence of a relationship betweer1 
phage type and geographic origin but Fujimoto (1 985)  found no  such rclation- 
ship. l'hage typing and plasmid profile analysis have proved reliable in distin- 
guishing XCP isolates while bacteriocin typing and polyacrylamide gel 
electrophoresis appear unreliable (Sutton and Wallen, 19 70; Fujimoto, 198 5 ). 

Restriction fragment length polymorphism has been recently used and 
appears promising for the study of population structures and variability of XC'I' 
and XC'l'F, Initial studies (Gilbertson et nl., 1987: I,a;zo et al., 1987)  indicate lhat 
isolates from different geographic regions form clonal groups. Subsequent stud- 
ies (CIAT, 1991: [;ilbertson t3t ill., 1991)  show that XCP and XCPF isolates from 
different regions are not clonal and that regional subpopulations do exist, having 
evolved from isolates that may have been introduced either via seed or with cer- 
tain bean genotypes. XCP and XCPF isolates of the same geographic origin tend 
to have very similar RFLP patterns but, unlike the angular leaf spot pathogen, 
Andean and Mesoamerican groups do not appear to occur (CIAT, 1992: Otoya 
and l'astor-Corrales, 1992: Otoya et ul., 1994a).  XCP and XCPF have been shown 
to be sufficiently different to be handled separately in breeding programmes 
(CIAT, 1990,  1991; R.L. Gilbertson and D.P Maxwell, unpublished). Genetic 
diversity has also been shown to be greater than originally thought among popu- 
lations of XCP and XCPF in 1,atin America (CIAT, 1991).  Further investigations 
are required to enhance our understanding of host-pathogen interactions. 
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Symptoms 

Common bacterial blight symptoms occur on leaves, pods and stems. On leaves, 
initial symptoms appear as water-soaked spots on the lower surface. As the spots 
enlarge the centres become necrotic. The lesions enlarge irregularly, coalesce and 
become surrounded by narrow chlorotic zones which turn brown (Plate 5 ) .  On 
susceptible cultivars, necrosis may be extensive and wind and rain shatter leaves 
and cause premature defoliation (Zaumeyer and Thomas, 19 57). 

On pods, symptoms first appear as small water-soaked spots which enlarge. 
turn dark reddish-brown and become slightly sunken (Fig. 4.h).  IJnder humid 
conditions, a yellow slimy exudate may be produced, forming a yellow crust 
when dry. Heavy infection during pod and seed development may cause pods and 

Flu. 4.6. Common bacterial blight lesions on bean pods (Photo: courtesy of F.J.J. Jongeleen). 
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seeds to shrivel. Bacteria occur on or inside seeds, on which they are sometimes 
symptomless (Weller and Saettler, 19XOa: Aggour. 1988; Saettler, 1989). 
Severely infected, pale-coloured seeds bear yellow or butter-coloured lesions. 
Seeds may be wrinkled and spotted when less severely infected. 

On stems of seedlings, symptoms ofteri arise li-om seedborne infection, result- 
ing in the destruction of growing tips and primary leaves and a condition ternled 
'snakehead' (Zautneyer and Thornas, 1957). On older stems, lesions initially 
appear as water-soaked spots. They enlarge, become reddish in colour anti may 
extend up the stem (Santana, 1985) or girdle it if infection is at a node 
(Hurkholder, 1921: Xaumeyer and 'l'hornas. 1957). 'l'he stem is wcakcned and 
may break in windy conditions. 

Epidemiology 

XC'L' survives between seasons in contaminated seed at rates up to 1 h'X, (Weller 
and Saettlcr, 1980a: Opio tJt ul., 199 3). l'he bacteriuni rnily either bc borne exter- 
nally or as an internal infection, retaining viability l i~r  as long as Jh years 
(Saettlcr r.t a]., 1986; Saettler, 1989). linder certain conditions, bul i~pporcntly 
not others. the common bacterial blight pathogen can survive in infcstcd soil i111d 
plant dcbris (Cilbertson r t t  al., 1990: Opio ot trl.. 1994), with periods of survivi~l 
varyirig from about 3 to 1 8 months depending on cnvironment. IJ~idcr temperate 
North Arnerican conditions, survival on debris may be negligible (Sutton i111d 
Wallen, 1970: Saettler ct al., 198h), whereas in tropical trreils this means of 
carry-over may be signilicant. Survival is greater in drier environments and bac- 
terial populations declirie rapidly under ~noist conditions and i l l  debris that is 
buried (Opio et al., 1994), perhaps through increased bacterial antagonism 
(Habte and Alexander, 1975). Thc common bacterial blight pathogerl also sur- 
vives on weeds and nun-host plants (Cafati and Sacttler, 1980; Kamos, 1988: 
Opio et ul., 1992a).  Epiphytic colonies have been found on a wide range ol'pl;tnt 
species in the families Attrari~t~thut~r~ue, Cortrrt~elin~t.c,~~t~, C'ottlpositurl, C'r~rc*i(i.rile, 
Graminrae, Oxulii&c~eae and l.'ortulat.urv~~(' in addition to vilrious legumes. Whereas 
some studies suggest that, beciiusc such epiphytic populiltions decline rapidly, 
their role is probably as a source of secondary rather than primary inocula 
(Ramos, 1988), certain weed species including the leguminous shrub. Scttnrr Ilir- 
suta, may act as reservoirs for up to h months (Opio clt ill., 1992a).  

Seedborne inoculu1n constitutes the means of international distribution of 
XC'P (Schuster and Coyne, 1975) as well as the principal source of primary infec- 
tion of susceptible common bean cultivars. The minimum population in seed that 
can initiate field infection is estimated at 10' colony-forming units: 0.2'%1 seed 
infection can lead to epidemic development (Opio rt ul., 1993). Weller and 
Saettler (1980b) estimated that 5 X 10h colony-forming units per 20 cm2 was 
the threshold population density for the development of symptoms under North 
American conditions. 

Disease development and secondary spread are influenced by the number of 
infection foci, the presence of vectors, the crop growth stage, environmental con- 
ditions and cultural practices. Among vectors are whiteflies, the borer Diapreps 
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ubbreviutus (Boh.) and the beetle Cerutouuu nlficornis (OI.), as well as larger ani- 
mals and man (Sabet and Ishag. 1969: Kaiser and Vakili, 1978: Saettler, 1989). 
Because infected cotyledons and primary leaves serve as sources of infection 
upwards through the canopy, early plant infection is thought important for the 
establishment and subsequent epidemic development of bacterial populations 
(R.L. Gilbertson and L1.P Maxwell, unpublished). However, plant susceptibility to 
infection generally increases from flowering to pod-filling (Coyne and Schuster, 
1974c) then decreases as the crop matures (Santana, 1985). Environmental 
conditions that favour disease spread include warm temperatures, high relative 
humidity, rainfall, wind and windborne soil and irrigation water (Sutton and 
Wallen, 1970: Claflin et ( I / . ,  1973; Steadman rt al., 1975: Saettler, 1983). 
llamage is greatest at temperatures of about 28°C and irt vitro growth is most 
rapid in thc rangc 01'2%-32°C (I'atel and Walker, 196 3; Mack and Wallen, 1974; 
Santana. 198 5). Photoperiod also influences comnion bacterial blight severity, 
damage being greater in short days; this may in part account for observed envi- 
ronmental effects on plant susceptibility (Coyne ~t al., 1973: Webster ~t ul., 
198 3a; Santana. 1985). Cultural practices including intercropping with maize 
also can influence the rate of spread of common bacterial blight (van Rheenen et 
nl., 1981 ). 

Crop Loss 

Since XC'P and XCPP occur together, thc plant damage and yield loss caused by 
either bacterium cannot be ascertained and there have been few attempts to csti- 
mate the effect of common blight on yield. Yield losses of up to 38'X) due to nat- 
ural infection were demonstrated in Canada (Sutton and Wallen, 1970) and 
estimated at 22 and 45'% from natural and artificial infection, respectively, in 
Colombia (Yoshii et r r l . ,  1976). In 1976, an outbreak of common blight in 
Michigan affected 75% of a 26 3,000 ha bean crop, causing an estimated yield 
loss of 10-20'X1 (Saettler, 1989). Recent studies in Colombia and Ilganda (CIAT, 
1990. 1991) have shown yield losses of 2 0 4 7 % 1  and 40% respectively. and 
work in Uganda (Opio et ul., 1992b) estimates that for each  XI increase in the 
incidence of common blight during reproductive growth there is a yield loss of 
3.5-1 1.5 kg ha- l ,  depending on the season. 

Greater damage occurs with early plant infection due to premature defolia- 
tion, which reduces photosynthetic area, interferes with translocation ol' water 
and nutrients and reduces seed number and size (R.L. Gilbertson and D.1'. 
Maxwell, unpublished). Lesions on pods and seeds reduce quality. In the USA, 
crops with pods having 4% blemishes due to bacterial blight are graded substan- 
dard and may not be harvested for seed, thereby causing substantial economic 
losses (Webster et ul., 1983b). In Uganda in 198  3, an outbreak of bacterial blight 
at the main seed multiplication site caused the abandonment of the operation 
and continuing delays in release of seeds to farmers (A.F. Opio, Kampala, 
Ilganda, 199 1, personal communication). 
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Control 

~ u l t u r a l  methods are important in the control of common blight. 13ecause of the 
importance of seedborne infection as il source of primary inoculurn, use of clean 
seed is a potentially effective control measure where ;rpplicable (Weller and 
Saettler, 1980a; Wcbster et ul., 198 3b). Strict standards in seed production ;lnd 
use ol' clean seed have been the basis of successful management of common 
blight in the USA (Wcbstcr at  ol.. 1983b; R.1,. CXlbertson ;ind 11.E Maxwell, 
unpublished). IJsc of clean seed alone, however, does not guari~ntec freedom ti-orn 
infection in the ficld (Weller and Stlettler. 1 C)XOa). Other uselill cultural proc.ticcs 
include: destruction or removal of plant debris or its incorporation by deep 
ploughing (Zaumeyer and Thomas, 1957: K.1,. (;ilberlson irrld 11.1'. Maxwell, 
unpublished): crop rotation (Saettler, 1980): efkctivc weed control: and i~voidi~ig 
movcment through crops when foliage is wet (R.1,. Gilbcrtson :1nd 11.1: Maxwell, 
unpublished). Intercropping with maize rcduccs spread and incidence of bilctcr- 
in1 blight (van Kheenen rt al., 1981)  but non-host plants may possibly enable 
short-term epiphytic survival oiXC'P and provide a source of sccondilry inoculurn 
(Santana, 198  5;  Saettlcr, 1989). 

The effectivcness of chemical control ol'comrnon blight is ~oris idcr~d limited 
(Saettler, 1989; K.L. Cilbertson and l).P, Maxwell, unpublished), tllthough somc 
chemicals control foliar infection. Good control has bern reported with coppcr 
oxychloridc mixed with zineb or mancozcb (Miiringoni, 1 OOO), cupric cirrbonatc, 
cupric sulphale (Opio. 1990), coppcr sulphatc (1)ickcris and Oshima. 19h9), cop- 
per hydroxide and potassium N-hydroxyll~ethyl-N-mcthyldiothiocarbami~tc 
(Wcller and Saettler, 1976). 'I'heir limited ef'l'cctiveness, c-ost and thc possibility of 
developing resistant pathotypes, particularly agi~inst antibiotics, mean that 
chemical control is feasible only under special circumsti~nces such ils seed multi- 
plication or as ;I component of integrated conlrol strategy. 

Particularly for small-scale farmers in the tropics, where othcr measures 
may have practical limitations, host plant resistance appears the most suitable 
control strategy. The search for sources of resistance in I? vulgaris began in 192 5 
in the IJSA (Rands and Brotherton, 1925). This and subsequent efforts (C'oyne 
et ul., 1963; Coyne and Schuster, 197 3 )  have yielded only moderate levels of 
resistance, immunity to the disease having not yet been Ihund in P. vrrlguris. In 
evaluations of 12,000 germplasln accessions, only 39 showed motleratc levels 
of resistancc (CIA'C 1988). Most of these were Srom the Andean gene pool 
(Singh, 1989) and none was as well-adapted as bred lines. Resistant lines like 
Great Northern Nebraska No. 1 selection 27  and 1'1 2072h.2, bred in ternperate 
regions (Coyne and Schustcr, 197h), have becn used to improve foliar resistance 
in the tropics. ~ u t  the poor adaptation and instability of seed colour of these 
lines and their progenies have limited their use (Beebe and l'astor-C'orrales. 

1991). However, some success has becn achieved by combining othcr novel 
sources resistance (CIAT, 1990). High levels of resistancc have been trans- 
ferred from the tepary bean, p. ac,rrt$)lius, (Schustcr, 1955: Coyne and Schustcr. 
1974a)  to P. vulgaris (Elonma, 19 56: McElroy, 198  5 ) .  Near-immune self-fertile 
lines, compatible with p. vulyrrris have been obtained from some crosses 
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(McElroy, 1985) and resistant lines with different growth habits and grain types 
have been identified, such as XAN 159, XAN 160 and XAN 161 (Becbe and 
Pastor-Corrales, 199 1). 

Studies of the inheritance of resistance to XCP have given variable results 
due to variation in methodology and parents used (Saettler, 1989; Beebe and 
Pastor-Corrales, 199 1). Kesistance is essentially quantitative (Coyne et al., 197 3 )  
but often with dominance and epistatic effects (Kava et al., 1987: Silva, 1988). In 
bean genotypes such as PI 207262, foliage reactions arc resistant, while pods are 
susceptible (Coyne and Schuster, 1974b). One, two or three genes appear to con- 
fer resistance depending on sources and methods of evaluation (McElroy, 198 5; 
Drijfhout and Blok, 198 7; Scott and Michaels, 1988; Silva, 1988), 

The mechanisms of host-pathogen interaction are not well understood but 
polysaccharides produced by the bacterium appear to interfere with water and 
nutrient movements (Corey and Starr. 19 5 7: Zaumeycr and Thomas. 19 5 7). 
Recent studies indicate that pathogenicity is a complex trait governed by genes 
and/or operons (Daniels et al., 1988) but further investigation is required. 
Phytoalexins are apparently not involved in resistance (Wyman and van Etten. 
1982). 

There is evidence (Opio et al., 1992b) that crop loss is negligible in existing 
resistant lines (e.g. XAN 112), so current levels of resistance within P. vulgaris 
may confer sufficient protection against bacterial blight. Since such resistance is 
quantitative, it is likely to be durable. If improved techniques of hybridization 
open the way towards fuller use of the greater levels of race-specific resistance in 
the tepary bean, in which it is under oligogenic control, this could introduce a 
form of resistance that might invite concomitant specificity in pathogen popula- 
tions and thus pave the way to epidemiological instability (Opio i>t rrl., 1996). 

HALO BLIGHT 

Halo blight is caused by the bacterium, Pseudornonus savastunoi pv. phaseolic~ola 
(Gardan et al., 1992) though it is still widely referred to as Psi~udomonas syrir~gue 
pv, phaseolicola, belonging lo the family Pseudomonadaceae. It was first described 
by Rurkholder (1926) and soon recognized to be the major bacterial disease of 
common bean (Burkholder and Zaleski, 1932) in temperate regions and above 
medium altitudes in the tropics. 

Burkholder (1926) named the causal organism Bacterium medicuginis var. 
phaseolicola, then later referred to Phytomonas medicaginis var, phuseolicola. Based 
on host specificity, Schroth et al. (1971) proposed that Pseudomonus phaseolicola, 
Ps. glgcinea and Ps. mori be considered a single species, Ps. syringae, with patho- 
var groups corresponding to the original species. This was implemented follow- 
ing the establishment of international naming standards by Dye et al. (1980) and 
the bacterium causing halo blight of common bean became known as 
Pseudomonas syringae pv. phaseolicola. Recent studies of DNA relatedness among 
pathovars of Ps. syringae have led to the proposal that the halo blight pathogen be 
re-classified as Ps. savastanoi pv. phaseolicola (Gardan et al., 1992). 



I DISUSES OF COMMON B U N  217 

On agar, bacterial colonies are white to cream in colour with a bluish hue, 
frequently producing a green fluorescent pigment (Weber, 1973 ). Individual cells 
are rod-shaped, 1.5 pm long and 0.7-1.2 pm in diameter and have at least one 
polar flagellum (Krcig and Holt, 1984). The bacterium is Cram-negative, strictly 
aerobic and does not require growth factors (Schwartz and Galvez, 1980). 
Optimal temperatures for growth are 20-2 3OC. 

Biology 

The first record of an alternative host of the halo blight pathogen was that of 
Hedges (1927). who isolated a bacterium from Pueraria thunbergiana that was 
later identified as Ps. syringue pv. phuseolicola. Since then, natural infections of 
halo blight have been recorded on several other legume species (Table 4.6), all 
members of the tribe Phaseoluua including Macroptilium utropurpureum (Lenne, 
Chapter 1 3 ,  this volume) of the subfamily Pupilionoideae with the exception of the 
Dusrnodium spp. (Drsmodieae) and Pisum sotivlrm (Vicieae). Apart from the studies 
of Teverson (1991). most records have stemmed from chance field observations 
and it seems likely that the list will lengthen as more extensive research is under- 
taken. A larger number of species has been experimentally infected with halo 
blight (Table 4.7), within the same tribes as those found naturally infected. 

Table 4.6. Species other than t? vulgaris reported naturally infected with Pseudomonas savastanoi pv. 
phaseolicola and the races of the pathogen. 

Natural Races of 
alternate hosts Countries pathogeni References2 

-- 

Cajanus cajan 
Centrosema spp. 
Desmodium spp. 
Dolichos spp. 
Glycine max 
Lablab purpureus 
Macroptilium atropurpureum 
Neonotonia wightii 
Phaseolus acutifolius 
I? coccineus 
t? lunatus 
Pisum sativum 
Pueraria thunbergensis 
Sphenostylis stenocarpa 
Vigna angularis 
VI radiata 

Australia, Ethiopia, Tanzania, Zambia 

Rwanda, Tanzania 
Tanzania 
USA, Tanzania 
Kenya, Tanzania, Ethiopia 
Australia 
Kenya, Tanzania, Australia, Zimbabwe 
Kenya 
UK, Rwanda, Italy 
Ethiopia, Madagascar 

New Zealand 
Tanzania, USA 

'Races of Ps. savastanoipv, phaseolicola: N = not known. 
2References: 1. Hsdgss (1927); 2. Zaurneyer and Thomas (1957); 3. Guthrie etal. (1965); 4. Allen (1979); 5. Ebbels 
and Allen (1979); 6. Birch eta/. (1981); 7. Mitchell etal. (1982); 8. Allen (1983), p. 237; 9. Schultze-Kraft and Keller- 
Grein (1985); 10. Gondwe (1991); 11. Teverson (1991); 12. Mabagala and Saettler (1992a). 
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Table 4.7. Reactions of legume species to artificial inoculation with races of Pseudomonas 
savastanoi pv, phaseolicola - summarized from Patel and Walker (1964, 1965) and Teverson 
(1991). 

Species tested 
-- -- - - 

Centrosema pubescens 
Desmodium intorturn 
Glycine max 
Lablab purpureus 
Macroptilium atropurpureum 
M. geophilum 
M. lathyroides 
Neonotonia wightii 
Phaseolus aborigineus 
I? acutifolius 
I? bracteatus 
I? cerastiformes 
I? coccineus 
k? filiformis 
I? formosus 
I? leucanthius 
I? lunatus 
I? polyanthus 
I? polystachyus 
I? retusus 
f? tuberosus 
Pisum sativum 
Vicia fa ba 
Vigna aconitifolia 
I! angularis 
I! mungo 
I! radiata 
I! trilobata 
I! umbellata 
I! unguiculata 

Races of pathogen1 
- - - -  

Reactions: t = susceptible; I = intermediate; - = resistant or nearly resistant; N = not tested 

For many years, Ps. savastunoi pv. phuseolicola was considered to exist as two 
races ( 1  and 2), distinguished by their reactions on cv. Red Mexican (and similar 
genotypes), which are resistant to race 1 and susceptible to race 2 (Walker and 
Patel, 1964b). Subsequently, isolates with different reaction patterns on other 
genotypes were reported in the IJSA by Coyne et al. (1979), in Kenya by Stoetzer 
et al. (1984a), in Malawi by Msuku (1985), in eastern and southern Africa by 
Taylor and Teverson (1985) and in southern Tanzania by Gondwe (1991, 
1992). An isolate of Taylor and Teverson (1985) induced strong hypersensitive 
reactions on the cvs. Tendergreen and Cascade (highly susceptible to races 1 and 
2) and was designated race 3. 
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Following more extensive collection, Tcverson ( 199 1 ) and 'raylor et (11. 
( 1  996a) distinguished nine races based on their reactions on eight Phc~st~olus dif- 
ferentials. Race h (28% out of 1 7 5 isolates) was most common. Other races found 
in appreciable frequencies were races 4 (17%)). 1 (12%). 2 and 7 (both 9'Yo) and 8 
(7%).  Races 1, 2, 6 and 7 were worldwide in distribution, whilc races 3 ,4 ,  5 and 
8 were restricted to eastern and southern Africa. Mabegala and Saettler ( 1992a) 
have since found halo blight races 1 (45'%,), 2 (52.5%) and 3 (2.5%) on common 
bean in northern Tanzania, and r ims  1 (LL'X,), 2 (12'%1), h (4'%)), 8 (60'%,) and 9 
(2%) arc now reported from South Africa (Pourie, 1995). Race h appears identi- 
cal with Ihc 'new virulent race' distinguished by C'oyne ct 01. ( 1979) bilsed on dif- 
ferences in aggressiveness. Several of the alternative hosts of the halo blight 
pathogen also show clear race differentiation (Tablc 4.7), which may involve 
resistance genes identical with those in P. vul{girris ('l'everson, 199 1 ). 

Differences in aggressiveness have also becn demonstrated, evidently associ- 
ated with variation in the levels of n toxin, phaseotoxin, which suppresses pro- 
duction of antibacterial phytoalexins. 'l'he reader is referred to reviews of Allcn 
( 198 3)  and Schwartz (1989b) for illore detailed discussion of this topic. 

Symptoms 

Halo blight is characterized by sm;~ll, water-soaked lesions, which appear on the 
leaves, 3-5 days after infection and quickly develop greenish-yellow halocs (Plate 
6).  l'ods, stems and petioles also exhibit water-soaked lesions, sometimes produc- 
ing a whitish cxudatc. Systerllic infection causes general chlorosis and stunting 
and distortion of plant growth. The general chlorosis, and the halocs around 
lesions, appear to be caused by phascotoxin (Hoitink el (11.. 1966). lnfectcd seeds 
may be symptomless, wrinkled or have buttery-yellow patches on the seed coats. 
Seedlings emerged from inlkctcd seeds exhibit stern girdling and rotting at the 
nodes (Schwartz et 111.. 1978). 

Epidemiology 

The importance of halo blight derives from the rapidity of its dispersal in 
favourable conditions. From initial sources of infection, halo blight is dissemin- 
ated by water-splash and wind occurring during rainfall (Walker and Patel. 
1964a) or sprinkler irrigation (IsBaron et ill., 1977). The bacterium invades the 
plant through wounds and natural openings and, in the presence of dew, can 
multiply rapidly on leaves, flowers, pods and stem internodes (Stadt and Saettler, 
1981: Legard and Schwartz, 1987). In Wisconsin, Walker and Pate1 (1964a) 
recorded new infections as far as 2h m from the primary source of inoculum. 

Seed infection, first reported by Burkholder (1930), is probably the most 
important means of transmission of the halo blight pathogen between seasons. 
Most recent knowledge of the process is due to Taylor ct 111. (1979). Seed infection 
occurs through direct contact with pod lesions, so symptomless pods or sections 
of pods produce healthy seeds. An infected seed harbours up to 3.7 X 107 bacteria 
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which are found mainly in the inner, parenchymatous layer of the seed coat or on 
the surface of the embryo. The viability of bacteria in seeds declines only slowly 
during storage: viable bacteria were isolated from seeds after 3 years of storage in 
ambient conditions and after 6 years in controlled conditions. Nearly 90'%, of seed- 
lings infected are from seeds with slight or no symptoms, so seed sorting is unreli- 
able as a control measure. In Wisconsin, as few as 12 infected seeds per acre were 
sufficient to cause an epidemic (Walker and l'atel, 1964a) and in the UK a toler- 
ance level of one infected seed in 5 kg has been estimated (Wharton, 1967). 

Plant residues (either in the field or adhering to the seed) appear to be less 
important agents of transmission, because inoculum is less and the bacterium 
survives poorly in unfavourable conditions. In dry infected bean leaves, bacteria 
remained viable for over 12 months at 24°C but, in moist leaf-soil mixtures in 
warmer temperatures survival was reduced to less than 6 days (Natti, 1967). In 
Tanzania, survival of the pathogen varied with race, location, depth in the soil 
and bean genotype (Mabagala and Saettler, 19924.  In standing plants and 
buried debris in a banana/coffee environment (Lyamungu on the lower slopes of 
Mount Kilimanjaro), race 1 survived for 1-2 months and race 2 for 2-3 months. 
In contrast, bacteria were still viable 9 months after passage through sheep 
which consumed infested plant debris (Starr and Kercher, 1969). 

Grogan and Kimble (1967) demonstrated disease transmission in externally 
contaminated seeds in artificial conditions but, in the field, Ciuthrie (1970) 
obtained transmission only with very high inoculum rates and Taylor et ul. 
(1979) found 100 to 1000 times fewer bacteria on externally contaminated than 
in naturally infected seeds. 

Weedy and cultivated alternative hosts ('l'able 4.6) may also transmit the 
halo blight pathogen. For example, Neonotonia wightii, which is widespread in 
eastern and southern Africa where it is native, almost always shows symptoms of 
halo blight and is presumed to serve as a perennial reservoir (Mabagala and 
Saettler, 1992b) from which it has been shown to spread to beans (Teverson et 
al., 1993). 

Crop Loss 

IJnder experimental conditions, yield losses of 43% have been reported by Taylor 
(1969) in the UK and 23-43% by Saettler and Potter (1970) (cited in Schwartz 
and Galvez, 1980) in Michigan in the USA. In green beans, reduction of quality 
due to pod lesions may be economically as important as yield loss (Taylor and 
Dudley, 1977a). Although losses due to halo blight in Africa have not been prop- 
erly quantified, the present authors have recorded many cases of common bean 
crops devastated by halo blight, notably in Lesotho, Rwanda and Zimbabwe. 

Control 

Some control of the disease has been achieved by use of copper formulations or 
streptomycin applied as foliar sprays or seed dressings (Ralph, 1976; Taylor and 
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Dudley, 1977a, b; Legard and Schwartz, 1987; Autrey and Saumtally, 1992). 
Antagonistic bacteria have been reported (Adam and Pugsley, 19 3 5) but biocon- 
trol potentials seem uninvestigated. Evidence on the effects of cropping system is 
conflicting. In Kenya, van Rheenen et al. ( 1  981) reported less halo blight in 
maize-bean associations than in sole-cropped bean, an observation confirmed in 
Malawi (Msuku and Edje, 1982). In Tanzania, Mabagala and Saettler ( 1 9 9 2 ~ )  
found a denser population of the halo blight pathogen in bean intercropped with 
maixe than in sole-cropped bean. In the USA, the severity of halo blight has 
been much reduced by seed production under arid conditions, notably in Idaho 
(Myers, 1992). Chemicals, tield inspection, roguing and pod sorting help to 
ensure that seeds are free of infection but contamination can occur even when 
halo blight is negligible (Stadt and Saettler, 1981). Because seed sorting is unreli- 
able, various tests are used to detect infected seeds, including a specific bacterio- 
phage, serology, inoculation of exciscd cotyledons, ultra-violet fluorescence and 
Stuph,z~loc~oc.cus aurrlrs agglutination (see Taylor rt al., 1979: Walkey et ul., 1990). 

As with other diseases, host plant resistnr~ce is considered the most cost-effi- 
cient method of control of halo blight and. in the past two decades, a considerable 
amount of work has been devoted to searches for sources of resistance, notably in 
Nebraska (NSU), France and Hulgaria and, more recently, in the IJK (HRT, 
Wellesbourne) and Colombia (CIAT). 'The resistance used in breeding common 
bean for resistance to halo blight traces back to two main sources: cv. Red 
Mexican (resistant to race 1 ) (Jensen and Goss, 1942) and PI 1504 14 (resistant 
to races 1 and 2 )  (Patel and Walker, 1965). Walker and Patel (1964b) and I'atel 
and Walker (1965) concluded that resistance to race 1 was due to a single domi- 
nant gene and this was contirmed by Taylor clt (11. (1 978) and Innes rt ul. (1984). 
Kesistancc to race 2 has been found to be recessive (Patel and Walker, 1966; 
'I'aylor et nl., 1978), partially dominant (Taylor e l  ul., 197X), dominant (Hill et al., 
19 72) or polygcnic (Innes e l  id., 1984). 

More recently, based on tests of F ,  populations of crosses among seven differ- 
ential cultivars against nine races ofhalo blight, 'l'everson (1 991) and Tcverson 
4t u I .  (unpublished) explained the interaction between races of Ps. suvustanoi pv. 
phuseolic.olr~ and genotypes of P. vulguris in terms of a gene-for-gene relationship 
involving tive matching gene pairs (Table 4.8). The resistance genes K1, R 2  and 
R4 are dominant and R 5  is recessive. R 3 (also dominant) appears to he dupli- 
cated at different loci. There is evidence that R 3 is identical or very closely linked 
to the dominant I gene conferring resistance to Serotype B of bean common 
mosaic virus (see p. 229) since there is complete co-segregation of resistance and 
both produce enhanced hypersensitive reactions in incompatible combinations 
(Teverson, 199 1 : Taylor et ul., 199 5). The gene also appears to confer resistance 
to Ps. syringue pv. syringae and four other legume viruses (Kyle et al., 1988). This 
represents a case of true multiple resistance, the implications of which are dis- 
cussed further in the section on bean common mosaic virus later in this chapter. 
Teverson (1991) and Taylor rt al. (1996b) also found sources of non-specific 
resistance to the halo blight pathogen. Some of these trace back to the original 
race 2 found in PI 150414 and others may be new sources. They suggest com- 
bining race-specific and non-specitic resistances to increase the chances of pro- 
ducing durable resistance to the halo blight pathogen. For Africa, when R 3  is the 
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Table 4.8. Gene-for-gene relationships between Phaseolus d~fferentials and races of 
Pseudomonas savastanoi pv. phaseolicola (adapted from Teverson, 1991). 

Races/avirulence genes 
- - - - - - -. - - - 

Differential Resistance 1 2 3 4 5 6 7 8 9 
cultivars genes 1 2,5 3 2,3 1,2, 4 1,2 5 1,5 
- - - - - - - - - - - - - - - - - - 

Canadian Wonder 
A52 (ZAA 54) 4 
Tendergreen 3 
Red Mexican U131,4 
1072 2 
A53 (ZAA 55) 3,4 
A43 (ZAA12) 2,3,4,5 
Guatemala 196-B 3,4 

t t t t t t t t t  

t t t t - t t t t  
t t - -  t t t t t  

- t t t - t - t -  

t - t - -  t - t t  

t t - - -  t t t t  

t  - - - -  t  - - - 
- + - - -  t - t -  

source of specific resistance, the rccessive bc-2' gene will also be needed to pro- 
vide protection against 'nccrotic' strains of RCMV, which can induce 'black root' 
on genotypes possessing the 'I' gene, as discussed in the next section of this chapter. 

BEAN COMMON MOSAIC AND BLACK ROOT 

Aetiology 

Rcan common mosaic virus (BCMV) was lirst dcscribcd, as bean mosaic virus, in 
the USA by Stewart and Keddick (19 1 7) and is now known to occur in all regions 
where common bean is grown (Galvez and Morales, 1989a).  The virus has flexu- 
ous filaments 720-770 nm long and 12 nm in diamcter (Morales and Bos, 
1988). Bascd on the structure of virus-induced inclusions, it is a mcmbcr of 
Subdivision I of the potyvirus group (Kdwardson, 1974). Recent work htis led to 
its placement in a subgroup of its own (Anonymous, 1994). Two serotypes, A 
and H, of HCMV are rccognized (Wang et ul., 1984). Further investigation both of 
thc serological relationships and coat protein sequencc data has revealed that 
BCMV comprises two distinct viruses (McKern ct al., 1992; Vetten rt al. ,  1992: 
Khan rt al., 1993) that correspond to the two serotypes: serotype A embraces the 
temperature insensitive, necrosis-inducing strains (Drijhout, 1978), now named 
bean common mosaic necrosis virus (RCMNV) (Anonymous 1994); serotype R 
isolates, which do not normally induce necrosis except at high temperature, 
retain the name BCMV that now also embraces strains of blackeye cowpea 
mosaic, peanut stripe, azuki bean mosaic and certain virus isolates from soya- 
bean. For the purposes of this chapter, however, all strains are referred to as 
belonging to bean common mosaic virus; the reader should bear in mind that 
further reference to serotype B isolates relates to the newly defined BCMNV 
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While serotype B strains of RCMV have been considered more common than 
the 'necrotic' strains, in recent years the latter have caused epidemics in parts of 
the USA (Kelly et al., 1982, 1984: Hamplon et al., 198 3 ;  Provvidenti et aI., 1984: 
Myers eta] . ,  1990) and Canada (Tu, 1986a),  and recent surveys reveal their pre- 
dominance in eastern and southern Africa, with the exception of Ethiopia 
(Silbernagel r t  al., 1986; Edington and Whitlock, 1988; Vctten and Allen, 199 1; 
Spence and Walkey, 1994, 1995), 

Biology 

The known natural host range of RCMV is confined to a few legumes of subtribe 
Cuss i~ae  of subfamily Caesalpinioid~ue and subtribes i'rotulariear, (;enisteae and 
lJhi~s~o1ear of the Papilionoidcar (Table 4.9). The distribution of the 'necrotic' 
strains of RC'MV and the occurrence in wild legumes of strains which diverge 
from typical RCMV strains (Spence and Walkey, 1994, 199 5 )  in their host ranges 
and symptoms induced on P, vulguris suggest that the 'necrotic' strains of BC'MV 

Table 4.9. Species reported naturally infected with BCMV and the strains of the virus. 

Hosts Countries Isolates Serotypesl Pathotypes References2 
- - - - - - - - - - - - 

Cassia hirsuta Uganda 465 B I 9 
Cassia hirsuta Uganda 197 A Vla 8 
Cassia sophera Rwanda 820,830,836 A Novel 9 
Crotalaria comanestiana Kenya 963 B Novel 9 
Crotalaria incana Uganda 28,30 A Novel 9 
Crotalaria juncea India N D ND ND 3 
Crotalaria striata India ND N D ND 5 
Centrosema pubescens Uganda 741 A Vla 8 
Glycine max Uganda 38 A Novel 9 
Lupinus luteus Poland NO ND N D 6 
Macroptilium atropurpureum Uganda 499 A Vla 9 
Phaseolus acutifolius Kenya ND N D ND 7 
Rhynchosia minima Colombia ND ND ND 4 
Rhynchosia sp. Malawi 145 B IVb 9 
Vigna mungo Kenya ND N D N D 7 
Vigna radiata Iran N D N D N D 2 
Vigna unguiculata USA N D N D ND 1 
Vigna unguiculata Rwanda 531 A Vla 9 
Vigna vexillata Kenya 956 B Va 9 
Vigna vexillata Uganda 308 A Vla 8 

Strains: A and B are serotypes; ND indicates not determined. 
References: 1. Zaumeyer and Thomas (1957); 2. Kaiser and Mossahebi (1974); 3. Singh and Singh (1977); 4. 

Meiners etal.  (1978); 5.  Sarkar and Kulshreshthra (1978); 6. Frencel and Pospiesczny (1979); 7. Bock etal.  (1980); 
Sengooba etal. (1993); 8. Spence and Walkey (1995). 
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may have originated on wild legumes in eastern Africa (Spence and Walkey, 
199 lb ,  1992a, 1995). Whether or not this is so, the ability of 'necrotic' strains of 
RCMV to infect wild legumes has important implications for the epidemiology of 
BCMV and breeding for resistance against it. 

Among legumes, species of Cajanus, Canavaliu. Cassia. Centrosema, Cicer, 
Crotalaria, Cyamopsis, Indigofera, Glycine, Lens, Lupinus, Macroptilium, Melilotus, 
Phaseolus, Rhgnchosiu, Sesbunia, Tri$olium, Trigonella, Vicia and Vigna have been 
experimentally infected with BCMV (Morales and Bos, 1988; Spence and Walkey, 
1992b). Apart from Cassia, some species of which are now referred to Senna and 
which belongs to the Caesalpinioideae, all of these are members of several tribes of 
the subfamily Papilionoideae. Tests of some of these legumes against six strains of 
RCMV suggest a host-pathogen specificity similar to that found within Phasrolus 
vulgaris (Spence and Walkey, 1992b; Table 4.10). In several cases, sap from inoc- 
ulated plants without symptoms reacted positively to RCMV antisera. 

Symptoms 

The symptoms of BCMV on common bean are nicely described and illustrated in 
colour by Morales (1 9 89). Typical common mosaic leaf symptoms comprise dis- 
tinct dark green sectors on a lighter green background, usually accompanied by 
downward curling of the leaf margins. In cases of more severe infection, there 
may be leaf distortion and blistering, stunting of growth (Fig. 4.7) and distortion 
of flowers and pods. 

'Black root' appears first on young trifoliolate leaves as local lesions with dif- 
fuse reddish-brown lamina overlain by a reticulate pattern of darkened veins. 
This often leads to systemic infection, first appearing as apical necrosis (Fig. 4.8) 
then progressing through discoloration of the stems and vascular tissues to wilt- 
ing and death. Two other characteristic symptoms, 'ring-shaped' and 'pin-point' 
local lesions, enable the recognition of certain host genotypes and are thereby 
important in breeding methodology. 

Epidemiology 

Seed-transmission of BCMV was first demonstrated by Keddick and Stewart 
(1919). Between 10  and 30% of the seeds of infected plants carry the virus, 
which is located mainly in the embryo (Quantz, 1961; Provvidenti and Cobb, 
1975). The virus is not transmitted in seeds of genotypes with the dominant 'I' 
gene. Seed transmission is less if plants are infected 30 or more days after sowing 
(Morales and Castano, 198 7). 

The virus is transmitted, in a non-persistent manner, by several aphid 
species, including Acyrthosiphon pisum (Harris), Myzus persicae (Sulzer) and Aphis 
jabae Scopoli (Kennedy et al., 1962; Zettler and Wilkinson, 1966). Other aphid 
vectors include Aphis gossypii Glover, A, medicaginis Koch, A. rumicis L., 
Hyalopterus atriplicis Davis, Macrosiphum ambrosiae (Thomas), M.  pisi 
(Kaltenbach) and M .  solanifolii (Ashmead) = M .  euphorbiae (Thomas) (Zaumeyer 
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Table 4.10. Reactions of species to artificial inoculation with strains of BCMV (Spence and 
Walkey, 1992b; N.J. Spence and D.G.A. Walkey, unpublished data). 

-- 
Strains of BCMV1 
- -- - 

Host species tested 
.. 

NL1 NL3 NL4 NL6 NL8 NY15 
- -- 

Cajanus cajan - -/E - -/E - N 
Cassia didymobotrya - - N - - 
Cassia hirsuta M/E M/E E M/E - N 
Cassia occidentalis - M/E N - M/E - 
Cassia sophera - -/E N -/E -/E - 
Centrosema plumieri - - -/E - -/E N 
Centrosema pubescens E/M M/E M/E M/E M/E N 
Crotalaria anagyroides VIE VIE VIE V VIE N 
Crotalaria goreensis - - -/E - - N 
Crotalaria incana - VIE I C VIE - 
Crotalaria juncea - -/E - - - N 
Crotalaria laburnifolia - - N - - - 
Crotalaria lanceolata -/E VIE -/E -/E -/E N 
Crotalaria ochroleuca M/E M/E -/E -/E -/E N 
Crotalaria retusa - - -/E - - N 
Crotalaria verrucosa - -/E - -/E - N 
Crotalaria spp. - -/E N - - - 
Desmodium heterocarpon - - - - - N 
Desmodium triflorum - - - - - N 
Glycine max - C/E -/E - -/E N 
Glycine tomentella - -/E - - -/E N 
Indigofera hirsuta -/E -/E -/E -/E -/E N 
Macroptilium atropurpureum - - - - M N 
Parkinsonia aculeata - - N - - N 
Rhynchosia diversifolia - -/E - - -/E N 
Rhynchosia edulis - -/E - - - N 
Rhynchosia minima M/E B/E B/E B/E B/E N 
Rhynchosia sublobata - - - - - N 
Vigna angularis S -/E -/E S/E - N 
Vigna radiata - S - S/E - N 
Vigna unguiculata - -/E - -/E -/E N 
p- .- ~- 

'Reactions: - = no reaction; E = positive ELlSA reaction; S = systemic mottle; V = systemic vein banding; 
C = systemic chlorosis; M = systemic mosaic; B = systemic necrosis (black root); N = not tested. 

and Thomas, 19  5 7). Sohati et al. (1 992) observed Toxoptera citricidus (Kirkaldy), 
Brcvicorgne hrassicae (L.) and Tetraneura nigriabdorninalis (Sasaki) on bean in 
farmers' fields in Zambia, though their vector status is not established. The black 
bean aphid (A.fabae) appears to be the most important vector of BCMV in eastern 
and southern Africa (Khaemba and Latigo, 1981; Remaudiere and Autrique, 
1985; Sohati et al., 1992). Necrotic strains of BCMV obtained from wild legumes 
in eastern Africa have been shown to be seedborne and aphid-transmissible both 
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Fig. 4.7. Mosaic symptoms on bean foliage due to BCMV (Photo: courtesy of CIAT). 

within wild legume species and between such spccies and common bean, and it 
has been suggested that wild legumes may act as important reservoirs of infec- 
tion in such areas (Sengooba, 1994; Spence and Walkey, 1995). BCMV is also 
readily transmitted by mechanical means, facilitating screenirlg for host plant 
resistance. 

Crop Loss 

Crop losses caused by BCMV depend on the genotype of the host, the aggressive- 
ness of the strain of virus, the timing and source of infection and the environ- 
ment (Burke and Silbernagel, 1974). Yield losses of 50'k have been recorded in 
Morocco (Lockhart and Fischer, 1974) and up to 68%" in Oregon (Ilampton, 
1975). though cases of total crop failure have been reported from Latin America 
(Galvez, 1980). 

The number of seeds per pod and pods per plant, leaf number, plant height 
and seed size have all been reported as adversely affected by BCMV infection. It 
has been estimated that for each unit increase in mosaic severity score (on 1-9 
scale), there is a concomitant loss in seed yield of 2 13-32 1 kg ha-' in bean culti- 
vars that carry no resistance genes. Significant BCMV strain effects on mosaic 



Fig. 4.8. Black root symptoms on bean plant due to BCMV (Photo: courtesy of D.J. Allen) 

severity, plant stunting, leaf number, the number of seeds per pod, seed yield and 
rates of seed-transmission have been demonstrated, and isolates oC pathotype Vla 
(lo which the NL3 strain belongs) appear to be the most aggressive. Tn one 
instance, infection with a mixture of two isolates (pathotypes 1Vb and Vla) was 
shown to lead to a greater loss in the number of seeds per pod than was caused by 
either pathotype alone (Mukoko. 1992; Sengooba. 1994). 

Control 

Losses due to BCMV may be in principle curtailed through chemical control of 
the vectors (Schwartz rt  ( I ! . ,  19781, timely sowing of crops (Burke, 1964), use of 
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optimum plant densities (Sithanantham et al., 1992; Sohati et al., 1992), sowing 
in association with maize (Katunzi et al., 1987; Sithanantham ct al., 1992) and 
use of clean seeds, but host plant resistance remains the most effective means of 
limiting the damage caused by the virus. 

Two main sources have featured in brceding for resistance to BCMV: the cv. 
Robust developed by Spragg in Michigan in 191 5 (Spragg and Down, 192 1); and 
Corbett Rcfugee, selected by R.11. Corbett in 1 9  3 1 (Pierce and Walker, 1 9  3 3). The 
resistances were soon shown to be distinct (Pierce, 19  3 5)  but it remained for Ali 
( 19 50) to show that, while both were conferred by single genes, the resistance of 
Robust (which he designated 'a') was recessive and that of Corbett Refugee ('1') 
was dominant. Silbernagel (1969) noted that the '1' gene conferred effective 
resistance to all known strains of HCMV in the USA. However, the systemic 
necrosis known as 'black root' had been recorded in Corbett Refugee as carly as 
1938 (Jenkins, 1939) and Grogan and Walker (1948) induced 'black root' in 
genotypes possessing the '1' gene at temperatures in excess of 30°C; subsequently 
BCMV strains were identified in Europe that were capable of causing 'black root' 
at ternpcratures between 1 5  and 20°C (Hubbeling, 1969). 

Based on a study of the reactions of host genotypes inoculated with an exten- 
sive collection of BCMV strains, Drijlhout et al. (1978) distinguished scven groups 
of strains, best regarded as pathotypes, and recommended a standard set of differ- 
ential cultivars. The reactions of the differential cultivars against the typc strains 
and their genetic constitutions are summarized in Table 4.11 (Drijlhout, 1978). 

Table 4.11. Genetic interactions between BCMV strains and selected Phaseolus vulgaris 
cultivars (adapted from Drijfhout, 1978; Morales, 1989). 

Serotype B  Serotype A 
Differential Resistance - -. - -- - - - - - 

cultivars genes Type FloridaNY15 NL4 NL8 NL3 NL5 
- - 

A. Cultivars with recessive alleles ( k k )  of the necrosis gene 
D W I t  M M M M M M M  
lmuna I t  bc-u bc- 1 - M M M -  M  M  
RG B  I t  bc-u bc-1' - M  - M  - M  M  
Sanilac I t  bc-u bc-2 - - M  - M M M  
Pinto 11 4 I t  bc-u bc-1 bc-2 - - M - - M  M  
GN 31 I t  bc-u bc-12 bc-Z2 R R R M  R R R 
IVT 7214 I t  bc-u bc-2 bc-3 - - - - - - - 
B. Cultivars with dominant alleles (11) of the necrosis gene 
Widusa I - - - B B  B - 
Top Crop I bc-1 - - - - - B  B  
Amanda I bc-l2 - - - - - - B  
IVT 7233 I (bc-12) bc-2* - - - - P P P -- - - 
Cultivar groups: DW = Dubbele Witte; RG B = Redlands Greenleaf B; GN = Great Northern. 
Reactions: - = no reaction; M = mosaic; B = 'black root'; R = 'ring-shaped' lesions; P = 'pin-point' lesions. 
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When inoculated on to cultivars which lack the 'I' gene (Subset A,  Table 4.1 I ) ,  
virulent strains predominantly induce mosaic. The exceptions are cultivars of the 
Great Northern group, which exhibit 'ring-shaped' lesions, and cultivars of the 
IV'I' 7214 group, which are immune. A series of recessive genes (hc-1, ho-lL, 
be-2, hr-2l, bc-3 and be-u) is responsible for differential reactions between culti- 
vars and strains (hiv-1 is the same as 'a' in Robust while b('- 7 and be-1' and bc-2 
and b ~ - 2 ~  are allelic). The 'ring-shaped' lesions induced in the Great Northern 3 1 
group of cultivars are probably due to the presence of bc-2l, while be-3 confers 
the immunity of the IVT 72 14 group or cultivars. The be-u gene, which was also 
found by Tnncs and Walkey (1 980) in all cultivars they tested, is non-specific but 
complements thc actions of the other recessive resistance genes. 

When inoculated on to cultivars which have the '1' gene (Subset B, Table 
4.1 I ) ,  virulent strains (NL8, NL5 and NL3, representative of pathotypes 111, VIb 
and VIa, respectively) induce 'black root'. In combination with the '1' gene, the 
recessive he-1 confers resistance to pathotype IT1 (NLX) and hc-l2 confers resis- 
tance to pathotypes 111 and VIb, while all three groups of 'necrotic' strains induce 
only pin-point lesions in thc presence of '1' and bc-2qlV'l' 72 3 3 cultivar group). 
Since 'mosaic-inducing' strains do not induce symptoms on cultivars with the 'I' 
gene, cultivars of the IVT 72 3 3 group are effectively resistant to all known 
strains of BCMV. However, the genc-for-gene model described by Urijfhout (1 9 78) 
does not fully explain the existence of isolates expressing the novel pathogenicity 
that is now known, which Spcnce and Walkey (1995) attribute to the existence 
of genes controlling the temperature sensitivity of necrosis in combination with 
the 'I' gene. 

The regional distribution of RCMV strains clearly has importunt implications 
for the deployment of these resistance genes, especially for international bean 
breeding programmes. In the New World and Europe, where mosaic-inducing 
strains of BCMV and cultivars with resistance to them predominate, the 'I' gene 
provided effective protection against the virus for more than 50  years (Zaumeyer 
and Meiners, 1975). Since the gene also prevents seed-transmission, it has pro- 
vided valuable means of eliminating quarantine risk, and has been exploited by 
organisations engaged in moving seeds within and among continents. In areas 
where 'necrotic' strains of RCMV and cultivars lacking the 'I' gene predominate 
and provide sources of inoculum, notably parts of eastern and southern Africa 
but, increasingly, also in other regions of the world, cultivars possessing the 'I' 
gene are proving exceedingly vulnerable to 'black root'. For such situations, 
genotypes with hr-3 alone or with the ' I '  gene in combination with the recessive 
bc-2' or bc-3 gene have been developed (Kornegay, 1991: Mukoko c>t al. ,  1994). 
[Jse of be-3 alone avoids the problem of the unfavourable linkages that occur 
between the '1' gene and seed coat colour genes. 

Recent evidence that the 'I' gene confers multiple resistance not only to four 
other potyviruses (Kyle ut al., 1988) but also to race 3 of the halo blight 
pathogen, which predominates in the same areas of Africa as the 'necrotic' 
strains of BCMV (Tcverson, 199 1: Taylor ut al., 1995), supports use of the latter 
strategy for eastern and southern Africa. It also offers an  explanation for the fre- 
quent occurrence of the ' I '  gene in unimproved germplasm and landraces (Kelly, 
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1988), its extensive use in breeding and thc success, despite their vulnerability to 
'necrotic' strains of RCMV, of improved cultivars with the gene. 

BEAN GOLDEN MOSAIC 

Aetiology 

Rean golden mosaic is caused by bcan golden mosaic virus (RGMV) of the getni- 
nivirus group (Goodman and Bird, 1978). BGMV is an ssDNA-containing virus 
with twin isometric particles each about 19  nm in diameter. The virus was first 
purified by (ialvez and Castano (197h). The disease was first reported from 
southern Rrazil in 1961, since when it has been recorded in the major areas of 
bean production of that country. Subsequently, BGMV has bcen recorded widely, 
from Mexico, Central America, the Caribbean, Venczueln, C'olombia and 
Argentina (Costa, 1965; Galvez and Morales, 19X9b; CIAT, 1990). An appar- 
ently similar disease affects IY~ust~nlus lunnt~is in Nigeria (Williams, 19 76) but fur- 
ther comparative studies arc required to determine whether Nigerian lima bean 
golden mosaic is indeed caused by BGMV (Galvex ot (11.. 1977; Vetten and Allen, 
1983). Bean goldcn mosaic is known variously as bean yellow mottle, bean 
golden-ycllow mosaic, bean double-ycllow mosaic and 'mosaico dorado' ((ialvrx 
and Morales, 1989b). 

Biology 

The host range of RGMV is narrow, being to legumes. llosts include the 
four cultivated species of Phnseolus: P. vulgcrris, P. ~c'utifi~li~rs, P. 11rnatus and P. (v~i<- 

1-irlc~rs, as well as P. yolystacl~~ius: other hosts include species of' Mni~roptilium, 
Vigntl, l'rrumi~us and Ctrlopogo~~iu~r~ (Cialvex and Morales, 1989b) but it is not cer- 
tain that all are nalural hosts. Conventionally, Marroptilium spp, have bcen con- 
sidered a major reservoir of BGMV in 1,atin America. DNA probes developed at 
the IJniversity of Wisconsin have been used to detect virus in wild hosts, and pre- 
liminary findings call to question their importance as reservoirs of BGMV (CIA'I: 
1989). Work in the Dominican Republic concluded that M ,  latl~~~roi~les was 
infected by a geminivirus distinct from BGMV, suggesting that this plant species is 
not the source of inoculum of BGMV (Martinez et ul., 1992). 

Recent comparative studies of RGMV isolates obtained from Puerto Kico. 
Cuatemala, the Dominican Republic and Rrazil indicate that considerable differ- 
ences exist among those isolates tested. Genomic differences between a Brazilian 
isolate that is not mechanically transmissible and mechanically transmissible 
isolates from Guatemala, the Dominican Republic and Puerto Rico show that the 
former (BGMV-BZ) is sufficiently distinct from the latter group (BGMV-(;A, 
BGMV-DR and BGMV-PR) that they can be considered as distinct strains (desig- 
nated types I and 11) of BGMV (CIAT, 1988; Gilbertson ct al., 1993). More work is 
warranted to unravel further the relationships between isolates of BGMV from 
other geographical origins as well as with other geminiviruses that naturally 
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infect Phaseolus, including bean dwarf mosaic (Ilidayat tJt al.. 199 3)  and bean 
calico mosaic geminiviruses (Brown et (11.. 1990). 

Symptoms 

Susceptible genotypes of P. vulgaris develop a brilliant golden yellow coloration. 
starting in the veins of the first trifoliolate leaves within 2 weeks of sowing if vec- 
tor populations are dense. Following exposure to viruliferous whiteflies (Rt~nrisin 
tahaci Genn.), small yellow dots may appear near leaf veins about 4 days later. 
Young leaves of diseased plants usually become rolled and cupped. Severely 
affected plants may be stunted and leaves become almost bleached. Pods often 
exhibit blotching and seed may be discoloured, as well as reduced in size and 
number. Less susceptible cultivars develop less intensc symptoms, with a ten- 
dency toward remission ((;olvei! and Morales, 1989b). 

The concentration of virus increases during symptom development and 
reaches a peak 1-2 weeks after infection. 'l'hereafter, virus titre decreases rapidly 
and is very low in plants with well-developed syrnptoms (Shock and Goodman, 
1981 ). Electron microscopy reveals that the principal cellular symptom is a 
change in chloroplast morphology (Kitajima and C'osla, 1974). Symptoms are 
restricted to the phloem and cells ;~djaccnt to the parenchyma tissue (Kim rt nl.. 
1978). Viroplasms appear as packed hexagonal crystal arrangements or as loose 
aggregates in the nuclei of infected cells, and distinct changes occur also in the 
nucleoli ((;oodman and Bird, 1978). 

Epidemiology 

BGMV is not seedborne (Costu, 1965: Pierre. 1975) so that wild or weedy rela- 
tives of P. vulgciris, and volunleers or groundkeepers of bean crops nearby, arc 
presumed to act as reservoirs of infection by the virus (Camez, 1971; Pierre, 
1975). Field spread occurs efficiently through the whitelly vector, B ,  tabari, in 
which R(;MV is transmitted in a persistent or semi-persistent manner. 
Acquisition and inoculation by adults can occur in a total time of less than 6 mi11 
but efficient transmission requires a longer feeding period. Individual adult 
whiteflies transmit intermittently for up to I 6  days after acquisition ((;amex. 
1971; Coodman and Bird, 1978). 

Studies of the relationship between R. tabnci and putative geminiviruses in 
other tropical food legumes (Nene. 1972: Anno-Nyako et al., 1983) tend to con- 
firm the above tindings. In no case is there evidence of transovarial transmission: 
nymphs may acquire virus and retain it through the pupal stage. 

Female whiteflies are often found more efficient vectors than males and it 
has been suggested by Bird and Maramorosch (1978) that this may relate to dif- 
ferences in feeding behaviour. With most whitefly-transmitted geminiviruses 
investigated, the minimum time required for inoculation is less than that for 
acquisition and often less than that needed for a whitefly's stylet to reach the 
phloem (Pollard, 1955) ,  suggesting that virus reaches susceptible tissue before 
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reaching the phloem. In some studies (e.g. Anno-Nyako et al., 1983), a latent 
period has been shown to exist. 

In Latin America, RGMV is prevalent at elevations below 1500 m, where 
temperatures are higher. Under these conditions, virus reservoirs are more plen- 
tiful and whitefly populations denser (Calvez and Morales, 1989b). Recent 
increases in the range and severity of BCMV have been attributed to the expan- 
sion of soyabean production in Brazil (Costa, 19 75) and to increased production 
of tobacco, tomatoes and cotton in Central America (Galvez and Morales, 
1989b). because these crops are preferred hosts of the plurivorous B. tabaci 
whose populations have increased concomitantly. 

Although whitefly populations and the incidence of virus diseases they 
spread are each strongly influenced by environment (Vetten and Allen. 198 3), it 
is clear that R .  tabuci has the capacity to act as a highly efficient vector, based on 
the following factors: dense populations of adults (50-100 adults) can build up 
within 2 days of seedling emergence; the adults' flight activity; their ability to 
acquire and transmit virus from plants infected only hO hours earlier, before 
symptom development: and their efficient and persistent transmission. These fac- 
tors underlie the often high rate of spread of BGMV and its relatives under field 
conditions (Anno-Nyako ~t al., 1983; Vetten and Allen, 1983). 

Crop Loss 

BGMV infection can decrease pod number, the number of seeds per pod and seed 
weight. Crop loss depends on the time of infection, bean genotype and, possibly 
also, on virus strain. Estimates range from about 40 to 1 OOX, loss of seed yield 
(Galvez and Morales, 1989b). 

Control 

The incidence of BCMV decreases with increasing distance from preferred hosts of 
the vector. There are also opportunities for reducing disease severity by manipulat- 
ing sowing time so as to escape periods of peak population density of 13. tabuci 
(Galvez and Morales, 1989b). The spread of golden mosaic can also be decreased by 
controlling the vector by chemical or, perhaps, by biological means. Various insecti- 
cides are effective against whiteflies, and the combination of a systemic insecticide 
like carbofuran or aldicarb with mineral oil, which can immobilize 
B. tabaci within 3 min of its alighting on an oil-sprayed leaf, has been advocated 
(Nene, 1973; Galvez and Morales, 1989b). Substanlial yield increases were 
obtained in the Dominican Republic by applying carbofuran at sowing, followed by 
monocrotophos after emergence (Abreu-Ramirez and Galvez, 19 79). Kecently, seed 
treatment with carbosulfan has shown promise in Guatemala (CIAT, 1989). 
Certain parasitic fungi including Paecilomycesfurinosus (Dick. ex Pr.) Brown & Smith 
may possibly play some role in the natural regulation of whitefly populations 
(Nene, 19 72). Differences in vector preference between bean cultivars do exist and 



I DISEASES OF COMMON BEAN 233 

relate to leaf pubescence and to common bean gene pools, but such resistance has 
not been shown to confer resistance to RGMV (Blair and Beaver, 199 3a). 

The search for host plant resistance amongst bean germplasm has led to the 
identification of a few promising accessions. However, among about 10,000 P. 
vulgaris accessions, not one genotype was found to be immune to BGMV. Those 
possessing partial resistance or tolerance include l'orrillo Sintetico, Porrillo 70, 
Turrialba 1 and 1CA-Pijao, and the tolerance of several of these cultivars has 
bcen confirmed in disease nurseries run in Guatemala, El Salvador and the 
Dominican Republic. They havc been used successfully in breeding black-seeded 
cultivars such as ICTA Quetzal and Negro IIuasteco in Guatemala and Mcxico. 
respectively (Galvez and Moriles, 1989b). 

Work in Guatemala has also led to the identification of WMV-tolerant acces- 
sions of P. coccirleus and work in Nigeria with lima bean golden mosaic led to the 
identification of partial resistancc in P, lut~utus, as wcll as to a high levcl resis- 
tance in the ecotype of the wild species, P. ritensis, with which 1'. lutlatus is intcr- 
fertile (Baudoin and Allen, 1979; Galvex and Moralcs, 1989b). Attempts have 
also bcen made to produce BGMV-resistant tnatcrial by irradiation and chemical 
mutagenesis but selections from the mutant progenies did not possess rcsistance 
superior to materials sclected conventionally (Tulmann-Neto ct a]., 1977). 

Reccnt collaborative work in Latin America has led to the identification of 
new, supcrior sources of BGMV resistance in 1 88 accessions selected from a set of 
1660 accessions of beat1 germplasm. As a result, resistance is now available in 
seed types other than black-seeded materials, often at higher levels of partial resis- 
tance than were available prcviously, in some cases indicative of transgressive seg- 
regation. Threc distinct resistancc mechanisms have been rccognized: these arc: 
discase escape, through earliness or superior plant vigour; tolerance, sunsu the 
ability to withstand yield depression dcspite systemic infection: and partial resis- 
tance, expressed as development of mild symptoms (CIAT, 1986: 1987a, b; 
1988, 1990: Morales and Niessen, 1988). Although BGMV resistance in the line 
A 429 is governed by a single reccssive gcne (Blair and Reavcr, 199 3b), it seems 
that in other genotypes of P. vulgclris, resistance to BGMV is controlled largely by 
additive gencs, so further progress may be expected from selection within and 
among hybrid populations derivcd from BGMV-resistant parents of diverse origin 
(Morales and Singh. 1991). Exciting advances are also being rnade in thc devel- 
opment of transgenic plants, using electrical discharge particle accelcration 
methods, so opening a way toward the creation of transgenic plants with RGMV 
resistance (CIA'I: 1991). Transgenic plants havc so far proved to be susceptible, 
however (Azzam ut ul., 199h). 

CONCLUSIONS 

In this chapter we have reviewed existing knowledge of the major diseases of 
common bean. For both small- and large-scale farmers, in temperate or tropical 
regions, host plant resistance remains our most important means of disease con- 
trol. This is reflected in the concentration of recent research on the understand- 
ing of the nature and genetics of pathogenicity in parasites, of resistance in hosts 
and of their interactions with environment. 
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Most important have been the advances in our knowledge of halo blight and 
BCMV. The host ranges of the pathogens causing both diseases are now known to 
be rather wider than hitherto suspected. Alternative hosts provide not only 
sources of inoculum but also opportunities for increased variability in the patho- 
genicity of the parasite. For example, Spence and Walkey (199 l a ,  19 9 5)  suggest 
that strains of the A' serotype of BCMV may have originated in wild legume 
species in central Africa, Other pathogens outside the centre of origin of common 
bean, like that causing scab (Elsinoe phasmli), may have similar origins, though 
this remains to be investigated. 

Five matching gene pairs account for the interactions observed between the 
common bean and halo blight pathogen genotype combinations so far tested. 
Four of the resistance genes segregate normally as either dominant or recessive. 
There is evidence that the other resistance gene (R3) also confers resistancc to 
the NL3 strain of HCMV and other potyviruscs, an instance of true multiple dis- 
ease resistance. Quantitative resistance has also been identified. Mapping of the 
distributions of strains of the halo blight and BCMV pathogens has helped to 
define more effective strategies for breeding for resistance to these pathogens. No 
doubt continued collection will reveal further variation in both parasite and host. 

Nevertheless, there remain large gaps in our knowledge of the common bean 
disease system. For rust and anthracnose, parasite-host interactions have long 
been known to be highly specialized but, because ofthe wide pathogenic varia- 
tion of the parasites and earlier lack of standardization of methodology, the distri- 
bution of physiological races and inheritance ol' resistance remain little 
understood. For the other major pathogens, situations are less clear but quanti- 
tative variation in pathogenicity and resistance appear to predominate, offering 
greater opportunities to develop durable protection against plant disease. 

There also remains a need to better quantify crop loss caused by disease, 
among the other agronomic constraints on common bean productivity. Some 
useful progress has been made with common bacterial blight for which a crop 
loss model is now available, but such studies need to be extended to other diseases 
if clear priorities among constraints are to be set. That said, it is evident too that 
priorities among pathogens are liable to change, not only as progress is made in 
their management but also as common bean production moves into more mar- 
ginal areas, perhaps particularly with regard to soilborne pathogens. 

Better information on pathogen variability and its distribution and the 
genetics of host-pathogen interactions is vital for the identification and effective 
deployment of appropriate resistance genes. Some pathogens have evidently co- 
evolved with their host so that diversity may be found in the P. vulgaris gene pool, 
others (BCMNV and some races of halo blight) have evolved outside the centres of 
origin of common bean. Improved biochemical and molecular techniques have 
recently provided valuable insight into some of these aspects in the cases of the 
angular leaf spot and common bacterial blight pathogens and will obviously con- 
tribute to further studies of these and other pathogens. 

Finally, our ultimate aim must be the development of safe, economic and 
durable disease control strategies for all farm situations. This will probably be 
achievable only through a combination of measures in an integrated control sys- 
tem including cultural practices, crop and varietal mixtures and chemicals (at 
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least for large-scale situations) a s  well a s  host  plant  resistance. Yet studies of t h e  
biology a n d  epidemiology of t h e  pathogens of c o m m o n  bean  have become 
unfashionable of la te  a n d  a r e  urgently needed t o  supplement  existing knowledge 
t o  provide a s o u n d  basis for t h e  development of effective integrated control prac- 
tices. 
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INTRODUCTION 

'I'he cowpea belongs to the pantropical genus Vigrta of the tribe Pltast~olru~ in 
which the genus is closely allied to IYta~~o1u.s (Verdcourt, 1970; Baudoin and 
Marechal. 1985). Six species arc cultivated in Asia: Ii rcc.onit$)lin, the moth bean: 
Ii trnguliiris, the adzuki bean; Ii muttgo, black gram or urd bean; Ii rrctlitrttr, green 
gram or mung bean: Ii trilobata and Ii untbellatc~, the rice bean (Jain and Mehra. 
1980). The geocarpic species Ii suhtermnea, the bambarra groundnut, is culti- 
vated in Africa and various other species of Viytlr~ are tropical pasture species 
(I,ennl, 1 9 Y 0 ) .  The cowpea, which is much the most widespread and important. 
belongs to the species L! unguic'ul(~ttr within which live subspecies have been rec- 
ognized (Verdcourt. 19 70). An alternative scheme (Marechal ct (11.. 1 Y 78) 
reduces the three cultivated subspecies to 'cultigroups' within I/: unguiculatrr ssp. 
unguic9u1atrr, with the erection of three wild subspecies, as discussed by Ng and 
Marechal(1985) and Steele et 111. (1985). 

The cowpea was domesticated in Africa, where most of the 160  species of 
Vignil arc native and hh species are endernic, within the ancient sorghurn and 
pearl millet farming systems of the savannah zone probably around the third mil- 
lennium uc'. West Africa is the centre of genetic diversity of Ii urrguicuLitu ssp. 
urlgrri~~ulatrr which Lirst reached India some time after 1500 uc, and Verdcourt's 
two other cultivated subspecies, ~~~~1irtdric.n (the catjang) and sesquipedalis (the 
yard-long bean), were selected out of ssp. unguir*ulntii after it reached India (Steele 
et nl., 1985). Cowpeas reached Europe before 300 BC, and Spaniards took the 
crop to the West Indies in the 17th century AD. More cultivars reached the New 
World from West Africa with the slave trade, reaching the southern IJSA early in 
the 18th century (Steele and Mehra, 1980). Now, the cowpea is grown through- 
out the tropics and subtropics, principally for its dry seed but also as a vegetable. 
for fodder and as a cover crop. In Africa, the young leaves are eaten as a spinach 
or dried for use in soups, the haulms are fed to livestock and some cultivars 

@CAB INTERNATIONAL 1998. The Pdthology of Food and Pasture Legumes 
(eds D.I. Allen and I.M. Lenn6) 
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provide a fibre. West Africa, Brazil and India are the main centres of production 
of dry seed. There are probably no accurate estimates of world production: unoffi- 
cial statistics suggest the world area of cowpeas harvested is about 6 million 
hectares. with an average seed yield of 240 kg ha-' and total annual production 
of 1.4 million tonnes. This is almost certainly an underestimation, in part 
because of the omission from official statistics of quantities consumed in subsis- 
tence agriculture, and it seems probable that world seed production is signill- 
cantly greater than 2 million tonnes annually (Allen, 198 3: Steele et al., 198 5). 
Nigeria remains the world's largest producer of cowpeas. In the early 1970s, 
some 8O0% of the Nigerian crop was grown in the ancient cereal farming system 
of the savannahs where unimproved, spreading, photosensitive and locally 
adapted landraces are intercropped (Steele and Mehra. 1980). With the develop- 
ment and release of early maturing, erect cultivars that are substantially heavier 
cropping than traditional landraces (Smithson et a/., 1980: Ntare. 1989; Naik rt 
al., 1990; Singh, 1994). there has been a shift toward more intensive forms of 
production in some areas. 

In the savannahs of Africa, cowpeas are most commonly found as a subordi- 
nate companion crop in complex crop mixtures to which few inputs are added. 
Whereas such traditional systems tend to bc relatively stable, they are also poor 
yielding. Although the traditional practice of late sowing forfeits some grain 
yield. it is evident that in Africa insect pests and diseases are the principal con- 
straints on seed yield of cowpea. There is evidence that the damage caused by 
insect pests (Perrin. 1977: Matteson. 1982) and pathogens (Moreno, 1975; 
Ouko and Buruchara. 1989: Allen. 1990) is often. but not invariably, less in 
complex crop mixtures than it is in monoculture of cowpeas. Cowpeas arc sus- 
ceptible to attack from a very wide range of pests and diseases which attack the 
crop at all stages of growth. Reviews of the literature on cowpea diseases include 
those of Williams (1975b), Singh and Allen (1980). Allen ( 1  98 3 )  and Emechebe 
and Shoyinka (198 5); reviews of cowpea virus diseases also include 'I'hottappilly 
and Rossel ( I  985, 1992) and Mali and Thottappilly (1986). A colour illustrated 
field manual is also available (Singh and Allen. 1979). The economic importance 
of diseases, relative not only to one another but also among other biotic and abi- 
otic constraints, has tended to be inadequately quantified; the most notable 
exceptions include the studies of cercospora leaf spot (Schneider rt nl., 1976), 
scab (Mungo et al., 1995) and bacterial blight (Kishun. 1989). It is clear that the 
importance of cowpea pathogens varies considerably both across regions of pro- 
duction and across ecological zones. Thus, in the USA the principal diseases are 
still considered to be fusarium wilt and root-knot (Mackie, 1934; Patel, 1985) 
whereas in Brazil priority diseases include scab, leaf smut, cercospora leaf spot, 
powdery mildew and fusarium wilt, cowpea severe mosaic and blackeye cowpea 
mosaic (Lin and Rios, 198 5). In Africa, web blight, cercospora leaf spot, anthrac- 
nose, rust, bacterial pustule and cowpea mosaic are the major diseases of the for- 
est belt (Williams, 1975b: Oyekan. 1979); and scab, brown blotch. septoria leaf 
spot, bacterial blight, blackeye cowpea mosaic and witchweed are the principal 
problems in the savannahs (Allen et al., 1981b; Emechebe and Shoyinka, 1985; 
Agganval and Ouedraogo, 1989). There is, of course, much overlap, local varia- 
tion and seasonal change. For instance, ascochyta blight is a devastating disease 
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under humid conditions at altitudes above about 1000 m (Allen. 1983: Price 
and Cishahayo, 1986) and cowpea golden mosaic is severe under conditions of 
high humidity and high temperature (Vetten and Allen, 198  3). Intensificatiori of 
cowpea production in some areas of the West African savannahs appears to have 
exacerbated the witchweed problem (Berner el ul., 1994). and irrigation schemes 
have sometimes encouraged the massive build-up of aphidborne virus diseases 
(Kaheja and Leleji, 1974). Charcoal rot, which is exacerbated by drought stress, 
is sometimes found the most destructive disease under semi-arid to arid condi- 
tions in the Sahelian Zone (IITA, 1984; Burke ut ul., 1986a). This chapter focuses 
on those diseases we consider of greatest economic importance. These are: 
anthracnose and brown blotch, each caused by a Colletotrichllrn species: scab, 
caused by a Sphnceloma: the cercospora leaf spots: web blight. caused by 
Hhizoctonia solani; aschochyta blight; bacterial blight and bacterial pustule. 
caused by distinct pathovars of Xnntllorr~onas cnri~pestris, blackeye cowpea mosaic 
and cowpea aphidborne mosaic, caused by distinct potyviruses: and the parasitic 
angiosperm witchweed. Striga gesnerioides. Fungal diseases of local or minor 
importance are summarized in Table 5.1 and the viruses naturally infecting cow- 
pea are reviewed in Table 5.1. The reader is referred to the review of Allen ( 198 3) 
for information on the minor bacterial diseases and parasitic nematodes afflicting 
the cowpea crop. Allen and Lennk (Chapter 1,  this volume) revicw the diseases of 
the Asian Vignil species. 

ANTHRACNOSE AND BROWN BLOTCH 

Aetiology 

Anthracnose has been considered to be caused by a form of Colletotriklinl lindu- 
rtrutl~iilnutr~ (Sacc. & Magn.) Br. & Cav. (Onesirosan and Barker, 1971: Allen. 
1983), but recent studies suggest this is incorrect (SherriM' pt nl.. 1994). 
Investigations of the infection process and host specificity of an isolate (1 57)  from 
Nigeria have revealed novel features (Bailey et (11.. 1990: Pain et nl., 1992) and it 
now appears that the cowpea anthracnose pathogen is best referred to C. dcstruc- 
tivurrl O'Gara (1,atunde-Dada et (11.. 1996). It remains to be shown whether or not 
the causal agent of the disease outside Nigeria is also C'. dt~structivnrr~. Brown 
blotch is caused by C'. ~-apsioi (Syd.) Butler & Bisby and apparently also by C, trun- 
caturrr (Schw.) Andrus & Moore (Singh and Allen, 1980: Emechebe, 1981) but it 
is probable that these two names are used for the same pathogen (J.A. Bailey. 
Bristol, 1996, personal communication). Lliseases caused by other Coll~~totrichloti 
spp. are reviewed in Allen rt al. (Chapter 4 ,  this volume). Hill (Chapter 11, this 
volume) and Lcnne (Chapter 13, this volume). 

Biology 

Cowpea anthracnose is reported from Brazil (Lin and Rios, 1985). the USA 
(Onesirosan and Barker, 19 7 1 ), Uganda (Hansford, 19  37), Zambia (Angus, 
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Table 5.1. Local or minor fungal diseases of cowpea. 

Disease Causal fungi 

Seed and seedling diseases 
Seed decay and Pythium aphanidermatum (Edson) 
seedling mortality Fitz. and Rhizoctonia solani 

KO hn; Macrophomina phaseolina 
(Tassi) Goid. and Phytophthora spp. 
cause seedling mortality in some areas 

Stem, collar and root rots, and wilts 
Pythium stem rot Pythium aphaniderrnatum (Edson) Fitz. 

Phytophthora stem rot, Phytophthora vignae Purss; 
red stem canker P cactorum (Leb. & Cohn) Schroet 

Stem rot, stem canker Diaporthe phaseolorum 
(Cooke & Ellis) Sacc. 

Sclerotium stem rot Sclerotium rolfsii Sacc. 
(teleomorph = Corticiurn rolfsii Curzi) 

Ashy stem blight, Macrophomina phaseolina (Tassi) Goid. 
charcoal rot 

Fusarium collar and Fusarium solani (Mart.) Sacc. 
dry root rot (teleomorp h = Nectria haematococca 

Berk. & Br.) 

Fusarium wilt Fusarium oxysporum f . sp. 
tracheiphilim (E.F. Smith) 
Snyd. & Hans. 

Verticiilium wilt Verticillium sp. 

Foliar and pod diseases 
Target spot Corynespora cassiicola 

(Berk. & Curt.) Wei 

Septoria leaf spot Septoria vignae P. Henn., S. 
vignicola Vasant Rao, S. 
kozopolzanskii Nikolajeva and 
S, vignae-sinensis Sawada 

Distribution (references) 

Widespread (1) 

The pathogen occurs worldwide 
but the disease is reported only 
from Nigeria, Tanzania and Brazil (1) 

Widespread but local. 
Reported from USA (F !  cactorum), 
Australia, lndia and Taiwan 
(F! vignae). F! vignae is known 
from adzuki bean ( Vigna angularis) 
in Japan (1,12) 

USA (6); and in lndia on 
Vigna caracalla (7) 

Widespread (1) 

Widespread (1,11) 

Widespread but local. 
Recorded from Brazil, Puerto 
Rico, Nigeria, Uganda, Malaysia 
and the Philippines (1) 

Widespread. Reported from the 
USA, Brazil, Nigeria, Uganda, 
India, Malaysia and Australia (1) 

USA and Australia (1) 

Worldwide (1) 

Widespread. S. vignae reported 
from East and West Africa and 
Brazil; S. vignicola occurs in 
eastern Africa and India. S. kozo- 
polzanskiiis known only from the 
former USSR and Zambia, and S. 
vignae-sinensis is reported from 
Taiwan (1) 
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Table 5.1. Continued. 

Disease Causal fungi Distribution/references 

Chaetoseptoria leaf spot Chaetoseptoria wellmanii Stevenson USA and Central America (1) 

Aristastoma leaf spot Aristastoma guttulosum Sutton and Nigeria and the USA (1) 
A. oeconomicum (Ellis & Tracy) Tehon 

Myrothecium leaf spot Myrotheciurn roridum Tode ex Fries lndia (5); in Sierra Leone 
on Vigna adenantha (7) 

Alternaria leaf spot Alternaria spp. India, Brazil ( I )  and Zambia (3) 

Leptosphaerulina leaf Leptosphaerulina trifolii (Rost.) Widespread. Recorded from the 
spot, pepper spot Petr. ( = L. vignae Tehon & Stout) USA, Brazil, Malawi, Ethiopia and 

India; on Vigna richardsiae in Papua 
New Guinea (1,7) 

Phyllosticta leaf spot Phyllosticta spp. Probably pantropical; recorded 
from Brazil, Malaysia (1) and 
southern Africa (4) 

Phytophthora blight Phytophthora sp. Sometimes assumed Tanzania (P.N. Patel and C. 
to be f! vignae but as yet there Kuwite, Ibadan, 1979, personal 
is no published evidence communication) 
(see discussion in Ref. 1) 

Zonate leaf spot Dactuliophora tarrii Leakey Widespread in sub-Saharan Africa; 
also lndia (1,2) 

False rust, yellow Synchytrium dolichi (Cooke) Gaum. Widespread in tropical Africa (1) 
blister 

Brown rust Uromyces appendiculatus (Pers.) Widespread (1) 
Ung.(= U. vignae Barcl. = Aecidium 
caulicola P. Henn.) 

Leaf smut 

Pink rust Phakopsora pachyrhizi Syd. (uredial FI pachyrhizi, in its newly defined 
anamorph = Malupa sojae (P. Hennings), sense (8), reported on cowpea from 
Ono, Buritica & Hennen) and P Nigeria, Sierra Leone, Ghana, 
meibomiae (Arthur) Arthur (uredial Cambodia and China. f! meibomiae 
anamorph = Malupa vignae (Bresadola) on cowpea in Brazil (8) 
Ono, Buritica & Hennen). (see Ref. 8) 

Entyloma vignae Batista and/or Probably pantropical, on cowpeas 
Protomycopsis phaseoli Ramak. and other legumes. Collections from 
& Subram. between which there is Brazil have been identified as E. 
obvious confusion (see Ref. 1 vignae (9) as well as F phaseoli 
for discussion) (IMI 227229). Collections on cowpea 

from Nigeria (IMI 193853), Togo (IMI 
187883) and lndia all identified as P 
phaseoli, but there is no doubt they 
all represent the same taxon. 
Entylorna spp. have been recorded 
on legumes in Malawi (7) 

Powdery mildew Erysiphe polygoni DC. and Sphae- Widespread (1 , l o )  
rotheca tuliginea (Schlecht. ex. Fr.) Poll. 

Continued overleaf 
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Table 5.1. Continued. 

Disease Causal fungi Distributionlreferences 

Cladosporium pod Cladosporium vignae Garder. Widespread but local. Recorded from 
spot, scab Perhaps sometimes confused with the USA, Brazil, Uganda, Zimbabwe 

scab caused by Sphaceloma sp. and Australia (1) 

Choanephora pod rot, Choanephora cucurbitarum Widespread. Reported from the 
lamb's tail pod rot (Berk. & Rav.) Thaxt. and USA, Brazil, Nigeria and India (1) 

C. infundibulifera (Currey) Sacc. 

Grey mould, pod rot Botrytis cinerea Pers. ex Fr. Brazil (1) 
- 

References: 1.  Allen (1983) on which much of the table is based. The reader should refer to this source for primary 
references. 2. Chandrashekaraiah and Hiremath (1982); 3. Maramba (1983); 4. Mariga et a/. (1985); 5. Singh and 
Shukla (1986); 6. Toler etal.  (1963); 7. Lenn6 (1990); 8. On0 et al. (1992); 9. Prabhu and Albuquerque (1982); 10. 
Jhooty et al. (1 985); 11. Burke etal. (1 986a); 12. Kao and Leu (1 982). 

1962-19636; Kannaiyan and Haciwa, 199 3), Nigeria (Onesirosan and Barker, 
1971), India (Prasanna. 1985) and Pakistan (Quereshi et ul., 1985). Whereas the 
natural host range of the cowpea anthracnose pathogen remains unknown, it is 
clear that the hemibiotrophic cowpea isolate 1 5 7 of C, d(~structivurn exhibits con- 
siderable specificity: none of six cultivars of common bean was found susceptible 
and all developed only a superticial flecking following artificial infection. No 
lesions were produced on excised hypocotyls of lima bean, groundnut, soyabean, 
pigeonpea, pea, chickpea, lucerne or adzuki bean (Vignu angularis) (Bailey et ul.. 
1990). Other strains of C. destructivum have host ranges that include soyq d b ean. 
clover, sweet clover, lucerne, leucaena and phasey bean (Macroptilium lathyroides) 
(Ilolliday, 1980: Latunde-Dada et al., 1997) apparently as well as non-legumes 
including tobacco and pyrethrum (Chr~san themutn  cinemriarfbliutn) (Rothwell, 
198 3 ) .  At least two physiologic races of the cowpea anthracnose pathogen occur 
in Nigeria (Skipp, 1975). In a susceptible reaction, race I 57 exhibits an infection 
process which results in production of water-soaked lesions in all seedling tissues. 
During the biotrophic phase which lasts for 72 h, the fungus produces unusual. 
large and multilobed infection vesicles with many septa and elongated neck 
regions: these remain confined within the epidermal cell first infected (O'Connell 
et a].. 199 3). The necrotrophic phase of the host-pathogen interaction is charac- 
terized by the rapid development of invasive secondary hyphae which radiate from 
the vesicles into surrounding tissue in which water-soaked lesions, then acervuli, 
appear on the surface of infected tissue (Latunde-Dada et al., 199 7 ) .  

In contrast to the anthracnose fungus which produces straight or ovoid coni- 
dia, the brown blotch pathogen C. capsici, has large (22-35 ) curved, or falcate 
conidia among long setae in acervuli. C, capsici is a relatively unspecialbed 
pathogen with a wide host range, including Capsicum pepper: among legumes, 
hosts include species of Canuvuliu, Chssia, Clitoris, Crotalaria, Desmodium, C'lycine, 
Indigofera, I ~ b l a b ,  I,eucaena, Senna (I~nni . ,  1990), Cyamopsis and Sesbania (Holliday, 
1980). C, truncatum also has a wide host range which among legumes includes 
many pasture species (Lenne, 1990; see k n n e ,  Chapter 1 3, this volume), as well as 
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soyabean (see Sinclair, Chapter 3 ,  this volume), common bean and lima bean 
(Pl~useolus Iut~citus) on which symptoms are similar to brown blotch (Andrus and 
Moore. 19 3 5: Tiffiiny and Gilman, 19 54). Brown blotch of cowpea occurs in 
Nigeria (Emechebe, 198 1 ), Burkina Faso, C'ameroon, Kenya, Japan (Allen, 198 3)  
and Zambia (Allen, 199 1 ). There is evidence that cowpea brown blotch isolates of 
C', cTapsic.i vary considerably in their pathogenicity (II'I'A. 1984). But it is thought 
that isolates of C, tnpsic7i from one host will generally infect others. 

Symptoms 

Although all above-ground parts of the plant can be affected, anthracnose is 
essentially a stem disease in cowpea. Individual lesions are lenticular to sunken. 
and tan to brown in colour. 1,esion size alld distribution depend on cultivar sus- 
ceptibility. Highly susceptible genotypes develop large spreading lesions which 
coalescc to girdle stems, branches, peduncles and petioles (Fig. 5.1). Lesions may 

Fig. 5.1. Lenticular, sunken lesions of anthracnose on the stem and petioles of a susceptible 
cowpea in southern Nigeria (Photo: courtesy of D.J. Allen). 
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also develop on leaves and pods but the symptoms on the stem and branches are 
more severe (Williams, 1 9 7 5b; Singh and Allen, 1979). 

Hrown blotch symptoms are typified by the development of purplish-brown 
discoloration of petioles, leaf veins, stems, peduncles and, especially, pods (Fig. 
5.2). Iliscoloration, which may be accompanied by cracking of stems, develops as 
blotches without the formation of discrete lesions. Foliar symptoms are uncom- 
mon. Sporulation on dry pods in alternating black and brown bands is diagnos- 
tic. Pod infection leads to distortion and maldcvelopment of pods which bear 
black fruiting bodies of the pathogen. Symptoms first appear either at the stem 
base before flowering or on pedicels following flowering: the latter is especially 
characteristic (Singh and Allen, 19  79). Seedlings that develop from infected seed 
arc liable to damping-off, which is also a destructive phase of brown blotch. On 
the sced, symptoms arise as tiny purplish-brown spots that develop into round 
blotches that can cover up  to one-half of the seed surface. In severe seed infection. 
the whole seed may be discolourcd and become shrivelled, often with a cracked 
testa. Occ;~sionally, severely affected seed are greyish-black due to the formation 
ofacervuli (Rmechebe, 198  1 ). 

Fig. 5.2. Typical brown blotch symptoms on petioles, peducles and pods; Nigeria (Photo: 
courtesy of IlTA and John Wiley & Sons). 
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Epidemiology 

Both the anthracnose pathogen and the brown blotch fungi are seedborne in 
cowpea (Emechebe and McDonald, 1979), and both C, ivtrpsici and the cowpea 
anthracnose fungus can survive the dry season in Nigeria in infected cowpea 
debris (Onesirosan and Sagay. 1975; Okpala, 1981). Secondary spread of both 
diseases is favoured by rain-splash and wind-driven rain. Despite these similari- 
ties the prevalence of the two diseases is contrasting, at least in Nigeria. 
Anthracnose is essentially a disease of the subhumid forest margin belt of the 
south-west and is seldom encountered further north under semi-arid conditions. 
Conversely, brown blotch is more widely adapted: although it is sometimes dam- 
aging in southern Nigeria, the disease is most destructive under the drier condi- 
tions of the Guinea savannah (Allen, 1983). 

Crop Loss 

Grain yield losses in the range of 35-50% have been recorded in field experi- 
ments with anthracnose, using the highly susceptible cowpea TVu 9 1 in south- 
ern Nigeria (Williams, 1975a). Such losses are attributed to the destruction of 
stem and petiole parenchyma (Skipp, 1975). In an assessment of anthracnose 
progress, Latunde-Dada (1990) obtained direct correlations between visual 
assessment scores and the length of necrotic lesions on peduncles of cowpea cul- 
tivars of varying susceptibility. Estimates of yield loss incurred from brown blotch 
in the northern Guinea savannah belt range from 46 to 75% being more severe 
in exceptionally wet years (Emechebe, 1981: Alabi, 1994). 

Control 

Both anthracnose and brown blotch can be fairly effectively controlled by foliar 
application of fungicides as sprays, with materials including benomyl and man- 
cozeb (Williams, 1975a; Sohi and Kawal, 1984: Emechebe and Shoyinka, 1985: 
Oladiran, 1990), but whether or not spraying is practicable is likely to depend on 
the local cropping system. In many instances. the foliar application of fungicides 
is liable to remain beyond the reach of low-input farmers, but the recent spread of 
large-scale production of cowpeas, especially around Kano in northern Nigeria, 
may present opportunities for the wider use of fungicides. Paramount among 
these perhaps is the adoption of seed treatment that does present a viable option 
for the subsistence producer of cowpea (Emechebe et al., 1994). However, the use 
of fungicides has its drawbacks as stressed elsewhere (Allen, 198 3), perhaps 
including the development of fungicide-resistant variants of the anthracnose 
pathogen (Ranios and Kamidi, 1982: Naik and Anilkumar, 1991). Cultural prac- 
tices that contribute to the elimination of Infected debris, the adjustment of sow- 
ing date to avoid periods of heavy rainfall at times of peak susceptibility, and the 
sowing of clean seed harvested from disease-free production plots, would each 
have some value in controlling these diseases. The development of anthracnose- 
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resistant cultivars continues to be the most valuable single control measure, per- 
haps as a component in an integrated strategy of disease management. Sources 
of resistance to anthracnose (Williams, 1977a) and brown blotch (Allen el ul., 
1981b) have been identified and rapid progress has been made in incorporating 
this resistance into improved cultivars for release to farmers (Smithson et al., 
1980; Singh, 1994). Genotypes including TVx 32 36 possess combined resis- 
tance to both diseases (Adebitan et al., 1992). The mechanisms of resistance to 
brown blotch are not yet fully understood, but those involved in anthracnosc 
resistance have received substantial investigation, and the reader is referred to 
the review by Allen (198 3) for a fuller account than is given here. There are scv- 
era1 distinct resistance mechanisms that operate at different points in the infec- 
tion process and appear to restrict fungal growth. Thcsc mechanisms include a 
failure to penetrate, penetration that leads to encapsulation of hyphae, a failure 
of the primary vesicle to develop, and hypersensitivity which is associated with 
the accumulation of phytoalexins. At least eight anti-fungal compounds are pro- 
duced in response to infection with the anthracnose pathogen, the most impor- 
tant are vignafuran and methyl phaseollidin isotlavan (Preston. 1975). 
iiypersensitive resistance in the cowpea cultivar New Era is thought to be gov- 
erned by a single dominant gene that has proved race-specific. In the wake of the 
demonstration of the potential transience of such hypersensitive resistance on 
the appearance of race I 57, interest turned to apparent sources oflield resistance 
in the hope that it would prove durable (Skipp, 1975). 

SCAB 

Aetiology 

('owpea scab is causcd by a Splttrc~abrr~n species (Emcchebe. 1980) which is con- 
ventionally considered to be the anamorph of Elsir~ot~ pl~i~seoli Jenkins, but the 
genetic connection between the cowpea scab fungus and its telcomorph has not 
been demonstrated. It is clear that there is need for a fundamental study of the 
taxonomy of the cowpca scab pathogen ilnd its closc relatives. The establishment 
of jorr~lr~r spc)ciules within I:. p/~irsc*oli has been proposed (Holliday. 1980: Allen, 
198 3 ) .  Scab pathogens of tropical pasture legumes are revicwcd in LennO 
(Chapter 1 3 ,  this volume) and the group as a whole is discussed by Allen and 
Lenne (Chapter 1 ,  this volume). 

The host range of li, pl~asuoli, which was tirst described on lima bean (Plttrsec~lrrs 
lunatns) (Jenkins, 19 3 1 ), includes also common bean (t? vulgnris) and ~ n u n g  
bean (Vigtlu rildiutcl) in addition to cowpea (Allen, 1983. 1991) but cowpea iso- 
lates of the pathogen appear highly specialized and are apparently restricted to I/: 
uttguiculntr~. Bmechebe (1980) found that I/: rudiirta, t! luni~tus and I? \~ltlgaris 
remained unaffected by artificial inoculation with the cowpea scab fungus, and 



280 D.J. AUEN E l  AL. 

only hyacinth bean (Lablab purpurrus) showed symptoms. Natural infections of 
hyacinth bean have been attributed to E. dolichi Jenk., Bitanc. & Cheo (Cheo and 
Jenkins, 1945). Whereas the Elsinoe state of the cowpea pathogen has not yet 
been detected either in diseased samples or in culture (Emechebe, 1980), Elsirlor 
is readily obtained in studies of the bean scab pathogen (Phillips, 1994a). 

Cowpea scab is widespread, with reports of the disease from Brazil (Lin and 
Rios, 1985), Surinam (van Hoof, 1963) and Bangalore in India (J.B. Smithson, 
Hyderabad. 1981, personal communication) as well as throughout sub-Saharan 
Africa. The distribution of scab disease on cowpea in Africa is known to be the 
Guinea savannah belt of West Africa including both Burkina Faso and Nigeria; in 
eastern and southern Africa, the disease is recognized from Ethiopia, Kenya. 
Uganda, Tanzania, Zambia, Zimbabwe (Allen. 1983) and Rwanda (Price and 
Cishahayo, 1985). Despite its wide geographical distribution, it appears that the 
disease is ecologically restricted to semi-arid environments: in Nigeria, scab is sel- 
dom encountered outside a narrow latitudinal belt of about 10°30'-12030'N 
that corresponds approximately with the extent of the Guinea savannah. Cowpea 
scab is uncommon or absent in the subhumid forest, the northern Sudan savan- 
nah and the Sahel Zones of Nigeria (Allen, 198 3). 

No work has been done on the pathogenic variability of the cowpea scab fun- 
gus. However, the scab resistance of cowpea cultivar TVx 32 36 appears to be 
site-specitic, suggesting the existence of pathogenic variation (A.M. Emechebe. 
unpublished). Studies on the pathogenic variation of isolates of E. pll~lseoli from 
common bean (Phillips, 1996) confirm that variability exists within, as well as 
between, host-species-specific populations of these legume scab fungi whose tax- 
onomy appears to warrant revision. 

Symptoms 

The symptoms of cowpea scab are characterized by the development of silvery grey, 
circular to oval lesions first on stems, then on leaves, petioles, peduncles and pods 
(Fig. 5.3). Leaves of diseased plants are often cupped and bear numerous small 
whitish scab lesions along the veins, and 'shot-hole' may occur. In severe infections, 
peduncle lesions coalesce to cause distortion and abortion of flower buds. Pods that 
do develop are usually heavily spotted, curled and mummified, containing very few 
seeds. Old lesions on stems, peduncles and pods may turn black with the develop- 
ment of chlamydospores (Singh and Allen, 1979; Emechebe, 1980). 

Epidemiology 

The cowpea scab pathogen has been shown to be both seedborne and seed- 
transmitted. The pathogen survives the dry season in infected crop debris (llonli, 
1983) in which the longevity of its survival may depend on the development of 
chlarnydospores, which have been shown to form on old lesions as well as in vitro 
at temperatures outside the range of 20-30°C. Secondary spread of the pathogen 
occurs as conidia in water, rain-splash and runoff water; disease severity is 
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Fig. 5.3. Silvery grey, circular to oval lesions that typify scab; north-east Brazil (Photo: 
courtesy of D.J. Allen and John Wiley & Sons). 

exacerbated by long periods of wet weather (Emechebe, 1980).  No measurement 
of the rate of spread of scab in cowpea has been reported: work in Kenya on bean 
scab has estimated that scab spreads from an infection focus at rates in the range 
of 2.0-7.5 m in h weeks. varying with location (Mutitu. 19 79). 

Crop Loss 

Scab is now regarded as the most important fungal disease of cowpea, not only in 
the savannahs of Africa but also in north-east Brazil, regions that account for the 
vast majority of cowpea production worldwide. Field surveys in Brazil have 
shown that as many as lblX, of cowpea fields had scab (Lin and Rios, 1985). 
Observations in Nigeria, where heavy scabbing of the flowering axis can com- 
pletely halt reproductive development, suggest that total crop loss may occur 
(Ernechebe, 1980). [Jp to hO1%, loss has been estimated in farmers' fields 
(Ernechebe and Shoyinka, 1985). and under experimental field conditions over 
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two seasons at Samaru in the northern Guinea savannah of Nigeria, it has been 
shown that losses in seed yield vary from 9 to 71'X,, depending on scab severity 
(Mungo rt c~l., 1 Y9 5 ) .  

Good control of cowpea scab has been achieved through use of foliar fungicides 
(Price and Cishahayo. 1985; Mungo et 01.. 1995) and seed dressings (Emechebe 
vt (11.. 1994). In principle, cultural practices including the production and use ol' 
clean seed, sanitation and crop rotation would seem to hold promise (Emcchebe, 
1980: fIolliday, 19801, but experimental work is needed to test their practicitbil- 
ity. Sources of scab resistance including VITA 4 have been identitied (Allen clt  (11.. 
1981) and cultivars with scab resistance have been bred by utilizing them (Kios. 
198 3 :  Singh. 1994). 

CERCOSPORA LEAF SPOT 

Aetiology 

Two fungi are responsible for cercospora leaf spot: Crrcosporrl c.nncJ.st'clrls Ellis & 
Martin and Mycosphnerrlln criierltn Latham and its anamorph, l'sc~iirloc~or(~osporn 
cruuntn (Sacc.) Deighton which was earlier known as Cc'n-osporrr c-rurtittr Sacc. 'l'hc 
morphology of these two pathogens is described by Holliday ( I  9801, and the life 
history of M. rrlrenta was described by Latham ( 19 34) who first demonstrated the 
genetic connection between the anamorph and its teleomorph. 

Biology 

Cercospora leaf spot is widespread in the IJSA where it was lirst reported in 
Mississippi in 189 1. There is an early report also from Indonesia (Latham, 19 3 . 2 )  
and the disease is now thought to be prevalent in tropical Asia. Both species are 
reported from cowpeas in India (Verma and Patel, 1969: Mew rt al., 1985). 
Cercospora leaf spot of cowpea is also widespread throughout Africa, from Egypt 
(Fahim et ul.. 1969) to Nigeria (Williams, 1975b) and 'l'ogo (Steiner, 1975), east- 
wards to Uganda (Hansford, 19 37) and south to Mozambique and Zimbabwe 
(Rothwell, 198 3: Plumb-Llhinsa and Mondjane, 1984). In Latin America and the 
Caribbean, cercospora leaf spot is recorded from Puerto Rico (Vakili, 19771, 
Costa Rica (Araujo and Moreno, 1980) and Brazil (!,in and Rios, 1985). 

C. canescens causes leaf spot of a wide range of legumes including species of 
Vigna and Phuseolus as well as I~blab  niger, groundnut, soyabean (Verma and 
Patel. 1969; Holliday, 1980; Allen 1983), pigeonpea (see Reddy et al., Chapter 
10, this volume), Calopogonium mucunoides, Canavalia ensijbrmis, Centroserna spp., 
Clitoria ternatea, Desmodium spp., Erythrina spp.. Flrntingiu macroph~lla, 
Gliricidium sepium, Indigojera astragalina, Leucaena leucocephula, Macroptilium spp., 



Mmcrotylornu spp., Nronotonia wightii, P~irrrrricr phaseoloidt~s, Rhynchosia spp., 
St!jlusurrthes spp, and Trtamnus spp. (LennC, 1990). M .  cruentu is found on 
('nlopoyonium, L u b l ~ b  purpureus, Phuseolus, Stizolobium dvvrinyiunurn (Holliday, 
1980). Canavaliu ensifnrrnis and Macroptilium lathyruides in addition to species of 
Vigr~u including R l~rteolu and R vvxillatn (Lennt., 1990) .  I t  appears that no studies 
have been made of pathogenic variation in either fungus, so the extent of host 
specificity that exists among the ccrcospora leaf spot pathogens is not known. 

Symptoms 

C'. cvrtrc~si~c~rts induces circuliir to irregular cherry red to reddish-brown lesions on 
both leaf surfaces (Fig. 5.4), whereas leaf spots caused by M. crltvntu appear first 
as a chlorosis on the upper surface of leaves which become dotted with necrotic 
lesions (Fig. 5.5). These enlarge until the entire affected area becomes necrotic. 
'I'he lower leaf surfaces infected by M ,  cntenta bear areas of profuse sporulation in 
which masses of cnnidiophores appear ;IS tlowny, greyish-black mats (Williams. 
1975b; Singh and Allen, 1979).  Spindle-shaped lesions on stems. petioles and 
peduncles are described by Vakili (1977) .  Symptoms usually develop relatively 
late in the season on plants during reproductive growth (Verma and Patel. 1969: 
Vakili. 1977).  

Fig. 5.4. Circular or somewhat irregular, cherry red to reddish-brown lesions induced by 
Cercospora canescens; southern Nigeria (Photo: courtesy of R.J. Williams). 
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Fig. 5.5. Pseudocercospora cruenta induces lesions on the upper leaf surface that are first 
chlorotic then necrotic. The lower leaf surface supports profuse sporulation in dark grey mats; 
southern Nigeria (Photo: courtesy of R.J. Williams). 

Epidemiology 

Both C. catlescrns and M. cruentu are seedborne in cowpea (Williams, 1975b). 
although Emechebe and McDonald (1  979) were unable to demonstrate seed-to- 
plant transmission of C, c.anescvens. Infected host debris probably constitutes the 
most important means of carry-over of the cercospora leaf spot pathogens 
between seasons. The role of perithecia in survival of M, cvrurntm appears to 
remain unclear. In view of the wide host range of both these fungi, it secms likely 
that alternate hosts may play a role in pathogen survival but there is no evidence 
to support this. Under certain conditions, volunteer seedlings may also provide 
sources of infection perhaps especially in humid areas, as suggested by parallel 
studies with related fungi on other legumes (Allen, 198 3). The development and 
release of conidia are favoured by humid weather, and secondary spread by wind 
and water-splash is more rapid in dense plant populations (Amin rt ul., 19 7 6 )  but 
disease incidence is not affected by cropping system (Araujo and Moreno. 1980). 

Crop Loss 

Despite the fact that cercospora leaf spot develops late in the season, disease 
spread is often rapid and premature defoliation can be severe. Verma and Patel 
(1 969) estimated that about 1 I X of all foliage can be diseased. A survey in Brazil 
showed that 55-73% of cowpea fields were affected by cercospora leaf spot (Lin 



and Rios, 1985) .  In studies in Ibadan, Nigeria. Schneider et al. (1976)  showed 
that  yield loss in cowpea was correlated with leaf spot severity, and that areas 
under the disease progress curves were correlated with yield loss regardless of the 
shape of the curves. They revealed that defoliation as a result of infection with C. 
cunesr.ens and M. cruerlta can cause crop losses up to 20 and over 40% respec- 
tively. In IJSA, the crop loss caused by M. cruvrltu has been estimated at 3h010, all 
components of seed yield being adversely affected (Fcry et al., 1977).  

Control 

C'ercospora leaf spot can be controlled effectively in cowpeas with foliar fungi- 
cides applied post-flower: captafol and benomyl each give good control (Williams. 
1975a; Oyekan, 1979) .  Numerous sources of resistance to M, cruuntci have been 
identified (Verma and Patel, 1969: Fery ut al., 1976; Vakili, 1977: Williams, 
19 77a)  and some possess resistance against both leaf spot pathogens (Williams, 
1977).  1,ittle is known of the mechanisms that underlie such resistance. 
although there is some evidence that pre-formed fungal toxins may contribute to 
resistance against ('. cqarlPsr>uns. Demonstration of a n  effect of leaf age on disease 
development led Schneider and Sinclair ( 1975)  to investigate conidial behaviour. 
They found that germination and germ tube growth were each inhibited on the 
surfilce of young but not old leaves of a susceptible cullivar. Similar inhibition 
was caused by diffusiites from apict~l but not basal le;~ves of the susceptible culti- 
var, and by diffusates from both apical and basal leaves of a resistant cultivar. 
Somewhat similar results have bccn obtained fro111 work with M. rruenta (Ekpo 
and Ksuruoso, 19  77) .  Resistancc to M. rr1rt~t1tc7 is governed by at least two sepa- 
rate genes which are neither allelic nor linked (!:cry rt trl., 1976: Fery and Dukes. 
1977) .  

WEB BLIGHT 

Aetiology 

Web blight is caused by t tic ubiquitous soil-inhabiting fungus Tl~trr~trfcph~r~is c31rc- 
lrrrlrris (Prank) llonk, a n  aggregated species. Its anamorph is Hl~i:c~c*tor~ia solnrli 
Kiihn. At least 12 antistornosis groups (AG) arc recognized within T. c*lrc,ltrr1t1ris 
and there is growing evidence that these groups are discrete evolutionary units 
that deem taxonomic recognition (Vilgalys. 1988) .  Web blight is caused by aerial 
types that most oftcn belong to A(;-1, but there are exceptions (Onesirosan, 
1977: Rolkan and Ribeiro, 198 5 ;  Allen, 1997).  

Biology 

T. c.ucunreri.s has a n  extrcmcly wide host range and occurs worldwide (Parmeter. 
1970: Holliday, 1980) .  I t  has a wide host range among tropical pasture legumes 
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and is a serious disease of some species (see LennC, Chapter 1 3, this volume). Web 
blight of cowpea is a serious disease throughout the humid tropical lowlands. It is 
among the major diseases in the forest belt of West Africa, though it can be dam- 
aging under locally waterlogged conditions also in the drier African savannahs 
(Oyekan, 1979: Allen 1983). The disease is reported from cowpeas in India 
(Dwivedi, 1977) as well as in the hot and humid north of Brazil (Tin and Rios, 
1985). 

I: cucuir~eris has evolved different parasitic patterns, aerial, soil surface and 
subterranean, and there is specialization among isolates which are referable 
essentially to one of three ecotypes, based on their vertical distribution on the 
host plant (Durbin, 1959). Furthermore, the habitat of an isolate is often associ- 
ated consistently with a particular mode of host penetration as well as with :I 

particular degree of host speciticity (Dodman ut al., 1968). Although attempts 
have been made to define physiologic races (1,e Clerg, 19 39). the definition of 
pathotypes within T, c~rcurneris appears less useful than the recognition of eco- 
types, which relate to some extent with groupings of hyphal anastomosis. 
Isolates adapted to aerial habitats are typically fast-growing, carbon dioxide- 
intolerant types which produce sclerotia readily (Ilurbin, 19 59). 

Symptoms 

Initial symptoms on the leaves appear as small, circular, rcddish-brown spots 
which enlarge, becoming surrounded by irregular-shaped water-soaked areas. 
IJnder humid conditions, the lesions develop rapidly and coalesce, leading to 
extensive blighting and defoliation (Fig. 5.6). All aerial parts of the plant are 
affected and become covered superficially with small brown sclerotia and by the 
light brown hyphae of the causal fungus, which eventually forms a web of 
mycelium over the plant (Williams, I 9 7ib;  Singh and Allen, 19  79). Infection by 
basidiospores produces distinct, small necrotic and circular spots which seldom 
enlarge. Pods and seed may also bear lesions. 

Epidemiology 

Carry-over of the web blight pathogen depends on the availability of infected 
debris, weed hosts and seedborne inoculum (Onesirosan, 1975; Onesirosan and 
Sagay, 1 9  7 5). Secondary spread, which is favoured by relatively high tetnpera- 
ture and moisture as well as by dense plant populations, relies on the dissemina- 
tion of sclerotia and direct mycelial growth through plant contact. 13asidiospores 
may also play a role in web blight development (Weber, 1939; Echandi, 1965: 
Onesirosan, 1975). Aerial isolates of T, cucumeris appear not to survive long if 
infected debris is deeply buried, but sclerotia can remain viable in soil for several 
years (Weber, 1939; Onesirosan and Sagay, 1975). Soil survival is temperature 
dependent (Papavizas et al., 1975), The pathogen is seedborne in cowpea 
(Onesirosan, 1975; Emechebe and McDonald, 1979). 
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Fig. 5.6. Web blight lesions develop rapidly under humid conditions, coalescing to cause 
extensive blight and defoliation; eastern Nigeria (Photo: courtesy of W. Horst). 

Crop Loss 

Oyekan (1979) has estimated that cowpea seed yield may be decreased by 
28-40'%, by web blight but field observations suggest that almost complete crop 
loss may occur urider epidemic conditions that often prevail in the humid forest 
belt of West Africa (Singh and Allen, 1979). 

Control 

A wide range of fungicides give good control of web blight when applied as foliar 
sprays; chemicals shown effective include bcnomyl, fentin acetate, carbendazim 
arid captafol (Oyekan, 1979: Galvez ut a]. ,  1989). but the economics of their use 
requires local analysis. Measures for the cultural colltrol of web blight iliclude 
the use of clean seed, field sanitation. the avoidance of dense monocropping dur- 
ing periods of peak rainfall (Onesirosan and Sagay, 19  7 5; Williams, 19 7 5b), 
improved soil drainage and, perhaps particularly, application of mulch which has 
proved highly effective in the suppression of web blight in common beans 
(Galindo et ( I ! . ,  1983). The protective effect of a maize intercrop against web 
blight development appears to depend on the growth habit of the cowpea cultivar 
and its spatial arrangement (Allen, 1990). Inoculation of the foliage with the 
antagonist Trichodern~a korlirlgii Oudemans can restrict the spread of web blight 
(Latunde-Dada, 1991) but the biocontrol potential of this practice remains 
unclear. 
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There is variation among cowpea genotypes in the degree of susceptibility to 
web blight, and sources of partial resistance including the cultivar VITA I have 
been identified (Oyekan et ul., 1976; Allen, 1983). This has also been noted for 
tropical pasture legumes (see Lenne, Chapter 13, this volume). No studies have 
yet been made on the mechanisms conferring partial resistance to web blight in 
cowpea. Work on web blight in other legume hosts (Allen, 198 3, 1996) suggests 
that resistance tends to increase with host plant age and to decrease with 
increasing inoculum concentration. Several distinct resistance mechanisms may 
operate at different stages in the infection process: a pre-penetration resistance 
operates in certain cases, while in others a resistance to penetration, or a hyper- 
sensitive resistance appear to operate (Flentje et al., 1963). However, partial resis- 
tance affords insufficient protection of cowpea under heavy disease pressure. and 
the integration of several control measures appears warranted, as is the case 
with web blight of common bean (Galvez et al., 1989). 

ASCOCHYTA BLIGHT 

Aet iology 

Ascochyta blight of cowpea has usually been attributed to Asroc'hyta phaseolortirn 
Sacc. (Holliday, 1980: Singh and Allen, 198O), an imperfect fungus that is ti syn- 
onym of Phoinu exigua var. exiguu Llesm. (Roerema, 1972) .  Whereas 1' exiguu var. 
exigua is known as a weak, wound parasite of a wide range of hosts (Boerema and 
IIoweler, 1967), the ascochyta blight pathogen appears to be somewhat more 
specialized. Isolates from both Europe and Africa are now known to be distinct in 
morphology and pathogenicity, and are now treated as a separate taxon, t? exigua 
var. divt~rsisporu (Rub.) Boerema (Boerema et al., 198 1 ) .  P exigua var, diversispora 
has so far been positively identified as the cause of ascochyta blight of cowpea 
only in Kenya, Zambia and Zimbabwe (M. Gerlagh and D.J. Allen, 1986, unpub- 
lished results), but it seems probable that it is the principal causal agent of 
ascochyta blight throughout Africa. Since there are small but consistent differ- 
ences in isolates from Latin America (Gerlagh, 1987), more comparative studies 
of the pathogen seem warranted. The same pathogen causes a serious disease of 
common bean (see Allen et ul., Chapter 4, this volume). 

Various other closely related fungi also cause a miscellany of leaf and pod 
spots in cowpea, including Ascochyta boltshauseri Sacc., now known as 
Stagonosporopsis hortensis (Sacc. & Malbr.) Petr., which is reported from Ethiopia 
(Stewart and Dagnatchew Yirgou, 1967), and both Phoma bakeriana Sacc, and 
I? exigua var. exigua which are quite commonly encountered on cowpea in Africa 
(Allen, 1983). 

Biology 

Ascochyta blight of cowpea is of economic importance principally under cool 
humid conditions at elevations above 1000 m in southern and eastern Africa, 
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extending westward to the highlands of north-west Cameroon (Allen. 1 9 8  3) .  
The disease is a major problem in Rwanda and in northern Zambia, in each case 
in environments where scab (see above) is also prevalent (Price and Cishahayo, 
1985, 1 9 8 6 ;  Kannaiyan and Haciwa, 1 9 9  3 ) .  Elsewhere, the disease is reported 
from India (Singh et ul., 1978), Australia (Alcorn, 1968), Brazil (Lin and Rios, 
1985)  and Costa Rica (Moreno, 1975). The natural host range of I? exiyuri var. 
diversispora has not been investigated fully; positive identifications have been 
made of isolates from Phiiseolus vulgaris (see Allen et al., Chapter 4, this volume). 
t? coi'cintws, El lunutus, Lablab purpureus. Vigna anguluris and R rudiata in addition 
to I.! unguic3uluta which is probably the primary host of the fungus (Gerlagh, 
1987; Allen, 1 9 9  1 ) .  l? rxiguu var. exigua is recorded from a wide range of legume 
genera worldwide, including C'ajanus, Cussin, Volichos. Lablab, M~croptilirlrlt and 
t'ueruricl. A. phuseolor~lrn, its synonym, is reported also from C~rmvalia, 
Desmodiurr?. Glycine, Mut~rot~lorr~n,  Nc~onotot~ia, l'hasuolus and Promnus in addi- 
tion to Vignu. Natural hosts within Vigncr include I/: ungularis, R c~arucalln. R 
cocrulea, R luteola, I.! pruirtiuna, I.! richurdsiae and V vexillata (Lenne, 1990), and L! 
rnnngo, I/: rudiata and R unguiculutcl (Holliday. 19 80). C'learly, more comparative 
work is warranted to determine the extent to which these legumc species are nat- 
ural hosts of the ascochyta blight pathogen. t? exiyuu var. diversisporu. 

The degree of host specificity seems also unclear (Alcorn, 1968; Holliday, 
1980) arid little is known about pathogenic variation. Limited information on 
ascochyta blight of common bean, on which more work has been done (see Allen 
rt al., Chapter 4 ,  this volume), suggests that variation is relatively slight and 
apparently quantitative in nature. 

Symptoms 

Young lesions arc irregularly circular with grey to brown centres surrounded by 
a yellow halo. Such lesions, which lirst appear on foliage, then expand, becoming 
zonate ringed. IJnder favourable conditions, such lesions coalesce, spreading 
rapidly through the canopy to cause extensive blighting of the foliage leading to 
defoliation. Pycnidia are immersed in infected tissue. Lesions also develop on 
stems, peduncles and pods. The large, concentrically ringed lesions (Fig. 5.7) are 
diagnostic (Singh and Allen. 1 9 7 9 )  and give the disease its alternative common 
names of zonate leaf spot or target spot. Both F! exigua var, exiguu and I? bukeriana 
appear not to cause blight: rather each is commonly associated in the field with 
discrete spotting of leaves and pods, but comparative studies of these taxa, 
together with Stagonosporopsis hortensis (Ascochyta boltshuuseri), under controlled 
conditions are required in order to delineate their symptomatology on cowpea. 

Epidemiology 

The ascochyta blight pathogen is seedborne in cowpea (Noble and Richardson, 
1 9 6 8 )  and can survive in infected debris and presumably also in alternative 
perennial hosts. From these sources of primary inoculum, the disease spreads by 
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Fig. 5.7. Ascochyta blight lesions are concentrically ringed; Zambia (Photo: courtesy of D.J. 
Allen and John Wiley & Sons). 

rain-splash and wirld-driven rain that favour the dispersal of spores frorn pycni- 
dia. Successful infection depends heavily on high relative humidity (Hoerema ot 
ul.. 1981) and probably also cool temperatures. It is sometimes assumed that 
infection of intact tissue is rare, and disease development depends on predispos- 
ing factors including wind damage, by unfavourable growing conditions or by 
prior infection with another pathogen (Pegg and Alcorn, 1967: Holliday, 1980). 
Whereas predisposition might be expected to be important in the case of a weak 
wound pathogen like Phoma rxiguu var. exigun (Ascodl!jta ykasrolorum), this may 
not be the case with the more specialized P exiguu var. divrrsisporu (Boerema ct ul., 
198 1). Secondary spread of ascochyta blight is retarded in cowpeas intercropped 
with maize which acts as a barrier against wind and water-splashed dispersal 
(Moreno, 19 7 5). 

Crop Loss 

No estimates of crop loss incurred in cowpea from ascochyta blight have been 
published though it is evident that, under certain conditions, the disease can be 
devastating. Early infection can cause complete loss of grain yield (Angus, 
1962-1966; Allen, 1983; Price and Cishahayo, 1986). 
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Control 

The use of clean seed, field sanitation, rotation, the isolation from infected rcser- 
voirs and the use of P(~nnisetu~rl windbreaks have been proposed as cultural mea- 
sures against ascochyta blight (Angus, 1962- 1966; Pegg and Alcorn. 1967), 
and Moreno ( 1975) has demonstrated the efficacy of maize intercropping in pro- 
tecting cowpea. Various fungicides have been shown to give good control as foliar 
sprays. In Rwanda, carbendazim (Bavistin) and Brestan have proved effective in 
decreasing disease severity and increasing cowpca grain yield (Price and 
Cishahayo, 198 5) .  and various combinations ot' thiram, benomyl, carbendazim 
and thiophanate-methyl are effective treatments of seed infected with F! rxigutr 
var. tlivc~rsispom (Gerlagh, 1987). Srnall differences exist between cultivars in 
their susceptibility (Moreno, 1975; Allen, 198 3; Kannaiyan and Iiaciwa, 199 3), 
which appears to increase with plant age (Angus, 1962-1966) and early matur- 
ity may enable escape from total destruction. IJntil a more effective level of partial 
resistance is available against ascochyta blight, an integration of cultural prac- 
tices, fungicidal seed dressings and lesser susceptibility would seern the best strat- 
egy. The potential value of mulches in controlling ascochyta blight of common 
beans (see Allen ct  ill., Chapter 4 ,  this volume) suggests there may be an oppor- 
tunity for cowpeas. 

BACTERIAL BLIGHT A N D  PUSTULE 

Aetiology 

Bacterial blight is caused by Xmzthomonw cnmpcJstris pv, vignicola (Burkholder) 
Dye (Burkholder, 1944) and bacterial pustule is caused by X, campf>stris pv. 
vigna(~unguicl1ll1tl1(~ Pate1 & jindal, not a strair~ of pv. ~ligtricoln (Allen. 1983; 
Ernechebe and Shoyinka, 1985) from which it is clearly distinct in its pathogen- 
icity (Patel and jindal. 1982). Common blight caused by the X. cn~rlpestris pv. 
ylraswli is reviewed by Allen el (11. (C'htlptcr 4,  this volume). 

Minor and local diseases caused by Pseudomonczs species are also occasionally 
reported from cowpca. Brown spot (Ps. syrirrga~ pv, s!lringae van Hall) is reported 
from the IJSA (Gardner and Kendrick, 1923; Patel, 1985). Australia (Wilson, 
19 36) and Tanzania (Riley, 1960), and wildfire (Ps. syringne pv. tab(7ri (Wolf & 
Foster) Young c't 01.) occurs in the IJSA (l'isdole, 1924) and Brazil where 
Ps. solarlac-rururn (E.E Sm) E,E Sm. (now Bzrrklloldcrin solanaorc~rrrm (E.F. Sm.) 
Yabuuchi et al.) causes a wilt ((la Ponte and Santos, 1973; Lin and Kios, 1985). 
An unidentified fluorescent group lb  pseudomonad causes a bacterial spot of 
cowpca in Ethiopia (Allen, 19 79 ). 

Biology 

Bacterial blight, or canker, was first reported from Oklahoma in the IJSA in 
1931,  with subsequent records from other states in the 1940s (Burkholder, 
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1944: Hoffmastcr, 1944). The disease was reported from Tanzania in 1964 
(Ebbels and Allen, 1979), then from India (Patel and Jindal, 1970), Nigeria 
(Williams, I 975b). Puerto Rico (Vakili et ul., 1975) and Brazil (Rios et ul., 1980). 
It is now known to be widespread throughout Africa (Kaiser and Ramos, 1979; 
Allen, 198 3; Kannaiyan and Haciwa, 1993) and probably occurs in all major 
cowpea growing regions of the world. 

Bacterial pustule is much more restricted in its distribution. The first collec- 
tions of the disease were made by D.K.W. Watson at two sites in Tanzania in 
1964-1966 (1MI B 2281 and B 2962; Ebbels and Allen, 1979). A bacterial leaf 
spot, attributed to X. curnpestris pv, phasroli, was recorded at about the same time 
in Nigeria (Bailey, 1966) wherc both cultivated and wild cowpeas are affected by 
bacterial pustule (Williams, 1975b). There is a recent report of the disease Srom 
Nepal (Dahal ut al., 1992) but bacterial pustule is otherwise unknown outside 
Africa. 

The natural host ranges of these xanthomonads arc difficult to determine, in 
part because the definition of pathovars of phytopathogenic bacteria itself 
depends largely on host plant identity. There is evidence that X. r7urtlprstris pv. vig- 
nicolu naturally infects F1 vulguris (Burkholder, 1944: Vakili rt ul., 19  7 5), whereas 
pv. plrasuoli is reported from various Asiatic Vigna species and 1,ublab purpureus but 
not cowpea (Sabet and Ishag, 1969; Patel and Jindal, 1972), so there is overlap- 
ping in host ranges among pathovars and there is almost certainly some confu- 
sion in the literature. Recent revisions within Xantkomonc~s have relied upon 
DNA-DNA hybridization to define homology groups considered gcnomic species 
(Vauterin rt al., 1995) and this will permit more precise estimation of natural 
host ranges. Furthermore, taxonomic changes among host species, notably in 
Plraseolus and Vigna, seem likely to have compounded the problem. Whereas bac- 
terial lcaf spot of mung bean (Phaseolus uureus = Vigr~a rudiutu) was identified as 
X. ct~tnprstris pv. yhcrseoli in India (Patel and Jindal, 1972), the pathogen of appar- 
ently the same disease of mung bean in Ethiopia was identified as X. cumpestris 
pv, vigr~icolu (IMI B 6940; Allen ct (11. , 19 76). Vignu pubigera (= I/: umbucensis) is 
considered a host of X. cumprstris pv, vignicolu (Sabet et ul., 1969) but it remains 
unclear whether some of the Xunthornonas blights of Asian Vignu species are cor- 
rectly referred to pv, vignicolu, despite the extensive cross-inoculation studies 
reported by Jindal and Patel (1980) who showed there was considerable host 
specificity among their isolates. Pathogenic variation has been demonstrated 
among isolates of the cowpea bacterial blight pathogen in which attempts have 
been made to define races (Sherwin and Lefebvre, 19  5 1; Jindal rt a]., 198 l), yet 
race specificity of monogenic resistance has apparently not been clearly demon- 
strated and some variation in pathogenicity may also be quantitative (Allen, 
1983). The bacterial pustule organism, X. campestris pv. vignae-unguiculutar, is 
also variable. Three distinct races have been defined on the basis of their reac- 
tions to infiltration inoculation of a set of four differential cowpea genotypes: 
Prima (TVu 76), VITA 3 (TVu 1190), TVu 1630 and TVu 43, Race 1 may be 
prevalent in West Africa whereas races 2 and 3 occur in East Africa (Patel, 
1981). 

The histology of infection of susceptible cowpea tissue with X, campestris pv. 
vigt~icola has been investigated by Shekhawat et al. (1977) who also have shown 
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that the bacterium enters intact leaf, stem and pod tissue through stomata. 
Thereafter, the pathogen multiplies and migrates intercellularly: middle lamellae 
appear to be dissolved in advance of bacterial spread. Multiplicalion and migru- 
tion occurs intracellularly only in xylem vessels. Invasion of leaf veins results in 
foliar blight. 

Symptoms 

'I'herc are several distinct syndromes of bacterial blight: seedling mortality, stcrn 
canker, and foliar blight. Stem canker is the symptom most commonly men- 
tioned in early American literature (Rurkholder, 1944: Hoffmaster, 1944) and 
foliar blight is the most common symptom seen under African field conditions. 
However, thcre is evidence that seedborne inoculum of X ,  curnp~stris pv. vignic-oh 
may lead to seedling mortality and stem canker whereas secondary infcction 
causes foliar blight (Shekhawat and Patel, 1977). The initial symptoms are tiny 
water-soaked dots on leaves. These dots remain small and the surrounding tissue 
dies, developing a tan to orange coloration with a yellow halo (Fig. 5.8). On hcav- 
ily infected leaves the necrosis coalesces so that large areas of leaf are affected and 
premature defoliation ensues. The pathogen also affects the peduncle and stem 
causing cracking and local swelling (canker), and water-soaking of pods leads to 
seed infcction (Williams, 1975b; Singh and Allen, 1979). 

The sy~nptoms of bacterial pustule first appear on the adaxial surface of 
leaves as tiny dark, raised and water-soaked lesions which enlarge to about 3 mm 
in diameter. Dark necrotic spots develop on abaxial surfaces of infected leaves 
(Fig. 5.9). Pustules in older infections are usually dry and sunken, and heavily 
infected leaves become chlorotic and fall prematurely (Williams, 19  7 5b: Singh 
and Allen, 19 79). 

Epidemiology 

Both X ,  ratr~prstris pv. vignicolu and pv. vignurutfguicul~itur are seedborne in cow- 
pea (Shekhawat and Palel, 1977; Emcchebe and McDonald, 1979) and cfticient 
seed transmission must account for the international distribution of the bacterial 
blight pathogen, although a claim that both pathogens had been introduced 
from West Africa into East Africa on seed (Kaiser and Ramos, 1979) is invalid, 
owing to prior records of each from Tanzania (Ebbels and Allen, 1979; Allen, 
1981), Seed infection and contamination presumably also play a vital role in 
pathogen survival between seasons, a subject that appears to warrant more 
research. The extent to which these two bacterial pathogens survive in infected 
cowpea debris seems unsure, but work on the closely related pv. phusvoli (see 
Allen et al.,  Chapter 4, this volume) suggests that infected residues are important 
in survival in some areas, and survival on weeds and non-host plant species has 
also been demonstrated. The more restricted distribution of pv. vignueunguiculutar 
might possibly indicate a poorer survival ability relative to pv, vignicola. Under 
humid lowland tropical conditions, where seasonal changes are minor and 
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Fig. 5.8. Bacterial blight often appears as tan to orange lesions with yellow haloes; Nigeria 
(Photo: courtesy of R.J. Williams). 

biological activity is continuously high, one rnight expect a grcatcr attrition of 
plant pathogenic bacteria in the soil (Buddenhagcn, 1965), and cornpctitive 
saprophytes may play a significant role in xanthomonad survival (Sabct and 
Ishag, 1969; Allen. 198 3).  It is tcmpting to suggest that such factors may intlu- 
ence the greater importance of bacterial blight in the semi-arid savannahs than 
in the forest belt of West Africa (Emechebe and Shoyinka, 198 5). 

An initial inoculum load of 1% of infected cowpea seed has been shown to be 
sufficient to cause an  outbreak of bacterial blight at an incidence of 62'): 
(Shekhawat and Patel, 1977). Secondary spread of both diseases is more rapid 
during heavy rainfall and during overhead irrigation. Insects have also been 
implicated in the dissemination of bacterial blights. Kaiser and Vakili (1978) 
noticed that lesions on cowpeas in Puerto Rico were frequently associated with 
pest damage, and xanthomonads were recovered from washings of five leaf-feed- 
ing insects, including three beetles, a leathopper and a sucking bug. Naturally 
infested beetles acted as vectors and xanthomonads survived for up to 19 days on 
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Fig. 5.9. Symptoms of bacterial pustule appear on the lower surface of leaves as tiny, dark 
raised lesions which seem greasy. Necrotic spots then develop on the upper surface often 
associated with leaf chlorosis; Nigeria (Photo : courtesy of D.J. Allen). 

the bodies of beetles. Ccrl~toma ruficorr~is (Oliver) was considered the predominant 
vector. Heavy infestations of the whitefly ( B r n ~ i s i n  tabac'i Genn.) may also lead to 
transmission of xanthomonads in legumes (Sabet and Ishag. 1969). Secondary 
spread of bacterial pustule is influenced by the cropping system of which cowpeas 
are part. Spread within and between plants was shown to bc least in relation to 
sole crop when cowpea was grown in a relay following maize in the long rains, 
and when grown as an  intercrop with maize during the short rains in Kenya 
(Ouko and Ruruchara, 1989). 

Crop Loss 

Hkpo (1979) has estimated that in the subhumid lbrest margin of south-western 
Nigeria, the potential crop loss incurred from bacterial blight may exceed 26'X, in 
the moderately susceptible cultivar Ife Brown, and the effect of bacterial pustule 
on cowpea seed yield was found to be of similar magnitude: the potential loss in 
seed yield of a resistant (cv. VITA 3 )  and a susceptible cultivar (cv. Prima) was 
estimated at 1.8 and 26.6'26, respectively (E.J.A. Ekpo, cited in Allen, 1983). 
However, both these appear to be underestimates. Working in the same environ- 
ment. Omotunde (1987) recorded losses from bacterial pustule of 2.3 and 76.8%" 
in resistant (TVu 43) and susceptible (TVx 301) cowpea genotypes. In the Sudan 
savannah belt of West Africa and in India, bacterial blight can cause almost com- 
plete crop loss (Emechebe and Shoyinka, 198  5: Kishun, 1989). 
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Control 

The use of clean seed is a potentially valuable measure of cultural control for 
both bacterial blight and pustule, and too few studies appear to have been 
devoted to this aspect. Since the bulk of the cowpea crop is grown by small-scale 
farmers in tropical areas of developing countries wherein the practice of saving 
sced for the next season is the norm, conventional seed certification schemes 
probably have little applicability. However, in some areas of northern Nigeria, 
cowpea is being produced by larger-scale farmers who have the capacity to pur- 
chase inputs (Emechebe and Shoyinka, 1985), presumably including certified 
seed. Strict standards in seed production and use of clean seed have been the 
basis of successful management of X. ournp~stris pv. phaseoli in common bean in 
the USA (see Allen et al., Chapter 4,  this volume), and Soni and Thind (1991) 
found that it was relatively easy to produce bacteria-free cowpea seed from symp- 
tomless pods in India. Hot water treatment of seed (Boettinger and Bowers, 
1975) and perhaps seed dressings (Jindal and Thind. 1990) may have potential 
in some areas. Manipulation of sowing time, plant population and intercrop pat- 
tern (Kishun and Chand, 1989: Ouko and Buruchara. 1989) and field sanitation 
(Kannaiyan and Haciwa, 199 3 )  might each be expected to have some potential 
as components of an integrated disease management of these two bacterial dis- 
eases. Some chemicals might be expected to give partial control when applied as 
foliar sprays, judging from experience with xanthomonads on common bean, but 
their limited effectiveness, high cost, and liability to elicit development of resis- 
tant strains probably indicate that chemical control is feasible only under special 
circumstances (see Allen ut ul., Chapter 4, this volume). 

Much the best strategy for control is the identification, development and use 
of host plant resistance. Differences in the susceptibility of cowpea cultivars to 
bacterial blight were first detected by Hoffmaster (1944) who identified cvs. Buff, 
Iron and Victor as resistant in the USA, where numerous other sources were 
soon identified (Sherwin and Lefebvre, 1951). Screening of germplasm has led to 
detection of bacterial blight resistance also in India (l'atel and Jindal, 1970; 
Kishun ut ul., 1980: Prakash and Shivashanker, 1982) and Africa (Allen pt ul., 
1981b, c; Kannaiyan and Haciwa, 1993). Resistance against bacterial pustule 
has also been identified (Williams, 1977a; Patel, 1981). Two distinct mecha- 
nisms of resistance against bacterial blight are recognized: a hypersensitivity, and 
a partial resistance expressed as decreased and delayed disease development 
(Patel and Jindal, 1970; Allen et al., 198 1c: Gitaitis, 198 3). Hypersensitive resis- 
tance appears to be controlled either by a single dominant or a single recessive 
gene, depending on the cultivar. Modifying factors may also be involved (Lefebvre 
and Sherwin. 1950; Singh and Patel, 1977). Similarly, both a hypersensitivity 
and a non-hypersensitive resistance operate in cowpea against bacterial pustule: 
whereas the former is race-specific, on current evidence the latter is race non- 
specific. Examples are the reactions of cowpea cvs. VITA 3, TVu 410 and TVu 
1630, which possess hypersensitive resistance, and TVu 43 which appears to 
have race non-specific resistance against bacterial pustule (Patel, 1981). 
Hypersensitive resistance appears to be governed by two dominant genes, given 
the symbols Bp-1 and Bp-2. Bp-1 confers resistance to race 1 alone whereas Bp-2 



is effective against races 1 and 2. Neither is effective against race 3. Non-hyper- 
sensitive resistance is controlled by one, two or three recessive genes, with the 
symbols bp-3, hp-4 and bp-5. On present knowledge, the best combination of 
genes for incorporation into a cultivar where bacterial pustule is epidemic would 
be one dominant hypersensitive gene (Bp-2) and two recessive genes (bp-3 and 
hp-4) (Patel, 1982a). Some cowpea genotypes, like TVu 43, TVu 410 and VITA 3, 
possess some resistance against both bacterial blight and pustule (Kishun et ul., 
1980: Allen et al., 1981c: Patel, 1982a). 

BLACKEYE COWPEA MOSAIC AND COWPEA APHIDBORNE MOSAIC 

Aetiology 

Dlackeye cowpea mosaic virus (BICMV) and cowpea aphidborne mosaic virus 
(CAMV) arc two potyviruses that are pathogenic to cowpea. RlCMV was first 
reported in the USA by Anderson (19 5 5 )  and CAMV was reported a decade later 
from Europe and Africa (Bock and Conti, 1974). RlCMV was at one time regarded 
as a strain of bean yellow mosaic virus, and there has been considerable confu- 
sion between BIC'MV and CAMV (Taiwo et al., 1982: Dijkstra et al., 1987) as well 
:is between BlCMV and bean common mosaic virus (Lana ~t ul.. 1988). Other 
potyviruses including peanut mottle (llcmski et ul., 1983), as well as cowpea 
rugose mosaic, cowpea grccn vein-banding and cowpca severe mottle viruses 
have also been reported from naturally infected cowpeas (Lin at al., 1979; dos 
Santos et ul., 1980, 198 1).  Whereas isolates of sornc of these partially character- 
ized viruses have not yet been cornpared so as to clarify their relationships within 
the Potyviridoa, comparison of nucleotide sequence data of coat protein genes of 
strains of bean common mosaic virus (BCMV) and BlCMV strongly suggests that 
BlCMV is best regarded as a strain of BCMV as newly redefined. CAMV is a closely 
related but distinct virus within the BCMV subgroup of potyviruses (Khan rt ul., 
1993; Mink et al., 1994). 

Biology 

Owing to confusion between RlCMV and CAMV, and possibly also with certain 
isolates of other legume-infecting potyviruses, it is not yet possible to define 
either their natural host ranges or their geographical distribution, Further com- 
parative studies between CAMV and BlCMV have been hampered by the loss of 
the type culture of CAMV (Lovisolo and Conti. 1966). However, it seems that cer- 
tain other isolates from the Mediterranean region, including a Moroccan isolate 
of CAMV (Fischer and Lockhart, 1976a), are distinct from BlCMV which is per- 
haps the more widely distributed of these two related potyviruses (Taiwo and 
Gonsalves, 1982; 'l'aiwo et al., 1982). It is perhaps safe to say that both are essen- 
tially restricted to legume hosts and that one or other of BlCMV and CAMV occur 
wherever cowpeas are grown. Together, the viruses are widespread throughout 
sub-Saharan Africa (Bock, 197 3 ;  Ladipo, 19  76: Thottappilly and Rossel, 198 5; 
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Burke et al., 1986b), north to the Mediterranean Basin (Lovisolo and Conti, 
1966; Fischer and Lockhart, 19 76; Taiwo et ul., 198 l), eastwards to Turkey, Iran 
and the Indian subcontinent (Kaiser and Mossahebi, 1975; Mali et al., 198 1). 
Indonesia, China and Japan (Iwaki, 1979; Tsuchizaki et al., 1984; Thottappilly 
and Rossel, 198 5 ) ,  thence to Australia (Rehncken and Maleevsky, 19 77), Brazil 
(Lin and Kios, 198 5) and the USA (Anderson, 1955; Taiwo et al., 1982). The 
ecological distribution of these viruses, at least in sub-Saharan Africa, is also 
wide (Fig. 5.10). Various strains have been recognized. Bock (1973) distin- 
guished the African (neo-type) strain from African mild and vein-banding strains 
on the basis of the reaction of cowpea cultivar Mak 1, and other variants have 
been reported elsewhere (Taiwo el ul., 1982; Purcifull and Gonsalves, 1985; 
Bashir and Hampton, 1992). Clearly, the use of standard isolates is vital, and 
host responses of known cowpea genotypes are likely to remain a valuable guide 
to the appearance of novel strains. 

Symptoms 

Natural infection of cowpca with RlCMV or CAMV causes various mosaics, mot- 
tling, interveinal chlorosis and green vein-banding (Plate 7), the type of symp- 
tom and its severity depending on the susceptibility of the cultivar, the virus 
strain and the time of infection. Leaf distortion, blistering and plant stunting also 
occur (Rock and Conti, 1974). A systemic necrosis (Fig. 5.11) sometimes devel- 
ops in resistant cowpea cultivars in the field (Kannaiyan and Haciwa, 199 3) in a 
manner reminiscent of 'black root' caused by bean common mosaic necrosis 
virus in Phus~ollrs (see Allen et ul., Chapter 4,  this volume). 

Epidemiology 

The seed-transmissibility of BlCMV and CAMV, reflected in their wide geographi- 
cal distribution, probably also governs virus survival in dry areas, in contrast to 
the beetleborne cowpea viruses (Allen, 1983; Rossel and Thottappilly, 1990). 
The extent to which weeds and wild legumes act as reservoirs of infection 
appears not to have been investigated; the extensive surveys throughout eastern 
and southern Africa of Spence and Walkey (1994) seem likely to prove relevant 
to cowpea. There is evidence that the use of irrigation, in addition to perennially 
damp areas, provide reservoirs of BlCMV in semi-arid savannah of West Africa 
(Raheja and Leleji. 1974; Rossel, 1977). The seed transmission of both BlCMV 
and CAMV has been demonstrated with various isolates (Zettler and Evans, 
1972; Bock and Conti, 1974; Mali et al., 1983). A Nigerian isolate has been 
shown located in the cotyledon and embryo of infected cowpea seed but the virus 
was not recovered from the testa or pod (Ladipo, 1977). Rates of transmission 
range from 0 to 40% (Kaiser and Mossahebi, 1975), though rates up to about 
20% appear more common in the literature (Bock and Conti, 1974; Ladipo, 
1977; Aboul Ata et al., 1982; Mali et al., 1983). Seed transmission rates depend 
in part on the cowpea cultivar, and some cultivars appear to possess a resistance 
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Flg. 5.10. Geographical distribution of viruses in cowpea in Africa: cowpea aphidborne mosaic 
viruslblackeye cowpea mosaic virus =filled circles; cowpea mosaic virus = open circles; cowpea mottle 
virus =filled squares; southern bean mosaic virus = open squares. (Courtesy of H.W. Rossel, 
agroclimatic map after FAOIAGLS, 1997.) 
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Fig. 5.11. An apical necrosis sometimes develops in resistant cultivars when challenged by 
potyvirus; Zambia (Photo: courtesy of J. Kannaiyan). 

to seed transmission that is independent of resistance to infection (Tndipo, 1977). 
The virus isolate (Thottappilly and Rossel. 1985) and the severity of symptoms 
may also influence the rate of seedborne infection, although virus is transmitted 
at low rates occasionally also in symptomless plants (Aboul Ala at (11.. 1982). 

The secondary spread of BIC'MV and C'AMV in the tield depends on the pres- 
ence and activity of various species of aphid by which the viruses are transmitted 
in a styletborne, nun-persistent manner. Species reported as vectors include 
Aphis citricolu van der (;root, A, crtrccivom Koch, A, fubue (Scopoli), A, gossgpii 
Glover, A,  medii'uginis Koch, Cerutirphis pulmue (Boisduval), Rlto~~i~losiphunr rrtuidis 
(Fitch.), Mgzus persicue (Sulzer) and Milcrosiphum euphorbiue (Thomas) (Hock and 
Conti, 1974; Purcifull and Gonsalves, 198 5; Thottappilly and Rossel, 1985; Atiri 
et al., 1986; Roberts et al., 1993). The extent to which aphid species' prevalcncc 
as vectors varies between cowpea-producing regions seems not to have been 
investigated. Both colonizing and transient species of aphid appear important in 
the epidemiology of these virus diseases, but colonial species of Aphis are princi- 
pally responsible for secondary spread; other aphids including R. inaidis may play 
a role in the development of infection foci (Atiri et ul., 1986). In Nigeria, A, citri- 
cola is sometimes abundant and it has been suggested (Roberts et ul., 199 3 )  that. 
whereas alates of this aphid may be the most important primary vectors, apter- 
ous A. craccivora is responsible for secondary spread of virus through the crop. 
Rates of virus spread may be greater in cultivars possessing aphid resistance or to 
which synthetic pyrethroid insecticides have been applied. Feeding behaviour of 
A, craccivora, which is the most important species on cowpea in Africa, is influ- 
enced by cowpea cultivar. Atiri et al. (1984) have shown that the abundance and 
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relative size of aphids is less on aphid-resistant cowpea genotypes than on aphid- 
tolerant or susceptible ones. Probes are more numerous and of shorter duration 
on the resistant cultivars from which less phloem sap is ingcsted (Meslin rt nl., 
1992). Efficiency of BlCMV transnlission by A. c.mccivorri following probes of lcss 
than 1 mill can bc as much as 50'X). Myzus pclrsic.ur hiis been shown to acquire 
and transmit BICMV in mixcd infections with cucurnber mosaic virus, and thcir 
interaction causes a serious, distinct disease known as cowpca stunt (Pio-Ribeiro 
et nl., 1978: Purcifi~ll and C;onsalvcs, 1985). 

Crop Loss 

Few attempts havc been made to quantify crop loss. Natural lield inkction has 
been estimated to havc caused an 87% loss in cowpca yield in Iran (Kaiser and 
Mossahebi, 1975) and I'rom 48 to 60'% in Zambia (Kilnnaiyan and IIaciwa, 
1993). Complete loss of an  irrigated crop has been rcportcd from northern 
Nigeria (Raheja and Leleji, 1974). 

Control 

Cultural pradices including early sowing and intcrcropping of cowpeas with 
cereals may possibly dccrcasc discasc incidence (Kannniyon and Huciwa, 199 3 ) ,  
and thc use of virus-tiee seed is potentially important, particularly in preventing 
sprcad to ncw areas (Zettler and Evans. 1972). Field illspection and roguing may 
help to eliminate seedborne virus but, since thcrc is evidcncc that RlCMV may 
occasionally bc seed-transmitted in symptomless plants (Aboul Ata t lt  t r l . ,  1982). 
ii rapid indexing procedure for the detection of virus in cowpeu seed lots would bc 
a valuable supplement. Since some cultivars apparently do not transmit virus 
through secd (Ladipo, 1977; Mali c>t rrl., 19X3), sclcction for 'rcsistancc to seed 
transmission' could prove a useful strategy. 

C'crtain insecticides rnay possibly have potential in controlling aphidborne 
mosaic. Whereas an organophosphate and a carbamate had no effect, Atiri et al. 
( 1  987) found that the synthetic pyrethroid cypcrmcthrin rcstricts thc acquisi- 
tion and inoculation of virus, and protects against its transmission. However, 
subsequent studies with other synthetic pyrethroids have shown that thc chcmi- 
cals do not prevent the initial introduction of virus into the cowpea crop and. 
when thc incidcncc of incoming alate aphids was high, virus incidence can be 
higher in sprayed plots relative to unsprayed controls (Roberts rt rr l . ,  199 3 ) .  

There is no doubt that the best management strategy against RlCMV and 
CAMV is to brccd for virus disease resistance. Sources of resistance havc been 
identilied among cowpea germplasm in the USA (Kuhn et ul.. 1965; Taiwo rt ul., 
1982), Brazil (Lin et al., 1981): Nigeria (Ladipo and Allen, 1979a),  Tanzania 
(Patel et ul., 1982a), Iran (Kaiser and Mossahebi, 1975) and India (Mali rt ill., 
1981). Resistance is often expressed as an immunity (Kuhn et al.. 1965: 1,adipo 
and Allen, 1979a; Bashir and Hampton. 1996) that is governed by a single 
dominant or single recessive gene (Taiwo at al., 198 1 :  Walker and Chambliss. 
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1981; Quattara and Chambliss, 1991), sometimes in association with modifiers 
(Patel et ul., 1982a). Resistance is also expressed as development of very mild 
mosaic without adverse effects on plant growth (Pate1 et ul., 1982a) as well as by 
tolerance, in which systemic infection occurs without the appearance of symp- 
toms (Ladipo and Allen. 1979a). Resistance to the aphid vector is now known 
not to be a component of virus disease resistance (Atiri et al., 1984). No cowpea 
genotype has yet been found to possess resistance to both CAMV and BICMV and 
lines have been identified as useful differentials of the two viruses. However, il is 
also evident that some lines, including TVus 22, 612, 1453, 1948,2331, 2480, 
26 5 7 , 2  740, 343 3, Big Boy, Corona and Serido (Ladipo and Allen, 19 79: Patel tJt 

al . ,  1982a; Taiwo et ul., 198 1; Bashir and Hampton, 1996), possess resistance to 
a range of isolates of diverse geographical origin. Other lines have isolate-specilic 
resistance (Table 5.3). Sources of virus resistance including those with resistance 
combined against several distinct viruses (Allen, 1980, 1983) have now been 
widely utilized in cowpea breeding both in Nigeria (Singh rt ul.. 1987) and else- 
where in Africa (Kannaiyan and Haciwa, 199 3). 

Table 5.3. Reaction1 of cowpea genotypes to mechanical inoculation with various isolates of blackeye 
cowpea mosaic and cowpea aphid-borne mosaic viruses. 

Genotype of 
Vigna 
unguiculata 

TVu 1582 
w u  1593 
Serido 
TVu 2845 
TVu 3273 
Tvu 3433 
Tvu 2480 

TZ Nigl Nig 2 Ken Fla2 Flo Mor Cyp3 

Compatible (susceptible) reactions denoted by t ;  incompatible (resistant) reactions denoted by -. 
NT = not tested. 
TZ = Tanzania isolate of Patel etal. (1982a); Nig 1 = Nigerian isolate of Ladipo and Allen (1979a); 
Nig 2 = Nigerian isolate of Taiwo etal. (1 982); Ken = Kenyan isolate of Taiwo etal. (1 982); 
Fla 2 = Florida isolate of Taiwo et a/. (1 982); Flo = New York isolate of Taiwo etal. (1 982); 
Mor = Moroccan isolate of Taiwo etal. (1 982); Cyp = Cypriot isolate of Taiwo etal. (1 982). 
Mor and Cyp are considered isolates of CAMV by Taiwo etal., (1982); all the rest are probably BICMV. 

Causal Agent 

The witchweed of cowpea is the angiosperm root parasite, Striga gesrterioides 
(Willd.) Vatke, of the Scrophulariaceae. S. gesnerioides is an erect, annual autoga- 
mous species: though the plant bears green shoots its foliage is reduced to scale 
leaves, and so appears more dependent on host nutrients than its relatives. The 
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inflorescence consists of a loose spike of dull, mauve to pale purple flowers (Plate 
8). The yellow-flowered Alrctra vogelii Benth, also parasitizes cowpea in Africa 
(Rattray, 1932; Polniaszek et ul., 1991). Other parasitic weeds of legumes are 
reviewed in jellis et al. (Chapter 7, this volume) and Bayaa and Erskinc (Chapter 
8, this volume). 

Biology 

S. gesrlerioides is widely distributed throughout sub-Saharan Africa, from the 
semi-arid savannahs of West Africa, eastwards to Kenya (Agnew, 1974) and 
south to Malawi (Binns, 1968), Zimbabwc (Wild, 1954) and Botswana 
(Musselman ot ul., 199 1 ). It is found also in thc Arabian peninsular, the Indian 
subcontinent (Lane and Bailey, 1992) and the IISA, presumably to where the 
species was accidentally introduccd (Musselman and Parker, 198 1). The natural 
host range of' S, gusnerioides includes tobacco, in the Solunuc~rtcr, the genera 
Jucquernontiu, lpomoua and Merrernia in thc Convolvuluc.c~at~ and Ptf'rodisc-us in the 
Pvduliuceur, as well as various legumes which arc the most important hosts. 
Musselman et al. (1991) give additional hosts in Viluc3vtrt), Euphorbiacuau and 
Acnnthnceae. Species of legume attacked include Alysi(.urpus vtrgir7rrlis, Indigofrrcr 
hirsutu, various Khynchosin and Tephrosia spp., and Vigrlu subtarrurruc~ as well as 
cowpea (Musselman and Parker, 198 1 : J.A. Bailey, Rristol, 1996, personal com- 
munication). 

IIost-specialized forms (rnorphotypes) of S. gesnrrioidvs are recognized at the 
host species level and races (pathotypes) are distinguishable within host-specific 
populations. Isolates from tobacco are confined to Nicotiunu (Wild. 1954) and, 
similarly, the indigo witchweed has a host range much narrower than S. gesrleri- 
oidt~s as a whole. Isolat,es from cowpea vary in virulence (Parker and Polniaszek, 
1990; Lane rt ul. ,  1994) and now five physiologic races are distinguished by use 
of four differential cowpea cultivars, Blackeye, 58-57, IT 8 lD 994 and B 301 
(Lane 4t al., 1990). The geographical distribution of these races has been mappcd 
(Fig. 5.12). It is not known whether additional diversity may exist among popu- 
lations of S, gesrlerioides on wild legume hosts, nor has the inheritance of viru- 
lence becn investigated. 

The host rhixosphere strongly influences the growth and development of 
witchweed seedlings. Host roots appear to exert a positive chemotropic response 
on the parasite's radicle, and subsequent branching of the root and shoot pro- 
duction of the parasite each depend on the secretion of growth substances from 
the host (Williams, 1961). The tip of the radicle swells at the site of host penetra- 
tion, a primary haustorial bulb or tubercle develops and a shoot with scale leaves 
appears. Once vascular contact with the host is established, the parasite draws 
water and nutrients from the cowpea host, and the shoot grows and emerges 
after several weeks (Okonkwo and Nwokc, 1975). Seedlings of S. gesnerioides latcr 
produce secondary roots which, in turn, establish secondary haustoria. After 
emergence from the soil, S, gesrlvrioides is able to photosynthesize but most assim- 
ilates continue to be derived from the host (Press et ul., 199 1). 
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Fig. 5.12. The geographical distribution of races of Striga gesnerioides on cowpea in West Africa. Race 
1 = filled circles; race 2 = open circles; race 3 = filled squares; race 4 = open squares; race 5 = triangles 
(Courtesy of J. A. Lane and the American Phytopathological Society). 

Symptoms 

Typically, affected plants develop an interveinal chlorosis (Plate 9)  followed by a 
wilt and collapse of the plant within which vascular tissues are discoloured 
(Singh and Allen, 1979). Striya plants may or may not emerge before the appear- 
ance of chlorosis in the host. Heavy infestation causes foliar desiccation which 
may be preceded by the development of brownish-purple interveinal spots that 
then turn straw coloured as desiccation of the tissue sets in. Coalescence of spots 
leads to blighting of the lamina and rachis. Less severe attack causes mild chloro- 
sis and plant stunting (Emechebe et al., 199 1 ). 

Ecology and Epidemiology 

In West Africa, S. gesnerioidrs is adapted particularly to the northern Guinea 
savannah, Sudan savannah and Sahel fringes (Emechebe et a] . ,  1991; Lane rt al. ,  
1996), ecological zones that are subject to a long, dry intercrop period (Wien and 
Summerfield, 1980). In south-central Africa, S. gesnerioides is a plant of seepage 
slopes and decomposing rock in Brachystegia (miombo) woodland at altitudes 
between 450 and 1350 m (Banda and Morris, 1986). It is sometimes claimed 
that witchweed is common only on 'worn-out' agricultural land, though it is 



more often considered to be thc cause not the effect of soil infertility (Wilson- 
Jones, 1953) ,  but there is evidence that increases in soil nitrogen decrease the 
incidcnce of witchweed infection (Emechcbe t l t  nl., 199 1). Strig11 secd, which can 
survive in soil for periods ol' 7-14 years (Wilson-Jones, 1953; Berner ('1 cil., 
1994), tends to lose viability under conditions of high soil nloisture (l'arkcr, 
1965). 'l'he reproductive capacity of S. gesrlc~rioiclt~s is clearly very considcrable: it 
is cstirnated that a single plant produces 50,000-500.000 secd (Wilson-Jones. 
195 3: Berncr tlt (11.. 1994). Recausc of its small size, it has bcen irssumed that 
seed is principally windborne, as well as spread by water, ilnimals and humans 
(Parker, 19h5). Howevcr, a recent study has shown that witchweed sccd is 
neither widely nor cffciently dispersed by wind: rathcr, it appears that dispersal 
on cowpea sccd is common and may well irccount for rrlost new csiablishments of 
witchweed, since only a single seed of the autoga~nous S. gesni~rioitlcs is needed to 
form a new focus of infcstalion. Witchweetl seed is also tiispcrsed loc;~lly in cattle 
dung, and perhaps also on hooves, in anirnal fodder and by birds (Rerner et nl., 
1994). 

Crop Loss 

As an obligatc parasite. S. gcsrrt~rioicles is completely dependcnl upon its cowpeu 
host during thc carly stages of its development below soil Icvcl, and it is during 
this time that maximurn damage to crop growth and subsequent sccd yield 
occurs (Lane and Bailey, 1992). Cowpea seed yield has bccrl estimated to be 
decreased by 20-401X,, with an average of 3 0 1 X ,  in susccptible cultivars, irrespec- 
tive of plant type and maturity. Since infestation in their study did not rcach 
10O1X~, Aggarwal and Ouedraogo (1989) concluded that theirs was an underesti- 
mate, bornc out by lield observations that suggest complete crop loss can occur 
(Singh and Emechebe, 1990: Keiss rt (11.. 199 5). Yield loss cannot be attributed to 
witchwccd's efl'ect on any one yield component alorie (Aggarwal and Ouedraogo, 
1989). 

Control 

Cowpea and its witchweed have co-evolved in the cereal fanning systems ol'the 
African savannahs, traditional systems that have entailed complex patterns of 
intercropping and rotation intcrspcrscd with long periods of fi~llow (Steele rt ((I., 
198 5 ) .  Therc is cvidence, discussed for instancc in Allen (198 3),  that co-cvolvcd 
crops in traditional farming systcms havc achieved an cquilibriurn not only with 
one another but also with their parasites. Thus, it seems that witchweed popula- 
tions have been kept at tolerable population densities, perhaps with the added 
influence of the gall weevil (Bnicrottyx sp.) that parasitizes S, gesrrerioidts 
(Williams and Caswell, 1959). Cultural control practices have also included 
hand-pulling and hoeing of witchweed plants, and thc use of both catch crops 
and trap crops, the latter stimulating Strign secd to germinate without themselves 
becoming infected (Wild, 1948; 1,agoke rt ul. ,  1992). l'vgether, these methods 
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continue to be the chief means of witchweed control currently available to the 
small-scale farmer. 

With intensification of cowpea production in some areas of the West African 
savannahs, populations of S. gesnerioides appear to be increasing both in density 
and range (Berner et ul., 1994), indicating that the intrinsic balance of the tradi- 
tional farming system has been upset so that greater intervention is now 
required to manage the witchweed. Chemical control, aimed both at preventing 
witchweed reproduction and depleting the soil of viable seed, is employed in the 
IJSA where both foliar- and soil-applied herbicides have been shown to be cffec- 
tive. The use of seed germination stimulants, including ethylenc gas which is 
injected under pressure into the soil, is partially effective in depleling witchweed 
seed reservoirs in the soil in the absence of a susceptible host. Arlalogues of 
strigol, a natural witchweed stimulant, may also have potential in inducing suici- 
dal germination of Strigu seed, but soil fumigation with materials including 
methyl bromide is the only procedure currently available to kill witchweed seed 
in soil. Various systemic herbicides including dicamba are effectivc against witch- 
wecd when applied as foliar sprays, and pre-emergence herbicides like meta- 
lachlor suppress Strigu attachment to its host (Eplee et al.. 199 l ) .  Irnazaquin 
applied to cowpea as a seed dressing also has been shown to decrease attachment 
and emergence of S. gesnerioides (Rerner rt id . ,  1992). However, there arc two 
major constraints to the use of herbicides against witchweed: cost and availabil- 
ity. It seems unlikely that chemical control alone will become widely used in the 
farming systems of which cowpeas arc part in the tropics. Herbicides may have a 
part to play under special circumstances in local eradication, particularly as a 
component of an integrated witchweed managemcnt strategy. 

The most promising approach against cowpea witchwced, and perhaps the 
area in which the most spectacular progress has been made in cowpea pathology 
over recent years, is the identification and incorporation of Strigu resistance into 
cowpea cultivars for the African savannahs, a topic reviewed by Aggarwal 
(199 1). In 1981, a 'sick-plot' was first established at Kamboinse, near 
Ouagadougou in Rurkina Paso, where a set of cowpca germplasm was scrccncd 
for resistance against S, gesnerioidrs. Two lines, SIJVITA-2 and 58-57, were 
found free of witchweed and subsequent tests confirmed their resistance under 
both greenhouse and field conditions. Testing across locations soon revealed that 
resistance was site-specific: whereas SUVITA-2 proved resistant to witchwecd iso- 
lates from Burkina Faso and Mali, 58-57 proved resistant only to isolates from 
Burkina Faso: each was susceptible to samples from elsewhere in West Africa, so 
confirming that the site effects were attributable to variations in virulence 
(Parker and Polniaszek, 1990). A line from Botswana, B 301, which had been 
selected for its field resistance to Alectra vogelii, proved resistant to all populations 
of S. gesnerioides to which it was exposed. An in vitro screening technique (Lane et 
ul., 1993) has led to the identification of further sources of resistance, including 
two West African landraces (APL-1 and 87-2) and a breeding line (IT82D-849). 
Most known sources of resistance appear to be race-specific (Aggarwal, 199 1; 
Moore et a] . ,  1995; Lane et al. ,  1996). Several distinct mechanisms of resistance 
can be discerned. For instance, in the cowpea line 58-57, host tissue around 
invading radicles may become necrotic, tubercles do not form and the parasite 
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dies early. A second mechanism, observed in B 301, is characterized by radicle~ 
infecting the roots and the formation of tubercles. but their subsequent growth is 
very limited and the parasite develops no further. In neither type is resistance due 
to decreased parasite germination, nor have Strign-tolerant cultivars of' cowpca 
been identified; each mechanism is known in cereals against their witchweeds 
(Lane et al.. 199 3;  Reiss clt ul.. 199 5). Witchweed resistance in H 301 is governed 
by a single dominant gene assigned the symbol K,, (Singh and Emechebe. 1990) 
and has been shown to be non-allelic and independent of the duplicate dominant 
genc controlling resistance to Alectru vogelii in this cultivar (Atokplc pt ol., 1992: 
Singh et al.. 199 3 ) .  Additional independent genes, K,,, and R,,,, are available in 
the witchweed resistant lines l'T82D-849 iind SIJVITA-2, respectively (Atokple et 
czl., 1995). 

Now that the sympatric distribution of races of S. gesrlerioidcs is known. 
armed with an understanding both of the expression and genetic control of 
witchweed resistancc, there seern lo be good opportunities for the cowpca 
breeder to pyramid these genes in cultiviirs and to deploy them judiciously 
throughout West Africa. Good progress has already been made in incorporating 
the combined resistancc to both Slriga and Alectra from B 3 0 1  into backgrounds 
of improved plant type, together with resistance to a range of other biotic con- 
straints (Atokplc ct ul., 1995; Lane et al., 1990). 

PROBLEMS, PROGRESS AND PROSPECT 

Rapid progress has been made in cowpca pathology most notably since the incep- 
tion of a research programme at IITA in about 19 70. Work accomplished by this 
programme and its many collaborators up to 1984 has been critically reviewed 
elsewhere (Allen, 1 9 82, 19 8 3 :  lhncchcbe and Shoyinka, 198 5; 'Thottappilly and 
Rossel. 1985). Perhaps the most spectacular progrcss made subsequently has 
been in the understanding of witchweed and its management, as reviewed in 
detail in this chapter. 

Good progress has also been made in elucidating the actiology of several other 
diseases. Ribosomal DNA sequence analysis has led to better understanding of 
relations among species of Colletotrichun~, with implications for the identity of the 
cowpea anthracnose pathogen (Sherriff c't al., 1994; Latundc-Dada ct ul., 19 9 7). It 
remains to be seen whether isolates from locations outside Nigeria have the same 
aetiology. Fundamental work on relations among legume potyviruses (Dijkstra et 
ctl., 1987: Lana et al., 1988; Khan el ol., 1993) has led to a clearer understanding 
of relatedness of blackeye cowpea mosaic virus to bean common mosaic and cow- 
pea aphidborne mosaic viruses: comparison of nucleotide sequences has revealed 
that the coat proteins of certain isolates of BICMV and RCMV are sufficiently simi- 
lar to indicate they are strains of the newly re-defined BCMV Conversely, there are 
gaps in our understanding of a number of other diseases, the most important of 
which is scab. Beyond the work of Emechebe (1980). we remain ignorant of the 
relationship between Sphaceloma and its putative teleomorph, 1:lsinoe phaseoli, and 
little is known of pathogenic variation within the cowpea pathogen or between the 
cowpea scab fungus and the scab fungi of other legumes, many of which are con- 
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ventionally considered to belong to the same species. There is considerable host 
specificity within this group and much more work on these pathogens is war- 
ranted, as stressed in Allen (1983) and by Allen and Ixnne (Chapter 1 ,  this 
volume). The work of Phillips (1 994a, b. 19 9 5) is pertinent. 

Among virus diseases, the most conspicuous gap in knowledge remains the 
aetiology of cowpea golden mosaic, the epidemiology of which has received sub- 
stantial attention (Anno-Nyako et (11.. 198 3:  Vetten and Allen. 1983). There is 
some evidence that a geminivirus is involved in its aetiology in Nigeria (TITA, 
1980). Similar diseases of cowpea occur in Niger, Kenya, Tanzania (Singh and 
Allen, 1979). Mozambique (D.J. Allen. 1989, unpublished observatiotl), 
Pakistan (Ahmad, 1978) and Uraxil (Lin and Rios, 1985) but corllparisons 
between them must await the fuller characterization of the causal agents. 

Sound methods of virus detection have enabled the mapping of' both the geo- 
graphical and ecological distribution of cowpea viruses in Africa (Pig. 5.10). 
There may be a case for better documentation of the distribution of cowpca 
pathogens and their variants, as has been done with common bean in Africa 
(Allen, 199 5) ,  both as a basis for updating quarantine legislation and as a guide 
to national cowpea breeding teams in setting their objectives. A better under- 
standing of the nature and extent of pathogenic variation in pathogens including 
C'olletotrirl~urn is clearly necessary, and it has been suggested (Singh cpt al., 1992) 
that restriction fragment length polymorphism and polymerase chain reaction 
biotechnology may prove useful in this respect. 

These perceived gaps in research should not detract from the solid progress 
made toward the identitication of combined resistance to ti wide range ofdiseascs 
(Williams, 1977a; Allen. 1978, Allen ut (11. 198 l b )  and its effective illcorporation 
in improved cultivars (Smithson c2t al., 1980: Patel clt (11.. 1982b: Singh rl ul., 
1987; Singh 1994). 
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INTRODUCTION 

The pea (l'isurn srrlivurti) is considered among the earliest cultivated plants. 
Archaeological evidence indicates that peas were cultivatcd in the Near East and 
(;reek Ncolithic settlements ilround h000 13c (Marx, 1077). It is difficult to deter- 
mine a time l'or domestication of pcas because carbonized seeds arc all that 
remain. Among the few shrcds of evidence Ihr domestication is the seed coat sur- 
face, a rough or granular testa being the primitivr trait and a smooth surface 
being characleristic of cultivated varieties. 'l'hick or hard seed coats are also con- 
sidered primitive traits for they are associilted with scaritication required for ger- 
mination. In addition, dehiscent pods which expel and sci~tter seeds when mature 
arc also considered a primitive trait. 

Wild and primitive forms are Sound in the Near East and areas ol' central 
Asia, the Mediterranean and Ethiopia. 'l'he dispersal of peas throughout thc 
world is directly associirted with the migrations and activities of humans. 
Whether the crop was simply collected or cultivated, pcas were desirable to early 
man. 'l'he protein- and carbohydrate-rich seeds could be stored and transported 
easily, and for much of recorded history peas were grown primarily for dry seed. 
Hedrick i>t al. (1928) stale that pcas were callcd pisos by the Greeks and pislirl~ by 
the Komans, and became 'pcason', then 'pease', and tinally 'peas' by the English. 
l'eas became an important crop in northern Europe in the Dark and Middle Ages 
and were grown as commonly as cereals. Peas became a chief crop in England 
and significant improvements were rnadc there by such pioneers as Thomas 
Andrew Knight. Knight introduced several improved cultivars with wrinkled 
seed and many of today's commercial cultivars have parents that trace their 
origins to those developed in England during the nineteenth century. 

Today, peas fall into two main categories; those that are harvested at the 
green, immature stage and those harvested when fully maturc as seed. Those 
harvested at the green stage are further subdivided into vining peas, which are 
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harvested and shelled mechanically for processing as canned and frozen, and 
those which arc picked by hand and marketed as fresh peas. Peas used for human 
consumption and harvested when fully mature are called dried peas. An increas- 
ing proportion of dried peas are now being grown for animal consumption as a 
substitute for soyabeans (G'lycine m a x )  and are called combining or protein peas. 

Peas are subject to a number of bacterial, fungal, viral and ncmatode dis- 
eases which can significantly decrease both yield and quality. Soilborne fungal 
diseases discussed in this chapter include seedling diseases and root rots. Two 
important seedling diseases are Pytl~iurn ultirrlunl Trow, and Rl[iznrtoniri soluni 
Kiihn. Factors which delay emergence or result in uneven plant stands, such as 
cold wet soil, poor seed vigour (Rush, 1987). and herbicide injury, can predispose 
young, developing plants to seedling disease. l'rocessing or vining peas arc fre- 
quently planted in early spring into cold, wet soil. Often emergence can take as 
long as 6-8 weeks. The ability to germinate and emerge undcr cold, wet condi- 
tions is defined as seed vigour. One test to measure seed vigour is the electrocon- 
ductivity (EC) test as dcscribed by Hiddle et 111. (1988). This lest measures the 
amount of inorganic salts released during imbibition. The higher the EC rating, 
the greater the risk of planting this seed into cold, wet soil. Smooth-secdcd peas 
do not exude comparable amounts of carbohydrates and inorganic salts relative 
to wrinkle-seeded peas and are less prone to seed and seedling infection. 

Root rots of peas are causcd by a number of different soilborne fungal 
pathogens that can produce similar symptoms. This disease conlplex can encom- 
pass the entire root system and even extend a short distance above the soil sur- 
face. Root rots are enhanced by short rotations and conditioris of plant strcss. 
Conditions which limit root growth, such as compaction, poor fertility, anoxia, 
excess or deficient moisture, herbicide injury, and suboptimal temperatures can 
all increase the damage due to root rot (Allmaras et ul., 1988). Root rots are exac- 
erbated by production of pea crops in short rotations. Serious root rots are caused 
by A ~ ~ l ~ u r ~ o t n y c e s  euteirl~es and 1:usarirrrn solnr~i C sp. pisi; are wilts caused by 
Fusnriurrl ox!4sj~orurn f. sp. pisi races 1, 2 ,  5 and 6. 

E'oliar diseascs caused by fungal pathogens include white mould caused by 
Sclerotinirr st'lrrotiorum, powdery mildew caused by Er!/siphe pisi, downy mildew 
caused by Rronosporu pisi and ascochyta blight caused by A s c o d ~ ~ t c ~  pisi, 
Mycosphuerell~ pinodes, andlor Pllonlrr medicaginis var, pinodella, Foliar disease 
caused by bacteria is primarily due to the bacterial blight organism Pseudornot~as 
syrirlgae pv. pisi. 

Yield losses and reduction of quality due to virus diseases can be substantial 
during years of epidemic virus incidence. All the virus disease agents discussed 
in this chapter are aphid transmitted and can overwinter in perennial legumes 
such as clover and alfalfa (Hagedorn, 1974). In this section, we discuss tive of 
the important viruses which occur in peas as well as other legume crops, 
including lentil, chickpea, faba bean, clover and alfalfa, and these include pea 
enation mosaic, pea (bean) leaf roll, alfalfa mosaic, pea seedborne mosaic, and 
pea streak (alfalfa latent virus). The transmission of non-persistent viruses, 
such as pea seedborne mosaic potyvirus, can occur more rapidly by aphid 
species which do not have peas as a preferred host. Aphid species which do not 
prefer peas are more transient in their feeding habits and are more difficult to 
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detect in tield monitoring. Monitoring fields for pea aphid build-up may be 
totally inadequate in reducing virus spread, especially with a potyvirus. 
Growing a virus-resistant cultivar, monitoring aphid populations, and aware- 
ness of perennial virus sources are essential for a healthy crop. Also discussed is 
the problem caused by pea cyst nematode. Diseases of only minor or local 
importance are summarized in Table h. 1. 

PYTHIUM SEED AND SEEDLING ROT 

Causal Pathogen 

Pytythiurtr ~iltirn~itn Trow, var. ~iltirnurn (Van der Plaats-Niterink, 198 1 ) and sporan- 
gial forms similiir to P, ultimutn are the most frequently described pathogens of 
peas in the genus 1'~jthium. Other species including P. ~ i ~ ~ l 1 a r r i d ~ ~ r r t r ~ 1 t ~ i t t 1 ,  1'. irreg~i- 
Iilr(>, !'. spler~dens, 1'. deburyunum, P, ircctnlicum, P,  spirrosum and 1'. ar~drl~rn have 
been described as pathogens of peas. Oogonia of P. ultirtrurn are smooth, spherical 
and terminal. Arltheridia of P. ultitnurn are monoclinous and arise just below the 
oogonium with usually one per oogonia. Oosporcs are aplerotic, single, spherical, 
smooth and thick-walled with an average diameter of 22 pm. Germination is via 
a germ tube. Sporarlgia are usually terminal and illways spherical. Some isolates 
of Pytltiurn, obtained from rotted seeds or seedling roots, rcsenlble 1'. ultirnurn but 
do not produce oospores. Pgthiunt is most easily isolated on water agar, diluted 
VX-juice agar, or various selective media. 

Biology 

Lliseases of pea caused by l'!jtl~iun~ spp, are referred to as seed rot, damping-off or 
root rot. P ,  ultirrlutt~ also causes root rot of chickpea (see Haware, Chapter 9, this 
volume). 'I'emperatures below 2 3°C' are most favourable for infection. Figure 6.1 
illustrates the root pruning and seedlirlg damping-off characteristic ofthis disease 
in young pea seedlings. t'ythiurn damage is ch:~r:iclerixed by a watery, soft rot and 
the infection of juvenile tissues, such ils root tips. The pathogenic capacity of any 
given isolate will largely be determined by the production of pectolytic and cellu- 
lolytic enzymes. 1)arnage by l'gthi~inr tends to be more severe when soil moisture is 
high and soil temperatures are in the 10 to 1 5 O C  range (Kraft rt ill.. 19x8). 

Control 

Appropriate seed treatment chemicals, especially for wrinkled-seeded varieties, 
planting seed with high germination rates, and cultural practices that promote 
rapid germination, emergence, and uniform plant stands should help to minimize 
this disease problem. Such factors as planting too deep, soil crusting, poor seed 
vigour, and herbicide injury will often increase P~thiurn seed and seedling damage. 

According to Stasz et al. (1980), there are three types of genetic resistance in 





DISEASES OF PEA 

Fig. 6.1. Root pruning and root tip necrosis caused 1: 
J.M. Kraft). 

peas to P!/tltiutt~ seed and seedling rot: ( 1  ) germinating seeds lose susceptibility 
within 48 h after imbibition begins, which decrcascs the numbcr of rotted seeds; 
(2 )  round-seeded peas exude reduceti amounts of substances stirnulatory to 
P,t{thiut?t: and ( 3 )  peas with pigmented secd coats are resistant to pythiu~n rot 
due to the presence of fungistatic, anthocyanin compounds. Sccds with pig- 
mcnted seed coats can be susceptiblc if sufficient sugars are also released, which 
allows Pythirrtrr to overcome the fungistatic affects of anthocyanins (Kraft, 
1978). Haware (Chapter 9, this volume) also noted that chickpea with pig- 
mented dmi-type seed are more resistant to P. ultitt~utt~. There are a number of 
pea breeding lines that have shown resistance or tolerance to P!ltltiunl under 
greenhouse conditions and in the field where no seed treatment chemicals are 
used (Kraft t>t nl. ,  1988). 
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RHlZOCTONlA SEEDLING BLIGHT 

Causal Pathogen 

Rhizoctonia soluni Kiihn is most often named in defining this seedling pathogen 
and is classified using the anastomosis grouping (AG) concept whereby hyphal 
fusion occurs only between isolates of the same AG grouping. The pea pathogen 
is assigned to the AG-4 grouping (Anderson, 1982). Isolates in this group usu- 
ally cause seed, epicotyl, and hypocotyl rots, and isolates in the AG4 group are 
considered the practicola type in that the perfect stage is listed as T~~unutepl~orus 
prurticola (Frank) Kotila (Anderson, 1982). K ,  soluni is a serious disease of both 
adult plants and seedlings of Centrosema spp.; however both AG-1 and AG-4 
groups are involved (see T,ennC, Chapter 1 3, this volume). Binucleate Rhizoc'toniu 
spp. affect lupin seedlings (see Hill, Chapter 11, this volume). The rllycelilrl 
branches of R. solani are characteristically at right angles and are restricted at thc 
point of attachment. Thick-walled sclerotia, the survival structure of this fungus, 
are formed by multiple hyphal branching and aggregation. Rhitoctoniu can sur- 
vive in field soil for extended periods of time and can attack emerging pea 
seedlings when conditions are favourable. For seedling infection to occur, the 
sclerotium or hyphal fragment must germinate or resume growth. This fungus 
can grow several millimetres through soil to form an infection cushion on the 
host epicotyl surface prior to penetrating the host. Seedlings most often become 
resistant or less susceptible with age. This fungus is limited to the top few cen- 
timelres of soil, and plant parts at or near the soil surfacc are most vulnerable. 

Biology 

Rhizoctoniu seed and seedling rot occurs more frequently in fields that arc trashy 
tilled or in no-till and reduced tillage farming systems. The disease is usually 
most severe where conditions are warm and moist, especially in lighter or sandy 
soils. In irrigated areas of the Pacific Northwest, this disease can be devastating 
where susceptible crops such as dry beans (Phuseol~~s vwlguris) are planted prior 
to peas and the residue is disked but not ploughed. Symptoms of this diseasc 
include a water-soaked appearance of the hypocotyl and epicotyl, and reddish- 
brown or brown lesions above and bclow the cotyledonary node. Figure 6.2 illus- 
trates typical symptoms of Rhizoctonia damage to seedling peas. Especially 
diagnostic is the death of stem radicles as they emerge. Often, auxiliary stems are 
also affected so that the plant never fully recovers. On older plants, reddish- 
brown, sunken lesions may occur on the epicotyl, sometimes resulting in girdling 
and severe plant stunting. 

Control 

There are no resistant pea cultivars, but those which are vigorous, have thick epi- 
cotyls, and emerge rapidly can escape serious damage (McCoy and Kraft, 1984). 
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Fig. 6.2. Seedling stem necrosis, seed rot caused by Rhizoctonia solani Observe secondary 
shoot development (Photo: courtesy of J.M. Kraft). 

Rotation with cereals, clean tillage prior lo planting, arid fungicidal seed treat- 
mcnts provide some protection. Biological secd treatment organisms, such as 
Tricdlodcrtna hurzii~nun~ Kifai, have also shown promise lor protecting germinating 
seed against rhizoctonia seed and seedling rot (Kraft and Papavizas, 198 3). 

APHANOMYCES ROOT ROT 

Causal Pathogen 

Aphanomyces root rot is causcd by the fungus Apllc~r~oinyces eutuicJ~~s Drechs. 
Pfender and Hagedorn f, sp. pisi, a water mould of the family Si~prolrgniui~t~ar 
(iIagedorn, 1984). Cultures of A, euteicl~~s grow sparsely in an arachnoid fashion 
on a minimal medium, but on a rich medium, such as maltose-peptone agar, it 
produces copious, whitish, aerial mycelium. Mycelia arc 3-10 prn in diameter, 
without cell walls which are relatively sparsely branched and almost at right 
angles and the branches are relatively short. This fungus produccs two types of 
zoospores (diplanetism). Primary zoospores are first extrudcd from the sporangia 
in single file and encyst at the mouth of the sporangium. Usually in 1-3 h these 
encysted zoospores germinate to form secondary zoospores which possess two 
flagella and arc the motile, infective form of this pathogen. Secondary zoospores 
are c .  13 pm long and 7-8 pm in diameter. Motile zoospores will move in the soil 
water, surround soil particles, and can encyst, germinate, and infect or re-infect 
pea root tissue. 



332 -- ---- - J.M. KRAFT ET AL. 1 -- . . 

Oospore formation occurs when the fungal thallus is exposed to nutrient 
deficiency or adverse conditions within root cortical tissue. Thin-walled oogonia 
are fertilized by one to five diclinous antheridia. Resultant oospores are hyaline, 
spherical. 18-2 5 pm in diameter, and thick-walled with a characteristic, large oil 
globule surrounded by granular material (see Pig. h. 3). 

Biology 

Aphanomyces root rot, which is one of the most important root pathogens of 
peas worldwide, has been reported to occur in the Midwest, Northeast, and 
Pacific Northwest regions of the United States, in northern Europe, and in 
Australia, New Zealand and Japan (Hagedorn, 1984). Aphanotn.t)ces enteich~s can 
infect peas at any stage of plant development. Visible lesions can appear 1-2 
weeks after infection, depending upon the environment. Plate I 0  illustrates typi- 
cal symptoms of aphanomyces root rot on roots of seedling plants. Typically, soft, 
water-soaked lesions appear on the surface of' the lower stcm and root. which 
then become tan coloured. The lesions spread through the cortex causing even- 
tual discoloration of the entire root system (Kraft et (d., 1988). The infected corti- 
cal tissue darkens as other organisms invade. When infected plants are pulled 
from soil, a stranti of vascular tissue is often all that remains of the root systcm. 
Microscopic observation of infected, cortical tissue reveals diagnostic, thick- 
walled oospores that can survive for years in soil. Dissemination of A ,  euteiches 

Fig. 6.3. Mature oospore of Aphanomyces euteiches embedded in cortical tissue of a pea 
root. Note diagnostic, large oil globule in centre of oospore. Oospore is c. 25-30 Hrn in 
diameter (Photo: courtesy of J.M. Kraft). 
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occurs in infested soil by water movement, infected root debris, or by farm irnple- 
mcnts. Other legumes, such as alfalfa (Medicago stltivu), common bean, faba bean 
(Viitu jiiba), clover (Trifbliutr~ spp.) and lentil (T,t~tls rulir~aris) are also hosts for A. 
enteiches. 

Control 

Control of aphanornyccs root rot is extremely difficult. Once a field is heavily 
infested, a nun-host (wheat, oats, barley) must be planted for at least 10  years 
bebre a profitable pea crop car1 be grown again. All potential hosts should be 
avoided as crops to include in any rotation ((;rail et nl., 1991 ). Oats (Avl.na srrtivrc) 
have been shown to aid in reducing the inoculum potential of A. elrteichrs. per- 
haps due to t he production of fungistatic compounds called saponins in the roots 
tund tops (Fritz c>t nl., 199 5). Soil can be tested for aphanornyccs root rot potential 
to avoid severely or heavily infested tields (Sherwood and IIagedorn, 1958: Kraft 
rlt rr l . .  1990). If the root rot potential is moderate to severe, the lieltl is not rccom- 
mended for peas. If the root rot potential is moderate to slight, an early-maturing 
cultivar should be pl~rnted. Currently. there are no commercially available seed 
treatment chemicals or biological control organisms that will consistently con- 
trol this disease. IIowcver, several experimental compounds and orgtlnisms have 
shown promise (Kraft t't i l l . ,  1995). 

(knctic resistance to A. eutriikrs appears to be quunlitatively inherited with 
low heritability (Lewis and (;ritton. 1988). Resistance is associated with slower 
lesion development and pathogen build-up (Kraft and Boge. 1994. 1995). 
Currently, no pea cultivars are available with resislar~ce to this disease. However, 
over the last 10 years, several resistant/tolerant germplasm lines with horticul- 
lurally acceptable traits have been released (Kraft and Kaiser. 1993). 
Resist;~nce/tolcra~~cc, together with cullural practices (Fritz et i11., 1995). 
improved seed-treatment chemicals, and soil indexing, will help reduce the eco- 
nomic impact of this disease problem in the future. 

FUSARIUM ROOT ROT 

Causal Pathogen 

Fusarium root rot of pea is caused by Flrstlri~rrtl solani (Mart.) Appel 8 Wr, f. sp. 
pisi (F.R. Jones) Snyd. & llans. In culture, this pathogen produces sporodochia 
which are blue-green to buff in colour (Kraft et al.. 1981). Root rots caused by 
l~usariutr~ spp. on soyubean, chickpea and pigeonpea are reviewed by Sinclair (see 
Chapter 3, this volume). Haware (see Chapter 9, this volume) and Keddy tJt  nl. 
(see Chapter 10,  this volume), respectively. Macroconidia are primarily three- 
septate, 4.4-5 pm X 27-49 pm. curved and hyaline. Microconidia are less 
abundant, except in liquid cullure where they are numerous. Chlamydospores, 
produced in the mycelium or by conversion of conidia, are abundant, intercillary, 
terminal, single or in chains. The teleomorph. N~c'tria huuntutococr3c~ Rerk. & Hr. 
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(Kraft et al., 198 1 )  has been found in nature only on diseased branches of mul- 
berry (Morus  sp.) in Japan. Maluo and Snyder (1972) reported that F. solani f. sp. 
pisi was identical, by mating tests, with the pathogen causing branch blight of 
mulberry trees and root rot of ginseng (I'anax sp.), Distinct heterothallic isolates 
of F. solar~i f. sp. pisi exist and do not intercross; however, homothallic isolates are 
also prevalent. This pathogen can be isolated from infected plant material and 
from lield soil on acidified potato dextrose agar (PDA) or by use of a Fusarilim 
selective medium such as PC'NB (Nash and Snyder, 1962). 

Biology 

Fusarium root rot of pea has been reported as a serious pathogen in Minnesota, 
Wisconsin and the Pacific Northwest of the IJSA, as well as in Europe (Kraft rt  ul., 
1981). In pea seedlings, the initial centre of attack by F ,  soluni f ,  sp. pisi is the 
cotyledonary attachment area, below-ground epicotyl, and upper tap root. 
Figure 6.4 illustrates typical symptom expression of I:. solarli f. sp. pisi on the epi- 
cotyl, hypocotyl, and cotyledonary attachment area. Infection extends upward to 
the soil line and downward into the root zone. The degree of root infection and 
damage depends on the soil environment (Allmaras at al., 1988). A red discol- 
oration of the vascular system may occur in the root but usually does not 
progress above the soil line. Only when primary and secondary roots are infected 
by F. solani f. sp. pisi is the disease serious enough to adversely affect that plant's 
productivity. Above-ground symptoms consist primarily of stunted growth and 
yellowing of the basal foliage. Initial symptoms on seedling roots consist of red- 
dish-brown to blackish-brown streaks which coalesce. 

Fusarium root rot is enhanced by conditions adverse to root growth, includ- 
ing soil compaction, soil temperatures exceeding 30°C ,  soil moisture contents of 
- 0 . 5  to -1.2 MPa, soil acidity (pH lower than 5.1), and poor soil fertility (Kraft 
et al., 1981; Allmaras et ul., 1988; Kraft et al., 1988). Any factor, such as soil 
compaction, that significantly reduces the rate and distribution of rooting, 
increases the chances of Pusariurn contact with the pea root. In friable, well-aer- 
atcd soil, pea roots can grow at a nominal rate of 0.4 mm h -' and the rhizos- 
phere influence is approximately 1 mm away from the root surface (Huisman, 
1982). The root apex and region of elongation are the sites of most root exuda- 
tion. The resting spore (chlamydospore) of P. solani f. sp. pisi may detect the 
approaching root tip, via root exudates stimulating germination, only a few 
hours before the root arrives. To ensure contact with a root tip, a propagule must 
germinate 1-3 h after receiving a stimulus from the root. Such germination 
times have been recorded for Pythium spp., but not for Fusarium chlamydospores 
which do not germinate as quickly. These differences in germination times help 
to explain why Y y t h i u m  attacks root tips and F. solani f. sp. pisi attacks the 
stationary cotyledonary attachment, epicotyl and hypocotyl areas. It is only 
when root growth ceases because of stress factors like compaction, anoxia, etc., 
that F. solani f. sp. pisi attacks the root tips, resulting in severe plant injury 
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Fig. 6.4. Hypocotyl, epicotyl and cotyledonary attachment area infected with Fusarium solani 
f. sp. pisi. Lesion colour is reddish to blackish-brown. This area (crown) is the primary centre 
of attack by F, solani (Photo: courtesy of J.M. Kraft). 

Control 

Where fields arc heavily infested with F. solarli f. sp. pisi, peas should not be 
planted more frequently than once in 5 years. The yield constraints of this dis- 
ease can be significantly reduced by tillage practices to reduce soil compaction, 
better fertility, and practices promoting favourablc soil moisture and root pene- 
tration. 

Genetic resistance of fusarium root rot has been reported to be dominant and 
affected by cytoplasmic factors (Knavel, 1967). Resistance in pea to fusarium 
root rot is evidenced by lower disease indices and higher fresh weights of plants 
when grown in Fusariurn-infested ground (Kraft at al., 1988). Seedling exudates 
and seedling vigour directly affect susceptibility and resistance to F ,  solarli f, sp. 
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pisi (Kraft, 1986). In fact, resistant lines can be predisposed to fusarium root rot 
by physiologic ageing of seed (Kraft, 1986). Resistance to fusarium and pythiuln 
root rot are thought to be conditioned by the same genetic factors (Muehlbauer 
and Kraft, 19 73). Currently, no commercial cultivars are resistant to I: .  solani f. 
sp, pisi. Germplasm with measurable lcvels of resistance to this pathogen has 
becn released and commercially acceptable cultivars arc likely to be developed 
within the next few years (Kraft et al., 1988). 

FUSARIUM WILT 

Causal Pathogen 

Pusarium wilt is caused by several races of 1:nsnrium oxgsporunl Schlecht, emend. 
Snyd. & Hans. f. sp, pisi (van Hall) Snyd. 81 Hans. Wilt caused by t~usnriunl spp. is 
also a major disease of lentil (Hayaa and Erskine, Chapter 8, this volumc), chick- 
pea (Haware, Chapter 9, this volumc) and pigeonpea (Chapter 10, this volume). 
According to Booth (1 971), Fusuriutn ox!jsporrrnt belongs to the section Eltyc~ns of 
the genus Fusarium. Snyder and Hanscn (1940) reduced all thc species in this 
group to be synonyms of F. nxysporurn. Snyder and IIansen then designated 2 5 
forms of this species based primarily on pathogenic host spcciticity. IIcnce, f. sp. 
pisi indicates specificity to peas. The average growth rate in vitro is c .  4.5 cnl 
day-'. Mycelium is usually white, often with a purple or pink tinge. Microconidia 
are borne on simple phialides or from short, sparsely branched conidiophores. 
Microconidia are abundant, vttriable, ovalkllipsoid, cylindrical, straight to 
curved, 5-12 X 2.2-3.5 pm. Macroconidia are sparsely produced. C'olony tnor- 
phology is sporodochial to aerial. l'ionnotal colony morphology usually indicates 
low or avirulence. Bccause of the high genetic variability in raccs 1, 2, 5 and h, 
isolates of these races should be maintained in a dormant state, such as nuto- 
claved soil ('I'oussoun and Nelson, 1968), to rcduce vegetative growth as much as 
possible. 

Biology 

By 1928, fusarium wilt of pea was reported to occur in most pea growing areas 
of the IJnited States. Races 1 and 2 can be economically important in most pca 
growing areas of the world (Kraft et al., 1988), whereas races 5 and h are 
reported to cause economic losses to pea crops primarily in north-western 
Washington state and British Columbia (Hagedorn, 1984). Kaces 3 and 4 are 
considered to be variants of race 2 (Kraft and Haglund, 19  78), based on the reac- 
tion of pea cultivars with known single gene resistances to races 1 and 2. 

Fusarium oxysporurn f. sp. pisi is a soil-inhabiting fungus that survives as 
thick-walled chlamydospores, primarily in the tilled layer, and is fairly host- 
specific. Invasion of a susceptible host is thought to occur through root tips (Kraft 
et al., 198 1 ). Symptoms due to races 1, 5 and 6 include downward curling of 
leaves and stipules. The basal internode may be thickened, and the leaves and 
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stems can become more brittle and rigid than leaves of healthy plants. The root 
system appears normal. However, a longitudinal section may have a yellow to 
orange colour in the vascular tissue of the root and stem. Ofien this vascular dis- 
coloration will extend to the upper stem. As the disease develops, yellowing pro- 
gresses from the lower leaves to the stem apex. At soil temperatures of 20°C and 
above, fusarium wilt develops rapidly, resulting in plant death. In fields whcre 
races 1, 5, and 6 are prevalent, symptoms usually occur in small to large patches. 

Symptoms of race 2 on individual plants are similar lo symptoms of races 1, 
5 and 6. Usually, field symptoms consist of occasional plants exhibiting symp- 
toms unless the inoculum level is extremely high. Symptoms of racc 2 usually 
occur Iiiter in the growing season, often at bloom; hence the name near will has 
been given to these symptoms. Often, vascular discoloration caused by race 2 is 
more intense being a n  orange or dark red in colour. Plate 11 illustrates vascular 
discoloration of the above-ground stem, typical of pea wilt. 

Resistance to races 1, 2, 5 and 6 is governed by single, separate, dominant 
gene factors in the host. Table 6.2 lists a number ol' differential pea lines which 
can be used to dctermine the race designation of any isolate of F, ox!4sporurn fa sp. 
pisi, Using near-isogenic lines differing by one mi~jor gene for resistance/suscepti- 
bility to races 1 and 5, the response of resistant cultivars to each race was similar. 
The resistance response was based on physical containment and reduced fungal 
growth in lateral roots, hypocotyl and epicotyl regions, and no colonization of 
the upper stem in cultivars resistant to either racc (Charchar and Kraft. 1989). 
The wilt pathogen can sustain itsell'iind even increase in population on resistant 
cultivars. llowever, the resistance to all economically important races of fusar- 
ium will has been stable. There is an array of wilt-resistant, commercial varieties 

Table 6.2. Response of differential pea lines to the fusarium wilt pathogen, F: oxysporum 
f .  sp, pisi. 

Wilt reaction2 

Pea line Source1 R 1 R2 R5 R6 

M 410 
Vantage 
Mini 
Mini 93 
Sundance I I  
Grant 
WSU 23 
WSU 28 
74SN5 

Brotherton 
Brotherton 
Asgrow 
Asgrow 
Pure Line 
Brotherton 
Haglund 
Haglund 
Krafl 

Brotherton Seed Company, Inc., PO Box 1136, Moses Lake, WA 98837; Asgrow Seed 
Company, PO Box 1235, Twin Falls, ID 83303; Pure Line Seeds, Inc., Box 8866, Moscow, ID 
83843; Research & Extension Unit, Washington State University, 1468 Memorial Highway, 
Mt Vernon, WA 98273, USA. 

Races 3 and 4 are considered variants of race 2 (Kraft and Haglund, 1978). 
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available on the market. Table 6.2 lists a number of commercial pea cultivars and 
public breeding lines, their sources, and their reactions to races 1 , 2 ,  5 and 6. It is 
suggested that these lines can be used to determine the specific race of a wilt iso- 
late. To isolate from an infected plant, we suggest that only above-ground tissue 
from the fourth or higher node be used. The stipule leaf is removed, the nodal tis- 
sue is surface disinfected in 10°h household bleach, and plated on acidified potato 
dextrose agar or a Fusarium selective medium. 

Control 

Control consists primarily of planting resistant cultivars, and avoiding sevcrely 
infested fields and planting peas back in the same field more frequently than 1 in 
5 years. Seed transmission can occur with race 2 because infection usually 
occurs during maturity. Seed transmission with races 1, 5 and 6 would primarily 
occur as exter~lal plant debris or in soil particles because these pathogens com- 
monly attack and kill susceptible peas before anthesis. 

WHITE MOULD 

Causal Pathogen 

White mould is caused by Sclrrotinia sclerotiorum (Lib.) de Bary which is classified 
as an Ascomycete in the order Helotiules because this pathogen produces sclerolia. 
The pathogen also causes stem rots of soyabean (see Sinclair, Chapter 3, this vol- 
ume) and faba bean (see Jellis et al., Chapter 7 ,  this volume). Figure 6.5 illustrates 
the production of apothecia by sclerotia. Sclerotia vary in size from 2.5 to 6 mm 
and are the principle means of survival from one crop to the next. They germi- 
nate to form mycelium, which can invade seedling roots causing a damping-off, 
or they can produce ascospores which are the primary means of foliar infection. 
Ascospores can be dispersed up to several miles by wind and remain viable to 
infect a susceptible crop. This pathogen has an exceedingly wide host range. 

Biology 

White mould can be serious where humidity is high, and is usually associated 
with the formation of a dense canopy which restricts air movement on the soil 
surface. This disease has been reported to occur in Ireland, England, The 
Netherlands, Brazil, Argentina, Morocco, New Zealand, the USA and Canada 
(Hagedorn, 1984). Symptoms usually do not appear until the canopy has com- 
pletely covered the soil surface. Fluffy, white mycelium develops and later dense 
mycelial mats form at the soil surface on prostrate vines, pods and leaves. (Plate 
12). Affected areas become slimy and dark, and sclerotia (irregular in size and 
shape), form within the mycelial mats. 

White mould is initiated from direct germination of sclerotia in soil and from 
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Fig. 6.5. Apothecial formation on sclerotia produced by Sclerotinia sclerotiorum (Photo: 
courtesy of J.M. Kraft). 

ascospores released from apothecia which form on the sclerotia (Fig. h. 5). Direct 
penetration of the cotyledorlary attachment area is thought to occur from sclero- 
tial germination. IIowever, infection via ascospore discharge, germination and 
penetration, during periods of cloudy weather and high moisture, is more com- 
mon. Ascospores can originate in the same field or be carried by air currents 
from neighbouring fields. Free water or dew is necessary for infection as is a 
nutrient source such as senescent flower petals or other decaying tissues. Once 
infection occurs, incubation will only take a few days and symptoms can be 
severe within 2 days (Hagedorn, 1984). 

Control 

To control white mould, sclerotia should be deep-ploughed after harvesting a 
crop infested with the fungus. Crops such as potatoes. Rrussicu species, and bcans 
should be avoided preceding the pea crop. Residual N should not exceed 22-44 
kg ha-' to avoid lush vine growth. In addition, in lields which have had infesta- 
tions of S. sclprotinia, seeding rates should be reduced and cultivars with an open 
vine habit, such as semi-leafless types, should be planted. There are no resistant 
cultivars available nor has germplasm been developed that is resistant or tolerant 
to this disease (see Sinclair, Chapter 3, this volume). Some progress has been 
made in breeding for resistance to S. roysii in faba bean (see Jellis et al., Chapter 7, 
this volume). Some recommendations for applications of fungicides have been 
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made. However, it is difficult to penetrate to the soil line through the canopy with 
effective chemicals to arrest the spread of white mould, once it is evident. 

POWDERY MILDEW 

Causal Pathogen 

The pathogen which causes powdery mildew is Ergsiphe pisi Syd. (syn. E, polygor~i 
LIC.) and is an obligate parasite found on Pisun], Medicago, Viciri, Lupinus and Lens 
spp. Powdery mildew is also an important disease of pigeonpea (see Keddy et ( I / . ,  

Chapter 10, this volume). The haustoria of E. pisi lie outside the host cell 
cytoplasm, and special structures form between the haustoria and cytoplasm. 
Cleistothecia are dark coloured, up to 180 prn in diameter, with flexuous, 
unbranched appendages. Each cleistothecium contains two to eight ascospores. 
Ovate, hyaline conidia are formed successively in loosely connected chains from 
the mycelium on the plant surface. These conidia can germinate and penetrate a 
plant surface at variable and rather low humidities (Hagedorn. 1984). 

Biology 

Powdery mildew is found wherever peas are grown. The disease is most serious 
when days are warm and dry, and nights are sufficiently cool for dew formation 
(Hagedorn, 1984). The disease can also be devastating where peas are grown in 
late season or in low, wet areas with high soil moisture, which allows the plant to 
remain in a vegetative state. The disease is least serious where there is high rain- 
fall or sprinkler irrigation. In areas where the weather becomes warm too 
quickly, powdery mildew usually does not become severe before plant senescence. 

Symptoms include white, off-coloured spots on the upper surface of the low- 
est and oldest leaves. These spots then increase in size and appear as white, pow- 
dery areas. Figure 6.6 illustrates the symptoms on the upper surface of leaves of a 
susceptible plant. The disease can progress in susceptible cultivars until the 
entire plant is covered with white, powdery mycelial growth. Tissue beneath 
infected areas may turn purplish in colour and clcistothecia form in the mature 
lesions. Severe infection results in early crop senescence and reduced quality, as 
well as decreased green pea and seed yields. The pathogen overwinters on 
infected plant debris, on alternative hosts and is seedborne (Hagedorn, 1984). 

Control 

Resistance to powdery mildew is readily available in commercial cultivars and this 
resistance has been stable for at least 3 0  years. Currently, there is some contro- 
versy as to whether there are one or two genes which govern resistance to pow- 
dery mildew. It is thought that the single recessive gene, er, will not suffice under 
conditions of extreme pathogen pressure (Hagedorn, 1984). In that case, resis- 
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Fig. 6.6. Lesions on upper surface of pea leaflets caused by the powdery mildew pathogen, 
Erysiphe pisi(Phot0: courtesy of J.M. Kraft). 

tance conferred by a second gene, rr2, is needed in combination with rr. I11 areas 
where the disease frequently occurs and resistant cultivars are not readily avail- 
able, early maturing cultivars plus chemical sprays are the most viable control 
option. C'hcmical control includes spraying powdery mildew infested fields with 
flowable, clcmcntal sulphur at a rate of 3-4 kg ha-'. Other control measures 
include crop rotation and immediate ploughing under of the infested crop debris. 

DOWNY MILDEW 

Causal Pathogen 

Downy mildew is caused by Prrot~osportr vicinc (Berk.) de Bury which belongs to 
the family Prrotiospor(~c~uue. Members of this group produce sporangiophorcs 
which are dichotomously branched at acute angles and taper to curved, pointed 
tips where sporangia are produced. The sporangia germinate directly to form n 
germtube. Oospores are produced within senescent, infected pea tissue. Oospores 
are spherical, light brown to yellowish-pink, and are 2 5-3 7 pm in diameter. 

Biology 

In contrast to powdery mildew, downy mildew is most prevalent under cool moist 
growing conditions. In areas where green or processing peas are grown, downy 
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mildew is often present in the early part of the season. The disease has been 
reported in the United Kingdom, Sweden, Norway, Australia and New Zealand 
(Uixon, 1981). 

The downy mildew pathogen can be either systemic or localized on leaves 
andlor pods. Systematically infected plants are stunted and usually distorted, 
and P. viciue sporulates readily on the plant surface. Figure 6.7 illustrates downy 
mildew symptoms on a systemically infected plant. The plant usually dies before 
flowering. Late infection is usually restricted to the plant apex. On the upper side 
of the foliage, white, yellow, andlor brown lesions with diffuse margins appear. 
On the underside of the leaves, opposite the discoloured areas, grey-brown 
patches of mycelia and fruiting bodies appear (Fig. 6.8). Flowers and tendrils can 
also exhibit symptoms and sporulation. There appears to be a positive correlation 
between semi-leafless foliage peas, phenotypes with restricted stipule leaves, and 
increased susceptibility to downy mildew (Matthews, 198 1). 

The pathogen overwinters in the soil and on plant debris, and from this 
source, systemic and local infections develop. Soilborne oospores are a primary 
source of potential systemic infection of developing pea seedlings and can survive 
for 10-1 5 years in soil. Pod infection can occur especially during periods of high 
relative humidity and can occur without foliage symptoms. Infected pods are 
deformed and a mycelial mass can occur on the pod wall. Oospores can form in 
this mycelial mass and are recorded to occur within the seed coats as well. 

Fig. 6.7. Downy mildew symptoms on a systemically infected plant (Photo: courtesy of J.M. 
Kraft). 



Fig. 6.8. Grey-brown lesions on underside of pea leaflets caused by the downy mildew 
pathogen, Peronospora viciae (Photo: courtesy of D. Inglis). 

ITowever, no successful case of seed transmission of downy mildew has been 
recorded. 

Control 

To control downy mildew, all crop debris containing oosporcs should be removed 
or deep ploughed. Acylalaninc fungicides (such as metalaxyl) arc effective seed 
treatment chemicals that rcducc or eliminate the primary systcmic infection 
phase of downy mildew. The practice of not growing peas more than once every 5 
years in the same ticld, deep ploughing crop debris, use of an appropriate seed 
treatment, and a resistant or tolerant cultivar will reduce the incidence and 
severity of downy mildew in any given year. 

Several sources of resistance to downy mildew are known (Ali rt nl., 1994). 
As many as six physiologic races of downy mildew occur in northern Europe 
(Stegmark, 1990) and race-specific resistance has been reported for several culti- 
vars (Hubbeling, 1975). IJnfortunately, there are no pea genotypes with com- 
plete resistance to all known pathotypes (Stegmark, 1988). Stegmark stated that 
the cultivar Dark Skin Perfection is more resistant to downy mildew than other 
cultivars used for canning and freezing in Europe. Unfortunately, Dark Skin 
Perfection can bt: affected sevcrely enough to cause significant losses in yield and 
quality when conditions are optimum for severe downy mildew development 
(Stegmark, 19X8). In Sweden, such cultivers as Starcovert, Gastro, Cobri and 
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Puget, previously reported as resistant, were susceptible to the prescence of 
strains of P, viriae. Stegmark further stated that some breeding lines exhibited 
low susceptibility to all known isolates but no complete resistance to any isolale. 
These lines should be good prospects for developing stable resistance to P. viciut2. 

ASCOCHYTA BLIGHT 

Causal Pathogen 

Ascochyta blight is a disease complex caused by three separate pathogens: 
Ascochyta pisi Lib. which causes a leaf, stem and pod spot; Phoma m~dicnginis 
Malbr. & Roum, var. pinodella (Jones) Boerema which causes leaf spots, stem 
lesions and root rot; and Myc30sphaerella pinodes (Berk. & Blox) Vestergr. which 
causes a leaf, stem and pod spot, and root rot (Hagedorn, 1984). Ascochyta 
blight is a common and serious disease of legumes and has been reviewed in 
Chapters 4, 5 ,  7, 8 and 9, this volume. Under field conditions, it is not easy to dis- 
tinguish among the three pathogens and it is practical to consider the three as 
causing a single disease. M!jcospharrellr~ pinodes is considered the most aggressive 
and causes the most economic loss. The three pathogens can be distinguished by 
the presence or absence of chlamydospores and the presence or absence of a 
perfect stage. Such characters as size and shape of conidia are not predictablc 
and are not recommended to be used in distinguishing between pathogens. 
M~cospllaerella pinodes is the pcrfect stage of Ast70ch!jta pinodes. When embedded 
in pea tissue it produces perithecia which are dark brown, globose, with papillate 
ostioles 90 X 180 pm in diameter (Hagedorn, 1984). Ascospores are hyaline, 
two-celled, and average 7.9 X 17.2 pm. Pycnidia are freely formed as are 
chlamydospores. Conidia (pycnididospores) are hyaline and ellipsoid and most 
are one-seplate. M. pinodes is homothallic. 

Ascocllyta pisi does not produce a perilhecial or perfect stage nor does it pro- 
duce chlamydospores. Phomu medicaginis var, pinodella docs not produce a perfect 
stage but does produce chlamydospores. 

Biology 

Infection from all three pathogens can develop on seedlings during cool, wet 
weather, resulting in blackening and death, beginning at the soil line and extend- 
ing up the stem for 4-12 cm. Leaf infection by M ,  pinodes results in small purple 
to black spots (Fig. 6.9). Under dry growing conditions, these lesions remain 
small but with moist conditions the lesions enlarge turning from brown to black. 
Affected leaves can be killed. Stem lesions caused by M. pinodes enlarge and often 
coalesce to girdle stems completely giving the entire lower plant a blue-black 
appearance. In contrast to M ,  pinodes and P. medicaginis var, pinodella, A. pisi sel- 
dom attacks the plant base and does not cause a root rot. 

All three pathogens can be seed-transmitted and spread in pea trash. 
Chlamydospores are produced by M.  pinodes and P. medicaginis var, pinodella 
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Fig. 6.9. Leaf infection and small purple to  black spots caused by Mycosphaerella pinodes (Photo: 
courtesy of J.M. Kraft). 

which allow for soil survival. Only M. llinodt~s produces a perfect stage in culture. 
111 fields previously cropped to peas, M. pinodrs and 1'. rrtadicuginis var. pinod(~l1~ 
can overwinter as mycelium on infected pea debris or in soil as chlamydospores. 
When peas are grown in Gelds recently cropped to peas, either of these pathogens 
can cause severe root rot and can spread to adjacent plants. Ascoclt!jtn pisi survives 
poorly in soil but can sometimes overwiriler on volunteer plants and pea stubble. 

Moist conditions are necessary for infection and plant-to-plant spread of all 
three pathogens. Plants can be attacked at any age but mature leaves are most 
susceptible. The production of seed in drier growing areas and the use of seed 
treatment chemicals have essentially eliminated A. pisi as an important pathogen 
of peas. However, the overwintering abilities of M. pinodes and P. ntrdic9aginis var. 
pirtodellu via chlamydospores are the reason they are more difficult to control. 
IJnder field conditions, with and without fungicide sprays, there was a 5-6%) loss 
in yield for every lo'% of stem area affected by M. pinodps. M!jc'osphuerrllu was 
found to be most severe on early-maturing cultivars (Bretag, 199 1 ). 



Control 

Control of ascochyta blight begins with growing seed crops in dry areas and 
avoiding the harvest of seed from bypassed production fields. Seed treatment 
chemicals effectively reduce seedborne Ascochyta to manageable levels. Pea 
refuse should be disked and ploughed under immediately after harvest before 
these pathogens can be dispersed by wind and rain. 

No single gene or major gene resistance to M ,  pinodes has been found despite 
extensive searches in the available pea gene pool. It is our opinion that minor 
genes need to be compiled to develop horizontal resistance or tolerance to M. pin- 
odes utilizing a recurrent selection programme and severe disease pressure. 

BACTERIAL BLIGHT 

Causal Pathogen 

Pea bacterial blight is caused by Pseudomonus syringae pv, pisi (Sackett) Young, 
Dye & Wilkie, which is a one-celled, aerobic, Gram-negative, non-spore-forming 
rod with polar flagella. Colonies on King's medium B are fluorescent. Average rod 
measurements are 0.7 X 2-3 pm. Six races of P. syringue pv. pisi have been 
described based on reactions to a set of differential pea cultivars (Taylor et al., 
1989). Race 2 was found to be the most common and race 6 was the most viru- 
lent on all cultivars tested. 

Biology 

Bacterial blight is a seedborne disease which has been reported in most pea 
growing areas of the world (Hagedorn, 1984). Symptoms of the disease can 
occur any time during the growing season, especially following heavy rain, after 
hail damage, or when the crop is grown under overhead sprinkler syslems. 
Symptoms usually develop initially at the nodal area and on stipule leaflets. 
Lesions often develop first on the underside of leaves as water-soaked lesions that 
appear dark green or brown on the upper surface. Older lesions tend to have light 
brown centres and dark borders. Pods may become severely infected with lesions 
that are circular, water-soaked and sunken. Seed infection is via pod infection. In 
seed production fields in arid areas, infection with bacterial blight can go un- 
noticed. The lower leaf nodes can become infected but the disease does not 
progress if conditions are not optimum. The debris from these infected leaves can 
become a source of infection on seed during harvest. Bacterial blight can be dis- 
seminated from one seed lot to another during threshing and milling, even when 
fungicides are applied. Farm machinery can also spread the pathogen if not 
cleaned between seed lots. 
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Control 

Planting clean seed and using resistant cultivars are the primary means of con- 
trol. Seed should be produced in arid areas, not, under sprinkler irrigation, and 
seed fields should be inspected for the presence of blight. Sodium hypochlorite as 
a 1% concentnition can reduce seed infection by 85 to YO'%. In addition, a strep- 
tomycin slurry can also be used but recommendation to use an antibiotic is ques- 
tionable both in terms of effectiveness and economics (Hagedorn, 1984). 
Resist,ance to races 1 to 5 was found to be widespread in available cult.ivars 
(Taylor et a]., 1989). 

ALFALFA MOSAIC 

Causal Pathogen 

Evidence has shown that the alfalfa mosaic virus (AIMV) genome is composed of 
three bacilliform and one spherical-shaped particle. However, as many as six 
nucleoprotein components have been reported (Jaspers and Ros, 1980). 
Infectious virus consists of a tripartite RNA genome (KNAs 1, 2 and 3) and a 
subgenomic KNA4, which contains a repeat ofthe coat protein gene located on 
RNA3. Gcnornic RNAs 1 ,  2 and 3, and the presence of some coat protein or coat 
protein mKNA are required for infection (Bol and Jaspers, 1994). Graaff c.t 01. 
(1995) demonstrated that while the protein coat is required for infection, it is not 
required for assenlbly and targeting of the viral polymerase. Frequently. only 
minor changes in the nucleotide sequence of the coat protein gene can drastically 
alter symptom expression. Nelleman tlt irl. (1991) reported that nucleotidc 
changes resulting in a single amino acid mutation in the virus coat protein can 
affect symptom expression in the host plant. 

Biology 

Alfalfa mosaic virus (AIMV) is probably the most geographically widespread 
virus in the world. The virus has a natural host range of approximately 1 5 0  plant 
species. When combined with the experimental host range, the list of susceptible 
plants is increased to over 600 plant species representing 70 families (Bol and 
Jaspers, 1994) and includes TriJ~liuttl spp. (see Mercer, Chapter 12, this volume), 
An immense population of AlMV strains exists, varying in both pathogenicity 
and virulence in any geographical area. Symptoms on pea include chlorosis, pur- 
ple or brown necrotic streaks in leaves and the vascular system ~ l o n g  the stem, 
and stunting of the plant (Plate 13).  Ford and Baggett (1965a) reported that 
AlMV consistently caused severe plant stunting in all pea cultivars tested. 
Curling and brown necrotic lesions frequently occur on leaves of plants. Leaves of 
infected plants are often brittle, presumably due to carbohydrate accumulations. 
Symptoms on pods include malformation, discoloration, and the occurrence of 
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necrotic lesions (Zaumeyer, 1938). Identification of pea plants infected with 
AlMV can be difficult, as the necrotic streaking of the vascular system is often 
identical to streaks produced by pea streak carlavirus infection (Ford and 
Baggett, 19hjb) .  

AlMV is transmitted in a non-persistent manner by at least 14 different 
aphid species (Crill ilt ul., 1970b). The pea aphid (Acyrthosiplron pisurri Harris) and 
the green peach aphid (Mipus parsicue Sulzer) are considered the most important 
vectors of AlMV in peas. Both arc distributed worldwide. Other aphid species 
which should also be considered as vectors of AlMV in pea crops are the foxglove 
aphid (Auluc~ortliurri solnrli Kaltenbach), the beun aphid (Aphis fubuc Scopoli), and 
the potato aphid (Mui,rosipliorl auphorbiuu Thomas). The wide range of'naturi~lly 
occurring annual and perennial hosts provides abundant inoculum sources for 
AlMV spread by aphids. Figure 6.10 illustrates the build-up of pea aphids on a 
pea plant. However, the main source of AlMV worldwide is generally considered 
to be alfalfa. Two-year-old alfalfa fields can have infection levels of 80  to 90'X) 
(Crill et nl., 1970a; Kahman and Pcaden, 1993). so that AlMV inoculum can be 
abundant when peas are grown near infected alfalfa tields, 

Control 

Knowledge of inheritance traits for resistance to AlMV in peas is lacking. 
Numerous USDA Plant Introduction ( P I )  accessions have been identified (Table 
6.3) ,  but no commercial cultivars resistant to the virus are currently available. 
Ford and Raggctt (1965h) reported 3 1  of 900 pea lines testcd were resistant 
against a single isolate of AlMV from white clover (Trifbliunl ru/~cns). In contrast, 
Hagedorn (1968) testcd 397 accessions against an isolate from red clovcr and 
found none of the PI lincs immune to AIMV. Most of the lines reported as resistant 
to AlMV by Ford and Baggett (1965b) were testcd again by Hagedorn and found 
to be susceptible to the virus isolate from red clover, Further studies with the PI 

lions accessions are currently needed, using several virus strains from various reg' 
and sources, in order to identify lines either with high levels of tolerance or with 
true resistance. 

An effective control to limit the incidence of AlMV is to avoid planting peas 
near alfalfa fields older than 3 years. There arc no known commercial pea or 
alfalfa cultivars with resistance. Aphid populations may be reduced by applica- 
tion of registered insecticides. While it is unlikely that control of aphid popula- 
tions will prevent virus infection, the use of aphicides can significantly reduce 
plant-to-plant spread in the field. 

LEAF ROLL 

Causal Pathogen 

Bean leaf roll virus (BLRV) is a member of the large group of yellowing viruses, 
the luteoviruses. The virus consists of icosahedral particles 28 nm in diameter. 
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Fig. 6.10. Massive build-up of pea aphid Acyrthosiphon pisum on pea pods (Photo: courtesy 
of J.M. Kraft). 

'l'hc singlc-strandcd KNA species has a molecular weight of 2.02 X 10" under 
denaturing conditions (Keijnders lJ t  r ~ l . ,  1974) consisting of approximately 
5 7,000 nucleotides. 'l'hc coat protein gene of RLRV has been sequenced and con- 
sists of a 22 klla open reading k t~me (Prill c l t  ill., 1990). Amino acid sequence 
homologies ranged from 42.h to 56.1 when the 22 kDa protein was compared to 
coat proteins of' barley yellow dwarf (I'AV strain), beet western yellows, and 
potato leaf roll lutcoviruscs. 

Biology 

The virus was first described in Europc in 1954 on faba bean and pea (Quantz 
and Volk, 1954; Tinslcy, 1959), and is also common in Iran (Kaiscr, 1972). 
Africa and India (Ashby, 1984). RLRV had not been reported in the United States 
until 1980, when it occurred in epidemic proportions and caused sevcre losses in 
Washington and Idaho (Hampton, 1983). B1,KV is sometimes referred to as 'top 
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Table 6.3. Pea germplasm accessions, breeding lines, and cultivars with resistance or 
tolerance to at least one isolate of alfalfa mosaic virus (AIMV), bean leaf roll virus (BLRV), pea 
enation mosaic virus (PEMV), pea seedborne mosaic virus (PSbMV), pea streak virus (PSV), 
and red clover vein mosaic virus (RCVMV). Accessions and breeding lines listed are white- 
flowered, intermediate to tall in stature, and may be readily used for crossing purposes. 

AIMV -~ - 
BLRV 

.. .- 

PI 121 977 Abador 
PI 164148 Alderman 
PI 1661 29 Alrnota 
PI 180701 Centurion 
PI 184131 Champ 
PI 193838 Climax 
PI 197044 Cobri 
PI 197449 Coquette 
PI 197988 Elf 
PI 197989 Frisky 
PI 201391 Jubilee 
PI 210684 Juwel 
PI 2441 16 OSU 559-6 
Thomas Laxton OSU 564-3 a 
OSU 33 OSU 584-16a 
OSU 176-2 OSU 589-1 2 a 
OSU 709-4C Perfected 400 

Rika 
Sparkle 
Splendor 
Superlaska 
Surpass 
Telephone 
Wando 

PEMV 
- 

PSbMV PSV 

Aurora B 442-15 OSU 8442-15 
Commando B 442-66 OSU B445-66 
Freezer 50 OSU 547-29 OSU 644-2 
Freezer 52 OSU 559-6 OSU 663 
Freezer 6650 OSU 564-3 OSU 668 
Freezer 60 OSU 584-1 6 OSU 677 b,d 
H 286-1 -1 OSU 589-12 OSU 709-4 
H 294-5-1 -1 OSU 615-15 PI 140297 
H 312-2-3 OSU 620-1 PI 195405 
H 543-3-1-1 1 OSU 663 PI 203066 
H 890-3-2 OSU 668 PI 212029 
Maestro OSU 677 
New Era VR74-410-2 
Novella II VR74-1492-1 
Olympia W17105 
OSU 547-29 WI 71 06 
OSU 559-6 X 78006 
OSU 564-3 a X 781 22 
OSU584-16a X78123 
OSU 589-1 2 a X 78124 
OSU 61 5-1 5 X 781 25 
OSU 620-1 X 78126 
OSU 8442-1 5 X 781 27 
OSU 445-66 X 78128 
OSU 663 PI 193586 
OSU 668 PI 193835 
OSU 677 btd PI 347328 
OSU 33 PI 347494 
OSU GI 13 PI 3781 58 
OSU 225 
OSU 709-4 
PI 140295 
Shoshone 
Surprise 60 
Tempter 
Trident 

RCVMV 
- 

OSU 8442-1 5 
OSU 8445-66 
OSU 663 
OSU 668 
OSU 677 b,d 
PI 11 6056 
PI 194339 
PI 195026 

Sources: AIMV: Ford and Baggen (1965 a,b). 
BLRV: Drijfhout (1968); Hagedorn (1 974, 1984). 
PEMV: Schroeder and Barton (1 958); Hagedorn and Hampton (1 975); Baggett and 

Hampton (1977); Baggett and Hampton (1983); Baggett (1984); Baggett 
and Kean (1 988); Baggett et a/. (1 994); 

PSbMV: Hagedorn and Gritton (1971); Hagedorn (1974); Baggett and Harnpton 
(1 977); Kraft and Giles (1 978); Hampton and Braverman (1 979); 
Muehlbauer (1983); Baggett and Kean (1988); Provvidenti and Alconero 
(1 988c); Baggett et al. (1 994). 

PSV: Ford and Baggett (1 965 a,b); Hagedorn (1 968); Baggett and Hampton 
(1977); Baggett et a/. (1994). 

RCVMV: Hagedorn (1968); Baggett and Hampton (1977); Baggett etal. (1994). 
Breeding lines with resistance to more than one virus are denoted as follows: 
BLRV + PEMV; PSV + RCVMV; AIMV + PEMV + PSV; PEMV + PSV + RCVMV t PSbMV 
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yellows' in pea crops. However, other diseases or agronomic conditions can pro- 
duce similar symptoms. Originally described as pea leaf roll, bean leaf roll is now 
the commonly accepted term because of the typical leaf rolling symptoms pro- 
duced in Viciafaba (see Jellis et al., Chapter 7, this volume). BLRV is restricted to a 
small group of plants in the legume family, and most are of important economic 
significance. Economic food crop hosts include pea, faba bean, chickpea, lentil 
and common bean. The aetiology of the virus on chickpea is complex (see 
Haware, Chapter 9, this volume). BLRV is also widespread in alfalfa and in sev- 
eral clover species which serve as important alternative hosts. It is believed that 
alfalfa was the primary reservoir host responsible for the epidemic outbreaks of 
BLRV in peas and other cool-season food legume crops in the USA in 1980 
(Hampton, 19X3), 1987 (Kraft and Kaiser, 199 3), and 1990 (Klein et  al., 1991). 

Many aphid species have been reported to transmit BLKV in a persistent 
manner (Ashby. 1984: Edwardson and Christie, 199 1). The pea aphid, however, 
is considered the most important vector. Aphids can acquire the virus within 2 h 
(Thottappilly et al., 1977), but the latent period of BLRV in the aphid vector is 16 
to 20 h. Consistent with other phloem-limited viruses, Kaiser (1972) found that 
BLRV was not transmissible by seed and the virus is not transmitted mechani- 
cally. BLRV shares close serological relationships with other luteoviruses includ- 
ing legume yellows (Duffus, 1979) and beet western yellows (Waterhouse et al.. 
1988). Other viruses which share serological relationships with BLKV include 
soyabcan dwarf virus, subterranean clover redleaf virus, and potato leaf roll 
virus. No specific strains of BLRV have been clearly identified. Baggett and 
IIampton (1991) examined the host response to 11 BLKV isolates collected from 
Idaho on a wide range of pea genotypes and could detect no differences in virus 
strains or pathotypes. 

Control 

Resistance in pea to BLRV is inherited as a single recessive gene designated lr 
(Drijfhout, 19618). Crampton and Watts (1968) described resistance to BLRV as 
an additive system of inheritance. Baggctt and Hampton ( 199 1 )  observed the 
operation of Irv, a single recessive tolerance gene described on the basis of symp- 
tom expression in selected pea cultivars. The relationship between the lrv gene 
and the Ir gene reported by Drijfhout is not known. Several PI accessions possess 
resistance and many commercial varieties are now available with resistance to 
BLRV (Table 6.3). In addition, this resistance has not shown any evidence of 
being overcome by the virus. 

PEA ENATION MOSAIC 

Causal Pathogen 

Pea enation mosaic virus (PEMV) is the only member in its group and shares no 
known serological relationship with any other plant virus. The infectious 
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genome is packaged in two isometric spherical nucleoprotein particles c. 2 5 and 
28 nm in diameter. The coat protein molecular weight is 2 1 kDa. The genome is 
composed of two ssRNA species consisting of 5706 nucleotides (KNA1) and 
4253 nucleotides (RNA2) (Demler and de Zoeten, 1994), A third small RNA 
(RNA3) is occasionally observed and is considered to be satellite RNA. RNAl has 
bcen shown to share closc organizational and sequence homology with several 
members of the luteovirus group. Its aphid transmissibility has been linked to the 
presence of a 54 klla protein. Demler and de Zocten have also shown that the 54 
kDa minor protein is lost after repeated mechanical transmission and resultant 
loss of tra~lsmissibility by the aphid vector. 

Biology 

Pea enation mosaic is an important virus disease not only in pea but other eco- 
nomically important legumes. Pea ctration mosaic virus has bcen responsible for 
severe losses in food legumes in the Pacific Northwest region of the USA during 
19  8 3, 1987, and 1990 (Klein rt c r l . ,  1991; Kraft and Kaiser, 199 3). PEMV was 
tirst identitied by Osborn (19 3 5 )  on faba bean in New York State. The virus has 
also been reported in Europe (Cockbain and Gibbs, 1973), Iran, and Sicily 
(Peters, 19  82). The host range is narrow and restricted primarily to I.t~gutnit~osi~e, 
although N, clevelandii and Cl~enopodiutr~ crlburtl are useful diagnostic non-legume 
hosts (Hagedorn et al. ,  1964). Alfalfa (luccrne) has bccn considered to be the pri- 
mary perennial host and inoculum source for PEMV (McWhorter and Cook, 
1958). However, Hagcdorn rt ul. (1944) and Cockbain and Gibbs (1973) later 
attempted to infect alfalfa with PEMV, and were unable to recover the virus from 
this host. Recent work by 1,arsen rt ul. (1 99ha) has shown that PEMV could not 
be detected by enzyme-linked immunofluworescencc assay (E1,ISA) or dot blot 
hybridization in any of 32 30 alfalfa samples collected in Washington State 
between 1988 and 1994. Thesc fndings further suggest that alf~illa is not a host 
of PEMV. 

Mechanically inoculated peas display symptoms in 5-1 0 days, depending on 
cultivur, environmental conditions, and plant maturity. Diagnostic symptoms in 
pea include translucent tlecks or 'windows', together with vein-clearing and mal- 
formation in leaves and stipules (Fig. fi.11). Plants are usually severely stunted 
and distorted. Many cultivars undergo gross cytopathological changes, including 
small growths or enations on the undersides of leaves as a result of the infection. 
Pods are typically deformed severely and produce characteristic outgrowths or 
proliferations on the pod surface. The virus causes death of plants in susceptible 
cultivars or when plants are infected at an early stage. 

The virus is transmitted in a persistent manner by eight aphid species, with 
the pea aphid (Acyrthosiphon pisurn) considered to be the most significant vector 
(Demler and de Zoeten, 1994). Several biotypes of the pea aphid exist which 
transmit the virus with varying efficiencies. Pea aphid nymphs, given an acqui- 
sition access period of 3 h, had a latent period of 10  h (Toros et a l . ,  1978). 
Following the latent period, the aphid was able to transmit the virus during brief 
probes into the cytoplasmic tissue. PEMV is also mechanically transmissible but 
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Fig. 6.11. Typical symptoms of pea enation mosaic showing translucent windows, vein- 
clearing, malformed pods and leaves (Photo: courtesy of J.M. Kraft). 

aphid trarismissibility is usually lost trfler several serial mechanical trarisltrs. 
Only a single biological strain ol'I'EMV exists as defined by host range and syn~p- 
tom expression. Different geographic;il isolates exist which may vary slightly in 
biological properties, the most signilicant difference being aphid specificity. Bath 
and Tsai (19h9)  were able to separate a New York isoltrte from a California iso- 
lale of PEMV using the pea aphid and comparing latent periods, inoculalion 
retention times, arld acquisition and inocultrtion access periods. Symptom- 
atology and virus physical properties of the two isolates could not be differenti- 
ated. 

Control 

Control of the virus can be greatly enhanced by elimination of aphid popula- 
tions and reservoir hosts. Control of virus movement is often difficult when peas 
are grown near clover fields because of restrictions in pesticide application on 
this host. 

Kesistance in pea to PEMV is primarily conferred by a single dominant gene, 
En, tirst found in PI 140295 from Iran (Schroeder and Barton, 1958). No corn- 
plete resistance to PEMV is yet available in pea, although many cultivars or 1'1 
accessions exhibit varying levels of tolerance (Table 6.3). Cultivars expressing tol- 
erance generally exhibit mild symptoms when infected with PEMV, or 'recover' 
after initial infection (Baggett and Hampton, 198 3). Plants then usually progress 
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to normal production of peas. The knowledge accumulated to date on the 
genomic organization, including the complete nucleotide sequence information 
(Demler and de Zoeten, 1994), may provide opportunities for development of 
transgenic resistance to this virus in future pea cultivars. 

PEA SEEDBORNE MOSAIC 

Causal Pathogen 

Particle lengths of pea seedborne mosaic potyvirus (PSbMV) have been reported 
in Czechoslovakia measuring from 700 nm (Musil, 1970) to 750 nm (Inouye, 
1967). and 770 nm by Ros (1970). IIampton et al. (1974) found that particle 
lengths varied by fixative treatment, and whether the preparations were from leaf 
dips or purified preparations. Leaf-dip preparations fixed in gluteraldehyde were 
700 nm in length, while particles from purified preparations fixed in gluteralde- 
hyde measured 750-770 nm. Coat protein molecular weight is reported to be 
34 kDa (Hampton and Mink, 1975). The entire virus genome has been 
sequenced. It consists of a positive-sense ssKNA of 9924 nucleotides in length 
containing a 9618 base open-reading frame which codes for a 364 klla poly- 
peptide (Johansen et al., 1991). 

Biology 

PSbMV was first discovered in Europe (Musil, 1966) and, at about the same time, 
it was reported in Japan by Inouye (1967), who described the virus using the 
name by which it is now commonly accepted. The virus was reported shortly 
after in the United States (Mink et nl., 1969; Stevenson and Hagedorn. 1Yb9), 
and described by Hampton (1969) as 'pea fizzle top virus'. It was not until 1980 
that PSbMV was found in the southern hemisphere in New Zealand (Fry and 
Young, 1980), then in England (Matthews et ul., 1981). 1,argely because of the 
potentially high levels of seed transmission, the ease of dissemination through 
international exchange of breeding lines, and the numerous species of aphid 
that can transmit PSbMV, this virus continues to be an economically important 
disease of pea (Mink et al., 1969; Stevenson and Hagcdorn, 1971; Hampton 
et al., 1976; Hampton and Braverman, 1979; Kraft and Hampton, 1980; 
Fletcher, 1993). It is also an important virus disease of faba bean (see Jellis r t  ul., 
Chapter 7, this volume). The virus is seedborne in pea, lentil and faba bean, but it 
is not known to be seedborne in chickpea (W.J. Kaiser, Washington, 1996, pcr- 
sonal communication). Pea seed with physical cracks in the seed coat transmit- 
ted PSbMV at 33%, compared to 4% in seed with normal intact seed coat 
(Stevenson and Hagedorn, 1970). However, seed cracking was not a reliable 
diagnostic tool for PSbMV. 

Symptoms in pea vary greatly with cultivar, temperature, and environmen- 
tal conditions as well as virus strain or pathotype. Common symptoms include 
epinasty or downward leaf rolling, mild chlorosis, vein-clearing, mosaic, and a 



general stunting of the plant. Symptoms are often most severe on plants emerging 
from infected seed. Tcrminal rosctting, a result of the reduction in intcrnodiil 
growth, is common and pods may bc deformed or fail to set. Plants grown in the 
field frequently may display fcwer obvious symptoms than thosc which are 
grown in the greenhouse or in growth chambers (Hampton ut al.. 1976). Mid- 
season pca cultivars typically display more severc rosetting symptoms than thc 
early cultivars (Hampton and Baggett, 1970). 

The host rangc of PSbMV includes 47  plant species in 12 families, only a fcw 
of which arc considered highly susceptiblc (Aapola et ( I ] . ,  1 9 74 ) .  Othcr hosts have 
since been reportcd, including chickpea (Alconero et nl., 1984). Becausc 
~'llnst~olus spp. are non-host members of the legumc family, they arc important to 
includc in biological assays for the prescncc or absencc of PSbMv Important 
diagnostic indicator plants includc faba bean, C'lrar~opotliurt~ quirroa arid C. ctr,~nrnil- 
tirolnr (Hampton and Mink. 1975). In the original work by Aapola t7t al. (1 974). 
alfalfa was reported as a host of the virus in aphid transmission tests. Howcvcr, 
there has been no recent cvidcnce to support thcir findings and it is now gener- 
ally considcrcd a non-host (R.C. Larscn, 1996, unpublished results). 

PSbMV exists as sevcral strains or pathovars. Harnpton et nl. ( 198 1 ) reported 
that seven isolates could bc distinguished on pca germplasm diffcrcntials. The 
isolates could be placed into one of five groups based on host response in selcctcd 
pea lines. All strains were closely related in serological tests. Furthermore, all test 
isolates from the USA and Japan were considcrcd to be closely related scrologic- 
ally. Two isolates from pea (P-1 and P-4) and one from lentil (L) were described by 
Alconcro tlt 11I .  (1986). The isolate frorn lentil, which only infcctcd pea cultivars 
i~lso susceptiblc to bcan yellow mosaic potyvirus, produccd much more severc 
symptoms in pea than those of the other two pea isolates. 

PSbMV is transrnittcd by at least 2 1 dilTerent aphid species on a worldwide 
basis (Khetarpal and Maury, 1987). Aryrtliosipl~on pisirnl. M!lzlis persicae. and 
Ai~llis craccivom Koch are likely to be the three most common aphid spccics which 
transmit thc virus in a nun-persistent manner. However, the potato aphid 
(Mncrosiplrorr euplrorhit~a Thorn.) is of concern wherever potatoes are grown near 
pea lields. Aphids can typically acquirc thc virus within 5 min. <:onsalez and 
Hagedorn (1  9 7 1 )  reported that 7-10'X, of tcst aphids transmitted PSbMV after a 
singlc acquisition probe. They also found that M. ~tcpllorbiae was significantly 
morc efficient than either M, persic'ice or A. pislrrr~ in transmission of PSbMV. 

Control 

Many pea germplasm ;iccessions currently available are resistant to PSbMV 
(Table 6.3). Kcsistance was tirst characterized as a single factor recessive sbrrl 
genc (ilagedorn and Gritton. 1973). Gritton and Hagedorn (1975) later identi- 
lied sbm- 1 to confcr resistance against the P-1 pathotype and to be linked with 
the gene wlo on chromosome 6 of peas. Kecessive genes sbrn-2 and sbm-3 confcr 
resistance to the L and related 1,-1 pathotype (Provvidenti and Alconero, 1988a). 
Gene sbm-2 is linked to mo on chromosome 2 .  A fourth gene, sbnl-4, is mono- 
genic recessive and confers resistance to the P-4 pathotype (Provvidenti and 
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Alconero, 1988b). The location of sbm-1 on chromosome 6 has been identified 
using molecular markers (Timmerman et a]., 1993). This information is useful 
for rapid identification of resistant progeny as early as the F, generation without 
inoculation of test plants with PSbMV, 

The most efficient control of PSbMV is to grow resistant cultivars, when 
available. Also, care should be taken by plant breeders and commercial growers 
to ensure that seed lots are relatively free of 1'SbMV Seed lots are now routinely 
tested for the prcsence of PSbMV. In addition, as for other viruses in the potyvirus 
group, aphid control is extremely important in limiting plant-lo-plant spread. 

PEA STREAK 

Causal Pathogen 

The pea streak carlaviruses (1'eSV) consist of slightly flexuous, rod-shaped parti- 
cles c. 619-653 nm in length. Examination of purified virions of the PcSV-Walla 
Walla strain, however, revealed three distinct particle sizes of 640 nrn, 140 nm. 
and 95  nm in length (Larsen at d., 199 3).  Veerisetty and Brakke (1977) rcported 
that PSV and alfalfa latent virus (AI,V) were two distinct viruses based on coat 
protein molecular weight and cornparelive sizes of their RNAs. Hanlpton ( 1  98 1) 
later suggested, however, that both A1,V and PSV comprised a single particle 
length of 630 nm, were serologically indistinct in KLISA tests, and could only be 
distinguished by minor differences in host range and symptomology. A recent 
comparison ofthe nucleic acid sequences of AlMV with the putative coat protein 
sequence of ALV revealed an 81'%, base homology (llampton, 1981: K.C. Larsen, 
1996, unpublished results). Homology was 95'% when the amino acid scquericc 
of both viral proteins were compared. The capsid protein of PeSV has a molecular 
weight of 28 kDa and the ssRNA resolved in glyoxal-denaturing gels as 8.1 kilo- 
bases (1,arsen ut ell., 1993). 

The virus is transmitted in a non-persistent manner by the pea aphid, and 
alfalfa is considered the most important perennial reservoir of PeSV (Harnpton 
and Webster, 198 3). Aphid specificity apparently occurs in nature. Pea aphids 
transmittcd the Wisconsin strain of PeSV at a low percentage rate (Kim and 
Iiagedorn, 1959), while a western strain from Idaho could be transmittcd with 
ease. 

Biology 

Pea streak carlavirus (PeSV) was first reported on peas in Virginia by Zaumeyer 
in 1938 and in Wisconsin pea fields by Hagedorn and Walker (1949a). The virus 
has been reported to occur in the USA, Canada and Germany (Bos, 1973), but is 
likely to have a wider geographic distribution. The host range of I'eSV is limited 
primarily to food and forage legumes but bean (Phuseolus vulguris) is not gener- 
ally considered a host. Symptoms in peas are characterized by purple to brown 
necrotic streaks on stems and petioles, brown necrotic lesions on leaves, and wilting 



of the plant. Symptoms on aftected pods include brown necrotic lesions often 
associated with sunken areas (Plate 14).  I'ods fail to fill properly if plants arc 
infected at an early age by 1'eSV (Hagedorn and Walker, 1949a). General leaf 
chlorosis can occur, but is usually not as severe as in peas infected with AIMV. 
Severe strains of 1'eSV can cause death of younger plants that become infected 
before flower set. Crop losses caused by PcSV can occasionally be significant in 
peas as well as other food legumes including chickpeas, lentils and ftlba beans. 
Severill strains of PcSV exist and have been described as PcSV- wall;^ Walla 
(Larsen c>t 01.. 199 3), PeSV-Central Ferry (Kaiser r l  nl.. 199 3) ,  rind alfalfa latent 
virus (Veerisetty and Brakke, 1978). 

Control 

Control consists primarily of avoiding planting peas near alfalfa tields ;]rid close 
monitoring and suppression of increasing aphid populations with timely aphicide 
applications. No pea cultivars that are resistant to 1'eSV currently exist. ;~lthough 
several PI accessions have been rcported to have some lcvcls of resistance or tol- 
erance under tield or greenhouse conditions l'l'able 6.2). Pour Plant Introduction 
accessions including PI  1 9 3845, 20 3066. 2 1.2OLY. and 2hlh77  were found to 
bc resistant to the 1'SV (1'-42) isolate (Ford and Ihggett, 19h5b). Hagedorn 
(1968) later rcported that three additional PI accessions (1  16944, 14029 7, and 
195405) were resistarit to the Wisconsin I'SV isolate. Baggctt and Ilampton 
(1977) rcported that two Oregon State llriiversity breeding lines (OSlJ B44.2-15 
and OSU B445-(30) exhibited rllodcratc to good resistance to PSV 

RED CLOVER VEIN MOSAIC 

Causal Pathogen 

Virus particles of red clover vein nlosaic carlavirus (RC'VMV) are slightly tlexu- 
ous rods 645 nm in length (Var~na, 1970). They arc co~llposed of a single- 
stranded RNA species with a length of 7.05 kilobases as determined by 
glyoxal-denaturing agarose gels (1,arsen ut rd., 1 Y96b). The virus coat protein 
has an apparent molecular weight ol' 32-3 3.5 kl)a (Veerisetty and Rrakke. 
19 77; Larsen et nl., 1996b). 

Biology 

RCVMV was first described in red clover by Osborn in 1937. Hagedorn and 
Walker (1949b) later described the virus in pea as 'Wisconsin pea stunt', by 
which it is still often referred. Symptoms include lnarked vein clearing accompa- 
nied by a mosaic in pea leaves. Specific symptoms may vary with virus strains 
and environmental conditions. Iliagnostic symptoms in field-infccted plants 
include severe stunting and a pronounced shortening of internodes resulting in 
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rosetting of leaves. A lack of apical dominance and a proliferation of axillary buds 
frequently occurs. Pod formation is severely affected when plants are infected 
before flower set thus reducing yields, or plants can be killed if infected at an early 
stage of growth (Hagedorn, 1984). Distribution of the virus is not well docu- 
mented, but the incidence is of increasing concern in the Willamette Valley of 
western Oregon. 

RCVMV is transmitted in a non-persistent manner by the pea aphid and by 
several other aphid species. Aphids acquire the virus from perennial host plants 
including red clover, alsike clover, crimson clover (T. it~c-articztutil), white sweet 
clover (Mrlilotlrs cllba), and alfalfa (Hagedorn and Hanson, 19  51). In the spring, 
aphids feed on these important virus reservoir perennial sources and move to pet1 
fields usually as alate forms. Several strains of RCVMV have been reported. 
Apparently they differ only by symptom expression or minor variations in host 
range. A strain of KC'VMV was recently isolated from chickpea, a previously 
undocun~ented host (1,arsen tni (11.. 1996b). Transillission of KCVMV through 
seed has been r-ported in red clover (Varma, 1970). Sander (1959) reported that 
KC'VMV was seed-transmitted in faba bean through six generations. It has not 
been reported as seedborne in alfalfa. The strain currently available from the 
American Type Culture Collection (RCVMV pvllO) was recently reported to bc 
seedborne in pea but at a very low rate (1,arsen rt id.. 199hb). 

Control 

As with other non-persistently transmitted viruses, care should be given to avoid 
planting peas near established clover or alfalfa fields. Also, close attention should 
be given to monitoring aphid populations and/or flights into the pea lield. 

Little information is available on resistant cultivars, PI accessions, or breed- 
ing lines. None has been identified with resistance to RC'VMV, although 
Hagedorn (1968) reported six PI lines with varying degrees of tolerance ('l'able 
6.3 ) .  Only a single virus isolate from red clover was used in the cvaluations. Nonc 
of the PI accessions with reported tolerance to KC'VMV was resistant or tolerant 
to PSV. 

PEA CYST NEMATODE 

Causal Pathogen 

The pea cyst nematode, Hrtrroderu gorttingiatlu Liebs., was first described as a 
pathogen of peas in 1892 (Jenkins and Taylor, 1967). Members of this nematode 
genus form a cyst at the end of their life cycle. The cyst, the oxidized cuticle of the 
female, forms a tough, leathery sac which can contain as many as 500  eggs, The 
cyst wall protects the eggs and is the survival structure. Second-stage larvae con- 
stitute the motile infective stage, possess a pointed tail, and range from 0.4 to 
0.6 mm in length. Once a feeding site is found, the larvae become stationary. 
Mature females are white and have the same body size and shape as the mature 
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cysts. At maturity, the posterior portion of the female body lies outside the root 
with only the neck embedded. After the final moult, males assume a vermiform 
shape, range in length from 0.7 to 1 .6 mm, and leave the root to reproduce sexu- 
ally with sedentary females. 

Biology 

The pea cyst nematode occurs throughout many regions of Europe and the 
Mediterranean Basin, including Germany, The Netherlands. Great Britain, 
Belgium. the former USSR, Spain, Portugal, France, Italy, Israel, Algeria and 
Malta ( I l i  Vito and Greco. 1986). To a limited extent, it also occurs in the IJSA, 
having been reported from greenhouse cultures in Idaho, Illinois and 
l'ennsylvania (Thorne. 1961; L)i Vito, 1991), and in commercial pea fields in 
western Washington (Handoo ct al., 1994). 

Syrnptoms in the field occur as clearly defined patches of stunted, chlorotic 
plants (Fig, 6.12).  Infected areas are first limited to small circular areas. but then 
may extend to the entire field (l)i Vito and Greco. 1986). The plants may be 
upright and small leaved (Biddlc ct (11.. 1988). Yellowing may not be apparent 
until the time of flowering, but then can progress rapidly from the base to the top 
of the plant. 'The root system is poorly developed with reduced Rhizobiun~ nodule 
development. 1,emon-shaped cysts, about 50 pin in diameter, can be found 
embedded in the roots. However, the cysts will slough off towards the end of the 

Fig. 6.12. Circular patches of peas infected with pea cyst nematode. Infected plants are 
yellow in colour (Photo: courtesy of D. Inglis). 
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season, particularly when the roots are decayed (Fig. 6.1 3). Fungal infections are 
frequently associated with pea cyst nematode infestations, and increase symp- 
tom severity (Stone and Course. 19  74). Plant damage can be magnified by co- 
infection with F. o.r!jspor~ir~~ f. sp, pisi race 1 (Riddle et ( 1 1 . .  1988). 

Infestations of' pea cyst nematode can cause considerable crop loss ( 1 3  Vito 
and Greco, 1986; Biddlc rt 1 1 1 . .  1988). Heavily infcsted fields require long rota- 
tions out of peas before peas can be grown again economically. 'I'olerance limits 
for peas, broad bean (Vic3itrji16a), and vetch (Vicirl spp.) are listed as 0.5.  0.8 and 
2.0 eggs g- '  of soil, respectively (Greco ct d., 1991). Yield losses of 2 0  and 50%) 
in Italy can occur at 3 and 8 eggs g-I of soil for pens: 5 and 1 5  eggs g ' soil for 
broad bean; and 0 and $8 eggs g - '  soil for vetch, and complete crop failure at 
3.2 and 64 eggs g ' of soil for pea and faba bean, respcctivcly (Greco r t  r d . .  190 1 ). 
Similar losses have been sustained in western Washington where dry pea seed 
yields averaged 18'% less at 5 eggs g ' soil and X 7%) less at 2 5 eggs g- soil com- 
pared to non-infested soil (1l.A. Inglis, 1996, unpublished results). Itowever. 

Fig. 6.13. Cysts of pea cyst nematode on surface of decayed pea root. These are visible to the 
naked eye (Photo: courtesy of D. Inglis). 
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Stone and Course (1974) reported variable relationships between initial peii cyst 
nematode densities and pea yields. 

The number of generations of this nematode per year may vary according to 
host species and environmental conditions (Di Vito and Greco, 1986). Jones 
(1950) reported that one or two generations per year arc completed on pea and 
faba bean in England, compared to southern Italy where three generations per 
year can occur on some host plants (Di Vito et al., 1974: (ireco et ul., 1986).  On 
short-growing-season hosts, such as peas, t1. goettingiana usually produces only 
one generation per year (l)i Vito, 1991). Egg production of up to 100 eggs per 
cyst occurs at 10-1 3OC if soil moisture is adequate (Greco ct (11.. 1986).  Above 
1 4 O C ,  females develop into cysts but no, or very few, egg masses are produced. 
Above 2 j°C, egg hatch and juvenile penetration of roots are suppressed cven in 
irrigated crops ( I l i  Vito, 1991). 

Invasion of pea roots by pea cyst nematode under constant and fluctuating 
soil temperatures in both grcenhouse and field experiments in western 
Washington also showed that soil temperature directly affected pea root penetra- 
tion ('kdford and Inglis. 1995).  After 286 degree hours (basal temperature of 
4.4OC') in the grcenhouse. ;I greater number of juveniles penetrated pea roots at 
1 0  than at 1 X or 26°C'. In the lield, later plantings, hence warmer soil tempera- 
tures, incrcased green pea yields. 

Pea, broad bcan, Austrian winter pea ( P ,  sativuirt var. trrvrrtsc'), gross-pea 
(Lntliyr~rs (*icc~r(l), and vetch (Vic.in spp.) are listed as major hosts of economic 
importance (Stone itnd c'ourse, 1974; L)i Vito, 199 1 ). Ui Vito tJt 111. ( 1980) tested 
the reaction of several leguminous species to six populations of I f .  gorttitl~jiitr~cl 
under greenhouse conditions and found soyabean, common bean, chickpea. 
Icntil and white lupin (I,upiri~is nlbris) among other hosts to be resistant. In addi- 
tion, Jones ( 1950, 1965) i111d R.1,. Huettel (Maryland. 199 3 ,  personill conlrnuni- 
cation) concluded that soyabcan and sweet pea (J,i~l/~!~r~rs oiL)n~ttrs) are not hosts 
of pea cyst nenltitode. 

Seventeen leguminous crops found in the Pacitic Northwest of the IISA were 
evaluated as potential hosts under greenhouse and tield conditions ('l'edford and 
Inglis. 199 5).  Nearly all tested plants, including processing peas, dry edible peas. 
faba bean. chickpea, lentil. hairy vetch (Vic3ict villosct). lima bean (P/I(ISYO~IIS 1111111- 
tus), snap bcan (I'l~rrsool~ts v~ilgc~ris), alfalfa, red clover (Tri/oliiirrt pr(rtatlstl), y c l l o ~  
c-lover (Trifi~liuirr cylri~rilo~t), black tiledick (Mctlic.~~go ltrj,~rlit~a), alsike clover 
(Trijoli~rrl~ It!ybridutrl), lupin ( I , L I ~ ~ ~ I I ~ s  nlpitili~), and sweet pea ( I ~ t l ~ ~ r ~ l s  odori~t~is). 
had detectable levels of root infection. However, cyst development only occurred 
on green pea, dry pea, and faba bean roots. Faba bean roots yielded more cysts 
and eggs per plant, thus the reproductive potential of cyst nematode was higher 
on faba bcan. 

Cyst nemirtodes, in general, are often undetected under tield conditions for 
years. For example, it takes 3-h years before population densities of thc golden 
netnatodc reach levels readily detected by regulatory surveys (Hrodie and hfai. 
1989). With the high susceptibility of peas, their wide geographic distribution. 
and the ease with which pea cyst nematode ciin be dissemini~ted (infested soil 
transported on equipment, and on plant parts), the probability is high that pea 
growing areas where short pea rotations are practised could be infested. 



911P J.M. KRAFT ET AL. 

In the absence of host plants, cysts can persist in soil for several years (Brown. 
1958). A population decline of 50% over the first 3 years was reported in both 
The Netherlands and England (Stemerding. 1960; Moriarty, 1963). In southern 
Italy. Ferris and Greco (1992) reported that pea cyst nematode can be managed 
by a combination of nematicides and crop rotation where populations of the 
nematode are low. 

Chemical control has been reported with both liquid and granular fumigants 
and non-volatile nematicides (Ili Vito and Greco. 1986). Continuous hatching of 
H. goettirlgiclnn eggs during the growing season prevents adequate control with 
low dosage rates of fumigants (Di Vito and Greco, 1986). Chemical control with 
non-fumigant nematicides should be initiated early in the growing season 
because the cyst nematode reacts strongly to hatching factors and can inflict 
substantial damage early in the growing season (Sikora, 1992). In the IJK, 
oxamyl when broadcast and incorporated prior to planting, provided good con- 
trol (Green et nl., 1981; A. Biddle, UK,  199 3, personal communication). 

Di Vito and Perrino (1978) reported that some accessions of P. sntivum 
subsp. uroerlsr, P,  sutivum subsp. elatium, and P. ubgssinininl exhibited moderate 
resistance. Hybrid lines obtained by crossing susceptible P. sntivurn cv. Progress 9 
with a resistant line of P. nbyssinicum also exhibited moderate resistance in the L:, 
generation (Ili Vito and Greco, 1986). lnglis et nl. (1995) evaluated the IJSIIA 
Pisum collection for resistance in western Washington. Out of nearly 2 500 acces- 
sions, only 22 accessions were more resistant than the susceptible controls. 
Readings were based on root ratings at the white cyst stage and foliar ratings at 
processing maturity. 

CONCLUSION 

In this chapter, we have attempted to describe the most important diseases of 
peas on a national and international scale, the disease symptoms, the pathogens, 
and to give currently acceptable control practices. Listed in 'I'able 6.1 are several 
foliar diseases, one root disease and one virus disease, the causal pathogens, 
symptoms and known control which we consider of minor or local importance 
only. Peas are subject to an array of bacterial, fungal, nematode and viral diseases 
which affect the foliage andlor roots. Many of these diseases can be readily con- 
trolled by growing resistant cultivars. Such diseases include bacterial blight, 
downy mildew, powdery mildew and fusarium wilt. Also, many viral diseases, 
such as pea seedborne mosaic, bean leaf roll and pea enation mosaic, that cause 
serious diseases in peas are controlled by growing resistant cultivars. What is 
encouraging is that resistance to most of these diseases has been relatively stable 
over the years. The notable exceptions are bacterial blight and downy mildew. 
where new races or strains of the pathogens keep appearing. 

Research on viruses of peas can be complex because of the interaction with 
the aphid vector and with overwintering hosts. More information is required on 
the aetiology of the viruses and their related strains, as well as on vector relations 
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and epidemiology, to develop predictive models for aphid build-up and insecticide 
spray scheduling. Most of the active work in legume virus research has occurred 
from about 1940 to 1985. Since this period, there has been a paucity of informa- 
tion in the literalure on virus incidence and progress in developing new resistant 
cultivars, and more work is needed in these areas. 

The severity of downy mildew car1 be lessened by longer rotations and the 
use of acylulanine fungicidal seed treatments. Also, the avoidance of planting 
reduced-foliage-type peas will help to manage this disease. Bacterial blight sever- 
ity can be reduced by growing seed crops under arid conditions and the strict 
avoidance of centre pivot irrigation systerns. In-furrow irrigation and wheel-line 
irrigation systems should only be used for pea seed increases. 

lliseases such as the cortical root rots and MN(-ospknerclltr blight have been 
diflicult to control through conventional breeding efforts. 'I'he levels of resistance 
available in the  pea genome are low and in many cases can be overcome by 
increased pathogen virulence, inoculum level and/or environmental stress. 
Currently, a n  integrated coritrol approach is needed for these diseases which 
includes cultural practices, genetic resistance, seed treatments and appropriate 
foliar fungicide applications. Hopefully, genetic engineering technology will come 
to the rescue. The successful trtinsformation of peas, starting with immature 
cotyledons ((;rant ct r r l . .  1995), will greatly facilitate the insertion of genes such 
as those for class I1 chitinase and class-11 H-1.3-glucanase which may enhance 
quantitative resistance to root and folinr pathogens (Jach ut al., 199 5 ) .  

REFERENCES 

Aiipola. A.A.. Knesek, J.li. irnd Mink, G.1. ( 1974) 'l'hc influence of inoculatiori procedure 
on the host range ofpca seed-bornc mosaic virus. I'l~!~to~~ctrlr~~l~~r!~ 64. 1003-1 OOh. 

illconcro. K.. I'rovvidcnti, K. and (~onsalvcs. I). (1986) Thrcc pea seedbornc mosaic virus 
piithotypcs from pea and lentil germ pltism. J'kir~t l)iscc~sr 70, 78 3--7Xh. 

Ali. S.M.. Sharnia. 13. and Ambrosc, M.1. (1Y1)4) Current status and futurr strategy in 
breeding pcii to improve rcsistancc to biotic and abiotic stresses. In: Muehlbaucr. F.J. 
and Kirisrr, 14'. 1. (ells) Espcitr[iittg tllr Prorl~rt,tiotr rrtlrl Use, (?/'C'ool Scr~sotr I:ootl Lrqrrrr~t~s. 
Kluwcr Academic l'ublishcrs. Dordrccsht, The Ncthcrlands, pp. 540- J 58. 

Allmaras, K.K.,  Kraft, j.M, anti Smuckcr. A.J.M. (1988) Soil compaction and crop rcsidirc 
effcc*ts of root disease of annual food Icgunies. In: Sumn~erfield. K.1. (ed) Ilbrlrl C'riy~s: 
('ool Sc~ci.s(~t~ 1:ood I,r!/~itt~c,s. Kluwcr Acadc~ni~ Publishers. Boston. IISI\, pp. (12 7-64;. 

Anderson. N.A. ( 1 982) 'l'hc genetics and pathology of Kki:oc.tot~ili sol(rr~i. Arrrr~rol Kr\'ic9\v 
Pll!/toplltllologg '0, 3'9-347. 

Ashby. J.W. ( 1984) 13ceri Icafroll virus. l)c,sc,riptiorrs Plllr~t I1irusc,s No. 2Xh. 
c'ommonwcalth Agricultural Bureaux, 1:arnham Royol. 1IK. 

13aggctt, J.K. ( 1984) c'ultivar differences in suscrptihility to nscochyta stcnl blight, cnation 
mosaic, anit red clover vein mosaic. I'is~rt~r Nawslrttc~ 16. 4-5. 

I3aggctt. J.K. and titimpton. K.O. ( 1  977) Oregon B4.12-15 and B445-(10 pea scc~ilborric 
mosaic virus-resistant breeding lines. t{ortS(.icnni~r 12. 506.  

Haggctl, 1.K. and Han~pton. R.O. (198 3) P~ i i  criation mosaic virus: Viiriatic3n in resistance 
conferred by rn. Pisrrtn Nrlwslr~ttc~r 1 5. 3-6. 

Haggett, J.K. and Hampton. K.O. ( 199 1 ) Inheritt~ncc ol' viral bean Icafroll tolerance in 
was, 1r1ur11nl o/'tltc Atncric*citr Soc.irt~ (~f~fortic~ult~trcll Si-ipt~(~p 1 I h. 718-7 % 1. 



Baggett, J.K. and Kean, L). (1988) Seven pea seedborne mosaic virus resistant pea breeding 
lines. Ilort6.ierlcc~ 2 3 .  h 30-6 3 1. 

Baggett. J.R.. Kasimor, K. and IIampton, R.O. (1994) OSIJ (763. OSLI 668,  and OSLI 677 
pea breeding lines resistant to pea seedborne mosaic virus. HortS(-ierrcu 29,  3 37-3 38. 

Bath. J.E. and 'Ssai, J.H. (1969) The use of aphids to separate two strains of pea cnation 
mosaic virus. Ph!jtopathology 59. 1 3 7 7-1 380. 

Biddle. A.J.. Knott. C.M. and Gent. C;.C (1988) Pea c.yst ncnlatode. In: 777e l'(;RO PLW 
Growirrg Hnrrrlhook. Prucclssors 1; (;ro\v~rs Rrs~trrclr Org:qclrristrticrr~. ?'he Research Station. 
Peterborough. IJK, p. 1 h0. 

Bol. J.E and Jaspers. E.M.J. (1994)  Alf~rlf;~ mosaic virus and ilarviruses. In: Webstcr Us(;. 
and Granoff, A. (cds) Rnc!lcl(q~~dict ( I (  Virology. Vol. 1 .  Academic Press, Sari Ilicgo. 
LISA. pp. 30-3 5 .  

Booth. C. (1971)  'UIP (;rrrrrs Frtsctrirrr?~. Commonwealth Mycological Institute. Kcw. I IK.  
237 pp. 

Bos. I,. ( 1  970)  Thc identification of three new viruses isolated from Wistc,rii~ end Pisurrr in 
The Netherlands and the problems of variation within the potato virus Y group. 
Nrtl~crlrrr~(is Jotrrrral c!iPlitnr P(~tlrology 76. 8-4 h. 

Bos. I,. (1973)  Pea streak virus. TMIIAAH Ilusi~riptiirns if Plifrrt Virriscls No. 112. 
Commonwealth Mycological Institute and the Association of Applicd I3iologists. Kcw, 
11K. 

Brctag, T.1V ( 199 1 )  Epidemiology and control of ascochyta blight of field peas. Phi) thesis, 
LaTrohe Ilniversity, Australia. 

Brodie. R.R. and Mai. W.F. (1989)  C'ontrol of the golden nematode in the IJnitetl States. 
Arlrrual Kcview ~~Pl~ytuptrtl~ology 27.  44  3-401. 

Brown. E.B. ( 19  58) Pea root eelworm in the castern countics oftngland. Nortl(tfologicir Ill. 
257-268. 

Charchar. M, and Kraft, J.M. (1989)  Response of near-isogcnic pea cultivars to inkction by 
Flisctriurn nxysporurn f. sp. pisi races 1 and 5. C'trrtodic~rr ]o~rrrrnl (!/' Plirrrt Si3it1r1c.c 69,  
13 35-1 346. 

Cockbain, A.J. and Gibbs. A.J. (1973)  Ilost range a ~ ~ t l  overwintering sources of bean 
leafroll and pcii cnation mosaic viruses in England. At~ni~ls if Alrl~liod Hiol(~g!j 7 3 ,  
177-1 87. 

Crampton. M.1, and Watts. L.E. ( 1  968)  (;enetic studies of pea leaf-roll (top-yellows) virus 
resistance in Pisurn sativum. New Zcalar~d lourr~al 01 Agric~rrltrtrill Rr~sr~nrc~l~ 1 1 , 
771-783. 

Crill. R. Hagcdorn, D.J. and Hanson. E.W. ( 1  970a) Aljllfir Mosctic: 141r 1)isrusr urrd its Virtrs 
Incitant. Research Bulletin No. 280. IJnivcrsity of Wisconsin. Madison, IISA. 4 0  pp. 

Crill, P,, Hagcdorn, D.J. and lianson, E.W. (197Ob) Incidence and effect of alfalfa mosaic. 
virus on alfalfa. Phytopufholog!~ 60,  1432-14 3 5. 

rlemler, S.A. and de Zoetcn, G.A. (1 994)  Pea enation mosaic virus. In: Webstcr, K.G. and 
Granoff, A. (eds) 1inc:ycloptdia of Virolog!j. Academic Press, San 1)iego. IJSA. 
pp. 1083-1 089 .  

I)i  Vito, M. (1 99 I ) The pea cyst nematode, Het~rod~ru goettingiunu. Ni~tnatali?y,y Circulrtr No. 
188. Florida Department of Agriculture and Consumer Serviccs. 1)ivision Plant 
Industry, 3 pp. 

Di Vito, M. and Greco, N. (1986) The pea cyst nematode. In: I,amberti, F. and 'Saylor. C.E. 
(eds) Cust Nernatndtjs, Scries A: I,ife Sciences Vol. 12 1 .  Plenum Press, New York. IISA. 
pp. 321-332. 

I>i Vito. M. and Perrino, I? ( 1978) Keazione di Pisurn spp, agli attacchi di Hetrroderu gorttirr- 
giana. Ncmatologiu Meditcrruneu h, I I 3 .  

Di Vito. M., Lamberti. 1, and Grcco, N. (1974) 'She life cycle of Iftteroderu goettitlgiurtu 



1.icbscher under lield conditioris in Southern Italy. Prorredings ol' XI1 1r1terr1~1tiontrl 
Syin/~osiurtr oftl~r Iluropn~n Nerrrtrtolog!/ Socirtg. Granada. Spain (abstr.). 

I)i  Vito. M., Greco, N. arid Lambcrti, I< (1980)  Comportamento di popolazioni rli H~trrorlerf~ 
goc~ttingiancl su specie diverse di Icguminose. Ir~h)rrr~ntor~ Fitopc1to1ogic.o 3 0 ,  7. 

1)ixon. (;.R. (198  I ) 1)owny mildew on pees and beans. In: Spcrlcer, I1.M. (ed.) T\IP I)OWIIH 
Mildew. Academic Press. New York. IJSA. pp. 87-5 14. 

1)rijllio~rt. E. ( 1  9 6 8 )  'I'esting for pea leafroll virus and inheritance of resistance in pcos. 
Iliipl~!/tic~cr 1 7, 224-2 3 5. 

Dul'fus, J.li. (1979)  Legume yellows virus, a new persistent aphid-transmitted virus of 
legumes in California. P/i~lopnt/ro/og~ (19, 2 17-221. 

lktwardson. 1.K. and ('hristie. K.G. ( 199 1 ) Iltrr~dbook (I/' Viruses Ir!frc,tir~g 1,rgiirttzs. C'RC' 
I'rcss. Int.., I3oca Katon, 1:lorida. LISA. 

Ferris. 11. arlcl Greco. N. ( 1992) Mar~iigcmcrlt strategies for Ht#tt~rodc.rn goettin{ginna in e veg- 
etable cropping system in Italy. I:~rr~tlnri~~rrk~l orrel Applird Nettrl~tolog!{ 1 5, 2 5- 3 3. 

I~lctchrr. 1.1). ( 1 9 9  3 )  Sirrvcys of virus diseases in pea. lentil, dwarl'and broad bcan crops in 
South Island. New Zcaliind. N(lrv Zrl~lni~d j~,urt~rlI of Crop a i~d  liortic~rrlturol Sci(~r~cc, 2 1 . 
45-5 5 .  

I:ord. R.E. and Raggctt. J.K. ( 1 9 0 5 a )  Kclativr severity of Icgilnie viruses in pcas rncasured 
by plant growth reduction. Plot11 Disc~cisc, Rclmrler 4 0 ,  (127-h29. 

I:ord. K.1:. and Haggett. 1.K. ( 19h5b) Rcactions of plant introduction lines of Pisrittt snti\~~irrt 
to alfall'ii mosliic, clover yellow mosaic, and pea streak viruses, aritl powdrry mildrw. 
I'lrrr~t I)isc~risc, Hc*l>orl(*r 40. 78 7-789. 

1?ritz, V.S.. Allmaras. K.K.. I'llc*ger. 111,. and Davis, D.W. (1995)  Oat residuc and soil corn- 
pi~ctiori inllucncrs on common root rot (Apl~nr~otlt!/c~~.s t,retc~ic~hr~s) of pcas in a line-tcx- 
tured soil. PItrrrt trr~el Soil 1 7 1 .  135-244. 

I:ry. 1'.H, and Young. ILK. '1980' Pea seed-borne mosaic virus in New Zealanti. 
/\listrrrl(rsi(~i~ Pleti~t ~'crt\~o/og~/ 9 ,  10- I 1 . 

(;onx;ilcz. I,.('. and Flagcdorn. I).]. ( 197  1 ) 'l'he transmission of pea sccd-borne mosaic virus 
by three aphid specirs. Plt!/tol~er~11oIog!/ 61.  825-828. 

(;rai~ff. M ,  tlr. Marl-in"I'-Veld, M.R. and laspars, E.M.I. (1995)  In vitro evidence that the 
coat protein of all'alf;i mosaic virus plays a direct role in the regtilittion of plus arid 
minus K N / i  synthcasis: implications for the lift, cycle of alfitll'a mosaic virus. C'irr,lo!l!l 
208,  58 3-589. 

(;rant. ].I:.. C'oopcr. t!A.. McArii. A.E. and Frew. 'I:]. ( 199;) 'I'ritnsformittion of w a s  (I'isuri~ 
sctlivrrrr~ I,.) using imrriiiturc cotyledons. /'l(o~t C'tlll Reports 1 5. 2 54-2 58. 

(;rau. C'.K.. Muchlchcn, A.M., 'l'oftc. 1.E. and Smith, K.K. (1  9 9  1 ) M~riability in virulrnce of 
Apl~ur~orrr~~c~es ~>ritt,icl~~s. Pltlr11 I)iscltlsc~ 75. 1 1 5  3-1 1 5 h. 

(;reco. N., I l i  Vito, M. and 1,ambcrti. 11 ( 1986) Studies on the biology of H(~tc3rotkc,r~l goc,trirr- 
giur~c~ in Southern Itsly. Nt$ri~lrtolo!jilr Mt~ditt~rr~ri~re~ 14. 1 3. 

(;rcco. N. ,  Ferris. 11. and Rrandonisio, A. ( I  9 9  1)  Hffect of fl~torodt*r[t goettir~git~rr~r popula- 
tions on the yield of pea, broad bci~n and vetch. Rev~rc, tit, N~tt~crt~lo!ji~~ 14, 6 1 9 - h 4 .  

(ireen. C.11.. Willii~~nson. K.. 1)cnnis. 1'.13. and McHurney, '1'. ( 198  1 ) 'I'hc effect of oxamyl on 
the growth of pcils attacked by pea cyst nematode. ilrrrtcils of Al)plit,~k Uiolog!i 97.  
3 0  3-309. 

Critton. Ii.'I', and llagetlorn. I).]. (1975)  1,inkage of the genes shrt~ and tvlo in peas. ('r(q1 
Scic*rrccS 1 5, 447-448. 

tlagcdorn. I).]. ( 1968) 1)iscasc reaction to l'islrrr~ sntivurit plant introductions to thrcc 
legume viruses. Pltrrrt I)isile~so Htsporfer 52. 1 h0-162. 

tlagcdorn. 11.J. ( 1974) Virrrs 1)isi~trs~s t!/'l't*cr, l'isuni sativuni. Monograph 9. 'I'hc Aniericau 
I'hytopathologic~iil Society. St I'aul. Minncsota. IISA. 



386 J. M. KRAFTET AL. I 

Hagedorn. D.J. (ed.) (1984) Cornpendiurn o/Rrc Diseases. The American Phytopathological 
Society. St Paul, Minnesota. USA. 57 pp. 

Hagedorn. D.J. and (;rillon, E.T. (1971) Registration of Wisconsin 7505 and 7106 pea 
germplasm. C'rop Sciencv 11 .946 .  

Hagcdorn. D.J. and Gritton. E.1: (1973) Inheritance of resistance to the pea seed-borne 
mosaic virus. Ph.ytopntl~olog!/ 6 3. 1 1 30-1 1 3 3. 

Hagedorn, 11.J. and Hampton. R.O. (1975)  Pea cnation mosaic virus resistance among 
commercial breeding lines of Pisurr~ sativ~rrn. Plztrt Dist~s(, K(1porter 59. 895-899. 

Hagcdorn. D.J. and Hanson. E.W. (1951) A comparative study of the virus causing 
Wisconsin pca stunt and red clover vein mosaic. Ph!/topcltlrc~logg 41. 8 1 3-8 19. 

Hagedorn, D.J. and Walker. D.J. ( 194%) Wisconsin pea streak. PI~~~topc~t/~oloyt/~log 39, 
8 3 7-84 7. 

Hagedorn. 11.1. and Walker. D.J. (1  949b) Wisconsin pea stunt, a ricwly described disease. 
\ourncll q(Agricultura1 Kesrarch 78, h 1 7-626. 

Hagcdorn. D.J.. 1,ayne. R.E.C. and Ruppcl. E.G.  (1964)  Host range of pea enation mosi~ic 
virus and use of C'l~erlopodiritn tr[b~lr~r as a local-lesion host. Ph!~tiy~utl~ologt~ 54, 8 4  3-  
848. 

Hampton. R.O. (1969) Characteristics of virus particles associated with the seed-bornc 
mosaic pea tinletop disease. Ph!ito~mtholog.~i 59. 1029. 

!lampton. K.O. (1  9 8 1 )  Evidence suggesting identity between alfalfa latent and pee streak 
viruscs. I'hytoputhology 7 1. 22 3 (abstr.). 

Hampton. R.O. (1983) Pea leafroll in northwestern pea seed. Plrrrrt I)iscwsc3 h7. 
1 306-1 3 10. 

Hampton. R.O. and Baggett, J.K. ( 1970) Host effects and diagnostic syrnptonis ofpca iimle- 
top disease. Plnnt Disea.se Reporter 54, 3 5 5 -  3 58. 

Hampton. K.0, and Hraverman. S.W. (1  979)  Occurrence of pea sccdbornc niosaic. virus 
and new virus immune gerrnplasrn in thc plant introduction collection of Pislitti 
sutii~unl. Hunt Disease Keporter h 3, 9 5-99. 

Hampton, R.O. and Mink. (;.I. ( 19 75) Pea seed-borne mosaic virus. 1)c~sc.riptiorrs of l'lurlt 
Viruses No. 146. Commonwealth Agricultural 13ureaux. I7arnham Koyal. IJK. 

Hampton. R.O. and Webster. K.A. (1983)  R a  streak anti alfalfa mosaic viruses in ii lf i~lfi l :  

Reservoir of viruses infectious to Pisurrr peas. Plnrtt 1)isense 67 ,  308- 3 10. 
tiampton. K.O.. Knesek, j.E. and Mink, G.I. ( 1  9 74) Particle-length variability of the pea 

seedborne mosaic virus. Phytopathology 64,  1 3 58-1 36 3. 
Hampton. R.O., Mink, G.I.. Hamilton. K.I.. Kraft. J.M. and Muchlbaucr. Ilj. (1976)  

Occurrence of pea seedborne mosaic virus in North American pea breeding lines, i ~ n d  
procedures for its elimination. PIunt Disease Keportcr 60 ,  4 5  5-458. 

tlampton, R.O.. Mink, G.I.. Ros, I,.. Inouyc. T.. Musil. M. and Ifagedorn. 1). ( 198 1 )  Ilost dif- 
ferentiation and serological homology of pea scud-borne mosaic virus isolates. 
Netherlands Journul o$ Plant Pathology 8 7, 1-1 0. 

Handoo. Z.A., (;olden. A.M., Chitwood, L).J., Haglund, W.A., Inglis. I).A.. Santo, G . S . .  
Baldwin, J.C. and Williams, 11.1. (1994) Pea cyst nematode detected in western 
Washington. Plant Iliseuse 78. 8 3  1 .  

Iledrick. U.P, Hall. F.H.. Hawthorn, L.R. and Berger, A. (1928) Vcgctablcs of New York. 
VoI. I: Peas of New York. Rcport oftthe New York Stute Agriculturul lixprirncnt Stutiorr. 
J.B. Lyon Company, Albany, New York, IJSA, 1 32 pp. 

Hubbeling. N. (1975) Resistance of peas to downy mildew and distinction of races of 
Peronosporu pisi Syd. Mededelingen van du Faculteit I~ndbouwwetansc~/~appc~n 
Rijksuniverstiteit, Gent 40. 5 39-54 3 .  

Huisman. O.C. (1982) Interrelations of root growth dynamics to epidemiology of root- 
invading fungi. Annual Review ojPh~topatholog~ 20,  303-327. 



I DISEASES OF PEA -- 367 

Inglis. D.A.. Johnson, I,., Kraft, I.. Mojtahedi, H. and 'redford, E.C. (1995) Evaluation of the 
IJSIIA Pisum collection for resistance to the pea cyst nematode, lfrterodera go~ttin- 
yiana. Proceedir~gs of the Nutional Pea Improvemerlt Association Biennial Meeting. East 
Lansing, Michigan. USA (abstr.), p. 20 .  

Inouye. '1: (19 67) A seed-borne mosaic virus of pea. Annals cf the Phytopathnlngicul Society 
nf)[~pun 3 3 .  38-42. 

Jach. J , .  Gornhardt. H.. Mundy. I . ,  Logemann, 1.. Pinsdorf. F... Leah, R., Schell. J,  and Maas, 
C. (199 5) lnhanced quantitative resistance against fungal disease by combinatorial 
expression of different barley antifungal proteins in transgenic tobacco. The Platit 
\ourt~~rl 8.  9 7-109. 

Jaspers. E.M.J. and Hos. L. ( 1  98O) Alfalfa mosaic virus. Drsc.riptions o$ Plnrit Viruses No. 
229.  Commonwealth Agricultural Bureaux, Farnham Royal. IJK. 

Jenkins. W.R. and 'l'aylor. D.l? ( 1  9h7) Plant Netnutolog!/. Reinhold Publishing Co.. New 
York. IISA. 270  pp. 

Johanscn, 1.. Kasmussen, O.F., tIcide. M. and Horkgardt, 13. (1991)  The complete 
nuclcotide sequence of pea seed-borne mosaic virus RNA. /ournal o,lC'ener(~I Virologg 
72,2625-2632.  

Jones, I1G.W. ( 1  9 50)  Observations on the beet celworm and other cyst forming species of 
Hetero~i~ru. Anr~e~ls etfAppli~c1 Hiol~lg!~ 37, 407.  

Joncs. F.(;.W. (19h5)  I'opulation studies on pea cyst-nematode Hetc~rodern goc~ttingiartu 
Licbs. Ar~rlclls c!fAlq)lietl Biolo!g!/ 5 5. 1 1-2 3 .  

Kriiser, W.]. ( 1 Y 72)  Diseases of food legumes caused by pea leafroll virus in Iran. 1fl0 Plant 
Prcitre'tiot~ Bulletin LO. 127- 1 3 3 .  

Kaiser, W.J.. Klein, K.E.. 1,arsen. R.C. and Wyatt. S.L). ( 1  99  3 )  Chickpea wilt incited by pea 
streak carlavirus. Plant 1)istase 77. 9 22-926. 

Khctirrpal. K.K. and Maury. Y. ( 1  987 )  Pea seed-borne mosaic virus: a review. Agror~ort~ie 7. 
2 15-214. 

Kim. W.S. and tiagcdorn. D.J. (1959)  Streak inciting viruses of canning pea. 
~ ' / l ! j t l i ~ l ~ l f ~ f O ~ ~ i { / ! ~  49,  656-664. 

Klcin. R.B., 1,arsen. K.C1, and Kaistlr, W.J. (1Y9 1 ) Virus epidemic of grain legumes in cast- 
ern Washington. i'lurrt L)ist~ctscs 75. 1 I8 h. 

Knavcl. I1.E. ( l 9 h7) Studies on  resistance to Fusarium root rot. Fusctrilrrr~ solnni f, sp. pisi 
(F.K. Joncs) i r ~  Pis~rrr~ scctiv~~rn L. Artreric.czn .Soi.iety c?fllorlic~ilt~rr(t/ S(.ii~ncr 90. 2 60-2 67. 

Kraft. J.M. ( 1978) The role of delphinidin and sugars in the resistance of pea seedlings to 
I~usiirium root rot. P l ~ ! ~ t o ~ ~ ) , c ~ t / ~ c i l e i g ! /  h7. 1057- l Ohl. 

Kraft, 1.M. ( I  986 )  Seed electrolyte loss and resistance to 1:usarium root rot of peas. l'llrnt 
1)isrtrse 70. 74 3-745. 

Kraft, j.M, and Roge, W.1,. ( 1994) 1)evcloprncnt of en antiserum to quantify Aphc~rrorn!/c'us 
eutcic-l~es in rcsistiint pea lines. l'lco~t I)iscorlse 78. 1 79-1 8 3.  

Kraft, J.M. and Rogc. W.L. (1995)  Effect of time on lesion length and pathogen buildup in 
pea lincs resistant and susccptible to Aphanomyces root rot. Ph?lto~~trtl~olo[~!/ 85. 
1 120. 

Kraft. J.M. and (;ilcs. K.A. (1978)  Kcgistration of VR74-410-2 and VR7-I-1492-1 pea 
germplasm. C'roip Scicr~c.cl 18. 109 9 .  

Kraft, J.M. and liaglund. W.A. ( 19 78) A reappraisal of the race classilication of F~tsari~irn 
ox!{sl>orrrrrr f. sp. pisi, f'h!ltopc~tholo~~!~ 68,  27 3-276. 

Kraft. J.M. and Hampton. K.O. ( 1  980)  Crop losses from pea seedborne mosaic virus in six 
processing pea cultivars. Plrlr~t 1)istwsr h4. 922-924. 

Krafi, j . ~ .  and Kaiser, W.J. ( 199 3 )  Screening for disease resistance in p'a. In: Singh. K.H. 
and Saxena, Ma('. (cds) flrc.rdit~g,fi)r Strrss Toltrctncr in Cool-S~~ISO~I A ) o ~  I,r!~lo~lrs. John 
Wiley & Sons. Chichester, IIK, pp. 12 3-144. 



388 J. M. KRAFT ET AL. / 

Kraft, J.M. and Papavizas, G.C.  (1 9 8  3) [Jse of host resistance, Trichodcrrtln, and fungicides 
to control soilborne diseases and increase seed yields of peas. Plnnt Disaas~ h7,  12 34- 
1237. 

KraR. ].Ms. Hurke. I1.W. and Haglund. W.A. ( 198 1 )  Fusarium diseases of beans, peas, and 
lentils. In: Nelson, P.E., 'l'oussoun T.A. and Cook. K.J. (eds) 1:usoriutn: I)isrloses. Uiolcrg!y!l, 
arld 'li~xotrort~!y. Pennsylvania State Ilniversity Press, Ilniversity Park, IISA, 
pp. 142-1 56. 

Kraft. 1.M.. tiaware. M.P. and Hussein. M.M. ( 1  988)  Root rot and wilt disease of food 
legumes. In: Summerfield. K.]. (ed.) World Croj~s: Cncrl S(,rrsort 1:ood I,c3glrrrtt~s. Kluwer 
Academic Publishers. Dorcirecht. 'She Netherlands, pp. 5135-575. 

Kraft. J.M.. Marcinkowska. J. and Muehlbauer. F.J. (1990)  1)etcction of Apllrrr~orr~!lc~os elrtcl- 
ichra in field soil from northern Idaho by a wet-sievinglbaiting technique. Plrrrlt 
Disease 74. 716-718. 

Kraft. J.M.. C'offrnan. vA. and Darnell. '1: ( 1 9 9 5 )  t'ca common root rot control with culti- 
var resistance and biocontrol seeti dressing. 1994. Biologicccl trrrd ('~rltur~rl Tctsts ,krr 
~'orttrol ~ ( P l n r ~ t  Disensc#s 10, 1 39. 

Larsen. R.C.. Wyatt. S.D. and Kaiser. W.J. ( 199 3 )  C'haractcrization of a severe strain ol' pea 
streak carlavirus isolated from chickpea in Washington. l'l~!~to/)~ltlrolog!/ 8 3. 1 374 
(abstr.). 

I,arsen, R.C.. Kaiser. W.]. and Klein. R.E. (199ba)  Alfalfh, a non-host of pea cnation mosaic 
virus in Washington State. ('atlndinn ktrtrrlirl (!/l'l~t~t Srierlce 76. 52 1-524. 

Larsen. R.C.. Kaiser. W.]. and Wyatt. S.D. (199  hb) First report of e virus disease ofchickpea 
caused by a strain of red clover vein mosaic. carlavirus. lJ1nlll Disc,rrse 80. 709. 

I ~ w i s .  M.E. and Gritton. E.T. ( 1 9 8 8 )  Improving resistance to Aphanomyces root rot in 
peas via recurrent selection. Pis~ttt~ Nnvslettar 20. 20-2 1. 

Marx. (;.A. ( 1 9  77)  Classification, genetics and breeding. In: Sutcliff, ].I:. and Pate, J.S. Ieds) 
The Ph!lsiology of the (;nrder~ Rrc. Acadcmic Press. New York. IISA, pp. 2 1-4 3. 

Matthcws. P (1981)  Breeding for resistance to dowrty mildews. In: Spencer. D.M. (ctl.) ??ro 
Downy Mildews. Academic Press, New York. LISA, pp. 255-287. 

Matthews, R .  Dawson. 1.K.O. and Hills. (;.I]. ( 1 9 8 1 )  Pea seed-borne mosaic virus 
(PSbMV). 1ohr1 1nrlc.s Suvcttt!/-Jrst Attrlu~I Report. 1980,  pp. 3 1-32, 

Matuo. T. and Snydcr. W.C. (1 9 7 2 )  Host virulcricc and the H!~pottr~ccs stagc of 1:usctrirrrtr 
snlani f. sp. pisi. Ph.ytopatho1ogy 62 ,  7 3 1-7 3 5. 

McCoy. R.J. and Kraft. J.M. (1984)  Resistance in Pisurtl sc~tivurr~ to epicotyl rot caused by 
Rhizoctorrirr solrtri. PIartt 1)iseusc 68,  4 9  1-49 3. 

McWhorter. 1 . R  and Cook. W.C. ( 1 9 58) 'She hosts and strains of pea enation mosaic virus. 
Plnrll Disrcise Reporter 42, 5 1-60. 

Mink, (;.I.. Kraft. 1.. Knesek, J. and Jafri. A. ( 1 9 6 9 )  A seed-borne virus of petis. 
Ph,ytopathology 59. 1342-1 343. 

Moriarty. 1). (1 9 6  3) The decline of a pea root eelworm (H~tcmdcrrr gocttirrgintrn I,iebschcr) 
population in the absence of host plants. ]o~rrt~ul oj'Agriclrltuni1 Srmiertc<c h I .  1 3 5. 

Muehlbauer. F.J. (198 3)  Eight germplasm lines of pea resistant to PSbMV. ('rcyr Sc.ierlc-c 2 3. 
1019.  

Muehlbauer. 11). and Kraft. J.M. (1 9 7  3 )  Evidence of heritable resistance to I:ust~riunt sohtri 
f. sp, pisi and P.ythiurt~ ultirnurn. Crop Science 1 3. 34-36, 

Musil. M. (1966) ijbcr das Vorkommen des Viruses des Blattrollens dcr Erbsc in der 
Slowakei (Vorlaufige Mitleilung). Hiologia (Hrutislnvia) 2 I .  133-1 38. 

Musil, M. (1970) I'ea leaf roll mosaic virus and its properties. Hiolngia (Hrutislavu) 25 ,  
379-392. 

Nash, S.M. and Snyder, W.C. (1 Yh2) Quantitative estimations by plate counts of propag- 
ules o f the  bean root rot Fusariurn in field soils. Ph~toputhology 52, 567-572. 



I DISEASES OF PEA .- 

Nclleman. L..  van der Kuyl, A.C. and Rol. J.1' (1 991)  Role of alfalfa mosaic virus coat pro- 
tein in symptom formation. Iournal ojGeneral Virology 1 8  1 ,  687-69 3. 

Osborn, H.'S. (1935)  Incubation period of pea mosaic in the aphid. Macrosiphum pisi. 
Phytopathology 2 5, 160-1 77. 

Osborn. f1.T. ( 19 3 7)  Vein mosaic virus of red clover. Phytopathology 27,  1051-1058. 
Peters. 11. ( 1982) Pea enation mosaic. L)escriptions of' Plant Viruses No. 257. 

Commonwealth Agricultural Bureaux, Farnham Koyal, UK. 
Prill, B., Maiss, E., Katul, L. and Casper, K. ( 1990) Nuclcotide sequence of the bean leafroll 

luteovirus coat protein gene. Nrrcleic Arids Resecrrrh 18. 5 544. 
Provvidenti. R. and Alconero. K. ( 1  988a)  Inheritance of resistance to a lentil strain of pea 

seed-borne niosaic virus in Pisunt sntivum. lourrral c!f Her~ditg 79. 45-47. 
Provvidcnti. R. and Alconero, K.  (1988b) Inhcritance of resistance to a third pathotype of 

pea seed-borne mosaic virus in Pisurr~ sativrtrtr. /ourrrol q/ Hcrc~clity 79. 76-77. 
Provvidcnti. R, and Alconero. K. ( 1 9 8 8 ~ )  Sources of resistance to pathotypcs of pea seed- 

borne mosaic virus in the U.S. plant irliroductions of Pisltrl~ sativunr. Pisrlrrr Nrwslrtt~r 
20. 30-31. 

Vuantx. L. and Volk, 1. (1 9 5 4 )  Die Blattrollkrankheit der Ackerbohne und Erbsc, einc neue 
Viruskrankhcit bei Legurninoscn. Nrrc,/rric/~tot~blatt rler I)i~utsi.lrc~r~ Pflrtn:ensc.l~ritz- 
dic~r~str*.s h. 177-1 82.  

Kahman, 11 and Pcaden, K.N. (199  3 )  Incidence of viruses on alfalfa in western North 
America. Plut~l Viscctsc 77. 160-162. 

Kcijnders. I,.. Aalbers. A.M.J.. Kammcn. A. and van Thuring. K.W.J. (1974)  Molecular 
weights of plant viral KNAs determined by gel electrophoresis under denaturing con- 
ditions. Virolog!~ 60.  5 1 5-52 1. 

Kush, C'.M. ( 1987)  'She relationship betwccn hollow heart of pcaseed electrolyte loss, dis- 
case susceptibility, ant1 plant growth. Pl~!lto~nrtl~olocl!l 77, 1 5 3 3- 1 5 36. 

Sander. E. ( 19 59)  13iological propcrties of red clover vein mosaic virus. f'l~!ltoptrthology 49.  
748-754. 

Sc-hroeder. W.1 and Harton. I1.W. ( 1958)  The naturc iuid irlheritarice of rcsistancc to the 
pca enation niosaic virus in garden pea. Pisrrrrr scttivrirr~ L. Pl~!/t~rpat/~oli~qy 48.  
h X - h  32.  

Shcrwood. K.'I: iind Ilirgedorrl. V.I. ( I 9  58)  I)etcrniinitig the colnnion root rot potential of 
pca liclds. Wisc-cv~sir~ Agric~rtltrrr(r1 lxl~crirr~rr~t Stntior~ Brrllt~lit~ 5 3 1. 

Sikora. K.A. ( 1992)  Management of this antagonistic potential in agricultural ccosystcms 
for the biological control of plant parasitic nematodes. Ar~rrrcc~l KcJvir\v (!f 
I ' /t!llo~~czt~~~lo~~!~ 30. 24 5-2 70. 

Snyder, W.C1, and Hanscn. H.N. ( 1940)  The species concept iri F~isctririrr~. Ar~~erirc~rt /ourrral 
1IJ"otr111!/ 27,  (34-67. 

st as^, '17.E.. tiarman, G.E. and Marx. (;.A. ( 1980)  'Sime and site of itlfectiorl of resistant and 
susc.cptiblc grrminating pcii seeds by I'!lt/~ilrrrr riltirr~lirr~. PJr!lt~~~~rrJ~olog!~ 70. 7 3O-7 3 3.  

Stegmark. K. (1  9 8 8 )  llowny mildew resistancc o l  various Ixa genotypes. Ac'trr A!~rit~rrlttrrr 
Si~ar~dirrri\~itr i 8.  3 7 3- 3 79. 

Stegmark. R.  ( 1990)  Variation for virulcncc irniong Scandinavian isolates of Pt~ror~ospor(i 
vicitrt, f. sp. pisi (pca downy mildew) and responses of pca genotypes. I'ltrr~t P(lr/rcrlc~g!l 
39. 1 1 8-1 24. 

Stcmerding. S. ( 1  9 6 0 )  The influence of different rotations on a population of peii cyst cel- 
worm, !lptcrodi,ra goclttir~gic~rnr 1,iebscher. Nf~rrrcrtologircr (Srrpplt>mc~nt 11). 9 7 .  

Stevenson, W.K. and Hagcdorn, 1).1. (1969)  A new wed-bornc virus of peas. 
P/r!itopot/~olog!/ 59. 1 0 5  1-1 052  (abstr.). 

Stevenson. W.H. and Hagedorn. I).]. (1 970)  Effect of seed size and condition 011 transniis- 
sion of pea seed-borne mosaic virus. P/~~to~?irt/rolog!~ 60,  1 148-1 149. 



370 J.M. KRAFTET AL. 

Stevenson, W.K.. and Hagedorn. L1.J. (1971) Reaction of Pisurrl sativurr~ to the pea seed- 
borne mosaic virus. Plarlt Uiseclse Reporter 55.408-410. 

Stone. A.R. and Course. J.A. (1974)  Hcterocieru goettingiar~a. CIfI  Descriptior~s o f l  Plant 
Parasitic Nematodes. Set 4. No. 47. Commonwealth Institute of Helminthology, St 
Albans. UK. 

'raylor. J.D.. Bevan. J.R.. Crute. I.R. and Reader. S.L. (1989)  Genetic relationships between 
races of Pseudornonas syrir~yur and cultivars of Pisurrl sativurn. Plur~t Pathology 38, 
365-375. 

'kdford. E.C. and Inglis. D.A. (199 5) Effect of temperature on root invasion by the pea cyst 
nematode. Heterc~dera goettir~giar~a. Prcx-eedings An~cricclr~ Phytop~thologicul Sorietg 
Pacijc Division Meetirlgs, jackson Hole. Wyoming, LISA (abstr.). 

Thorne, C .  ( 196  1 ) Prir~c,iples of Nerr~atology. McCraw-Hill Company. New York. LISA. 5 5 3 
PP. 

Thottappilly, G.. Ya-Chu. j.K., Hooper, G.K. and Bath, J.E. (1977)  Host range, symptomol- 
ogy, and electronmicroscopy of a persistent, aphid-transmitted virus from alfalfa in 
Michigan. P h ~ t c ~ p a t l ~ o l o g y  67. 1 4 5  1-1 459 .  

Timmerman. (;.M.. Frew. T.J.. Miller. A.L.. Weeden, N.F, and Jermyn, W.A. ( 1  993)  Linkage 
mapping of sbm-1 ,  a gene conferring resistance to pea seed-borne mosaic virus, using 
molecular markers in Pisurrl sntivum. Th~oretical arid Applied (;er~ctics 8 5. 609-6 1 5. 

Tinsley. 'LW. (1959)  Pea leaf roll, a new virus disease of legumes in England. I'lnt~t 
Pathology 8 ,  17-1 8. 

Toros. S.. Schotman. C.Y.L. and Peters. D. (1978)  A new approach to measure the LP50 of 
pea enation mosaic virus in its vector. Virology 90 ,  2 35-240. 

Toussoun. 'l'.A. and Nelson. I!E. ( 1968)  A Pic,toriul Gnide Lo thr Iderltificcitior~ (!/' 1:lisclririrrl 
Species. The Rnnsylvania State University Press. Ilniversity Park, Pennsylvania, 
USA. 5 1 pp. 

Van der Plaats-Niterink. A.J. ( 198 1) Morloyrclph of the (;c.nus Pythium. Studies i r ~  M!lc3c~log!/ 
No. 21, Institute of the Koyal Netherlands Academy of Sciences and Letters. 
Centraalbureau Voor Schimmelcultures. Baarn. The Netherlands. 

Varma. A. ( 1 9 7 0 )  Red clover vein mosaic virus. Descriptior~s q/' Plnr~l Viruses No. 2 2 .  
Commonwealth Agricultural Bureaux. Farnham Royal. IJK. 

Veerisetty, V, and Brakke, M.K. (1977) Differentiation of legume carlaviruses based on 
their biochemical properties. Virology 8 3. 226-2 3 1. 

Veerisetty, V. and Brakke, M.K. (1978)  Purification of some legume carlaviruses. 
Phytopathology 68 ,  59-64. 

Waterhouse. P.M., Gildow. F.E. and Johnstone, G.R. ( 1 9 8 8 )  'I'he luteovirus group. 
Descriptions o /P lar~t  Viruses No. 3 39. Association of Applicd Biologists, Wellesbourne. 
IJK. 

7aumeyer. W.J. ( 19 38) A streak disease of peas and its relation to several strains of alfalfa 
mosaic virus. journal ofAgriculturu1 Rrsearch 56. 74 7-772. 



DISEASES OF FABA BEAN 4 
G.J. JELLIS, D.A. BOND AND R.E. BOULTON 

Plnr~t Hrrwfirtg Ir~tarntrtiot~rrl cn~r~bridqc~, Mnris 1,rrt1~, Trrrrrtj)ir~gtorl, C'ittt~bri&u CH2 21.Q. U K  

INTRODUCTION 

N o  wild progenitor of faba bean (I'ic~bfilbct) is known but the geographical origir~ 
is generally thought to be the Near East. 'The small-seeded form. I/. fr~bcr subsp. 
~~(~rtcijuger, now mainly grown in Afghanistan and India, is considered to bc morr 
primitive than the commonly cultivirted I'. / r ~ b ~  subsp. firbtr, and its varieties 
rt~it~or, c'yrrir~c~ and ttlcljor. The expansion of cultivation l'rom the centre of origin to 
Mrditerrancnn countries, central Europe. Ethiopia. Afghanistan and C'hina was 
accompanietl by an evolution of diversity in seed size anti shape and degrccs ot' 
allogamy (C'ubero, 1974). 1,argr-seeded types did not appear until about 500 ;\I) 
and the species only reached thc New World with the Spaniards in the 16th cen- 
tury. 

'The total world ~~~~~~~~~~tion wirs cstimirted as 3 . 7 h 2 . 0 0 0  t on 2.855.000 ha 
in 1994 (FAO. 1995). L'hina is the largest producer with 2.330.000 t from 
1,700.000 ha, but over 100,000 ha in each country are grown in Ethiopia. 
Egypt. Morocco and the LIE;. In l<urope, the area is generally declining but the 
crop still forms an inlporta~lt legunle break from ccrei~ls in the 1IK, both from a 
spring and an autumn sowing. 

'She seeds are mainly used for human food in Africa, Asitr and South 
America: faba beans are, l i~r  example, a signiticant proportion of the humtin pro- 
tein intake in Egypt, but in Europe. Canada and Australia tilost of the production 
of small-seeded types goes for animal feed, the larger-seeded broad beans bcing 
used on a small scale as vegetables, fresh, canned or frozen. 

The plant is a stiff-strawed annual legunle with n tap root and secondary 
roots which estirblish sytnbiosis with Rhi:ohi~rtt~ and fix nitrogen. Flowers are 
about 3 5%) cross-pollinated, nlainly by bumble bees: heterosis and inbreeding 
depression are marked, and some cultivars are composites or populations rather 
than pure lines. In regions with mechanized farming. the crop has been adapted 
to the cultivation and harvesting methods that are used for cereals. 

N A B  INTERNATIONAL 1998. T h e  P ~ t h o l o g y  o f  Food d n d  P,isture Legun~cs 
(eds D.1. Allen and 1.M. Lenn6) 
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The plant requires a considerable amount of water to maintain turgor, 
support its erect stems and prevent pod loss, so it is particularly subject to 
drought stress. High and low temperatures can limit pollination and fertilization, 
so in arid regions the crop is often grown in the winter or at high altitudes. There 
are winter-hardy cultivars but severe winters limit cultivation in cold continental 
climates. However, the above abiotic stresses arc matched by the effects of various 
pests and diseases and where these are not controlled. or resistant cultivars have 
not been bred, the result is some instability of yields. This chapter describes the 
major diseases, but other diseases, shown in 'l'able 7.1, also constrain production 
in some places or seasons. 

CHOCOLATE SPOT 

Aetiology 

C'hocolate spot is caused by both Botrytis cit~eren Pers, ex Pers. and Hotr!ltisjilbctu 
(Sard.). B. citlerea is the anamorph of Botr!lotiniil ./irckcliann (de Bary) Whetzel 
(= Sclerotinin fickeliuna (de Hary) 1:uckel). A teleomorph of' B. /ilbuu. Rotr!jotit~ia 
fnhae, was described by Wu and Lu (1 99 1 ), but apothecia were obtained experi- 
mentally and no confirmation of this report has appeared. 

Biology 

B, fabae is usually regarded as the more important causal agent (Manslield, 1980). 
although Harrison (1984) has reported that H .  cirlerra may be more important 
than previously thought. B, cblcrca can certainly sometimes cause rottirlg of grecn 
pods, gaining entry through dead flowers (Jellis and Bond, 1980) (Fig. 7.1). H , j ~ b a ~  
can only be distinguished from B. cinereu on conidia size, not on appearance of 
lesions (Harrison, 198 3). 13. cinerea is a serious pathogen of lentil and chickpea (see 
Bayaa and Erskine. Chapter 8, this volume and Haware, Chapter 9 this volume). 

The pathogen comprises mycelium which spreads in healthy leaves in humid 
conditions. but once leaves are senescent or falling, hyphae produce conidio- 
phores and conidia. These are normally macroconidia but occasionally micro- 
conidia are formed in response to unfavourable fungal growth (Harrison, 198%). 
Conidia are dry spores which are dispersed and re-infect leaves. Sclerotia are the 
main survival structures of both Botrytis spp.; they are readily formed in vitro and 
can be found in dead stems in the field where they remain viable (Harrison, 1979). 
Sclerotia germinate on exposure to light, producing mycelium or conidiophores. 
Airborne conidia produced in this way can then re-initiate chocolate spot disease. 

B,  cinerea can produce the sexual stage Botryotiniafuckeliuna by germinalion 
of sclerotia to produce apothecia and ascospores. Genetic recombination may 
occur during sexual reproduction and may account for the more rapid develop- 
ment of fungicide-tolerant strains in R. cinerea than in H.fabae. B. cinereu is a par- 
asite and saprophyte on a wide range of host plants, whereas R. /abut is 
specialized for the invasion and colonization of Vicia spp., especially V.  faba. 
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Fig. 7.1. Botrytis cinerea infection of pods. 

The existence of races of 8. jnbnr has been proposed on the basis of reaction 
to given differentials in seven Mediterranean countries (Hanounik and Mahila, 
1986) but the resistance is quantitative and influenced by the environment so 
confirmation is needed. There are no demonstrable physiological differences 
among the putative races other than their suggested reactions to the diffcrcn- 
tials. Isolates of B. $~brre in China were separated according to the abundance of 
sclerotia versus mycelium that they produced (Liang. 1 99 3). Isolates of H. cinarcJu 
vary widely in many characters, and forms have been proposed according to type 
of sporulation and on the basis of certain hosts, but validity is doubtful (Ellis and 
Waller, 1974), and none is described especially for V. faha. 

Symptoms 

The main symptoms are on the leaves; flowers can also be infected and occasion- 
ally pods, but rarely stems. In the non-aggressive phase of the disease the classic 
symptoms are regular chocolate-brown spots giving an intensely 'peppered' 
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Fig. 7.2. Chocolate spot (Botrytis fabae) infection of leaves. top: non-aggressive spots; 
below: aggressive spreading lesions. 

appearance especially on the older leaves (Fig. 7 . 2 ) .  However the non-aggressive 
synlptoms can vary: the lesions can become more grey than reddish and more 
irregular, even elongated, instead of circular. Thesc blotches can even be concen- 
tric under alternately wet end dry conditions and ct11 bc mistaken for C~n.osporil 
zoncrtcr or Ascoc3/t~jtrr/ilbtrr. 

In mild wet weather, especially in dense or lodging crops of winter beans on 
slow-drying soils, the disease becomes aggressive. 1,esions enlarge, especially 
from the margin, until the whole leaflet is infected (Fig. 7.2).  With a continued 
humid microclinlate in the crop, defoliation occurs rapidly. The fungus can also 
grow saprophytically on fallen dead leaves, sporulate and re-infect younger, 
growing leaves. The disease is often first seen on damaged tissue of seedlings, 
especially frost-damaged winter beans in north-west Europe and, given humid 
conditions, progresses through the plant, infecting older leaves tirst. 

H ,  c - i n ~ m i  and H. jtrbrre damage leaf tissues of V, Jabs with the help of pectic 
enzymes and phytotoxins. The host responds by producing phytoalexins which 
inhibit germ tube growth. However. wyerone acid, the most important 
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phytoalexin, is metabolized by B. fabae more rapidly than by B. cinerra, and is 
prevented from accumulating in invaded tissues (Mansfield, 1982). Hence. B. 
fabae lesions become aggressive more frequently. 

Epidemiology 

Sporulation is usually on senescing or dead leaves at relative humidities above 
80'X,, and can continue on the ground after leaves have fallen (Gondran, 1975). 
Spread through the crop is by conidia and is fast in a high plant-density and/or 
lodging crop: that is, in any situation where relative humidity is over 701%, end 
temperature is 1 5-20°C (Harrison. 1980). 

Carry-over from one crop to the next is by mycelium on crop debris followed 
by sporulation in favourable conditions, when crops are harvested in the autumri 
and the new crop sown in adjacent fields only I month later (Gaunt, 198 3). 
Sclerotia in crop debris are probably a more important means of survival when 
there is a longer gap between crops (Harrison. 1979). for example where only 
spring beans are grown or in Mediterranean climates with a long summer gap. 

B, fabae infection has been found in faba bean seeds but is unlikely to bc an 
important source of carry-over because the frequency of infected seeds is very 
low: the fungus remains viable for only 9 months in the seed and has not been 
detected after sowing infected seeds (Harrison, 1978). Seed dispersal is therefore 
much less important in chocolate spot than in Ascochytafabar. 

The main feature of chocolate spot is the highly critical effect of environmen- 
tal conditions. B. fabae infection and spread can change very rapidly from day to 
day according to temperature and humidity. Geographical distribution is iilso 
much influenced by rainfall and the water-retentive nature of the soil. 'l'he regions 
where aggressive attacks occur include the Nile Ilelta, near rivers in China, and 
humid maritime climates in western Europe. B. /kbrri~ is present, however, in 
almost all parts of the world where faba beans are grown: H. cirrtlrt.tl is ubiquitous. 

Damage and Crop Loss 

Damage is more frequent in humid than in arid regions of the world. In eastern 
England (where about 100,000 ha are grown, about half as winter beans) dam- 
age was severe in 1935, 1944 and 1971, producing up to 50'%, yield loss attrib- 
utable to chocolate spot, a frequency of about 1 year in 15. I ~ s s  severe epidemics 
occurred in 1954,1958,  1968 and 1981 in the U K ,  that is in about 1 year in 10. 
Chocolate spot is also the most widespread disease of faba beans in China (Idang, 
1989), where 50'% yield losses have been experienced (Liang, 1986). 

The extent of damage is very much influenced by the timing of a change to 
aggressive infection in relation to flowering and pod setting. Early severe infec- 
tion during wet weather at flowering can cause almost complete loss of pods 
except for field borders. Yield loss is often correlated with premature Hotrytis- 
induced leaf fall (Gondran, 198 3). At the other extreme, non-aggressive spotting 
may not affect yield at all, photosynthetic capacity of green areas being flexible 
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enough to meet demands of the pods (Williams, 19 7 5). The probability of aggres- 
sive chocolate spot in Scotland depends not only on weather conditions but on 
the amount of inoculum present (Harrison, 1988), but in southern England 
there always seems to be ample inoculum whenever the weather is humid. Other 
important factors are weakening of faba bean plants by poor soil, waterlogging. 
overcrowding, lodging or virus attacks. 

Seed quality is also affected. Seeds from irlfectecl pods - and B. rirlerea is 
important in this respect - are often blemished and may not be saleable for 
human consumption, especially tannin-free broad bean seeds which are white or 
light grey when healthy. 

Management 

Factors that predispose faba bean to chocolate spot can be partly avoided. A crop 
rotation that avoids bean crop debris and volunteer plants (Yarham and 
Gladders, 199 3 )  in the field and adjacent fields, and crop hygiene where debris 
and straw are burned (if legally permitted) or deeply ploughed very soon after 
harvest all help to reduce inoculurn. Adequate levels of soil nutrients and good 
drainage prevent premature senescence on which Rotr!ytis increases severity. 
Open rather than sheltered aspects arc less likely to develop chocolate spot. 

Two major factors are to avoid early sowing (late October preferred for win- 
ter beans in north-western Europe) so as to reduce frost damage; and to use only 
moderate seed rate ( 2 0  seeds nl '1. 'l'he dangers of high plant density in the 
absence of chocolate spot control have bcen well demonstrated (Ingram and 
Hebblethwiiitc. 1976; 'Paylor, 199 3 ) .  Winter beans are more prone to chocolate 
spot than spring beans in north-western Europe and south China but spring 
crops may also becolne infected in humid situations. Seed treatment with a mix- 
ture of benomyl and thiram reduced chocolate spot and improved yield on one 
occasion when ii severe epidemic occurred in the IIK early in the season 
(Hainbridge rt dl., 198 5 3 ,  but [his was an eSScct on the seedling rather than on 
seeti infection (IIarrison. 1988). Soaking seed in ethcphon also reduced the 
severity of chocolate spot in Egypt (Salem rt 01 . .  1992). However, it is generally 
better for the fungicide to be applied as the disease is beginning to develop, usu- 
ally at thc onsct of flowering or mid-tlowering (C'reighton cJt nl . ,  1985). The cur- 
rent recom~nendation in the 11K is that carbendazim + chlorothalonil or 
iprodione + thiophanate methyl vinclozolin, or tank mixes of these, be applied at 
onsct of Ilowering and then a second spray 3 or 4 weeks later (Knott rt c ~ l . ,  1994). 
C'hlorothalonil + vinclozolin sprayed at early tlowering and 3 weeks later gave a 
signiticarlt ( 1 h'X,) illcrease in yield attributable to chocolate spot ((;ladders rt al.. 
199 1). Similar partial control has been reported in Syria (Hanounik, 198 1 ). 
Mancozeb has given some control in Egypt (Abou-7xid rt 111. .  1990). Enhanced 
control can be obtained by mixing adjuvants with fungicides though the two 
chemicals are very specific in effects (Green et ci l . ,  1992), and there is a close cor- 
relatior1 between adjuvant concentration and effectiveness (Amer rt al., 1994). 
Howevcr, some fungicides, lirst benornyl arid Inore recently carbendazim. have 
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become less effective with usage, presumably due to the evolution of resistant 
strains of Botr!{tis (Knott et ctl.. 1994). particularly B. cineren. Similar experiences 
with management of B. cinereu on lentil and chickpea are reviewed by Bayaa and 
Erskine (Chapter 8 ,  this volume) and Haware (Chapter 9, this volume). 

Morris and Lane (1990) concluded that biological control may be a viable 
alternative to chemical control of chocolatc spot after they tested four isolates of 
Trid~oderrt~u viriiIe as preventative inoculations. When Jackson ut nl. ( 199 1 ) tested 
over 500 bacterial and 100 fungal isolates for antagonism to R.fibae in vitro, they 
found at least four bacterial isolates giving inhibition of the B. h h n e  cultures. 
Hnwever, we know of no successful tield testing of biocontrol agents. Field tests arc 
none the less well advanced for chickpea (see Haware, Chapter 9. this volume). 

Twenty-one pure lines in the International Center I'or Agricultural Research 
in Dry Areas (ICARDA) collection in Syria were listed by Robertson (1995) as 
having some resistance to chocolate spot. Resistance has also been reported in 
Italy (Santorelli et nl., 1992) and China (Liang, 1993). The two lines with the 
highest and most consistent levels of resistance arc BPI, 710 and BPI, 1179. 
These originated in Ecuador but were tirst recognized in the Nile l)elta, and their 
resistance has since been transferred to Egyptian populations, by IC'ARLIA to 
other adapted genetic stocks including some with a Moroccan base, as well as 
lines in South Australia (Luminis Pty Ltd, 1994). 

However, transfer to the more widely divergent stocks of winter-hardy beans 
in England and France (where resistance is particultlrly required) is proving a 
more difficult and slower process than in eastern Mediterranean countries. l'his 
is not surprising when resistance is thought to be conferred by a combination of 
factors, including total free amino acids and phenols, and thickness of cuticle 
(Kararah et nl., 199 1): also seedling reactions to infections do not always corre- 
late with those of adult plants, nor detached leaves with lield infections ('l'ivoli et 
ol., 1986). Moreover, resistance is thought to be additive (1'1-Htrdy Mohamcd, 
1988) and quantitative rather than qualitative (Robertson and Saxena. 199 3 )  so 
it is difficult to trace identifiable gene(s) across segregating populations. 131'1, 7 1 0  
is resistant at all locations where it has been tested (Hanounik and Maliha, 
1986) and there is a possibility that this line and derivatives will remain durable, 
especially if bean cultivars arc maintained as mixed populations. Where the BPI, 
71 0 source is proving difficult, breeding for (a )  early maturity to set pods before 
aggressive attacks (Sass and Frauen, 1991 ), (b) slow leaf senescence, or (c) resis- 
tance to predisposing factors (e.g. frost and virus infection), should all help to 
reduce the effects of chocolate spot. 

Multiple resistances, for example involving resistance to rust as well as 
chocolate spot, are known among the ICARDA lines (Bond et ul., 1994: IC'AKLIA, 
199 5); and a combination of resistances to pathogens (including chocolate spot) 
with reduced levels of anti-nutritional factors is the objective of a European joint 
breeding programme. A check will need to be made however on whether zero 
vicine and convicine may increase B, cinerea infections, as suggested by Hjerg el 
al. (1984). 
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ASCOCHYTA BLIGHT 

Aetiology 

Ascochyta blight, also known as leaf, stem and pod spot, is caused by Did!ymrlla 
fi~hirtl Jellis & Punith. (ananlorph Ascnr\i!jtnjibme Speg.). 'The teleomorph was first 
reported by Jcllis and Punithalingarn (1991) on overwintering faba bean straw at 
Cambridge, I J K ,  and has also been found in Australia (1. Dennis. Waite 
Agricultural Research Institute, 1990, personal communication). Hoth stages 
are described in Jellis and Punithalingarn (199 1 ). Ascochyta blight caused by 
several different fungi is rcviewed in Chapters 4, 5, 6, 8 and 9, this volume. 

There is some confusion in the literature between the ascochyta blight 
pathogens of lentil (see Bayaa and Erskine, Chapter 8, this volume) and faba 
bean. Ilespite their host specificity. (lossen t l t  rtl. ( 1  986) found that the two fungi 
were indistinguishable in cultural and morphological characters, proposing that 
thcy should be treated as /orrtitrc1 sp(>riirlrs within the single species Asc'ocI1!jtnjlbnr. 
Recent work on the tcleomorph suggests that such treatment is unsatisfactory, 
and that therc is evidence on morphological and molecular grounds that the two 
pathogens belong to distinct species of Did!yrt~c~llir (Kaiser and IIannan, 1994; W.J. 
Kaiser, l'ullmnn, Washington. 1996, personal communication). 

Biology 

'Thr fungus is highly specialized to faba bean and inoculations with conidit1 of A .  
frrhiro have bccn largely unsuc~cessful on other legumes, although infection may 
be possible under certtiin specitirs conditions (Gaunt. 198 3 ) .  Ilifferential interac- 
tions between faba bean genotypes have hccn reported by Hanounik and 
Robertson ( 1989) and Kashid t l t  rrl. (1991 a, b)  and isolates have been classified 
into physiological races based on these. In the material studied by Rashid rt ill. 
( 199 l i i ) ,  a total ol'scvcn genes for resistance was identified, and additional genes 
were also thought to bc present. Resistance was either monogenic or oligogenic. 
'I'hc riiccs reported by this group did not correspond to those of Hanounik and 
Robertson ( 1989) and work necds to be done to standardize methods and differ- 
ential cultivars. A. firl~irr is very variable in culture: in growth rate, thc production 
and si*r,e of pycnidia and conidia, and the number of conidial septa (Kharbanda 
and Bcrnier. 1980: Filipowicx. 1988). 

Symptoms 

1,eslons on leaves are more or less circular, slightly sunken with a detinite margin. 
and are usually dark brown with a lighter centre in which pycnidia develop. 
Later, lesions may coalcsce to cover the whole leaf surfiicc (Plate 1 5 ) .  Browning 
of the foliage, particularly in rhe leaf area surrounding the vascular tissue, some- 
limes occurs; this has been noticed particularly in determinate lines (Lockwood 
clt nl., 1985) and lnay be due to the prtduction and spread of the toxin asctxhitine 
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(Foremska r t  111.. 1990). although Beed rt ul. (1994) were unable to isolate the 
toxin from infected plants. On stems and pods, lesions tend to be more sunken 
and a darker colour (Fig. 7.3). Infected seed may be stained or symptoniless. The 
stains are not well defined and are indistinguishable from those resulting from 
other pathological and physiological conditions. 

Epidemiology 

Little is known about the factors intluencing the dispersal of and infection by 
ascospores of U. jabtrr. However Pritchard ~t 01. (1989) studied the conditions 
needed to establish successful infection by conidia. A minirnu~n of 2-4 h of leaf 
wetness was required for successful germination at between 15  and 25°C and 
this was extended to over 8 h at 10°C. Conidial germination was significantly 
higher at 20-2 5°C than at 10-1 5OC'. Germ tube penetration occurred almost 
directly beneath a spore adjacent to the anticlinal cell wall. Nothing has been 
reported on the infection conditions required by ascospores. 

Van Breukelen ( 1985) found young leaves to be niore susceptible to infec- 
tion, contrasting with the findings of Ilodd ( 197 1 ) and Hanounik ( 1980). 
Differences in microclimate may contribute to the differences in lesion distribu- 
tion over the plant, and a yourig furled leaf will provide a more fiivourable micro- 
climate for infection than unfurled older leaves (van Breukelen, 1985) .  Spread 
from leaf to leaf, stem and pods is by splash dispersal of conidia. In generirl coni- 
dia do not travel more than short distances. Iluring a whole season, Hewett 
(1973) found that infection did not spread beyond 6-10 m from an infective 

Fig. 7.3. Ascochyta fabae on a faba bean pod, 
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source in spring-sown beans. However in winter crops, spread of up to 200 m has 
been reported by Bond and Pope (19x0). It could be that ascospores are impli- 
cated in such situations. Long-term survival of the pathogen has not been stud- 
ied although, in our experience, the fungus can retain its viability in seed for at 
least 2 years. 

The fungus is largely regarded as a seedborne pathogen. Disease transfer 
from the seed to the emerging seedling appears not to be systemic and is probably 
by physical contact (Pritchard rt ul. ,  1989). Transmission levels vary depending 
on environmental factors and varietal resistance. Conidia from pycnidia pro- 
duced in the centre of leaf lesions are splash dispersed to developing leaves, stems 
and later to pods. The fungus grows through the pod wall and infects the seed, 
conlpleting this cycle. Volunteer crops in adjacent fields, and infected debris can 
also be sources of inoculum, especially for autumn-sown beans. The discovery of 
the teleornorph adds another dimension to pathogen dispersal. Pycnidia develop 
in infccted straw over winter, maturing early in the year in the IJK (Jellis and 
Punithalingam. 199 1 1.  Ascospores can be dispersed aerially over liuge distances, 
infecting seedlings of autumn-sown beans. However, no work has yet been 
reportcd on the relative importance of the teleornorph in disease transmission. 

Kharbanda and Hernier (1978) obscrved chlamydospores in lesions on 
maturing faba bean stems and presu~nably these may be involved in survival of 
the fungus on straw lying in tields, which hirs bcer~ impliciited in tfiscase carry- 
over (Geard. 19hZ). Howcver, their role in the life cycle ot'thc pathogen has not 
been cstablishcd. 

Damage and Crop Loss 

Ascochyta blight is a common and occasion~illy dcstructivc disease reported from 
countries in ;ill five continents (C;aunt. 1983). The pathogen attacks thc leaves, 
stems, pods anti seeds, leading to premature defoliation, stem break, reduced pod 
tilling and blen~ished seed. The extent of the damage depends on climatic condi- 
tions and cultivar resistance. In the IJK, Madeira rr 111. (1  988) reported that dis- 
ease reduced the leaf area indcx and the dry matter production of the crop. Thc 
reduction in seed yield was significant, representing a decrcase of 1 5'%, compared 
with a prophylirctic fungicide treatment. 

In the C'zcch Republic., between 1984 and 1989. Ondiej ( 1  991a)  found 
between I X.OIXI and 30.7'X) inkction in harvested seed. Lots with over 3 I'X) infec- 
tion had it thousand-seed weight 32.8'3, lighter than those with infection under 
1O1X1. Plots sown with seed with 3 2 . L 1 % )  infection yielded 41.1'8) lower thirn those 
sown with seed with 2.2'8) infection. 

In many years in eastern England, the disease is not destructive. 1,esions are 
seen on young plants of autumn-sown crops during the winter and early spring 
but no further progress of the disease occurs until lesions appear on pods just 
before ripening. In this situirtion, the disease is of particular concern to the seed 
producer, who has to reach the required health standard (see next section). 
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Management 

As ascochyta blight is both seed- and strawborne, the measures for avoiding crop 
debris and volunteer plants discussed for controlling chocolate spot also apply 
here. In western Europe, ascochyta blight is generally regarded as a more impor- 
tant disease of autumn-sown beans than spring beans. Crops sown in early 
autumn frequently show lesions of A, jr~bne before winter and considerable dam- 
age can be caused. In disease-prone areas, or with very susceptible cultivttrs, late 
sowing of autumn crops may therefore be advisable. 

Much emphasis has been put on the production of healthy seed, particularly 
in the IJK, as ascochyta blight has been regarded principally as a secdbornc dis- 
ease. Hewett (1966) developed a routine agar plate method for detecting the 
pathogen and until 1995 this was the basis of a statutory certification scheme. 
This has now developed into a marketing standard. with the followir~g requirc- 
ments: 

Pre-basic seed - 1 infected seed per 1000 
Basic seed - 2 infected seeds per 1000 
Certified seed, tirst generation - 2 infected seeds per 500  
Certified seed, second generation - 1 infected seed per 100  

These standards only apply to seed being sold for commercial use, and irrc not 
applicable to farm-saved seed. Ilowever, it is recommended to farmers in the IIK 
that farm-saved seed should be tested and discarded if infection exceeds 3%. For 
batches with between 1 and 3% infection. seed treatment is recommended (Knott 
c7t (11.. 1994). 

Control of ascochyta blight by treating seed using slurries and dips has gen- 
erally proved to be erratic ((;aunt, 198 3 ) .  Seed treatments containing thiabenda- 
zole arc currently recommended for use in the IIK (Knott clL (11.. 1994) but, used 
without additional foliar sprays, they may not provide irdequete protection of 
susceptible cultivars (Jellis et nl., 1988). Foliar sprays have also been investigated. 
particularly for reducing infection in seed crops, in particular chlorothalonil has 
been found to be moderately effective (Kharbanda and Rernier, 19 79: 1,ockwood 
et al., 1982; Jellis et al . ,  1984b). 

Most breeding programmes for resistance to ascochyta blight have only been 
established in the last two decades. Probably the largest screening and parental 
development programme was that developed by ICARIIA. ICAKDA dcvelopcd a 
number of resistant lines; for example 24 sources of resistance have been listed by 
Hanounik and Robertson (1988). In addition to these, locally adapted lines and 
cultivars with high resistance have been reported from a number of countries, 
including the IJK ('Striker', NIAB, 1996, and 'Quasar', also known as 
IB18-1/30, Jellis et a/ . ,  1984c), France (line 29H, Maurin and 'l'ivoli, 1992), and 
Poland ('Fioletowy Czyzowskich' and 'Krasnoyarskii', Zakrzewska, 1986). 

As well as genotypic variation for resistance, Lockwood et al. (1 98 5 )  found 
that there was a strong correlation between straw length and the incidence of 
disease on the pod, tall cultivars having a lower incidence of disease. Zakrzewska 
(1 986) also reported that genotypes with short internodes were the more suscep- 
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tible. Furthermore, she found that white-flowered cultivars (tannin-free) were 
very susceptible. This, to some extent, agrees with the findings of Jellis and Vassie 
( 1  995) who reported possible association between the gene for white flower 
( s p a )  derived from Ch170 and susceptibility to ascochyta blight. However, in the 
same experiment, a second gene for white flower (sp-h),  derived from the cv. Toret, 
showed no associated blight resistance or susceptibility. Using near-isogenic pairs 
of lines, Hclsper et al. ( 1994) also found no relationship between tannin content 
of seed and resistance. This work was done by inoculating foliage. When seed was 
artificii~lly infected with D. fabue, white-flowered bean cultivars were highly sus- 
ceptible (Fagbola and Jellis. 1994). 

The niechariisnis of disease resistance have not been studied in most of the 
resistant material which has been described, but Maurin et a/. (1 993) described a 
hypersensitive response or highly restricted lesion development in line 29H. 
Sorne other sources of resistance do not appear to function in the same way. 1,ittle 
is known about the durability of the resistance in different accessions: Hanounik 
and Kobertson (1989) tested accessions in different locations and found line HPL 
47  1 to be corisistetltly resistant. 

RUST 

Aetiology 

Brown rust of faba beans is predominantly caused by the fungus usually 
described as Uroirl!jc.es \~iciitt~-jilbile (Pers.) SchrMer, although Boerema and 
Verhoevcn ( 19 79 ) consider that llro11l!/ces fnhllt? (Grev.) de Rary ex Fuckel is the 
correct name. 

Biology 

As well as infecting I'. filba, U .  vie-iac-filbi~r attacks many other legunlinous 
species, including other Vicicr spp. and those belonging to the genera l'is~riil. 
I,c~th!jr~rs and Ler~s (C'onner and Bernier. 1982a: see Bayaa and Erskine. Chapter 8 
this volume). 

U .  vii-iiw-jilhar predominantly produces uredospores on leaves of faba bean. 
although aeciospores can also be foulid and teliospores are sometimes formed in 
large black sori on stems and petioles, particularly towards the end of the season. 
Pod infection has also bee11 reported. Studies on host specialization in U .  vii-icw- 
jahac~ have been carried out by a number of workers, summarized by Cotlner and 
Bernier (1982a). The overall picture presented by this work is far from clear. 
Gaiimann (1934) proposed nine jorinae specialus based on host range but later 
workers have not been able to substantiate this, and Conner and Bernier ( l 9 8 l a )  
concluded that isolates share so many hosts in common that it was impossible to 
classify them meaningfully. 

Evidence for distinct physiologic races of U ,  viciue-jirbne infecting faba bean is 
much stronger. Conner and Bernier (1982b) developed a series of inbred lines in 
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which resistance was expressed as immunity or hypersensitive flecking. Using 
these lines, they described seven races of rust: a further four races were desig- 
nated using pea lines as differentials. Resistance to these races proved to be con- 
trolled by several independent genes (Conner and Bernier. 1 9 8 2 ~ ;  Rashid and 
Rernier, 1986a). 

Symptoms 

Symptoms of rust appear initially on leaves as snlall round necrotic spots, in the 
centre of which reddish-brown raised powdery pustules occur (Fig. 7.4). These 
are often arranged as a central pustule surrounded by daughter pustules, each of 
which has a yellow halo. The pustules release masses of ontnge-brown ure- 
dospores which are wind dispersed to other plants. Hetween five and ten cycles of 
urediniospores are produced each season. I'ods and stems can also bc infected: 
the pustules may form elongated blisters below the epidermis before erupting 

Fig. 7.4. Rust (Uromyces viciae-fabae) on faba bean leaf (Photo: courtesy of Processors and 
Growers Research Organization). 
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(Thomas and Sweet, 1990: Knott c.t ul., 1994). Black elliptical teliosori may be 
formed on leaves, petioles and stems, particularly in the later stages of infection 
(1,ang et al., 199 3: Sache. 199 5). 

Epidemiology 

Optimum conditions for germination and penetration of urcdospores are 
18-22°C' and 95-IOO'X, relative humidity, and a humidity of 80% is essential. 
This is because the basis of adhesion of urcdospores to the cuticle of leaves is a 
pad which develops on contact with an aqueous environment (Ueising et ( I ! . ,  

1992). Light does not affect germination (Mohamed c.t ir l . ,  19Xf~). After a latent 
period of 8-10 days, sporulation of a single lesion continues for about 50  days, 
during which time about 1 X 1 0 5  urcdosporcs are released (Mohamed at ctl., 
1986: Sachc and Zadoks. 199 5 ) .  In experirncnts conducted by Sache and Zadoks 
(199h), from an initial focus, disease within a plot spread at a radial velocity of 
expansion slightly lower than 0.1 m day - ' .  However, the severity of diseasc in 
trap plots distant from the initial source of infection led thcm to postulate that 
two mcchanislns of spore dispersal were operating, one over short distances at 
high frequency irnd the other over long distances at low frequency. 

The fungus can survive in thc iibsencc of 17. filbrr on wild spccies of Vicii~ and 
l ,ntI~!/r~ts (C'onner kind Rernier, 1982a),  both of which are common in areas of 
northern Europe where faba bean is cultivated. The method of survival probably 
depends on location. In the absencc of the host, spores can remain viable for 1-2 
years. 'I'cliosporcs can withstand a widc range of temper;iturc and germinate 
readily: uredospores can survive in coolcr climi~tes. Acciospores survive in mild, 
Mediterranean climates but not through severe northern European wintcrs 
(Gaunt, 198 3 ;  Vi~inyi 1988). Withill infected tissues, urcdo-mycelium is proba- 
bly an important means of survivtil. 

Damage and Crop Loss 

Rust is usually regarded as only a rather minor pathogen of faba beans in Europe 
(Viriinyi, 1988) although in recent years there have been more Srcquent and 
severe attacks (1,apwood rlt  ( 1 1 . .  1084; Knott et al., 1994): losses can be scvcre 
(Gaunt. 198 3; Bond (11 ( I / . ,  1994). In extreme cases, losses can be as high as 
70-XO'X,, as recorded in C'hinn in 19 3 31 34 (Lang et trl., 199 3 ) .  

Studics on the effect of rust on components of yield have established that the 
extent of infection on leaves at the flowering nodes during pod filling has the 
strongest inlluence on yield. A reduction in the weight of seeds per stem and in 
seed weight have generally becn the yield compotlents most affected (Williams, 
1978; Lapwood rt ( r l . ,  1984; Kashid and Bernicr. 1991), although Sache anti 
2adoks (1995) also found a significant relationship between rust severity and 
number of pods per stem. 
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Management 

In northern Europe, where faba beans can be autumn or spring sown, rust is 
generally more of a problem on the latter, as the autumn-sown crop usually 
matures before rust develops strongly. However, as noted earlier in this chapter, 
autumn sowing favours other diseases such as chocolate spot and ascochyta 
blight. Factors other than disease will usually determine whether winter or 
spring cultivars arc grown. As for many other diseases, removal or burial of plant 
debris reduces the inoculum available the following season. 

Chemical control of rust can be very effective and give substantial yield bene- 
lits if applied at the right time, that is, from early to late flowering (Marccllos et al., 
1995). Effective fungicides are those containing fenpropimorph, tebuconaxole, 
maneb, mancozeb, propiconazole, thiram or triadimefon (Yeoman f l t  id., 1987: 
Knott et ul., 1 994: Marcellos r t  ( ] I . ,  1 99 5). 

Screening for resistance to rust has been done in a number of countries. Two 
broad types of resistance have been described. Working in Canada, Bernier and 
his co-workers used glasshouse tests to identify race-specific resistance in a num- 
ber of selected inbred lines. Resistance was expressed as irn~nunity or hypersensi- 
tive flecking. This type of resistance has proven to be highly race-specific (Conner 
and Bernier 19X2b, c; Kashid and Bernier 1986a). The same group (Conner and 
Bernier, 1 9 8 2 ~ ;  Rashid and Bernier, 198hb) recognized the existence of quanti- 
tative resistance ('slow rusting') and of tolerance to rust. Rhalla and 13ernier 
(1984) evaluated this resistance and tbund that the most important component 
in slow rusting was infection frequency. The length of the latent period was also 
important, at least for some accessions. In the slow-rusting population LN43. 
yield losses of only 1-L'XI were recorded in a trial where susceptible lines lost up 
to hX%, of yield. Flowever, other slow rusting populations incurred higher losses 
of between h and 4 )'XI indicating that partial resistance and tolerance are inde- 
pendent characters (Rashid and Hernier, 199 1). 'I'o date, there is no evidence 
that slow rusting is race-specific. 

At ICAKDA, selection for resistance to rust was carried out over several years 
(Hanounik and Malihe. 198h) and a number of resistant lines, probably of the 
slow-rusting type, have been described (Bond at  01.. 1994). Resistance has also 
been reported in a number of other collections, including Chinese (Luo ct a/.. 
1991). Egyptian (Khalil c>t al.. 1984) and Ethiopian (Polignano u t  (11.. 1990). 
Some existing cultivars are also reported to be highly resistant, for example 
'Cidou I Hao' in China (Lang at aI., 199 3 )  and resistance breeding programmes 
are under way in a number of countries. 

DOWNY MILDEW 

Aetiology 

Faba bean downy mildew is caused by the fungus Peronosporu viciae (Berk.) Casp. 
The species also attacks other species of Vicia and members of the genera 
I~thyrus and Pisum (Mukerji, 1975; see Kraft et al., Chapter h, this volume) but 
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isolates appear to be host-specific (Mukerji. 1975: 'l'homas and Sweet, 1990). 
Those attacking faba beans have recently been described as P ,  vicjirrrl 1: sp. ,/irhrv, 
(Jacs! & Serg.) Boerema ut (11. (Boerema ~t rll., 1993). 

Biology and Symptoms 

Bean downy mildew has generally been regarded as n minor disease of faba bean 
but in recent years it has become more common and damaging on spring-sown 
beans in northern Burope, associated with the introduclion of susceptible culti- 
vars. Primary, systemic infection occurs occasionally on young plants via soil- 
borne inoculu~n and gives rise to pale green, stunted i ~ n d  distorted plants which 
die early. Sporulation occurs under humid conditions; this has a greyish-fawn 
and velvety appearance, and parlicularly occurs on the underside ol' the leaves. 
Secondary infection from wind-blown spores appears as pale yellowish-green 
patches on the upper leaf surfacses which enlarge to cover the entire leaf area. 'l'he 
characteristic greyish-fawn sporulilting mycelium occurs on the underside of 
these patches (Plate 16). Infected material quickly becomcs necrotic. Infection is 
generally restricted to the young lcavcs on the lop third of thc plant. 

Epidemiology 

The life cycle of the di~eilse in V .  f i ~ b a  has not been carefully studied. As the 
pathogen appears to be highly specii~lized, inoculum for infection must carry 
over fro111 previous crops. Oospores arc produced abundantly throughout the 
growing season in all plant parts except serds (van der (hag  ot trl., 1993) and 
these are disseminated in the soil with crop residues and provide inoculum to 
infect developing scedlirlgs in subsequent crops. Little is known ahout optimum 
conditions for infection and spread. The disease is l't~vourcti by cool, humid condi- 
tions according to Knott tlt trl. ( 1994), but in our experience spread of the disease 
continues at tertlpcratures which inhibit peil downy mildew (>(,.20°C'). In 
growth chamber tests, van der Gaag ct a!. ( 199 3 )  found that spornngia developed 
more rapidly at 15'C than 1O0('. Oospores were also formed earlier at higher 
temperatures (tested up to 10°C') but the ultimate numbers produccd in leaves 
were highest at 10-1 5'C1. 

Damage and Crop Loss 

Priluary, systemic infection can lead to early plant death and subsequent loss of 
yield. Destruction of young leaves as a result of secondary infection might also be 
expected to have serious yield effects when infection is severe but published data 
are not availahle. There have been reports of serious effects on broad beans (used 
fresh for human consumption) (Thomas and Sweet, 1990). 
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Management 

Long rotations and good crop hygiene can help prcvcnt the build-up of resting 
spores (oospores) in the soil. Late-sown crops tend to be the more susceptible. 

l)ifferenccs in susceptibility between cultivars havc been rccordcd. Thomas 
and Sweet (199 1 )  found Troy, Vcctor, Alfred and Octopus to be very susceptible 
and Maris Bead to have moderately high resistance. NIAB (1996) list Alpine', 
'Luna'. 'Maris Bcad', 'Spcar' and 'Titch' as rcsistant to downy mildew and 
Alfred'. Aribo' and 'Maya' as susceptible. In growth chamber tests, van der Gaag 
cpt al. (1  99 3) found "l'oret' to be more resistant than 'Maris Bead' (intermediate) 
or 'Melissa' (susceptible) when sporulation area on leaves was assessed. However, 
fewer oospores developed in leaves of 'Maris Read' than the other two cultivars. 

Seed treatmcnt with fungicide (mctalaxyl + thiabcndazolc + thiram) and 
foliar sprays (~nctalaxyl + thiabcndazolc or chlorothalinil, or fosctyl-aluminium) 
applied at early flowering, possibly repeated 10-14 days later, can give effective 
control of the disease. 

STEM ROT 

Aetiology 

Stem rot, or sclerotinia disease, is caused by the fungi Sdtbrolinb trifi)lior~im 
Erikss. and S. sclerotiorlrrt~ de Bary. Kcay (19 39) and Loveless (1951) found mor- 
phological differences between the S, trifi,liorum attacking red clover and that 
mainly attacking faba beans. Keay described the latter as S. trijblbrum var. j~hac' 
Kcay. In thc 1IK, S. sclerotiorrlrn attacks spring beans while S. tri/oliorrrtn attacks 
winter beans: these were distinguished on clcctrophorctic patterns of sclerotial 
proteins by Jellis et 111. ( 1984d; 1990). 

Biology 

Sclerotia remain dormant in the soil for 6 to 8 years (Archer, 1988) but eventu- 
ally they germinate near the surface in cool moist conditions and produce 
apothccia and ascospores. Entry to the host by germinating ascospores causcs 
enzymatic breakdown of cell walls but is much assistcd by wounding. Mycelium 
spreads throughout stems and then as the host maturcs, sclcrotia form within 
the hollow bean stems in which they turn from white to black as they maturc. 
Sclerotia of S, trifoliorunl germinate in the autumn, those of S. sclerotiorum do so 
more frequently in the spring (Williams and Western, 1965). 

S. trifoliorlirn infects red clover (Trifolium prcrtunsu: see Mercer, Chapter 12, 
this volume), trefoil (Mudicqo lupulinu), lucerne or alfalfa (M. sativcr), sainfoin 
(Onobrychis viriijolia), as well as winter (Vicicr) bean. S. sclerotiorum infects a very 
wide range of hosts including peas (see Kraft at ul.. Chapter 6 ,  this volume), 
PIlasrolus beans, and oilseed rape as well as spring (Vicia) beans. S, trifoliorum var. 
fubae may be specialized in infection of V, fabu as well as having distinct ascospore 
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size, because a n  incompatibility line forms between the two varieties in culture 
(Loveless, 1 9 5 1 ). 

Symptoms 

The first symptom is a slimy wet rot of the lower parts of the stem; the plant 
begins to wilt and can easily be pulled up. Single or srnall groups of affected 
plants are usually found scattcrcd throi~ghout the lield (Knott rlt rrl.. 1994). White 
mycelium andlor bl;rck sclcrotin can be found within or on the stems. In the IJK, 
symptoms on winter bcans occur in the spring and on spring beans in carly sum- 
mer. When mature plarlts are infected sclerotia form within pods. 

Epidemiology 

Ascospores are released over several weeks i ~ n d  blown by wind over scvcral kilo- 
metres before germinating on host tissue (Salt, 1 9 8 3 ) .  Then, sclerotia can sur- 
vive in debris and in soil for h to 8 yeirrs. It is possible for sclerotia to spreird with 
seed, though not often with well-clcaned bean seed because sclerotia are scpa- 
rated on size. Sclurolinirt has bccn found in li7uits of 0robrlric.hf~ c'rvncrtn (Al-Mcnouti. 
1 9 8 6 ) .  Sclerotia produce apothccia: there is no direct inl'ection from sclerotii~ 
and only ir small amount of direct movement of mycelium from plant to plant as 
there is with red clover, peas and oilseed rirpe. 

Damage and Crop Loss 

Sclerotinia occurs in most cool moist regions including North America, Europe 
i ~ n d  Mediterrancarl coastal countries (IIawtin and Stewart, 19  7 9 ) .  Affected 
plants are killed or yield very little, but in northern Europe, whcrc fab;~ beans arc 
nornlally grown only ;is a break from cereals, and especially Sor S, sr.li~rotioruir~ on 
spring bcans, the proportion of plants infected is usually too small to reduce the 
yield of a crop signiticantly. However, production can be seriously curtailed in 
some other regions including Greece (Kararnanos, 1995) and Italy (C'aruso and 
D'Anna, 1984). In many countries, Sclerotinia restricts rhe frequency of Ihba 
bcans in crop rottrtions. 

Management 

Long rotations usually prevent build-up of the disease in the soil. Four years are 
recommended between winter bean crops and between red clover (Trifulirrm 
pmtrnse) and winter beans (though white clover, T. repens, and alsike clover, T. 
hybridum, which are lcss susceptible, can substitute for 7'. pratense). As S, sclero- 
tiorunl has a n  cxtremely wide host range, a t  least 4 years should be allowed 
between spring beans and any other susceptible crop in the rotation (Jellis et ul., 
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1984a). Idow plant density reduces infection, and infected crop residues should 
be destroyed and not fed to livestock, because this mainti~ins inoculum. A possi- 
ble chemical control is pcntachloronitrobc~lzcnc (PNNB) for use on sccd (Salt, 
198 3). 

A breeding programme has been conducted in Greece. lines KIT 189. 190 
and 19 1 were rcportcd as showing somc rcsistancc though furthcr work is 
nccdcd to rclatc laboratory tcsts to ficld obscrvations (C. Podirnatas, Larissa, 
Grcccc, personal communication 19 9 5: Karamanos, 199 5 ). 

FOOT AND ROOT ROT, AND WILT 

Aetiology 

A numbcr of pathogens have bccn associated with thc foot and root rot complcx 
of faba beans, particularly whcn plants arc strcsscd duc to adverse conditions 
such as heat, drought or poor drainage. Species of the genus I:~tsnriurtl arc thc 
most common pathogens isolated, including F, ox!ls~~orurn Schlecht, I-', soluni 
(Mart.) Sacc., F. itvrrtrrouum (Fr.) Sacc., F .  gr~ttrrinurir~m Schwabe and 1:. (*ulnrorrrnt 
(W.G. Smith) Siicc. (Salt, 198 3: IJascual Villi~lobos and Jellis, 1990; Helsper rt ril., 
1994). but other fungi miiy illso be present, inc~lutling Rhizoi~loniir spp., P!jlIlium 
spp., Pllonltl spp., Apl~urlort~.~jl~os ~ ~ u t ~ i c l ~ e s  Drcchs. and C!/linilroc*urpor~ dcstr~lcti~i~s 
(Zinssmcistcr) Scholtcn (Salt, 1983: 1,amari and Bcrnicr, 1985). In China (Yu 
and Fang, 1948), Japan (Yamamoto ct  (I]., 1958) and thc Sudan (Ibrahirn and 
IIussein, 19  74) a spccializcd form of 1:. solnrli, dcsignatcd 1:. solilni f,  sp. .fnbi~e ( Y u  
ilnd Pilng, 1948) has been iderltilied and described. Wilt is also cilused by 
Fusuriurrl spp., principally F. ox~s/~orutn f. sp, Jtbiir (Yu i~rld Fang, 1948). 
although other species have also beer) recorded (Hanounik tJt rrl., 199 3; Si11t. 
198 3 ) .  Similar diseases affect soyabean, pea. chickpea, pigeonpea and clovers 
and are reviewed in Sinclair (C'hapter 3 ,  this volume), Kraft c t  tzl. (Chapter 6 ,  this 
volume), Haware (C'hapter 9 ,  this volume), Keddy rt (11. (Chapter 10, this volume) 
and Mercer (Chapter 12,  this volume), respectively. 

Biology 

1:usnrilrrtl spp, can attack seedlings or adult plants. At the seedling stage, high soil 
moisture has been shown to be a pre-disposing factor (Lang at nl., 199 3) .  
Infection of adult plants may also have occurred early in the growing season but 
the pathogen does not become aggressive until the host is stressed, often at flow- 
ering time. Restriction and decay of the root system is followed by blackcnirlg and 
decay of the stem base and chlorosis, wilting and eventual death of the foliage. 

Symptoms 

The pathogens become established in the xylem after penctrating young rootlets 
directly and through wounds in older roots. The first visible symptom is a marked 
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chlorosis of leavcs, followed by reversible and ultimately irreversible wilting, 
which spreads upwards from the older lcaves at the base of thc plant. In tnori- 
bund plants. the vascular tissue extending up the stern is nccrotic. This is diffcr- 
ent liom vascular tissue affected by foot and root rot pathogens which is only 
locally nccrotic (Salt, 198  3). 

Epidemiology 

With the exception of F .  soluni f, sp. j ~ b o a ,  the pathogens i~ssocii~ted with foot and 
root rot are urispecialized, with a wide host range, and arc capable of surviving in 
the soil for long pcriods in the absence of the host. 1:ustrriuttl spp, have hccn iso- 
lated from faba bean seed (Xakrzewska, 199 11, and tannin-free sccd in particular 
can be hcavily contaminated (Jcllis et trl., 199 3 ) .  

Damage and Crop Loss 

Both foot arid root rots, and wilt affect yield by reducing plant populatioli density, 
i f  infection occurs early, and also adversely affect grain size and qu;tlity. Yield loss 
is sometimes scrious (1,eocata and Sesto, 199 5 ) .  

Management 

In areas wherc foot and root rot or wilt iire a problem, rotations must bc chosen 
with carc to avoid build-up of the pathogens. In C'hina, diseasc incidence due to 
I.'. solani was reduced from 38.1'X with continuous cropping to 5.7'%1 with a 
1-year break (Lang et (11.. 199 3). As the discascs arc frequently associated with 
stress, care should be taken to ensure optimum growing conditions. Soil pI1 does 
not affect the incidence of foot rot (Lang ut (11. .  199 3) .  Seed dressing with rncto- 
laxyl + thiabendaaole + thiram controls seedborne inocuiiition but is not cffcc- 
tive against thc more common soilborne inoc~llurn. Poliar sprays will not control 
the disease. 

High resistance to foot and root rot has been claimed for the Kussian cultivar 
'Burshtyn 54' (Yartiev, 1976) and tolerance of the disease has also been idcnti- 
fied, for example in the German linc KK13 which is being used in breeding pro- 
grammes (Bond et 01.. 1994). No useful sources of resistatice to wilt arc currently 
availablc, although some varictal differences have been noted in Egypt, Poland 
and Russia (Salt, 198  3). In general, differences between cultivars are probably 
due to their relative ability to withstand stress and thosc with a high degree of 
hetcrogeneity and which display heterosis will generally withstand conditions 
conducive to foot or root rot and wilt better than inbred lines (Bond et id., 1994). 
Pascual Villalobos and Jellis (1990) and Helsper at ul. (1 994)  found that the tnn- 
nin-free member of near-isogenic pairs wes generally more susceptible to 
Fusurium spp. than the tannin-containing member. However, differences 
between white-flowered, tannin-free cultivars do exist and it is possible to select 
for resistance in the absence of tannin (Pascual Villalobos and Jellis. 1990). 



G.J. JEWS E l  AL. 

BEAN LEAF ROLL 

Aetiology 

Bean leaf roll virus (BLRV) is in the luteovirus group of plant viruses. Synonyms 
include pea leaf roll virus (see Kraft u t  al., Chapter 6 ,  this volume) and legume yel- 
lows virus (I)uffus, 1979). The luteovirus group appears to comprise a contin- 
uum of serologically related viruses (Waterhouse c,t ill., 1988) and other 
members of this group which have been reported to cause yield losses in faba 
bean include subterranean clover red leaf virus (SCRLV) ( = soyabean dwarf 
virus) in New Zealand (Wilson and Close, 1973) and Australia (Johnstone, 
1978), beet western yellows virus (BWYV) in the USA (l)uffus, 1964) and chick- 
pea stunt virus (CpSV) (Haware, Chapter 9,  this volume). 

Identification of BLKV, and related luteoviruses infecting faba bean, can be 
done on the basis of symptoms, their persistence in aphid vectors, and failure to 
be mechanically transmitted (Cockbain, 198 3) .  A serological test such as E1,ISA 
will offer a more definitive and rapid diagnosis. 

Symptoms 

BLKV on faba bean produces symptoms of upward leaf-rolling and thickening, 
accompanied by interveinal chlorotic yellowing (Fig. 7.5; Coi.kb:~in, 198 3). Early 
infection can suppress llowering and pod set. SCKIY and IJWYV produce synlp- 
toms on faba bean similar to those of B1,RV. Infection with RLRV or related viruses 
may be symptomless on other hosts, although SCRT,V produces distinctive leaf 
reddening on subterranean clover (Trij~liurn subturri~nrwrn) (Ashby, 19X4: sec 
Mercer, Chapter 12, this volume). 

Epidemiology 

Luteoviruses are transmitted in a persistent manner by sevcral species of aphid. 
They are not transmissible mechanically nor through seed. BLRV is common in 
Europe, the Middle East, North Africa and India (Ashby, 1984); RLRV infects pea 
in the lJSA (see Kraft rt ~ 1 ;  Chapter 6 ,  this volume). Incidence of infection of up lo 
70'X) was recorded in spring-sown crops in England (Cockbain, 1980) and up to 
60% in Germany (Schmutterer and Thottappilly, 1972). Makkouk et al. (1988) 
found BLRV to be the most common virus on faba bean in six Middle Eastern 
countries, with incidence usually of not more than 20% but of 100% in excep- 
tional cases. Incidence of 10006 has also been reported from China (Yu, 1979). In 
Tasmania, up to 84% infection by SCRIJV in broad bean was found by Johnstone 
and Rapley (19 79). 



Fig. 7.5. Symptoms of bean leaf roll virus (Photo: courtesy of A.J. Cockbain, IACR- 
Rothamsted). 

Damage and Crop Loss 

Ashby ( 1 9 8 4 )  stated that BLKV rarely causes economic losses in Europe but, Iiev- 
ertheless, it is potentially a very damaging disease of faba bean (Thomas and 
Sweet, 1 9 9 0 ) .  Naturally infected plants yielded 50-90% less than uninfected 
plants in the IlK and in Germany (Tinsley, 1 9 5 9 ;  Heathcote and Gibbs, 1962; 
Schmutterer and Thottappilly, 1 9 7 2 ) .  Yield loss due to infection with SCKLV was 
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as high as 91%) in late-sown plots of broad bean in Tasmania (Johnstone and 
Rapley, 1979). Total loss of faba bean crops following 10006 incidence of natural 
infection with HLKV occurred in the coastal region of Syria in 1986 (Makkouk ut 
ul.. 1988). 

Tinslcy ( 1  9 59) noted that BLRV-infected plants in crops of broad bean were 
more susccptiblc to Botrytis fabae. Omar et al. (1986a) confirmed increased sus- 
ceptibility to both B. fabae and B. cinereu, and noted that virus symptoms resern- 
ble premature leaf senescence, thereby inducing the fungus to sporulatc and 
spreird. Makkouk rt al. (1988) also observed that BLRV-infcctcd crop plants wcre 
usually more severely infected by Rotrytis spp., and that this greatly increased the 
importance of this virus. In contrast, prior infection of faba bean with Bl,K\' 
decreased pustule density on leaves subsequerltly infected by the bcan rust 
pathogen Urornyces viciue-jubae (Omar et ul., 1986b), thus decreasing the scvcrity 
of rust. 

BEAN YELLOW MOSAIC 

Aetiology 

Rean yellow mosaic virus (BYMV) is a member of the potyvirus group. Synonyms 
include bcan virus 2, and pea mosaic (or pea common mosaic) virus (PMV). 
IIowcvcr, some controversy exists as to whether pea mosaic virus, also known as 
the pea strain, is in fact a strain of RYMV or a distinct but closcly related virus, It 
has also been recorded on soyabcan (scc Sinclair, Chapter 3, this volume), lupins 
(Hill, Chapter 1 1 ,  this volume) and clovcrs (Mcrcer, Chapter 12, this volume). 

'I'entative identification can be done by symptom observation, but care rnust 
be takcn since pea seedborne mosaic virus infection can produce similar symp- 
toms on some faba bean genotypes. BYMV may be distinguished from other 
potyviruses infecting faba bean by the use of bioassay plant species (Bos, 1970), 
and identified by ELISA or cDNA dot blot hybridization. 

Symptoms 

RYMV is the most common cause, worldwide, of mosaic symptoms in faba bean 
(Cockbain, 198 3 ) .  Symptoms typical of BYMV are vein-clearing in the youngcst 
leaves 7-10 days after infection, followed by mild green mosaic, vein-banding 
and sometimes chlorosis (Fig. 7.6). A strain of BYMV causing mosaic, dwarfing, 
and necrosis and plant death was found on broad bean in Italy (Vovlas and 
Russo, 1978). The pea strain produces a distinctivc bright yellow mosaic on fabii 
bean and pea (Fig. 7.7). 

Epidemiology 

BYMV is transmitted by many aphid species in a non-persistent manner, and is 
transmitted easily by mechanical inoculation. The virus can also be seedborne in 
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Fig. 7.6. Symptoms of bean yellow mosaic virus (Photo: courtesy of A.J. Cockbain, IACR- 
Rothamsted). 

faba bean, but with usually a low transmission rate (Cockbain. 1983). 
Nevertheless, virus spread by aphids from random multiple foci of infected 
seedlings can be very efficient (Bos rt ul., 1988). In a trial in Iran where seed- 
borne BYMV inoculum was less than 1'5,. as many as 34% of plants were infected 
within 1 5  weeks and 9 3-100'X were infected after 22 weeks (Kaiser, 197 3). Crop 
plants infected through seed transmission were the main source of inoculum. 
Infected faba bean seeds were regarded as a major source of infection of BYMV in 
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Fig. 7.7. Symptoms of bean yellow mosaic virus, pea strain (Photo: courtesy of A.J. 
Cockbain, IACR-Rothamsted). 

Japan (Sasaya rt ul., 199 3 ) ,  and seed transmission as high as 9% occurred in up 
to 10 of the 12 cultivars tested. 

BYMV has worldwide distribution, occurring in most countries where 
legumes have been investigated for viruses (Ros, 1970). An incidence as high as 
77% was recorded in Germany in plots untreated with aphicide (Schmutterer 
and Thottappilly, 1972). Makkouk rl a1. (1 988) recorded an incidence of 67% in 
plants from naturally infected crops in Egypt, and noted that incidences of 100% 
infection are no1 uncommon in the Sudan late in the growing season. A survey 
of faba bean viruses in Egypt in 199 3 and 1994 found that, of plants with symp- 
toms suggestive of virus infection, 25%) and 31% respectively were infected with 
BYMV (Makkouk et al., 1994). Faba bean necrotic yellows virus was the most 
common in this survey with an incidence of 5 1% in 199 3 and 62% in 1994. 
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Damage and Crop Loss 

Infection with RYMV at or before flowcririg is much more serious than latcr 
infection. Frowd and Rernier (1977) inoculated faba bean plants at 5, 7 or 9 
weeks aftcr sowing. Compared lo uninoculated plants. those inoculated with a 
mild isolate yielded, respectively. 59. 48 and 17% Icss, and with a severe isoli~tc 
96, 70 and 17'k less. Makkouk et al. (1988) found that RYMV induced 81. 5h 
arid 39% yield loss in experimentally inoculated plots following inoculation 1 1 ,  
15  and 2 0  weeks aftcr sowing, respectively, Mixed inoculation with BYMV and 
broad bean mottle virus bel'ore or during flowering resulted in trlmost complete 
failure ol'the crop. Pod set is affected by early infection. Nour and Nour (1962) 
reported that broad bean plants naturally infected with thc pen strain set 82'X) 
fewer pods. Omar clt al. (19Xha, b) found, as with PI,KV infection, that BYMV 
increi~sed susccptibility to B o t r ~ t i s  spp. but decreased the pustule density of 
Urornyces vil-i(~r-/iat)u~. 

BROAD BEAN TRUE MOSAIC AND BROAD BEAN STAIN 

Aetiology 

Hroad bean true mosaic (BBTMV) and broad bean stain (HBSV) viruscs ilre 
both members of the comovirus group. The synonym of BBl'MV is Bchtcs 
Ackerbohnenmosaik-Virus. 'l'he two viruses are iinrelatcd serologically, and 
E1,ISA can be uscd for idenlilication. 

Symptoms 

Foliar symptoms on faba bean are very similar for both viruses, with chlorotic 
mottling in patches on leaves (Fig. 7.8) and sometimes leaf deformation. Some 
leaves on an infected plant may appear normal (Gibbs et al., 1968). Apical 
dieback may occur in cooler conditions. Seed from plants infected with BRSV 
often have a brown necrotic stain around the testa (Fig. 7.9). 

Epidemiology 

BBTMV and BBSV have been reported from Europe, North Africa and Asia but 
not from the Americas; BBSV also is reported from Australasia. Bos et u1. (1 988) 
regarded BBTMV and BBSV as economically important viruses of faba bean, with 
frequent seed transmission, although usually this occurs in only 1-3% of seed 
(Fiederow, 1980: Cockbain. 1983). However, a seed transmission rate of 46% for 
BBSV in a pea cultivar was reported by Musil and Kowalska (1993). The vectors 
of both viruses are weevils of the genera Apion and Sitona, and both viruses are 
also readily sap-transmissible. Both viruses may persist in the weevil vector for 
some weeks, and may spread rapidly from seed-infected foci if conditions are 
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Fig. 7.8. Symptoms of broad bean stain virus on leaf (Photo: courtesy of A.J. Cockbain, 
IACR-Rothamsted). 

Fig. 7.9. Symptoms of broad bean stain virus on seed (Photo: courtesy of A.J. Cockbain, 
IACR-Rothamsted). 
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favourable. The viruses are widespread only in occasional years in the LJK, prc- 
sumably because ol' low vector numbers or few sources of inoculum in most 
years. 

Fiederow (1980) found that 35'X) of plants with virus-like symptoms collcctcd 
from field crops in Poland were infected with BB'I'MV. Makkouk clt 111. ( 1987) detcctcd 
BBSV in 12(Y0 of faba bean satnples with virus-like symptoms. A further survey 
(Mrkkouk ~t a/., 1988) found BBSV in 1  X XI of all samples testcd. RR'I'MV was also 
found but was the least common ol'the nine Iirbr~ bean viruses detcctcd. 

Damage and Crop Loss 

Vorra-Urai and Cockbain (1977) found up to 92'X) less pod set and 94'%1 less seed, 
compared to that of sympto~nlcss plants, in plants showing symptoms ol' natural 
infection with I3B1'MV and BRSV through seed transmission. RB'I'MV reduccd 
the seed yield of sap-inoculated plants of horse bean by 44% under glasshousc 
conditions (Fiederow, 198  3). Railiss and Senananyekc (1984) ir1ocul;lted faba 
bean plants in the glasshouse and in the field. and found that HHTMV reduced 
yicld by 89%). Yield losses were progrcssivcly less the older the plants ;I( (he titnc 
of inoculation. Makkouk tlt (11.  (1988) also experimentally inoculated plants 
grown in lield plots; BRSV reduceti yield by 84'X) with inoculr~tion 1 1  weeks tlfler 
sowing but by 39% with inoculation after 2 0  weeks. As well as loss of yicld pzr sa, 
the sttiin induced by RRSV can render faba bean seed useless for processing for 
human consumption (Ros el a/. ,  1988). 

PEA EARLY BROWNING 

Aetiology 

Although primarily a disease of pea, and locally import;lnt in 'I'hc Netherli~nds 
and England (Bos and van der Want, 1962; Gibbs and Harrison, 1964: Roullon, 
1996), pea early browning tobravirus (PDBV) can also infect klba bean. There is 
a very wide diversity or serological relationships among isolates and serotypes of 
PEBV, and infective isolates also exist which lack the protein coat necessary for 
serological detection. E1,ISA can thus be inconclusive and misleading for PFBV 
(Boulton, 1996). For accurate detection, cDNA hybridixa~ion or polymerase 
chain reaction can be used. 

Symptoms 

PEBV is almost always symptomless on faba bean (Bos and van der Want, 1962; 
Fiederow, 1980, 1983: Cockbain et al., 198 3) although virus concentration in 
plants may be high. Mahir ct a/. (1992) stated that symptomless infection 
appears to be widespread in faba bean in North Africa, although Lockhart ;in(] 
Fischer (1976) reported a very mild mosaic caused by PERV in Morocco. The 
broad bean yellow band virus (BBYRV) serotype of PEBV (Russo et nl., 19841, 
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however, can produce yellow vein-banding, rings and line patterns on faba bean 
leaves, and brown necrotic rings on the pods, although symptomless infection 
with BBYBV can also occur. A Libyan isolate of PEBV which was not serologically 
related to BBYBV could also induce vein-banding symptoms (Bos et al., 199 3). 
Cockbain et al. (198 3 )  reported interactions between BLRV and PEBV or pea ena- 
tion mosaic virus, inducing necrotic symptoms on faba bean that were not typi- 
ciil of infection with the viruses alone. 

Epidemiology 

PEBV is transmitted through sandy or light-textured soils by spccies of tri- 
chodorid nematodes. Transmission is also common through pea secd, and occurs 
to a lesser extent through seed of faba bean. Fiederow (1980, 1983) reported 
seed transmission of up to 8%) in faba bean sccd grown in the glasshouse. 
Cockbain et al. (1983) found that two out of thrcc cultivars of faba bean showed 
transmission of PEBV of up to  XI, and Mahir at (11. (1992) found transmission ol' 
up to 45'%, in seed from sap-inoculated plants. 

Damage and Crop Loss 

1:iederow (1 98 3)  reported an average rrduction in seed yield of 2 7% in faba bean 
when sap-inoculated with PEBV under glasshouse conditions, cven though 
infected plants were symptornless. When plants were inoculiited both with PEBV 
kind I%R'l'MV, infected plants showed symptoms orlly of BBTMV, with a yield loss ol' 
77%. Cockbain et al. (198 3 )  bund that leaf and stem necrosis, iind sornctirncs 
early death of plants, was induced by inoculation of PEBV and PLRV together. No 
further losses in faba bean due to PERV have been described, although the severe 
symptoms of BHYHV on broad bean in Italy (Russo r.t (11.. 1984) imply that yield 
losses may occur there. 

PEA SEEDBORNE MOSAIC 

Aetiology 

Pea seedborne mosaic potyvirus (PSbMV) causes a disease of prime importance 
in pea (see Kraft rt nl., Chapter 6 ,  this volume) but the virus can affect fabu beans 
as well. Three pathotypes (strains) have been reported from pea: P-1, L-1 and 
P-4. All can infect faba bean, but pathotype L-1 is the only one which can infect 
lentil (1,rns rulinaris). The virus can be identified in foliage and seed by ELISA. 

Symptoms 

Foliar symptoms of PSbMV in faba bean are vein-clearing and mosaic, particu- 
larly on younger leaves, and are quite similar to those of BYMV. Fagbola et al. 
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(1996)  noted varying severity of symptoms, including stunting and severe Icaf, 
flower and pod distortion, on different cultivurs following sap-inoculation in the 
glasshousc with thc three pathotypes of PSbMV. Sonic cultivars remained symp- 
tomless, although infected. A proportion of abnormal seed was produccd by a11 
the cultivars. This was smaller than sced kom uninfectcd pltlnts, with Srequcnl 
splitting of the seed coat, and was also often necrotic, in some cases showing as a 
wavy line around the seed coat. 

Epidemiology 

PSbMV is transmitted non-persistently by several spccics of aphid, and is sap- 
transmissible. 'l'he disease has ;I worldwide distribution, occurring wherever the 
pea crop is grown (Khetarpal and Maury, 1987). Kvittlla ct rr1. (1975) found a 
number of viruses including PSbMV occurring on pulse crops in the former 
C'zechoslovakiu, and Lundsgaard ( 1981) isolirted 1'SbMV from the broad bean cv. 
Wieselburgcr growing in a lield near lo pea plots in 1)cnmark. I'SbMV and BYMV 
were reported to be the most important viruses in Silba bcan growing areas of 
Japan (Tachibana, 198 1). Makkouk et (11.  ( 1988) found I'SbMV in 6'%, of sumplcs 
tested in a survey of'klba bean viruses, and Hos rt (11. ( 1988) and Fortass and 130s 
(1  991)  also reportcd isol;~tion of PSbMV ti-om naturally infected laba bcan in 
West Asia and North Africa, Boulton ul(11. (1 996)  reported natural insection of 
faba bean in the IJK, tht: virus most probably having been aphid-transmitted 
fro111 adjacent infcctcd peas, but in sotnc cases the nearest known source was 
1 km distant. 

PSbMV is transmitted through pea secd with an cfliciency of up to 10O1%,, 
although this varies greatly with cultivar (McKeown and Diddle, 1991; Wang et 
nl.. 199 3). In faba bean, transmission through seed following sap-inoculation ol' 
the parent plants has been reportcd by Musil (1980),  1,undsga;rrd (1981)  and 
Fagbola et 111. ( 199h), but there has been no report of seed transrnission f(1llowing 
natural infection, even though virus may be present in seed lots (Boulton rt nl. ,  
1996). 

Damage and Crop Loss 

Although I'SbMV has a wide distribution in faba bean there are few reports ol' 
yield loss due to natural infection. 'I'achibana (198 1 ) reported that PSbMV and 
BYMV considerably reduced both the number of pods and the size of sced. 

Following sap inoculation under glasshouse conditions Pagbola et nl. ( 1996) 
reported that, in addition to severe stunting in some cultivars, significant 
amounts of smaller and poor quality seed were produced. This would be an 
important economic factor not only where faba bean seed is destined for freezing, 
canning and other human consumption, but would also reduce acceptable yields 
of seed for animal feed. 
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MANAGEMENT OF VIRUS DISEASES 

Since there is no curative treatment for virus diseases once crop plants are 
infected, only two control strategies are available; avoidance or prevention of 
infection, and selection for resistance or tolerance to viruses. 

Measures for avoidance of infection with aphidborne viruses include grow- 
ing crops at a distance away from known early sources of infection, such as 
clover fields. Even so, isolation may not always be effective where the vectors arc 
particularly active (Ros et al., 1988). It is difficult to isolate crops from infection 
by viruses such as BLRV and pea enation mosaic virus, which persist over long 
distances in their aphid vectors. It may be possible, especially for sccd multiplica- 
tion, to grow crops in areas such as higher ground where the vectors may be less 
active or arrive at later stages of crop maturity. Sowing earlier in the spring when 
possible may allow the crop to be more mature when the most damaging period 
of vector activity occurs. PEBV may be avoided by not growing susceptible crops 
on land where the virus is known to be present. 

Strict statutory seed certification schcmes, such as that successfully used for 
many years in The Netherlands to control the spread of PEBV in pea (Bos and van 
der Want, 1962; Boulton, 1996), may not be practical nor justified in many 
instances for seedborne virus diseases of faba bean. Even so, thc production and 
use of sccd carrying little or no virus is desirable. Seed lots, or preferably sample 
plants grown from seed, which better indicate the actual rate of transmission, 
can be screened for infection by ELISA. Those involved with distribution of seed 
for commercial, experimental or breeding purposes should also ensure that only 
healthy seed is exchanged or acquired. 

Insecticides are effective in preventing infection, and spread within a crop, of 
luteoviruses such as R1,RV since the vector is deterred or killed before virus is 
transmitted to the host phloem cells. They are less effective when viruses are 
transmitted in the non-persistent manner. Spread within the crop of non-persis- 
tent viruses in epidemic situations, nevertheless, may be significantly limited by 
insecticide use. It is particularly important to prevent infection up to the time of 
pod set. Table 7.2 lists insecticides currently approved for use on faba bean in the 
UK (Whitehead, 1996). 

Breeding for resistance to faba bean viruses has been reviewed by Cockbain 
(198 3), Bos r t  ul. (1988) and Makkouk tlt u1.(199 3 ) .  However, there are few good 
sources of resistance, and breeding programmes are not as advanced in faba 
bean as in other cool-season crop legumes, particularly pea. 

Although it is obviously of benefit to maintain crops as virus-free as possible, 
the degree of control measures taken must be economically viable and environ- 
mentally sound. Much will depend on local conditions and the epidemiology of 
particular viruses, the availability of, and means to implement, an efficient con- 
trol measure, and the extent to which virus disease in the crop can be tolerated 
by the growers and users. 
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Table 7.2. Chemicals for control of virus vectors in faba bean, approved for use in the UK 
(Whitehead, 1996). 

Aphids Organophosphorus Demeton-S-methyl 
Dimethoate 
Disulfoton 
Heptenophos 
Malathion 
Phorate 

Carbamate 
Alkaloid 
Pyrethroid 
Fatty acids 

Pirimicarb 
Nicotine 
Remethrin 

Weevils Organophosphorus Phorate 
Triazophos 

Pyrethroid Cypermethrin 
Deltamethrin 
Esfenvalerate 
Lambda-cyhalothrin 

BROOMRAPE 

Aetiology 

13roomrapes (Orobanche) are higher plant species in the I'i~mily Orobancl~rrcr~ap and 
are obligi~te parasites on many crops ilnd wild plants. I3y far the rnost important 
species attacking V, fizhn is 0. c'rct~utcl Forskall, though occasionally 0, rcltilosn L. 
0, negyptirrcu Pcrs.. 0, fbatirlc~ Poirct and 0. ti~inor Sm. have heen seen on faba 
bcans (Fig. 7.10). 

Biology 

Seeds of broomrape germinate in the proximity of roots when stimulated by 
substances excreted by the host (Cubcro and Moreno, 1979). Penetration of the 
haustorium into thc host's root is by mechanical pressure but growth within the 
roots is by enzymatic processes (lliirr and Kollmann, 1974). Connection between 
the two xylcms is established before connection of thc phloems. Aftcr attach- 
ment, three other growth phases of the parasite are recognized: as a 'nodule', for- 
mative and adult. Flowering tends to coincide with that of the host: there arc 
10-100 flowers per plant, and cross-pollination is by bees. Each capsule contains 
on average 4000 seeds, with the number of seeds per parasite plant ranging from 
50.000 to 500,000. Seeds remain in the soil for long periods, up to 19 years 
(Cubero and Moreno, 1979). The population of 0. crenuta at Alameda, Spain, 
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Fig. 7.10. Broomrape: Orobanche crenata (right); 0. aegyptiaca (left). 

reached 4 million seeds m-', though only 0 . 0 O 3 ' X ~  attached to faba bean roots 
(I,opez (;ranadus and Garcia Torres, 199 3) .  

0. c7rCn(~ta. unlike many other species of Orobunr~lle, is adapted to hot and dry 
regions: hence it is found on faba beans in Mediterranean countries and the 
Middle East. Southern Spain, southern Italy, Greece, Egypt and Morocco are par- 
ticularly affected. Although 0. minor is common on clover, it rarely infects faba 
bean and there are very few reports of broomrape as a pest of faba beans in 
northern Europe, China or the Americas. In fact there are proposals for quaran- 
tine procedures, including 0. crerlatu on faba bean, on Orobunche entering USA 
(Musselman, 199 3). 

Although 0. crennta is mainly found on fdba beans, peas, lentils (see Bayaa 
and Erskine, Chapter 8, this volume) and vetches, it can also infect carrot, lettuce 
and sunflower. Pathotypes of 0, crenata from host-adapted populations that vary 
in virulence on faba bean have been described by Cubero and Moreno ( I  979): 
and cultivars that were resistant to 0, crenata in Spain, Syria and Morocco were 
susceptible to a red-stemmed species identified as 0. foetida in Tunisia (Cubero rt 
al., 1993). 
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Symptoms 

'The first symptoms are pale, slightly pink, fleshy shoots of the adult stilge ol'the 
parasite that ct11 bc sccn emerging from the soil Ileilr the l~ost  bei~n pli~nts. The 
faba bean plant may tolerate a few broomrapes clnd transpiration through the 
parasitc is relatively small, but eventually the effect on the host plant is willing 
trnd desiccation duc to competition for water. In a severe infestation of ii suscepti- 
blc host, thc bean collapses and the field ilppcars like i1 crop ofbroomritpr. 

Epidemiology 

0. c-rcv~ntcl is a persistent pest of V. /i~brr in Mrditerrancan countrirs bccausc the 
seeds arc so small and numerous and able to si~rvivc in the soil l i ~ r  periotls ovcr 
19 years, gcrnlinating only when slimulatcd by a fabit bean crop. More than one 
compound from the host is needed to trigger germination (Whitney. 1995).  
Although seeds germinate at cool temperaturt~s ( 1  3-1 30C3) ,  growth o f  the paril- 
site is riot optimum below about 2 5°C. 1)ryilig winds also increase the rlmount of' 
infcstation (Cubero trnd Moreno, 1979) .  As the seeds are so smk~ll. it would he 
quite possible for 0. rrenntn to sprei~tl with V. /irhrr seed samples. The fact that 
there arc fcw rcports of such-long distilnce dissc~~~lination probably indicates the 
critical naturc of conditions for germination and attachment. 

'I'hc parasitc has evolved to exploit the host I'ully and quickly so ils to produce 
as many as possible ol its own seeds before it dies ol desiccation along with thc 
host (Whitney, 1995) .  Thus the host suffers in proportion to thc amount ol'inf~ss- 
tation unless sonle roots cxtcnd dccply beyond the part~sitizcd region. 

Damage and Crop Loss 

Schmitt (1979)  evaluated damage in en irrei~ in Morocco where 801X1 ol' the bean 
plants were infested and 14%) ol'the bean plants showed severe yield losses. 12ifty 
pcr cent and up to 1 0O1K1 yield losses are not uncommon. Cropping is constrtrinetl 
by length of' rotations (Lutzeyer ct a].,  1994),  and ftrrmers divert land to other 
crops. 

Management 

Late sowing (January in Morocco) can avoid some of the infeslation but this 
results in lower yield: or early-maturing cultivars have to be used which are ol'ten 
not so high yielding. High plant density ( 5 0  plants m I )  had less attack and 
higher yield than 17 plants m-' in trials conducted by Pieters and Aalders 
(198h). 

There is less broomrape in irrigated regions of' Spain (Cubero and Moreno, 
1979) ,  but V. faba is not such a high-value crop that it often warrants irrigation. 
Hand weeding of broomrapes has been ineffective. Trap crops, like flax or vetch 
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(Vicia sativa), which are ploughed or grazed once the broomrape seeds have been 
stimulated to germinate, have been tried but with limitcd success; not all 
Orohnnche seeds germinated and the system did not lit well with agricultural 
practice. 

Good control of 0, c,rrnutu has been obtained with glyphosate and pronamide 
(%ahran et ul., 1980), chlorsulfuron (Garcia Torres et al., 1991) and imazethapyr 
(Saber rt ul., 1994). Imazethapyr, imazaquin and glyphosate also gave some con- 
trol of 0.fiwtida (Kharrat and Halila, 1996). Applications are usually made at the 
subterranean stage of the parasite, and Ihe chemical is translocated from host to 
parasite. However, soil treatment with dazomet also prevented illfcstations of 0. 
itrrnutu (Khalaf et a/., 1994). Though the effect of spraying is greatest on suscepti- 
ble cultivars of faba beans, there is still a significant improvement in yield in 
spraying some resistant cultivars (Robertson and Saxena, 199 3) .  Chemical ger- 
mination-stimulants include gibberellic acid but there may be further develop- 
ment of strigol analogues (Saghir, 1994). 

A number of pests attack broomrape. Some success was achieved using the 
fly Pkytorn!lza orohunc'hiur (Kalt.) in Russia (C'ubero and Moreno, 1979) and in 
Turkey (Ciray and Nemli, 198 3). However, these trials were directed at species 
other than 0. crrnutu; also the fly is itself attacked by a wasp. The fungus 
Fusurium orobunclle Jacz. is another candidate, but as with most biological control 
of Orobanchr, even 9 5% control means that many seeds escapc and can re-infect 
beans next season. Fusuriun~ isolated from 0. crenatu by Al-Menoufi (1986) was 
non-pathogenic on V.fuba and therefore could be a potential candidate. 

There have been several reports of genetic resistance to 0, i9rt'nutu in V .  j ~ b a  
(C'ubero, 1 98 3, 1994; Karamanos and Avgoulas. 1989; Kheir rt al.. 1 989). The 
first reports suggested an association of resistance with small seeds (VE' 172, a V .  
jbbu subsp. jmucxijuga line) or late maturity (F402 in Egypt) and a skew toward 
small seeds and late maturity has been noted in resistance scores. 111 fact, Aalders 
and Pieters (1986) warned that plant vigour is a misleading factor in the search 
for resistance. However, it is now clear from crosses and their derivatives that 
resistance can be transferred into other genctic backgrounds. One of the most 
successful was from VF 1071 (a 402 derivative) X the Spanish susceptible 
'Brocal' which resulted in the resistant cv. Haracu (Cubero et (11.. 1992). In an 
infested trial, Baraca had 0.2 5 broomrapes per plant (cf. 3.79 for susceptible con- 
trol) and three times the yield. Resistance of the F402 and Baraca type is thought 
to be quantitative and strongly additive, and breeding is by recurrent selection 
(Cubero, 1994) or pedigree breeding (Khalil et al., 1994). However, polycross 
testing leading to synthetic cultivars has also been proposed by Kadwan and 
Darwish (1991). The resistance of VF1071 has proved to be stable (Cubero rt ul., 
199 3 )  as, so far, has that of Baraca, but lines in Egypt (cf. BPI, 241 with BPL 
1656) varied in their reaction to different 0. crenata accessions (Radwan et al., 
1988), there was genotype-environment interaction in terms of resistance in 
Spain (Flores et al., 1996) and the parasite is known to be very polymorphic 
(Verkleij et al., 199 I ). There may be different mechanisms of resistance. includ- 
ing a lack of exudates which stimulate pathogen germination (Cubero et a/., 
1993). Thus, new sources of resistance are needed. The resistance of ICARDA 
lines 18009S, 1802 5S, 18105S, 81972 and 8191128 to 0, crenata was conErmed in 
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Algeria, and in Tunisia the tolerance of BPL 8 18, 8 38, 9 1 1 ,  990 and 101 5 to 0. 
joetida was demonstrated. Breeding for On)brtni'/le resistance in Egypt resulted in 
the cultivars Giza 674  and 429 which yield X O ' X ,  more than the commercial cul- 
tivar in infested fields (ICAKLIA, 1995). Chiaro 1'L was reported as resistant in 
Greece (Karamanos and Avgoulas, 1989),I,ocale di Castellano in Italy (Perrino ri 
al., 1988), BPL 2830 in Morocco (Robertson and Saxena, 1993). while Aalders 
and Pieters (1987) drew altention to BIJL 2210, a line which showed lower 0. 
crenuta attack than predicted on its vigour. F,videncc that resistance of new lines 
is not due to reduced stimulalion of Orc~bi~nc~hr seeds by root exudates (Woerdcn tJt 
ul., 1994) nor to avoidance mechanisms, and thcrefi)re is probably associated 
with gene-controlled histological dil'ferenccs, was also given by tcr Rorg clt rtl. 
(1994). 

Although improved sources of resistance arc becoming avilili~ble, control of 
broomrape may, for some time, require an intcgration 01'resist;lnt cultivars with 
agronomic measures, including delayed sowing ant1 the post-emergence applica- 
tion of glyphosate or imazethapy, as shown by thc work of IC'ARIIA (Saxena rt (11.. 
1994). IIowever, the price ol' herbicides may limit their use. Many ol' the above 
control rneasures arid cultivars are not yet being applicd (1,utzcyer c t ,  trl., 1994). 

STEM NEMATODE 

Aetiology 

Stem nematode (Dityleni./~us rlipsrrci (Kijhn) Filipjer) is a biscxual species with 
worm-like juveniles kind adults measuring up to 1-1.5 mm long. It is a migratory 
endoparasite of stems and bulbs. Eggs are laid within plant tissue anti there are 
four juvenile stages, the life cycle taking 3-4 weeks (IIoopcr, 1991). Juverlilcs 
and young adults can withstand desiccation; the ncrnatodes clump together, can 
be dispersed as 'wool', then revived with moisture. 

Other nematodes attacking faba bean include Heterodrru gortlirigiuriu I,ic.bs., 
the pea cyst nematode, as described by Sikora and Grcco (1990), and also 
Meloidog,~jrir species (Greco and Di Vito. 199 3 ) ,  the root-knot nematode, which is 
more damaging in warm soils. 

Biology and Crop Loss 

There are two distinct races that cornmonly attack faba beans, the 'Giant' race 
and 'Oat' race. The giant race is tetraploid, with slightly longer adults (up to 
2.0 mm); it is specialized, infesting mainly V ,  jilha (IIooper, 1984) but also cer- 
tain weeds including Lamiunt ulhurn and Chenopodium nlhurn. 'l'he oat race, on the 
other hand, has a wide host range including oats, onions, rye, peas, maize, straw- 
berry and several weeds. The races of D. dipsaci that attack red clover and lucerne 
can reproduce within faba beans but do not cause much damage. The oat race is 
indicated by reddish-brown coloration of the host stems starting at the base and 
stopping at a leaf node. Heavy infestations cause thin, brown distorted stems and 
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shortened internodes. The giant race induces more severe distortion and twisting 
of thc stem including the top of the plant, similar to swellings and distortions of 
the red clover race in red clover plants. Both races can infest seed giving necrotic 
patches under the testa, the seed sample being blemished, darkened or cracked. 

Large populations of nematodes can build up within faba bean plants, with 
up to 100,000 irldividuals per stem (Hooper, 1971), returning to thc soil in plant 
debris. Both races persist in the soil, in the absence of host crops, for at least 10 
years (Hooper, 1984), and also survive on certain weeds. The disease can spread 
in bean sced and undoubtedly seed has infested previously clean land. The oat 
race is adapted to cool conditions and is found morc often in northern Europe 
whereas the giant race is more common in the warmer Mediterranean region, 
survivirlg also in central Europc. 

IIooper ( 199 1) reported a yield decreasc of 26% by the oat racc and 58'X~ by 
the giant race in plots with infested straw. Normally, infestations are only very 
damaging if dense populations are allowed to build up. Howevcr, any detectilble 
level of infestation prevents the crop from being used for seed. The faba bean crop 
was severely infested in Morocco recently, eliminating the export trade 
(Robertson and Saxena, 199 3). Like broornrape, Sclrrotinirr, foot or root rots and 
wilt, stem nematode limits cropping to long rotations. 

Management 

A rotation with infrequent oats, onion and fi-~bir beans helps prevent build-up of 
the oat race, end Vir~iu$~ha should not be grown more than one year in six (less 
often on heavy soils) even if only the giant race is involved. Care should be taken 
not to allow debris from infested crops on to adjacent lields. Secd should be tested 
and only used if free of stem nematode. 

Methyl bromidc is used to fumigate clover, lucerne and onion seed, but for 
faba beans there is too narrow a margin between efficacy and seed toxicity. 
Aldicarb and carbofuran were successfully used as seed and soil treatments in 
spring beans but not winter beans (Whitehead and Tite, 1987). The cost is only 
justified for valuable seed crops (IIooper, 1991). 

There have been some reports of resistant cultivars. Twelvc LCAKDA lines 
were found to have moderate to high resistance in Syria (Robertson and Saxena, 
199 3) and 11 also in Tunisia (Hanounik rt al., 1986). Caubel and 1,eclercq 
(1989) confirmed some resistance in BPL 1696, BPL 18.27 and FLIP 84-1 54 but 
only the INRA line 29H was very resistant to the giant racc (Caubel and I,e Guen, 
1992). This resistance is controlled by a single gene inherited maternally 
through cytoplasm of 29H, which also has resistance to Ascochytafabuv. 

CONCLUSIONS 

Many of the diseases of faba bean have not been researched extensively; there is 
still a poor understanding of some aspects of the epidemiology, and control meth- 
ods have not been optimized. A sound knowledge of the life cycle of a disease is 



essential for effective control strategies to be formulated. For example, if  the tclco- 
morph of Ascocl~!jtcc lilbne, which is windborne. proves to occur frequently on 
bean straw, the current emphasis on healthy seed as the major means of control- 
ling the disease may need to be re-evaluated. 

The importance of infccted plant debris iri the carry-over of diseases from 
onc crop to another also needs to be re-ex:rmincd, p;~rticularly ;IS debris cil11 
now remain on fields longer after harvest with current farmirlg practices. In the 
UK,  straw burning has now been banned i~nd  in some arcas minimal cultivirtion 
has become popular. Clearly, these changes will have an intlucncc w h e ~ ~  crops 
are grown adjacent to infectcd straw but for some diseases longer-disttuncc 
spread is not clearly understood. For example, although the aeritrlly dispersed 
teleomorph ot'thc ascochyta blight palhogen has now been described. it is not 
yet known how frequently it occurs or how signilica~it it is in thc epidcrniology 
of the disease. 

I11 many areas, beans are grown as a low-input crop and li~ngicidcs arc 
uncconornic. Also, the relatively small area ol' the crop in western Europe has 
meant that pesticide mariul'ilctiircrs have been reluctant to invest in the rcsc.arch 
and development of new pesticides or in some cascs even lo do Il-re necessary tests 
to permit recommendation of existing products. In such a situation, disease resis- 
tance and other non-chemical control rncasures iissume greatcr importance. 

Rclative lo other arablc crops, disease resistance breeding in I'i~ba beilns is of 
recent origin. Howcver, consideri~ble progress has been made b r  tr number of dis- 
cascs. Of the major discascs, high resistance to chocolt~te spot has proved to be 
the most elusive. Although sources of resistance have been idcntilicd, these have 
\lee11 in lines which are poorly adapted for western Europe and have complex 
inheritance, making transfer of resistance to winter-hardy genotypes difficult. 
Furthermore, current screening methotls for resisti~rlce t.o chocolate spot arc not 
very reliable, at least partially due to the nature of the resistance and the strong 
interaction between gcnotypc and cnvironmcnt. 

Having achieved high resistatice to a number of diseases, it is rlow important 
that these are combined to give comprehensive resist.ance to diseases of impor- 
tance in a particular area and also to ensure that resistant cultivt~rs also have the 
agronomic traits and quality components necessary for beans to be used to 
optimal advantage in both food and feed. There arc indications that such com- 
binations may not always be easy: for example cultivars low in tannin tend to be 
tnore susceptible to infection by Fus[lrilitrr spp. However, a recent major pro- 
gramme sponsored by the European Commission has provided breeding material 
containing resistance to a range of diseases despite low tannin or low vicine and 
convicinc. 

Durability of disease resistance remains largely untested, because of the rela- 
tively recent development of resistant cultivars. It is known that some sources of 
resistance to some diseases, for example rust, are highly race-specific and that 
others have proved effective over a rangc of locations and several years, but 
generally only in small-scale trials. Ilurability can only be proven by growing 
cultivars on a large area for many years. 

In many crops, there is now considerable interest and research effort being 
devoted to transgenic research, and novel techniques for disease control are 
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being developed. Currently progress has been most rapid for virus diseases. 
However, faba beans are proving to be difficult to transform, although recently a 
protoplast regeneratiorl system has been developed (T. Pickardt, personal com- 
munication). 

Integrated control measures for a number of diseases are being investigated 
and such an approach should bring considerable benefits to both the crop and 
the environment. There have already been encouraging results from studies 
involving resistant cultivars, herbicides and planting dates for controlling 
Orobunrhe. 

In order to make rapid and sustained progress in faba bean research, a coor- 
dinated international effort is required: particularly as in many countries the 
national resource is low. In recent years, there has been encouraging progress in 
collaborative research and this needs to continue and be strengthened, particu- 
larly in areas such as collecting, evaluating and maintaining genetic resources, 
and in molecular biology. 
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INTRODUCTION 

1,entil (1,nls c-ulit~uris) is ii short, annual cool-season li)od legume. Its scrds ;ire a 
source of good quality protein for the human diet and its straw is ;I valued animal 
feed in Wcst Asia. 'l'he putative progcuitor ol'l he cultivated Icntil is I,rrls oriclrrtrrlis. 
which is distributed Srom (;reccc to Ilzbekistirn (('~ibero, ll)X1 ). I:ron~ its Ncar 
East origins, the lentil has now spread in thc Old Wurltl lo hc cultiv:rled in ;I band 
stretching from Morocco to Bangladesh, with India and 'l'urltey as the two largest 
producing countries (Table 8.1). 'l'hc crop has been introdirced to Australi;~, 
Canada, New Zealand and the LJSA. Thc world production sti111ds at 2 .6  million 
metric tonncs from an area of 3.3 million ha (199 1 - 11f9 3 )  (I:AO, 199 5 ) .  

Recent rcvicws have assesscd the relative cconomic imporlilnce of kcy biotic 
sl.resses affccting lentil (Saxena. 199 3: Johanseti rlt  (11.. 1994). 'l'hc? most serious 
biotic constrairlts facing the crop arc the fbliar diseases, ascochytu blight, rust. 
stemphylium blight and grey rnould. Rust is a key yicld reducer in Morocco and 
Ethiopia arid is important also in India. Ascochytu blight is important in Canada 
and in wetter parts of South Asia. Fusarium wilt and collar rot arc iilso important 
univcrsally; the lbrrner is more importi~nt in dry arcas where foliar diseases rirc of 
minor importance and the latter is more prominent under humid corltlitions. 'l'hc 
parasitic angiosperm weed, broomrape, is a major threat to lclltil production in 
parts of the Mediterranean region. 

In this chapter research on the above key diseases is reviewed. C'olour plates 
of major lentil diseases are in Beniwal rt ul. (199 3). Information on othcr fungal 
diseases of lesser economic importance than thosc already covered is to bc found 
in 'I'able 8.2. Bacterial diseases are unimportant on lentil. There is a report of a 
bacterium causing root rot in the former IJSSR (Javornokova. 19  32)  and lentil is 
reported as a host of Xuntl~omotlas c'rrtnp~stris pv, yhuseoli (Kore and Shirshikar, 
1980). The lentil crop is affected by a number of virus diseases worldwide (Hos et 
al., 1988: Makkouk et  al., 1992), some of which have the potential to iidverscly 

@CAB INTERNATIONAL 1998. The Athology of Food and Pasture Legumes 
(eds D.J. Allen and J.M. Lend) 
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Table 8.1. Area (x1000 ha) and production (1000 t) of lentil worldwide and in the ten major 
lentil producing countries, ranked in descending order of the 1991-1993 production data 
(FAO, 1995). 

Country 
-- 

World 
India 
Turkey 
Canada 
Bangladesh 
China 
Iran 
Nepal 
USA 
Syria 
Ethiopia1 

Area (x1000 ha) 
-- 

1979 -1 981 1991-1 993 
- -- - 

221 8 3298 
934 1183 
206 747 

38 279 
290 209 
n.a. 72 
58 139 
98 134 
78 53 
82 92 
51 50 

Production (1 000 t) 
- -- 

1979 -1 981 1991 -1 993 
- - -- -- 

1327 2642 
41 1 81 1 
21 9 655 

32 331 
171 158 
n.a. 98 
45 86 
49 84 
84 79 
62 73 
45 35 

n.a. Not available. 
In 1991-1993, former Ethiopia was divided into Eritrea and PDR Ethiopia; 9O0/0 of lentil 

production is in PDR Ethiopia. 

affect lentil seed yield and quality. The major virus diseases of lentil are listcd in 
'Pable 8.3. Earlier reviews of lentil pathology are to be found in Khare (1981) and 
1)iaz Moral (199 3).  Information on different species of nematodc reported from 
lentils is presented in Table 8.4. 

RUST 

Causal Pathogen 

The disease is caused by Urornyces vioiur-fubae (I'ers.) Schroet. (Pucciniacuut~, 
Uredinalus). It is an autoecious fungus, completing its life cycle on lentil. 
Spermagonia are subepidermal and globoid. Aecia are subepidermal in origin, 
erumpent later. Aeciospores are elliptical, yellowish-brown, measuring 14-22 
pm in diameter and with a llncly warty wall. Uredia arc first subepidcrmal, then 
erumpent. Uredospores are borne singly on pedicels, mostly echinulate, with 
three to four germination pores and measure 22-28 X 19-22 pm. Tclia are 
subepidermal in origin, then erumpent on leaves but rcmain covered by the epi- 
dermis on stems for an extended period. Teliospores, borne singly on pedicels, are 
globose to subglobose, very rarely ellipsoid or ovoid, one-celled, measuring 
2 5-40 X 18-26 pm, with a single germination pore: the wall is obviously pig- 
mented (Viennot-Bourgin, 1949). 
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Table 8.4. Nematodes reported to infect lentil. 

Nematode Distribution and references 

Heterodera ciceriVolvas & Di Vito Syria (Greco et a/., 1988) 
Ditylenchus dipsaci (Kuhn) Filipjev Syria (Greco et a/., 1984, 1988) 
Pratylenchus thornei Sher. & Allen Syria (Greco et a/., 1984) 
Meloidogyne sp. India (cited in Khare, 1981) 
Tylenchorhynchus sp. Syria (Greco eta/., 1988) 

Biology 

Kusl is a widesprcad foliar disease of lentil. I t  occurs in Algeria (Kharc. 198 1 ), 
Argentina (Bascur, 19931, Barigladesh ('l'irlukdt~r, 1974). Sulgivia (('hristoll: 
19 39). Canada (C'onner and Bcrnicr, 1982), Chile (Friunce and 'I'ny. 19871, 
Colombia (Bascur, 199 3). Cyprus (Nutlrass, 1 0  32). Hcuador (Bascur, 199 3 ) ,  Egypt 
(Rajah rt trl., 1986). Ethiopia (Stewart illld 1)agnac.h~~.  1967). India (l'riisad arid 
Vcrma. 1948). Irirri (Scharif and Ershad, 19bh), Italy (C'anonaco, 19 37), Jordan 
(Mamlouk ct 111.. 19841, Morocco (Malencon. I9 3 h ) ,  I'akistan (I3ashir and Malik, 
1988). Pillesline (Ki~yss, 19371, I'eri~ (Bascur, 1993). I'ortugal (1)c Souza cia 
C'amara ct rrl.. 19 39). Nepal (Manandhar, 1975). Syria (lianounik. 1979) ant1 
'I'urkey (Brenler et (11.. 1947). It is economically importiunt in such countries as 
Bangl;ldesti, Chile, Ecuirdor. Ethiopia. India, Morocco, Nepal i111d I'akistir~~. 

Accatino ( 196 3-1 9 h4)  and Plaza dc I,os Rcycs ( 1964) rcportcd that the rust 
affcctil-lg Icntil rnay attack faba bean (Vic~~rrfabrr I,.) (see Jcllis c't trl., Chaptcr 7, this 
volume). Additionally. Sirigh anti Soktii ( 1980) idcntificd six patholypcs on the 
basis of their diffcrcl-ltial reactions on cultivars ol' lentil, pea (l'isutt~ scrtiv~rrt~ I,.) 
arid sweet pea (1,trlllyrus odortrtus I,.). 1,aundon and Watcrston (1965) rcportcrl 
that the I'ur~gus miry attack species or I,i~th!jrus, I,r>t~s, t'rslirt~ and Vi(*in. 

In summary, Ur~rny(~es vicirrr-/rbirr hils somc dcgrcc of host specialization 
with some forms restricted to a single host species itnd others having a wider host 
range, often including scvcral generil (Gaunt, 198 3) .  IIowcvcr, in somc coun- 
tries, such as Morocco, thc crops faba bean, pea arid lentil arc sympatric: clcnrly. 
rcscarch in this area is required. L)iscussion on host specialization ol' rust in the 
cultivated lentil is discussed under 'Management'. 

Symptoms 

Rust starts with the formation of ycllowish-white pycnidia and aecial cups on 
leaflets and on pods, singly or in sn~all groups in a circular limn (Beniwal et (11.. 
1493). Later, brown uredial pustules, oval to circul;ir and up lo 1 mm in diarnetcr, 
develop on either surface of leaflets, branches, stem and pods. They may coalesce 
to form larger pustules (Plate 1 7). 

The teliu, which are formed late in the season, are dark brown to black, clon- 
gated and prescnt mainly on branches and stems. At a certain moment, the three 
stages, aecia, uredia and telia, are present in the centre of the field: uredia and 
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aecia in the intermediate areas and aecia on plants at the border of the field. The 
plants dry following the same pattern, leading to the appearance of circular 
brown patches of dry plants in the field (Khare, 1980). 

In severe infections, the eft'ected plant dries without forming any seeds in 
pods or with small shrivelled seeds. The plant has a dark brown to blackish 
appearance, visible in affected patches of the field or in the whole field if it is 
totally infected. 

Epidemiology 

The diseuse first occurs during the floweringlearly podding stage. In South Asia, 
lentil rust occurs mostly in January-February, in the form of pycrlia and aecia. 
Aeciospores germinate at 17-22°C and infect other plants forming either sec- 
ondary aecia or uredia at 2 5OC. Teliospores remain viable on faba bean over a 
wide rarige of temperatures and germinate readily (Gaunt, 198 3). At lower tern- 
pcratures, uredosporcs are probably an important means of survival in the 
absence of the host. Ilredomycclium is, on the other hand, highly resistant to 
heat and sunlight and is probably important for continued development and sur- 
vival of rust in hot, dry conditions. The predominant form ot' survivi~l, therefore, 
varies with the environment iind localion. Teliosporcs germinate at 17-22°C 
without a resting period and cause outbreaks of the disease. 

The slow build-up of epidemics may be due to the slow infection rate. 
Williams (1978) reported rates of infection of between 0.1 36 and 0.077 calcu- 
lated as logr x(1-x) on faba bean (van der Plank. 1 96  3 ). 

The disease generally starts from low-lying patches in the field and radiates 
towards the border (Khare and Agrawal, 1978). Uredosori develop late in the 
season and are rapidly followed by telia. After harvest, aecia and uredia present 
on the plant die out, but teliospores resist the heat. 'She fungus survives the sum- 
mer as teliospores. It is also carried with seed as concomitant contamination 
(Richardson, 1979). It may also perpetuate on weed hosts (1,uthyrus and Viciu 
spp.) from where it may infect lentil by windborne spores. High humidity arid 
cloudy or drizzly weather with temperatures of 20-22°C favour disease develop- 
ment (Khare, 198 1). 

Damage and Crop Loss 

As stated earlier, the crop is vulnerable to infection at all stages of its growth but 
is most susceptible at flowering (Accatino, 1963-1964). Damage to the crop 
depends upon the stage at which it is attacked, the cultivar and severity of the 
attack (Sepulveda, 1985). Yield losses of 60-69% have been reported in India 
and Chile (Sepulveda 1985; Singh r t  al., 1986). Early infection accompanied by 
conducive environmental conditions can result in complete crop failure, as 
observed in Morocco (Sakr. 1990). Singh et al. (1986) reported a yield loss of 
11.5 kg ha-' for every 1% increase in disease intensity. 
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Management 

Adjusting the sowing date may help reduce losses from rust. The early-sown crop 
in India is more affected by the disease than the late-sown one (Singh and 
Dhingra, 1980), whereas the converse is true in some other countries such as 
Kussia (Cajlevic, 196  3). 

It is advisable to use clean seed without concomitant contarnination 
(Cajlevic. 1963). Also, it is recommended to burn or bury diseased crop residues 
after harvest in order to reduce or eliminate the inoculum (Canoni~co. 19 37; 
Prasad and Verma, 1948). US Federal regulations prohibit the importation of' 
seed of Lens spp. from South America because of the threat posed by the fungus 
(Anonymous, 19 59). 

Seed treatment with phcnyl mercuric acetate (Agrosan) is reported to 
eliminate the inoculum from the seed (Prasad and Verma. 1948). but bcing a 
mercury compound, Agrosan is incompatible with Khizobirim. Accatino 
(196 3-1964) reported that the following were the most efl'cctive fungicides in 
controlling lentil rust: wettable sulphur 2'%, zincb (Dithane Z-78) 2% and nickel 
nitrate 0.5'X). Singh (1984) reported that wettable sulphur spray eliminilted 
lentil rust. Lentil grown from seed treated with diclobutrazol (Vigil) is reported to 
remain free from rust infection for up to 60 days after sowing, whilc the control 
crop was infected severely after only 35 days (Singh, 1985). Spriiying thc crop 
with zineb (Dithane M 45)  at 2500 pprn ( 3  l ha ') at an interval of 1 0 - 1  2 days 
from the initiation of the disease, controlled the disease effectively and increased 
the yield by 82% (Agrawal rt trl., 197ha; Singh et al., 1985). Stpulveda and 
Alvarez ( 1989) stated that triadcrnfon (Bayleton) + propineb (Antracol) at 0.5 + 
2 kg ha- ' ,  applied as foliar spray controlled the diseuse. However, the application 
of fungicides on a large scale, on a crop such as lentil, is neither environmentally 
nor economically sound. 

The use of host plant resistance is the best means of rust control. Several 
resistant lines are available in different ptrrts of the world. Examples include the 
following: BAR1 Masur 2 in Bangladesh (IC'ARDA. 1995); Centinela-INIA (I1,1, 
5 540) (Sascur and Skpulveda, 1989) in Chile; TNIAP-406 (ILL 5764) in Ecuador 
(INIAP, 1988); NET, 358 (ILL 358) (Million and Beniwal, 1988), Chikol (ILL 
2704), FT,IP84-7L (ILL 5h80), Gudo (ILL 5748) and Ada'a (11,1, 6027) in 
Ethiopia (Uejiga and Anbessa, 1994); l'recoz (ITAI, 4605) in Morocco and 
Manserha'89 (II,I, 4605) in Pakistan (ICARDA, 1994). The international testing 
of lentil genotypes differing in resistance to rust has shown that the reaction to 
lentil rust of individual lines is the same across the Old World. However, on pea 
the fungus exhibits a high degree of physiological specialization and nine races 
have been reported on the basis of a differential set of cultivars (Kispatic, 1949). 
Although the resistance on lentil is now holding, it is likely to break down. 

In India, screening for rust resistance has been conducted at several centres 
(Jabalpur, Kanpur, Pantnagar and Faridkot in Punjab) under natural epiphytotic 
conditions. Cultivars with resistance to rust include the following: L 9-1 2, T 36, 
Bombay 18 (Nene et al., 1975). Pant L 236, Pant L 406  (Pandey. 1981), and NP 
47  and T 36 (Mishra rt ul., 1985), Pusa 10  (Khare and Agrawal, 1978) and HPI, 
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5 (Singh and Sandhu, 1988). Resistant cultivars wcrc reported to have more sur- 
face wax, phenol, C K,  S, Zn, Fc and Cu, whcreas susceptible cultivars had higher 
leaf perme;ibility and a higher amino acid content, protein N, sugars and Mn 
(Keddy and Khare, 1984). Kesistance to rust in lentil is reported to be conferred 
by a single dominant gene (Sinha and Yadav, 1989: Singh and Singh, 1990). 

ASCOCHYTA BLIGHT 

Causal Pathogen 

Ascochyta blight is causcd by Asc.ocJ~yta fabat1 Speg. f. sp. Ientis Gossen tlt 111. 
(S/~hirt~rioid[~t-ea(~, Sl~h~i~ropsidalrs). The pcrfect stagc of'the fungus is reported to be 
a Di~lmrlI~l sp. (Kaiser and IIcllier, 199 3). Phomir nrtldict~ginis Malbr. CG Roum, var. 
lliflodella (Jones) Boerema and Myc~ospht~rt~llu sp. also itlfcct lentils (Tablc 8.2) but 
these arc clearly distinct from uscochyta blight. 

Acrial mycelium is substantially reduccd on culturc media, but tcnds to 
incrcasc with subculturing (Gosscn et nl., 1986). The fungus produces its spores in 
a Ilask-shaped fruiting body (pycnidium). Pycnidia are globose to subglobose, 
dark, osliolatc, and 75-225 prn in diarnetcr (Khan tlt ul., 198 3 ) .  Conidia are cylin- 
drical and lyaline with 1, 2 or 3 septa, with uni-scptate sporcs predon~inating. 
Conidia rangcd from 10-20 X 3-6 pm, avcraging 1 3.1 x 3.8 pm whcn grown on 
oatrncal agilr (Sattar, 19  3 3; Grcwal, 1 988) and ;~veragcd 14.7 X 4.1 pm when 
isolates from Canada were grown on VX agar (Morrall and Sheppard, 198 1 ). 

Biology 

Ascochyta blight has becn reported in rnost lentil-producing countries, including 
argent in;^ (Mitidieri, 1974), Australia (Luig rt (11.. 1982), Rrazil (Veig;] 6.1 ul., 
19 741, C'antida (Morrall and Shcppard, 1 98  l), Chile (Scpulveda and Alverex, 
19821, wherc it is considered as the most important limitation especially in rainy 
seasons ('l'ay and Kramm, 1984), C'yprus (Photiades and Alexandrou, 1979), 
Ethiopia (Seid and Reniwal, 1988), Greece (Ilavatzi-Helena, 1980). India (Khatri 
and Singh, 1975), Iran (Ahmadinejad, 199 l ) ,  Jordan (Mamlouk et itl., 1984), 
Morocco (S.l?S. Reniwal, Morocco, 1991, personal communication), New 
Zcaland (Cromey et (rl., 1987), Pakistan (Khan pt al., 1983). Russiil (Voluzneva 
and Golubev, 1982), Spain (Diaz Moral, 1993), Syria (Hanounik, 1979), Turkcy 
(Sirgir, 1988) and the USA (Kaiser and IIannan, 1987). In addition, this 
pathogen has been isolated from secds originating in Australia, Canada, Chile, 
Ethiopia, Greece, Hungary, India, Italy, Morocco, Pakistan, Russia, Spain, Syria, 
Turkey and the former Yugoslavia (Kaiser and Hannan, 1982; Kaiser, 198  3: 
Kaiser and Hannan, 1986). It is of economic importance in Australia, Canada, 
Chile, Ethiopia. India, New Zealand and Pakistan. Ascochyta blight affects com- 
mon bean, cowpea, pea, faba bean and chickpea, as reviewed in Chapters 4, 5.6. 
7 and 9. 

Two matings types (1 and 2) are known for the fungus (Kaiser and Hellier, 



199 3). Gossen et al. (1  986) examined the range of variability of cultural and 
morphological characters of 68 isolates of A.sc90cS~!lta jiabae f. sp. lrutis from 12 
countries and 1 3 isolates of A. fuhrrr fronl Canada and uscd multivariate analysis 
to delineate different isolate groups. No differences in cultural and morphological 
characters were found among the isolates tested. They further reported that iso- 
lates were pathogenic only on the host species (L, c.ulinuris or V, ji~bo) from which 
they were originally isolated. Seid and Beniwal (1991) reported that the fungus, 
isolated from lentil seed, was only pathogenic to lentil and not to any of the seven 
other legume species tested. In addition, 1: sp. /nhlrr produces ascochytine but 
f,  sp. let~tis does not (Roerema, 1984). This suggests that the li~ngus exhibits 21 

high dcgrec of host specialization and indicates the inability ofA,/~tbtre f, sp, lentis 
to cross-infect the related food legumes, i'iiba bcan (sce Jellis rt rtl,, Chapter 7, this 
volume), pea and chickpea (Cicer arietitlum). Although races of A.frtbrrr 1: sp, lel~tis 
have not been reported, thc differential reaction of sornc lines of lentil in diffcrcnt 
countries suggests pathogenic variation in thc fungus (IC'AKIIA, 1992). 
information on pathogenic variation could lead to a more efficient screening of 
lentil germplasm. 

Symptoms 

The above-ground parts of the host may bc infccted at different growth stages 
(Morr;lll and Heauchamp, 1988). Tan spots, surrourlded by dark margins, arc 
seen on thc lcaflcts (Reniwal rl ul.,  199 3). The centre ofthe spot is light colourcd 
and speckled with tiny, black, fruiting bodies (pycnidia) that arc characteristic of 
the disease (Fig. 8.1).  Pycnidia form rnost readily within lesions of ageing leilves 
and under ~noist conditions. Pycnidia are numerous, prominent and concentric- 
ally arrilnged and may develop oozing spore masses under very humid condi- 
tions. Coalescing lesions lead to blight (Plate 18) and lcaflct abscission. Stem 
lesions arc elongated, sunken and darker in colour than Icaf lesions (Fig. 8.2) 
with scattered pycnidia. Stems may break at the point of infection and lodging 
may occur. 

The tips ol'brirnches wilt, turn brown and die. Thc crop then has a distinctly 
blighted appearance. Lesions on the pods are generally darker than those on the 
leaves. The infcctcd areas often have a purplish hue after the pods ripcn. Sceds 
from heavily infected plants become purplish-brown (Fig. 8.3), shrivelled and 
greatly reduced in sizc, which adversely affects their quality. Severely affected 
seeds may have whitish patches of rnycelia and tiny, black, fruiting bodies. Wc 
have obtained the fungus from sympto~nless seeds. 

Epidemiology 

The fungus occurs in all parts of the infected seed. Testa and cotyledons have a 
higher level of infection than thc plumule and radicle (Morrall and Reauchamp, 
1988). The amount of infected plant debris, frequency of seed transmission, 
which varies over genotypes according to their resistance, and wet conditions are 
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Fig. 8.1. Characterist~c concentric rings of pycnidia of Ascochyta fabae f. sp. lentis in leaf 
lesions (Photo: courtesy of CODIS, ICARDA). 

factors determining the onset of ascochyta blight (Seauchtlmp ct ~ 1 . .  1984a). The 
frequency of transmission frotn infected seed to seedling is low, especially at mod- 
erate to high soil temperature. Frequent rainfall can cause a major epidemic of 
ascochyta blight in a lentil field if inoculum is present. The source of primary 
inoculum may be either infected seed or stubble. Conidia spread from infected 
stubble to plants and from plant to plant within a crop. Subsequent disease devel- 
opment occurs by transmission of the pathogen from seed to the epicotyl and 
random dispersal of conidia from infected stubble (Gossen and Morr;lll, 1986). 
Russell et al. (1987) reported 100% foliage infection in lentil plants grown from 
naturally infected seeds. The cold and wet conditions in New Zealand during crop 
establishment in the winter are possibly favourable to pathogen establishment on 
the slowly developing seedlings. Horizontal spread of ascochyta blight was often 
observed 10-30 m from the infected crop, but declined sharply at 50 m 
(Pederson rt al., 199 3 ) .  

Long-distance spread of Asclockytu/iubae f. sp. lentis is through sowing infected 
seed in previously disease-free areas. Infected seed provides the fungus with an 
important survival mechanism (Gossen and Morrall. 1981 : Kaiser, 1987). Kaiser 
(1989) reported that the storage of infected lentil seeds for 4 years at 20, 5, - 18, 
- 160, and -196°C did not adversely affect the pathogenicity of the fungus. It 
survived for more than 3 years in infected pods and seeds at 4- S°C or in a shelter 
outdoors, and for 1 .5  years on the soil surface, but lost its viability within 29 
weeks at a soil depth of 16 cm. The fungus was found to remain viable for more 
than 30 years (Kaiser and Hannan, 1986). 
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Fig. 8.2. Stem lesioris in ascochyta blight often coalesce to girdle stems (Photo: courtesy of 
0. Bayaa). 

Damage and Crop Loss 

Ascochyta blight can cause poor plant stand, reduced seed yield, seed discol- 
oration and reduced seed quality. Seed germination and seedling vigour are 
adversely affected by fungal infection by Asr~lcl~yta (Neergaard, 1977; Morrall 
and Sheppard, 1981: IIarman, 198 3 ;  Stpulveda, 1985; Cromey r>t al., 1987; 
Kaiser, 1989). Seed size was signilicantly correlated Lo the level of seedbornc 
irlfeciiori while stuntirlg and poor vigour wcrc the most apparent symptoms in 
lentil seedlings developed from rlaturally infected seeds (Kaiser and Hannan, 
1986). Gossen and Morrall (198 3 )  suggested that the destruction of photosyn- 
thetic area by leaflet lesions and by defoliation reduced the photosynthates avail- 
able for seed fnrmation and development, resulting in reduced seed yield. Malik 
(1983) in Pakistan reported 30-40% crop damage by the disease. Gossen and 
Morra11 (1984) in Canada reported seedborne infection levels of 35-49'): and 
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Fig. 8.3. Seed from plants heavily infected with ascochyta blight may be discoloured and bear 
white patches of mycelial growth (Photo: courtesy of B. Bayaa). 

2 3-28°L, in artificially inoculated field plots of cv. Common Chilean and cv. Laird, 
respectively. 

Seed discoloration, which results from pod infection, may develop both 
before and after the crop is swathed, especially if the swathe requires a long dry- 
ing time due to limited air circulation. Rain during the interval between 
swathing and threshing favours spread of ascochyta blight and loss of seed qual- 
ity, The commercial seed grade is dependent upon percentage natural colour. 
Yield losses and reduced seed grades due to ascochyta blight can cause a loss of 
more than 70%, of potential income to the Saskatchewan farmer (Gossen and 
Morrall, 1984). 

Management 

An integrated approach has been recommended for the management of the dis- 
ease. Components include crop rotation to reduce the spread of the pathogen 



from infected lentil debris, use of disease-free seed or seed with a low level of infec- 
tion, and use of seed treatments, foliar fungicides and early seeding to avoid wet 
weather at harvest (Morrall and Sheppard. 1981: Kussell et 111.. 1987). Morrall 
and Sheppard ( 1981 suggested testing seeds for the presence ol'seedborne infec- 
tion prior to planting. Their rccomrnendiitio~ is that seeds with zero to a low per 
cent secdbornc infection with the pathogen should be used in seeding. 

Many researchers have tried to use fungicidal seed treatments to prevent the 
establishment of the fungus in a lentil crop. Morrall and Cossen (1979) studied 
the effect of several such treatments and reported no effect on infection. 
Subsequently, Morrall and Ucauchamp (1 984) and France et (11. (1987) indicated 
that some fungicides may increase seed germination and reduce the frequency of 
transmission from sccd to seedling. Kaiser and Honnun (1087) reported that 
treating seed with thiabendazole greatly reduced seed transmission. Seed treat- 
ment with thiram reduced infection but did not control the disease effectively 
((;ucrrero, 1987).  In laboratory tests, sccd treatment with thiabetldazolc ('kcto) 
and benomyl (Renlale) resulted in a significant reduction in the number of sectis 
giving rise to colonies of A. lnbae f. sp. lcrrtis and a signiticant increase in seed ger- 
mination (Russell et al., 19 87).  I11 a lield trial, using highly infected seedb ( 7 1 '%,) 
of cv. Tilore treated with four fungicides at 3 g kg I ,  thiabendazole and benomyl 
treatment resulted in sig~lilicuntly grei~ter lield emergence than chlorothalonil 
and muncozeb. In 1994. Agriculture and Agri-l:ood ('tinedu granted ('rown (thi- 
abendaxole + carboxin) a temporary registration for t he control of secdbornc A. 
fahae f. sp. li~ntis infection in lentil (Andrahennadi. 1994). 

Hot water and dry heat treatment at 55OC' Ibr 25 rnin and 70°C' for 24 h, 
respectively, partially inhibited fungal growth from seed (Seid and I3eniwal, 
1991).  In contrast, Kaiser and llannan (1987) slated that lrcatmcrlt of infected 
seeds with aerated steam or hot water at 45-75°C for 3 0  min did not control A. 
fahae f. sp. lentis. Beauchamp t>t  111. (1 98hb) studied the effects of foliar application 
of fungicides on disease severity, seed yicld and percentage secd infection in cv. 
Chilean in inoculated plots. A single application at early bloom to carly pod set 
with chlorothalonil, captafol, folpet and mctiram provided the best protection. 
increased seed yicld by 8-30%, and decreased seedborne infection by 12'X). Yield 
losses and seed infection were reduced by early application, as opposed to late 
application, but a second application may be necessary under extremely wet 
growing conditions. 

In a 3-year field trial in Ethiopia, Seid and Reniwal (1 991 ) reported that 
chlorothalonil, benomyl and a mixture of tridemorph and rnarleb provided the 
best disease control and highest yield. lqbal rt ul. (1989) evaluated seven 
fungicides as foliar sprays on the susceptible cv. Masoor-85. Benomyl and 
chlorothalonil both at 0.2% controlled the disease effectively when applied three 
times. Benomy1 increased yield by 80% in comparison with the untreated check. 

Seedborne inoculum is more likely to introduce the pathogen to new areas. 
as compared to stubble-borne inoculum, which helps the pathogen become 
established early in the season on lentil plants in the immediate vicinity (Gossen 
and Morrall 1981; Bedi and Morrall, 1990). This implies the necessity of cultural 
control, including crop sanitation, as part of an integrated approach to 
ascochyta blight management. 
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13y far the most economical and environmentally sound measure of disease 
management is the use of host plant resistance. Resistirncc to ascochyta blight 
has been reported from Canada ('Say, 1989). India (Singh c.t al., 1982), New 
Zealand (C'rorncy et ill., 1987),  lJakistan (Tqbal ut al., 1990) arid International 
Center for Agricultural Research in the Dry Areas (ICARLIA) (1984). C'ullivars 
with rcsislunce to ascochyta blight include Manserha '89 (ILL, 4605) in Pakistan, 
Talya 2 (ILL 5588) in 1,cbanon (Abi Antoun i't al., 1990), CDC Kedwing arid CL)C 
Matador in Canada (AX.  Slinkard, Canada, 199 5 ,  personal communication) and 
INIAP-406 (ILL 5764) in Ecuador (Villacis and Acuna, 1988). 

'I'he IC'ARIIA wild lentil germplasm collection has been screened for 
ascochyta blight resistarlce (Bayaa et rrl., 1994b). 'Swenty-four out of Xh i~cccs- 
sions of 1,cns 1-ulinaris ssp. orivr~talis were resistant, as were 12 of 3 5 accessions of 
L. c-[rlir~nris ssp. od(m~risis. 3 of 3 5 accessions of I,, r~igric~ur~s ssp. rrigricuns, 3 h  of 89  
accessions of 1,. nigric7ans ssp. ervoidi>s, and all three accessions of Vicicr ~~~or~tbr t~ t i i .  
Of resistant sources 64'X, were from Syria and southeastern Turkey. 

According to Tay (1989) and Ti~y and Slinkard (1989). resistance to 
ascochyta blight in lentil is controlled by three major genes. They identilied two 
dominant genes (Ral, and KnlJ and one recessive gene (ml,) in the line 11,1, 5588 
lentil. The line ILL 5k84 had two genes Tor resistance (Rnl, and Knl,). while cv. 
Laird had one recessive gene (rrrl,) that was ineffective at t h e ~ a t e - ~ o d d i n ~  stage. 

GREY MOULD 

Causal Pathogen 

The disease is caused by Botrgtis cirlarea Pers. ex Fr. (M~i~c>dit~uc't~a~., H!jpl~nlrs), 
which has a telcomorph: Sclerotiniu ficc*krlic7nn (de Bary) ruckel (= Rntr!/olir~ia 
fuck~diartu (de Rary) Whctzel) (Sclert~tit~iacerro, Iielolhles). 

In vivo, the fungus has many different but characteristic Ibrms: mycelial, 
conidial, sclerotial and apothecial (ascospores). The mycelium is septatc, cylin- 
dric, sometimes vesicular, brown. branched and measures 8-1 8 pm in diameter. 
The conidiophores are light brown, erect, septate, slightly ramified, tips of its 
ramifications slightly enlarged and bearing small pointed sterigmata. Conidia are 
hyaline, one-celled, ovoid or spherical, smooth, thin-walled, borne in a cluster, 
measuring 10-12 X 8-10 pm. These dimensions vary (9-12 X 7-10 pm) 
depending on environmental conditions and the host plant. The fungus produces 
another type of conidium, much smaller 'microconidia', usually on old colonies 
or in response to a prolonged period of unfavourable conditions (Urbasch. 1984). 
Their major function may be that of spermatization in the production of apothe- 
cia. 

[Jnder unfavourable conditions the fungus is capable of producing sclerotia, 
consisting of densely interwoven. brown, septate hyphae. Sclerotia are always 
small (2-4 X 1-3 mm), globose or oval: at first they are white in colour later 
becoming brown or black, with a very shiny surface, regularly and linely punc- 
tate. Sclerotia produced by B. ctinerea vary depending on the isolate (Harrison, 
1976). 
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The teleomorph, S.juckelic~iln, has bcen shown to develop from sclerotic of 13. 
~.inc~rcn (dc Bary, 1886; Groves and Drayton, 19  39 ). l'olach and Abawi ( 1975) 
reportcd its occurrence on bean in New York, but it has not bcen rcportcd on 
lentil. Apothecia are brown, most often on stalks. Asci ere cylindrical, mixed 
with filiforrn paraphyses. Ascospores, generally eight in number, are oblong to 
elliptical, measuring 6-9 X 5-h pni. 

Biology 

The discasc has a worldwide distribution on lentil, occurring especially in C'hilc 
(France el id., 1988). India (Mukerji ant1 Uhtrsin, 198(7), Nepal (NC;I,KIJ, 1989) 
and Pakistan (Rashir and Malik, 1988). Additionally. it has bccn rcportcd on 
lentil from Canada (Bcauchamp r>t rrl., 1986a). Morocco (W. 13rskiric, 1991, 
unpublished observation). New Zealand (('romey tlt ill., 1987). Syria (I3cllnr and 
Kabbabeh, 1 98  3) and thc 1 JSA (Wilson and Brandsbcrg, 190 5 ). 

B. ciilerc~rr is an ubiquitous, non-host-specilic pathogen. Its host range com- 
prises weeds, ornamentals, vegetables, lield and fruit crops. Among legumes, 
hosts include chickpca (see Haware, Chapter 9, this volume), hbn bcan (scc Jcllis 
c>t ( I / . ,  C'haptcr 7, this volume) and common bean. 

Heteroknryosis as a source of genetic variability in H. c9ii~i~rc~rr was clct~rly 
demonstrated by obtaining morphologically distinct strains of the fungus from 
single spore culture (Menxinger, 1966, Lauber, 1971). 111 Ttilly, Saponario (1  9 5 3 )  
concluded thilt isolates of H. cineren obtained from different areas of Italy could bc 
dividcd into seven morphological raccs based on conidial size. Rcwal and Circwal 
(1989) isolated B. c-intlrtw fiom chickpea from dil'krent locations in India and 
divided the purified isolates into six groups based on variation in growth, forma- 
tion of sclcrotia, sporulation, size and shape ol'conidia and tclnpcrature require- 
ment. They classified the six groups into five physiologic raccs based upon thcir 
reaction on a set of chickpea differentials, and concluded that physiologic spccial- 
ization existed in B, cinuruu. However, Harrison (1 988) induced aggressive lesions 
by inoculating bean leaves with young conidia of scvcral isolates of B. c,iri~ri>rl 
fro111 raspberry canes. Furthermore, Paul (1929) demonstrated that although 
isolates of B, ciilercn varied in thcir pathogenicity, there was 'no evidcncc of sclcc- 
tive pari~sitism'. Clearly there is conflicting evidence from other crops on the levcl 
ol' host speciticity, but there is no information in this regard on isolates from 
lentil. 

Sclerotia may germinate in either of three different forms: as mycelium, com- 
mon on synthetic media but rare under field conditions (Coley-Smith, 1980); 
apothecia, but apparently not on lentil; and conidiophorcs bcaring conidiil, most 
frequently observed in the field. 

Symptoms 

When secd is heavily infected, secdling blight may occur. Otherwise, symptoms 
first appear on flowers (Beniwal et d., 199 3) .  Especially in the morning, they are 
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covered with a dirty white mouldy growth of the fungus which kills them. If a 
favourable microenvironment (cool moist conditions and dense plant canopy) 
prevails, infection develops on lower leaves on which the characteristic white 
fungal growth is clearly visible. This results in the shedding of lower leaves. Later, 
the whole plant becomes infected and dries up. The infected portions of the stem 
are light brown or blanched and covered with a grey mouldy growth and rot at 
the plant crown. Infected pods fail to till properly, rot, turn brown and are covered 
with mould (Fig. 8.4). Infected seeds may be discoloured and shrivelled. Affected 
plants may appear in patches that enlarge as the disease spreads. 

Epidemiology 

There are several sources of inoculum. The pathogen is reported to be secdbornc 
on lentil (Richardson, 19 79; Kaiser, 198 1).  Conidia are common in the atmosphere 

Fig. 8.4. Grey mould on pods is characterized by the development of conidiophores and 
conidia (Photo: courtesy of B. Bayaa). 
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(Gregory and Hirst, 1957). However, the three main sources of inoculum arc 
conidia from diseased host plants. saprophytic mycelium in plarlt debris and sclc- 
rotia. 

C'onidia germinate over a widc temperature ranging from 7 to 2h°C' (lloran, 
1922). with an optimum r'. 20-L5OC' and rninirrlurn between + 1 and - 1 "(' 
(Wilson. 19  37; de Haas arid Wennemuth, 196.2). Spore gcrmination is consider- 
ably reduced at low temperatures, and requires extended incubation. C'onidial 
germination is also favoured by high rel;rtive humidity (95-lOO'X,). At humidity 
<9 3% germination does not occur (Snow, 1949). Lowcr discasc severity in the 
field may be due to reduced relative humidity oftcn associated with warm 
wcathcr (IIarrison, 1988). Thc discasc is severe when growth is luxurious, as in 
dense stands, with abundant weeds or wherever conditions provide ;I humiti 
microclimate. C'onidia retain germinability for approximately 1 month (Wilson, 
19 37). IIowcvcr, thc pcrcentagc germination of spores from old cultures was 
lower and germ tubes shorter than from young ones (Singh, 1940). Brown 
( 1922) reported that the germination of conidia of El. i ' i i~~ren was inhibited at 
high spore concentrations. Masuta ( 1984) attributed this phenomenon to a 
heat-stable self-inhibitor of' germination. 

Myceliurn. in plant debris, may survive l'vr extended periods and protlucc 
conidia under humid conditions. Sclerotia arc thc main survival structure. 'l'hey 
arc highly resistant to adverse conditions and art. produced over a widc range of 
tcmpcraturc, light and culture media. Sclerotia rnay survive for long periods if 
they are not buried. They die more quickly in wet than dry soil ('rownscnd, 
1952). Their survival was rcporteti lo be favoured by low temperature and 
decreased rapidly above 2 5°C (Nair and Nadtolchei. 19 87).  

It was shown on faba bean that prior inf'cction with either beiur yellow 
mosaic virus or bean leaf roll virus irlcrcased susceptibility lo infection by R. 
cinerpa (Omar et al., 1986). Thc same phenomenon was observed in pea infected 
with pca lcaf roll ('rinsley, 1959). Equivalent information is lacking for lentil. 
Epiphytic microorganisms may reduce germination of B, cineren spores and 
infection by competing for nutrients on lcaf surfilces (Rlackernan and Brodic, 
1977). 

Damage and Crop Loss 

Lletniled information is unavailable on lentil. One author observed 501%, crop loss 
at Parwanipur, Nepal (W. Erskine, 1995, unpublished results). 

Management 

Several agronomic practices are possible to avoid a dense canopy which is con- 
ducive to disease outbreak. These include adjustments to sowing date and rates, 
row spacing, fertilizer and weed control. Similar measures have been found to be 
successful in chickpea and are reviewed in detail by Haware (Chapter 9 ,  this vol- 
ume). 
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Seed treatment with fungicides such as bcnomyl or chlorothalonil 
(0.1-0.3'X) can be carried out to minimize seedborne inoculum and scedli~ig 
blight. Foliar sprays with synthetic fungicides are extensively used to manage the 
disease caused by S. cinerrt~ on high-value crops. This has led to the development 
of strains resistant to the commonly used groups of fungicide (dicarboximides, 
diethofencarb and ergosterol biosynthesis inhibitors) (Elad ct ul., 1992). 
However, the use of fungicides to control grey mould on lentil is uneconomic. 

Several fungi, most of which are common soil inhabitants, can attack sclero- 
tia. (;liocladiurn virvrls Bain, Tricl~oderrrlu viridt lePers., 1'. hurzianurn Hifai and a 
Vc~rticilliurn sp, arc particularly vigorous parasites of B. i.inereu (Coley-Smith, 
1980). 

No information is available on resistant lentil cultivars. Systematic screening 
for host plant resistance should be started. IIowevcr, experience with chickpea 
indicates that it may be difticult to iind high levels of resistance to the disease 
(Porta-Puglia et ul., 1994: see IIaware, Chapter 9, this volume). The most cffec- 
tive control will come from combining some of the above individual measures 
into an integrated control package. 

STEMPHYLIUM BLIGHT 

Causal Organism 

The asexual stage of the causal organism is SternpIl!lliun~ botryosurn Wallr. 
(Dvrnr~tinc~t~ua, Hypl~ales). l'leosporfl Ilerbarurn (I'ers, ex Pr.) Kab. (Pleos~~omc.eau) is 
the sexual stage. 

Conidiophores are short, arise singly or in groups and are aseptatc and 
swollen at the apex. After a conidium is produced the end of the conidiophore 
grows out, producing new cells and a new conidium. The conidiophore [nay 
grow to considerable length and have a nodulose appearance. C'onidia are olive 
brown, muriform and echinulate measuring 24-40 X 14-25 pm. Conidia are 
oblong with three to four septae and often constricted at the centre by a median 
cross-wall. Echinulations to fine warts are numerous over the surface. 

Perithecia are globose, membranous and black and sometinles have a slen- 
der neck. Asci (183-267 X 27-37 pm) are oblong to clavate with outer and 
inner walls. Ascospores ( 32-48 X 12-2 1 pm) are elongate to ovate, characteris- 
tically with seven cross-walls and three to five longitudinal septa, and yellowish 
to brown in colour and muriform when mature. 

Biology 

Stemphylium blight has been reported on lentil from Bangladesh (RAKS, 1981: 
Bakr and Zahid. 1987), Egypt (B. Bayaa, 1993, unpublished observation), Syria 
(Hanounik, 19  79) and the USA (Wilson and Brandsberg, 1965). 

The fungus has a wide host range that includes leguminous and non- 
leguminous crops (Smith, 1940: Wells et al., 19  5 6;  Graham, 1 9  5 7; Slade, 1961: 
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Tate, 1970). Specialized races of the fungus grow on the clovers and alfi~ll'a 
(Smith, 1940). Tate (1970) showed that thr race attacking lupil~ is difirent in 
temperature requirement froin the one attacking lettucr. In some cases 1'. 
livrbnrlirl~ is considered ;IS a sinlplc saprophyte. I1 grows as a greyish or olivac.cous 
rot, which later becomes black and produces spores in great quantity. 

Symptoms 

'I'he disease tirst appears as small pin-headed light brown to tan colourrd spots 
on the leaflets (Beniwal r t  rrl., 199 3) .  The spots enlarge rapidly, covering the 
entire leaf surface within 2-3 days. The foliage and twigs gr:~du;~lly turn dull 
yellow, giving a blighted appearance to the affected crop. 'l'he infected leaves arc 
shed severely, leaving only the terminal leaves on the twigs. Thc twigs bend 
down, dry up and gradually turri ashy-white, but pods rernain green. 0 1 1  ci~refill 
observation, white lnycelial growth is seen on the infected twigs. 

Epidemiology 

In Bangladesh. the puthogen initiates its infcction when the ambient night tem- 
perature remains above tl°C', the nienn day tcrnpcraturc rises above 22°C' and thc 
relative humitiity inside the canopy is at lewt 94%) (Uakr, 190 3 ) .  In India, nn 
averagc temperature of 1 X f Lo(', humidity abovc 501X, ,  a mean of 7.7 h or Irsh ol' 
daily sunshine and cloudy or foggy weather; all favour cliscasc dcvclopment 
(Sinh;~ and Singh, 199 3) .  The pathogen seenls to be airborne: no report is ilvilil- 
able on its sccdbornc nature on lentil, eithcr cxtcrnally or interni~lly. 

Damage and Crop Loss 

Preliminary studies have indic-atcd that the discasc can causc up to flL1%, yield 
reduction (Bakr, 199 3). 

Management 

In Rangladcsh, the application of iprodine (Kovml 5 0  WP) controlled the disease 
when sprayed three times at an interval of 7 days starting from the initiation oT 
the disease (Bakr, 1993). Also, inciderlcc of the disease was lowered significantly 
when sowing was delayed beyond 20 November, but the yield of the late-sown 
crop was drastically reduced because of poor growth and a heavy infection ol' 
rust. 

Screening to identify sources of resistance is under way in Bangladesh by 
using highly susceptible spreader rows. Several genotypes have shown good tol- 
erance over three consecutive growing seasons (Bakr, 1993). 
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COLLAR ROT 

Causal Pathogen 

The disease is caused by Sclerotium rolfsii Sacc. (Cortii~uceae, Aphyllophomltls) 
(Mathur and Ilcshpande, 1968). The perfect state of the fungus is Corticiun~ rolfsii 
(Sacc.) Cur~i .  According to Talbot (1973), the basidial state of S, rolfsii is a species 
of Atheliu (Athelia rolfsii (Curzi) Tu C(r Kimbrough in Corticiuceae. The basidial 
stage is rarely found in nature. The mycelium is septate and hyaline, branching 
at acute angles. Well developed mycelium is in cord-like strands. The hyphae 
have clamps in the form of forks and hooks or H-likc connections (Aycock, 
1966). Newly developed mycelium is slender, lacking clamp connections, snow- 
white in colour with a silky lustre. Hyphal cells are binuclcate to multinucleate. 
Basidia are obovoid, 7-9 X 4-5 pm, each bearing two to four sterigmata that 
bcar basidiospores. Basidiosporcs are hyaline, smooth elliptical, apiculate and 
3.5-5.0 X 6-7 pm (Mchan rt ul., 1995). 

Sclerotia are formed laterally from main hyphal strands (Willetts, 1971). 
They are at first white, becoming light brown to dark brown at maturity. They 
are subspherical, 0.5-1.0 mm in diameter, with their surfrlce being finely wrin- 
kled or pitted. The sclerotium is diffcrentiated into rind and medulla. 

Biology 

Collar rot of lentil, also described as 'root rot' (Pavgi and Llpadhyay, 1967), 
occurs in almost every region where lentil is cultivated, and is especially preva- 
lent in warm areas where high soil moisture and temperature at lhc seedling 
stage of the crop are relatively high. The disease is economically important in 
some parts of North India and Bangladesh, where the crop is grown after rice, 
causing considerable death to seedlings in the early stages of plant growth 
(Ishaque and Talukder, 1967). It has been also reportcd on lentil in Ethiopia 
(Stewart and Llagnachew, 1967) and Pakistan (Bashir r t  ul., 1987). 

The fungus has an extensive host range which comprises nearly 500 plant 
species, mainly Compositae and Leguminosae. I1 is the causal agent of stem, root 
and pod rot of groundnut (see McDonald rt  al., Chapter 2, this volume). 
Graminaceous species are less susceptible (Punja, 198 5). 

Thc fungus survives in the form of sclerotia that remain viable in the soil for 
2-3 years. They serve as the primary source of inoculum and are capable of initi- 
ating infection with or without an additional food base (Aycock, 1966: Punja, 
198 5). Sclerotia germinate following two forms: hyphal and eruptive (Punja and 
Grogan, 1981). Eruptive germination in soil is greatest at 21-30°C and is less 
common below 15°C or above 36°C. Germination is greatest at the soil surface 
and decreases with soil depth. This could in part be due to a response to light. 
Volatile compounds from re-moistened, undecomposed plant tissue stimulate 
germination and the growth of S .  rolJsii (Beute and Rodriguez-Kabana, 1979; 
Punja and Grogan, 1981). Optimal growth occurs at low pH (Punja and Jenkins, 
1984) and is markedly less above pH 8.0 (Aycock, 1966). Germination of sclerotia 
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can be inhibited by scvcral means (irpplying fungicides and ammonium com- 
pounds, burying sclerotia deeply, altcring the composition or activity of soil 
microflora and adding antagonistic microorganisms) and thereby limit disease 
incidence (Punja, 198 5 )  

The fungus produces a number of cxtraccllular cnzymcs including pectin 
rnethylesterase (Ratcman and Bccr. 196 5 ) .  cutinuse (Raker arrd Ratcman, 197%). 
phosphatidase (Sellarn rt cil., 1982), arabanase (Cole and Baternsn, 1969 ). galac- 
tanase, rrrannase and xylanase (van Etten and Batcman, 19(39) and P-glucosidiisc 
(Shewule and Sadana, 1979). Thc production of cell-wall degrading enzymes in 
conjunction with oxalic acid would account, in part, for the cxtcnsivc host range 
of the pathogen. 

S, roUsii is a variable fungus. Single basidiosporr strains from parental tield 
isolates show pronounced variability in morphological chirrilcteristics (Punja 
and Grogan, 198 3). suggesting that lield iso1;rtes may bc hctcrokaryotic. 

Symptoms 

Thc pathogen infects the colli~r region of the plant, causing a yellowish-brown 
discoloration, and a rotting of tissue (Rcniwal et r d . .  199 3).  Thc young seedlings 
show damping-off symptotns. Plants inltcted at an advanced stage grutjuully 
turn pale, droop and dry. White feathery growth of thc fungus, gencrally associ- 
ated with dirty white to browrl coloured, mustard-seed-likc sclcrotia, can be seen 
on infected plant parts, so prolonging Ihc survivirl of the pathogen undcr 
unfavourable conditions. Sometimes the fungus rnay proceed downward causing 
root rut. Infectcd plants are easily pulled up as the root system is poorly dcvelopecl 
and side roots are dcstroyed. 

Epidemiology 

Collar rot incidence may increase following periods of temperature and nloisture 
tluctuation; cycles of drying and wetting have bccn reportcd to stimulate gcrrnin- 
ation of sclerotia (Smith, 1972). Thc presence of an organic substrate for mycelial 
growth may enhance disease severity (Beute and Rodriguez-Kabana, 1979). 

S. roljsii survives well in the soil as sclerotia in thc presence of sufficient 
organic matter even under adverse weather conditions (Khare ut  ul.. 1979). The 
disease is favoured by high soil moisture with high temperature (2 5- 30°C) and 
good sunshine after rains (Khare, 1981). Extensive plant-to-plant spread occurs 
in closely spaced crops. In vitro research showed that disease incidence can be 
directly or indirectly affected by non-target pesticides. IIowever, the importance 
of such compounds in suppressing disease under field conditions has yet to be 
determined (Punja, 198 5). Continuous rotation with crops susceptible to S. rolf- 
sii may increase disease incidence. Temperatures above 50°C for an extended 
period are lethal to sclerotia (Porter and Merriman, 1983; Mihail and Alcorn, 
1984), possibly by enhancing nutrient leakage accompanied by an increased 
microbial antagonism (Lifshitz et al., 198 3 1. 
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Mycclium survives better in sandy soils than in fine-textured soils 
(Chattop;\dhyay and Mustafee. 1977). Factors that increase nutrient leakage or 
predispose sclerotia to antagonism may accelcrate their death. These include 
drying, heating, deep burial, exposing sclerotia to chemicals and inducing 
changes in the integrity of the sclerotial rind (Punja, 198  5). The discase becomes 
severe il'the stubble of the previous crop, such as paddy or sorghum, is lcft in the 
field. 

Management 

Collar rot in lcntil can bc reduced greatly by manipulating thc sowing date so 
that the seedling stage does not coincide with high soil moisture and a tempera- 
ture above 2 5°C. Under Jabalpur conditions, 1 5  Octobcr was found to bc a suit- 
able sowing date rcsulting in low seedling mortality and a high yicld (Agrawal ut 
111.. 1976b, 1986b). In Bangladesh, the incidence of the disease declined gradu- 
ally when sowing was delayed until the lirst week of Novembcr (Fakir and 
Rahman. 1989). Further delay in sowing reduced the discase incidence greatly 
but curtailed the yield drastically. The disease is rcduced considerably by thc 
application of 60 kg K ha- '  (Prasad and Chaudhary, 1984) and calcium fertilizer 
(l'unja et al., 1986). lncrcased calcium levcls in the tissue may partly offset the 
cffect of oxalic acid and cell-wall dcgrading cnzymes. There is controversy 
regarding the effects of nitrogenous fertilizer, with Fakir and Rahman ( 1989) 
reporting an increasc of the disease in lentil and l'unja clt al. ( 1  986) reporting a 
decrease in carrot. Crop rotation is unlikely to be an cffective nlcthod of control in 
view of the wide host range of'the fungus and its persistence on almost all types 
of crop debris. Soil organic amendments such as oat or maize straw havc been 
found to limit discase incidence on lcntil (Mchrotra and C'laudius, 1972) 

Shuhid et al. (1 990) evaluated thc effect of several fungicidcs on rnycclial 
growth and sclerotial production ill vitro: captan and metalaxyl (Ridomil) at 10,  
20, 50  pg ml-' dosage ratcs were the most cffective. The discase was partially 
controlled by seed treatment with thiram, captan or methyl arscnic sulphide 
(Khi./;octol) (Khare et ul., 1974), with guazatinc (Fakir and Rahman, 1989), and 
with triadimenol and carboxin at 0.25% w/w of dry sccd. Later, it was shown 
that the early-stage seedling mortality in lcntil can be controlled best by treating 
thc seed with combinations of fungicides such as thiram + pentachloronitroben- 
zene or thiram + carbendazim (Agrawal et d., 1975). Mancozeb has also been 
found effective (Singh et ul., 198 5). 

Trichodurma viride Pers. ex Fr., Streptomyivs gougeroti (Uuche) Waskman & 
Henrici and some bacterial species were reported antagonistic to S. rolfsii, iso- 
lated from lentil (Mehrotra and Claudius, 19  72). Triibhnderma hurziarlum Rifai and 
Bacillus subtilis Cohn emend Prazmowski were found to be antagonistic to S. rolf- 
sii and also their application with seed or soil controlled collar rot in pot culture 
(Agrawal et ul., 1977). Similarly, Mukhopadhyay at al. (1989) reported the con- 
trol of collar rot in lentils by using T, harzianurn or R. subtilis applied to seeds with 
a 2% solution of Gur (molasses); the collar rot of lentil was reduced by about 80% 
over that of the control. 
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The use of resistant cultivars provides good control of this soilbornc disease. 
Several resistant lines have been identified in Rangladesh (13AKI. 1986) .  India 
(Kannaiyan and Nene, 1976:  Khare tlt ctl., 1979;  Muhammad and Kumar, 1986)  
and in Pakistan (Anonymous, 1988) .  

VASCULAR WILT 

Causal Pathogen 

Several species of E'us~lriurn havc been found ilssociated with the wilted lentil 
plant (Kharc et al., 1 9 7 9 )  but in India Fusnriurn ortlloc~enrs App. and Woollen, var. 
lentis Vasudeva arid Srinivasan was reported to bc thc cause of the diserisc 
(Vasudeva and Srinivasan, 1952).  Later, the name of'the lur~gus was changed to  t.'. 
oxysporum Schlecht. ex Fr. f. sp. lt>rttis Vasudcva and Srinivasan ( ~ r l ~ e r c ~ i l r r r i c ~ t ~ ~ ~ i ~ ~ ~ ,  
Hcyp/rulrs) by C'hattopadhyay and Sengupta ( 19 6 7 ) .  

The fungus produces three types of spore: oval or kidney-shaped rnicro- 
conidia; thin-walled, multicellular (bur to six cclls) macroconidia, each with a 
delinite foot cell and a pointed apical cell: and chlamydospores, formed singly in 
macroconidia, terminally or intercalary in the hyphae. 

Biology 

The disease is widespread in most countries where lentil is grown. It has been 
reportcd from Argentina (Kevenna and Negri, 19791, Canada (I3halla at (11.. 
1 9 8 4 ) .  Chile (C'afi~ti and Andrade, 1 9 8 3 ) ,  Colombia (A .  van Schoonhoven, 
Colombia. 1 9 9 0 ,  personal communication), former Czechoslovakia (Ujevic c2t ul., 
1 9 6 5 ) .  Egypt (Mansour et nl.. 1976) ,  Ethiopia (Mengistu. 1979) ,  France 
(Moreau, 1 9 7 8 ) ,  IIungary (Flcischman, 19 37). India (Vasudeva and Roy, 1 9 5 0 ) ,  
Jordan (Mamlouk et al., 1 9 8 4 ) ,  Morocco (ICARDA, 1987) ,  Nepal (Manandhar, 
1 9 7 5 ) .  Sudan (Sarrag and Nourai, 1983) .  Syria (Bellar and Kabbabeh, 1983;  
Rayaa et nl., 1 9 8 h ) ,  Turkey (Sagir, 1988) ,  Tunisia (Djcrbi et ul., 1 9 7 9 ) ,  llruguay 
(Carrera and Noll, 1 9 4 1 ) ,  the IJSA (Wilson and Brendsbcrg, 1 9 6  5: Kaiser, 1 9 8  1 ) 
and the former USSR (Kotova et al., 1965) .  Fusarium wilt caused by Flisuriurn 
spp. is also a serious disease of pea, chickpea and pigeonpea (see Kraft et nl., 
Chapter 6 ,  this volume: Haware, Chapter 9 ,  this volume; Keddy et ul.. Chapter 1 0 ,  
this volume), respectively 

The natural host range of the fungus is limited to lentil, although Viciu mont- 
hretii can be infected with the fungus under artificial inoculation (Bayaa et a/., 
199 5) .  Wilt caused by Fusarium spp. also affects pea, chickpea and pigeonpea (see 
Kraft rt ul., Chapter h ,  this Volumc: Haware, Chapter 9 ,  this volume; Keddy rt ul., 
Chapter 10 ,  this volume). The F. oxysporum f, sp. Irntis has great variability. 
Isolates of the fungus havc been differentiated on the basis of their nutritional 
requirements (Kushwaha et al., 1974:  Khare et al., 1 9 7 5 ) ,  temperature (Dhingra 
et al., 19  7 4 ) ,  their sensitivity to fungicides (Agrawal and Khare, 19 7 7 ) ,  morphol- 
ogy and virulence (Sharma and Agnihotri, 19 7 2 ;  Claudius and Mehrotra, 19 7 3 ) .  
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Symptoms 

'l'he disease appears in the field in patches at both seedling and adult stages. 
Seedling wilt is characterized by sudden drooping, followed by drying of leaves 
and seedling death. The roots appear healthy, with reduced proliferation. Adult 
wilt symptoms (Fig. 8.5) appear from {lowering to late pod-filling stage and are 
characterized by sudden drooping of top leaflets of the affected plant, leaflet 
closure without premature shedding, dull green foliage followed by wilting of 
the whole plant, or of individual branches. The root system appears healthy, 
with a slight reduction of lateral roots and usually no interrlal discoloration of 
the vascular system. Secds from plants affected in Inid to late pod-fill are often 
shrivelled. 

Flu. 8.5. Vascular wilt, caused by Fusarium oxysporum f. sp, lentis, during early reproductive 
growth of a lentil crop (Photo: courtesy of B. Bayaa). 
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Epidemiology 

In Tndia, the disease appears in two phascs: seedling stage iund during reproduc- 
tivc growth. The disease is sccn at early stages of crop growth (as a seedling wilt) 
during November, then incidence falls during Ilecember i ~ n d  j;~~~uiiry. At flower- 
ing and podding during late Fcbruary and March, adult plant wilt symptoms 
appear (Vr-lsudeva and Srinivasan 1952: Kannaiyan and Nene, lC)7h).  In Syria. 
wilt appears only during a single phwe - that of flowering and podding 
(AprilIMay). The temperature during the seedling stage of growth in India is 
around 20°C, whereas in Syria it is lower arid orily allows slow I'~urlgul growth 
(Erskine et (11.. 1990).  

Plant age affects the germination of fi~ngal spores. C'l:iudius and Mchrotra 
( 197 3 )  found that the root exudate of 2 I -day-old seedlings contained glycine 
i ~ n d  phenylalanine which had an inhibitory effect upon spore germination. 

External cvntilmiriation of seeds by the I'urigus is usual, and high inoculum 
levels may be carried in plant debris. 'l'he fungus may survivc in the soil l i~ r  more 
than 5 years. C'hlamydospores are probably the main fungal struc.ture for long- 
term survival. 

Various factors goverriirig the growth of the pathogen have been studied 
(L)hingri~ clt ~ l . ,  1974 ; Khare, 1980: Crskine ot 01..  1 0 0 :  Stuxcna and Khare. 
1988: Vasudcva and Srinivasiln, 1952). Optimiun tcmpc2ri~turr li)r I'ungal 
growth is around 22°C'. I,ow soil moisture, couplcd with moderately high soil 
tempert~tures, secm to bc thc key ftictors determining symptom rxpressio~~. 1,cnlil 
suffers morc damage in sandy loam soil (4X1%,) than in clay soil (22'%,), and the 
mortality of lentil plants incrcascs with soil pFI up to 7.5, iubove which it declines. 

Damage and Crop Loss 

Wilt is an  important disease of lentil that can ciiuse complete failure of the crop. 
especially in a warm spring and dry, hot summer (Ixquierdo and Morse, 1975; 
Hayaa ct al., 1986; Agrawal 17 t  d.. 199 3) .  Barairner and lzquierdo ( 1977) found 
that the dcgrcc of 1:. ox!ysporum infection rangeti from 2 5 to 9 5% deper~ding on 
the cultivar tcstcd. 

Wilt incidence during reproductive growth was correlated with yield loss 
estimates with a reduction in seed yield per unit change in wilt incidence of 
0.846 f 0.1 18% in northern Syria. In thc laboratory, disease reaction was posi- 
tively correlated to inoculum density (Erskine and Bayaa. 1996) .  In the field. 
inoculunl density was unrelated to disease incidence in susceptible lentils, prc- 
cluding the prediction of disease incidence from inoculum density. I n  vitro, fungal 
culture filtrate caused 90% seedling mortality (Agrawal et al., 1986a).  

Management 

Sowing date affects wilt incidence because it determines the proportion of the 
growth cycle of the crop that is at  a n  optimum or near-optimum temperature for 
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fungal growth. In India, delayed sowing reduces disease incidence, but late sow- 
ing dramatically reduces yield potential and its effect on disease developn~cnt dif- 
fers over locations and seasons (Kannaiyan and Nene, 1975a). A crop rotation of 
4-5 years retluces inoculum density in the field, but does not completely cradi- 
cate the disease. In India, cultivation of paddy or sorghum in the rainy season 
reduced lentil wilt incidence in the succeeding winter (Kannaiyan and Nene, 
1979). Soil amendment with organic matter (wheat or barley straw) enhances 
antagonism by other soil microorganisms. 

Seed treatment with benomyl at O. 3% is reported to check the disease 
(Kannaiyan and Nene. 1974). A degradation product of berlomyl was detected in 
the root and the shoot up to 45 days after sowing treated seed (Kannaiyan t,t ul., 
1975). Agrawal ~t al. (1  975) reported that seed treatment with thiram + pen- 
tachloronitrobcnzene or thiram + carboxin reduced the disease. Wilt incidence 
can also be decreased by the application of Mn and Zn (Mehrotra and Claudius, 
1973). Insecticides like dimethoate, trichlorfon and monocrotophos can also 
reduce seedling wilt of lentil (Kannaiyan and Nene, 1975b). Benomnyl and captan 
have been shown to be effcctive in Pakistan (Khalid, 1990). 

Biological control is a desirable alternative to chemical control of vascular 
wilt. In Syria, several antagonistic bacteria isolated from soil were detected by 
challenging the pathogen, and were identitied as Bacillus sp. The isolates did not 
affect seed germination, stirnuluted plant growth in pots and rcduced disease 
severity (B. Bayaa and W, Erskine, 1994 unpublished results). In India, 
Tric-hoderr~lu viridr Pers. ex Fr., Streptonr!jces gougeroti and some bacterial spccies 
were found antagonistic to F. oxysporurn f. sp. luntis (Mehrotra anti Claudius, 
1972). Similarly, Trichoderrnn hurriariurn Kifai and T. korlirlgii Oudemans showed 
antibiosis and mycoparasitism (Mukhopadhyay rt ul., 1989), and in Pakistan 
Arac7hrliotus sp. and T. harziunurrl have been studied (Akhtar. 1989: Aslam, 
1989). The possibility of their use as biocontrol agents on a large scalc should be 
explored through lield trials and the development of a suitable delivery system. 
The addition of organic matter to the soil enhances the activity of the antagon- 
ists. Complete control of wilt was achieved when ArucVl~r~iotrrs sp, or T. hurzianunr 
were used in combination with chopped wheat straw along with 1% N, urea + 
1'X) glucose +1'% K2S0, or 1'X) N2 urea + 1%) K,SO, + 0.00 l'YO MgS04. 

Host plant resistance is considered the most feasible and environmentally 
sound means of vascular wilt management for lentil. Screening of lentil for wilt 
resistance is done in the field (Plate 19; Kannaiyan and Nene, 1976: Khare ct al., 
199 3 ;  Rayaa ut (11., 1994a), greenhouse (Bayaa and Erskine, 1990). or in the lab- 
oratory (Omar et al., 1988; Bayaa et ul., 1994a). Screening methods have been 
compared and a strong correlation found between Aeld and greenhouse disease 
reaction (Bayaa ut a]., 1994a). Plant age has a dramatic effect on resistance; for 
example, many lines exhibiting resistance at the seedling stage lose their resis- 
tance at the adult stage (ICARLIA, 1990). 

Cultivars with resistance to wilt have been released. These include Naslada, 
Zhana, Anicia and Tadzhikskaya 95  in Bulgaria (Mihov et ul., 1987), Talya 2 in 
Lebanon (Abi Antoun et al., 1990) and Pant L 406 (Pandya et ul., 1980) and 
Pant 4 (Singh et al., 1994) in India. Sources of resistance to wilt have been found 
by many authors in the cultivated lentil (Nene et al., 1975; Kannaiyan and Nene, 



-- 
DISEASES OF LENTIL 

- - -- 
451 ] ---- 

1976: Khare rt al., 1979: Khare, 1980: 'l'iwari and Singh, 1980: IIossuirl c,t (11.. 
1985: Hayaa and Erskinc. 1990: Hamdi rt  rfl., 199 1: IC'AKIIA 199 3 ,  1994) ;~nd  
made available through the Lentil Intcrnationill Pusarium Wilt Nursery. 
Resistance to wilt has also bcen found among Icntil wild reli~tives in thrcc acces- 
sions (ILWL 79 and TT,WI, 1 13 of L, clrlitrrlris ssp. orianttrlis and ILWI, 1 3 %  of I,. 
tfigri17nns ssp. t~rvoidrs) (Rayaa rt nl., 1995). 

Saxena and Khare (1988) reported that cultivars with short roots or ;I low 
number of secondary roots showed a low incidence ofthe tlisease. Such cultivi~rs 
had compact cork cambium and narrow rnetaxylem: high levels of amino aciclh. 
sugars, phenols, ortho-dihydric phcnols, phosphorus, potassium; low pcrmcabil- 
ity and low pcrccntage nitrogen in roots. A large nunlbcr of cultivars should he 
studied to correlate such characteristics with resistt~nce. 

Kamboj clt rrl. ( 1990) reportetl that the inheritance of resistance to vascular 
wilt was contrnllcd by live independently segregating genes based on the rcaction 
of individual plants. Kecently, Abbas (1995) highlighted the problems of study- 
ing the reaction of individu;~l plants to wilt and. using I:, progeny rows, found 
resistance to be governed by a singlc dominant gcnc. 

BROOMRAPE 

Causal Organism 

Orobitrrc91tt~ spp. (Orobtrtrrlrtrc~t~ttf~, Dic90t!jltdotrt~ltt~) arc parasitic highcr plants whosc 
hosts are either wild or cultivated plant species. Species attacking lerltil ;Ire: 0. 
crrniitrr Forskall, 0, argyptiuctr l'ers. iind 0. rirrnostr I,. Thc following is a description 
of 0. i-rtvrntu, the primary problcm (C'ubcro, 198 3): the main lleshy stem, which 
enlerges from the ground, is covered by small, scale-like, alternate leaves and is 
tcrrninatcd by an inflorcsccncc. Thc latter is a spike 17-70 cm long, bearing 
many two-lipped white flowers with purple markings (Plate 20).  There are b u r  
stamens and e style with a two- to four-lobed stigma. 'l'he gynaecium is superior. 
The fruit is a capsule which contains many minute reticulate brown seeds (4000 
seeds per capsule). A mean number of 1 50,000 seeds per plant has been reported 
on h b ; ~  bean (Ponce de I,e6n rlt (11 . .  1974). C'ubero (1983) reported 270  f 25 
secds mg-', which means that the seed wcight is around 3.7 X lo-" g. Thc seeds 
are protected by a black pigment that seems to act as a germination inhibitor and 
is very difficult to remove. 'l'he embryo is poorly differentiated, with small cells in 
the micropylar zone and vacuolated ones in the chalaza1 region (Aber trnd SiiIIC, 
1983). During a survey of south-eastern Anatolia, Turkey (R.  Hayaa anti W. 
Erskinc. 1996, unpublished observation), it was found that 1'. aegyptirrc3tr was the 
predominant species of broomrapc: 0, crrtlata infestation was less common. 

Biology and Epidemiology 

0. cretzatu is endemic to the Mediterranean area, southern and eastern Spain, 
southern Italy and some parts of Greece, North Africa and the Near East (Cubero 
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ut ul., 1988). 0. rrerlatu has a wide host range that includes members of the 
Composituc, Unlhrlliferae and Luguminosur. Among legumes, faba bean (see Jellis ut 
al., Chapter 7, this volume), vetch and clovers are hosts in addition to lentils. 
However, the extent of host specificity of lentil isolates of 0. c-renatu appears 
unknown: the parasite is frequented by bees so is presumably cross-pollinated: 
seed from a single flower spike is probably heterogeneous. 'rhe seeds do not ger- 
minate unless they are pre-conditioned (ripened and exposed to moisture) and 
stimulated by certain components of the host root exudate. Some chemicals, 
including gibberellic acid and sodium hypochlorite, increase germination in the 
presence of a germination stimulant (Hiron. 197  3 ;  E'ieterse. 198 1). 

Germination occurs between 18  and 2 5 ° C  and is inhibited below 8°C' 
(Kasasian, 19  73 ). However, Sauerborn ( 1989) observed delayed germination 
and host plant attachment at 5'C'. Secds are damaged when the temperature 
reaches - 5°C (Canixo, 1946). Germination does not occur during winter. Also 
crops sown late in the season are often less infected. Light is not required for ger- 
minalion and may even have a negative effect (Cubero. 198 3 ) .  

In the p~.oximity of a host root (c. 1 cm), the embryo produces a haustorium 
which penetrates into the root by mechanical pressure (Privat and Anciary, 
197 3). Thereafter, the growth of haustorium within the root is achieved by enzy- 
matic processes (Dorr and Kollmann, 1974; lliirr, 1979). The establishment of 
connections between the host and parasite is achieved by fusion of both xylerns 
but not between the phloem of host and parasite (Aber and Salli, 198 3). The 
effects of temperature on haustorial attachment and development are unknown. 

Attachment is followed by the formation of a spherical nodule, which has 
an  intense red-orange colour. A bud is formed on thc nodule, when it reaches 
1-2 cm in diameter, which ultimately produces a whitish stem bearing floral 
buds. This occurs about 1 0  weeks after germination (Cubcro, 1983). 

0, cronata is facultatively autogamous (Cubero, 1983). The stamen growth 
places the anther close to the base of the stigma, allowing a portion ol'the pollen 
to brush against it. C'ross-pollination is by large Hym~tloptum, especially bumble 
bees. The seeds are distributed by the wind and may remain dormant for up to 1 8  
years. 

Orohandlr spp, generally occur on poor dry soils (Kasasien, 1971) and 
increasing soil fertility restricts Orohanchu development. 1n vitro the presence of P, 
urea, or NH, (but not NO,-) inhibit germination of 0, crenuta (ter Rorg, 1986). 

Symptoms 

The appearance of the parasite itself is the most diagnostic feature of infestation. 
The parasite has erect, branched or unbranched aerial flowering shoots. 0, cre- 
natu has white flowers and 0, aegyptiaca has blue flowers (Plate 20). 

Damage and Loss 

Broomrape infestation may cause severe yield loss. The host can be completely 
destroyed and a highly infested field may give the impression that the cultivated 
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plants are broomrape! Yield reduction is particularly correl;rted with the number 
of parasites per host plant and the earliness of attack. In faba beiul, C'lrbero t~nd 
Hernt'indez ( 199 1 ) found that there was an extrcmcly high correlation between 
the nurnber of emerged broonlrape shoots per host plant and the total nuriibcr of 
broomrape tuberculcs attached to the host roots. 

The most important damage is apptrrently caused by competition Ibr water: 
by water flow from the host to the parasitc and the rcduccd ability of the host 
roots to extract water froni the soil. Weakness ol'the host is attributed to the flow 
of sugar, especially sucrose, to the parasite, which is tr;rnslocatcd to thc broom- 
rape spike and at once split into glucose and fructcjse (Whitney, IL172) 

Management 

0ro~?uitc711c1 control in lentil is difficult, for scvcral reasons: ( i )  the large nulnbcr of 
seeds produced on a singlc inflorescrncr, ( i i )  extended survival of the seed in the 
soil, and (iii) attachment with the host which neccssitatcs vcry specilic coritrol 
measurcs (Pieterse, 1979: Cubcro, 198 3: I'arker i~nd  Wilson, I C)X(1). Control 
nlcasures include physical, cultural, chemical and biological methods irnd their 
combincd use into an integrated control packagc. 

Flooding the field for 1 month Icd to the loss of broomrirpe seed viability 
(Kasasian, 197 1 1. Generally, irrigated fields hiwe lcss of a problem than rainfed 
fields. Hand-weeding of' inflorescences reduccs the seed bank, if done belbre sccd 
maturity, but is tirnc consuming, rnay cause darnagc to the host crop and is only 
ecorlornic when the level of infestation is low. Weekly hand-pulling rcduced infes- 
tation by 95% over 5 ycars (Krishnamoorthi and Krishnan. 1967) but was 
unablc to eradicate the parasite from a plot artilicially infested with Ort~bat~cl~e 
continuously cropped with faba bean, even aftcr 14 years of hand-pulling 
(Cubero. 198 3 ) .  

Deep ploughing delays seed germination and reduces Orohur~che infestation 
(Kasasian, 1971); however, in practice i t  is difficult to invert the topsoil com- 
pletely. Delayed sowing is a common practice in the Middlc East to reducc the 
level of infestation. Following the suggestion of Cubero arid Moreno ( 19 79), carly 
maturing genotypes, such as II,L X, have been sown latc to reduce the lcvcl of 
infestation (ICARDA, 1990. 199 1 .  1992, 1993). However, late sowing has a 
reduced yield potential comparcd to normal Ilecember sowing in West Asia 
(Silim ut (d., 1991). Crop rotation is of little importance due to the persistence ol' 
thc seeds for extended periods (up to 18 years) and the non-specilicity of the par- 
asite attack. 

Trap plants are non-hosts which are able to stimulate Orobrrnc'hc~ secds but do 
not permit the development of the haustorium. These can be used as secondary 
(trap or catch) crops in the rotation either for forages or green manuring. 
Ciccarone and Piglionica (1979) suggested Astragalus burtic~s L., flax and 
Helminthia echoides Gaert as possible trap crops for 0. clrenata. A limitation of this 
method is that only Orohunchr seeds in the rhizospherc of the trap crop will ger- 
minate under its stimulus; in addition the longevity of viable broomrape in the 
soil is a limiting factor. 
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Fertilizers such as urea can reduce Qrobunt.I~e infestation, whereas K pro- 
motes 0. crrrtutu growth (Kasasian, 1973). Soil solarization, using transparent 
polyethylene sheets on the soil surface in the hot season, has been extensively 
tried for Orobunchr control irt ICAKDA (Sauerborn and Saxena, 1987). Although 
the control was dramatic and the dry weight ofOrohnnc.ha was reduced by 90'%,, 
polyethylene is too expensive for economic use by farmers on a low-value crop 
like lentil. 

Among the various chemicals tested for their use on broomrape on lentil, 
imazethapyr and imoxaquin arc the most promising (Sauerborn rt id., 1987b; 
TCAKDA, 1991, 1992, 1993). Glyphosatc, which is recommended for use at sub- 
lethal doses for foliar application on faba bean to control broomrapc, is not rec- 
olntnendcd for lentil because of the cxtreme sensitivity of the crop to thr 
chemical. 

Although several phytophagous insccts attack broomrapcs, only f'hglotit~zn 
orobartchirt Kalt. (Agrorn!jzidue) has shown biocontrol potential (Cubero, 1983: 
Giray and Nemli, 198 3: Mihajlovic, 1986; Linke rt ul., 1990). The larvae feed on 
the seeds and bore into the stalks of UrobuncItu until they reach the underground 
parts of the host wherc they pupate. The lly infests almost 90'%, of the cijpsules of 
0. c'rencrta and an attempt has been madc to use the fly in irltcgrated broomrape 
control (Linke et crl., 1 990). 

'I'he fungus I:trsc~riurn orohrrrtc'hr Jacz. was found effective against both the 
seeds and seedlings of the parasite (Kotl, 1969). 1:ttsirriurn oxgsporurrl, 1:. sol~iti, 
Alterrlrrria spp. and Sclt'rotirlirr spp. have been isolated from rotted 0. cror~ulrr fruits 
(Al-Menoufi, 1986). They were responsible for a reduction of germination of 
Oroburrt3hr seeds between 21 and 85'%,, and caused no damage on several host 
crops. 

Host plant resistance has been widely used in fabu bean to control broorn- 
rape (see Jellis rt (11.. Chapter 7, this volume). Tn lentil, a tot;rl of 1774 germplasm 
accessions have been screened in the lield in infected soil and a range in reactions 
recorded (Erskinc and Witcombc, 1984). However, the reaction of the most resis- 
tant accessions was examined in petri dishes in the laboratory (Sauerborn at al., 
1987a) and there were no significant differences among acccssions in the nurn- 
ber of infections of Ombnnchc, per unit length of root. The low incidence of 
Orobrrnhe infection on the roots of 'resistant' accessions in the field was probably 
due to poor root growth. Despite further extensive screening in petri dishes, resis- 
tance to Urobur~chr has not been found in the cultigen. Screening has continued 
with the wild 1,em spp., but resistance remains elusive (Erskine t>t nl., 1994). 

The integralion of some of the above control measures has been tried in 
Spain (Garcia-Torres and L6pez-Granados, 199 1 ) and Syria (ICAKDA, 1990, 
1991, 1992, 1993). 'I'he methods included using delayed sowing, an carly- 
maturing cultivar (ILL8) adapted to late sowing, in combination with eithcr two 
post-emergence applications of imazaquin (7.5 g active ingredient (a.i.) ha-') or 
one prc-emergence application of imazethapyr (60 g a.i. ha-'). For Orobuncl~r 
control and both seed and straw yield, imazaquin was the better chemical partic- 
ularly on the latc sowing of the early cultivar. 



CONCLUDING REMARKS 

Lentil is a low-value food legume predo~ninantly grown in thc dry arcas of Asia 
by resource-poor farmers. The most economic and fcasiblc method of discasc 
control is through host plant resistance. In this, considerable progress has been 
made in breeding for resistance individually to rust, wilt, ascochyt;~ blight and 
stemphylium blight in thc last decade. 1:ocus should now bc on their approprii~tc 
recombination as stresses often appear together in the ficld. A scarch for mi~rkcrs. 
using random amplitied polymorphic DNA (RAPD) in particular. is undcr way Ibr 
rust, ascochyta blight and vasculirr wilt, so that marker-nssistcd selection may be 
used to increase selection cfficier~cy in the future. 111 the abselice ol'ger~ctic varia- 
tion in rcsistallce to broomrape in lentil, and in view of thc  plytotoxicity ol'cur- 
rent selective herbicides to the crop, genetic engineering to incorporate herbicide 
resistance is needed. Research on grey mould ol' lentil is ncglcctcd, but substan- 
tial losses occur in wet seasons, Experience with other crops suggests that it is dif- 
ticult to obtain u suitable level of resislancc to this vkrriable pirthogcn, so an 
int.egrated discase management package shoilld he devclopcd for control. 

'l'u date, resistances to rust, wilt, ascochyta blight and Stort~pll!lliirri~ hiwe not 
broken down. However. information from othcr croplpathogen systcms suggests 
that  this situation will not continuc indelinitely. Vigilance is required to identify 
pathogenic variability in wilt, rust and asco~hyti l  blight. 0nc.e identilied, DNA- 
based systcms to study variability may be of assistance. 

Several biological control agents, fung;ll and bacterii~l, have bccn identilied 
irz vitro. Further tesls for their effeulivencss in the lield arc required. I'roblems 
retnairi to bc solved in their cconomic bulk production, thc developrncnt ol' 
appropriate delivery systems, the compatibility with chemicals used in secd 
dressing and their safety on non-target organisms including Khizobiuttr. 
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Crop I'rotrctinn Mvision. Itrtt>rnirtionnl ('rops Xesearc.h lnstitutcfor the Semi-Arid Trilpic~s, 
lCKlSAT Asirr Centor, P(itunch~ru 502 324, Andhrrr Prudesl~, Indill 

INTRODUCTION 

Chickpea (Cicur r~rirtirrunl) is the third most important grain Icgurrle globally, after 
common bean and pea (soyabean and groundnut being considcred as oilseed 
crops). It is particularly important as a source of protein to the largely vegetarian 
population of South Asia and is used as an anitnal feed in developed countries. 
According to FA0 (1994), chickpea is cultivated on 10.2 million hectarcs and its 
total production is nearly 7.8 rnilliori tonnes. 'The yield potential of present-day 
chickpea cultivars exceeds 5 t ha- ' ,  however, werage yield is less than 0.8 t 
ha ". The gap between the average and potential yield is nlostly due to diseases, 
pests and poor management practices. Although chickpea may be treated as a 
low priority crop by farmers, rccent price increases in pulses has rencwed interest 
in expanding the area sown. 

Two races are recognized within cultivated chickpea which arc roughly 
cquivalent to the widely recognized kabuli and desi types. Ki~buli types are tall with 
white flowers and produce large, rounded secd usually pale cream in colour. They 
are colnlnon in the Mediterranean and the Near East. Desi types are relatively 
short, sometimes prostrate, commonly with anthocyanin pig~nentation in flow- 
ers and stems and produce small, irregularly shaped seed of various colours 
(Allen, 198 3). Differences in resistance and susceptibility between the two types 
to major widespread diseases is highlighted in this chapter. 

About 67 fungi. 3 bacteria, 22 viruses and 80 nematodes have been reported 
on chickpea (Nene ct al.. 1996), but only a few of these cause economically 
important diseases. Several detailed reviews of chickpea diseases have already 
been published (Nene and Reddy, 1987; Nene et ul.. 1991). This chapter focuses 
on the most important root diseases of chickpea: fusarium wilt and root rots 
caused by a complex of soilborne fungi: the most economically important foliar 
diseases: ascochyta blight and botrytis grey mould; and the most important and 
prevalent virus disease: stunt, in most of the chickpea growing areas of the world. 

@CAB INTERNATIONAL 1998. The Pathology of Food and Pasture Legumes 
(eds D.J. Allen and J.M. LennC) 





Table 9.2. Virus diseases1 of chickpea of minor or local importance. 

Disease 

Yellow mosaic, 
yellowing 

Yellow mosaic 

Mosaic, bud 
necrosis, wilt 

Mosaic 

Enation mosaic 

Causal virus 

Bean yellow mosaic 
potyvirus (BYMV) 

Beet western yellows 
luteovirus ( B W )  
Alfalfa mosaic virus 
(AMV) 

Distribution Importance 

USA, Iran, India Locally important; yield loss 
estimated at 77-92% in lran 

Australia, India Minor 
Spain, Syria, USA 

Widespread Locally important in Iran where yield 
losses of 22-96% have been recorded 

Cucumber mosaic cucurnovirus (CMV) Widespread Locally important in Iran where yield 
losses of 52% have been recorded 

Pea enation mosaic 
virus (PEMV) 

USA, Italy Minor? 

Necrotic yellows Lettuce necrotic yellows Australia Potentially important in northern New 
rhabdovirus (LNW) South Wales and southern Queensland 

All viruses are aphid-transmitted and not seedborne. Adapted from Allen (1983). 
Sources: Kaiser and Danesh (1971 a, b); Brunt etal. (1990); Kaiser etal. (1990); Nene etal. (1996). 
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Other diseases of local and minor importance caused by fungi, viruses and nema- 
todes are listed in Tables 9.1-9.3. 

Aetiology 

Chickpea wilt was first reported in India by nutler (1918). McKerral(1923), while 
working in Myanmar, considered the discase to be soilbornc. Narsimhan (1929) 
and Dastur (1 9 3 5)  reported an association of E'usaritin~ spp. and Mncrophomirlc~ 
pllust~olinu ('l'iissi) Goid. with wilted plants. Dastur (19 35) could not prove pattio- 
genicity of thc isolated Fusuriurfz sp. and concluded that wilt was due to abiotic fac- 
tors. In a detailed account, Prasad and Padwick (1939) reported Fusuriurn sp. to be 
the causal agcnt of chickpea wilt. f'adwick ( 1940) named the fungus Fusrrriurrl 
orlltocrrrts Appel X Wollenw. var. ric.t1ri. Erwin (19 58) named it F, l~trritiurrl (Nees) 
Snyder 81 IIanscn f. sp, cqiceri (Padw.) M n .  Following the classilication of Snyder 
and Hanscn (1940), Chattopadhyay and Scn Gupta (1967) renamed the pathogen 
Fusuriunl oxysporurn Schl. f. sp. c3ir,t2ri (Padw.) Snyder X Hanscn. This was accepted 
as the correct name of the pathogen (Booth, 1971) but has since been revised to 1:. 
oxysporl~rrl Schl, f. sp. tic-eris (Padw.) Matuo & Salo (Holliday, 1980). 

Biology 

Fusarium wilt is the most important disease of chickpea. It is widespread in chick- 
pea growing areas in Asia, Africa, southern Europe arld the Americas, having 
been recorded in at least 3 3 countries (Nene et ill., 1996). Fusarium wilt is also a 
serious discase of pea (sec Kraft et al., Chapter 6, this volume), lentil (see Jellis et al., 
Chapter 7 ,  this volume) and pigeonpea (see Reddy t l t  nl., Chapter 10, this volume). 
E oxysporum has u worldwide distribution as a soilborne fungus and is considered 
to be the most economically important member of the genus (Holliday, 1980). It is 
also one of the most labile and variable. The fungus on potato sucrose agar at 
2S°C appears as delicate, white and cottony growth, becoming felted and wrin- 
kled in older cultures (Nelson ~t al. ,  1983). Hyphae arc septate and profusely 
branched. Microconidia arc borne on simple short conidiophores, arising laterally 
on the hyphae. Microconidia and macroconidia are generally sparse on solid 
media. They are formed abundantly in potato sucrose broth. Microconidia are 
oval to cylindrical, straight to curved and measure 2.5-3.5 X 5-11 pm. 
Macroconidia develop on the same conidiophores on which microconidia are 
formed (Nelson et al., 1983). Macroconidia are lesser in number than microconi- 
dia, borne on branched conidiophores, thin-walled, three- to five-septatc, fusoid, 
pointed at both ends, and measure 3.5-4.5 X 25-65 pm. Chlamydospores, 
formed in 15-day-old cultures, are smooth or rough walled, terminal or inter- 
calary, and may form singly, in pairs, or in a chain. Optimum conditions for 
growth of F. oxysporum f. sp. ciceris are 2S°C and pII 6 (Haware and Nene, 1982). 

Pathogenic variability in F. oxysporum f. sp. ciceris has been reported. Seven 



Table 9.4. Reaction of ten differential lines of chickpea to different races' of Fusarium 
oxysporum f. sp. ciberis 

Line Race 0 

JG 62 R2 
C 104 M 
JG 74 R 
CPS 1 R 
BG 212 R 
WR 315 R 
Annigeri , - 
Chafa - 
L 550 - 
850-3127 - 

Race 1 
-- 

S 
S 
R 
R 
R 
R 
S 
S 
S 
S 

Race 2 
- 

S 
S 
M 
S 
S 
R 
S 
S 
S 
M 

Race 3 Race 4 
- 

S 
S 
R 
M 
M 
R 
S 
S 
S 
M 

Race 5 Race 6 
-. 

S S 
S S/ M 
S R 
S R 
R R 
R R 
- R 
- R 
- SIM 
- R 

Races 1, 2 ,3 and 4 identified in India by Haware and Nene (1982~) ;  Races 0 and 5 identified 
in Spain by Cabrera eta/. (1985); Race 6 identified in California, USA, by Phillips (1988). 

R = Resistant (9-20% mortality); M = Moderately susceptible (21-50% mortality); 
S = Susceptible (>50% mortality). 

races have bcen identified from their differential reactions on chickpea lincs 
(Table 9.4) (Flaware rl ( 1 1 . .  1990). Races 1, 2, 3 and 4 were lirst described in Inditi 
by Haware and Nene ( 1 9 8 2 ~ )  and raccs 0 ;~nd  5 in Spain by Jimenez-Ilia2 rt (rl. 
(1989, 1991, 1993). Kace 6  was dcscribed from California (l'hillips, 1988). In 
India, races 1, 2 ,  3 and 4 are generally geographically distinct and only race 1 
and, to a lcsscr extent, race 2 are widespread and appear to be more virulenl 
than othcrs (Hawarc and Nenc, 1 9 8 2 ~ ) .  Chickpea cultivars to bc used in the 
northern plains of India should have resistance to race L (Jagdish Kumar, 
ICRISAT, India, 199h, personal communication). It is interesting to nole that 
cullivar JC, 6 2  is highly susceptible to race 1 but is resistant to wilt in Tunisia and 
Spain (C'abrera et al., 1985). Race 0 causes yellowing of leavcs and no wilting, 
whereas all other races from India, Spain and the IJSA, causc typical vascular 
wilt. Recently, genetic fingerprinting and random amplified polymorphic DNA 
(RAPL)) analyses have been used to characterize pathotypes of F. oxysllonltn C sp. 
ciceris. With RAl'l)s, it was possible to distinguish f. sp. i7icc.ris from other Jormue 
speciulrs of 1:. oxysporutn and other Flls~lriurn spp. (Kelly cJt ul., 1994). 

Symptoms 

Although several fungal pathogens cause diseases of seedlings and roots of chick- 
pea, wilt can be differentiated from other root diseases by careful examination of 
the infected plant. Chickpea genotypes show different rates of symptom expres- 
sion after infection with F. oxysporurn f, sp, cic'uris and can be classified in early 
and late wilting categories on the basis of days from sowing (Huware and Nene, 
1980). Wilt can be observed in a susceptible cultivar within 25  days after sowing 
in infected soil and this is known as 'early wilt' (Haware and Nene, 1980). 
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Affected seedlings show drooping of the leaves and are a dull green colour. 
Seedlings collapse and, when uprooted, may show uneven shrinkage rit the 
collar. Isolates of F. ox!jsporum I: sp. cicvris may induce either fast wilting or a 
progressive yellowing syndrome which develops 1 5  to 40 days after inoculation 
depending on the cultivar. 

Wilting rnay also occur during reproductive growth and is known as 'late 
wilt'. Drooping of the petioles, rachis and leaves in the upper part ol' the plant 
together with the pale green colour of foliage is the most common symptom (Fig. 
9.1).  Lower leaves also become chlorotic (Nene rt nl., 1978). When uprooted 
before completely dried, ;~l'l'ected pl;~nts show no external root discoloration. 
However, when roots are split vertically, internal discoloration may be seen 
extending to the stem (Fig. 9.1). Koots also show this symptom in early wilting. 
Internal discoloration is due to infection of'the xylem tissues ol'the root and stem. 
Partial wilting can be seen in the field, however i t  is not common in chickpea. 
Transverse sections ol'the infected root examined ~ ~ r l d e r  the microscope show the 
presence of hyphwe and spores of the fungus in the xylem (Nene et nI., 1978). 
Their presence also conlirms the diagnosis of vascular wilt. 111 some cullivrrrs, 
typical wilt symptoms are absent. The lower leaves turn yellow and dry, and the 
plant remains stunted. Koots show internal discoloration. Plants grown from 
infected seed wilt faster than plants orginating frBm clean seed. 

Fig. 9.1. Drooping of leaves and petioles and discoloration of the main stem of chickpea 
caused by Fusarium oxysporum f. sp. ciceris (Photo: courtesy of M.P. Haware). 



Epidemiology 

Wilt is important between the latitudes 30°N and 30°S of the equator where the 
chickpea growing season is dry and warm. The epidemiology of root-infecting 
fungi in the soil is complex and factors such as inoculum density and pathotype, 
plant age, host resistance and its genetic potential, air and soil temperature, soil 
moisture, soil nutrients and plant density may affect wilt development (Haware 
rt  al.. 1990). Wilt severity and populations of F, oxysporurn f. sp, c7ir,eris increased 
with decreasing soil matrix potential (Rhatti and Kralt, 1992). 

F,  ox!lspnrurn f, sp. ric'eris is internally seedborne and the fungus is hund  as 
chlamydospore-like structures in the hilum region of the seed (IIaware r t  ~ l . ,  
1978). Infected seed plays an important role in long-distance dispersal and in 
transmitting the disease to new areas. Once the inoculum is established in the 
soil, it is difticult to eradicate. 'rhe fungus also survives in the soil as chlilmy- 
dospores. It can survive in infected crop residues buried in the soil in the absence 
of the host for at least h years (Haware et al., 199hb). The fungus can also affect 
other Cic'er spp. under artificial inoculation conditions (F. Stevenson. ICRISA'I: 
India, 1995, personal communication): it may al'l'ect such specics naturally. 
Ixntil, pea and pigeonpea are symptomless carriers of the chickpea wilt fungus 
(Haware and Nene, 1982) and other legumes may be affected. Further work on 
the extent and role of natural hosts in the epidemiology of this pathogen may 
enhance our understanding ofthe disease. 

Losses 

Crop losses caused by wilt have mainly been made from field estimates based on 
the percentage incidence of the disease. No precise information on losses caused 
by wilt is available. Based on a rough estimate, an annual loss of US $ 1 million 
was reported from Pakistan in 195 3 (Sattar i>t al., 1 9  5 3). In India, an annual loss 
of lO'% has been reported (Singh and Dahiya, 1973) while in Spain an annual 
loss of 12-1 5 K  due to both wilt and root rots was estimated (Trapero-Casas and 
Jimenez-Lliaz, 1985). In the drier areas of North Africa, wilt of chickpea is a seri- 
ous disease and is especially common in Tunisia (Haware rt  al., 1990). The pro- 
duction of chickpea in California has declined in recent years largely because of 
wilt (Haware et al., 1990). At ICRISAT, an  attempt was made to estimate yield 
losses on a single plant basis. Early wilting caused 77-94% yield loss while late 
willing caused 24-65?) loss (Haware and Nene, 1980). Seed harvested from the 
late wilted plants was lighter and duller than that harvested from healthy plants. 

Management 

The chickpea wilt pathogen is both soilborne and seedborne (Haware et (11.. 
1996b). It is difficult to eliminate inoculum from the field. Where land is not lim- 
iting, avoidance of planting in heavily infested fields can minimize the effects of 
this disease on yield. As the fungus can survive in soil for long periods, crop rotation 
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is not an effective practice for rcducirig wilt incidence (Haware rt nl.. 199hb). 
Deep ploughing during the summer and removal of host debris from the lield can 
reduce inoculum levels. Solarization, by covering the soil with transparent poly- 
thene sheeting for 6-8 weeks during the summer months, efltctively controls 
wilt in chickpea and improves plant growth and yield (C'haullan clt 01.. I C ) X X ) .  
Although it is useful in commercial production, i t  is not a practical option ti)r 
resource-poor farmers. Seed should be produced from disease-free plarlts i~nd in 
disease-free areas to avoid transmission. Seed movement without risk is possible 
i f  seed is treated with appropriate fungicides for eradic.iltion of srcdbornc inocu- 
lum (Haware et aI., 1978). A mixture of 30'%1 bcnoniyl + 301%, thiram at 1.5 g 
kg ' seed successfully eradicates inoculurn of the pathogen from seed. Such corl- 
trol technologies still need to be effectively transferred to chickpea farmers. 

Llue to the difficulty of widespread application of avi~ilitble cultural and 
chemical control rneasures for wilt, especially for resource-poor fi~rmers with 
limited land. considerable emphasis has been placed on the development of rcsis- 
lant cultivars (Nenc and IIaware. 1980: Haware ~t 111.. 1992b). At ICRISAT 
Center, India, effective lielti-screening and laboratory procedures hiwe been 
developed including the use of wilt-sick plots (Plate 2 1) (Ncne ( 1 1  trl., 198 1 ; Nene 
and Reddy, 1987). Over 1hO wilt-resistant sources have been identilied (Harjit 
Singh t t  nl., 1987a, b: IIaware c>t crl., 1990. 1902b). Interestingly, many of thcsc 
are d ~ s i  types as resistance to wilt is less common in krlbtrli types (Harjit Singh rt 
111.. 1987a. b). Accessions of several wild species including C'. hiju!jutn, C'. 
uc~hinog~rrrnuti~, C'. judnicum and C. pirlttutiJidlrrr~ are also resistant tu  wilt (Haware 
pt id., 1992a: P. Stevenson, TCRISAT, India, 1 99 5 ,  personal comn~unication). 

Many lines have been developed with resistancc to races 1 and 2. In spite ol' 
the existence of races of the pathogen, it has not been difficult to identiljr high 
levels of resistance which operate over wide areas due to the geographical isola- 
tion of some races (Haware and Nene, 1982). Resistant lines, such as ICC 122 37 
and IC'C 12269, havc additional resistance to dry root rot and black root rot 
(Nenc. 1988). Wilt resistance genes havc been incorporated into high-yielding 
drsi and kubtili backgrounds (Jagdish Kumar tJ t  ol., 1985). Chickpea lines resis- 
tant to wilt such as ICCV 2-10, ICCC 4 and IC'C'C' 37 are becoming popular in 
India. Chickpea breeding programmes at Culiacan and Sonorn, Mexico, have 
released highly resistant cullivars including Suratato 77 (Morales. 198h). Two 
large-seeded, wilt-resistant cultivars, lJC 15 and UC 27, have been released in 
California (Ruddenhagen rt rrl.. 1988). Amdoun-1, a wilt-resistant cultivar, was 
released in Tunisia in 1986 (Haware rt ill., 1992b). There is no evidence to date 
of breakdown of resistance to F. oxysporutn C sp. cir~ris. Induced resistance to wilt 
has been reported using non-pathogenic isolates of races 0 and 1 of I.'. ox!jsporlln~ 
f. sp. riceris (Hervb  et al., 199 5) .  

Earlier reports suggested that resistance to wilt in chickpea was conferred by 
a bingle recessive gene (Jagdish Kumar and Haware, 1982). Subsequent studies 
have indicated that the genetics of this host-parasite system are more complex. 
Resistance to race 1 of F. oxysporum f. sp. ciceris appears to be controlled by at 
least three independent loci, designated HI, I I ,  and H , .  Partly recessive alleles in 
homozygous form at either of the first two loci (such as in cultivars K 8 50 and C 
108), and the dominant allele at the third locus in cultivar H 208, independently 



M.f? HAWARE 

delay wilting but any of these two alleles together confer complete resistance 
(llpadhyay et a]., 198 3a, b). Further studies have shown that some resistant cul- 
tivars have other recessive alleles at both of the first two loci which separately 
confer complete resistance (Harjit Sirlgh rt ul., 1987a, b). C'omplcte resistance is 
obtainable from crosses involving only susceptible (through latc wilting) parents 
(Smithson rt al., 1983: Harjit Singh et (11.. 1987). Kesistance to race 2 is con- 
trolled by two genes, the first of which must be present in the homozygo~~s reces- 
sive form and the other in the dominant form whether homozygous or 
heterozygous for complete resistance (Cumber ~t a / . ,  199 5 ) .  Late wilting occurs if 
both are dominant. Recent studies suggest that one of the genes probably confers 
resistance to both races 1 and 2 (Jagdish Kurnar, ICRISA'I', India, 1996, personal 
communication). C'ollaborative work with the John lnrles Centre, UK, is identify- 
ing molecular markers Ibr wilt resistance using amplified fragment length poly- 
morphism~ (APLIJs) (IC'KISAT, 1994). 

Spore germination and hyphal growth of F. oxgsporutn I: sp. cic~rris were sig- 
nificantly inhibited in the presence of root exudates from wilt-resistant chickpea 
cultivars CPS 1 and WR 31 5 (I-lawarc and Nene, 1984; Stevenson clt nl., 1994. 
199 5). High-pressure liquid chromatography analysis identified the ptero- 
carpans medicarpin and maackiain in the exudate of' CPS 1 at more than ten 
times the concentration in J(: h2, a wilt-susceptible cultivar (Stevenson iJt  al., 
1994; 1995). Further, thin layer chromatographic analysis showed that the rela- 
tive mobility of these compounds was close to those isolated bands which inhib- 
ited germination and hyphal growth, suggesting that the activity of these 
cornpounds may have been due to the constitutive presence of' medicarpin and 
maackiain. Recent work (1I.C. Stevenson and M.P. IIawarc, unpublished data) has 
confirmed that medicarpin and maackiain are induced in seedling roots of chick- 
pea when inoculated with both race 1 and race 2 of t.', ox!jsporurn L sp. cticeris. 
The rcsulls suggest that the resistance of chickpea to wilt depends, at least in 
part. upon the antifungal activity of the root exudates (Stevenson ~t ril., 1995). 
Further work is in progress. 

ROOT ROTS 

Aetiology 

Koot  rot, collar rot and pre- and post-emergence damping-off are important soil- 
borne fungal diseases of food legumes including chickpea (Nene and Reddy, 
1987; Nene et i d . .  1989. 1991). As most of these pathogens can occur singly or 
in a complex, it is common for more than one soilborne pathogen to cause prob- 
lems in any one field. It is difficult to rate one as being more important than the 
other although one may predominate at a particular location. Pre- and post- 
emergence damping-off is caused by Pgthiurn ultirnu~n Trow. and has been 
reported from Iran. Turkey and the IJSA (Kaiser and Hannan 1983). It also 
causes a serious disease of pea (see Kraft et a]., Chapter 6 ,  this volume). Root rots 
are frequently caused by Mucrophomina phasrolina (Tassi) Goid. (sclerotial state 
Rhizoctonia hatuticola (Taub.) Briton-Jones), Rhizoctonia solani Kiihn and Fusarium 
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soltrni (Mart.) Sacc. (Haware tlt rtl., 1990). M. pl~r~sroli~rrt, the causal agent of dry 
root rot, is especially favoured by hot tropical climates. It also causes chi~rcoal rot 
of many crops including soyabean (see Sinclair. Chapter 3 ,  this volumc). C'olli~r 
rot is caused by S~lurotium roUsii Sacc. It is illso revieweci on groundnut (see 
McDonald ~t al., Chapter 2, this volume) and lentil (scc Rayaa and Krskinc, 
Chepter 8, this volume). All of thcsc pathogens arc soilborne. I'ac.ulti~live sapro- 
phytes and have wide host ranges. The diseases causcd by thcsc pathogelis arc 
important production constraints depending on the prevailing conditions in the 
chickpea growing area. 

Biology 

Anlong root rots, dry root rot c;lused by M. phtrst~olirar is the most scvcrc in the 
semi-arid tropics (Nene tt  111., 1989. 1996). I t  has been reported fron~ Australia, 
Ethiopitr, Iran, Pakistan, Sudan and the IISA. Collar rot is most common in 
seedlings and, despite considerable research, S(,lr1n~lilrl~l roljsii continues to plague 
farmers, affecting ovcr 100  crops and causing considerable losscs in wet soils 
associated with warm climates (Haware et (11.. 1990). The disease is particularly 
serious in Bangladesh, eastern India, Nepal and Myanmar, where chickpea is 
sown after ricc. Black root rot caused by k'. solirr~i has been reported from India. 
the USA, Mexico and C'hile. It is considereti serious in Mexico and in Washington 
State, USA (Kraft, 1969: Grewal cJt trl., 1974; Westerlund t.1 rrl., 19 74; Nenc ('1 rrl., 
1989, 1996). It is a well-known fi~ngus causing root rot of chickpca and other 
lcgu~lles such as soyabean, faba hcan, pea anti phi~seolus bean as wcll as cucur- 
bits and onion in temperate and tropicill soils (Booth. 197 1 ;  Hollidrry, 1980). 

/'!jtl~iurn ttltitrl~~rrl belongs to the Pl~!jc~on~yc'eles. The myc.eliurn is white and 
well developed. Hyphae arc usually nun-septatc, but scptatc in old cultures, 
branched, 1.7-6.5 pm in diameter. Sporangia are spherical il'terrninal or barrel- 
shaped if intercalary, 1 2- 30 x 2 5 pm in size (Holliday, 1980). They arc for~ncd 
abundantly in culture and germinate by forming germ lubes. Oogonia arc 
smooth, terminal, spherical, rarely intercalary, 20-2 3 pm in diameter. Oospores 
are single, spherical, smooth, thick-walled and 14-20 Irn in diamctcr (IIolliday, 
1980). 

l'ycnidia of M. pl~aseolinn have not bcen observed on chickpea but may form 
in culturc. Small black sclerotia of the K .  batntir*olu statc arc formcd abundantly 
in culture and in the bark and pith of infected roots. Sclerotia are 80-1 74 pm in 
sixe, irregular and remain viable for at least 12 months in soil. The rnyceliurn is 
composed of individual septate, hyaline hyphae. l'ycnidia are dark brown, more 
or less erumpent, globose with inconspicuous truncate ostioles and 100-200 pm 
in size (Holliday, 1980). Conidia are aseptate, hyaline, elliptical to oval, thin- 
walled, 14-29 x 6-9 pm in size being formed on short, cylindrical condio- 
phores, 10-1 5 pm long (Holliday, 1980). 

On agar media, F ,  solani develops a blue to bluish-brown discoloration. The 
mycelium is aerial, greyish-white and septate and conidia develop in young cul- 
tures. Microconidia develop abundantly on microconidiophores which are elon- 
gated, unbranched and up to 3 0 0  pm long. Macroconidia form on short, 



multibranched conidiophores of 8-1 5 pm. They are inequilaterally fusoid with 
some spores having the widest diameter in the penultimate cells and measure 
3 5-60 X 4-6 pm (Booth, 1971). Chlamydospores develop abundantly on the 
mycelium as globose to oval, smooth to rough-walled spores which form termi- 
nally or intercalary and measure 10-12 X 7-11 pm. They remain dormant in 
the soil for some time. 

The mycelium of S, rolfsii is white, densely floccose, with septate hyphae. 
Sclerotia are formed in the medium and on host tissues as numerous, olive 
brown to clove brown, globose, hard bodies, measuring 0.8-2.5 mm in diameter. 
'I'hey germinate easily in water by forming hyphae. The fungus belongs to the 
Mycelia Sterilia. 

Symptoms 

In the Palouse region of eastern Washington, P. ultirnurti and F .  soIar~i arc isolated 
most frequently from decayed chickpea seeds in thc soil (Kaiser and Hannan, 
198 3). Affected seedlings collapse. When examined closely, diseased plants show 
rotting of the roots and collar region. Sudden drying of plants in the field is the 
most important symptom caused by M. phc~si>olinu generally under dry and hot 
conditions (Singh and Mehrotra, 1982). Leaves and stems of diseased plants arc 
straw-coloured. The affected plants can be pulled easily from the ground because 
of rotting of lateral roots. 'The tap root is dark and brittle and can easily be broken 
(Pig. 9.2 ). Using a hand lens ( 10 X), dark brown, minute sclerotia can be seen on 
and inside the bark. The name 'dry root rot' indicates the common appearance of 
the disease in thc dry and hot semi-arid tropics, F. solar~i causes black root rot of 
chickpea particularly in cool and wet climates (Kraft, 1969; Westerlund et al., 
19 74). Affected plants turn yellow and wilt, and roots turn black and rot (Fig. 
9.3 ) ,  especially in the presence of excessive soil moisture. S, rolfsii causes collar 
rot as well as pre-emergence and post-emergence damping-off, thus affecting 
field stands (Haware et ul., 1990). Plants are susceptible at the seedling stage and 
affected seedlings turn yellow and dry. Seedlings show rotting at the collar region 
and white mycelium and small, round, dark brown sclerotia can be seen on 
affected host tissues. Sclerotia are also seen on the soil surface near the plant. In 
general, kabuli types are more susceptible to root rot pathogens than desi types 
(Haware et N I . ,  1990). This may be due to the thin seed coat of kabuli types (Kaiser 
and Hannan, 198 3 ) .  

Epidemiology 

F. solani, M .  phaseolina, S, rolfsii and P. ultimum are soilborne, facultative sapro- 
phytes. These fungi have wide host ranges and are widely distributed in warm cli- 
mates. Soilborne pathogens causing wilt, damping-off and root rots of chickpea 
do not produce functional secondary inoculurn that induces secondary infection 
in neighbouring plants in the same season (Fry, 1982). Such pathogens become 
severe only when large amounts of initial inoculum are present in the soil. 
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Fig. 9.2. Dry root rot of chtckpea showrng dlscoloratlon and breakage of the brlnle tap root 
caused by Macrophomlna phaseollna (Photo courtesy of ICRISAT) 

Therefore, these diseases can bc effectively managed by rcducing the amount of 
initial inoculum in the soil. 

Root diseases caused by P,  ult~rr~unl and S. rolfsii can be severe in most 5011s 

(Cook and Papendick, 1972), however, dry root rot caused by M. phusaolina, usu- 
ally becomes severe when plants are subjected to water strcss. Disease develop- 
ment is favoured by dry soil conditions and temperatures around 30°C espec~ally 
dt flowering (Singh and Mehrotra, 1982). Sclerotia may survive for several years 
in the soil. S. rolfsii is more important where chickpea is sown after rice. Sclerot~a 
formed on undecomposed rice residues in the field are the primary inoculum 
sources for disease and are capable of initiating severe infection (Haware et ul., 
1990). Chlamydospores are the main survival structures of F. solan~ in naturally 
infested field soil. Chlamydospore germination occurs within 20  h after seeds are 



Fig. 9.3. Black root rot of chickpea caused by Fusarium solani(Photo: courtesy of ICRISAT). 

planted in soil with at least 9% soil moisture. Yield reduction caused by fusarium 
root rot is enhanced by inadequate rotation, soil temperatures of 2 5 - 3 0 ° C ,  soil 
moisture levels of - 5 to 12 atm, exlreme soil compaction, soil acidity (pH 5-6), 
and low soil fertility (Kraft r t  ill., 198 1). 

Losses 

No precise information is available on yield losses due to root rots, although esti- 
mates of losses due to both wilt and root rots in Spain have been mentioned 
under fusarium wilt. 
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Management 

The most important conlpollellt of disease management for root rots is disease- 
free, good quality seed (IIaware ot (d., 1990) .  Seed qui~lity greatly intlucnces 
chances ol' seed and seedling infection. Poor qualily chickpea secd with splil seed 
coat exudes more water-soluble and volatile exudates than does healthy seed and 
is more stimulatory lo Pgtlriur)i spp. Fungicides can make a signilicant contribu- 
tiori to suppression of seed inoculurn and seed infection. C'hemicals can suppress 
the amount of initial infection induced by I~rrsnrirrrr~, P!lthiurt~ and Rl~i;oc~torlitr spp. 
Seed treatments with metalaxyl (0.3 g kg- ' )  and captan ( 3 g kg- ')  arc cl'fcctivc 
in preventing secd rot and pre-emergence damping-ol'l' ciiused by I'!ltl~ircril spp. 
(Kaiser and Hannan, 1 9 8  3 ) .  Seed treatment with tolclophos-methyl itlone at 3 g 
kg ' and in a mixture of tolclophos-methyl and th i ra~n in 1 : 1 proportion ( 3 g 
kg- ' )  are effectlve in controlling collar rot o l  chickpc;~ (H;~wirrc and Narayirnii 
Rao, 1994).  Strategies need to be developed to incorportrte trt~ditional practices of 
good soil management into modern ;rgriculturc without loss of productivily. In 
traditional agriculture, filllow a r ~ d  crop rotation are widely used cultural prac- 
tices which reduce root rot intensity. Rolirtion is very effective for wilt pathogens 
with restricted host ranges. Yathogeris such as S, rollsir and M. pllclscolitur have 
broitd host ranges, and crop rotation with o non-host may be difticult. High soil 
moisture is especially import;lnt in l'avouring infection by S,  rolf,%ii and P. rrlti~t~rrttr 
(Cook and Papendick, 1972) .  Therefore, waterlogging in lields should be ;]voided 
to reduce plant mortality, Cultural practices including roguing, increasing plant 
spacing, eliminating weed hosts and rcmovirlg crop residues from the soil surl'acc 
will reduce damage Srorn root rot. Sccd treat~rie~lt  with conidiu of I'i~rric~illirrrr~ 
oxnlir-[rrtl Strcc, significantly reduced seeti rot and pre-elnergcncc damping-off of 
chickpea caused by P. ultitnn~tr (Kaiser and Il;tnnan, 1984) .  Soil application ol' 
l'ri(~11oiior1tlrr 11nr;irrti~rm Rifai integrated with seed treal~iient with carboxin or 
ziranl resulted in 61 3'K1 control of mortality due lo Ii. solr~tli, S, rolfsii i ~ n d  F. ox!lsponrttr 
E sp. c1ic8r1ris (Kaur and Mukhopadhyay. 1992) .  

Kesistilnce to M ,  plluscolina hils been reported (tiaware 01 nl., 1990): how- 
ever. ever~ resistant cultivars may develop disease if grown in infectcd soil for a 
long period. Several sources of combined resistance to wilt irnd dry root rot have 
becn identified through multilocation screening. These are ICCS 28612, 902 3 .  
10803,  11550  and 11551 (Ncne tJl  itl., 1989: Haware et nl., 1990) .  Such resis- 
tances are bcing incorporated into breeding progrtrmmes and integrated man- 
agement strategies. Resistance to pre-emergencc damping-off caused by 1'. 
nltitnurn has been identitied in cksi types (Jagdish Kumar et nl., 1991)  and is 
inherited polygenically. It will be difficult to develop combined resistance to all 
root rotting pathogens or a single control methodology with wide application. 
Integration of appropriate control measures is essential to manage such 
pathogen complexes (Jimenez-lliaz and Trapero-Casas, 198  5 ). 



ASCOCHYTA BLIGHT 

Aetiology 

Asc'oc9hyta rubiei (Pass.) Lab., the causal agent of blight, was first named Zythiu 
rilbiei by Passerini on the basis of its unicellular pycnidiospores (Khune and 
Kapoor, 1980). Comes in 1891 named the fungus Asrochyta pisi Lib. while 
Trotter in 1918 concluded that the fungus was not a species of Ast-ochyta and 
proposed the name Phyllostirta rabiei (Pass.) Trotter (Khune and Kapoor, 1980). 
Later, because of the ability of the fungus to produce 2-4% single-septatc spores, 
Labrousse (19 3 1 ) suggested that the pathogen should be called Ascochyta rabiri 
which is now accepted by the majority of pathologists. 

Kovachevski (1936) recorded Mycosphaerella rubiei (syn. Did!jn~ellr~ rubi~i 
(Kovachevski) Arx) on overwintered straw. According to him, when ascosporcs 
were plated, cultures producing pycnidia were obtained (Tlolliday, 1980). 
Purlithalingam and Holliday (1972) suggested that until further clarification of 
the perfect-imperfect state association, the chickpea pathogen should be retained 
under A,  rubiei (Holliday, 198U). In a detailed study, l'rapero-Casas and Kaiser 
(1992a) clearly proved the relationship between the perfect state and the imper- 
fect state of A. rubiei under both field and laboratory conditions and confirmed 
the identity of the perfect state as Didymellu rabiei. In Spain, Navas-C'ortes ot al. 
(1995) reconfirmed the relationship through similar studies. The perfect state 
has been found in a number of other countries (Nene, 19 82: Nene and Keddy, 1987). 

Biology 

Ascochyta blight is one of the most important diseases of chickpea in West Asia, 
North Africa and the Mediterranean region (Nene and Reddy, 1987). The best 
documented account of blight epidemics exists for the former Punjab province of 
British India, now a part of Pakistan, where the disease was first observed in 
19 1 1 (Butler, 19 18). Records of subsequent epidemics have been reviewed by 
Kausar ( 19 h 5). In recent years, epidemics of the disease have been reported from 
Pakistan (Nene, 1984) and India (Singh and Kapoor, 1986). Blight is now 
reported from at least 3 5 countries (Nene et ul., 1996). Changing the date of sow- 
ing from spring to winter in the Mediterranean region, resulted in severe epi- 
demics of blight (Hawtin and Singh, 1984). Ascochyta blights of various food 
legumes are reviewed in Chapters 4, 5, 6, 7 and 8 ,  this volume. 

Most workers have reported Cicer spp. to be the only hosts of A. rabiei (Nene, 
1982, 1984). However Kaiser (1973) reported that the pathogen could infect 
cowpea and common bean when inoculated artificially. In contrast, Sprague 
(1930) was unable to produce symptoms on common bean under artificial con- 
ditions. 

A. rubiei produces pycnidia on both chickpea and on artificial media. The 
dark brown, minute bodies are embedded in diseased tissues on stems, leaves, 
pods and seed. Pycnidia are immersed becoming erumpent, globose and 65-245 pm 
in size (Holliday, 1980; Nene, 1984). The pycnidial wall is composed of one to 
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two layers of elongated, pseudoparenchymatous cells; the ostiole is 30-40 pm 
wide. Yycnidiosporcs (also called conidia or spores) are hyaline, oval to oblong, 
straight or slightly curved at one or both ends, non- to one-scptatc, some slightly 
constrictcd at the septum, rounded at each end and measure 10-16 X 3.5 pm. 
They are formed on hyaline, ampulliform phialides. The growth of the fungus on 
potato dextrose agar at 20-25OC is initially creamy to pinkish in colour turning 
darker with age. Pycnidia are formed within 4-5 days and appear as black con- 
centric rings in culture. The optimum tempcraturc for growth, pycnidial produc- 
tion and spore germination has been reported to be 20°C (Nene, 1982, 1984). 
Kaiser ( 1 9 7 3)  noted increased sporulation undcr continuous light. 

D. rtrbiri produces dark brown to black, globose or applanate pseudothccia 
with a hardly perceptible beak and ostiolc, 70-1 50 x 120-250 pm in sizc 
(Koviichevski, 1936; Nene, 1982). Asci are cylindrical-c.lavate, more or less 
curvcd, pcdiccllatc, 48-70 X 9-14 pm in sizc with cight ascospores which arc 
monostichous, rarely distichous, ovoid, divided into two very unequal cells. 
strongly constricted at the septum. 12.5-1 9 X 6.7-7.6 pm in size. Until recently, 
pcrithccia had bcen found only on ovcrwintered chickpea refuse under field con- 
ditions (Nene. 1982). However. Trapero-Casas and Kaiscr (1992a) wcrc able to 
inducc production in the laboratory under conditions of high moisture and tem- 
peratures of 5-10°C. It is clear that cold temperatures are critical for thc produc- 
tion of the perfect stage. 

A. rabiei shows vari;~bility in morphological and physiological characters 
including colony colour, growth ratc and size of pycnidia and pycnidiospores 
(Luthra tll ctl., 1939; Kaiser, 1973; Quarcshi and Alam, 1984; Chaube and 
Mishra, 1992). Considcrablc pathogenic variability in A. rtzhiei has bccn reported 
(Vir and Grewal, 1974; Quarcshi and Alam, 1984: Reddy and Kabbabch, 198 5 :  
Gowcn c't 111.. 19 89; Singh 1990). Gowen ct (11. (1 989) notrd that the pathogenic- 
ity of isolatcs from the Indian subcontinent and Wcst Asia was greater than that 
of most isolates from the western Meditcrranean. Some workers have postulated 
that raccs of the pathogen exist (1,uthra ct al., 19  39; Singh tjt ul.. 198 1: Grcwal, 
1984; Nene, 1984; Porla-Pulgia rt al., 1986; Singh and Rcddy, 1990, 1993). 
Kiahi ut al. (1990) developed a quantitative scale for assessing the reaction of 
chickpea to A ,  rtzhici. The linear inftctiorl index was based on a quantitative mea- 
surement of disease expression and satisfactorily separated resistant and suscep- 
tible plants. 

A review of these studies indicatcs no clear-cut differential interactions 
between isolates of A. ruhit~i and host genotypcs. In order to analyse many of the 
data sets to prove thc cxistence of races, it has been ncccssary to group together 
different disease scorcs. It appears that differenccs in aggressiveness may have 
been confused with differences in virulence. The problem of fungal variability 
and the existence of 'races' is vcry complex. Intcnsificd studies are needed to 
understand and characterizc the extent of variability in the pathogen and to 
determine how this variability is gencrated if a breeding strategy is to placed on 
secure grounds. A standard set of well-characterized genotypcs, a common inoc- 
ulation technique, and a well-delined disease-rating methodology should be used 
by workers who wish to determine the extent and distribution of variability in A. 
rabiei in different geographic regions. 
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The potential of DNA fingerprinting for characterizing variability in A. rabiei 
was evaluated by Weising et ul. ( 1991) who demonstrated considerable DNA 
polymorphisms in A. rubiei isolates which allowed distinction between isolates 
using optimal enzymelprobe combinations. Using restriction fragment length 
polyrnorphisms (RFLPs) and KAPD analyses, Klein-Bolting and  bar^ (reported in 
Barz et nl., 199 3) reconfirmed the results of Weising pt  al. (1 99 1). Recent work 
has shown that molecular techniques can be used lo distinguish super-aggres- 
sive isolates from moderately and weakly aggressive isolates (ICARDA, 1995). 
Further work may allow characterization of the geographical distribution of iso- 
lates and variability in pathotypes. 

Symptoms 

All above-ground parts arc attacked. Initial symptoms of blight are expressed as 
water-soaked lesions on stems and leaflets which turn into sunken, dark brown 
lesions (Nene, 1982). The disease appears at any growth slage as patches in the 
field depending on the climate. Seedlings raised from infected seed show symp- 
toms at the base of stems. These may remain restricted in the absence of high 
humidity and cool temperatures. Under favourable microclimatic conditions, 
brown to dark brown elongated lesions appear on the stems (Fig. 9.4). The 
lesions may girdle the stems which may break at the girdle. On leaflets, the 
lesions develop into well-defined, round or elongated, brown to dark brown spots 
which are sunken in the centre and surrounded by a reddish margin (Fig. 9.4). 
IJnder favourable climatic conditions, these lesions enlarge rapidly and coalesce. 
blighting the foliage. 1,esions on pods are prominent and usually circular with 
dark margins (Fig. 9.4). On petioles and stems, lesions are brown and elongated 
and may girdle the infected portion. Dark pycnidia in concentric circles can be 
observed partly embedded in host tissues. Under severe infection, the entire plant 
dries. The developing seed is small and wrinkled and may have dark brown 
lesions which are especially prominent on white seed (Haware r t  al., 198h). 

Epidemiology 

Epidemics of blight are favoured by temperatures of 10-20°C and moderate to 
high relative humidity (more than 60%) (Nene, 1982, 1984; Reddy and Singh, 
1990b). In a detailed field study, Weltzien and Kaack (1984) found that blight 
development was favoured by temperatures of 9-24°C and wetness periods of 
1 0  h or more. Under controlled conditions, Trapero-Casas and Kaiser (1992b) 
noted that severe infection by A, rubiei in chickpea occurred at an optimunl tem- 
perature of 20°C and 17 h of leaf wetness. Wet, windy conditions are critical for 
rapid disease spread. 

The frequency and success of epidemics of A. rabiei is at least partly related to 
efficient mechanisms of survival of the pathogen from season to season (Nene, 
1982). The pathogen can survive in infected plant debris and seed (Nene, 1982; 
Haware et al., 198h). [Jnder controlled conditions, A, rabiei remained viable for 



Fig. 9.4. Lesions of stems, leaves and pods of chickpea caused by Ascochyta rabiei (Photo: 
courtesy of ICRISAT). 

more than 2.5 years in debris of infected chickpea plants kept at 4-3 5°C with rel- 
ative humidity of 30-401XI (Kaiser ct c ~ l . ,  1987). Rcports from India (1,uthra ot (11.. 

19 3 5 ) ,  Greecc (Zachos ut al., 19b3) and Iran (Kaiser, 1973) indicate that the fun- 
gus can survive for at least 2 years in plant debris on the soil surS:rce. However 
studies conducted in Syria, report survival Tor only 8 nlonths (ICARTIA. 199 3). 
The pathogen loses viability rapidly under high relative humidity (60-10O1X,) 
and at soil depth ( 10-40 cm) (Kaiser. 1973) and apparently survives well in 
debris only at the soil surface i f  conditions are dry. Weltzien and Kaack ( 1  984) 
concluded that plant debris is a very inefficient soilborne source of inoculum. 
Further studies on thc ability of the fungus to survive in plant debris are needed. 

In recent studies in Spain, it was shown that Did!jm~lkr rubiei, the perfect 
stage of A. rubit~i, can grow saprophytically on infected chickpca tissues left on the 
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soil surface and remain viable for at least 2 years (Navas-Cortes et al., 1995). 
When the debris was buried, D. rubiei was reslricted to original lesions and 
remained viable for only 2-5 months. Nene (1982) noted that if cold is a prereq- 
uisite for production of the sexual stage, it would be unlikely that the sexual stage 
would be observed in the agroclimatic regions where chickpea is grown in the 
Indian subcontinent as hot summers follow the chickpea season. 

Infected chickpea seed is an efficient method of survival and dissemination 
into new areas. Considerable research has been done on survival of the fungus in 
seed (Nene, 1982. 1984). The fungus may be present bolh on the seed surface 
and within the seed coat and cotyledons. Pycnidiosporcs obtained from pycnidia 
from 14-month-old seed stored at 3 O C  showed 3 3% germination (Madcn et al., 
1975). Weltzien and Kaack (1984) considered infected seed to be a very efficient 
source of inoculum. Pycnidiospores of A. rabiei produced in crop residues and 
from diseased seedlings produced from infected seed at the beginning of the 
growing season are the primary inoculum for disease development and spread 
(Luthra et al., 19 35: Kaiser, 1973; Haware et al., 1986). Secondary spread 
depends on pycnidiospores produced on diseased plants. 

Diekmann (1992) analysed climatic data from chickpea growing areas to 
identify parameters that allowed discrimination of locations with or without 
occurrence of blight. A linear discriminant function based on mean daily ternper- 
alure, mean precipitation and mean number of rainy days in the first and/or scc- 
ond months of the growing season could be used to predict blight risk for various 
agrogeographical zones and seasons. The model can help to concentrate disease 
control measures, such as quarantine, on high risk areas or identify areas or sea- 
sons for production of healthy seed (Diekmann, 1991). 

Losses 

There are many reports of serious losses caused by blight (Nene, 1982; Nene and 
Reddy, 1987). Yield losses of 25-70% 20-50°/", up to 100'26, 10-20'X), 40% and 
5 - 3 0 o / n  are given for Pakistan (Sattar, 1933; Nene, 1982; Nene and Reddy, 
1987), Bulgaria (Kovachevski, 1936), the former USSR, Greece (Llernetriades ut 
ul., 1959), Tunisia and Syria (Nene and Reddy, 1987). respectively. Rcddy and 
Singh (1 990a) studied the relationship between blight severity and yield loss. 
Yield losses of 10% 16%, 27% and more than 80% were recorded in chickpea 
genotypes which were slightly, moderately, severely or totally affected by blight. 

Management 

The most important component of blight management is to reduce or prevent the 
entry of primary inoculum to the field. Pathogen-free seed with high germinabil- 
ity and the ability to produce vigorous plants is the first prerequisite of an effec- 
tive disease control programme. Sattar (1933) was the first researcher to try to 
eradicate seedborne inoculum of A. rabiei. He reported good control with both 
copper sulphate and hot water treatment. Zachos (195 1) observed that hot water 
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adversely affected seed germination. Many recommendations have been made 
concerning efficacy of various seed treatment chemicals to eradicate inoculum of 
A. rubiei from chickpea seed (Nene, 1982). 

Chemical seed treatment and prophylactic sprays suppress the amount of 
initial inoculum induced by polycyclic pathogens like A, rabiei. A mixture of 11'% 
tridemorph and maneb as seed treatment was reported to eradicate seedborne 
inoculum of A. rahiei (Reddy, 1983). Thiabendazole seed treatment ( 3  g kg-' 
seed) has been reported to be more effective and safer than tridemorph and 
maneb. Seed treatment with an effective fungicide will control blight economi- 
cally and allow the free movement of healthy seed internationally without dan- 
ger of introduction of blight to new areas (Kaiser and Muehlbauer, 1988). The 
need to use clean seed directly or to disinfect through simple and effective seed 
dressings cannot be overemphasized (Nene, 1982; Kaiser and Hannan, 198 5). 

Poliar applications of zineb, rnaneb and daconil have been reported to signifi- 
cantly reduce disease intensity (Ncnc, 1982; Bashir and Ilyas, 198 3). As many 
as four to six foliar sprays may be necessary to reduce disease significantly. When 
the blight appears in a field, however, disease dcvelopmcnt may be rapid under 
favourable environmental conditions and foliar fungicidal applications may not 
be effective. Foliar sprays with presently available fungicides have limited scope 
and are of no relevance for resource-poor farmers, especially in dry areas where 
water is limiting. 

Sattar (19 3 3 )  suggested that removal and destruction of crop debris, crop 
rotation and deep sowing of seed (to prevent infected seed from emerging) could 
reduce blight. In addition to sanitation, Luthra rt ul. (1 9 3 5)  suggested intercrop- 
ping chickpea with non-hosts such as wheat, barley and mustard could reduce 
disease spread. In traditional agricultural systems, fallow, summer ploughing, 
crop rotation and intercropping are widely used and probably have an  effect on 
reducing blight and soilborne diseases. Rotation is a very effective way to reduce 
the primary ir~oculum of A. rabiei since the pathogen has a relatively narrow host 
range. Adopting specitic cultural practices could help especially where there is 
group action by all farmers of a region (Nene, 1982). 

A considerable amount of research has been done by ICRISAT and the 
International Centre for Agricultural Research in Dry Arcas (ICARDA). Aleppo, 
Syria, on developing techniques and screening for resistance to blight. Research 
was intensified after the epiphytotics of 198 1 and 1982 (Rcddy and Singh, 1984; 
Ne~ie and Reddy, 1987). At ICARDA, over 19,000 germplasm accessions of 
chickpea have been evaluated for resistance to six isolates of A .  nrbiei between 
1979 and 1991. Only three desi accessions (ICC 4475, ICC 6328 and ICC 
12004) and two kabuli accessions (ILC 200 and JLC 6482) showed resistance 
during repeated greenhouse and field screening (Singh and Reddy. 1993). 
Mutilocational evaluation of chickpea germplasm and breeding lines for resis- 
tance to blight in 411 locations throughout 20 countries indicated that kabuli 
germplasm generally shows higher resistance to blight than desi germplasm 
(Reddy et ul., 1992; Haware et al., 1995a, b). From the material generated at 
ICARDA, 29 blight field-resistant cultivars have been released in 14 countries 
(Singh, 1993). In India, lines with moderate levels of resistance have been identi- 
fied (Singh, 1989). There is a need to quantify the level of yield gained by the use 
of these lines in comparison to susceptible lines. 



Kesistance to blight is partial and the existencc of immunity has not been 
confirmed (Allen, 198 3).  Studies rcviewed in Nene (1982) suggested that resis- 
tance was governed by a single dominant gene. Subsequent studies (Boorsma. 
1980: Pieters, 1984) reported that blight resistancc is quantitatively inherited. 
Van Rheenen and Haware (199 3 )  noted that resistance against blight was quan- 
titative with a significant vertical component, while Dey and Singh (1993) 
observed that rcsistance was governed by different gcnes in different cultivars: for 
exemplc, by two dominant cornplcmentary germ in GTX; 840  38 and (;L 84099 
and by one dominant and one recessive independent gene in black-seeded ICC 
1468. Rate-reducing resistance to blight has becn shown in two chickpca culti- 
vars (Rcddy and Singh, 199 3). From the varied and often contradictory results 
obtained to date, further work on thc inheritance of resistancc to blight appcars 
essential to developing a sound brceding strategy. Very littlc is known of the 
mechanisms which underlie blight resistance although a correlation with seed 
coat colour has becn established. Kesistant genotypes arc predominantly black- 
sccdetl which suggests that pigment may be associated with blight rcsistance 
(Allen, 198 3). Hafix (1952) noted that penetration of thc pathogen in two resis- 
tant cultivars was delayed possibly due to the greater secretion of malic acid from 
thc dense covering of glandular trichomes in the resistant cultivars; howcvcr, fol- 
low-up work was not able to substantiate thesc tindings (Nene. 1982). 

High levels of resislance to blight arc availtrble in wild Ciccr species including 
accessions of C. bijugunl, C. jtrdaic~un~ and C', pinn(~t~fidum (Haware rt ul., 1992a: 
Singh ( 1 1 . .  1992). With biotechnology tools, the utilization of resistance genes 
from wild C'im spp, to improve resistancc in chickpea could be useful if the 
genetic base of rcsistance is different to that in the crop and once transformation 
techniques for chickpea have been perfected. Scveral research groups in Europc 
are presently attempting to movc genes for inhibiting production of polygalac- 
turarlasc and cutinase into chickpea for resistancc to blight ((1. Ramsey, SCRT, 
IIK, 1996, personal communication). 

GREY MOULD 

Aetiology 

Rotrytis c'in~rea Pers., the causal agent of grey mould in chickpea, was firs1 
reported on chickpea by Shaw and Ajrikar (191 5). It  is regarded as an aggregate 
species with the associated teleomorph Hotryotinia Juckrlinna (de Bary) Whetzel 
(Grooves and I,oveland, 195 3), however, it should be noted that for each disease 
caused by B. cinerru the teleomorph would not necessarily be B. juckelianu. In 
fact, the teleomorph has not been reported on chickpea. 

Biology 

Grey mould is an  important disease of chickpea in northern India, Nepal, 
Bangladesh and Pakistan (Haware and McDonald, 1992). It was first reported 





Fig. 9.5. Grey fungal growth and profuse sporulation of Bolrytis cinerea on petioles and leaves 
of chickpea (Photo: courtesy of M.P. Haware). 

flowers and petioles on cloudy days if observed early in the morning. Drooping of 
affected, tender, terminal branches is a common Lield symptom. Under cloudy 
weather, rotting of foliage and flowers is conspicuous. The affected foliage is dis- 
coloured and dries, becoming greyish (Haware rt ul., 1986; Haware and 
McDonald, 1992). IJnder favourable weather conditions of high humidity and 
moderate temperature (20°C), discrete brown spots develop on the leaves and cir- 
cular to elongated spots form on the branches. Chlorosis and defoliation occur at 
higher temperatures. Sometimes, tiny dark brown to black sclerotial masses 
appear on dead tissue. These sclerotia should not be confused with the large dark 
brown sclerotia of Sclerotiniu sclerotiorum (Lib.) de Bary which are usually embed- 
ded in a white mycelial mat covering the chickpea stem (Joshi and Singh, 1969). 
In cases of flower infection, no pods are formed. If pods are affected, small, shriv- 
elled seed is formed. 
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Epidemiology 

Thc fungus infects the aerial parts of thc plant and produces masses of spores on 
infected tissues which can cause sccondary spread of the disease (liaware and 
McDonald, 1992). As with many discases caused by B. cinereu, rapid disease 
development over time and space is envirorlrnentally driven (Marois. 1996). 
Kclative humidity and lemperature are thc most important factors determining 
infection and spread of grey mould in chickpca. IJnder conditions of 95%) or 
above relative humidity during day ternpcratures of 22-25OC in a dcnse foliage 
canopy, infection and spread can occur rapidly (IIaware and McDonald, 1992, 
1993; Rathi and 'l'ripathi 1993). Heavy rainfall during vegctative growth lcads 
to increased disease severity. IJnder optinlum conditions of 19°C' and more than 
95%) relative humidity, the entirc disease cycle can bc completed in 7 days 
(Marois, 199 6). 

It was considercd that conidia rcquire free moisture on thc plant surface for 
germination and irifection (Iiaware and McDonald, 1992). Recent studics have 
shown that dry conidia of B. cirlercu can germinate at high rclativc humidity 
(Williamson et al., 1995; Colc et c ~ l . ,  1996). Pollen has been found to stimulate 
germination of conidia (Chou and Prccce 1968; Borccka and Millikan, 19  7 3) 
which supports the observations that chickpca is commonly and seriously 
affccled during thc flowering stage. 

The fungus survives on infcctcd chickpea seed and is also thought to survive 
on plant debris (Laha and Grewal, 1983; Haware ut nl., 1986: Singh and 
Tripathi, 1992). Seedbornc inoculum is important in Australia (('other, 1977). 
Thc fungus may rcmain viable in infcctcd sced and plant debris stored at 18°C' for 
5 years (Grcwal, 1988). As B. cirttlreu infects very wide range of plants, somc of 
which are perennial, the role of alternative hosts in the survival of thc fungus 
and infection of chickpea from one season to another also nccds to be studied. 
The relative epidemiological importance of sccdhorne ir~oculum and other 
sources of inoculum such as plant debris produced by B. cinerca has not been 
fully elucidated for grey mould of chickpea (Haware and McIIonald, 1993). It is 
thercforc difficult to predict thc likelihood of epiphytolics. Further work on the 
epidemiology of grcy mould in chickpea is clearly warranted. 

Losses 

The economic importance of grey mould in India was first realized during the 
cropping season of 19  78/79 when the diseasc dcstroyed 20,000 ha of chickpea 
in thc states of Punjab, Haryana, llttar Pradesh and Bihar in India, as well as in 
parts of Pakistan (Grewal and 1,aha. 198 3: Grewal, 1988). Sincc thcn. the dis- 
case has occurred in epiphytotic form on several occasions in most northern 
states of India causing serious losses up to 70-1 00%. Similarly, in Bangladesh, 
losses caused by grey mould were estimated to be 80-90% in 1988: 70-80'%) in 
1989 (Rakr and Ahmed, 1992) and a survey in 1992 to 1993 found 100%) 
losses in many farmers' fields. In Nepal, grey mould occurs every year and 
annual yield losses on farm arc estimated to be at least 15%. Carranza (1965) 



reported a 96%) crop loss in the Jujuy Province of Argentina. Grey mould is there- 
fore onc of the most important diseases affecting chickpea in regions where the 
crop is grown primarily by resource-poor farmers. 

Management 

Ovcr 6000 chickpea lines have been screened at ICRISAT for resistance to S. 
cinerua with limited success. Lines with moderate resistance to grey mould havc 
been identified (Haware and Nene, 1982; Rathi el al., 1984; Haware and 
McDonald, 199 3) but these studies have not revealed any line with a high level of 
rcsistancc. This is not surprising, as attempts to find high levels of resistance to 
grey mould in other crops during the past 50 years havc also bcen unsuccessful. 
Some erect chickpca morphotypes have been identified - ICCT, 87  322 and TCCV 
88  5 10 - which are only slightly affected by grey mould under moderate disease 
pressure (Haware and McDonald, 1993). Although detailcd studies are still in 
progress, it appears that such morphotypes are escaping grey mould damage due 
to the opcn canopy architecture which encourages air rnovcment to allow rapid 
drying of foliage after rainfall. This apparent escape mechanism reduces the rate 
of grey mould build-up as high humidity encourages infection of growing shoots, 
leaves, flowers and developing pods by B, cinereu. Plant architecture exprcssed as 
canopy density is also important in phaseolus bean for escaping white mould 
damage caused by Sclrrotiniu sclerotior~irn (Schwartz et ul., 1978; Blad ilt 111.. 
1978). A similar finding was made for loose versus tightly clustered grapes 
affected by R .  cinerra (Vail and Marois, 199 1 ). However, even the protection 
afforded by plant morphotype is insufficient under high disease pressure and 
integrated strategies for managing the disease are being developed. 

Thirty-six accessions belonging to sevcn annual wild Cicfr spp, were evalu- 
ated for reaction to grey mould in a controlled environment growth room at 
ICRISAT, India. Only three accessions of C. bijuguin (ICCW 4 1, 42 and 9 1) were 
found to possess good resistance (Haware ut al., 1992a). TCCW 4 1  and 42 were 
also resistant to A. rabiui. Further work is in progress to assess the potential of 
using this resistance. 

Seed treatment with triadimefon ( 1  g kg-' seed) followed by rnancoxeb ( 3  g 
kg-'), or triadimenol(1 g kg-') or thiabendazole (1 g kg-') or carbendazim and 
thiram ( 3  g kg-') is effective in eradicating R. cinewu from seed (Singh and Bhan, - - 
1986). Field trials conducted at Pantnagar, India, indicated that two to three 
foliar sprays of vinclozolin (0.2%) could effectively control grey mould in chick- 
pea (Grewal and Laha, 1983; Haware and McDonald, 199 3). 

Field trials have been conducted at Pantnagar, India, from 199 1 onwards to 
test various components of an integrated management strategy for grey mould of 
chickpea (Haware and McDonald, 1992, 199 3; Reddy et al., 199 3: Ilaware et ul., 
1996a). Delayed sowing resulted in low levels of disease, even in susceptible culti- 
vars. However there was significant reduction in yield in late sown plots ('Sable 
9.5). It may be possible to manage grey mould of chickpea by manipulating date 
of sowing but superior chickpea genotypes that can perform better when sown 



Table 9.5. Influence of date of sowing and growth habit of chickpea genotypes on grey mould severity and grain yield, Pantnagar, India. r DS I' DS II DS Ill DS IV 

Disease Plot yield Disease Plot yield Disease Plot yield Disease Plot yield 
Cultivars rating2 (kg) rating (kg) rating (kg) rating (kg) 

H 208 7.73 0.9 
Pant 6-1 14 6.3 0.9 
K 850 6.0 1 .O 
ICCV 8851 0 5.3 1.2 
ICCL 87322 4.7 1.2 

Standard error 
Disease rating Plot yield (kg) 

Cultivar i0.169" k0.086 
Sowing i0.152" +0.077*' 
Cultivar x Sowing 20.339 +0.173 

Coefficient of variation (CV) (%)12.6 31.6 

Dates of sowing; DS I = 31 Oct. 1992; DS 11 = 14 Nov. 1992; DS Ill = 29 Nov. 1992; DS IV = 14 Dec. 1992 
Disease rating on 1-9 point scale. 
Mean of three replications. 
" Significant at 1%. 



late need to be identified. [Jsing the erect cultivar ICCL 87322 at lower planting 
density, there was less grey mould and higher grain yield than in dense plantings 
in both sprayed and unsprayed treatments (Keddy et al., 1993; Haware ct al., 
1996). This indicated that it is possible to manage grey mould in chickpea by 
sowing erect, moderately resistant genotypes at acceptable density under a judi- 
cious regime of fungicide use (Table 9.6) (Haware and McDonald, 199 3; Rcddy e l  
id., 199 3; Haware ut i l l . ,  1996a). Similar observations have been made for lentil 
(see Bayaa and Erskine, Chapter 8, this volume). 

The need to summarize and synthesize available information on the contri- 
bution of agronomic practices is critical to developing integrated management 
of grey mould. A wide range of practices including date of planting, spacing, 
nutrition, intercropping, mixed cropping and detopping have been studied. 

Table 9.6. Effect of row spacing and fungicide sprays on grey mould severity and grain yield 
in chickpea, Pantnagar, India. 

Treatment Cultivar 
- - -- - 

Sprayed2 ICCL 87322 

Non-sprayed ICCL 87322 

Standard error 
Cultivar 
Spacing 
Spraying 
Spacing x Spraying 
Cultivar x Spacing 
Cultivar x Spraying 
Cultivar x Spraying x Spacing 

Coefficient of variation (CV) ('10) 

Spacing 
-- 

30 x 10 
60 x 10 
45:15:45 
60:40:60 
30 x 10 
60 x 10 
45:15:45 
60:40:60 
30 x 10 
60 x 10 
451 5:45 
60:40:60 
30 x 10 
60 x 10 
45:15:45 
60:40:60 

Disease severity 
(1-9 scale) 

- - 

4.3 
3.3 
4.3 
3.3 
5.7 
4.7 
4.7 
4.7 
5.7 
4.3 
4.3 
4.0 
8.0 
6.3 
6.3 
6.0 

Yield1 
(kg ha l )  

Significant at 1 %; * '  Significant at 5%. 
Mean of three replications. 
Vinclozolin (0.2%). 



Further work is especially needed on the potential contribution of intercropping 
in reducing grey mould. It was recently shown that soil solarization can eradi- 
cate 13. c'ini~rea from soil (Lcipez-Herrcra clt ell., 1994). Additional gaps in our cur- 
rent knowledge need to be identitied and priority areas for further research 
targeted. 

Beneficial microorganisms are part of thc biological resources available in 
nature that, with little manipulation, could be used to control plant diseases 
(Cook arid Baker, 1983). Recently it was confirmed that spraying spores of 
Tric'hoclertr~n Ilnrzianl4tn Rifai on foliagc in greenhouse cxpcriments successfully 
controlled grey mould of chickpea (Plate 22)  (Mukherjec et al., 1995). Field 
experiments at Pantnagar and Hisar, India, are giving encouraging results 
(Haware et al., 199ha). An integrated management package which involves the 
erect cultivar ICCL 87322, appropriate plant spacing and a combination of judi- 
cious usc of foliar sprays of vinclozolirl and a vinclozolin-resistant isolate ol' 1'. 
llarzianutrr is being tested for the first time on farm in northern India during the 
1996197 cropping season (M.P. Haware, ICKISA'I', India. 1996, personal com- 
munication). 

Research at the Scottish Crops Research Institute (SCRI). [JK, has shown 
that immature raspberry fruit contain a polygalacturonasc-inhibiting protein 
(1'GlP) cffcctive agairlst endo-polygalacturonases produced coristitulively by B. 
ciner~a (Johnston and Williamson. 1992a. b: Johnston t't eil.. 1993, 1994; 
Williarnson, 1994). The PG1 activity declines rapidly as the fruit ripens which is 
correlated with susceptibility to grey mould. Polygalacturonases are key enzymes 
in the invasion of plant tissues by marly facultative firngal pathogens. A strategy 
for enhancing resistance to R. rint~roa involves isolation of the PGIP gene and 
Agrobac'terium-mediated transformation of cultivars and breeders' selections with 
constructs of the gene, using a constitutive promoter to ensure expression in all 
tissues (Williamson et al., 1993). PCIP genes are presently being used for trans- 
formation ol'chickpea with the objective of reducing the serious losses caused by 
grey mould. This approach has already been successful in transformed tomatoes 
with a PGIP gene from pear (Stotz et al., 1993; l'owell et al.. 1994). Successful 
utilization of the PGIP genes for resistance to grey mould in chickpea will be a 
significant brcakthrough in the management of this major disease. 

Aetiology and biology 

Stunt is the most important and widespread virus disease of chickpea. It was first 
reported in Iran by Kaiser and Uanesh (1971a, b) and the casual agent of stunt 
was originally attributed to pea leaf roll virus (Kaiser and Danesh, 1971a. b) 
which was found to be a synonym of bean leaf roll luteovirus (BLRV) (Brunt et al.. 
1990). Chickpea stunt in India was also ascribed to BLRV (Nene et al., 1978: 
Nene and Keddy, 1987) although the true identity of the virus first isolated has 
not been established (Horn et al., 1996). Brunt et a1 (1990) refer to the chickpea 



virus both as BLRV (pg. 11 1 )  and as chickpea stunt luteovirus (Cp1,V) (pg. 177). 
They indicate that CpLV is a probably a strain of B1,RV but no comparative studies 
are reported. Kecent studies have shown that a lcalhoppcr-lransmitted gem- 
inivirus is also capable of producing stunt of chickpea in India and Pakistan 
(Horn et ~ l . ,  199 3 ) .  This hitherto undescribed virus has been named chickpea 
chlorotic dwarf virus (CCDV) (Horn et al., 109 3) .  Rcccnt surveys ofchickpea with 
stunt symptoms in both India and Pakistan and follow-up serological and elec- 
tron microscope studies have shown that the aetiology of stunt discase is more 
complex than was previously thought. In contrast to previous studies, it has becn 
shown that a geminivirus and, not onc, but several lutcoviruscs including CpLV- 
like, beet western yellow (BWYV)-like virus and BLRV-like isolates cause similar. 
if not identical, symptoms in chickpca (Horn et al., 1996). 

Stunt occurs in almost all chickpca growing areas in thc world, including 
North Africa, the Middle East, the Indian subcontincnt, Spain, Turkey and the 
USA (Nenc and Rcddy, 1987; Ncne el al., 1996). In C'alifornia, IJSA, additional 
luteoviruses such as subterranean clover red leaf virus, legume yellows virus and 
BWYV infect chickpea. In Spain, both BWYV and BLKV wcre reported to cause 
stunt of chickpea. Recently, faba bean necrotic yellows virus has also becn noted 
to cause chickpea stunt in Syria. BLRV is an important disease of pea (see Kraft et 
al,. Chapter 6, this volume) and faba bean (see Jellis et al., Chapter 7 ,  this vol- 
ume). Clearly more work is needed lo elucidate the relationships between this 
virus and the causal agents of stunt on chickpea. 

'fhe relative prevalence of the luteoviruscs appears to vary among different 
chickpea growing areas of the Indian subcontinent. CCIIV ;and CpLV-like isolatcs 
were widely distributed in India and Pakistan whereas BLKV-like and BWYV-like 
isolates were of minor importance (Horn at al., 1 9 9 6). CC'LIV is the predominant 
virus causing stunt at the ICRISAT Ccnter, Andhra Pradesh, and in chickpea 
growing arcas in the states of Haryano and Rajasthan, India, and in l'irkistan 
(Horn rt ul., 1996). In contrast, luteoviruses arc predominant in chickpea grow- 
ing areas in the states of Madhya Pradesh and Gujaral. India. No detailed infor- 
mation is presently available on the distribution of the various causal viruses of 
stunt in other chickpea growing areas of the world. 

BLRV is described as isometric, not enveloped particles of 2 7 nm in diameter 
(Brunt ~t a)., 1990). CpLV appears to be similar, being characterized by isometric, 
not enveloped particles, 27-29 nm in diametcr (Brunt et al., 1990). CpLV is. 
however, scrologically distinct from RLKV (Horn rt ul., 1996). The natural host 
range of B1,KV includes common legume crops such as pea, phaseolus bean, faba 
bean, cowpea and lentil, as well as chickpca, lucerne and white clover. Apart 
from chickpea, pea is the only other known natural host of CpLV but it has a wide 
experimental host range including many of the legumes listed as natural hosts of 
BLRV (Brunt et al., 1990). CCDV is an  ssDNA-containing virus with mainly dimer 
but also trimer and tetramer isometric particles (Horn et al., 1993). Dimer parti- 
cles are 2 5 x 1 5  nm. It is serologically unrelated to common leahoppcr-trans- 
mitted geminiviruses known to infect dicotyledons (Horn et al., 199 3 ) .  Through 
leahoppers, CCDV could be successfuly inoculated to species of the 1,egurninosur. 

, the Solunaceae and the Chenopodiaceae (Horn et al., 199 3 ) .  
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Symptoms 

Stunt disease is characterized by stunting of the plant, reduction in internode 
length togcthcr with phloem discoloration in the collar region (Nene c.t al., 
1978). If infection occurs early, the whole plant rcmains small and stunted. In 
late infection, growth reduction is seen at the tip of the plant only. In the field. 
stunted plants are conspicuous due to plant and leaf reddening in rlrsi types 
(Plate 2 3) and leaf yellowing in krrbuli types, l'hlocm browning is an important 
symptom, which can be observed by removing the bark at collar region. Stems 
and leaves of affected plants are thick and brittlc. A transverse cut of the root 
shows a brown ring. Other tissues including the xylcm of the root appear normal 
unless infected by root pathogens (Nene ~t nl., 1978). Stunting and leaf redden- 
ing or yellowing may be caused by phloem injury due to insects or moisture 
strcss: however, in such cases, phloem discoloration will be absent, 

Epidemiology 

BLRV is transmitted by a number of aphid vectors (including Aphis crrlccivom 
Koch and M!{:us prPrsic'c.lr Subxer) in u persistent mttnner (Kaiser and Dancsh, 
1971a, b). It can bc transmitted by grafting but not by mechanical inoculation or 
by seed or pollcn. Cp1.V is reported to be transmitted in nature by A. crcrc7civorr~ in a 
persistent manner (Rrunt rt rrl., 1990). Recent studies, however, havc indicated 
that none of thc luteoviruscs associated with stunt could bc transmitted by A. 
cmc*c~ivorn (SaV Rcddy and L1.V.R. Rcddy, unpublished results). However, BWYV- 
like isolates could be transmitted by M, persic,rrr. Clearly more detailed work is 
required to identify the key natural vectors of the luteoviruscs associated with 
stunt of chickpea. CCDV is trt~nsmittetf by the lealliopper Onwilrs orientnlis 
Matsumur;i which is also known as a vcctor of scvcral phytoplasrna diseases 
(Horn rt nl., 199  3). Lealhoppers could acquire and transmit the virus within 2 h. 
Mcchanical transmission of ('('IIV was not successfi~l. 

Insect populations may play an extremely important role in the cpidcmiol- 
ogy of stunt (Kaiser tit a!., 1990). Lluring the recent survey in lndia and 
Pakistan, the incidence of CCDV and C'pLV-like viruses in a few fields suggested 
that the spread and sources of infection waslwcre limited ( I  Iorn t j t  rrl.. 1996). It 
was also obscrvcd that the incider~ce of stunt was greater in sparsely planted 
chickpea tields and where chickpea was grown in monoculture rather than in 
mixed cropping systems. The role of alternative hosts is unknown although 
weeds in some chickpea fields have been found to harbour both luteo- and 
geminiviruses. It is clear that further epidemiological research on stunt and thc 
viruses and vectors associated with the symptomatology is greatly needed. At 
minimum, further surveys are necded in all countries where stunt occurs on 
chickpea and across seasons to better understand the seemingly complex distri- 
bution of the causal viruses and possible shifts in virus incidence and occur- 
rence (Hornet ul., 1996). 



Losses 

For BLRV, tield incidence is usually low but if infection occurs before flowering, 
yield loss can be as high as 80U!, (Allen, 1983). 

Management 

Most effort in managing stunt has been directed at identifying sources of resis- 
tance and developing stunt-resistant cultivars (Reddy rt al., 1979). The discov- 
ery of the association of more than one virus with the disease has complicated 
this strategy. Over 10,000 germplasm lines have been screened for resistance to 
stunt at Hisar, India, which is a hot-spot for CCDV GG 669 and ICCC 1 0  are ticld 
resistant. Resistance was expressed as slower symptom development, compared 
to the susceptible line WK 31 5. Chickpea lines identified as resistant at iiisar 
showed 40-7'3'2: infection when screened at Junagadh, Gujarat. This was not 
surprising as luteoviruses predominate in Gujarat whereas the gc~ninivirus prc- 
dominates in IIisar (Horn et al., 1996). Four wild Cicer species, C. cunt3aturn, C. 
cchir~ospermum, C. juduicum and C, rcticulutum, also expressed symptoms later 
than susceptible chickpea genotypes and were not severely stunted (N.M. Horn, 
S.V. Reddy and D.V,R. Reddy, ICRISAT India, unpublished). Sources of resistancc 
from wild species may be used in the future. Effective field screening for resistancc 
to chickpea stunt viruses should include serological assaying of both susceptible 
and resistant genotypes and evaluation under greenhouse conditions against 
virus types and strains. 

LOOKING AHEAD 

Chickpea is a popular component of dietary protein in Asia. The bulk of the crop 
is grown in developing countries where resources available to farmers are lim- 
ited. Foliar fungal diseases of chickpea are important in West Asia and North 
Africa, and on the Indian subcontinent, and root diseases are present in all chick- 
pea growing areas. Seeds of resistant cultivars for many of these important dis- 
eases are still not available commercially. Efforts must be enhanced to provide 
seed. 

In the absence of high levels of resistance to some of the diseases, various 
ways of reducing tield inoculum should be used in integrated disease manage- 
ment system. Short-duration cultivars of chickpea mature earlier and thus may 
escape disease if sown late. Tall, erect cultivars do not allow humidity to build up 
in the crop canopy which reduces grey mould damage. To ensure the effective- 
ness of integrated disease management systems, we will have to fill gaps in our 
knowledge on several pathogens. Characterization and understanding of vari- 
ablility in A. rabiei and the stunt virus complex is essential. The epidemiology of 
ascochyta blight and grey mould need further attention. Control measures will 
be more effective if our knowledge of the source of primary inoculum of these dis- 

. eases is improved. satisfactory progress has been made in identifying high to 
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moderate levels of resistance to individual diseases (Table 9.7). Both conventional 
and biotechnological-based germplasm enhancement for disease resistance may 
provc useful. Efforts should concentrate on the understanding and re-establishment 
of more genetic diversity in chickpea grown commercially. 

Extensive consultation and research progress over the past 20 ycars has 
enabled us to identify the most important constraints in each region of chickpea 
production and a priority listing for disease management is given ('l'able 9.8). 
Research conducted to date has resulted in the development of resistant cultivars 
(Haware ~t 01.. 1990: Jimdnex-Diaz et al., 199 3: Singh, 1993). Kesistance has 
generally been durable for wilt. Less success has been enjoyed with collar rot, 
ascochyta blight and grey mould which remain important production con- 
straints. Combined resistance to several pathogens has been difficult to achieve 
but needs more effort ('l'able 9.7). Ilisease management systems which integrate 
the traditional management without reducing crop productivity, use of  resis- 
tantltolerant cultivars, production of healthy seed, improved cultural practices, 
strategic use of crop protection chemicals and biological control agents could 
provide more sustainable solutions to management of diseases of chickpea. 

Table 9.7. Chickpea disease-resistant lines. 

Wilt : 160 lines (see Haware eta/., 1992b for details) 

Wilt-resistant lines : ICC 11223, -12265, -12269, -12969, 
(high yielding) ICCC 32 
WilVdry root roVblack: ICC 12237, ICC 12269 
root rot 
WilVdry root roVstunt : ICC 12435 
WilVdry root rot : ICC 11 31 5, -1 2241, -1 2257, -1 2268, -1 2270, -1 2271, -1 2273, 

-1 2437, -1 2444, -1 2450, -1 2454, -1 2460, -1 2467, -1 2472, 
-1 2428, -1 2430, -1 2435, -1 2440, -1 2452, -1 2470, -1 2471, 
-1 4372, -14374, -1 4376, -14396, -14440, -1 4442, -1 4443 

WilVblack root rot : ICC 11313, -11316, -11317, -11320, -11324, -12236, -12237, 
-1 2239, -1 2242, -12245, -1 2249, -1 2255, -1 2256, -1 2258, 
-1 2259, -1 2269, -1 2274, -1 2275 

Dry root rot : ICC 4928, -1 1550, -14735, -1 51 78, -1 5236 
Wiltlstunt : ICCL 83408, -86401, ICCV 881 06, ICC 10136, -1 0805, -1 1502, -1 1551 
Botrytis grey mould : ICC 1069, -1 91 8, ICCL 87322, ICCV 8851 0, GL 85056, 

GL 851 03, GL 851 05, GG 829, GL 901 59, GL 91 040 
Ascochyta blight : ILC 202, -3279, -3856, -196, -201, ICC 1467, -1468, -2160, -4616, 

-5033, NEC 138-2 



Table 9.8. Regional distribution of chickpea diseases and priority listing for disease 
management. 

Regions 
-- 

South-east Asia 

West Asia 

North Africa 

Southern Europe 

Eastern Africa 

Southern Africa 
Central and 
South America 

Countries 
- -- 

Bangladesh, Myanmar, 
India, Nepal, Pakistan 
Afghanistan, Iran, Iraq, 
Syria, Turkey 
Algeria, Morocco, Tunisia 
Portugal, Spain 

Ethiopia 

Malawi, Tanzania 
Chile, Colombia, Mexico, 
California, USA 

Diseases1 
- -- 

FW, RR, AB, ST, BGM, RK 

AB, FW, ST, Cyst 

FW, AB, ST, SR 
FW, AB, RR 

RR, FW 
FW, RR 
FW, RR, ST 

FW - Fusarium wilt; BGM - Botrytis grey mould; RR - Root rots; SR - Stem rot; 
AB - Ascochyta blight; ST - Stunt; RK - Root-knot nematode; Cyst - Cyst nematode. 
Source: Compiled by the author from extensive consultation with scientists at conferences and 
workshops over the past 10 years. 
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DISEASES OF 
PIGEONPEA 

INTRODUCTION 

Pigeonpea ( c ( l j ( ~ t t ~ ~  ~~ljlltl) originaled in peninsular India and prob:rbly sprt*ad 
quite early to other couritries (van dcr Mticsen. 1990). A secondary ccntrc of 
diversity is found in eastern Africi~. 'L'he genus ('trjlril~rs as accepted in the broild 
sense, including the former genus At!llosirr, also has two centrcs of diversity with 
17  species occurring in the Indian subcontinent and i~nother I 3 in Australia. 
l'igeonpea is an important grain legume crop of rainfed agriculture in thr serni- 
arid tropics of the Indian subcontinent and is also widely grown in eastern and 
southern Africa, Latin America and the C'aribbeiln (Nene and Sheila, 1990). 
India, Myanmar, Kenya, [Jganda, Malilwi, 'Sanzania and the Dominican Kepublic 
are the main producers with almost 90'% of production from the Indian subcon- 
tinent. It is a multipurpose crop, being grown not only for grain but also for fuel 
and fodder. The decorticated, split, dried seeds are used ;IS dhal and lllc green 
pods are cooked as a vegetable (Nene and Sheila, 1990). The seed husks, pod 
walls and green leaves are used as cattle feed. The dry stems ure used l i~r  house- 
hold fuel, field fences and making huts and baskets. Rccause pigconpea is a hardy, 
multipurpose crop, it is popular with resource-poor farmers. It is mostly grown as 
an annual crop and, in a limited way, as a perennial on tield bunds or in back- 
yards. 'l'he medium- and long-duration types are typically grown in inter- or 
mixed-cropping systems with a variety of crops such as sorghum, millet, maize, 
groundnut, murlg bean, cotton, castor and cussava in traditional agriculture sys- 
tems in Asia and Africa (Nene and Sheila, 1990). To a limited extent, these types 
arc also grown as a sole crop. Recently short-duration types have been developed 
which are primarily grown in monoculture. 

Worldwide, the crop is cultivated on about 3.4 million hectares with an 
annual production of 2.7 million tonnes, an average yield at 790 kg h a - '  (Nene 
and Sheila, 1990). Because of its high protein content, pigeonpea is a significant 

@CAB INTERNATIONAL 1998. The Pathology of Fowl and Pasture Legumes 
(eds D.J. Allen and J.M. Lennk) 
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component of the diet of vegetarians in the semi-arid tropics. As the present daily 
per capita protein consumption in this region is 3 5 g, which is much lower than 
thc desired level of 5 0  g, pigeonpea has great potential to bridge this gap. But its 
production and productivity arc constrained by several major diseases. 

As for other leguminous crops covered in this book, pigeonpea is susceptible 
to many diseases and insect pests. Over 21 0 pathogens have been recorded on 
pigeonpea (Nene et ul.. 1996) but only ;I Sew of them are widely distributcd and of 
cconomic importance, l'igeonpea diseases have been extensively reviewed 
(Kaiser, 198 1: Reddy tJt trl., 1990b; (ihanckar et (11.. 1992; Singh and C'hauhan, 
19'JL; [Ipadhyay and Rai, 1992) and readers are rcfcrrcd to thcsc rcvicws. In this 
chapter. we critically review the available information on thc major discases and 
their manirgement. Mirnirgement of pigeonpea diseases can be onc of thc most 
important merrns of irnproving productivity of thc crop and thc protein consump- 
t ion ol' resource-poor people in thc scmi-ririd tropics. 

Available infortnation on diseases is bascd mostly on mcdiuni- and long- 
duration pigeonpea types of 6-1 1 months durirtiori which arc traditionally 
grown in inter- or mixed-cropping systems with cereals and  of her legume crops. 
EIowever, in recent years, short-duration pigconpea types which mi~ture in 3b44 
months have bccn dcvclopcd. 'I'hcsc types are mostly recommended li)r sole crop- 
ping with closer spacing. In experirncntal ticlds and on a limitcd number offilrm- 
crs' fields, differences in diset~se severity between short-duration and traditional 
typcs arc cmcrging. I t  should be noted, however, that the infi~rmaiion on discascs 
of short- and extra-short-duration pigeonpea is presently very limited and one 
must be carel'ul in drawing conclusions at this stage. A greatcr understirnding of 
the major diseirse problems will emerge us these typcs arc ci~ltivatcd more widely. 

In medium- irnd long-duration pigeonpea, fusariutn wilt and stcrility tnosaic 
in Asia: wilt and cercosportl leal' spot in southern and castcrn Africa: and 
witches' broom in C'entral Alnerica ~und the C't~ribbean are the major discasc 
problems (Reddy tll ttl., 1990b: Nerle et ttl., 1996).  When short-duration pigeon- 
pee is grown in these regions, it also suffcrs from thc same diseases, but diseilse 
intensity may dil'ltr due to different agroriornic practices to which such pigeon- 
pea typcs iirc subjected and different phenology of the crop. For example, in Asia. 
phytophthora blight and rhizoctonia dry root rot are more important on short- 
and extra-short-duration rather than mediuni- and long-duration types. At the 
samc time, short- and extra short-duration pigeonpeas are less afl'ectcd by wilt 
compared to medium- and long-duration types (Reddy rt nl.. 1980). In southern 
and eastern Al'ricsa, short- and extra short-duration types are affected by cer- 
cospora leaf spot and powdery mildew to a greatcr dcgrcc than are the medium- 
and long-duration types (Shakoor trnd Kumar, 1982). In temperate regions, it is 
also expected that short-duration pigeonpea will suffer from these foliar diseases. 
Close monitoring of discases in such regions is strongly recommended. 

Major diseases that affect pigeonpea globally are dealt with below with par- 
ticular reference to causal pathogen, biology of the pathogen, symptoms of the 
disease, epidemiology, economic inlportatice and management. For wilt, sterility 
mosaic and phytophthora blight. disease management has been covered in 
detail. For those diseases where information is very meagre, suggestions have 
been made for further research. Diseases of local or minor importance are 
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tabulated in Table 10.1. A key to the diagnosis of major diseases is given in the 
handbook of pigeonpea diseases (Reddy tlf trl.. 1 Y9 3c). 

Aetiology 

[iiitler (1 91 0 )  described thc causal pathogcn as i:sst~rirrrrl sti~rrrr, it soilhornc lil~igus. 
Snyder and Hansen (1 940) riamed it I : .  ox!ysporrrrn Schlccht. I: sp, rcdrrrrr (Rutlcr) 
Snyder & Hanscn, which was supported by C'hattoptidhyi~y and Scn (;upta ( 1967). 
However, thc name I:. ridurn Butler is the accepted anumorph ns thc milcroconidi;~ 
of F. tdnn~  can be distinguished by their prominent hook (13ooth. 197 1 ). For gen- 
eral pathologists, the taxononly of the wilt fungus continues lo be problcrniltic*, ;IS 

identification based solely on the prcscncc of a macroconidiill hook is not always 
accurate. Kai and Uptldhyay ( 1979) namcd (;it)berrllrt i r d i c ~ r  Kai Xr Ilpildhyay :is thc 
pcrfect state of F. udlrnr whcrcas Singh (1 9x0)  described i t  ;is (;, rrtlrrrrl Sirigh. 
tlolliday (1980),  however, does not acccpt the existence ol'a Lelcon~orph. 

Biology 

Wilt was discovered in India by E.]. I3utler in the early 1900s (I%utlcr, 1YOh). I t  ib 

the oldest and most widespreiid disease of pigeonpea ilnd has bccn reportc.d frorn 
ill1 major pigeonpea-growing countries in Asia and Africa (Nene t.1 111.. 1996). 
Although research on the disease has bccn carried out for thc pest 9 0  ycars, lim- 
ited information on methods of management other than the developmcnt of resis- 
tantltolerant rultivars, is available. J,oss of resistance hirs been rcportcd in some 
cultivars in India, suggesting the need for more concentrated cfforts on under- 
standing the pathogen and in identifying and breeding for stable resistance. 

Butler (1910) described the fungus as parasitic within the roots of thc host 
plant, or saprophytic. The hyphae are hyaline, slender, much branched, usually with 
little aerial growth. Microconidia are produced successively on the ends of short sim- 
ple or clustered, verticillately branched conidiophores (Hollidaiy, 1980). They are 
usually aseptate, elliptical, hyaline singly but salmon-pink in mass. occasionally 
develop from the surface of minute spherical stromata, and are 6-1 1 X 2-3 pm in 
diameter. In culture, the microconidial stage is usually white to salmon-pink, occa- 
sionally orange-red but never green or purple. Macroconidia are formed on short 
conidiophores and detach soon after abjunction. 'l'hey arc hyaline, three- to livc-scp- 
tatc, 15-50 X 3-5 p in size, falcate with a distinct foot cell and an atypical cell of 
decreasing diameter towards the tip which may be curved or hooked (Holliday, 
1980). The chlamydospores are round or oval, rather thick-walled, hyaline inter- 
calary in the mycelium, sometimes in short chains and 5-10 pm in d i a m e t a  

Limited information on the pcrfect state considered to be associated with 1:. 
udutn is available. Perithecia of G, indicu are formed in lields but infrequently on 
wilted pigeonpea (Rai and lipadhyay. 1979).  If formed on exposed roots or in the 
collar region of the plant, they are superficial, commonly aggregated, globose to 
subglobose, sessile and smooth-walled. G,  indica is a heterothallic fungus and 
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perithecia can be induced in culture on nutrient medium or on sterilized host 
substrate at 2 5 f  2 O C '  only after mating different strains. The ascus contains eight 
ascospores which are two- to thrcc-celled. Ascospores germinate to produce 
micro- and macroconidia. The association of the perfect state with F, uduin and 
its role in pathogenesis, however, needs further investigation. The life cycle of the 
fungus is shown in Fig. 1 0 . 1 .  

Other I:usnriuri~ spp, which cause wilt of Icgumes are reviewed in Kraft tlt ill., 
Chapter 6, and Hawarc, C'hapter 9, this volurnc. 1:. ud~tnt, however, is specific to 
pigeonpea and its wild relatives ('cljcrnus spp. (Kannaiyan et ol., 1985). Pathogcnic 
variability and physiologic races have beer1 rcportcd (Raldcv and Arnin. 1974; Shit 
and Sen Gupta, 1978; Reddy and C'haudhwy, 1985; Pawar and Maycc, 1986: 
(iuptn ot nl., 1988). Rased on the reaction ol' b u r  pigeonpea lines, 11 isolatcs fro111 
India were dividcd into three distinct groups (IC'RISA'C 199h) ('l'r-lble 10.2). One of 
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Fig. 10.1. Life cycle of Fusarium udum, causal agent of wilt of pigeonpea (Courtesy of 
Upadhyay and Rai, 1992). 
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Table 10.2. Reaction of four differential pigeonpea lines to 11 isolates of Alsarium udum in 
pot experiments in a greenhouse at ICRISAT Asia Center, 1995196. 

Line 

ICP 2376 
C 11 
ICP 8863 
ICP 9174 

Isolates 

Strain 1 
.. . . 

S' 
R 
R 
R 

Gwalior 
Akola 

N-isolate2 

Wilt reaction 

Strain 2 

Dholi 
Kanpur 

Varanasi 
Bangalore 

Strain 3 

Patancheru 
Rahuri 

Badnapur 
Gulbarga 

S = Susceptible, R = Resistant. 
Northern Indian isolate. 

the problems encountered in using differential lines for race identitication wiis vilriil- 
tion in thc rcaction of the lilies bctweeri experimcnts, intiic;~ting thC nced l i~r I'ilrthcr 
standardization ofthe inoculatioti lechniquc. I'relimi~i;~ry stildics havc hc.gir11 on tlif- 
krentiation of isolirtes of I:. lrtlrrrtl usitig moleculi~r techrliqucs inc-lutlitig ranilo~n 
amplified polymorphic DNA (KAPI)) analyses ('IlN. Itaju, unpublished data). '11) dittl*, 
results show close correlation with race dill'eretitiation. 

Symptoms 
-. 

&'iltches ol'dead plilnls in the lield. usually when the crop is flowering or podding. 
are the lirst indication of wilt (Fig. 10.2) (Keddy r l t  t i / . ,  1 Y90b). Isol;~tcd wiltcd 
plunts are also noted about a morith after sowing. Thc most characteristic symp- 
tom in adult plants is a purple colour extending upwilrds from the base of thC 
inain stern. This band is more easily seen in pigeonpea with green stenis than in 
lines with coloured stems. Partial wilting of the plant is 21 ilelinite indication of 
wilt and distinguishes this disease from termite damage, drought. anti phyto- 
phthora blight which also kill the pltrnt. Partial wilting is associated with lateral 
root infection while total wilt is a result of tap root inkction (Reddy p t  trl., IYYOb). 

The other characteristic symptom of wilt is browning of the stem below the 
purple band atid browning or blackening ol'the xylcnl which is visiblc when thc 
main stem or primary branches are split open (Keddy et r r l . ,  19YOb). 'l'he inten- 
sity of browning or blackening decreases from the base to the tip of the plant. 
Sometimes, branches, especially lower ones, are affected even when there is n o  
band on the main stem. These branches show dieback symptoms with a purple 
band extending from the tip downwards, and intensive internal xylem blacken- 
ing. When young (1-2 months old) plants die from wilt: they usually do not 
show external banding but have obvious internal browning or blackening. 
Plants infected by F. utlurrl also exhibit loss of leaf turgidity, interveinal clearing 
and chlorosis before death. 3 
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Fig. 10.2. Patches of wilted pigeonpea plants in a wilt-sick plot at ICRISAT Center, 
Patancheru, India (Photo: courtesy of M.V. Reddy). 

Epidemiology 

The diseasr is both secdborne and soilborne (Keddy et d . ,  1990b: Haware and 
Kannaiyan, 1992). llntreatcd seed showed levels of internal infection with F. 
~rdrrttt of 1 3--19'L (Hawarc and Kannaiyan. 1992). Srcd treatment effectively 
eriidicates the pathogen. Infected seed may be the primary means of spread of 
1:. ~cd~rtn over long distances and to new areas (Haware and Kannaiyan, 1992). 
The fungus can survive on infected plant debris in the soil for about 3 years. 
Disease incidence is more severe on vurtisols than on allisols and ratooning pre- 
disposes the plant to wilt (Reddy rt c r l . ,  1990b). Early sowing, weed management 
and vigorous crop growth favour wilt development. Long- and medium-duration 
types suffer more from will than short- and extra short-duration types. 
IJigeonpea intercropped with castor, sorghum, maize and groundnut is less 
affected by wilt than sole-cropped plants (Fig. 10.3). 

Though infection may occur in the seedling stage, maximum expression of 
the disease is, however, at flowering and podding (Reddy rt  al.. 1990b). This 
seems to be due to the extended time needed by the fungus to colonize the plant. 
Recent work at ICRISAT has shown that infected plants wilt only after the basal 
half of the main stem is colonized by the fungus which takes approximately 3-4 
months (Keddy et nl., 199 3b). This explains why there are low levels of wilt in 
short-duration types compared to long-duration and ratooned pigeonpea, as the 
former morphotypes are escaping wilt (Reddy et al., 1980). Any practice which 
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Fig. 10.3. Wilt incidence in sole and sorghum-intercropped pigeonpea at different inoculum 
densities (colony-forming units) in a vertisol at ICRISAT Center, Patancheru, India. 

leads to increased plant biomass in pigeonpea was found to increase susceptibil- 
ity to wilt (Reddy et al.,  1994a). Higher biomass is produced when the crop is 
sown early, under weed-free and well-drained conditions, in fertile lields at low 
plant density and when the rains are well distributed. 

Recent work has indicated that the fungus can survive in the soil up to 
120 cm depth (Naik, 1993). Limited variation in fungal population was li~und 
from the crop season to the off-season, especially at lower depth. Inoculum 
placed at 100  cm depth was found Lo infect pigeonpea but did not result in wilt. 
Only inoculum at 1 5 0  cm depth resulted in both infection and wilt (Naik, 199 3). 
The economic threshold level of 2006 wilt incidence in the susceptible cullivar 
was found to vary for vertisols and allisols. It was slightly lower for allisols ( 8  3 0  
colony-forming units (cfu) g-' soil) than for vertisols (920 cfu g-' soil). 
Threshold levels were higher for tolerant cultivars than for susceptible cultivars. 
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'The initial inoculum level in soil was found to be the major fiictor inlluencing 
linal wilt incidence compared to soil moisture and temperature. 

Sterility mosaic and phyllody-affected plants were less affected by wilt than 
unaffected plants of the same genotypes (Chadha and Raychaudhuri, 1966: M,V. 
Reddy. ICRISAT. India, unpublished results). Root-knot nematode (Meloidogyne 
spp.) infection increased wilt-incidence in both wilt-susceptible and wilt-resistant 
pigeonpea cultivars including ICE' 8863 (Rcddy et al., 1990b) while cyst nema- 
tode (Heterodem cajurti Koshy) cnhanced the pathogenicity of F. lrdtrrn in wilt-sus- 
ceptible genotypes but the fungus suppressed the reproduction of the nematode 
(Sharma and Nene, 1989). 'l'he reaction of wilt-resistant genotypes such as ICP 
8Hh 3  was not altered by the presence of cyst nematode. 

Effects on Yield and Quality 

When infected plants die before podding, yield loss is total (Rcddy ' t  (d., 1990b). 
When plants wilt during the pod-filling stage, losses are partial and depend on 
the physiologict~l maturity stage at which the plant wilts. Wilting during pod lill- 
ing can irlso result ill seed infection (Haware and Kannaiyan, 1992). Long-dura- 
lion varieties with good plesticity can compensate for loss of early wilted plants. 
The yicld loss in plants that arc infected but do not wilt greatly has not bccn 
quantilied. 'ro date, n o  known cultivated pigeonpet] line with high resistilnce to 
infection by the isolate ol' E'. urlrrtn common at IC'KISA'I' ('enter. India has been 
identilied. However, some genotypes, such as 1C1' 886 3 ,  do not suffer much yield 
loss when infected and may be tolerant. 

Surveys conducted betwccn 1975 and 1980 (Kannaiyan clt al.. 1984) indi- 
cated that annual crop loss due to wilt in India alone was [IS!$ 3h rnillion, while 
in eastern Africa annual losses were estimated ai IJS$5 million. It is clear that 
further surveys should be done ut regular intervals to collect accurate inlbrma- 
tion on currcnt losses. 

Disease Control 

Use of resistantltolerant cultivt~rs is the best available strategy for the miinage- 
ment of wilt (Kcddy t t  trl., 1990b). A number of moderately resistant lines in all 
the maturity groups are available (Table 1 0 . 3 ) .  Some of these lines also show 
resistance across seasons and locations (Nene ct al., 198lb,  1989: Arnin ct  al.. 
199 3c). Maruti (ICP 8 8 h  3). a recently released variety (Konda t>t 111.. 1986), has 
become very popular in peninsular India. Another variety, ICP 9145, released in 
Malawi, has also become popular (Reddy et 111.. 1995). Lines combining wilt resis- 
tance and resistance to other major diseases have also been identilied ('l'able 10.5) 

A resistance screening technique of transplanting seedlings with injured. 
inoculated roots into autoclaved sandlsoil in pots followed by assessment of dis- 
ease incidence gave erratic results in trials at ICKISAT Center (Nene ct al., 
198  la ) .  A more reliable screening technique was developed using inoculum of F. 
tliiurn multiplied on sand:pigeonpea flour (9 : l )  medium mixed with autoclaved 
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Table 10.3. Single sources of resistance to pigeonpea diseases of global and local importance 

Disease Resistant varietiesllines 

Fusarium wilt ICP 8863 (Maruti), ICP 9145, ICP 9174, ICP 12745, ICPL 333, 
ICPL 8363, ICPL 88047,BWR 370, DPPA 85-2, DPPA 85-3, 
DPPA 85-8, DPPA 85-13, DPPA 85-14, Bandapalera, ICP 4769, 
ICP 9168, ICP 10958, ICP 11299, C 11 (ICP 71 18), BDNl (ICP 7182) 

Sterility mosaic Bahar, DA 11, DA 13, ICP 999, ICP 6997, ICP 7035, ICP 7197, 
ICP 7234, ICP 7353, ICP 7867, ICP 8094, ICP 81 09, ICP 81 29, 
ICP 8862, ICP 10976, ICP 10977 

Phytophthora blight ICP 9252, Hy 4, ICPL 150, ICPL 288, ICPL 304, KPBR 80-1-4, 
KPBR 80-2-1, KPBR 80-2-2 (field resistant) 

Cercospora leaf spot UC 79611, UC 21 1311, UC 251 512, UC 256811, ICP 8869, ICP 12792, 
ICP 121 65,65711, ALPL 6-2,66,666 

Powdery mildew ICP 7035, ICP 91 77, ICP 9179, ICP 91 88, ICP 9189, ICP 9192 
Alternaria blight DA 2, DA 11, MA 128-1, MA 128-2,20(105) 

Source: Reddy eta/. (1 993c); Raju (1 988). 

pigeonpea stern picccs and non-autoclaved altisol soil (Nene (,f (11.. 19% 1 it). \:or 
studies on pathogenic vtrriahility and inheritoncc of resistance, a root-dip tcch- 
niquc has been developed Hi~ware arid Nerie 1994).  

Wilt-sick plots have been used for a long tirnc to scrccn crops againsl vascu- 
lar wilts. At ICRISA'I: sick plots are tieveloped more quickly on altisols than o11 
vertisols, and wilt becomes evident earlier on allisols (Nene 01 ol., 1980). In carly 
tests. the pathogen was multiplied on materials other tharr pigconpca stubblc. I t  
wils later realized that the best way to induce disease is to incorporate stubble 
from diseased plants into the soil and grow wilt-susceptible cultivurs in intcrmit- 
tcnt rows throughout the fieltl. 

Although the search for sources of resistance to wilt begiirl ;IS soon as thc 
disease was recognized as ;I miljor prnblcm, very few studies on i r ihcr i ta t~c~ of 
resistancc havc been undertaken and the pict~lre is not clear. Studics carried out 
to date reveal multiple factors (Pal, 1 9  34). complementary genes (Shaw, 19 36). 
duplicate dominant genes (Joshi, 1957) ,  a singlc dominant (l'i~wilr and Maycc, 
1986) and'a single recessive gene (lain and Rcddy, 1995)  to be controlling wilt 
resistance. Further work on the genetic basis of rcsistiince would help to dcvclop 
a targeted breeding strategy. 

Resistant and tolerant cultivars were found to suppress thc 1:. lrtllrrn popultr- 
tion in the rhizosphere compared to susceptible cultivars (Murthy and Hhagyaraj, 
1 9 8  3). This was at least partly due to root exudates from resislant cultivars sup- 
pressing the germination and germ tube growth of conidia of 1:. udum. Murthy 
and Rhagyaraj (198 3)  identified chlorogenic acid, caffeic acid and an unknown 
phenolic acid from the root exudates of the resistant cultivar C 1 1-h.  Though 
information on several physical and cultural factors affecting wilt incidence is 
available, the interactions between these factors and wilt incidence in the field 
are not well understood. Further work is needed in this area. 
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Pigeonpea is usually grown in inter- and mixed-cropping systems in rotation 
with several other crops. This provides an opportunity to exploit the cropping 
systems and rotations in the management of the wilt. Natarajan et al. (1985) 
found that both crop rotation and intercropping had a considerable effect on wilt 
incidence. One-year breaks with either sorghum or fallow reduced wilt incidence 
in following pigeonpea crops from 60-90% to 1 6  and 31'%), respectively. 
Intercropping with sorghum but not maize also reduced wilt incidence to 
20- 3 0 ' % )  consistently across 14 pigeonpea genotypes after 2 years (Natarajan ut 
rrl., 1985). 'l'his area of research needs more emphasis. Field studies carried out 
at ICRISAT Center have indicated that crops such as sorghum, castor, maize and 
groundnut inhibit soil populations of I: ,  lrdlrtn (Himani Rhatnagar, 1995). 
Ongoing studies are showing that root exudates from a range ol crops frequently 
intercropped with pigeonpea may either directly reduce F'. udum populations in 
the soil or encour;ige the growth of antagonistic fungi such as Tri~l~odertnn spp. 
which has the same effect of reducing wilt incidence (M.V, Keddy, ICRISAT, India, 
1996, ilnpublished results). Further work with various soils from a range of 
localities in Andhra Pradesh, India, is in progress. 

Suggested cultural practices to reduce the incidence and scverity or wilt 
include: ( i )  selcct fields with no previous record of wilt for at least 3 years: ( i i )  
select seed from disease-free fields; (iii) grow pigconpea in inter- or nixed-cropping 
systems with cereals, c.g. sorghum or maize: (iv) rotate pigeonpea with sorghum, 
tobacco or castor every 3 years: ( v )  uproot wilted plants for fuel wood; and (vi) 
solarize the tield in summer to help reduce inoculum (Tables 10.5 and 10.6). 
Suggested chemical control measure is through seed dressing with benotnyl 50'X, 
+ thiram SO'%) mix at 3 g kg-' seed. 

PHYTOPHTHORA BLIGHT 

Aetiology 

Phytophthora blight of pigeonpea was apparently discovered less than 30 years 
ago. Williams tJt nl. (1968) first isolatcd a phycomycetous fungus from wilting 
pigeonpea plants with stem canker sylnptotns at New Delhi. The fungus was 
identilied as I'hgtopl~tl~ori~ drtl('llslut-i Tucker var, cajatli Pal, Grewal & Sarbhoy. 
Kannaiyan ut 111. (1980) studied several isolates of the fungus from different parts 
of India and renamed it Pllytop,phtllora drecllsl~t-i Tucker 1: sp, c,ajat~i (Pal, C;rewal& 
Sarbhoy) Kannaiyan, Riberio, Erwin & Nene based on sporangium shape and 
size, oogonium and oospore formation, temperature requirements and patho- 
genicity tests. The use ofjijrt~lt~ specialis was considered appropriate because of the 
specificity of the isolates to pigeonpea and its close relatives (Reddy rt nl., 1990b). 
Ho and Jong (1991) studied the taxonomy of various Phytophthor(~ spp, and rede- 
fined P. dred~sleri to accommodate only those isolates that grow well at 3S°C, 
with the pigeonpea blight pathogen treated as non-specific. 



Biology 

Relatively limited inti)rmation is available on the pathogen, its cpidcmiology itnd 
discase management. Though the disease has been reported Itom several t.ouli- 
tries including India, the Doniinican Republic, Kenya, I'ananla i ~ n d  Ijucrto Kico 
(Nene et (11.. 19961, precise information on its distributiou and scvcrity is still 
lacking. It is possible that the discase wi+s tnisttlkcn li)r flrsarium wilt ill  the past 
because the  gcnerel syrnptorns of the two ciiscascs iirc similttr (Rcddy 111 1t1.. 
1990b).  I11 Indis, I ) .  ~ i r t ~ ~ l ~ s l ~ r i  Tuckcr f. sp. c~ttjrlrli affects the collar rvgion ant1 all 
above-ground parts of the plant. In Australia, I ) .  ~lrr,c*llslari was reportcd t o  tsiittsl. 
chlorosis and lesions on stems of pigeonpea in addition to serious root rot 
(Wearing and Birch. 1988) .  The truc itlentity of l ' lt~~tr~~~ltflror~t spp, from othcr 
pigeonpea-growing countries c-lcarly nraeds to he contirrnt~tl. 

'I'he discase is relatively more serious in short-duration pigcbonpca Ilii~n in 
medium- and long-duration types (Retldy 1.t (11.. I990h) .  This sc.crns to hcs rcli~tcd 
to the cropping system used for short-duration pigconpea which is chitri~ctcrixcd 
by increased plant population which leads to rilpid t-anopy drvcloprne~it i ~ n d  high 
relative humidity in the crop. As a result, losses can bc c.on~idcri~hlc as the short- 
duration lypes have rieither the time nor the plasticity to co~npcns;~tc  for lost 
plants (Kcddy t J l  ([I., 1YC)0b). Short-duriltion pigconpei~ has great potentiill to 
increasc grain yield and to exterld the adirptation of the crop to 1lo11-tri~ditionid 
areas but management of blight is csscntiul li)r the realization ofthis potcntii~l. 

Thc morphology and disease cycle ol' the blight pi~thogcn hilvc bccn 
described in detail (Kannaiyan el (11.. 1980; Singh and C'hauhan, 1992) .  'l'hc 
optimum temperature for growth of P. tlrec.ltslrri 1: sp. c.cljani on clarilicd VX juicc 
agar is 27-3 3°C. Sporangia arc the prolil'erating type, hyaline, tcrrninill, ovt~tc to 
pyriform, non-papilete and ranged in size from 42-8 3 x 28-48 prn. 'l'he sporiin- 
gial stalks were either narrowly tapered or widened somewhei at the base ol'the 
sporangium (Kcddy c J t  ol., 1990b). Each sporangium produces 8-20 zoospores 
(Singh and Chauhan, 1992) .  Zoospores are hyaline, ovoid to renili~rm, tirpcring 
slightly, biflagcllate, and swim for 2-5 h bcforc becoming non-motile and limn- 
irlg i1 spherical cyst which usually germinates with one or  more germ tubes. 1'. 
drechsleri f. sp. i9njarli belongs to the mating type A1 with bicellular anthcridia in 
some interspecific crosses. Oogonia arc hyalirie when immature but become 
thick-walled and purplc-yellow to brown after maturity, smooth, spherical, arid 
measure 19-29 x 34-44 pm (Singh and C'hauhan, 1992) .  Antheridia are sim- 
ple, hyaline, amphigynous, persistent 1 2.5-1 9 X 10- 1 7 pm, Oosporcs are 
spherical to globose, thick-walled, and 20-32 pm in diameter. No chlamy- 
dospores were formed on any of the media tested. The life cycle of the disease is 
given in Fig. 10.4.  

Although the disease can be identified by the symptoms produced, several 
workers have encountered difficulties in isolating P. drechsleri f. sp, cajuni. The 
fungus can be isolated on dehydrated potato dextrose agar medium after surface 
sterilization of the infected tissues with 0.1% niercuric chloride for 3 0  seconds. 
Bisht and Nene (1988) formulated a selective medium to isolate the fungus based 
on  a mixture of antimicrobial agents with potato dextrose agar. Sheila et ~ 1 .  
(1983)  reported pigeonpea seed meal agar prepared from a n  infusion of 4 0  g of 



d 

Germination \ 
Germinating zocA- - -- ... -. . .- 

ASEXUAL 

Oospore 
i \( 

Fig. 10.4. Disease cycle of Phytophthora drechslerif, sp. cajani, causal agent of phytophthora blight 
(courtesy of Singh and Chauhan,  1992). 

seed meal boiled in 1000 ml distilled water for I h as an excellent substitute for 
VX juice agar. Pscheidt et ( 1 1 .  (1  9 9 2 )  evaluated the sensitivity of a Ph~top l~ t l l o ru -  
specific inonoclonal antibody-based immunoassay kit on 17 species of 
Phytopl~t l lor i~ ,  including P.  drecl~slcri. All the Pllytophthoru species tested produced 
a positive reaction. A similar kit could be developed specifically for the pigeonpea 
blight pathogen as a useful diagnostic tool when the diseased plants are old, dried 
or rotted and are thus in poor condition for isolation of the pathogen. 

Research over the past 1 5  years has shown that P. drechsleri f. sp. cnjar~i is 
variable (Reddy et nl . ,  1990b). When work on phytophthora blight was initiated 
at ICRISA'I' in 1976, screening for resistance was carried out with isolate P2 
which was prevalent in the ICRISAT fields. Several pigeonpea lines such as ICP 



2 376 and IC'P 70b5 were resistatit to the this isoliite (liiinniriyan ( '1 r r l . ,  198 1 ). 
However, in subsequent tests, thpse lilies were susceptibll. to the disease in tllc 
samc tield. The re-isolated strain was more virulcril than 1'2 and wiis dCsig~liitc.tl 
P 3 .  At present, no  pigeonpea genotype h i ~ s  ii high lcvel of resistiitlcc to 1 '3 .  
Studics with other isoli~tes collected fro111 different locations ill India 11~1vc coil- 
lirrned the highly variable ntiturr of the fungus (Ncncl or rrl.. 199 1 ). I'rccisc 
studies to characterize the pathogen bettcr arc needed. C'hiirac.tcri.~i~tioti ol' host 
reaction by lesion type and size may bc a better c.ritcrion t h i ~ n  diseilse itic.itlc~lc*c* 
for the differentiation of variants. Stiidies carried out to date show thi~t  1'2 ciln hc~ 
readily distinguished from P3  by the rcnction on IL'P 2 376 wl1ic.h is res is ta~~t  to 
P1 (O'X, blight incidence) but highly s u ~ c c p t i b l ~  to 1'3 ( 10O1X, blight inr~idence iilld 
mortality). Morphological variation also exists among Indian iso1i1tc.s of 1'. rlr~,c,/rslr~ri 
f, sp. c~rjtrni (Kannaiyan et nl., 1980: Nent. clt (11.. 1992).  I'hytophthori~ hlighl of 
soyahean is reviewed hy Sinclair. Clii~pter 3 ,  this v o l u ~ n ~ .  

In experimental plots at IC'KISA'I', r~ i~ lu ra l  infection with 1'. rlr-(~c./rsll,ri I: so. 
c'rrjcttti was observed not  only on pigeonpea but illso on  wild C'trjrrrrrrs spp, 111 pot- 
screening tcsts, 1'2 infected 1 3 wild C'ajtrr~rrs spp. (Sarkar 01 trl.. I 'JY 1 ). I lowcvc.r, 
none of 5 5  plant species nl' gcncra other thk111 ('rrjrrrrrrs wcrc i.ilIicr Ilosts or 
syrnptomlcss carriers of the pathogen (Silrkiir ot rrl.. 19 9 1 1. Wild ('rrjrrr~rr~s spp. 
especially ('. sc-ambneoidus, ;I common peren~iiill wcctl, miiy scrve ;is at1 altcrlla- 
tivc host of the fungus. 

Symptoms 

Phytophthora blight resembles damping-off, iis i t  causes seedlings 10 dic sud- 
denly (Keddy rlt (I)., 1990b).  Young plants are tllorc susceptible than older plants 
(Sarkar c.t nl., 1992)  and yourig t i s s~~es  ;ire more susceptible than oldcr tissues. 
Infected plants have water-soaked lesions on  Ie;ivcs and brown to black, slightly 
sunken lesions on sterns and petioles. Infccted leaves losc turgidity, becornitig 
blightcd (Fig. 10.5) (Reddy rt 111.. 1990b).  Stem lesions rnay appear from i l  lirw 
cerltimetres to approximately 1 .5  m above ground level, expalid rapidly and gir- 
dle affected portions. The sterns or branches break at the poirit of iril'ection. Ilnder 
favourable conditions for the disease, many plants may die. Irlfected pliil~ts thilt 
are not killed often produce large galls on their stems especially at  the edges oft he 
lesions. The pathogen infects thc foliage anti stems but not the root systc111. 

Epidemiology 

The pathogen survives in soil, even in the absence of a living host, and also in 
infected crop debris for at  lcast one year (Bisht and Ncnc, 1990) .  Sarkar 11988) 
reported that P. drtdlsleri f. sp, oujarti survives iis chlamydospores in lield soil and 
diseased stubble. Singh and Chauhan ( 1992) observed that a living host is not 
essential for oospore formation but that temperature is critical, oosporcs being 
produced at 2 5 O C  only. The role of chlamydospores and oospores in survivi~l and 
perpetuation of the fungus needs further study. This is important because the 
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Fig. 10.5. Phytophthora blight on pigeonpea: upper photo shows blight lesions on leaves; 
lower photo shows a stem lesion resulting in girdling and breakage of the stem at the point of 
infection (photos: courtesy of M.V. Reddy). 

disease may suddenly appear in a severe form in fields where pigeonpea has no1 
been cultivated for several years. The fungus is soilborne and waterborne, but 
not seedborne. Rain-splash and wind also contribute to short-distance dispersal 
of the zoospore inoculum (Bisht and Nene, 1990). The role of the wild relative 
Cujunus scurubueoidrs in the perpetuation and spread of phytophthora blight has 
not been established (Kannaiyan rt ul., 1985). 

Disease development is influenced by inoculum density and by environmen- 
tal factors. Agrawal and Khare (1987) reported that the maximum infection 
index (49.2%) was observed at 28.1 mm day-' rainfall, 100% rainy days. 
27.4"C maximum temperature, 2 1.4"C minimum temperature, and 92.4% rela- 
tive humidity. In contrast, 6.5% infection index was observed at 9.4 mm dayw1 
rainfall, 30% rainy days, 3 1.7"C maximum temperature, 22.7"C minimum tem- 
perature, and 84.1% relative humidity, They inferred that infection index was 
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posilively correlated with rainfall (mm day-'), rainy days ('X)) and relative 
humidity (%), and that number of rainy days (%) was more important than the 
amount of rain. C'hauhan and Singh (1991a) observed that light inhibited 
zoospore germinalion and maximum germination occurred in the dark. Singh 
and Chauhan (1992) further reported that light and darkness affected disease 
developmenl: lesion size increased more rapidly in the dark than in continuous 
light. Rainfall, maximum temperature and solar rirdiation inlluence blight infiac- 
lion and disease development: outbreaks occur when day temperatures are less 
than 28°C and accompanied by rainy and cloudy weather (Keddy et r r l . .  1992). 
Increase in inoculurn level and blight incidence is associated with a decrease in 
day temperature, and with high rainfall and cloudy weather (Keddy ot al., 1992). 
Recent work carried out under controlled conditions in growth chambers and in 
the laboratory at IC'KISAT Center showed that the duration of leal' wetness is 
more critical for pathogen infection than ten1per;ilure and inoculum load (T.N. 
Kaju, M.V. Reddy and A.C. Kushalappa, unpublished results). A leaf wetness 
period of 12  h was necessary for infection and infection occurred between 10 
arid 3 S°C. 

Effects on Yield and Quality 

Surveys carried out in India between 1975 and 1980 indicated that phytoph- 
thora blight was previrlent in the states of Andhra Pradesh, Bihar, Orissa, llttar 
L'radesh and West Bengal, but not in (hjarat,  Karnataka, Madhya Pradesh, 
Maharasthra, Kajasthan and Tamil Nadu (Kannaiyan ct al., 1984). 'l'he average 
incidence was L.hiXI but in West Bellgal it was us high its 26.3'K). A severe 
epidemic was reported in experirncntal plots on alfisols at ICRISAT Center in the 
1975176 season (Keddy rt ul.. 1990b). However, this information is based on 
observations in medium- and long-duration pigeonpea only on which blight is 
riot considered to be a serious problem. The disease increased in importance from 
the early 1980s with the introduction and dissemination of short-duration types. 
Total yield loss has been observed in some short-duration pigeonpea crops in 
southern India (M.V. Reddy, unpublished results). A further comprehensive sur- 
vey of damage, especially in short-duration pigeonpea in Indiu, is urgently 
needed to reassess the distribution and severity of phytophthora blight and estim- 
ate crop losses. There is also a need to assess the potential importance of the dis- 
ease in countries which are presently adoptirlg short-duration types. 

Disease Control 

Pigeonpea is mainly cultivated by resource-poor farmers on marginal lands with 
minimal inputs where present yield levels of 700 kg ha-l are not conducive to 
management of phytophthora blight through the use of expensive foliar fungi- 
cides such as metalaxyl. The ideal way to manage phytophthora blight is 
through resistant cultivars. 

Although considerable work has been done on standardization of glasshouse 
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and field inoculation techniques for evaluation of blight resistance (Kannaiyan et 
nl., 1981; Reddy tJt (]I., 1990a), obtaining uniform disease incidence in the field 
and under greenhouse conditions is still a problem. Establishment of uniform 
humidity after inoculation is critical, but is difficult to achieve under field condi- 
tions. Using a level field with bunds at close intervals to cause temporary inunda- 
tion within the lirst 2-3 weeks after sowing is recommended for obtaining high 
and uniform blight infection (Reddy et ul., 1990a). 

Evaluation of the world collection of pigeonpea germplasm of more than 
15,000 accessions at ICRISAT against common isolates of 1'. drerllsleri f. sp. (,rljani 
failed to identify any source of high resistance to blight (Reddy r)t (11. .  1990b, 
1991). All short-duration accessions were highly susceptible. These types may be 
genetically more susceptible to 1'. dredlsleri f. sp. ct~juni than medium- and long- 
duration types or the high plant populations used for short-duration crops also 
provides a favourable environment for blight development. As well, the short plant 
stature of short-duration types facilitates splashing of zoospores from the soil onto 
younger tissues. Thus the higher susceptibility of short-duration types could be 
due to a complex combination of interrelated factors. 

A few medium- and long-duration lines, such as K P H K  80-2-1, 
KPBR 80-2-2 and TCP 9252, have been identified with ficld rcsistancc to P2 and 
P3 isolates expressed in the adult plants (Table 10.3) (Reddy et al. ,  1991; Amin ct 
trl., 199 3b). However, even thesr lincs are susceptible when phytophthoril blight 
occurs within 2-3 wceks of sowing. The reasons for higher susceptibility to 1'. 
iirri7hsler-i C sp, cqujuni in younger tissues compared to oldcr tissues needs further 
study. It is also common for plants to die from blight at later stages of growth 
(>60 days) when conditions for discase development remain fi~vourable. 
Mortality in older plants may also be due Lo disease progress from lesions pro- 
duced during early infections and not due to new infections. 

Some accessions of the wild species C. plat!jrurpus (ICWP 61.  TCWP 66, 
ICWP 67) have high levels of resistance to phytophthora blight and are able to be 
crossed with pigeonpea using embryo rescue techniques (ICRISAT, 199 3,  1994). 
Enhancing resistance to phytophthora blight in pigeonpea by making use ofthe 
resistance in C'. platycarpus through introgression into the ci~llivated germplasm 
is being strongly supported at LcKISA'S, Information on the genetics of resistance 
to blight is limited. Resistance in ICI' 7065 and ICP 2 376 against the P2 isolate is 
controlled by a single dominant gene (Sharma et a l . ,  1982). No information is 
available on the genetics of adult plant resistance to the 1'3 isolate. This informa- 
tion is essential for the formulation of future disease resistance breeding strate- 
gies, including the use of genes from wild Cujunus spp. 

Chauhan and Singh (1991b) reported that the weed canopy interferes with 
splash dispersal of P, drrrhsleri f, sp, rajuni from soil to aerial plant parts, thus 
reducing disease intensity. They suggested that blight may be reduced and 
pigeonpea yields may be increased by mulching or by intercropping with short 
leguminous crops such as mung bean and urd bean. Recent studies at ICRISAT 
Center have confirmed that phytophthora blight incidence and severity are sub- 
stantially reduced when short-duration pigeonpea is intercropped with short 
leguminous crops such as black gram and groundnut (Plate 24) (M.V. Reddy and 
T.N. Raju. ICRISAT, India, 1995-1996, unpublished data). Suggested cultural 



practices for control of phytophthora blight include: (i) select fields with no previ- 
ous record of blight; (ii) avoid sowing pigeonpca in lields with low-lying patches 
that are prone to waterlogging; ( i i i )  prepare raised seedbcds and provide good 
drainage; (vi) use wide inter-row spacing, crop rotation and intercropping with 
short legumes; and (vi) use potassium fertilizers (Tables 10.5 and 10.6). 

Kannaiyan and Ncne (1984) reported that seed dressing with rnctalaxyl 
controlled phytophthora blight in greenhouse trials but not in lield tests. 
However, Risht el u1. (1988) found metalaxyl to be effective when used as a foliar 
spray alone, or in combination with sccd dressing. The compound ajoenc, iso- 
lated from garlic, inhibits growth and rcproductinn of P. drecllslt~ri f. sp, c3trjnrri 
(Singh f t  ul., 1992). Tt may be effcctive in controlling phytophthora blight under 
field conditions if applied at low concentrations bcfore zoospore formation (Singh 
tJt (71.. I 992 ). However, this requires further experimentation and economic eval- 
uation. Shcila and Nene (1 987) reportcd reduccd infection when I'hytoalcxin 
84W and Inducew werc applied to the soil before drench inoculations with the 
fungus but the plants were susceptible to foliar inoculation. Suggested chemical 
control rncasures include firstly, drcssing secd with rnctalaxyl at 3 g kg ' seed to 
protect young plants. Vyas t>t ul. (1 983)  reported upward movement of metalaxyl 
in pigeonpeo sccdlings when roots werc treated but not vice versa, l'he fungicide 
persisted in the seed coat and cotylcdons for 11 days after secd treatment ;lnd in 
leaves and roots for 2 0  and I S  days aftcr root trcatment. Secondly, two foliirr 
sprays with ~netalaxyl or fentin acctate at 15-day intcrv;~ls starting from 1 5 days 
after gcrrnination will also control blight. 

IJntil high levels of resistance to blight are widely available in pigeonpea, the 
bcst option for integrated rnanagcment of the disease is through adult plant resis- 
tance, seed dressing and cultural control met hods (Table 10.6). As the pigeonpea 
plant is most susceptible to blight for the first 45  days, seed dressing with fungi- 
cides such ;IS metalaxyl will protect the crop during the early stages and is not 
cxpensive. 

CERCOSPORA LEAF SPOT 

Aetiology and Biology 

Cercospora leaf spot caused by Crrt-ospori~ spp. is widespread but it is a problem in 
humid regions only (Kubaihayo and Onirn, 19  7 5 ). Three species of Crrtjospc~r(i 
h w e  been reported to affect pigeonpea in different parts ofthe world (Rcddy tJt nl., 
1990b; Nene et nl., 1996). The nlost common species is Cf'rcospori~ cnj(111i 
Hcnnings (syn. Mycovc~llosi~lln ctrjarli (llenn.) Rangel ex Trotter) which occurs 
throughout eastern and southern Africa, Asia, Latin America, the Caribbean 
and the lzicific (Nenc et (I/., 1996). It was first reported from Pucrto Rico by 
Stevenson in 191  7 (Keddy (~ t  al., 199Ob). At least two varieties have been recog- 
nized: M. cajarli var, it~dica (Singh) Oeighton in Fiji and lndia and M, cr~ii~rri var. 
tricophilu (Curzi) Dcighton in Kenya, Somalia and 'l'aiwan (Ncne rt al., 1996). 
Cerc+ospora thirurnalucharii Sharma Nr Mishra has bccn reported from lndia while 
C, instubilis Rangel is known from Brazil, Puerto Rico, India, the Philippines and 



538 M. K REDDY ET AL. 

the USA (Reddy et al., 1990b; Nene et al., 1996). As C, cajani is the most preva- 
lent species, the following section relates to this pathogen only. 

The disease is important on pigeonpea in humid highland areas of eastern 
and southern Africa (Onim, 1980: Shakoor and Kumar, 1982: Shakoor et al., 
198 3 )  because flowering usually occurs during cool and humid weather which 
favours the development of the pathogen. Pigeonpea is known to suffer from foliar 
diseases such as cercospora leaf spot and powdery mildew at the reproductive 
stage more so than in the vegetative stage and both diseases often occur together 
(Reddy et al., 199 3c). Cercospora leaf spot is a problem on short-duration pigcon- 
pea in north-western states of India such as Uttar Pradesh and Haryana (M.V. 
Rcddy, unpublished results). Cercospora leaf spots and those caused by allied gen- 
era affect a wide range of legumes and others arc reviewed by Mcllonald 01 al., 
Chapter 2,  Sinclair, Chapter 3, and Allen et ul., Chapter 5, this volume. 

Symptoms 

Symptoms first appear as small circular to irregular necrotic spots or lesions, 
usually on older leaves (Fig. 10.6). These lesions coalesce causing leaf blight and 
defoliation (Reddy r t  ul., 1 9 9 3 ~ ) .  During epidemics, lesions appear on young 
branches and cause tip drying and dieback. The Indian isolates of C'ercosporrr spp. 
produce fluffy mycelial growth on lesions while thc African isolates produce 
zonate lesions. Under humid conditions, sporulation can be observed on leaf 
lesions (Reddy r t  ul., 1990b). 

Epidemiology 

Cool temperatures ( 2 5 O C )  and humid weather favour the disease, which nor- 
mally appears when planls are flowering and podding (Reddy et al., 1 9 9 3 ~ ) .  
C'yclonic rains in southern and north-eastern India can result in sudden out- 
breaks of the disease in certain years. No systematic work has been done 011 the 
biology and epidemiology of C, cujurli (Reddy et ul., 1990b). It is logical to expect 
that the pathogen survives on leaf debris and perennial planls. 

Effect on Yield and Quality 

Yield losses up to 8S0L, have been reported from eastern Africa and losses are 
severe when defoliation occurs before podding (Onim and Kubaihayo, 1976: 
Onim, 1980; Reddy et al. 199 3c). 

Disease Control 

It is possible to control cercospora leaf spot with periodic sprays of benomyl, man- 
cozeb and maneb (at 3 g I- '  water) (Reddy et al., 1990b); however, this is 



Fig. 10.6. Necrotic spots caused by Cercospora cajanion leaves of pigeonpea (Photo: 
courtesy of M.V. Reddy). 

unlikely to be an economical option for resource-poor farmers in Asia and Africa. 
Onim and Kabaihyao (19 76) attempted to screen and breed for resistance to cer- 
cospora leaf spot and identified lines with high levels of resistance and increased 
yields (Table 10.3). Suggested cultural conlrol practices include: ( i )  selcct fields 
away from perennial pigeonpea which may be a source of inoculum and 
(ii) select seed from healthy crops (Tables 10.5 and 1 0.6). 

POWDERY MILDEW 

Aetiology and Biology 

Powdery mildew, caused by Luveillulu tuurica (Lev.) Arnaud (anamorph Oidiopsis 
tauricu ((Lev.) Salmon) is a widespread disease affecting pigeonpea (Nene et ul., 
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1996), and many other economic plants (IIolliday, 1980). Probably the first 
report of its occurrence on pigeonpea was from Tanzania (Wallace, 19 3 0 ) .  It is 
particularly common in southern and eastern Africa (Reddy ct 01.. 1990b: Nene 
ct al.. 1996). Powdery mildew usually assumes importance during the reproduc- 
tive stage in long-duration types but can severely infect short-duration types as 
well. Long-duration landraces often escape from disease i f  they flower and pod 
when the season is dry and warm. Short-duration pigeonpea is vulnerable as it 
flowers when the season is cool and humid, especially in some areas of the south- 
ern Indian states of Karnataka and Tamil Nadu. Although the disease has poten- 
tial to be serious, limited research has been done with the exception ol'the studies 
of Kaju (1988). Powdery mildew of pea is reviewed by Kraft at al., Chapter 6,  this 
volume. 

Symptoms 

Infected plants show white powdery fungal growth on all aerial parts, especially 
leaves, llowcrs and pods (Kaju, 1988). Severe infection results in heavy defolia- 
tion. The disease causes stunting of young plants, followed by the visible symp- 
toms of white powdery growth that appear gradually brli~re flowering. The initial 
symptoms devclop as small chlorotic spots on the upper surface of individual 
leaves and subsequently with corresponding lower surft~ces. When the fungus 
sporulates, this white powdery growth covers the entire lower leaf surl'i~ce. 111 
severe infection, leaves lurn yellow, twist and crinkle, then fall (Plate 1 5 )  
(Narayanaswamy and Jaganathan, 1975). 

Epidemiology 

Although lhe pathogen is generally considered to be monocyclic, Raju (1988) 
found that initial infection with powdery mildew in pigeonpea was followed by 
secondary spread. Infection is directly proportional to the quantity of conidial 
inoculum available and disease progress is exponential (Raju. 1988). Indian cul- 
tivars with thin, succulent leaves that are easily colonized by the fungus are more 
susceptible than those from Kenya that have thicker leaves. The disease develops 
at temperatures ranging from 2 0  to 3 5 O C ,  but 2 5°C is optimal. A cool, humid cli- 
mate favours fungal infection and colonization while a warm humid climate is 
suitable for sporulation and spore dispersal. Sporulation is more frequent on 
young leaves than on older ones. Plants attacked by sterility mosaic or phyllody 
support abundant sporulation and since such plants remain green in the field for 
long periods, they provide a continuous source of inoculum (Keddy et al., 1984; 
Raju, 1988: Prameela et al. ,  1989). The fungus survives on perennial pigeonpea 
and volunteer plants growing in the shade, and on the ratoon growth of har- 
vested stubbles (Raju, 1988). It also survives as dormant mycelium on infected 
plant parts such as the axillary buds. In India, early sowing, shade and irrigation 
encourage disease establishment (Raju, 19  8 8). 



Effect on Yield and Quality 

Although limited information is available on the effect of powdery mildcw on 
yield of pigeonpea, the disease caused 100'% defoliation and yield loss when 
rlcwly developed short-duration pigconpea lines were tested in eastern and 
southern Africa (Raju, 1988). 

Disease Control 

Studies on the effect of cultural, chemical and biological control methods 
indicated that powdery mildcw incidence is greater in early sowings than in late 
sowings (Raju, 1988). Triadimcfon, a systemic fungicide, w;ls effective in con- 
trolling the discase (Raju, 1988). Suggested cultural control practices include: ( i )  
select fields distant frorn perennitrl pigeoripca iiffccted with powdery mildcw and 
(ii) sow late (after July) in India, to reduce discase incidence (Tables 10.5 and 
10.6). Suggested chemical control rncasurcs include spraying with wcttablc 
sulphur at 1 g l ' or triadimefon at 0.03'%,. Clatlosporiutr~ sp, was identified as a 
hyperparasite of the powdery lnildcw pathogen and has potential to control the 
disease biologically (Raju, 1 988). 

A rlumbcr of lines with rcsistancc to powdery mildcw were identilied (Tablc 
10.4) (Raju, 1988). IC'P 9 177, a germpltlstn accession from Kcnyii, was irnmur~c 

Table 10.4. Multiple sources of resistance to plgeonpea diseases of global and local 
Importance. 

Disease Resistant var~etiesllines 
- - - - - - -  

Wilt + phoma stern canker ICPL 87, C 11 
+ phyllody + halo blight 
+ phyllosticta leaf spot 

W ~ l t  + sterility mosaic ICPL 83024 
+ phytophthora blight 
Wilt + sterility mosaic ICP 7867, ICP 8861 (ICP 7035), ICP 8862 (Hy 3C) 
+ powdery mildew 
Wilt + phytophthora blight BDN 1 
+ halo blight 
Sterility mosaic + powdery Hy 3C, ICP 7035 
mildew + halo blight 

Wilt + sterility mosaic ICP 9174, ICPL 227, ICPL 871 19, NPWR 15, Purple 1 
Wilt + halo blight ICPL 81 

Sterility mosaic + ICPL 366, DA 11, ICP 2630, ICP 3782, ICP 3783, ICP 4725, 
alternaria blight ICP 7188, ICP 7201, ICP 7869, ICP 7904, ICP 7906, ICP 8850, 

ICP 8852, ICP 8856, ICP 8857 
Wilt + alternaria blight ICP 8861, ICP 8862, ICP 8867, ICP 8869, ICP 10960 

Source: Reddy et a/. (1 993c); Raju (1 988). 
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to the diseasc. Some of the resistant lines, such as ICP 8862 and ICP 703 5 .  also 
have resistance to wilt and sterility mosaic (Table 10.4). In general germplasm 
from Kenya was found to be highly resistant (Raju, 1988; Reddy rt ul., 199 3b). 

WITCHES' BROOM 

Aetiology and Biology 

Witches' broom is the most important disease of pigconpea in the Caribbean and 
South America (Rrathwaite, 1981). It illso occurs in Australia, Bangladesh, 
Papua New Guinea and the IJSA (Nenc et (11.. 1996). McC1oy el (11. (1983) 
reported serious damage due to witchcs' broom in pigeonpea in southern Morida. 
The aetiology of the disease is not fully known. Though phytoplasma-like-organ- 
isms (PLOs) and rhabdovirus particles have been found in infected plants, the 
role of the latter organism in disease development has not been fully elucidated 
(Maramorosch er ill., 1974). Licha-Baquero ( 1  979) and McCoy rt (11. (198 3 )  con- 
firmed the ussociation of witches' broom with PLOs in Puerto Rico and Florida, 
respectively, but the rhabdovirus was found associated with a pale mosaic or mild 
vein-yellowing condition only, and not with witches' broorn. Reddy rt 81. (1990b) 
suggested that possibly a mixed infection resulted in the association of both a 
PI,O and a rhabdovirus with witches' broom in the studies of Mararnorosch ct al. 
(1 9 74). A similar disease called pigeonpea rosette h t~s  been reported from India 
(Maramorosch et ul., 1976). Clover phyllody and little leaf oC tropical pasture 
legumes are also caused by PLOs and are reviewed by Mercer, C'haptcr 12, and 
Lenn6, Chapter 13, this volume. Harrison et al. (1 99 1) extracted total DNA from 
enriched preparations of the PLOs from affected pigeonpea and selected recombi- 
nant plasmids as probes in dot and Southern hybridizations with total IINAs 
from plants affected by various PLO-associatcd diseases. The probes did not 
hybridize with DNA from plants affected by aster yellows, periwinkle witchcs' 
broom, maize bushy stunt, beet leafhopper-transmitted virescence, Western-X, 
and lethal yellowing t'LOs, nor with DNA from healthy plants. Thcy also demon- 
strated the presence of extrachromosomal DNA associated with the Florida iso- 
late of the witches' broom PLO. The leafhopper Bmpnust7u sp, is reported as the 
vector of the disease by Vakili and Maramorosch (1 974); in Puerto Rico, 1,icha- 
Haquero (19 79) reported the lealhopper Empouscu jabae Harr while McCoy rt al. 
( 198 3) reported two lealhopper species Empousca plebeia DeLong & Davidson and 
Acinopterus sp. Although witches' broom is considered serious in Central 
America and the Caribbean, research on the disease has been limited due to its 
restricted geographical range and the minor importance of the crop in some of 
the countries in which witches' broom occurs. Further studies on the aetiology of 
the disease are needed. 

Symptoms 

Infection results in excessive proliferation and clustering of branches and small 
pale green leaves (Brathwaite, 1981) (Fig. 10.7). This gives to the plant a 



Fig. 10.7. Proliferation and clustering of branches and small, pale green leaves on pigeonpea 
caused by witches' broom. 

'witches' broom' appearancc. Such plants rarely produce flowers and pods. 
Flowers, if produced at all, appear in clusters with elongated pedicels. All or part 
of the plant may exhibit symptotns dcpending on the intensity of the disease. 
Affected plants do not produce any grain. 

Effect on Yield and Quality 

Although quantitative yield losses in pigeonpea due to witches' broom have not 
been estimated, large areas of the Dominican Republic have up to 100'% 
incidence in certain years (Reddy et ul., 1990b) and extensive damage with as 
many as 75% of plants affected has been reported from southern Floridu (McCoy 
et al. ,  1983). 
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Disease Control 

Suggested cultural practices include: (i) select fields away from perennial pigeon- 
peas affected with witches' broom; (ii) pull out and destroy any infected plants to 
minimize secondary spread of the disease; and (iii) avoid ratoon cropping (Tables 
10.5 and 10.6). Possible chemical control measures include insecticides (e.g. 
metasystox at 0.1%) to control the leafhopper but this will not be economic 
where pigconpea is grown by resource-poor farmers. 

STERILITY MOSAIC 

Aetiology 

In spite of numerous attempts during the past 2 0  years to identify the causal 
agent of sterility mosaic, it remains a disease of unknown aetiology. As it was 
assurned that a virus may be involved, various protocols for the puritication and 
detection of viruses were tested using young infected tissue. No virus-like parti- 
cles, viral inclusions or prokaryotes were found consistently (Reddy al ti!., 

1990b). 'lbtal nucleic acids, single and double stranded RNAs were extracted and 
compared in infected and healthy leaves (Reddy et ul., 1994b). N o  consistent dif- 
ferences were found. Occasionally, two double-stranded KNAs occurred in 
infected but not in healthy plants; however, it was later discovered that they were 
derived from l,evt~illu1u tuuricu (Lev.) Arnaud, the causal agent of powdery mildew, 
which, for unknown reasons, preferred sterility-mosaic-infected plants (Keddy et 
ul., 1994b). The possible involvement of a viroid or a low ~nolecular weight RNA 
was examined in infected tissues from young and old infected plants (Ishikewa ct 
ul., 1984). No consistent differences in nucleic acid profiles between healthy and 
infected tissues were observed (Keddy et al., 1994b). No phytoplasma, spiro- 
plasma or rickettsia-like organisms have been observed in thin sections of 
infected tissues examined by electron microscopy (Reddy rt ol., 1994b). Recent 
studies at the Scottish Crops Research Institute (SCRI), Invcrgowrie, [JK, on the 
similar reversion disease of blackcurrant have detected a virus as the causal 
agent (A.T. Jones, SCRI, Invergowrie, UK, 1996, personal communication). New 
investigatioris are now under way at SCRI on sterility-mosaic-infected pigeonpea 
tissucs using the same molecular-based methodologies to attempt to identify the 
causal agent. 

Biology of the Disease and the Vector 

Sterility mosaic is the most important disease of pigeonpea in India and Nepal 
(Reddy et al., 1990b). It was first reported from Pusa in the state of Bihar, India, 
more than 65 years ago by Alam (19 3 1 )  who gave the first detailed description of 
the disease. Sterility mosaic is present in major pigeonpea-producing states of 
India and, recently, it has become a serious problem in north-eastern (especially 
Bihar and Uttar Pradesh) and southern (especially Tamil Nadu and Karnataka) 
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Table 10.6. Six proven packages of practices for integrated management of major pigeonpea 
diseases in different production zones/systems in lndia an3 eastern Africa. 

Duration of 
Production zone variet~es Major diseases Suggested control measures 
- - - - - - - . . . . - - 

North-eastern India Long-duration (1) Wilt Select fields with no previous 
(2) Sterility mosaic record of wilt 
(3) Alternaria Select fields which were not 

blight under pigeonpea during the 
past 3 years 
Destroy volunteer, perennial 
or ratooned pigeonpea in the 
vicinity prior to planting 
Select multiple disease 
resistant variety such as 
DA 110, ICP 9174 

South-western India Medium-duration (1) Wilt Select fields in which wilt 
(2) Sterility mosaic was not noticed in the 

Short-duration (3) Dry root rot previous years 
Select a field which was not 
under pigeonpea during the 
past 3 years 
Destroy volunteer, perennial 
and ratooned pigeonpea in the 
vicinity 
Select wilt and sterility-mosaic- 
resistant varieties such as ICPL 
871 19, ICPL 8701 5 

North-western India Short-duration (1) Wilt Select a well-drained field 
(2) Sterility mosaic Provide better drainage 

Long-duration (3) Phytophthora through broad beds or ridges 
blight Select tolerant varieties such as 

ICPL 83024, ICPL 87, ICPL 151 
Treat seed with metalaxyl 
Spray with metalaxyl 15 and 30 
days after sowing if needed 

Eastern Africa Long-duration (1) Wilt Select wilt-resistant 
(2) Cercospora varieties such as ICP 9145 

leaf spot Intercropping with sorghum 
(3) Powdery mildew and maize 

Follow 3-year crop rotations 
with cereals such as sorghum 
and maize 

Centra America Long-duration (1) Witches' broom Resistant varieties 
Vector control 
Avoid perennial cultivation 

Source: Reddy et a/. (1 993c). 



states of India (Rcddy et al., 1990b), l'he disease appears to be restricted to Asia. 
being reported from Rangladesh. Myanmar, Sri Lanka and Thailand. i ~ s  well as 
India. 

Capoor (19 52) established the infectious nature of the disease through graft 
transmission to healthy pigeonpea. He also reported sap transmission of the 
ct~usal agent but further attempts at mechanicill transmission hove failed. 
However, the possibility of mites hidden in the stern pieces contributing Lo truns- 
mission existed. At ICRISAT, graft transmission of sterility mosaic was provcn by 
utilizing stocks or scions of pigeonpea cornplctcly devoid of rnitcs (Keddy tlt 01.. 
1990b). A most important contribution was made by Seth (1962) who showed 
that the sterility mosaic causal agent is transmitted under natural conditions by 
an eriophyid mite. Acer~i~  cqajaili C'hanna Sasavanna. A .  crrjnni is a worm-like, erio- 
phyid mite, about 200-250 prn long (Reddy et cil., 1990b). The mites have short 
life cycles of less than 2 weeks and include cgg, two nymphal and adult stagcs. 
Mites feed by purlcturillg the plant tissues and sucking sap through their stylets. 
The presence of A. caiirni, even in large numbers. is often unnoticed as it does not 
cause visible damage to the leaves. 

Ah the causal agent of sterility rrlosaic is unknown, information on host 
range and physiological specialization is based on symptoms observed on inocu- 
lated plants using the mite vector (Heddy lJt 111.. 1990b). To date, the causal agent 
is known to infect only C'cljanus spp. Kccently. n wild relative of pigeonpea. Oijrnlus 
scnrrrbaeoidas, was found to support both the causal pathogen and mite vector 
during the off-season (Keddy of i11., 199 3d). f'reviously off-season survival was 
attributed only to volunteer and r;rlooned pigeonpea. Three wild relatives of 
pigeonpea can be infected with the sterility mosaic pathogen through artiticial 
inoculi~tion using the mite vector: Cajurlus scarizbtreoidos, C', l~latyc~crrpus and C'. 
cajunifulius. These thrcc hosts also support limited multiplication of the A. rrotJrill. 
The life cycle of sterility mosaic is shown in Fig. 10.8. 

Hetwecn 1987 and 1990. 1 6 pigeonpea genotypes were tested for their reac- 
tion to nine different sterility mosaic samples (Keddy c't al., 199 3a). Large varia- 
tion in disease incidence and symptom expression of the genotypes was noted 
between locations, in different seasons, and in tests at the respective locations 
and at IC'KISAT Center. The variation in symptom expression was less than that 
in disease incidence. Based on the reaction of seven genotypes (ICP 2 3 76, ICE' 
7035,lCP 8862, ICP 8863, ICP 10976,lCP 10984 and ICP 1 1146) in 5 1 field 
and pot tests. the nine samples were grouped into five distinct variants ('l'able 
10.7). The sarnple from Gwalior was designated as variant 1; the Hadnapur and 
l'atancheru samples represented variant 2; the Coimbatore, Kumarganj and 
Pudukottai samples represented variant 3; the Bangalore and Dholi samples rep- 
resented variant 4; and the Kanpur sample represented variant 5. 

Variability among different pigeonpea genotypes with regard to reaction to 
sterility mosaic is likely to be due to the presence of different A, mjani biotypes or 
different species of Aceria or the occurrence of strains of the causal agent. 
Polymerase chain reaction (PCR) based techniques (primers prepared for a con- 
served region in the ribosomal DNA) developed at SCRI allow distinction of differ- 
ent species of eriophyid mites (Fenton et al., 1995). These techniques are being 
applied to the sterility mosaic problem to determine if different species of Aceria or 
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Fig. 10.8. Proposed disease cycle for sterility mosaic (courtesy of Ghanekar etal., 1992) 

different biotypes of A. cajarli exist on pigeonpea and related legumes in Asia in a 
collaborative project between SCKI and ICRISAT (M.V. Reddy and A.T. Jones, 
ICKISAT, India, 1996, personal communication). It is hoped that suitable diag- 
nostic tools will be developed for facilitating epidemiological studics and for criti- 
cal evaluation of sources of resistance. 

Symptoms 

In the field, sterility mosaic can be easily identified as patches of bushy, pale green 
plants without flowers or pods (Reddy et a]., 1990b). The leaves of infected plants 



Table 10.7. Reaction of pigeonpea differential genotypes to different variants of the steril~ty 
mosaic pathogen in India (1 987-1 990) 

Sterility mosaic reaction 
- -- - 

Genotyes Var~ant 1 Variant 2 Variant 3 
-- -- 

Variant 4 Variant 5 
- 

ICP 2376 R RS S S S 
ICP 7035 R R R R S 
ICP 8862 R R R R S 
ICP 8863 S S S S S 
ICP 10976 R RS R R S 
ICP 10984 R R R S R 
ICP 11146 R R R S S 

Isolates Gwalior Badnapur Coimbatore Bangalore Kanpur 
Patancheru Kumargunj Dholi 

Pudukottai 

R = Resistant - no symptoms; S = Susceptible - mosaic symptoms; RS = ring spot. 
Source: Reddy et a/. (1 993a). 

are small with light and dark grccn mosilic (Plate Lh) .  Mosaic syniptorns initially 
appear as vcin-clearing on young leaves. When infection occurs at 45 days aster 
emergence or later, only some parts of the plant may show symptoms, while the 
remaining parts appear normal. Sorric pigeonpea varieties, c.g. IC'P 2 3 76, cxhibit 
ringspot leaf symptoms (green islands surrounded by chlorotic areas) against 
some variants. These indicate localized infcction as such plants produce normal 
flowers and pods. Strains of sterility mosaic prevalent in the Bihar state of Indikr 
and in Nepal cause scvcre internodal shortening of the branches and clustering 
of leaves which sometimes becorric tilil'orm. 

Epidemiology 

As mite colonies are usually associated with diseased plants, the possibility that 
sterility mosaic may be caused by mite feeding damage was considered (Reddy clt 
al., 1990b). The establishment of mite colonies in healthy pigeonpea cultivars 
known to be susceptible to sterility mosaic was therelbre tested to eliminate this 
possibility. ICP 8 I 36, which favours mite multiplication but is resistant to the dis- 
ease, was used to develop healthy mite colonies which could be used for further 
experiments. 

{Jnderstanding of the pathogen-vector relationship is critical to our knowl- 
edge of the epidemiology of the disease (Reddy pt  al., 1989). The acquisition 
access period was 5-10 min while the inoculation uccess period was 3 0  rnin. 
Transmission of the pathogen by the mites appears to be of the persistent type 
(Keddy et al., 1989). The adult and all nymphal stages of mites are able to trans- 
mit the sterility mosaic pathogen. Since they do not possess wings, the dispersal 
of A, cajarli is passive, and in nature mostly by wind. 
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Although pigconpea is the most common host of the vector, C, srarubutwides 
also supports A, cnjani under natural conditions including during the summer 
season (Keddy rt ril., 199 3d). C. scnmhaeoidrs is the most widely distributed wild 
relative, being predominant in ungrazed ficlds. Symptoms similar to sterility 
mosaic have also been obscrved on plants under natural conditions, indicating 
that C. sr~arabiraoides is an altcrnativc host of the sterility mosaic pathogen and A. 
c.rrjar~i. This may explain the recurrence of sterility mosaic in areas wherc culti- 
vated pigeonpcas arc absent during the summer season (Rcddy et ill., 1993d). 
Thc diseasc is not seedborne. 

Variation in disease incidence over locations and scasons is one of thc char- 
acteristic featurcs of sterility mosaic. Experiments conducted at ICRISAT Center 
showed a negative correlation between A. iqujuni populations and low rclativc 
humidity (Reddy and Rnju, 1993). Relative humidity appcars to be a critical Stic- 
tor for mite survival during thc summer scason. During the period 1980 to 
1990, a sterility mosaic epidemic occurred in 1990 when the highest surntner 
rainfirll was recorded. It is clcar that firrther investigations on the epidemiology of 
sterility mosaic and its vector end the effects of macro- and microclimatic para- 
meters on disease incidence and scverity will enhancc our understanding ol'the 
epidemiology of this disease. 

Effects on Yield and Grain Quality 

As for wilt, when a pigeonpea plant is irlfccted by sterility mosaic carly, the plant 
becomes sterile and yield loss is total (Keddy rt nl., 1990b). Susceptible gcnotypcs 
infected during the first 45 days of crop growth were mostly sterile and showed 
crop losses up to 9 5% (Reddy and Nene, 198  1). As the plants became older, their 
susceptibility to sterility mosaic decreased. Such plants show partial sterility and 
still produce pods on unaffected branches. Thc disease was estimated to cause an 
annual loss of 205,000 tonncs of grain in India during thc period 19 75-1 980 
(Kannaiyan rt ul., 1984). In recent years losses caused by thc disease have 
increased but precise estimates are lacking (Zote et ul.. 199 1 ). 

Disease Control 

Most effort in managing sterility mosaic has been placed on the identification 
and use of host plant resistance. Considerable progress has been made in dcvelop- 
ing screening techniques, identifying resistance sources and developing resistant 
cultivars. A leaf-stapling technique has been developed to inoculate plants both 
in field and pot experiments (Nene and Reddy, 1976a). A diseased leaflet is folded 
on to a primary leaf of a healthy seedling in such a way that the undersurface of 
the diseased leaflet contacts both surfaces of the healthy one. These are then sta- 
pled together. The advantages of this method are that it facilitates inoculation at 
the primary leaf stage and disease symptoms are rapidly expressed (Nene and 
Reddy, 1976a). This technique is very useful for confirming resistance of lines 



observed as promising under lield conditions, and for disease inheritance and 
strain identification studies. 

The infector-hedge field-inoculation technique, described by Nenc et 01. 
(1 98 1 a), consists of growing a hedge of a susccptiblc cultivar on the upwind bor- 
der of a lield to be used as a screening nursery. When thc seedlings of the hedge 
arc about 10 days old. they are inoculilted eithcr by leiif-stapling (Nene and 
Reddy, 1976a), or by spreading diseased twigs infestcd with mites among the 
seedlings. The pathogen and mites multiply on the hedge plants i~nd servc as il 
source of inoculum for wind dispersal on to test materit~ls during the cropping 
season. Once a good hedge is established, it can be effcctivc for two or three sea- 
sons. The hedge is frequently pruned to prornotc fresh growth and encourage 
mite multiplication. In the screening nursery, rows of a susceptiblc cultivi~r (BDN 
1 or ICP 886 3 )  arc sown aftcr every 10  rows of test cultivars to serve as indickitor 
rows for disease spread. 

The spreader-row inoculation method is another lield inoculation tcchnique. 
wherein instead of a single hedge scvcral rows of a susceptiblc cultivi~r arc sown 
throughout the ficld about 4 months in advance ol' the test crop (Nene t l t  a/..  
198la) .  The frequency of spreader to test rows is 1:lO. In this method, although 
a more uniform disease spread is irchievcd more quickly than by the infcctor- 
hedge method, the maintenance of severel spreader rows in the licld poses land 
preparation, irrigation and other m;inagcrnent problems. 

Rcsistiincc to sterility mosaic was first reported by Alarn (19 3 1 ) in sabour 2E 
(Rahar) arid other sabour typcs of' pigconpea. Ra~nakrishna and Kandaswamy 
(1972)reporledthat NP(WK) 15, P 1100, P 1289, P 1778. P 2621 and P48S5 
showed rnild mosaic symptorns, and lcss than 3'X, sterility mosi~ic incidence in 
Coimbatore. Systematic efforts to idcntily sources of resistance were initiated at 
JCRISA'I' Centcr in 1975 (Nenc and Rcddy. 197hb; Nene c.t ml., 198lb). After 
screening all the pigeonpea germplasm accessions in the ICRISAT genc bank, 
326 resistant lines (i.e. with no visible symptorns) and 97  tolerant lines (ringspot 
symptoms) were identitied (Nene c't nl., 198lb). Among the resistant lines, b2 
were original germplasm accessions while the remainder were selections from 
accessions that showcd segregation for resistance and susceptibility. Sincc 1976, 
by using the TCAK-ICRISAT llniform Trial for Pigeonpea Sterility Mosaic 
Resistance, it has been possible to re-test resistant sources identilied at ICKISAT 
at different locations within India to conlirm their resistance to sterility mosaic 
(Nenc et ril . ,  1989: Amin p t  al., 199 3a). Lines IC1' (3997, 7035, 7197, 72 34, 
7867, 8094, 8862, 10976, 10977, 10979, 10996, 11049, 11204, 11206, 
ICPI, 342, 355, 366, 8324, BSMR 235, L)l'PA 85-2, 85-13, 85-14 and 85-15 
have been (Tables 10.3 and 10.4) identified as resistant or tolerant across all the 
locations. 

With the identification of good sources of resistance to sterility mosaic, 
breeding for resistance has progressed at many different locations in India 
including Pantnagar, Pudukkotai, Dholi, Badnapur, Kanpur, Rahuri, Faizabad 
and ICRISA'I' Center. Among the earlier varieties developed. NPWR 1 5  has some 
tolerance to sterility mosaic, Bahar is resistant to sterility mosaic but highly SUS- 

ceptible to fusarium wilt, and the recently released ICRISAT early-maturing line 
ICPL 151 has tolerance to sterility mosaic. Several other lines - ICPI, 146, 269. 
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8327. DA 11, 12, 1 3 ,  15, 51, MA 97, Sehore 367, DPPA 84-61-3, 84-8-3, Pant 
A 104, 8505, 8508, Bhavanisagar 1 and NPRK 1, arc being tested in the All 
India Coordinated Trials and have shown resistance to sterility mosaic. 

Sharma rt nl. (1984) reported that susceptibility to sterility mosaic disease 
was dominant over resistance and tolerance, and that the tolerant reaction was 
dominant over resistance in certain lines. Two loci and more than two alleles at 
each locus were suggested to be controlling reactions in different crosses. Singh 
rt 01. (1983) found resistance to be governed by four independent non-allelic 
genes (Svl, Sv,, sv , ,  and sv4). At least onc dominant and one recessive gene arc 
necessary for expression of resistance. 

In sterility-mosaic-resistant genotypes, the leaf cuticle and the epidermal cell 
walls were found to be thicker than in susceptible genotypes (Keddy pt  al., 1995). 
For example, in ICP 703 5 and ICI' 8862 thc cuticle thickness was 3.79 and 3.0 3 
pm, respectively. The cuticle thickness in susceptible genotypes varied from 1.52 
to 2.27 pm. Interestingly, the stylet length of the mite vector A. cirjnni was found 
to be less than 3.0 pm indicating that the stylets may not reach the epidermal 
cells of resistant genotypes. Therefore it is likely that the resistance in these gcno- 
types is based on the inability of the vector to transmit the pathogen. Currently 
graft inoculation tests are in progress lo assess whether the pathogen can multi- 
ply in the resistant lines. 

Some attention has also been paid to cultural and chcmical methods to con- 
trol sterility mosaic. Suggested cultural practices include: (i) select lields away 
from perennial or ratooned pigeonpea: (ii) destroy sources of' sterility mosaic 
inoculum, i.e. perennial or ratooned pigconpeas: (iii) uproot infected plants at an 
early stage of disease development and dcstroy them: (iv) rotate crops to reduce 
inoculum levels and vector populations; and (v) use a sole cropping system with 
optimum plant population (Tables 10.5 and 10.6). Suggested chemical control 
measures include (i) dressing seed with 25% carbofuran or 10% aldicarb at 3 g 
kg-' seed and (ii) spraying acaricides or insecticides like karathane, chinome- 
thionate, metasystox at 0.1% to control the mite vector in the early stages ol' 
plant growth (Rcddy e l  al., 19 90b) (Table 10.5). 

CONCLUSIONS 

Though the pigeonpea plant is infected by more than 210 pathogcns including 
fungi, bacteria, viruses, phytoplasmas and nematodes (Nene et al., 1996), broad 
knowledge is limited to only a fcw diseases including wilt, sterility mosaic, phy- 
tophthora blight, alternaria blight, ccrcospora leaf spot and powdery mildew. 
For these diseases, information on biology, epidemiology and management is 
available, yet information on mechanisms of resistance and variability in the 
major pathogens is very limited. Future research in these areas is essential to 
support ongoing resistance breeding. In general, knowledge of diseases occur- 
ring in Africa and the Americas is very limited. Wide-reaching surveying is 
needed to provide comprehensive information on the global distribution of 
pigeonpea diseases. 

For wilt, several lines with high levels of resistance have been identified 
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(Tables 10.3 and 10.4) and cultural practices such as inter- or mixed-cropping 
with cereal crops such as sorghum and maize ('l'iibles 10.5 and 10.6) have been 
shown to enhance disease management. For sterility mosaic, basic questions 
such as its aetiology remain unanswered. IJrgent attention is being given to iden- 
tifying the ctrusal agent of this diseasc through a colliiborative project with SCRI. 
Though the causal agent of the disease is not known, management options are 
available through the identification of several apparently immune lines ('rablcs 
10.3 and 10.4). For phytophthora blight, lines with lield tolerance to the disease 
have been identitied and an integrated disease management strategy involving 
raised seedbeds, field tolerant lines, sccd dressing with rnet;ilaxyl and intcrcrop- 
ping with fast-growing, short-stature legumes such as urd bean, appears to have 
pro~nise (Tables 10.3,  10.4, 10.5, 10.6). For blinr diseascs such as powdery 
mildew, alternaria blight and cercospora leaf spot, lield tolerant lines and efl'ec- 
tive chemical sprays are available (Tables 10.3, 10.4, 10.5 and 10.6). 

As local landraces are being rapidly rcplaccd by irnproved cultivars, some of 
the minor diseases listed in 'I'able 10.1 rnay assume major importi~nce as has 
been seen for phytophthora blight and cercospora leaf spot on short-duration 
pigeonpea. Further work on monitoring the distribution, incidence and severity 
of these diseases is needed. Also, most of the information on disease management 
has been developed independently for individual diseases of pigeonpea and 
largely relates to host plant resistance and chcmical control. Very little informa- 
tion is available on management of multiple diseases and on other methods of 
disease management, and especially, strategies for intcgrirtcd management. 
Biological control using antagonistic fungi and bacteria should be further investi- 
gated, especially for soilborne diseases, and possibly exploited to a greater degree. 
Available information on integrated management of individual diseases and their 
management in different agroccological zones/pruductiun systems is presented 
in 'l'r-tbles 10.5 ant1 1O.h. An additional major drawback to the impact of man- 
agerncnt methods for pigeonpea diseases is that, with the exccptiorl of resistant 
cultivars such as 1C1' 886 3 (Maruti) in India and IC'P 9 145 in Malawi, few of the 
other disease management methods reach farmers' fields. For example, the sim- 
ple method of elimination of sterility-mosaic-affected plants in the oSf-season can 
totally control this disease but this is very rarely practised. 'l'herc is an urgent 
need for adaptive research and farmer participatory rcsetrrch on the msnage- 
ment of pigeonpe a d' iseases. 

Since pigeonpea is grown in different production systems and frequently suf- 
fers from more than one disease at the same time, there is need to develop man- 
agement packages for the several major diseases prevalent in a particular system. 
When pigeonpea is affected by more than one disease and grown in a specific 
cropping system, irresolvable problems may be encountered for disease managc- 
ment. For exi~mple, in Nepal and India, in the majority of pigeonpea production 
systems, both wilt and sterility mosaic affect the crop. Certain management prac- 
tices which reduce wilt, increase sterility mosaic. Intercropping with cereals such 
as sorghum and millet reduces wilt incidence but increases incidence of sterility 
mosaic. Hence, the importance of multiple disease resistance in pigeonpea, where 
the resource-poor farmers cannot afford chemical inputs, cannot be over- 
emphasized. Recently, the line ICPL 8 7 1 19  (developed at ICKISA'I'), both wilt and 
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sterility resistant, has been released for general cultivation in India under the 
name Xsha ' ,  mcaning hope. 
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GEORGE 1). ti11,I. 
D(~p~~rtttto/~t (fl'l'l~~/tl ,ScioilcSo, l,it1(~)111 LI~/i\~t~rsit!y, 1'0 130s 84, C7ll/~tor1~ilr!/, N1>\4) Z ( l l ~ l l ~ ~ ~ d  

INTRODUCTION 

Whcn (;ladstones ( 1970)  wrote his review the total world iirca sown to lupi~ls 
was 980,702 ha, with an annuill produc-tion ol' 75 3,224 t of seed. In 1995, i t ]  

Australia alone, more than 1 . 3  1  nill lion hectares ol' lupins were sown and the 
totill secd production was 1. 3 3 million tonnes (I:AO, 1 l)9(1). 'l'hc vast mi~jority oi 
this production was from 1,1ryinirs r/itg~rsti/i~liirs. Howcvcr, lupins arc also impor- 
tant in other parts of the world for sced protein as ;I s ~ ~ h s l i t i ~ t c  for soyir[>ean meal. 
'l'hcir forage is importtint for ruminuuts (I I i I I ,  1977, 1986, 1988, 199 1 ). 'l'hcir 
ability to lix atmospheric nitrogen on infertile soils ot' poor nitrogen status is ;rlso 
important (Gadgil, 1971a. b, c: Wcndelken, 1974: I';~lirniappa~~ rt (11.. 1979).  

Kesearch on lupins bcgan in (;crmany ((;ladstones, 1970).  I:rom (;crmany, 
lupins spread to IJoland and the former IISSK. 'l'hey werr thcn carried by 
nligrarits from the Meditcrrilnean region to many other parts ol'thc world includ- 
ing South Afiica (Packendorl', 1986: Mey, 1994),  and the Ilnitcd States, parlicu- 
larly Georgia and Alabama (Wells and Forbes, 1982: Kccves ilnd Mask, 1992: 
Santen rlt ill., 1994)  and more rcccntly to C'ulit'ornii~ (Feyler, 1986;  13.11. f'utnam, 
California, 1994, personal comr11unic;ltion). In L'hile, I,. (4lhus and I,, tt~rrtirl~ilis arc 
important (Bner, 1982; Racr rt ill., 1994);  in Ncw Zealand I,. arbora~rs and the 
Russell lupin are used: while in (iermany, L, yo~~p11,qllus is important. 

IJnlike mimy of the othcr species covered in this book, commercial lupins arc 
no1 a single specics. Therc arc thrcc major regions of genetic diversity of lupins: 
South America (l'lanchuelo-Ravelo, 1984) ,  the Mediterrancan region and North 
Africa (Gladstones, 1974)  and the west coast of North America (l lunn, 1984) .  
Gross (1986)  considers that all of thc lupins in the world originatecl in South 
America. They have spread by either continental drift, as with the Meditcrrancan 
group, or by natural migration assisted by humans, and evolution. 'I'hc 
Mediterranean group can be divided irlto rough- and smooth-seeded lupins 
(Gladstones, 1970) .  The latter small group provides most cultivated lupins. The 
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smooth-seeded group consists of L~~pirlus ulbus (white lupin), L. ut1gustij3lius 
(narrow-leafed lupin) and 1,. lutcus (yellow lupin). Among the rough-seedcd 
spccics, thc only commercial species is Lupinus c70scntinii (Western Australian 
sand plain lupin). I,ow alkaloid genotypes of this species have bccn selected and 
Ruirchell (1 994a, b) is working on other rough-seeded Mediterranean lupins to 
select similar genotypes from I,. utlantii~us, L, digitatus, I,. prrlac~stit~us, 1,. piloslls 
and 1,. princ7ei. Among the many lupins that originate from South Ar~lcrica 
(Planchuelo-Ravelo. 1984), only L. tn~rtrzhilis is important as a crop. Breeding of a 
low alkaloid genotype of this spccics by Raer and Gross (19 8 3) should increase its 
potentiiil considerably; howcvcr, initial agronomic tests in South America with 
sweet I,. tt~rctnbilis have not been promising (Bacr et (11.. 1994). 

Ucsides their seed, all the above spccics have considerable potential for thc 
production of high quality grecn foragc for rumin;~nts (Burtt and EIill. 1990n, h). 
They itre also eflicicnt fixers of atmospheric nitrogen for following or companion 
non-lcgumc crops (McKenxie and Hill. 1984: Doyle rlt (11.. 1988: Herridge, 1988; 
IIcrridge and Iloyle, 1988). North Amcrican 1,upitlus i~rboreirs is used for nitrogen 
fixation with Pitius rtrilirrt(r and in soil conservation (Gadgil, 1971a, b, c; 
Wendelken 1974). L~lpiirrrs /~ol~/~l~.yllus is used in forestry in (:ermany (Mclxcr and 
Hertel, 1981: Mclxcr arid 1,ucke. 1984) and 1,. t~ootkntcvrsis, from Alirska, is used 
for soil conservation in Iceland (Magnusson, 199 5 ) .  The linal lupin of commer- 
cial intcrcst is a hybrid, the Kussell lupin comprised of I,. /~ol!yph!jll~ts and 
I,. r~rborrus: however, George Kusscll lcft no specific dett~ils of the other spccics hc 
had used in the cross ((iorer, 1970). 'l'he Kusscll lupin is being investigated in 
New Zealand as n potenti;ll forage for sheep, especially on low phosphate, acidic. 
hill and high country soils (Scott f l t  ill., 1989: Covaccvich, 199 1;  Kitessa, 109.2; 
IIiIl, 19 94). 

'l'here has been a major increase i l l  Ihe total world production of lupins sincc 
1970. The FA0 statistics (FAO, 199h) only provide figures for lupins sow11 li)r 
seed production and give no indication of their utilization in arcas such as soil 
conservation or forestry. Although the total area sown to lupins has increased by 
about 50'1, sincc 1970 to 1.5 3 million ha, changes occurring over the pcriod 
have masked ~najor shifts in thc regions of world production. In 1970, the former 
IiSSR grew b20,OOO ha of lupin to produce 52 5,000 t ol' seed but, by 1995, it 
was reduced to only 24,200 t of seed from 27.000 ha. There has also been a 
major reduction in lupin production in South Africa from 179.000 ha in 19 70 to 
20,000 ha in 1995. In Europe, only Poland rcmains a major producer with 
145,000 t from 1 10,400 ha in 1995. There has been an increase in interest in 
lupin seed production in South America since 19 70 (Mora. 1986), and of over 
18,000 ha now grown, 14,000 ha are in Chile (E'AO, 1996). 

These substantial changes in the major lupin-producing areas from north- 
ern Europe and the IJkraine to the predominantly Mediterranean environment of 
south-western Western Australia, which now grows over 1 million hectares 
(Perry el (11.. 1994) of the total Australian production, seem likely to reflect 
changes in the type and significance of the major diseases that affect the lupins. 
Indeed, Gladstones (1971)) made no mention of Diaportl~e toxica, the recently dis- 
covered teleomorph of Yhomopsis leptostromiforntis (Williamson et d., 1994). as a 
problem of lupin cultivation. However, by 1988 it was seen as a major limiting 









report by Reed et al. (1996) also cited this species as the causal pathogen of 
anthracnose of ornamental lupin in the IJnited Kingdom. The availability of 
molecular-based diagnostic tools has led to this and other pathogens, previously 
described as C. gloeosporioides, being reclassified as C, ucututurr~ (Sreenivasaprasad 
et a/., 1994). A recent paper from the United Kingdom (Pring et NI., 1995) 
reported that L, angustijolius was susceptible to infection with three strains of the 
tropical species Collctotridlurn c3irpsici (Syd.) Butler & Bisby. However, there are no 
reports of this species being a probleni for lupins in the field possibly because at 
present few lupins are being grown in tropical regions. Anthracnose diseases are 
also reviewed on soyabcan (see Sinclair, Chapter 3, this volume), bean (see Allen 
et al., Chapter 4, this volume), cowpca (see Allen et id., Chapter 5 ,  this volume) 
and tropical pasture legumes (see Lennt., Chapter 1 3, this volume). 

The characteristic growth of Colletotrichutr~ is li~rmation of conidia in acervuli 
under the cuticle or epidermis of the host plant. When the corlidia mature, they 
erupt through the epidermis to produce the characteristic pink lesions, The coni- 
dia, which are released in droplets, are elongilted with rounded ends and are nar- 
rower in the middle. They arc produced among scattered long dark brown setae 
in the acervulus. 

Symptoms 

The symptoms of anthracnose can be confiised with a number ol'other diseases 
which infect lupins. Infected seed arc small, malformed and have distinct lesions. 
Once seedlings emerge. under humid conditions pink spots form on the 
hypocotyl, the young root, the stem and the cotyledons. Stems become bent over 
by flowering. Pink lesions with a brown halo are formed on leaves and pods. 
Because of the similarity of the symptoms to those produced by Fusarium uve- 
ncrcvum and I:, c~uln~orurrt, a definite diagnosis can only be made by microscopic 
ideritification of the spores (Gondran at nl., 1994). 

Epidemiology 

Anthracnose is a major disease of lupins in areas with wet humid summers. It is 
a common disease in western Europe (Gondran et ul., 1994, 1996b) and is con- 
sidered to be the most dangerous threat to increased lupin production in 
Germany. The major Corm of transmission is by infected seed and diseased crop 
residues. llnder warm humid conditions, anthracnose can be spread rapidly by 
rain-splash from both diseased crop residues and newly infected plants. 
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Crop Loss 

Crop losses from anthracnose can be almost total. In Kussia, it  has c.iiirsed lnajor 
problems in L.  albus and 1,. llrtrlrs crops in which Xh'X, ol' I,. I~rteus and X9'%, ol' I,. 
albus plants were infected by pod formation (Yakusheva, 199 ha) .  I t  is not surpris- 
ing that similar levels of infection were reported in the siimcs two lupin specirs in 
the IJkraine (Korneichuk. 1996) .  'I'he disease has illso been widely reported in 
the Americas (Raer and Ilashagcn. 1996).  In trials in Ohile, susceplible cultivi~rs 
ofl,. rrlblis yielded 2060  kg ha- '  ofsccd corriparcd with a resistarlt cultivar which 
produced 5720 kg ha- ' .  Similar major crop losses hilve bee11 reported from 
Florida (Prime et al. .  1996).  A recent oirtbrcak in ;In introduction ol' I,. trlhrrs wi~s 
recorded in Western Australia (Sweetinghnrn cJt rll., 199 5 ;  C'owling rJt rrl., 199 h: 
Agriculture Western Australia, 199 6). 

In New Zealand, anlhracnose killed extensive iircils of I,. ~rrbore~rs,  used in 
forestry with Pinus rl~diatcl (Dick, 1994).  'l'he outbreak began in 1 9 X X  atid, over a 
4 year period, both the longevity of lhis perennial lupin and its seed production 
were considerably reduceti. I t  is not known how the Sungus rcashed New Zci~land 
but it was probably introduced on seed. 

Control 

It has been suggested that the presence of high levels of lupitl alkaloids may help 
plants to resist anthracnose, The dcvi~stution of the bilter I,. c1r11ori~1r.s in New 
Zealand (Dick, 1994)  arld the work of Hacr clt 111. ( 1 YYh) seem to indicate that this 
is not the case. I3aer ct 111 .  (1  996)  found that bitter cultivars could be susceptible. 
and that lines with low levels of alkaloids could show somz degree of resistance. 
This was confirmed by the work of Raer kind Hashagen (1  996)  who found that 
the sweet cultiver Hurnbo of I,. rtlbus showed tolerance to the disease. C'ultivar dif- 
ferences in levels of resistaricc to anthracnose wcrc also observed in I,. ar~gusti- 
folius and 1,. tttutabilis. Similar results were obtained by (iondran ~t al. (1996a)  
working with L, rrlhus in France. Thus, although it would appear that breeding of 
resistant cultivars is possible, progress in this area has not beer1 great. 

If the disease is not present, probably the best line of defence is an efficient 
quarantine system, as the recent Australian experience shows (Sweetingham pi 
a ] . ,  199  5; Cowling et ul. ,  199 h ) .  If the disease is already present, the presence of 
the fungus on the seed can be tested before sowing and in regions where anthrac- 
nose is a problem seed should be routinely tested before sowing. The disease can 
also be transmitted from crop residues, so stringent crop hygiene is important. 
There is some suggestion of the possibility of chemical control. Seed infected up 
tu 13% can be dressed before sowing with a mixture of 1 0 5  g ipridione with 5 3 g 
carbendazim per 100 kg of seed (Gondran rt ul. ,  1994).  Further, Gondran et ul. 
(1996a)  found that when plants were artificially infected both prevention or cure 
of the symptoms could be obtained by spraying with mixtures of cyproconazole 
and chlorothalonil, carbendazim and iprodione or flutriafbl and chlorothalonil at 
various doses. 



BROWN LEAF SPOT 

Aetiology 

'I'his disease is caused by the fungus Plciodti~cttl s~tosu (Kirchn.) Hughes and 
affects lupins at two stages of their l i l t  cycle. In the seedling stage, it is know as 
pleiochaeta root rot. On older plants, as the common name suggests, it initially 
attacks the leaves causing distinct brown lesions (Sweetingham, 1989: Gondran 
rt 01.. 1994: Sweetingham et nl., 1994a). 

Biology 

With regard to the foliar form of the disease, Gondran ct trl. ( 1994) reported thilt 
it is common in all areas where lupins arc grown but is particularly prevalent 
on autumn-sown crops of 1,. alhus in 1:rance. Thcy consider that in association 
with anthracnose it is the most serious disease of autumn-sown lupins. 
Infection is usually from rain-splash. Conidial germination on lupin leaves can 
reach 80-90'%, within 4-6 11 of inoculation; the gerrn tube can produce an 
appressorium and subcuticular infection hyphae can form (Harvey. 1977). 
Infection is usually through direct penetritlion ol'the cuticle, though entry via 
stomata can occur (IIarvey, 1977). Once inside the cell, the inkction peg 
expands within the softened cell wall material to produce subcuticular infection 
hyphae. Sporulation occurs from brown necrotic areas on lcavcs from which 
conidia are dispersed. 'l'he spores are brown in colour with li)ur hetile and are 
multicellular with thick walls. Infected lcavcs fall to the ground within a fcw 
days of their infection and thus provide a reservoir of inoculum for subsequent 
Se~\SOIlS. 

Symptoms 

In lields that had previously grown lupins, emerging seedlings were attacked on 
the tap root and the hypocotyl. The cortex of the tap root was girdled leaving the 
stele intact. In the foliar form, it can either be seed-transmitted or arise from 
infected crop residues. In humid conditions, with temperatures in the range 
10-1 5"C, after seedlings emerge brown spots form on the cotyledons and 
leaflets. These spots enlarge, become oval, and eventually reach about 1 cm in 
diameter, The disease spreads from leaves to stems and plants die. Harvey (19 77) 
reported invasion of the fungus in leaves where symptoms may appear as little as 
17 h after infection. Plants that survive continue to show brown lesions on leaves 
and pods. Gondran ct al. (1994) give a series of coloured illustrations of syrnp- 
toms in I,. alh~rs. Because frost can produce similar symptoms, definite identifica- 
tion can only be made n~icroscopically. 
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Epidemiology 

In Western Australii~, the major factor determining severity of both lijrms ofthe. 
disease is the soil population 01' 1'. setostr spores. 'l'hc greitlest c .o~lc .~ntra t io~~ of 
spores is in the top 2 cm of the soil protile (Swcetinghaln. 199 1 ). ~\ltclr sporc pop- 
ulation, thc major determinant of diseilse sevtarity is c.limiltc.. 'l'hus, in I:ranc*c,, i t  is 
a major problem in autumn-sown crops but only o minor prohlrm with spri i~g 
sowings (I'l;~ncquaert. 1984: (iondran clt r11.. 199.1). In Western Austri~lie, whcrc* 
all lupiri crops are autumn sown, thr  risk of tni~ior infc~ction is highest in the 
colder. lower ruinlhll rcgions of the south-wcst of the stiltc. I3c.ci1us~ of thc lowcr 
temperatures, and thus slower growth, young plilnts in thcsc regions rtvililin ;it  

the susceptible four-letrl' stage lilr longer. 'l'hcy arc therefore nlorcs likely to hc 
infected by rain-splilsh. After cli~tlate soil typc is importirrlt. Soils with ;I high 1.li1y 
content apparently produce more spli~sh than coilrsc si~nds.  Waterlogging illst) 
favours the developrnerlt ofthc discasc (Swretinghiilii (11 (11.. 1 0 L )  );I) .  

Crop Loss 

In Wcstcrn Austrillin, thc two dise:lscs ca;luscd by 1'. szlosrr ilre the most c'orntllon 
and widespread diseases of Itrpilis, causing grc i~I l ,~ t  damage whcli they attack 
plants at  the seedling stage. 1,argc numbers of pltlnts ilrc killed. l'lilnts that surviveb 
have substi1ntially rcduced vigour and the cornbination of the two kictors Ici~ds to 
major reductions in crop yield (Swcrtinghi~rn. 109 1; Swcctingham rJt rrl., 19') 3a). 
In France. Planctluaert (1984)  listed brown Icaf spot iis :I m;~ior prohlerll in 
autumn-sown crops of I , .  trlh~rs and I,, rrr~grrst~/i)lirrs. In spring sowings, i t  occurrid 
on the same two species but tended only to bcb ir problem on L. Irrtc,rrs (I'li~ncquaert, 
1984).  Gondran tlt (11. (1994)  stated thiit it was the most serious discasc ol' 
autumn-sown I,, rrlbris in France. In winter trials with I,. rrll~rrs and I,. nrr~jrrsti/i)li~ts 
in the IJnited Kingdom, the disease had no signitic;lnt effect on crop yield (Batemiln 
rt d., 199 I ). In other p;lrts of the world such as ('anaria (l'aulitx and Atlin. 1992) ,  
Germany (Motte and Beer, 199 l ) and the IJSA (Kalis-Kuxnii~ clf ill., I99  1 ), there 
are reports of the diseasc on lupins bul it is currently ofrninor importance. 

Control 

As with most pathogens, the rnost suitable method of coritrol is breeding resis- 
tant genotypes. Cowling ( 1  9 8 8 )  ilsscssed resistancc to both pleiochaeta root rot 
and brown leaf spot and was able to find a high degree of resistance for leaf spot 
which was highly heritable. In contrast, there was virtually no resistirncc to root 
rot. Kesistancc to the two diseases did not appear to be genetically related and 
thus the  two characters should be selected ti)r independently. Sweetingham rt (11. 
(1994b)  conducted tests of seedlings ofl,. rllblrs. I,, ungu.st~)lius and I,. lzrtrl~s with 
sand infested with P. setosrr spores. Lrrpirlus lutt~us was highly resistant to root rot, 
1,. ulhlrs was highly susceptible while L. nr~gustij~lius was intermediate. In the 
field, among the three species there was a high degree of association between 
resistance to root rot and foliar disease. Subsequently Sweetingham et ul. ( 1996)  



have reported resistance to root rot in L, albus landraces obtained from the 
Azores and Crete. The resistance appears to be controlled by a single gene. In 
France, Gondran (1988) has also selected for resistance to brown leaf spot in L. 
ulbtrs. (;ladstones (1994) suggested that resistant plants tcnd to have high trace 
alkaloid levels. However. to date no cultivers resistant to brown leaf spot have 
been released from either species. 

In the absence of resistant lines the most effective control of the seedling dis- 
ease is to grow plants in areas where lupins have not becn previously sown. 
Sweetingham (1989) found no infection in fields where lupins had not becn 
grown previously. Crop rotation is also important in reducing discasc incidence. 
In Victoria, when lupins were grown after lupins, 6 3 O %  of plants were infected 
with brown leaf spot. When lupins followed wheat the level of infection was only 
1 8'XI (Reeves et al., 1984). If the use of new ground or a long rotation is not possi- 
ble, the alternative is to sow seed at depths of more than 5 cm. The highest con- 
centration of fungal propagules is in the top 2 cm of' the soil profile and their 
number declines to zero at 10-14 cm below the st~rfilce (Sweetingham, 1991). 
As this form of the disease only infects roots and hypocotyls, deep sowing places 
germinating seed out of the infection zone and germinating plants elude the dis- 
ease (Sweetingham et al., 1996). 

For plants that arc infected with brown spot after emergence, reduction ol' 
rain-splash from soil containing fungal spores can reduce the i~lcidcrlcc of the 
disease (Sweetingham et al., 199 3a). If a cereal stubble mulch was left on the sur- 
l'ace of the soil, the severity of discasc decreased as the amount of stubble 
increased. As the amount of mulch was increased frorn 0 to 4 t h a 1 ,  lupin seed 
yield in 1,. nngusti/blius increased from 0 . 8 h  to 1.44 t ha I .  There was little yield 
rcsporise beyond 2 t hil-' of stubble which gave a seed yield of 1.48 t ha- ' .  The 
use of procymidone at 1 ml kg-' of seed also helped to reduce the early incidence 
of the disease. However, only the mulch increased the total dry matter and seed 
yield at harvest (Swcctingham ~t al., 1993a). 

Chemicals such as prochloraz at 450  g a.i. ha-' and iprodione at 500 g a.i. 
ha - ' can also slow development of the disease (Gondran tlt (11.. 1994). However. 
the most promising form of control would appear to be use of resistant plants. 
Gondran (1990) reported selection for resistance in L. albus. In Western 
Australia, Sweetingham at 111. (1994b) developed a mcthod for resistance testing 
in the glasshouse and compared the resistance of a number of genotypes of L. 
albus, L, angustijblius and L ,  luteus. There was considerable interspecific and 
intraspecific variation in resistance (Sweetinghom rt rtl., 1994a). Lupinus luteus 
displayed the highest degree of resistance followed by L, nngustifolius and 1,. albus. 
Field studies confirmed the resistance, and use of 1,. l~cteus on acid sandy soils 
which have high levels of spores of the pathogen has been recommended. 

Aetiology 

Lupinosis is an  animal disease caused by the infection of lupins by the fungus 
Phon~opsis leptostrontijormis (Kiihn) Bubak. The teleomorph of this fungus was 
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brmerly described as Diclportho wootlii Punith. (IIolliday, 1989) ,  but is now 
treated as a new species D. toxic,n Williamsorl 111 111. (Williamson rt (11.. 1 994) .  In 
this chapter, I will continue to use the former tinme because most of the pub- 
lished literature refers to 1'. lpptostrc~rn~fortt~is. 

Biology 

In South Africa. Jaarsveld (1985)  reported that although the diseuse was widc- 
spread in Cape Province, he was unable to isolt~te the p a t t ~ o g ~ u  from green 
immature plants of L. at~g~rstijoli~rs. Similarly ('owling ot (11. (1984)  found i t  difli- 
cult to find symptoms on immaturc glasshouse-grown plants of I,. trrtgr~sti/i)l~~rs. 
However. if plants were infected with the firngus and  plant segments were treated 
with a paraquutldiquat mix then inci~birted t i~r  12 days, most treated plants 
developed P. l(ptostrorr~iforrrtis slromata. IJntreated p l a ~ ~ t s  remained discasc free. 
Infected plants that had been surface sterilized also showed discasc syrnplorns. 
Field tests conlirmed the reliilbility of the  method. Survcys in Western Australia 
also established the widespread prescrlcc of the disease in most lupir~ crops (Wootl 
and Pettcrson, 1985 ,  198h),  while in South Africa i l  was found on lupin stubblcs 
in all parts of the lupin-producing area of south-western ('ape Province. 

Symptoms 

It is ironical that a disease which is such a major problem to anin~als eating 
lupirls appears to have very little direct effect on the overall production of the 
growing plant. It is only after crop maturity that the lesions become obvious. In 
Western Australia, Gladstones ( 1977)  reported that the fungus developed mainly 
in stem tissue of Lupirllis rrngustifr)lius and only rarely did lesiorls appear on the 
leaves. As the season progresses, sunken bleached patches about 0.5 mm deep 
appear on stems, and only after crop maturity do stems have a flecked appear- 
ance due to the formation of fruiting bodies by the fungus. If there is summer rain 
or  high humidity after the crop maturity, the fungus continues to grow (Gondran 
~t id., 1994).  The fungus could only be detected on lupin stubble in South Africa 
(Jaarsveld. 1985).  

Epidemiology 

Brown (1984)  showed that in I,. albus, 1,. t~ngusti]~lius and 1,. coserltirlii fallen 
leaves contained pycnidia but did not show stromata. If the fallen leaves were 
moistened, conidia were then dispersed from the ground by rain-splash. Recently, 
Williamson et al. (1991)  showed that conidia took 4 days to penetrate the cuticle 
of the lupin plant. Seven days after inoculation, a distinctive coralloid hypha was 
present between the cuticle and the epidermis. At 2 0  days, coralloid hyphae 
could be detected with a microscope at a frequency of 148  ~ m - ~  but there were 
still no  visible symptoms. Normal mycelia invaded the subepidermal region of 
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senescerit stems frorn the coralloid hyphae. Variation in resistance to the disease 
in 1,. angustiJ01ius is rellected in the size of the subepiderrnal coralloid hyphae. 
Highly resistant lines had virtually no large coralloid masses but many darkly 
staining small coralloid masses. As the degree of resistance fell, the number of 
large coralloid hyphae increased. The growth rate of the hyphae from the large 
coralloid hyphae was three to four times faster than from the small hyphac. In 
highly resisti~nl lincs, most of the small coralloid hyphac remained latent and did 
not colonize the host stcms (Shankar et ({I., 1996). 

Wood and Petterson (1985) conducted a survey of the degree of inkction of 
Westcrn Australian lupin seed with 1'. lr~~tostrort~i/orrtlis between 197h and 
198 1. They found that 5 1'% (548) of all lupin crops sampled were infected. Thcrc 
was also a highly significant effect ofr~tinfall on thc lcvcl of infection but no effect 
of cultivar, year of sampling, or district. In a further survey, Wood and IJetterson 
( 1986) discovered that 6 I IXj  of all lupin crops were infected. Thcrc was a strong 
relationship between seed discoloration and its lcvcl of phomopsin A. However, in 
most samples between 57 to 97'Xj of the phornopsins were located in the testa 
which makes up only about 22'Xj of the total seed in 1,. nrlg~istifi)lius. Wood ot (11. 
(1  987) found that in an infected crop it was possible to rccovcr viable 1'. Irptostro- 
nlijormis from 96'5, of seed showing visible symptoms. Primiiry pods had the 
highest level of discolourcd seed and i t  was also possible to isolate the fungus 
frorn 5(3 'X,  of symptomless seed from prirnary pods. However, the highcst lcvcl of 
phol~lopsins was in discoloured and furry discoloured seed. 

Toxicology and Animal Losses 

Although P. I~ptostrorrli/i~rrnis is a minor problem of lupins having little tiirect 
effect on plant yield, it is a major limiting factor to the utilization of lupin crop 
residues by runlinants (Gladstones, 19 70, 1988, 1994). There was a long search 
by vcteri~lary researchers in both Australia and South Africa for the cause of thc 
disease of shcep known as lupinosis (Allen, 1986). In 1972, workers in South 
Africa reported for the tirst time that lupinosis wcls cilused when sheep ate lupin 
plant rcsidues that had been infected with P. Ic~ptostror~~ifor~r~is (Warmelo and 
Marasas, 198h). The fungus produces two potent hepatotoxins, phomopsin A 
and phomopsin B (Culvenor and Petterson, 1986). It is thus a major limitation 
on the usc of lupins ;~nd  lupin residues for animal feeding, particularly shccp. 

I11 sheep, when administered by subcutaneous injection, thc LL),,, of the 
toxin was 1 0  pg kg ' of body weight. When 1000 pg of thc toxin were injected 
directly into the rumen as a single dose it had a similar l,D,,,. When the same 
total amount was administered into the rumen at the rate of 50 or 200 pg per 
day all the sheep died (Peterson et 01..  1987). Sheep that were given intermediate 
doses of phomopsins suffered moderate to severe liver damage. Even at relatively 
low doses of phomopsins there were marked reductions in body weight as the 
sheep stopped eating (Peterson et ul., 1987). Hill (1991) reviewed possible strate- 
gies that could be used to reduce the incidence of lupinosis in sheep. 

There is variation among animal species in their susceptibility to 
phomopsins. In yearling cattle grazing L. ungustifolius stubble in New South 



Wales. 70 o f 8 0  heifers grazing lupin stubble li)r 1 wccks dcvclopcd synlptoms of 
lupinosis. In the following 2 weeks. 3 5  of the al'kc~tcd oninliils died i111d the 
remaining 3 5  had to be culled (Mackie ot (11.. 19921. 111 lactating dairy c.ows. 
Hough and Allan ( 1 9 9  3 ,  1994)  wcrc i~blc to kcd X kg of I,. trrr!q~lsti,/i~lit~s srcd with 
symptoms of P. l(~~~tostror~li/Orr~~is inli~ction ( u p  to 0.1'%1) to wt~ich 3f10  ~ i g  of 
phomopsin A kg-' of lupin seed fed was added. 'This dose was crli~ivalcnt to thc 
highest amount of phomopsin dctcctcd in it lupin seed sanlplc t'rom Wc>stcrr~ 
Australia. The experimental rations were fed l i ~ r  X wccks iltld i i t l i l l l i i l ~  werc 
observed for a further 4 wcrks. At the end ofthc cxpcrimcnt there wcrc no dif1i.r- 
erlccs between control and phomopsin-fed ;unimals it1 ;illy of the mCi~surc.d par:\- 
meters which, besides milk yield, included liver I\lnc.tion tcsts, body wclight irrld 
cow condition. In a comparative trial with pigs i ~ r ~ t l  shccp, when on sccd thiit 
was 1 O'X, infected, ovcr a 40-week Scciling pcriod the shixcp dcvc*lopcd lupinosis 
while the pigs rcmainrd free of the disrasc (Allen (11.. 1084). 1301 h infrc-tt~d SILI\>- 

ble (Allcn et (11.. 1983a; Mackic cJt (11.. 1992)  and s t ~ ~ l  (Allen rot  trl., 19% 3h) ciiri 
cause the disei~se. It also appears thait the toxic.ity oft he ~niitcrial tlocs not dimirl- 
ish ovcr time ;IS Allcn ot 411. ( 198 3;)) rrportctl iin outbreak of the discasc. i l l  sl1cc.p 
in the fc>llowing winter and the sccond sulnmcr irltcr the growth o f i ~  Iirpil~ crop. 

Control 

(;iven the allnost complete lack of obvious symptoms on growing Iupill crops, the 
control o f the  disease by filngicidcs is not likely to bc fc~irsihlc, or c c o n o r ~ ~ i ~ i ~ l l y  
viable. I)uc to the extreme toxicity of the ~nycotoxins to sticcp, Itrrgc r~umbcrs ol' 
deaths can follow graxing of infccted lupin plants in the summer in Western 
Australia. At present the only i~voilable control rncasure is to remove irnirnals 
from grazing on lupins as soon as possible. Although i t  appears to be less o f  a 
problem with cattle, animal deaths will Ibllow cxtcndcd grazing of inkctcrl plant 
material (Mackie tlt id.. 1992 1. 

The potentially most efl'ective rncans of conlrol is by breeding for resistance. 
[Jndcr Western Australian conditions, I,, irlhlrs is apparcritly naturally resistant 
(Wood and Allen, 1980).  fIowevcr. I,, ~rrtgttsti/Olitrs is highly susceptible. Work by 
ITamblin rt iil. (1984)  pointed the way fbr resistance breeding with a comparison 
of four cultivars of I,, nrlgusti/i)lilrs sown at three different sowing dates. Although 
there was no difference in the resistance to t he dise;tse among the cultivars, avcr- 
aged ovcr all sowing dates, there were tlighly significant interactions bctwcen 
cultivar and sowing date, suggesting that the susceptibility of the plant to the 
fungus was related to its stage of development. Any resistance breeding pro- 
gramme will need to take into account the host genotype X pathogen genotype 
x environmental interaction if it is to have any chance of success. In 1986,  Allen 
and Cowling (1986)  compared three resistant breeding lines of L. rrrrgusl~oli~rs 
with susceptible cultivars in a grazing trial. Although sheep grazing on suscepti- 
ble cultivars and one of the breeding lines rapidly developed clinical lupinosis. 
sheep on two of the resistant lines showed no sign of the disease and gained 
weight during the trial. 

Resistance to the fungus has been identified in a number of wild populations 



of I,, crngustiji)lius and had been incorporated into advanced breeding lines by the 
time of the International 1,upin Conference in 1986 (Cowling et al., 198h). The 
heritability of resistance was high and ranged from 0.86 to 0.92 (Cowling et a/.. 
1987). Field trials with advanced breeding lines in Western Australia and the 
eastern states of Australia confirmed both the resistance to the disease and 
reduced toxicity to sheep (Cowling et a/., 1988; Cowling and Wood, 1989). 
Young Merino lambs that were weaned onto resistant lupin stubble grew well 
and showed a low rate of liver damage (Morecornbe and Allen, 1993). This 
breeding programme has led to the release of three new cultivars of J,, rrtrgusti- 
/olius: Warrih, Gungurru and Yorrel, which show moderate to moderately high 
resistance to the disease (Komoll, 1989a, b, c). At present, the disease would 
appear to be under control in I,. urrgustifolius. Animal scientists arc also working 
on the production of sheep vaccine (Ralph, 1990). 

RHlZOCTONlA DISEASES 

Aetiology 

A complex of three diseascs of lupins is caused by Rltitoc-tortin spp. Although ini- 
tially thought to be caused by Rhizortorlia solarti (Kiihn), Sweetingham (1989) 
conducted a survey in Western Australia and was only rarely able to isolatc 
R, solatti. Hinucleate Rllitoctor~in spp. were commonly isolated from diseased 
plants from areas where lupins had previously been grown. Such Rhizoc-tonirl 
spp. arc of worldwide distribution and the genus is a member of the 
H(isiiliomgriltrs. The fungus produces sclcrotia which are embedded in a nlycelial 
matrix. Sclerotia can survive for long periods in soil and germinate and infect 
host plants when the conditions are favourable. Identification is complicated by 
the large number of alternative host species. Diseases of lupins caused by 
Rhizoc~tor~iu spp, have been reported as a problem on lupin crops in Australia 
(Sweetingham. 1986a, b, 1989: Sweetingham et a/., 199 3b). France (Gondran 
rt (I/., 1994), South Africa (Jaarsveld, 1985) and the llnited States (Leach and 
Clapham, 1992: Kuznia et a/., 199 3).  Similar diseases caused by Rhitoctonia spp. 
have also been reported on soyabean (see Sinclair, Chapter 3 ,  this volume), pea 
(see Kraft et a/.. Chapter 6 ,  this volume) and chickpea (see Haware. Chapter 9 ,  
this volume). 

Biology 

The fungus survives on organic matter in the soil. At the start of the growing sea- 
son, fine hyphae expand into the surrounding soil and infect susceptible hosts. 
Because of the different strains of Rhizoctonin spp., there is not only variation in 
the types of disease caused on lupin plants but there is also a wide range of alter- 
native hosts. There is considerable variation among strains in both pathogenicity 
and host specificity The strains that infect lupins have been identified as being 
from zymogram groups ZG1, ZG3,  Z G 4  and ZG6. Alternative hosts for ZG1 are 
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most agricultural plants while %(; 3, %(;-I and %Gfi seem to be conlined to legumes 
(Swcetingham, 1989: Sweetinghan~ rJt  (11. .  199 3b). 

Symptoms 

In Western Australia the disease manifests itscll' in thrcc distinct li)r~ns ilppilr- 
ently caused by the four different zymogratn groups ol' Klrizoc>~orlirc spp.: %(; 1. 
ZC; 3, 2(;4 and ZGh. They produce three dil'l'erent forms ol'tlic discilsc: rhizoctouio 
patch (ZG1). rhizoctonia hypocotyl rot (%(; 3 .  %(XI (Swerlinghirm. 1989) a ~ i d  ;I 

root and hypocotyl rot caused by Kl~i;or.toiliti slrilin %C;h. Khizocqtonia patch pro- 
duces characteristic dark brown 'spcar-tipped' Icsions on roots which pinch off 
roots. In the field, it mi~nifests itself us circular patches ol' stunted plilnts 
0.3-5.0 In in diameter (Sweetinghilm e l  ril., 199 3h). 'l'ap ilnd Ii~teral roots ot' 
infected plants arc pinched ofl'but late inlkctcd plilnts niay grow srcondary roots 
and survive (Jaarsveld, 198 5) .  In rhizoctonia hypocotyl rot. the population ol'thc 
stand is reduced as the fungus inkcts and kills germinating scctilings. 1,csions on 
the hypocotyls are red-brown. 'l'he final li)rm of thc discastl produces Icsions on 
both hypocotyls and roots. 'rhe hypocotyl lesions cannot br distinguished froni 
those of hypocotyl rot but the roots of inli:c,tcd pliirits have cht~rac~cristic stubby 
ends (Sweetingham tJt nl., 199 3b). Swcctingham r o t  ril. ( 190 3b) contains a scrics 
of coloured illustrations showing the thrcc forms oft he discase. 

Epidemiology 

In rhixoctonia patch, the incidence of ~ h c  diseasc is highest in zero-tillcti and 
direct-drilled lupin stands. Hypocotyl rot is exacerbated by deep sowing ( > 7  cm). 
It is also associated with early sowing into wilrrn soils. Sweetirigham ( 1989)  also 
Sound that the disease was most common in Western Australia on infertile sands. 

Crop Loss 

There appear to be no published datir on the effect of the Hhizoctonh spp. complex 
of diseases on lupin yield. 

Control 

Because of the large number of alternative hosts and the longevity of the fungus 
in the soil, control is not easy. Pre-seeding tillage appears to reduce the incidence 
of rhizoctonia patch by breaking up the fungal hyphae into smaller, less infective 
fragments. It is possible to do this at seeding by making minor modifications to 
the drill. Seed treatment prior to sowing with the fungicides Rovral and 
Sumisclex is sometimes effective in reducing hypocotyl rot. Increasing plant pop- 
ulation, to allow for seedling deaths, and sowing a t  2-3 cm, to reduce the 
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exposure of the hypocotyl to infected soil, can also help. It is also recommended 
not to plt~nt lupins after clovers or medics because of the build-up of the fungus in 
the soil. ],ate sowing is also recommended. Control of hypocotyl rot is in some 
ways counter to the control of the patch in that although late sowing, fungicides, 
and increased plant population can help so can deeper sowing at 5-6 cm. Again 
levels of infection tend to bc high when lupins are sown bllowing clovers and 
medics (Sweetingham tll ril., 199 3b). Tcsts in the lJSA with ;I range of fungicides 
gave no significant consistent effect on either final plant stand or the number of 
roots showing lesions (Kuznia pt nl., 199 3 ) .  

BEAN YELLOW MOSAIC 

Aetiology and Biology 

Rean yellow mosaic is caused by bean yellow mosaic virus (HYMV) which is a 
member of thc potyvirus group and is ol'worldwide distribution. It infects ;r wide 
range ol' legurncs including soyabei~n (see Sinclair, Chaptcr 3, this volume), hba 
bean (see Jellis i lt (11.. Chapter 7 ,  this volume) and clovers (sec Mcrccr, Chapter I t .  
this volumc) and a number of non-lcgurnc species. In general, plants infcctcd 
with EYMV have considerably reduced growth and few survive to produce viable 
seed. However, wherc sccd is produced. the virus is transmitted in seed and can 
survive in seed stored for 5 years (Gladstones, 1970). In the field, the main 
lncaris of transmission ot'the virus is by aphids from one infected plant to anothcr 
(Jones and McLcan, 1989). 

Symptoms 

Plants infccted with HYMV initially show yellow mottling ol'leaves, followcd by 
the formation of many smtrll leaves near the top of the plant and curling ovcr of 
the stem into thc form of a shepherd's crook and then death (Gondran t l t  rrl., 
1994). A full description of the synlptoms on a range of lupin species can be 
found in Jones and Mc1,ean ( 1989). 

Epidemiology 

The virus is transmitted in a non-persistent manner by morc than 2 0  species ol' 
aphids (Jones a r~d  McLean. 1989: Jones, 1991 1. However, in Australia the major 
vectors were reported by Garnett and McLean (198 3)  as Aphis crtlccivoru (Koch); 
Aul~~cor t l~ut t~  solnni (Kaltenbach) and My:us prrsicar (Sulzer). In 1,. nngustifolius, 
very few infected plants survive to produce seed, so seed transmission is not seen 
as a major problem. However. Gondran et ul. (1994) report up to 3% sccd trans- 
mission in L ,  rllh~rs and Jones and McLean (1 989) also report seed transmission in 
L, pilosus. Because there is no seed transmission in L. ungustiJolius and only lim- 
ited transmission in 1,. ulbus, the rate of spread of the virus is a function of the 



population of aphid vectors. With thc cxccption of thC Americ~tn lupin itphid 
(Mr~~~rosip/~unf  rllbiji.orts Bssig), the virus has only li~iiited c.liiince of transmission 
in crops of bitter lupin. 

Thc American lupin aphid M. n1bilron.s. which is not killc.tl hy alkaloids ',om- 
mon in some lupins. arrived in Europe in 1 98 I and spread rapidly 11-o~n wcsl to 
cast. By 1990, it had reached the former East (;cr~nariy. ('xeclioslovakia ir~id 
Poland (Bpplcr and FIinz. 1987: Piron, 1987: Karl and Sch~nidt. 1 YYOa; Miillcr rlt  
(11.. 1990: Karl, 199 1 : Karl et crl.. 199 l a ,  b).  By 1989, Schmidt i ~ n d  Karl ( 1989) 
were reporting its role in the transmission of HYMV. I t  hild also been obscrvl*d 
infesting 1,. /~ol!~p/~~/llrrs (Karl and Schmidt. 1990a: Karl rpt (11.. 199 1 h )  alld 
I . .  albrrs, I,. nrt~~usti.fi~lius. I,. llrtrus and I , .  rirrrtlrbilis at a nunibcr ofsiti~s (1;pplcr and 
Hinx, 1987: Karl arid Schmidt. 1990b: Karl rt (11.. IYOla). Hourrivillc r,f (11. 
(199 1 ) tested thc survival and reproduclioli of thc irphid on ;I rilllgi> ofgcnotypcls 
of L ,  rrlhus and h u n d  virtually no  rcsista11c.e to tht* irphid in iiiiy of I l l c  ~ ~ i l t i v i ~ r s  
and liries which they tested. 

Crop Loss 

The degree of' crop loss is muirily associated with the populiilion ol'trirnsrnittirig 
iiphids. In I,, lulrus, seed yield dropped 1 5  -201XI liom I;rtc infi,r'lcd pli~nts. 
However, early inl'ection produced a total loss ol'sccd production. In I,. r-osc~i~firrii. 
losses of seed yield of 50-90'Xl hnvc heen rcportcd. As the virus normally kills 
plants of 1,. trr~gristijidilis, n o  seed is produccd. In iiri  cpitlernic. iri the Great 
Southerri Region of Western Australia in lC)87, nei~rly 50'%, of p1;rnts were 
infected and there was a major rr~ductioti in both sched a ~ i d  ti)ragc yield. In somc 
years in the strme region therc has been u 1 OO'X, crop loss in thc sitnic species. 
Although 1,. r~~ritrtbilis can be heavily infectc.d by I3YMV, there arc no published 
results on yield reduction (Jones and M c l ~ a n .  1989). 

Control 

Although Gladstones (1984) has looked for rcsislance to I3YMV in 1,. 
itngust~folitrs, n o  sources of resistance have been found to datc. Howcvcr Schmidt 
(1988) detected quantitative resistance to RYMV in 1,. lutc~us and Yakushcvil 
(1996b) recently reported the release in Russia of two HYMV-resistant cultivars. 
In countries such as Australia, given the wide range of alterrlative hosts, i f  aphid 
vectors are present the virus will almost certainly spread to lupin crops, Jones 
(199 1) investigated the effect of a reflective mulch on the rate of transmission in 
I,, angustifolius. Jones (1993) investigated the effect of plant population of the 
lupins, growing cereal borders around the lupins or mixing the lupins with u 
cereal on the spread of virus infection in 1,. ungustij>lius. Subsequently Jones 
( 1  994) investigated the effect of mulching with cereal straw and of lupin popula- 
tion on  the spread of the virus. In two out of three trials, the use of retlectivc poly- 
thene mulch reduced the rate and the extent of spread of BYMV from outside the 
trial area (Jones, 1991). Further, over a number of years the use of cereal borders 
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reduced the number of infected lupin plants by 43-hOiX). Sowing mixtures of 
lupins and i1 cereal also significantly reduced the number of infected plants by 
7h--9hiX,. Inl'ection rates with I3YMV were also lower when the lupins were sown 
at high population. Iones ( 1  99 3) suggested that the aphids were Inore attracted 
to plants surrounded by bare ground than to the crop canopy. Iiis subsequent 
work with the use ol'a straw mulch supported this hypothesis. 'l'he presence of 
straw in il badly infected crop reduced infection by 7O'K). IJlant population also 
h i d  ;I signilicant effect on the ratc of infection. In the absence of straw, plants 
sown in narrow rows had n 38'X) lower ratc of infection than widely spaced 
plants. It irppcars that the best wily to obtain some degree of control of the virus is 
to sow lupins at a high population into il straw mulch and to sow a cereal border 
around the lupin crop to rcduce the rate i ~ t  which the aphids colonize the lupi~l 
stirrld ( jor~es.  199 3 ,  1994). 

CUCUMBER MOSAIC 

Aetiology and Biology 

C'ucumhcr mosiric is caused by cucumber mosaic virus (C'MV) which is a member 
of the ciri.urnovirus group and,  like ISYMV, is transrnittcd by aphids. It h i ~ s  a widv 
host range and inlkcts plants li-om over 40 families. In l'oland. C'MV was consid- 
ered to be thc scco~id most importitnt virus of I,. Irrt[~~rs (1:rencel and I'ospiesiny. 
1985).  111 South Austrilliu. Wahyuni and 1:rancki (1992) tested 1 h stririns of the 
virus agi~inst lupins and other legume spci.ics. They found that most of the  cur- 
rent Austri~lian commtv-i-ii~l cultivi~rs ol' I,. rrrr!~rr,stifblirr.s werr susceptible, as were 
lcrltils and f i l h  beans. More worrying however was the infection of commonly 
used southern Australian piisture legume species such as ,Mr)dirvlgo trrrrl(-trtulil, 
iL1. rrr!pstr, ,$I. littoritlis. M. /~ol!lrrrorl~l~rr. Trifi~liurn s~tbtc~rr~irlc~~rrrr and T. n~supitrc~trrrrr. 
c;ivc.~i the extensive use ofthcse species it would appcar that aphid vectors would 
have adequate ilccess to inl'eCted alternativv hosts in most Austrillian lupin grow- 
ing ilreils. 

jones (1988) was able Lo isolate the virus at one site in Western i\uslralia 
from 1 5 spccics of wccds and other legumes including 12/1~~dic,trgo ttrrrriJs, Mi~lilot~rs 
ir~dic-tr. Orr~itl~ol~lrs sirti\?~ts. Trifolirrrrr orifrrlse and Vie-irr strti\w. Virus syrnpto~ns were 
common in plants of Triji~lirtrrr srrbtc~rrrlrrc~~rtr~ at two sites (Jones. 1988). In more 
recent work. McKirdy and jones t 1994) tested a further range of possible alterna- 
tive host species and contirmed the findings of Wahyuni and Francki (1992). 
'I'hey were also able to recover the virus from infected plants of the genera 
Arc.otht#cstr. C'eriwtiurtt. Melilot~ts. Misopates. Raplrrrr~us and Stilch!js. 

Symptoms 

According to Jones and McLean (1989) the initial symptoms of aphid-transmit- 
ted CMV are not unlike those of BYMV. Further, unlike BYMV-infected plants. 
CMV-infected plants set some seed. Many seedlings arising from infected seed die 



shortly after emergence or within h-8 weeks of cbtllcsrgib~lc*c. l'lilnls t l l i l ~  s\lr\.ivc 
are stunted and have dowlir~urlcd Icitllets. 

Epidemiology 

C'MV is the second most iriiportitllt viritl diszitsc* of I~~pi l l s .  joltcs i t t l ~ l  h.l~.l,l'itlt 
(1YXY) suggest that up  to h 0  diflirellt i~pliid spclc.ic.s L.;III Iri~llslilil tht. virus. 
flowevcr. McKirdy and Jones ( 1994)  c-onsidtv-id I l i i t t  in Wcstcrli A~tsIritliit, with 
its hot dry summers, weed spcciibs wcrc uliliki.ly to I>c it  11ii1jor sottrc.1- 01' lupin 
crop infection due to their Iit1.k ol's~trvivitl ovcbr thc lollg sllullnc*r drought. 'l'll~rs 
the major iriitial cause 01, loss of lupilis from thl* virus is I'rolil itlli.r.rc~d sccd. 
Infected plants that survive i l l  the. c,rop thcn pro\'idc. fllrthcr 1i)c.i of iltti*c-tion for 
the aphids to transmit the virus jotics and h.lc~l,eitri. 1 CJxcl ). 

Ilnlike I3YMV the degrclc of seed tritnsriiissiort ill ('hZV is Iiiglicr. Illfi.i~tcd 
seedlings frequently die eithcar shortly iiftcr cllitlrgclll.c or 11iity slrrviv~ 111) to 0 X 
wccks. Surviving plarlts itre stunted but wily sct sonit. sccrl ul1~1c.r good growitig 
conditions. 

Crop Loss 

Like BYMV, crop lossc.s iis the result of ('h1V c-it11 he high ( ] o ~ t c s  itltd Mcl,i.itri. 
1 Y X Y  ). 13arly infection can Icad to virtuirlly n o  sc.cd protluclioli at itII. 111 Wcbstcrl1 
Austr:rliir. ;I crop of I,. rrrr!grrsti/olirts which hltd hec-r~ expc.c~lecl to yichld 2 .5  t hi1 
yiclded less than 1 .O t ha I ,  ii rcductioll ofover 7O'XI. 111 i1 I:ttc itll'cctc~l crop, yielcl 
reduction was up to 59');',. In 19x8  ill  the nortllcrn itgricult~rral rcgiort of 

Wester11 Australia where 104 ,000  hit were irifec.ted, yield losses wlbrc gc.~terally 
around 50'XI  but i r i  some cnscbs crops were riot worth hirrvestirlg. 

Considerable variation in rc.sislani*e to C'MV occurs i l l  lupins both ilmong itrid 
within species. In Western Australia, Jones and 1,athiirn ( 1  9 9 4 )  were uriithlc to 
detect C'MV in seed of lines of 1,. rrlbus. 1,. ntlarltic,~rs, I,. r,ost~ntinii, I,, rligitrtt~rs and I,. 
pilosus. However, they were able to rccover the virus from all lines of I,. rtngu.sti- 
folius and L. rtlutabilis and from most lines o f  I,. lutaus arld I,, hispunir~us. 'l'he 
results iridicated considerable potential for breeding C'MV-resistant genotypes 
suited to Australian conditions. Cowling and Jones ( 1  9 9 4 )  screened I,. nngusli- 
folius breeding lines for resistance to C'MV and discovered considerable variation 
in the degree of infection among breeding lines and cultivars ranging from mod- 
erately resistant ( l-hi%, seed transmission) to very susceptible ( 3  5-75'X, trans- 
mission). Differences in seed transmission rates were highly signilicant and 
consistent from year to year. It was suggested that the resistance is under poly- 
genic control. However, as yet no  resistant lines have been released and other 
methods of control have t o  be used to limit the spread of the disease. Hecause the 
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virus is seedborne in up to 34'XI of seedlings (Jones, 19X8), one method ofcon- 
trol is to tcst sced before sowing. Only seed with a low level of virus inkction 
should bib sown. Initially seed testing was (lone using F.IIISA; however, recently 
Wylie c l t  (11. ( 1  99  3 )  dCvclopcd ;I polymerase chain reaction (PCK) tcst. The 
method was i~hlia to detect orlib infected seed in LOO iind, because it was also able 
to dcti.ct o ~ i c  infec.tc.d 1c;il' in 1000, it rnay be suitilblc for ~ l s e  as a screen in rou- 
tine plurit breeding. 

joric~s ( 1988) found considerable differences in the level of infcctiori tirnong 
I,. ~r~r!/~r,s~i/i)liri.s cultivars. Kog~ling virus-inft.c.tcd plants of the new cultivar 
(;urigurru rcducctl thc level ol'inkction in hiirvestcd secd to 0 .  I-02'%1. tiigliest 
levels ol' scc*d tr;~ns~nissiori occurred in crops from high ruinfi~ll areas, Jones 
( 1988) wiis iilso ublc to show that if  sced was griided on sixe, small sced had the 
Iii~11c.st level of' virus int'cction and the level of' iritictio~i varied as to when and 
whi.rc1 potls werc lkr~iicd. IJods frorn the main stcrll werc I'XI infected, those from 
lirst-order laterals X1Xl, ant1 t hose from second and higher orders 1 3'XI. I$wye r t  (11. 
( 1994)  suggesti.tl thiit thc use of high populiitions helps to suppress the virus by 
thc ~Iii~dirtg out of inl'ectc~l plants by hci~lthy ones rcducing their c-oritrihution to 
scctl protluction. I:~irttier, sowing of 111pitis ill liigh plant populi~tions also limits 
proilui~tioii ol' higher order pods by suppressing lateral branching (IIerbcrt atid 
tlill. 1 Y78). Joncs i11111 I'ro~~illovi~ ( I Y1) 1 ) investigatc.tl the efkct of sowing sccd 
thiit was 0.5 and 5'XI infectc*il with C'MV o n  thc subsequent ilcvclopmcnt of dis- 
lbilslb in the crop. I lecii i~s~ of t he rlci~t h of intkctcd seedlings, thr linal populations 
c.o~itain~d 0.2-0. {'XI and l .i-.!.YIXI inkctcd plants. Ilowrver, in plots sown to 5'XI 
inli.ct1.d seed. i~phitfs rapidly spread the disriisc. Seed yield was reduc.cd by 3 i 1 X I  
iind the. seed produCrd was h- 1 3% inli~ctccl. IIowever, aphid tralis~nission hiid no 
cfSect oli scctl yield from plots sown to 0.5'Xl inli.cted seed. 'l'lic. iipliids prcserit in 
thit triills wvrc Ac!lrtl~osil)lro,r korlil(~i (Shiriji), i\l~llis c,r(rc,cvi\~or(c (Koch). I,iprpl~is 
~~r!/sir~~i (KiiltCnbiic*h) ailel ,M!l:lrs parsic~rrc (Sulxcrl. In glasshouse trials iill of these* 
i~phid sprc-ics wi8re cap:~bl~ oftransr~iitting thc virus. 

'I'hc tinling oftlic inkcstion ofthc plant with L'hll' is important tbr both plant 
siirvival rind its iibility to p r o d ~ c . ~  inlkctcd secd ((;ccring ant1 Kondlrs, 1094) .  
Wlicii seedlings of I.. rir~grrs~i/i)lilrs wcre inoc.ulntcd 2 days alter elnergenccb. 4 i l X I  
i1ic.d. I'lants that wcrix ilioc.uliitCd 58 days i1l'ti.r emergence. while still it1 vegcta- 
live growth, produced Icss that1 L7'XI dry matter and 9'X) seed of healthy plants. 
I,i~tc inocuI:rtio~i at 1 14 days after clnergcnce had no effect on dry matter yield 
l j ~ l t  si*eti yiibld W ~ I S  redui.cd by L5'X). 'rhe highest rate of virus transmission from 
sced - L4.5'XI - was from pliints that werc inoculated with the virus :it the niid- 
vcgctative growth stage (Cieeriiig and Kandles, 1994). Hesides sowing virus- 
tcstcd sced there ore other ways of limiting the spread of the  infection. As with 
13YML1, the use of a rellec-tive mulch also reduced the spread of infection of CMV 
from primary infection foci (]ones, 199 1 ), Jones ( 199 1 ) suggested that the 
nlcthotl could be used by breeders to reduced the spread of infection in single row 
breeders plots. On a tield scale, if virus-infected seed was sown at depths of 8 and 
11 c t ~ i  instead of the usual 5 cni the incidence of the disease in established 
seedli~igs was reduced by 15 and 50'Xl (Jones and Proudlove. 1991).  In a study 
on the effect of plant density and the proportion of infected seed sown. Bwye el (11. 

(1991) found that virus spread was favoured by high seed infection levels, good 
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cstablishmcnt of infected plants a n d  this pi~rly iirri\'irl of i~l>liids. In somt, scbilsol~s 
sowing sccd that  w a s  only 0 . 5 ' h  inkx~tcd c.oi~ld lead to s c ~ d  yicld r c d ~ ~ c t i o ~ l s  ol' 
1 6-1 C)'%,. Sowing at high plant popi~liltions. whic.ll It~;rds to r i~pid c.irllo~y c.losl~rcb. 
rcduccd t h e  n u m b c r  oi'seed inkCtcd p l i~n ts  that s l~rvivcd ill111 1 1 1 1 8  l'trrrt*11t S C ~ ~ I S O I I  

spread of t h e  discasc ( 1 3 w ~ e  (11 rll.. 10941. Nirtrilnlit statirs illso iippiaiirs to  llc 
ilnportilnt. Work by Wahyuni  i ~ n d  Ki~ndll*s 1 It)') 3 1  suggosts t l i i ~ t  1 1 1 ~ ~  ill>ility 01' 
('MV to i n k c t  L. trr~!grtsli/iilius was rcll~lcl*d \vticrl pli~llts hi~i l  hc1~11 illo(.~~lilti'll wit11 
f ~ r r ~ ~ ~ ~ ~ r l ~ i : i t ~ ~ i ~ ~ r r i  prior to  v i r ~ l s  i ~ ~ t ' c ~ t i o ~ i ,  

In surllrnary, t h e  overall r cc~o~i l~n t~ni l i~ t io l i  ti)r t I 1 i s  Illilllilglbllllbllt ol' ('hI\' i l l  

lupitl crops is to usc scctl with ;I  lo^ Ici~el ol ' infi~i.tio~l (<  0.5"1,) ,  i l l l l l  to  so\v l'ill.l\' 
a t  high plant populut io~l  to  provides both good groulid covcr i ~ l l l l  rill>id c'iil\ol)y 
c l o s ~ ~ r c  ( Hwyc cJt 111.. 10941 

CONCLUSIONS 

12s h a s  becrl the cilse wit11 c-rops like S O V ~ I ~ V ~ I I I .  orlc r.our~try 11i1s tl~~ltltxl to  hi*i.ol~ii- 
dominunt  in the  conlmcrc.iid c*ultivatiol~ 01' Iul>itls, 111 I,rcsibllt I hl. ~ l l i ~ j o r  i l i s t~ i~s i~s  
of I ~ l p i n s  a r c  thercforc the  lllajor l l i ~ c i ~ ~ c ~ ~  Illat irrc prtSscllt i l l  tht- soutll-wi*st ol' 
\.2icstc*rn Austr;rlia. (;ivcn the  largc ;trciIs thi11 ;Ire i ~ ~ v o l v c d ,  anti t I 1 i ~  rcblirtivcly low 
value ol ' lupin seed, it is u~l l iki~lv that d i ~ c h i r ~ c ~  i l l  lul>irls 111crit c'ol~trol wit11 I'~tr1gi- 
i'idcs. This being t h e  cilsc, i t  c.irri be cspc.i~tcti t I l i r t  t he m i ~ j o r  tlirtlst o l ' t l i sc i~~c  (.OII- 
trol rcscarc.h in lupins will cSolltin~ci1 10 hi, sc~r ibcr~ i r~g ,  hi~lc*c*tion i111c1 hri.cding 01' 
resistant cultivars. Australian plilrlt hrccrlcrs Ili~t'c. t l i ~ l ~ c ,  c~xc.c.llc~lt work i t1  this 
regard and thcir cllorts arc' b c i ~ i g  c~nhirllc*c.~l hy plirnt brci.dcrs i l l  ('hilc. I:ri~rlt,c*. 
(;clrni;~ny and I'olirnd. (;ivi,n the  c ~ v c * r - c t ~ i ~ ~ ~ g i r ~ g  rc~liitiorlsl~ips hc-twcibn host plant 
and pathogen, t k i r  job looks ;IS i f  i t  will c.oritirluc to bc ;I  I o r~g  orlct. 
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Diseases of Clover 1 2  
INTRODUCTION 

Clover species are attacked by a wide range ol' fungi, phytoplosmi~s, h :~~ tc r i ;~  i~ncl 
viruses, and it would be impossible in ii book of this size 10 cover all in clcti~il. 'l'hc 
seven nlost important fungal tliseases - I'usarium root rot, clovcr rot, scorch, pow- 
dery mildew, pepper spot, leaf spot and black blotch arc lis(ed in ordcr of citil- 
tion in literature, followed by the phytoplasrna diseasc, phyllody ;ind a short 
section on bacterial diseases. Othcr I'ungal and phytopli~sma diseilscs which arc 
either of lesser importi~ncc or referred lo lcss frequently ilrc listcd in 'l'ublc 1 2.1.  

Clover species arc inftctcd by a wide range of'viruscs, Johnstone and Mcl,ean 
( 1987)  recorded nine viruses on subtcrrt~nean clover in Auslriilia. Harnpton (11 ill. 
( 19781, observed reactions by white andlor red clover to 17  out of 3 X  virus iso- 
lates tested Srorn a number of locations in thc USA, 1:urope and J i~pan.  C'i~rr 
(1984)  stated that herbage legumes in Britain ere infected by 15 viruscs, 
although only six were considered important. A literature scarch of three 1lati1- 
bases ranging from 1975 to 1995 showed the following 10 bc the most frequcntly 
quoted: clover yellow vein, bean yellow mosaic, aIfi111B mosaic, white clovcr 
mosaic, red clover necrotic nlosaic and soyahcan dwarf (syri. subterranean clovcr 
red leaf). Othcr virus diseases that iire quoted less often or are of minor irnpor- 
Lance are listed in '['able 12.2. '11) add to this wide range of viruses is thc further 
complication that clover is frequently infected by Inorc than one virus (Alconcro, 
1983), some wilh a t  least four viruses (Helms tJt (I/., 1993).  This can obviously 
produce confusing symptoms. FIowevcr, for the sake of clarity and simplicity, the 
most frequently quoted viruses are described individually. 

Tt should also be borne in mind that in many pastures whcrc clovcr is grow- 
ing either as a pure sward or in a grasslclover mixture, not only may there may 
be more than one virus, but there rnay be combinations with fungal i~ndlor  bac- 
terial pathogens. 

@CAB INTERNATIONAL 1998. The Pad~ology of Food and Pasrurr Legunlcs 
(eds D.J. Allen and J.M. Lenne) 



Table 12.1. Less frequently recorded fungal, bacterial and phytoplasma diseases of clovers. 

Disease (Refs.) Pathogen Host Distribution Importance 

Fungal diseases 

Anthracnose (southern Collefotrichum trifolii Red clover. 
anthracnose in USA) (22.24) Bain & Essary white clover? 

Europe, N America, 
Kenya, S Africa 

Most records on 
alfalfa and lucerne 

Europe, Russia, 
N America 
Australia 

Common and destructive 
in N America; noted as 
important in Romania 
and Australia 

Black stem (spring Phoma medicaginis Malbr. & Berseem clover, 
black stem in Roum. in Roum. (syns. /? red clover, 
N America) (9,22) herbarum var. medicaginis, Persian clover. 

Ascochfla imperfects. subterranean clover. 
A. tritoli,) white clover 

Cercospora leaf spot Cercospora zebrina Passer. Subterranean clove1 
(1,2023) 
Chocolate spot (24) Botryts cinerea Pers. ex Fr. Alsike clover, 

white clover 

Europe, N America, 
Australia. Japan 

Moderately important in 
Australia and N America 

Mild symptoms only Europe 

Downy mildew (8,12,22) Peronospora trifoliorum White clover, 
de Bary red clover 

Europe, 
N America 

Occasional on red clover, 
more common on white, but 
most common on lucerne 

Occasionally damaging; 
some evidence for 
reproductive disorders 
in grazing cattle, losses of 
herbage and seed yield 

Rusts (1.2.8,11,21.22,26) Uromyces trifolii-repentis Liro 
ex Liro (syns. U. trifoliivar. 
trifolii-repentis. U. hybridi, 
U. tritolii-hybrid,): Uromyces 
trifolii-repentis Liro ex Liro 
var. fallens (Arth.) Cummins 
(syns. U. fallens, U. trifoli,) 

Alsike clover. 
crimson clover, 
Persian clover, 
red clover, 
subterranean clover, 
white clover 

Europe, Russia, 
N America, S Africa, 
Australia. New Zealand, 
Japan 

Uromyces trifolii (R. Hedw.) 
Fuckel (syns. Nigredo 
trifolii, Uromyces nerviphilus) 

White clove1 Europe. N America Serious damage in glasshouse 
material; less damaging in 
field plots 

Uromyces minor ~chioet .  Yellow suckling 
clover 

Europe. N America Uncommon, but occasionally 
severe 

Stagonospora leaf Stagonospora meliloti (Lasch.) 
spots (20,24) Petr. (syn. S. compta); 

Stagonospora recedens 
(Massal.) Jones & Weimer 

Stemphylium leaf spots Stemphylium sarcinaeforme 
(ring spots; target spots) (Cav.) Wiltsh.; 
(3.14.20.24) S. botryosum (Wallr.) 

Red clover, 
white clover, 
subterranean clover 

Europe. N America Occasional 

Worldwide Common; serious in 
Canada 

Red clover 
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For the purposes of this chapter, clover is detined as any plant of the genus 
It.i/oliun~ commonly used for grazing or conservation. 

FUSARIUM ROOT ROT COMPLEX 

Aet iology 

Although Frrsariun~ oxysporrorl Schlect. alone has been shown to be capable of 
producing a wilt of crimson clover (Trifoliurrr inrurr~uturr~) (Pratt, 1982), Fusariur?~ 
spp. are more usually associated with other 1:usurium spp. or with other fungi in 
what is commonly known as fusariu~n root rot complex. A relatively large num- 
ber of Fusurirrrr~ spp, are thought to be involved, including I:. tic-unlinuturn Ellis & 
Everhart (F, roseum), F. av~narrutrl (Fr.) Sacc., F. rulrnorum (Smith) Sacc.. F .  la t~r-  
itium (Fr.) Nees., F. rrronililfarme Shcld., I : ,  nivalr (I+-.) Ces., F. solurli (Mart.) Appel 
& Wallr.. F. sambucirtutr~ Fuckel, 1:. seinituctum Rerk. & Ravenel, b'. sporotricllioidi~s 
Sherb. as well as F. oxysporum (O'Kourke, 1 9 76: Mezentseva, 1989). Other fungi 
include weakly pathogenic Khizoctonia and Pythirrn~ spp. Normally saprophytic 
Alternaria, Prnicilliurn, Aspergillus, Muror and Trid~odorma spp. are also found 
associated with the complex (Leath ct ul., 197 1 ). In Australia, Aphanom!jres cute- 
iches Drechs. is also an important component in root rots (Greenhalgh tlt al., 
1986). In Britain, although no vascular wilts of herbage legurnes have been 
attributed to Fusuriurn spp., a range of fungi, similar to those described, can be 
isolated from the roots of unhealthy looking plants in the field (Carr. 1971). In 
the USA. Jin et al. (1992) have indicated that decline of red clover (Tri~lium 
pratunsc) is the result of an interaction between I:usuriurr~ avvrlurerrrn and the 
beetle Hylastinus obscurus Marsham. 

Biology 

Hyphae of components of the complex and particularly of Pusurilrrr~ spp. are often 
found within root tissues from only a few days after germination and remain for 
the lifetime of the host plant (O'Rourke. 1976). Although damping-off is occa- 
sionally caused by Fusariurn spp. (Carr, 1984), Pythium spp, are more commonly 
associated with this disease. In the early stages of plant growth Fusuriurit spp. 
often appear to cause little damage. However, within 2-3 years of sowing, the 
level of Fusarium spp. often builds up markedly at the expense of the normally 
non-pathogenic fungi. Fungi in the complex are usually transmitted via the soil 
but it is also probable that some at least can be seed-transmitted. Isolates of 
F. oxysporum, F. culmorum and E', avenuceurn pathogenic to linseed have been 
found on linseed seed in Hritain (H.C. McGimpsey, Belfast, Northern Ireland, 
1996, personal communication). 

Fusarium root rot is a common and important problem in many parts of the 
world where clover is grown. In the USA and Canada, it has been recorded as a 
serious problem for over 50 years (O'Rourke, 1976). Wanson and Maraite 
(1984) stated that it was the main reason for the decline of red clover in Belgium, 
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citing E'. averlaceurrl as the most virulent pathogen. Similarly in the Czech 
Kepublic (Nedelnik, 199 3 ) F. avertawurn was predominant on red clovcr followed 
by F. culrnorurr~, F. ox!jsportrrn and F. solani. Hurgcss ~t ul. (19731, in Australia, 
also cited P. averlaceurrl first in their list of isolates from rotted roots of subterranean 
clover (Trifolium sul~trrrnneurn). On the other hand, Mills (1985) found 1:. solarti 
to be most common in almost all clover tields inspected in the Cape area of South 
Africa in 1979. In New Zealand, I-'. ox!jsporurit was the predominant Fusuriurii 
spp. isolated from roots of white clover (Trifi31iurn rcpt~rts) (Skipp and Christcnsen, 
198  31, while F .  uvertaceurrr and I.'. ~~ulrr~orurn were not common and never pre- 
dominated at any particular site. Mohamcd et ul. (1980b), in Egypt, also found 
F ,  oxgsporurn to be onc of the most commonly isolated of clover fungi. Root rots 
caused by 1:usarilrnr spp. are also reviewed on soyabean (see Sinclair, Chapter 3, 
this volume), pea (see Kraft et al., Chaptcr 6, this volume) and chickpea (see 
Haware, Chapter 9, this volumc). 

Although many of the E'usuriurn spp. associated with root rot are known to 
attack a wide range of plants, some host specificity has been found. F. solnrri, 
F. oxysporurn and F. c~trlrnorum isolated from red clover were pathogenic on a range 
ol' legumes, but not capable of infecting nun-legumes (Chi, 1965). On the other 
hand, Vargo and Baunler (1986), in the USA, found that isolates ol' F, sporotri- 
c-hioilit's, from the roots of white clover, were also pathogenic on spring wheat. 

Although Pratt ( 1982) noted differences in the ability of various isolates ol' 
Fusuriurn ox,tjsporurr~ to attt~ck crimson clovcr there is limited literature to support 
particular races of I:usariur71 spp, being specilic to individual clovcr cultivars. On 
the other hand, there is clear evidence of differences between individual 
1:usnrilrrn spp, in their ability to attack clover, when inoculated under controlled 
conditions (Stutz and Lcath. 198 3 ). 

Symptoms 

Affected crop stands often contain bare patches where plants hi~ve died out (Plate 
27). The remaining plants may also thrive poorly (H.C. McGimpscy, Belfast. 
Northern Ireland, 1996, personal communication). Examination of individual 
plants shows necrosis of the tap and lateral roots. This may occur from 5 months 
after seeding (Wanson and Maraite, 1984). In severe attacks, the crop may 
become totally unproductive within as little as 2-3 years (O'Kourke, 197b; Skipp 
and Christensen, 1990). McMurchy and IIiggins ( 19 84) have correlated 
increases in severity of root rot with dccline in the pterocarpenoid glycoside, tri- 
folirhizin, and increase in the aglyconc, maackiain. 

Epidemiology 

F. oxysporurn. F. i~vertuce~rril and F. solarti are capable of penetrating unwounded epi- 
dermal cells directly (Chi et ul., 1964; Stutz and Leath, 1983: Koviicikova and 
Kudela, 1984). Ihvever, many of these tests have been carried out under aseptic 
conditions and may not rellect the practical situation in the field. Indeed. 
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Greenhalgh and Taylor (1985) hrlve questioned the ability of F. (?vcrlac'nrnl to cause 
root rot under nonnal field conditions, by pointing out that, although it could cause 
rot in pasteurized soil, it could not do so in unpasteurized soil. 1:urther tests arc 
needed in both strictly controlled and field conditions to clarify these contradictions. 

Iiowever. most workers consider that the Fuscrriut,~ spp. associated with 
clover are only weakly pathogenic arid that predisposing stress factors are 
required for root rot to develop. Such factors may include too-frequent cutting, 
drought, cold, mineral deficiencies (particularly potash), insect, nematode or 
other darnage to the roots (C'arr. 1984: Stutz t't al., 1985: ]in el 111. 1992), or 
infection by foliar pathogens. such as Ascoclr!jta im~~erf ic ta  (O'Rourke and Millar. 
1966). The interaction with nematodes appears to be complex. Nordmeyer and 
Sikora ( 198 3 )  noted that simultaneous inoculation of Wetrroiicrcl (l~rverti Woutts, 
F .  soltrni and F. oxfiqJor[rrtl did not reduce the yield of two clones of subterranean 
clover. However. inoculation of the nematode, 1-2 weeks iifter the fungi, reduced 
plant weight synergistically. 

Effects on Yield and Quality 

Because of the complex nature of the disease, it is diflicult to reproduce exactly under 
controlled conditions. Use of a fungicide drench or microwave treillmcnt of1 he soil in 
pots of red clover naturally infected with a root rot complex (Nan ut nl . ,  1991) 
decreased fungal populations but surprisingly also decreased emergence and 
growth. Iiowever, later work in plots (Nan et trl.. 1992) showed increases in yield fol- 
lowing fungicide drenches. Kovacikovi and Kudela (1984) found zui irlcrcase in 
plant weight at the frst cut aRer inoculation with a range of Fusc~riurr~ spp., although 
there was a decrease at the second cut. In spite of these contradictory experimental 
findings, it  is clear that yields of frlrmers' pastures can be considerably reduced by 
root rots because of decline in mature stands (O'Rourke, 1976). Indeed, decline may 
reach such a stage that the ploughing up of the pasture tnny be needed. 

Disease Control 

Carr (1984) stated that no ready solution to the problem of fusarium rot had 
been found in the LIK other than management to reduce stress. Similarly. Oliva c~t  
al. ( 1  994)  in the USA, showed that relieving of water stress by irrigation reduced 
the incidence of the fusarium root rot complex in red clover. In the former USSR, 
Khar'kov and Kashmanova (1 973) claimed markedly decreased infection with 
F .  oxgsporum through the use of ammonium niolybdate seed treatment: 
Karvyanskii and Mazur (1 978) also claimed control, but with the use of thiram 
seed treatment. In Egypt, Mohamed et al. (1 980b) obtained best control with the 
use of benomyl seed treatment, while l'ung et ul. ( 1  99 1 ) in New Zealand, found 
no reduction in F .  oxysporum in roots of subterranean clover with benomyl. 
However, Nan rt al. (1992), also in New Zealand, obtained good control of a 
range of root-infecting fungi, including F, oxysporurn and F .  solani, using a soil 
drench of prochloraz, although this is unlikely to be economically viable. Barbetti 
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and MacNish ( 198 31, in Australia, stated that fungicidirl control on subterranean 
clover was ineffective, but obscrved that the level of root rot could be reduced by 
techniques such as fallowing or rotation with oats (Barbetti and MacNish, 
1984).  However, later work (ljarbetti, 1991) indicatcd that thc remission of dis- 
ease through fallowing was only effective for one season. 

A degree ol'resistarice lo the root rot complex has been observed in some cul- 
tivars (Barbetti et al., 198h; Nagovitsyna and Gracheva, 1990: Pratt and Rowe, 
199 3 :  Andcrsson, 1994; Coulman and I,arnbert, 199 5 ) .  Paplauskicnc (199 2 )  
has indicatcd a close correlation bctwccn the ability to produce phenolic com- 
poi~nds and resistance to 1;usnriurrl sp. in red clover. 

CLOVER ROT 

Aetiology 

Thc existence of a distinct variety, var. ftrhrrr, ol' Sclt~rotirfia trifoliorrrrrr Erikss, w ; ~  
postulated by Keay ( 19 39) (TAovclcss, 1951 ). However, subscqucnt work by Worlg 
and Willctts (1975) and Jcllis et nl. (1984) has shown that S. trifoliorrim var. / i ~ & u ~  

is in fact an isolate of S. trifi~linnlm. This situation has bccn thoroughly reviewed 
by Scott ( 1984) who opted Ibr the sir~glc name S. trijolior~rrrf, but added that this 
designation should be trcatcd with great circumspection. The fungus is a mein- 
her of Helotirrlrs in the l l i ,sc~o~rl~j~~t~Lt~s, 

Biology 

Sclerotia are produced around the crown of dcad and dying plants in early 
spring. 'l'he dark. irregulilr sclerotiii range in sixc from 2 to 2 0  111111 (averilge 
5 mm) and have a convoluted surface. 'l'hey remain dormant in the ground until 
the following autumn when they germinate to producc buff-colourcd apotheciu 
consisting of a disc c. 4 rnrn across on the top of :I slender stalk which may be up 
to 8 mm tall (Fig. 12.1). Sclcroti;~ can producc a secolld or even a third crop ol' 
apothecia in successive years. Germination is sometimes delaycd for il number of 
years (Keay, 1 9  39). Infection by ascospores takes place in the autumn. leading to 
damage and death of leilves and sonietirncs the whole plant. Ascospores are hya- 
line and ellipticill ( 12-18 x 5-8 pm) (O'Rourke, 19 7 6 )  and are produced from 
asci, 170-190 x 10-1 5 pm. Although it was originally supposed that S. trili~lio- 
r ~ l m  was homothallic (Carr, 19 54) and produced apparently functionless micro- 
conidia, Inore recent work (IJhm and Fuji, 1983)  has indicated that the 
microconidia are in fact filnctional spermetia and the fungus is indeed het- 
crothallic. one  pathogenic determinant of S ,  trgoliorurr~ is its production of oxalic 
acid, although resetlrch by Callahan and Rowe (1991) has indicated that there 
arc almost certainly other factors. 

Clover rot has generally been regarded as the most serious disease of red 
clover in Europe, particularly in short rotations (('arr, 1984). Inlportance and 
distribution can, however, be irregular. For example, a survey of incidence in 
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Fig. 12.1. Apothecium and sclerotium of Sclerotinia trifoliorum (Photo: courtesy of 
P.C. Mercer). 

Bohemia and Morovia from 1900 to 1982 (Kudela and KovacikovB, 1987) 
showed peak incidence from 1912 to 1928, with only local and sporadic occur- 
rences afterwards. Also, in Ireland, where red clover is not extensively grown, 
surveys (Mercer, 1981) showed very low general incidence, but considerable 
damage where the disease did occur. The disease was noted in Britain as early as 
1849 (Lawes and Gilbert, 1860) and again by Carruthers (1898) who stated that 
in some districts the crop had been almost completely destroyed. Although crim- 
son, alsike (TriJolium hybridum) and white clovers could also be infected, damage 
was generally not as serious as on red clover. However, in recent years in Britain 
the pattern of damage on white clover appears to have changed. Dixon (1975) 
noted a number of reports of serious damage on white clover cultivars while Carr 
( 1984) observed that more serious damage could occur on white clover cultivars 
than on red. In the USA, a large-leaved white clover variety, Ladino, was noted as 
particularly susceptible as early as 1949 (Kreitlow, 1949). S. trijoliorum has also 
been recorded on lucerne, trefoil, sainfoin (Onobrychis viriifolia), crown vetch 
(Coronilla vuria), Phaseolus and faba bean (see Jellis rt ul., Chapter 7, this volume) 
and a wide range of leguminous and non-leguminous weed species (Dillon 
Weston eta]., 1946; O'Rourke, 1976). 

More research appears to have examined variation in host resistance to 
S. trijoliorum (Raynal, 198 1) rather than variation in the pathogen. For example, 
Pratt (1992) in a comparison of isolates of S. trifoliorum from crimson, berseem 
(Trijolium alexandrium) and small hop (Trifolium dubium) clovers in the USA, 
showed significant and strong specialization between hosts. However, the under- 
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standing of variation of the pathogen on ;I single host appears confused. Thus 
Kreitlow (1949) showed differences bctwccn two isolates from white clover 
reinoculated onto white clover, suggesting physiologic specialization and Ileld 
(19 5 5) showed differences in the production of pectinase enzymes between 'nor- 
mal' and 'degenerate' strains of S. trifoliorurrl which were correlated with the pro- 
duction of a substance which causcd wilting of clover leaves. Howevcr, Carr 
(19 54) stated that although there was vilriation in pathogenicity among two iso- 
lates from red clover and one each from bean and sainfoin, there was no evidence 
for biologic races. Furthermore, Scott and Fielding (1 985). in a similar experi- 
ment but with isolates frcm two cultivars each of lucerne and red and white 
clovers, showed differences dependent both on the origin of the isolates and on 
the plants inoculatcd. These differences were, however, only marked between dif- 
ferent host species. 

Symptoms 

The first signs of clover rot appear in late autumn. Foliage becomes finely spotted 
due to infection by ascospores. This condition may persist for up to 12 weeks and it 
has been suggested (Valleau rlt al., 19 3 3)  that it is only after the leaves die from nat- 
ural causes that the I'ungus can advance further. Once this happens the remainder 
ol'the plant will then frequer~tly also becornc severely affccted and plant death may 
occur, often with visible growth of white mycelium, especially if conditions are 
warm and wet (Plate 28). Conversely, if conditions are dry and frosty, advance of 
the disease is severely restricted and plants may resprout from the crown. 

Epidemiology 

Ascospores are produced in abundance by S, trijolii~rurr~. J.l? Malone and H.C. 
McGimpsey (unpublished) have shown a higher percentage spore germination in 
the presence of clover leaf leachate compared to that in pure water. Nevertheless, 
because of problems of inducing infection artificially with ascospores (Keay, 
19  39), doubts ha~7e arisen as to whether natural irlfections can occur unless the 
host is already weakened or senescent (Butler and Jones, 1949). Kaynal (1981) 
and PC'. Mercer and H.C. McGimpsey (unpublished) produced symptoms in 
plants grown under conditions of high humidity. Kaynal (1981) found mycelial 
plugs to be more successful than ascospores. EC. Mercer and H.C. McGimpsey 
(unpublished) were not able to repeat the process under field conditions. In spite 
of these findings, however, it still seems likely that ascospores are important in 
disease spread, but that the precise conditions for infection, like those for much of 
the life cycle of the pathogen, are difficult to mimic artificially. Ascospores are 
forcibly shot into the air, possibly up to a height of 6.5 cm (Nilsson-Leissner and 
Sylven. 1929) and can then be carried lo neighbouri~~g plants by wind currents. 

Although infection by ascospores is believed to be the main method of infec- 
tion in Britain (O'Rourke. 1976), it is thought that in Scandinavia mycelial trans- 
fer is much more important (Fransden, 1946). Pape (1937) noted fastest 



mycelial growth for most isolates of S, trijolicrurn at 1 6.5"C, although two iso- 
lates had an optimum of 19°C. J.p Malone and I1.C. McGimpsey (unpublished) 
noted maximum mycelial growth between 1 5 ° C  and 16.5"C. Mycelium may 
come from an extension of that present on crop debris or it may grow from scle- 
rotia. Although Keay (19 39) was unable to induce mycelial growth from sclero- 
tia, Williams and Western, (1965a) observed the production of secondary 
sclerotia via a rnycelial 'neck'. The authors also indicated that sclerotia, buried in 
soil. were capable of an increase in weight of up lo 50%, either by absorption or 
by a closely adhering nlycelial system. 

Another possibility for disease spread is seed. either as mycelium on seed or 
as sclerotia mixed with seed. Kietreiber (1979) reported 3% of clover seed sam- 
ples in Austria containing sclerotia of Sr.lijn)tirria spp. However, although JJ 
Malone and H.C. McGimpsey (unpublished) examined 10,000 seeds from sam- 
ples which subsequently gave rise to crops infected with S. triJoliorurn, they were 
unable to And any sclerotia. They also made the point, as did Williams and 
Western ( 196 5b), that sclerotia the size of clover seed were only likely to produce 
a relatively small number of apothecia. However. Scott and Evirns ( 19841, exam- 
ining the seed of apparently healthy plants from an area in Wales which had had 
a severe attack of clover rot, found 160 seed-sized sclerotia in 400 g of seed and 
came to the conclusion that this was indeed an important means of spread. 
There is also evidence for direct transmission of'the fungus via nlycelium on seed. 
Leach (19 5 8 ) ,  in the USA, found viable mycelium of what is now corisidercd to be 
S, trifoliortlrn on sced of crimson clover. He also noted that the mycelium lost via- 
bility over a 2-year storage period. Scott ( 1981 ), in Wales. also found myceliurn of 
a Sclerotir~in sp. on seed of both whitc and red clover. Although the n~ycclium was 
non-viable, the seed had been stored for 2 years at room temperature. 

A further possibility for transmission is by slugs. Shakeel and Mowat ( 1992) 
showed that transfer of excreta from slugs which had been feeding on sclerotia or 
apothecia of S. trifoliorlrrrl could bc used to infect healthy while clover plants. 

IJnder artificial conditions, sclerotial production occurs when ii culture 
reaches the edge of a l'etri dish or a barrier, such as a cut in the agar. Richer 
media and light tend to encourage higher numbers of sclerotia, but numbers arc 
not affected by the wavelength of light (J.1: Malone and H.C. McGimpscy, unpub- 
lished). It is not clear what the trigger for sclerotial production is under natural 
conditions, but it does tend to occur as the host plant dies. 

Although sclerotia can remain viable in the soil for at least 74 years (I'ape, 
1937) their survival is dependent on soil moisture and temperature. ScleroLia 
which are close to the surface or buried in a shallow layer of soil dry out quite 
quickly and viability decreases sharply over just a few months. Similarly. 1.P 
Malone and H.C. McGimpsey (unpublished) noted a reduction in sclerotial germi- 
nation after only 6 days at 30°C. It is therefore very doubtful if sclerotia can 
remain viable in the temperate regions for longer than 3 years under warm, dry 
conditions unless under clover (Williams and Western. 19h5b). Increasing soil 
moisture up to 30% moisture-holding capacity always accelerated the degenera- 
tion of sclerotia. Above that level, the rate of degeneration was offset by the pro- 
duction of secondary sclerotia. 

In temperate regions, apothecia are produced from sclerotia in the autumn, 
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probably triggered by the drop in temperature. McGirnpscy and Malonc (1979) 
produced maximum numbers of apothecia artiticially by placing sclerotia 
(formed at 20°C') at  - 18°C' for 48 h prior to incubation at alternating tempcra- 
lures of 2°C and 8°C. Raynal and l'icard (1985) also produced apothecia artifi- 
cially by keeping sclerotia at 30°C for a lnonth and then dropping the 
temperature to 15°C'. Light. high humidity and depth of sclerotia in soil also 
appear to be important. McGimpsey and Malone ( 1  97')) found that sclerotia 
grown in the dark produced only stipes, confirming earlier work by Rjijrling 
(1952) .  On the other hand, Hawthorne (1975) found that light inhibited stipc 
Ibrmation in the closely related S(,lr~rotirrin ttririor jaggo. I4.C. Mc(:impsey and ].IJ. 
Malonc (unpublished) found that apolhecial production in growth cilbinets at 
10°C was much greater when humidity was h0-701XI than 30-  5 5'X). Willia~ns 
and Western ( 19h5a) Sound production of apothec~a down to a depth of 5 cm, At 
15  cm depth, stipes up to h ern long were produced, but no disc. Numbers of 
apothecia also tend to be higher in the presence of susceptible clover varieties 
(McGimpscy and Mercer. 1984). Growth ot'S. trijoliorur?~ and apothecial produc- 
tion arc also clcpcnderit on other microorganisms. J.P Malonc and 1I.C. 
McGimpscy (unpublished) li)und a highcr number of apothccia produced in 
unsterilizcd rather than sterilized soil, whereas Ilorenda (1984)  showed inhibi- 
tion of S. tri/oliorurrr by saprophytic fungi from soil, rhixosphere, planosphere and 
roots of clover. Pfel'l'er and Lulh ( 1990) reportcd ilii increi~se of LL'X) in the inci- 
dcnce of the mycoparasitic fungus ('ornoth!~riurtr tillrriterls C'ampb. on sclcrotia of 
S. tri/olion~t,~ and a n  XX'X, decrease in apothecial productiorl from lields under red 
clover ~nonoculturc compared with tields under crop rotation. l'ratt and Knight 
(1982) .  in the IJSA, Ihund that apothccia were much rriore readily produced 
under field conditions from sclerotia originally collected from thc field rather 
than from ones produced artiticially, thereby underlining the earlier 
about difticulties in mimicking the cxirct details of the life cycle. 

Effects on Yield and Quality 

I>nmagc is most severe on red clover and the disease wils cited as one of the ~tiain 
factors checking growth of the crop in Britain (1)illon Weston rt trl., 1946).  
Surveys in the [JK carried out in the late 19 50s showed 70'X) of red clover fields to 
be infected, with losses of over 14'XI in 10% of crops (Lester and Large, 1958; 
Carr, 1984).  If the plant stand is severely decimated, the otily remedy is to plough 
the pasture in. Although white clover is not generally so badly affected, it m;1y die 
out with time as the disease progresses (Scott, 19  84) .  

Disease Control 

Although clover rot can be reduced by the use of fungicides, such as quintozcne 
(Sundheirn, 1971); benonlyl (Jcnkyn, 1975: McGimpsey and Mercer, 1984): 
propiconazole (McGimpsey and Mercer, 1984): and vinclozolin (Sauer, 198.21, 
this is not likely to be a n  economic option unless possibly for high-value seed 



crops. The general recommendation for control is crop rotation of 4-5 years 
(Carr, 1984). However, Yfeffer and Luth ( 1  990) suggested that because of the 
natural biological control of the pathogen in red clover monoculture, it was not 
considered worth while to select for resistance to S, trifoliorurn under monocul- 
ture conditions. Pratt (1991) in the IJSA, noted that cutting crimson clover in 
November versus at other times of the yea1 resulted in a much lower incidence of 
S. trifnliorurn. As already observcd, white clover tends to be more resistant than 
red clover, although it can still be badly affected. 1,ehman r l  (11. (1991) suggested 
that resistance in the Irish white clover variety Aran was due to a high content of 
cyanogcnic glycosides, which could have detrimental effects on cattle and sheep 
growth. Newer, tetraploid red clover varieties are reported to show good resis- 
tance (Raynal, 1986; Niisch, 1989), although Vanco (1991) found selection of 
diploid cultivars to be more effective. 

SCORCH 

Scorch disease of clovers is known as northern anthracnosc in the USA. It is 
caused by the fungus Kubatiellu raulivora (Kirchn.) Karak, and is classified as s 
Ilyphornyc-cte. Although Cooke (1962) transferred the genus Kabutif~lla to the 
genus Aureobasidiunl and it is quoted as such in Farr ~t (11. ( 1 9X9), it has remained 
common practice to refer to the pathogen of' clover scorch as Kuhutiella. The 
best known synonyms are Aurcobasidiurt~ caulivorurt~ (Kirchn.) Cookc and 
Gloeosporium cuulivnrum Kirchn. 

Biology 

It is thought that the pathogen survives the winter on infected plants and 
decayed leaves, although it can also survive on seed for up to 2 years (Leach. 
1962). The disease is not normally transmitted through the soil (Sampson and 
Western, 1941). Sporulation of conidia (8-24 X 2.5-3.5 pm) begins in the 
spring, and these are spread, mainly by rain-splash, to infect neighbouring plants 
and young seedlings. An ascigcrous perfect state was observed in culture in the 
USA by Grinchenko and Colotelo (1963), although they did not indicate its tax- 
onomy. However, no perfect state has yet been found in the field. 

This is one of the most important diseases affecting red clover in temperate 
regions, occurring in Europe, North America, Asia (O'Rourke, 1976) and 
Australia (IIelms (1975). It was described as the most serious disease of red 
clover in Wales by Stapledon et ul. (1922). Scorch also occurs on crimson, subter- 
ranean and berseem clovers, but white and alsike clovers and lucerne are all 
fairly resistant (O'Rotirke. 19 76). 

In Australia, Helms (1975) found a number of physiologic races of 
K, caulivora, and Chandrashekar and Halloran (1992) noted significant differ- 
ences in symptoms produced by six isolates of K. caulivora on six cultivars of 
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subterranean clover, with one cultivar, Llaliak, being completely immune at the 
seedling stage, and highly resistant at thc adult stage. On thc other hand, C'hatel 
and Francis (1974) found no significilnt differenccs between two isolates from 
widely separated areas, when used on a range of cultivars, lgnatavichyutc and 
Treigenc (19881, in Lithuania, noted differences in virulence to three cultivars of 
red clover among 1 3 isolates of K .  cuulivor~r. 

Symptoms 

Initial symptoms, on stems and petioles, are dark brown, sunken lesions, sur- 
rounded by dark margins; smaller round spots develop on thc leaves. Expanding 
lesions lead to girdling and cracking of stern tissues. Stems may curve over at the 
end to produce the crozier shapc, characteristic of wilt disetrses (Plate 29) 
(O'Rourke, 1976). The eflects of the disease may be particularly serious if the 
crop is being grown for seed and if llower stalks are girdled. Leaves which have 
bccn infectcd wilt and dry up, although they may remain attached to the plant. A 
severe attack of K. mttlivoru produces a blackened, scorched appearance in the 
crop, hence the common name. 

Epidemiology 

Scorch is encouraged by high humidity and tends to bc more cornmon in spring 
and early surnrncr before the first cut for hay. G't~urilcikierie (1992) noted that red 
clover plants artiticially inoculated with K. cmrlivora werc rnost susceptible iit 
tillering and budding stagcs especially betwccn 17  and 2 3°C. Although Harbetti 
tJt rd. (1 99 1 ) showed a strong plant-age x cultivar interaction in subterranean 
clover in Au~traliil, there is some conrusiori on the effect of tissue age. IIelms 
(1975) reported that leaf tissue of subterranean clover rapidly bccomes more 
resistant to K. i~rnrlivoru with ti~ne while Chandrasheker and Halloran (1990) 
stated that disease resistance in ;I range of cultivars decreases with time. 1)ense 
swards, which lead to high humidity ilnd low light density, also tend to favour 
scorch. As spread of thc phithogen is by rain-splash, periods of showery weather 
will also encourage disease build-up. Harbetti (198 5a), in Australia, noted inter- 
relationships between K. cctulivortl and Ct~rcos~n,rn zobrit~u Pass., disease appearing 
later on the petioles if C. zrbrirlir were established first. Conversely, levels of C. zeb- 
rirtci tended to be lower when K. c-nrrlivorcl werc prescnt. 

Effects on Yield and Quality 

Because of the girdling effect of the pathogen, the disease can be potentially very 
serious. In Canada, 50% losses in herbage yield of red clover have been recorded 
(Creelman, 1967) while, in Australia. Dear clt al. (198 7) described K. mulivom as 
a limiting factor in the growth of subterranean clover and Walker (1956) noted 
losses of up to 90%, in herbage yields, Johnstone and Barbetti (1987) reported 
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K. caulivora to be one of the two fungal pathogens chiefly responsible for loss of 
productivity. Seed yield and crop quality may also be severely reduced. 

Disease Control 

In Australia, Bokor tJt 111. (1978) and Little and Beale ( 1  988) found K. crculivoro 
could be successfully controlled using benomyl sprays, particularly when applicd 
in early spring. This approach was confirmed by Helrns and Andruska (1981) 
who showed, under controlled environmental conditions, that the level of scorch 
on subterranean clover was much lower when bcnomyl was applicd before inoc- 
ulalion of the pathogen - only 36'X) control was obtained whcn plants were 
sprayed 8 days after inoculation comptrred with lOO'X, control whcn plants were 
sprayed 3 days before inoculation. fIowever, it is not clear whether such control 
is economically viable, particularly for hay crops. On thc other hand, treatment 
of sccd with fungicide can reduce thc lcvcl of seedborne disease (Carr, 1984) and 
lhis is more likely to produce a profitable return. Resistant cultivars can play a 
part in diseasc reduction. 'Marathon' red clovcr is reported to have good rcsis- 
tance to K.  c3cluli\~orn in the IJSA (Smith, 1994) and Chatel and Francis ( 1974) 
showed large differences in susceptibility among five cultivars of subterrancan 
clover tested in Westerri Australia. Generally, tctraploid and late-tlowering culti- 
vars of red clover are more resistant than diploid and early-flowering ones 
(Staplcdon et (I/., 1922: O'Kourke, 1976). C'raig ( 1989 ), in Western Australia, 
found high resistance to K. ctrulivorr~ and good recovery from grazing and cutting 
with the Persian clover (l'rijolitrm rcaupinntum) cv. Kyambro. 

Rotation can also be used as a cboritrol measure, but a brcak of severirl years 
may be required, at least in red clover, to prevent imrnediatc recurrence 
(O'Rourkc, 1976). 'l'he use of phosphate and potash I'ertilizcrs in the liSSR has 
also been shown to reduce the percentage of rcd clover plants showing scorch 
disease (Khar'kov and Kashmnnova, 19  70). 

POWDERY MILDEW 

Aetiology 

Powdery mildew is caused by Rr!jsiphc polygoni IIC. (syn. Erysipllt~ trijiilii Crev,) 
and is a member of the Ilr!jsiphalrs and classified in family f'yr[~r~oinyretes. E. poly- 
goni can be regarded as a collective specics (O'Kourke, 1976). as it has a very 
wide host range, being recorded on at least 582 species including 2 12 legumes 
(Stavely and Hanson, 19hha). Kapoor ( 19 67) suggested a division of the specics 
into two - E. trijolii and E, pisi - on the basis of host range and cleistothccial mor- 
phology. Sivanesan (1 976 ) has suggested that the individual 'specics' making up 
the collective E ,  polygoni are in fact Iormae S ~ P C ~ I I ~ Y S .  
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Biology 

The disease generally appears from the middle of the growing season o~lwards 
(O'Rourke, 197h). Conidia (25-40 X 16-22 pm) land on leaves and after the 
production of germ tubes, appressoria, infection pegs and bulbous haustoria. 
form a weft of prostrate mycelium which gives rise to secondary apprcssoritrl 
swellings and further haustoria (Sampson and Western, 1941). Haustorial penc- 
tration from the mycelial weft tends to be conlined to the epidermal cells, 
although infection of the inner tissues does occur from time to time (Klika. 
1922). The mycelial weft also gives rise to upright, separate conidiophores. 
which produce singlc-celled conidia from about 5 days after the initial infection. 
t'roduction of conidia follows a diurnal cycle (Yarwood. 1 9 jh) ,  being much morc 
active around midday than during darkness, when clover leaves are naturally 
closed, a process which renders them more difficult to infect. Towards the end of 
the season, spherical cleistothecia (90-125 pmj may be formed which bear 
10-30 appendages (Kapoor. 1967). At lirst they are a light straw colour but 
become dark and carbonaceous as lhcy mature (Carr. 1971). Each cleistothc- 
cium contains five to ten ovoid nsci (50-80 X 25-40 pm) which in turn contain 
two to six (average tbur) ascosporcs (20-2 5 X 10-1 5 pm). 

h'. polygorti is most severe on red clover but will also attack sweet pea 
(Lutll!jr~is odnmtus) and sainfoin as well us white clover. H .  pol!jgc~ni exists as spe- 
cialized physiologic races, Staveley and Hanson ( 196(7a). in the IlSA, showed 12 
distinct races on six clones of red clover. Stavely and IIanson (1966b, c, 19671 
studied the genetics of the fungus and host in great detail and showed that host 
plant resistance was dominant and that the resistance to most races was mono- 
genitally inherited. 

Symptoms 

Symplo~ns are characterized by off-white, powdery arcas of conidiil and 
mycelium on the upper surfc~ces ol'leaves often combined with a ycllow mottling 
(Fig. 12.2). Severe infections result in death and browning of the 1e;ivcs. Mika 
and Humeri (1984) noted that attack of red clover by E .  yolljgoni resulted in a 
marked increase in wax secretion by the letives. 

Epidemiology 

Infection of leaves by conidia takes place via i~ppressoria and infectiou pegs 
which then produce bulbous haustoria (Smith, 1900). Inoculi~ti(>n experiments 
(Yarwood, 19  36) showed that infection is more successful during daylight than 
at night and can take place within 12 h of a spore landing on the leaf surface. 
From this initial inl'ection, a prostrate whitelgrey mycelium is formed, which is 
largely superficial, but does produce secondary appressoria and haustoria. The 
mycelium also gives rise to erect conidiophores, which in turn produce elliptical 
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Fig. 12.2. Powdery mildew symptoms on red clover due to Erysiphepolygoni(Photo: 
courtesy of C.J. O'Rourke). 

conidia. A detailed study of their formation was undertaken by Yarwood (1936) 
who showed that only one conidium was mature at any one time and that this 
happened at the same tirne each day on each conidiophore. Production of conidia 
begins within 5 days of infection. Conidia are carried to other leaves by air cur- 
rents and are the main method of infection during the growing season. The 
ascospores, produced towards the end of the season, are forcibly shot out of the 
cleistothecia and are then carried by air currents to other plants. It is not consid- 
ered that cleistothecia are particularly important for overwintering in the UK 
(O'Rourke, 1976). as the fungus can overwinter in mycelial form in host lissucs. 
This stage may, however, be important in the formation of new physiologic races 
by genetic recombination. 

As with other powdery mildews, I:', polygoni tends to be more severe in 
warm, dry seasons. Such conditions also exacerbate wilting produced by severe 
infections, as infected leaves tend to transpire more readily than uninfected 
leaves (Foex, 1924). 

Effects on Yield and Quality 

Both yield and quality of clover crops may be reduced by severe attacks of E ,  pnly- 
goni, although the effect can be variable (Horsfall, 1930). Carr (1984) stated that 
the disease could reach quite serious proportions on red clover in the UK, partic- 
ularly in warm, dry seasons. However, there appears to be little quantitative 
information available. 



Disease Control 

E .  yol!jgoni has been shown to bc controlled by fungicides such as tride~irorph in 
small-scale trials (Carr, 1984). However, it is not clcar whether this would bc cco- 
nomic on a field scale. In the USA, breeding has developed red clovcr cultivars 
with resistance to E .  pol!jgoni (Stavcly and Hanson. 1967: Taylor 1.1 trl.. 1990). In 
Australia, breeding of subterranean clover has also resultcd in lilies with resib- 
tance to I:'. yol!{gofli (Anonymous, 1992). In l'olund, Mikolajska and Majchrxak 
(1988) showcd reduced occurrence ol' E. p)l!jyotli on red clovcr when it was 
planted with a covcr crop. 

PEPPER SPOT 

Aetiology 

Pepper spot is also known as burn, leal' scorch arid leaf spot. It is caused t~y  the 
furrgus Lej~tosphaeru~ina trijolii (Rost.) l'etrak and is a ~ncmber of l)ofl~irlr~ules arid 
classified in the Loculonst~oti~yc~tcs. Because this species shows a wide viiriation in 
spore size on its hosts, there is a high degree of synonymy, e.g. Sp~rrrcrrrlinrr trifolii 
Kost., t'seudoplca trijolii (Host.) lJetr., Plcosporl~ frijblii (Kost.) I'etr. and 
Pscudosplrc~c.ria trifi~lii (Kost.) Hlihn. Ilowevcr, dil'l'ercnces in spore sizc are not 
rioted under controlled conditions (Rooth and Piroxynski, 1967) (see below). 

Biology 

Small roundish ostiolate pcrilhecia ( 100-1 50 prn) are formed in larger lesions 
on leaves, petioles or pedicels, where they arc imrncrsed and thercfore relatively 
incorispicuous (Sampson and Wcstern, 1941). Each pcrithecium contains 
broadly ovate asci with thickened apices. The asci themselves conti~in eight hya- 
line, three-septate ascospores measuring 27-39 X 10-1 5.5 pm. Ascospores are 
forcibly discharged from the perithecia and spread by wind and rain to further 
plants: moisture is required for infection (Carr, 19 84). I'erithecia arc highly rcsis- 
tant to extremes of weather and survive the winter on dcad leaves. Spores arc lib- 
erated from perithecia in the spring to renew the infection cycle. Conidia have 
not been found (O'Rourke, 1976). In a comparison between isolales of 1,. trifolii 
from lucerne and white clover, Olanya and Campbell (1990a) showed an opti- 
mum growth rate for isolates on culture medium of 20-24"C, an averagc incu- 
bation period of 3-4 days, a latent period of 14-1 5 days and an infectious period 
of 21 days. Dorozhkin ut  al. (1989) gave a similar optimum growth rate for iso- 
lates from white clover at 21-25OC. Perithecia were reported to form after 5-7 
days under optimum light conditions of alternating 12 h darkness and 12 h illu- 
mination at 5000-6000 lux. Numerous asci and ascospores were formed after 
10 days. 

L. trifolii is one of the most common pathogens of white clover (Carr, 19X4), 
but will also attack other clovers. Barbetti (1985b) found it to be one of the 





DISEASES OF CLOVER 

Fig. 12.3. Pepper-spotting of white clover caused by Leptosphaerulina trifolii (Photo: courtesy of 
P.C. Mercer). 

Effects on Yield and Quality 

Attacks by I,. tri/olii tend to reduce both yield and quality. For exi~rnplc, Hopkins 
and Gilhcy (1987), in England, noted an increase of 2 1 ' X ,  in the dry matter due to 
white clover in a mixed grasslclover sward, after the application of chlorpyrifos, 
methiocarb, and benorrlyl and irldiciltcd [hat some of this improvement was duc 
to control of L. Irifolii. Although, Mercer and McGimpsey (198h). in Ireland. 
found no increase in yield with control of the disease, O'Rourkc (1970), also in 
Ireland, noted a decrease in crude protein content following attack by 1,. trijblii. 
He also observed increases in the level of oestrogen in leaves, a hc'tor which can 
have cffects on animal health and reproduction. 

Disease Control 

Carr (1 984) stated that no control measures Ibr L, trifulii were known. However, 
sprays of benomyl in England were probably rcsponsiblc for increases in white 
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clover dry matter in mixed swards (Hopkins and Gilbey, 1987). On the other 
hand, although Mercer and McGimpsey (1986) obtained decreases in the inci- 
dcnce of L, triJi11ii on leaves of white clover in Northern Ireland, following 
monthly sprays of propiconazole, the yield did not increase. Clearly, further 
research on fungicidal control is required. Some resistance to L. trifolii exists 
(Sakai, 198 3 ) ,  but it is not yet widely used us a control mcasure. 

LEAF SPOT 

Aetiology 

Leaf spot is caused by the fungus l'srudopeziza trifolii (Hivona Benardi) Fuckel and 
is a member of the Helotiales and classilied in the Disromycrtt~s. Synonyms are 
Ascoholus trifolii Biv.-Bern. and Przizu trifoliorurn Lib. Schiiepp (1959) has sug- 
gested that l', tryolii and the related P, medicaginis (see below) are formau qt~ciules 
- P. trijolii C sp. trifolii and P. triji~lii f. sp, rnrdicaginis sutivae ol'the single species P. 
trifijlii. Other divisions have been indicated by Schmiedeknecht (1964) (see 
below). 

Biology 

Infection of leaves takes place in spring by ascosporcs (10-1 5 X 4-6 ptn), carried 
by wind after discharge from asci (50-80 pm long) conlairled in small, jelly-like, 
light coloured apothecia (0.2 mm diameter) which overwinter on lcaves infected 
in thc previous autumn. New apothecia and spores are then produced on freshly 
infected leaves. As far as is known there are no conidial or pycnidial stages of the 
pathogen (Butler and Jones, 1949). 

P, trifolii is known from most countries in the world where clover is grown. 
Leaf spot was listed as the most serious disease causing yield losses in Romania 
from 1971 to 1975 (Ignatescu and Suceava, 19  75). Butler and [ones (1949) 
claimed that the pathogen caused more economic damage to red clover in the 
IISA than in Britain. However, Carr (1984) stated that it is a serious problem on 
both white and red clover in Britain, and O'Rourkc (1976) also found P,  trifolii 
commonly throughout the growing season on both clovers in Ireland. The 
disease does, however, appear to be generally more severe on red clover and 
although damage does occur on white clover, it tends to be more sporadic in 
occurrence, at least in Britain (Carr, 1971 ). Although P, trijolii is only known to 
attack Trijoliun~ spp., a closely related but biologically distinct species, P. 
mrdiraginis, attacks Medicago spp. (Schmiedeknecht, 1964). P. trifolii will also 
attack crimson and alsike clovers (Carr, 1971). Forms of P, trifilii attacking red 
and white clovers are physiologically distinct and will not attack each other's 
hosts (Carr, 1984). Schmiedeknecht (1964) described them as P. trifolii f. sp. 
trijolii reprntis and P. trifolii f. sp. trifolii pratensis on white and red clovers, 
respectively. 



Symptoms 

Many dark brown spols, ranging in size lrom 0.5  to 3 Inn1 (O'Rourkr. 1976)  can 
be found on leaves, on both uppcr and lower surfaccs (Fig. 12.4). Spots may also 
be found on stems and petioles, tllthough. unlike thosc on the leaves, they rarely 
fruit (C'arr, 1984). Thc apothecia arc just about visible to the naked eyc, cspe- 
cially after rain when they swell: thcrc is usuillly one per leaf spot, although this 
rnay be cxceeded if the spot is large. 1,argcr spots may also be lighter uolourcd in 
thc centrc compared with the borders. Thc centre rrlay also fall out producing a 
shot-hole cfttct (O'Kourkc, 1976). Severe attacks may also rcsult in dcfolii~tion 
(Schmiedcknecht, 1967). 

Epidemiology 

As moisture is required for the forcible discharge of ascosporcs from asci, the dis- 
ease tends to be worse under moist conditions, such ;IS occur in spring and 
autumn (Skipp and Lambert, 1984). 

Effects on Yield and Quality 

O'Kou~.kc (1976) reported a gcneral reduction in crop vigour, quality and potcn- 
tial to regrow by damngc to leaves and premature 1e;lf-shedding in Ircland. On 
the other hand, although tests by Lewis and Astcraki (19X7), on a range of 12 

Fig. 12.4. Leaf spot on white clover caused by Pseudopeziza trifolii(Photo: courtesy of 
C.J. O'Rourke). 
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while clover cultivars in the IJK,  showed an average of 5 3% of leaves infected by 
1'. ~rijblii, only 2.5'X) oft he leal' area was damaged. Generally, there is little quanti- 
tative information on the effect of 1'. trijolii on yield, although Barbetli ( 1992), in 
Australia, showed a 32% increasc in herbage yield of burr mcdic (Medictrgo pohj- 
nrorp11(1), partially attributable to corltrol of the related P, nteifii3clgir~is with an erid 
of season propiconazole spray. Tn addition to any effect on the yield of clover, 
P. trijblii is also known to incrcase its oestrogen content (Wong tlt rrl., 1971), 
which can lead to effects on the rcproductive physiology of grazing animals. 

Disease Control 

There arc little quantitative data available on the control of P,  tri/olii in clovcr and 
there are no specilic recommendation!, li)r the use of fungicides in the [IK (C'ilrr, 
1984). However, Khar'kov and Kashrnanova (197 3 ) ,  in the formcr IJSSK, clilirned 
that treatment of red clovcr sccd with sodiurn rnolybdate markedly decreased the 
level of P. trifolii, and Kolosov (1972), also in the formcr IISSK, cli~imed a rcduc- 
tion in pathogen incidence with two aerial sprays of xineb in clover seed beds. In 
the LISA and Australia, fungicide sprays containing benomyl, carbendaxirn. 
zinc/rnaneb, chlorothalonil, tlutriaful, propiconazole or triudirncfon are effective 
(the latter three most el'l'ectivc) against 1'. rilf~ilir~rgirris on lucrrne (Wilcoxson and 
Biclcnbcrg, 1972; Summers and McClellan. 1975: Barbelti. 1987, 1992). 

l'etraploid red clovcr cultivars (end to bc more susceptible to 1'. tri/olii than 
diploid ones (O'Kourke, 1976). Koromyslova t>t id. (1981), in the forlner IISSR, 
noted some resistance in fiwr red clover cultivars out of 12  5 tested, and in a pop- 
ulation of white clover plants in North Wales. Burtion ( 1980) observed that, 
although there was signiticant vtlriation in the resistance of individuill genotypes 
to P. triJ)lii, the frequency distribution was skewed strongly in the direction of 
resistance. Although statistically significant differences in resistance were 
observed among white clovcr cultivars in the IIK by Lewis and Asteraki (1 987), 
the differences did not appcar large enough to be of practical signilicance. The 
subterranean clover cultivar Ilenmark is resistant to P. trifilii in A~~tr i l l i i l  
(Anonymous. 1992). 

O'Rourke (197h), in Ireland, recommendcd early Cutting of severely al'fected 
crops to avoid premature leaf-shed. This also helps to reduce pathogen inoculurn. 
Similarly, in a comparison between two graxing systems in the UK, O'Donovan 
and Pothergill (1992) reported a drarnatic decrease in the incidence of 1'. trijolii 
in April, a time corresponding to the onset of continuous grazing with sheep. 
Mikolajska and Majchrxak (1 988) in Poland found that sowing red clover with a 
cover crop delayed and restricted the occurrence of P. trijolii in the first year. 

BLACK OR SOOTY BLOTCH 

Aetiology 

Sooty blotch is caused by the fungus Cyr~~udotl~ea trijidii (Pcrs.) Wolf which is a 
member of the Dothidc~u1c.s in the family 1,oculoascom~c.rte. The conidial state is 
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known as Polythrinr.iur~1 trifolii Kunze ex Ficinus & Schubert. Synonyms include 
Uotllidelln trifolii (l'ers. ex Fr.) Bayliss-Elliott C(r Stanslicld and Sldvcaria tri/olii Pcrs. 

Biology 

Plants are infectcd in the spring by ascosporcs. As the disease develops, an ascx- 
uill stage is formed which produces wavy conidiophorcs (100 X (J-9 pm) which 
may posscss u siriglc septum. The conidiophorcs bear ohovate, palc to light 
brown conidia (1 7-24 X 1 3-24 pm) with a singlc srpturn (Boo1 h and O'Kourkr, 
1973).  Conidia are spread to other Icaves irnd pcnetration occurs either directly 
(Killian, 192 3; O'Rourke. 197h) or through stomata (Elliot tund Stanslield, 
1924). However, Roderick ( 1  99 31, in a study undcr artilicial inoculation, could 
lirld no evidence of direct cuticular penctratiori and obscrvcd pelictration only 
via thc stomata on the adaxii~l surf;~ce. Relative humidity in the range 98-1 OO'X, 
was nccessary fbr germination whic,h was greatcsl between 15  and 22°C'. 'l'he 
highest pcnetration success (via appressorin) occurrcd at 1 5 O C ' .  

'l'owards the cnd ofthc growing seilson, slliny blaclc strolnata dcvclop on the 
underside of thc leaves next to the existing conidial stromata. The riew stromata 
contain pycnidia which rxudc pycnidiosporcs ( 3-5 X 1.5-2 pnl) in slimy. tcndril- 
like masses through papillale ostioles. I'. tri/i)lii overwinters on I'iillen leaves 
whcre i t  dcvelops a sexual state, lcading to the production ol'usci li-om within the 
pycnidial strornati~. It is possible that thc Icaves become coniplctcly decomposed 
by the cnd of the wintcr and that thc asci will therefore be found frccly in the soil 
(Killian, 192 3) .  Ascospores arc liberated li-om i~sci in Lhc spring. 

C. lrifolii occurs worldwide on most clover species (Woll'e. 19 3 5: Milovidovtr. 
1974: O'Kourkc, 1976). Lewis kind 'l'hom;ls (199 1 ) h u n d  i t  to be the nlost I'rc- 
yuently recorded discase on whitc clovcr i ~ t  1 h sites in Iinglilnd irntl Wales moni- 
tored frorn 1 98 5 to 1987. However. Nelson and c'ampbcll ( 1 992) ri~ted C'. trilidii 
as only a minor component of a Icaf spo~  diseasc complex on whitc clover in 
North Carolina. 'l'here appear to be differences in resistance belwccn species, cul- 
tivars and ever1 mernbers of the sirrnc p(~pllliltio~~. Kuprcwicx (1 9 3 5),  in Russia. 
found that ascospores of ('. trifhlii, collected from white clover, successfillly rcx- 
illfccte(1 white clover, but infected alsike clover to :I lirnited extent. Ascospores col- 
lected from zigzag clover (T. nr~rlilrrn) infectcd neither whitc nor alsike clovers 
except occasionally under greenhouse conditions. Thcre also appeared to be dif- 
ferences in uscospore sizes between the two sets of isolates. O'Kourke ( 1971 ), in 
Ireland, reported that spores isolated from the whitc clover cultivar S1 00 infectcd 
other white to varying degrees, but did not infect alsike clover. There does 
1101 appear lo  be any information on physiologic spccialization of('. trii~lii. 

Symptoms 

Initial symptoms appear in early summcr as dark green, granular spots, 1'. 1 mm 
diameter, usually on the abaxial leaf surface, although in severe cases they may 
also appear on the adaxial surface (Fig. 12.5). Surrourlding leaf tissue usually 
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Fig. 12.5. Black blotch of white clover caused by Cymadothea trifolii (Photo: courtesy of 
C.J. O'Rourke). 

remains green for some time after infection, but in time becomes brown and dry; 
leaves do not, however, usually fall off immediately. Eventually, especially with a 
severe attack, defoliation will occur. Changes in leal' ultrastructure, as the result 
of infection by C. trifnlii, have been described by Camp and Whittingham (1972) 
and include disruption ol'the lamellar organization of the chloroplasts. 

Epidemiology 

The disease builds up in the lield from late spring onwards and reaches its peak in 
thc autumn. McKenzie ( I  971), in New Zealand, showed that this coincided with 
a peak in spore numbers. Hecause of the method of transmission of spores, the 
disease will be worse under wet conditions. 

Effects on Yield and Quality 

Although black blotch is a common disease, the amount of damage actually 
caused in the field is relatively small. Some loss in herbage yield due to defoliation 
may result, but a greater problem can be the production by the fungus of 
flavonoid oestrogens which may kill domestic livestock which have ingested 
quantities of infected forage (Amelung, 1966). There is also evidence of repro- 
ductive disorders (Newton et al., 1970) and the formation of mouth ulcers 
(Anonymous, 1960). 
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Disease Control 

Little information is available on the effectiveness of or economic justilicatio~i for 
chemical control. Although McKcnzie ( 1  971), in New Zcaland, reportcci a 
decrease in spore numbers of C'. tri/i)lii in 1969 following sprays of bcnornyl, 
there was no effect thc following year. Where persistent problems with the dis- 
case occur, use of resistant cultivars should be considcrcd. Rurdon (1980), in 
Wales, found significant differences in diseasc resistance between individuals of a 
single population of white clovcr and 1,cwis and Asteraki ( 1  987) noted signili- 
cant differcnces in the field in lcvels of C. trijolii on 12 cultivars of white clover in 
England. Thc possibility that discase resistance was linked l o  lcvels of cyanogenic 
activity was not, howcver, confirrncd by Angeesing and Angeesing ( 197 3). 
Gibson and Chen ( 19 7 5 )  reportcd il cross from T. ~rni/Iorunl X 1'. nc-c'irkontcll~ 
which was resistant to ('. trifolii. 

CLOVER PHYLLODY 

Aetiology 

Clover phyllody is caused by a phytoplasma-like org;lnis~n (PI,[)). Systems li~r the 
classification ol' PLOs have beer1 proposed bascd on their symptornatology in 
infected plants, e.g. Chiykowski and Sinha ( 1990). tiowcver, more recent work by 
Schneidcr and Seemiillcr (1994) using molecular techniques, has indicated that 
therc is no closc corrcltltion between groupings drawn from analysis of the symp- 
tomatology in infectcd plants and thosc drawrl frorn i~nalysis of Southern blot 
hybridizations. The latter indicated that although most PLOs from herbaceous 
plants were interrclatcd, there were four main subgroups, designirtcd A, B, C and 
D. Clover phyllody bclongcd in Group A along with PIJOs i~ssociated with 
American astcr yellows, vircscence of Prirr~ula spp., safflower phyllody, Hydrarlgca 
phyllody and witches' broom of lime. Lec rl 111. i 199 3 ) ,  howevcr, indicatcd that, 
bascd on analysis of I hS rDNA sequences, clover phyllody could bc separated 
from other astcr yellows type PLUS. l'here Inay also be di~ferenccs at a micro- 
scopic level betwcen PLO groups - Musctti t't ul. (1 992) showcd clear differcnces 
in PLO and host ultrastructure between clovcr phyllody and applc proliferation. 
the latter PLO being designated as Group C, by Schncider and Seemiiller ( 1994). 

Biology 

Phyllody is transmitted by various leafhoppers (Jassids), such as Busrrlis plebvja 
Fall.. Mucrostul~s spp., Apllrodes hic'ir~ifus Schr. (Carr, 1984) and lbraphli~psius 
irroratus Say (Chiykowski, 1991). The leafhoppers do not feed exclusively on 
clover, and initial infection of the clover crop by phyllody usually occurs from an 
outside source. Transmission of phyllody by leafhoppers does not occur immedi- 
ately after feeding on an infected plant as there is a latent period of about 
1 month during which the phytoplasma multiplies inside the leafhopper 
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(O'Rourke, 1976; Chiykowski, 1991). There is also a suggestion that it may bc 
transmitted through the insect's eggs. Although O'Rourke ( 1976) suggested that 
the phytoplasma might also have a deleterious effect on the lealhopper, Chiykowski 
(1 99 1) could find no evidence of an effect on fecundity or longevity in P. irroratus. 

Phyllody is primarily a disease of white clover, although other clover specics 
are affectcd to some cxtent. Incidence is variable, govcrned to some extent by the 
presence of the leafhoppers. Data from Britain (Carr kind Large, 1963) showed 
40'2h of whitc clover seed crops to be affected, with levcls ranging from u trace to 
3 5'k in individual crops. O'Rourkc (1976) stated that up to 10'%1 of plants in old 
pastures in Ireland were inl'ectcd. Although there is a wide range of host reaction 
by whitc clover cultivars to different isolates of the phyllody phytoplasma, there 
docs not appear to be any information on physiologic specialization of clover 
phyllody, Little leaf caused by PLOs is also important on tropical pasture legurncs 
(see Lennc, Chapter 13, this volume). 

Symptoms 

The most obvious symptom of phyllody is the change of the flowering parts into 
leafy structures, due to an alteratiorl of the auxin balance (Carr, 1961) (Plate 
3 0 ) .  l'his usually occurs in mid-summer after llowcring (O'Rourke, 1976) end 
the altered parts do not generally set seed. Affected plants also tend to be pale 
with vein-clearing and to be stunted; oldcr leaves rnay be bronzed. Thc general 
lack of vigour may result in the dying-out of infected plants. 

Epidemiology 

Mild winters favour the survival of lealhoppers tind therefore also tend to increasc 
the incidence of phyllotly. The disease also tends to be worse in older crops. 

Effects on Yield and Quality 

Few data are available on the quantitative cffect of phyllody on a field scale, 
although vigour was significantly reduced in plot experiments on mixed white 
clover/grass swards (Carr. 1984). The reduction in vigour was not completely 
compensated by the companion grass, probably becausc of the effcct ol'the phyl- 
lody phytoplasma on nodulating Rhizohiurrl bacteria, generally rendering them 
less effective at nitrogen fixation, resulting in an increase in the growth of broad- 
leaved weeds (Joshi and C'arr. 1967; O'Rourke, 1970). The largest effcct is likely 
to be in seed crops where a significant reduction in yield must occur. 

Control 

Insecticides can be used to control the leafhopper vectors, but because of the 
latent period, are more successful at controlling the disease within a crop than 
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from preventing its initial occurrence. lJse of insecticides is not considered to he a 
practical method of control (Carr, 1984). Also not practictll on a lield sciile, but 
useful for the treatment of smilll amounls of valuable breeding ~natrrial, ;Ire 
tetracycline anlibiotics, heat treatment and ultra-violet radiation (C'ilrr. 1968). 
llale and Cheync (1993) showed that shoot tip culture (with tip lengths ol' 
between 2.4 and 3 mm) could bc used to eliminate phyllorly and solution4 con- 
taining zinc sulphatc have also been shown to reduce the incidence of irlli.ctr.d 
flowers (C'arr and Stoddart, I Oh 3). However, rnost ol'thcse mcthods do not Ilavc. 
long-term effects end plants gradually regain thcir phyllody coliditioti (C'arr. 
1984). Breeding for resist:~ricc is also not practical as no wtiitc clover plants 
immune to phyllody have been fount1 (Carr. 1 9h(7). Although s~naller-leaved cirl- 
tivars are less severely affected than larger-leaved (Cilrr, 19(>2), breeding tor tol- 
erance is also problematical because of the wide range of host reactions to 
differerlt isolates of the pathogen. Carr iind Storidart (lC1h 3 )  notctl that the Ic.vel 
of phyllody was lower whcre clover was growl1 in mixcd swards as against pure 
stands, presumably because of restrictetl vector movcmerlt. 

CLOVER YELLOW VEIN MOSAIC 

Aetiology 

Clover yellow mosaic is caused by clover yellow mosaic virus (( 'YVV) ol' the 
potyvirus group. 'I'hc virus is Hlar~ient nus with particles 1,. 760 rim long. I t  infects 
several species in the Lt~qlurrlinosat*, but purtiruliirly llri/olicrrrt spp. I t  is reiidily 
transmitted by inoculation ol' sap and by aphids in ;I nori-persistent marinrr 
(FTollings and Stone, 1974). 

Biology 

CYVV has bcen shown by immunological studies (Scott tJt nl,  1989; jordan and 
Harnrnond, 199 1) and genome sequellce ani~lyses ('l'racy e t  (11.. 1992: Ilyeda, 
1992) to be closely related to bean yellow mosaic virus and pea mosaic virus. 
together forming the bean yellow mosaic potyvirus subgroup. Bednarek et (11. 
(1 989) ,  in Poland, indicated that CYVV exists ns at least two strains. 

The virus has been reported from mirny clover growing areas of the world: 
Australia (Johnstone and McT,ean, 1987). Britain (C'arr, 1984). C'zechoslovakie 
(Musil et al., 198 h), New Zealand (Foster and Musgrave, 1985) and the LISA 
(Ragland 1.t a]., 1986). ('YVV call infect a wide range of cullivars of a number of 
'l'rifolium spp.. although some species, notably white clover, appear to be more 
commonly infected. White, alsike and alpestrine (T, trlyestr~) clovers were most 
heavily infected in two surveys in the 1JSA (Alconero et (11.. 1986: McI,a\~ghlin 
and Boykin, 1988) and CYVV was the second most common virus isolated from 
white clover by C:ibbs ct 01. (1966) in :I survey of26 old permarlent pastures from 
a wide range of sites in Britain. Further, in a survey of h 3 white clover cultivars in 
Czechoslovakia (Musi] pt  a].,  1986), CYVV accounted for 80-100'%, of virus 
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infection and, in a large-scale survey of the effects of 38 legume viruses on 2 3 
hosts in USA and Europe, FIampton ut al. (1978) reported white clover to be pref- 
erentially infected compared to red clover. In addition, Carr (1984) indicated that 
symptoms due to CYVV on red clover in Britain are rare. 

Symptoms 

Hampton et ul. (1978). in the survey just mentioned, observed mottling or 
mosaic (Plate 3 1 )  when CYVV was artificially inoculated into white clover, 
but none when inoculated onto red clover, although lJokorny (1989) in 
Czechoslovakia, observed symptoms when an isolate of CYVV was inoculated 
onto each of four red clover cultivars. Gibbs et nl. (1966), however, stated that 
naturally infected, white clover plants were symptomless unless also infected 
with white clover mosaic virus andlor red clover vein mosaic virus, when mild 
vein, yellowing symptoms were observed. These apptirent contradictions may be 
due to differences between cultivars. Nelson and Canlpbcll ( 199 1 a )  in the USA, 
reported that infections of C Y V V  on one clone of white clover (T 17) gave symp- 
toms of stunting, veinal yellowing and necrosis, mottling and necrotic flecks, 
whereas infections of another clone (T7) were virtually asymptomatic. On 
arrowleaf clover (1'. vrsi~~ulosur~~) in the USA, Pemberton et (11. (1991) observed 
curling and wilting of leaflets, systerrlic wilting, necrosis, leaf reddening and 
blackening and chlorosis. 

Epidemiology 

CYVV is transmissible by both sap and aphids, the latter in a non-persistent 
manner (Carr, 1984). Karl et al. (1992) observed successful transmission ol' a 
Czechoslovakian isolate of CYVV by 20 aphid species in faba bean. 

Effects on Yield and Quality 

Artificial inoculation of virus-free white clover with CYVV in the USA showed a 
reduction in dry matter yield of 27'Y" in the first season and 73% in the second 
season compared with uninoculated controls, although these reductions were 
not as severe as those caused by peanut stunt virus (PSV), 64'26 and 8 5% respec- 
tively (Ragland et al., 1986). However, when both CYVV and PSV were present, 
reductions were not significantly lower than with PSV alone. Similar trends were 
noted by McLaughlin et ul. (1992), again in the USA, who observed a positive 
relationship between the decline of white clover and increase in the incidence of 
diseases caused by clover yellow vein, white clover mosaic and peanut stunt 
viruses, although the latter was the predominant virus throughout the study. On 
the other hand, Gibson et 01. (1979) in a study of the effects of CYVV, alfalPd 
mosaic, bean yellow mosaic and peanut stunt viruses in arrowleaf clover in the 
USA, found the greatest reduction in yield with CYVV. Nelson and Campbell 
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(1991a) in the USA, noted that the presence of ('YVV in white clover plants 
infected by C:ercosporn zebrirltr Ical'spot served to alter the epidemic components 
compared with plants that were virus-free - lesions were fcwcr but larger with a 
greater proportion of sporulatirig lesions. There was also less defoliation. 

Disease Control 

Although the use of aphicide could reduce transmission, the rnost practical 
method ol'conlrol is the use of resistant cultivars. (iibson et 111. (1989) indicated 
that the white clover germplasm registered as Southern Regional Virus Resisti~nt 
remained 9 5-100'X, l'ree of CYVV over 2 years of trials. A polymerase chain reac- 
tion test has been developed by Uariona (11 rrl. ( 1094) to driect CYVV along with 
alt'allB mosaic, bean yellow mosaic, cucumber rnosaic and subtorrancan clovcr 
mottle. 

BEAN YELLOW MOSAIC 

Aetiology 

Bean yellow mosaic is caused by bean yellow mosk~ic virus (I3YMV) of thc 
potyvirus group. The virus is lilarncntous with purticlcs c q .  750 nm long. I I  cuuscs 
diseases in various cultivated and wild legumes and also has hosts in a number of 
non-legume familics, especially thc Liliiflortrc. It is transmitted by many aphid 
species in a non-persistent manner and by inoculation of sap (Hos. 19 70). 

Biology 

As rioted under clover yellow vein virus, BYMV is a member of the bean yellow 
mosaic potyvirus subgroup. A molecular hybridization and immunological study 
of North American and Australian isolates of the BYMV subgroup by Barnett rt 
(11. (1987) indicated a diversity of relationships among seven Australian BYMV 
isolates with some isolates closely related to a North American isolate. Hngita 
(1986). in Japan, refers to two strains of BYMV, an ordinary and a necrotic 
strain, the latter causing severe damage to phaseolus bean and possibly Iiaving il 
reservoir in wild white clover. 

BYMV is widely distributed in Australia (Johnstone and McLean, 1987), 
Britain (Carr, 1984). Czechoslovakia (Musil f t  a]., 198h), Korea (Kyu ct al., 
1986), New Zealand (Foster and Musgrave, 1985) and the IJSA (Ragland et al.. 
1986). McLaughlin and Boykin (1988), in the USA, found relatively high inci- 
dence of BYMV in alsike, subterranean, red, arrowleaf, and crimson clovers, but 
not in white clover. Alconero (198 3 ) ,  also in the IJSA, found BYMV to infect 
alpestrine, alsike and red clovers but, again, not while clover. Musil et ul. ( 1986), 
in the survey of white clover in ~'zechoslovakia cited above, found RYMV to occur 
only sporadically. In Britain, HYMV appears symptomless in white clover (Carr, 
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19 843, but causes necrosis in red clover which can act as a reservoir for inocu- 
lum for infection of the pea crop where symptoms can be particularly serious. 
tiampton et u1. (19720, in the survey of the effects of legume viruses in Europe 
and IJSA noted above, also reported lt~tent and variable symptoms when BYMV 
was inoculated into red clover but again no reaction when RYMV was inoculated 
into white clover, although they did obtain a reaction with another virus 
described as bean yellow severe mosaic. Ashby (1976) noted BYMV on alsike 
clover in New Zealand and McKirdy ct d l .  ( 1  994) on subterranean clover in 
Australia with 2 3  out of 87 pastures having an incidence of 1 -h4"%. BYMV also 
;ifl'ects other legumes including soyabean (see Sinclair, Chapter 3, this volurne), 
faba bean (see Jellis clt d., Chapter 7, this volume) and lupins (see Hill, Chapter 
11, this volume). 

Symptoms 

BYMV generally causes rnottlirig or mosaic symptorns in legumes (Fig. 12.6). 
Johnstone and McLean (1987), for example, reported yellow-green l e d  mottle 
with some vein banding in 12 cultivars of subtcrranean clover. Ashby ( 1  976) 
noted yellowing and streaking of infected leaves of alsike clover. 

Fig. 12.6. Mosaic symptoms of bean yellow mosaic on leaves of crimson clover (top left and 
bottom right) compared with healthy leaves (top right and bottom left) (Photo: courtesy of 
M.J. McLaughlin). 
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Epidemiology 

The virus is gcnerally aphid-transmitted (Jones, 1994) but can also be transrnit- 
ted by mechanical means (Alconero. 1983) and to a limited extent by seed 
(McKirdy and Jones. 199 5a; Pathipanawat t> t  trl.. 1995). Hobbs and McLaughlin 
(1990) noted an isoltlte of BYMV that was not irphid-transmissible in pca unlcss 
accompanied by pca rnosaic virus. 

Effects on Yield and Quality 

Pratt et nl. (1981) noted a reduction in foliar dry weight and root volume follow- 
ing infection of arrowlcaf clovcr, and a reduction in root volumc but an increase 
in foliar dry weight following infecliori of alsike clovcr. Thesc authors also notcd a 
syrlergistic affect of HYMV with l'h!jtophtllorrr spp, in causing roo1 rot symptoms 
in arrowlcaf clover. Yield losses of 25-5O'X, have bcen reported in the IlSA in 
1,adino whitc clovcr infected with both I3YMV and luccrnc. rnosaic. virus (Carr, 
1984). l'emberton and Smith (1987), also in the USA, notcd survival rates of two 
breeding lines of arrowlcaf clover of 94  and 55'XI following inoculaliori with 
RYMV. Plant losses were greater, the younger pl;lrils werc whcn inoculiited 
(I'embertori c.1 ( I ] . ,  1989). Jones ( 1992), in Australi;~, noted reduction in root and 
hcrbage of subterr;~nean clovcr of 3 1  -4OCX, with a mild slrilirl of I3YMV but 
60-6 3'%, with n sevcrc strain. 

Disease Control 

Some control can bc obtained by the use of cultivars with a higher level of rcsis- 
tilnce to RYMV, c.g, in red clover (Sim r t  al., 1985; I'okorny, 1991) and in 
arrowlcaf clover (Pembcrton tJl trl., 1989). ('ontrol of insect vectors might be 
cxpccted to reduce discase, although J;lyascna and Kandles ( 1985), in Austr;ili;~, 
lbund little cffcct of the insecticides malathion, dcmeton-S-methyl and disulfuron 
on spread of the virus from faba bean. They did, however, observe some reduction 
in spread with the use of a barricr row of barley. Servitov6 and l'okorny (1987). 
in Cxcchoslovakii~, werc able, by the usc of meristem cultures, to eliminate BYMV 
from 76'X, of regcncrated plants. 

WHITE CLOVER MOSAIC 

White clover mosaic is caused by white clover mosaic virus (WCMV) of the 
potexvirus group. Virus particles are (j. 480 x 13  nm. Most known hosts arc 
members of the Legutninosau. It is readily transmitted by inoculation of sap, but 
normally not by vectors (Bercks, 19  7 1). 
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Biology 

Comparisons of the nucleotide sequcnce of WCMV show homologies with potato 
virus X, barley stripe mosaic and beet necrotic yellow vein (Forster tJt ul., 1988: 
Huisman et a]., 1988: Morozov et ul., 1989). There appears to be little informa- 
tion available on variability amongst isolatcs of WCMV. 

The virus is found in many tcmperate clover-growing areas of the world 
including Australia (Johnstone and McLcan, 198 7), Brazil (Muldcr tpt al., 198 7), 
Czechoslovakia (Musil rt al., 1986). New Zealand (Forstcr el al,, 1988), the UK 
(Gibbs et (11.. 1966) and the 1JSA (McLaughlin and Boykin. 1988). WCMV, as the 
name suggests, is commonly isolated from white clover (Carr, 1984), but is also 
isolated from a number of other clovers such as red (Martin et ill., 1990). 
alpestrine, caucasian (Trifbliunl umbiguun~), alsike, zigzag (Alconero, 198 3)  and 
arrowleaf', crimson and subterranean clovers (McLaughlin and Boykin, 1988). 
Gibbs ~t (11. (1 966), in the IJK, found WCMV in only 4'5, of pastures containing 
white clover compared with 12% for red clover vein mosaic virus. In Northern 
Ireland, WC'MV was found to be widesprcad in red clover trials surveyed betwccn 
1977 and 1978 and, although in most cases only present to a limited extent, it 
was found in SO'% of plants of cv. Hungaropoly in one trial (E Cooper, Belfast, 
Northern Ireland, unpublished results). Musil rt ul. (198h), in Czcchoslovakia, 
found the incidence of WCMV to be considerably lower than that of' C'YVV (see 
above). Johnstone and McLean ( 1  987) statcd that WCMV was widespread in 
white clover in Australia, particularly in parks and gardens where lawns are 
tnown regularly and in pastures that are cut for hay or silage. Although occa- 
sionally isolated from subterranean clover, it was not thought to be a major 
threat to that species as therc were generally few sourccs of infected white clover 
in the vicinity of subterranean clover. 

Symptoms 

Symptoms of WCMV on white clover have been described by (Xbbs et 01. (196h) 
as chlorotic rings, patches and flecks, latcr developing brown necrotic flecking. 
Carr (1984) described the commonest symptoms on white, red, alsike and crim- 
son clovers in Britain to be a light green striping or flecking of the leaves between 
the veins (Plate 3 2 ) ,  although infected white clover was sometimes symptomless. 
Hampton et ul. ( 1978) noted that both rcd and white clovers could have mottle or 
mosaic symptoms. Johnstone and McLean (1987) observed that WCMV caused 
systemic chlorotic mottle and vein-clearing in subterranean clover. 

Epidemiology 

The sap of WCMV-infected plants is highly infectious and the virus can be spread 
by mower blades (Johnstone and McI,ean, 1987). It may also be spread by aphids 
(Carr, 1984), but this is not certain. Cook et al. (1989) noted transmission of 
WCMV in white clover by the slug Derocerus rtticulatum Mueller. 
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Effects on Yield and Quality 

Average yield losses in Britain of 10'X) duc to WCMV were recorded in a range of 
white clover cultivars by Carr (1984). Potter (199 3 ) .  also in thc IIK.  noted an 
average reduction of 40% over two cuts of white clover. C;uy tJt i l l .  (1980) in 
Australia, noted an average decrease in white clover plant wcight of 8 3% and ir 

reduction in nodulation of 71'X) following inoculation with WCMV, while 
Khadair et  al. (1984) in Canada, recordcd significant reductions in top irnd root 
growth, noduliition, rhizobial populations, nitrogenase activity and leghacma- 
globin concentration. McLaughlin t.1 ul. (1992). in the IJSA, noted a lincar 
incrcase in diseases of white clover caused by a number of viruscs, including 
WCMV, resulting in a decline in the clover population. Carr (1984) observed that 
pcrsisterlce of red clovcr could be rcduced and susceptibility to wintcr kill 
increased by infection with WCMV 

Disease Control 

Variation in the resistancc of clover cultivars to WCMV is known, e.g, in white 
clovcr (Carr, 1984) and in red clover, whcrc rcsistarlce to the virus is bclieved to 
be polygenically controlled (Martin et ill . ,  1990). Tolerance rtrther than absolutc 
resistancc to WCMV appears to be more conlmon (Alconcro, 1983: Knight. 
1985; Martinet al., 1990). 1,ewis ct ill. ( 1  985) noted that the incidence of WC'MV 
was lower in red clover when it was grown with Italian ryegrass rather than on 
its own. Similarly, Brink and McLaughlin (1990) notcd a reduction in WCMV 
incidence when sown with tall fescue. They also found reduced incidence of the 
virus when clovcr was sown at lower sccd ratcs. 

ALFALFA MOSAIC 

Aetiology 

Alfalfa mosaic is caused by alfalfa mosaic virus (AMV) and is classified in the 
alfamovirus group. Virus particles are bacilliform with three different lengths, 
the longest being c. 60 nm. It  is readily transmitted both by sap inoculation and 
non-persistently by aphids to a wide range of host plants (Hos and laspars, 
1971). 

Biology 

AMV is the type member of the small group of viruses known as the 
alfamoviruses. Comparison of non-structural proteins with those of other viruses 
showed significant homologies with cucumber mosaic and tobacco mosaic 
(Ziegler et  al., 1992). Pietersen et al. (1985) indicated a measure of variation 
among isolates from white clover and lucerne in South Africa and Honda et al. 



( 1986) were ablc to distinguish immunologically betwecn isolates from white 
clovcr and pepino (Solnnum muric,aturn) in Japan. 

AMV has been observed in clovers from ir~ter alia. Australia (Johnstonc and 
McLean, 1987), Canada (McDonald and Suzuki, 198 3), Japan (Akita, 1981a), 
New Zealand (Hickey and Harris, 1989). Kenya (Cameron. 1986), and the IJSA 
(Campbell and Moyer, 1984), but it was not isolated in the survcy of white clover 
in Britain, noted above (Gibbs 1.1 al., 1966). As thc name suggests, AMV is com- 
rnonly isolated from alfalfa, e.g. Kahman and Peaden (199 3)  in the USA found 
the virus in 2 1 5 out of 21  h fields of alfi-llf;~, but AMV is also found in a number of 
clovers - Barnett and Gibson (1975) found AMV in 7 out of 19 white clover pas- 
tures in the southern IJSA: McTaughlin rt al. (1992), also in the IJSA, found 
AMV present in white clover but at a relatively low incidence. Similarly, 
McLaughlin and Boykin (1988) found AMV in red, crimson, alsikc, subter- 
ranean, white and arrowleaf clovers in the southcastcrn IlSA, but all at considcr- 
ably lower incidcnccs than CYVV, BYMV or PSV. In  the C'zech whitc clover survey, 
noted prcviously, Musil et 01. ( 1  986) d so  found a relatively low incidence for 
AMV, ranking it with that of WCMV, both being considerably bclow CYVV 
although above BYMV. Johnstone and McLean (198 7) noted AMV in 77-9 5% of 
white clovcr plants surveyed in onc set of pastures in Western Auslrali;~, but did 
not indicate the severity of the inkction. 'I'hcy considered that whitc clover and 
lucerne werc prirne sources for aphid transmission of AMV to annual legumes. 
This was disputed by McKirdy and Jones (1995b), also in Western Australia, on 
the grounds that although thcy found AMV in 16  out of 2 1 pastures of whitc 
clover with infcction levels of 1-lOO'X,, the area of white clovcr was srnall and 
spread of AMV from infected ficlds was slow. Johnstonc and Mc1,ean (1987) also 
referred to reports of AMV on subterranean clover, illthough this was again ques- 
tioned by McKirdy and Jones ( 1  995b), who wcrc completely unable to dctccl 
AMV in samples from 94  subterranean clover pesturcs. AMV also al'fects other 
Icgumes including pea (see Kraft ut  a!., Chapter h ,  this volurne). 

Symptoms 

AMV has been noted by Hampton rt (11. (19 78) as causing malformation of leaves 
and a mosaic of both red and white clovers (Plate 3 3). Akita (1981 b) described 
symptoms on red clovcr as yellow mosaic and leaf wrinkling, while some syinp- 
tomless plants had a latent infcction. Fletcher (1  98  3), in New Zcaland, reported 
that leaves of infected subterriinean clover plants were smaller than normal and 
displayed vein-banding and interveinal yellowing. 

Epidemiology 

AMV can be transmitted mechanically by infected sap (Hampton et al., 1978). by 
aphids (Johnstone and McLean, 1987) and via seed (Pathipanawat at ul., 1995). 
In alfalfa, it is also known to be transmitted by pollen (Johnstone and McLean 
1987; Pathipanawat et ul., 1995). 
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Effects on Yield and Quality 

Jones (1992) .  in Australia, reported i1 20-49'X) decrci~se in yield ol 'suhterra~~ei~ll  
clover due to AMV, while Akita ( 1 9 8 1 ~ 1 ,  in japan, recordcd a reduction ol'i~rownd 
50'%, in white clover infected with the virus. As notcd above (C'arr, 1984) inlkc- 
tion oI'Ladino whitc clover by AMV ;uld RYMV reduced yields ol'whitc clover by 
2 5-5 5'X1 in the ITSA. 

Disease Control 

C'ultivars resistant to AMV are known, e.g. Southern Regional Virus Resistilnt 
whitc clovcr (Gibson t i  ( I ! . ,  1989)  ariti interspecific hybrids between (ci~uc~asian x 
white) clovers (Pcdcrso~n tlnd McLaughli~r ( 1989).  As with tolcrancc to WC'MV, 
resistance lo AMV in red clover appears to be polygenic (Martin. lc18l)). 11 
genetic engineering project using tobacco and AMV as a model system has pro- 
duced tobacco plants tri~nsfornned with the coal protcin~ ol' AMV wll~ch wcrc 
then resistant to AMV infection (Bol and 1,inthorst. IcIc) 3 ) .  Barnctt and (iibson 
(1975)  were ilble to produce healthy w h ~ l e  clover plants from shoot tip cutlings 
while Servitova and Pokorny ( 1  987) were able to rcgcricrate 5 1% ol' red clover 
plants free frorn AMV, also using meristcm cultures. Akita ( I 9 8  I ; I )  noted that 
infection by AMV was lower where pilstt1rt.s were surroundcd by windbrcnhh and 
where pastures were of grasslclovcr mixtures. Brink and Mc1,aughlin ( 1990) 
I'ound AMV to be lower in white clover crops sowr~ ill lower seed rates. McKirdy 
tund Jones ( 1995b) [ound very l~ttle AMV in white clover crops sown less than 5 
years previously cornpared with longer establishcd crops, suggesting that rcsow- 
ing may be a n  option where there is severe disrase. 

RED CLOVER NECROTIC MOSAIC 

Aetiology 

Ked clover necrotic rnosaic is caused by red clover necrotic mosaic virus 
(RC'NMV) which is classitied in the dianthovirus group. Virus particles are iso- 
nnetric c. 2 7  nm. The virus is readily sap-transmissible to a widc range of hcrba- 
ceous plant species. No vector is known (Hollings. 1977).  

Biology 

RCNMV is a member of the dianthovirus group, which includes carnation 
ringspot (CRV) and sweet clover necrotic mosaic (SC'NMV) viruses. Considerable 
nucleotide sequence studies have been made ol' this group of viruses indicating 
the homologies among its members (Osman rt a/.. 1991: Cc rt nl.. 1992; Xiong 
and Lommel, 1989;  Kendall and Lommel, 1992).  Serological (Musil rt a/., 1982; 
Chen rt  al., 1984)  and electrophoretic studies (Pappu and Hiruki, 1989)  indicate 
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a range of distinct strains or serotypes. A virus designated clover primary leaf 
necrosis virus was identified as a strain of RCNMV (Rao and Hiruki, 198 5). 

RCNMV has been identified in the USA (Edwardson and Christie, 1986), 
Canada (Rao and Hiruki, 198 5 ) ,  Czechoslovakia, Poland and Sweden (Musil et 
al., 1983) and Britain (Bowen and Plumb, 1979; Frame and Harkness, 1987), 
where it was first isolated only in 197 1 .  As its name implies, KCNMV attacks red 
clover, but is also found on other clovers. Hampton et ul. (1978), in the USA, 
noted the virus as infecting white clover, although Gilmour and Pemberton 
( 1  976), in Britain, were only able to transfer it to white clover with difficulty, It 
was, however, readily transferred to crimson and alsike clovers, 

Symptoms 

In red clover, RCNMV causes vcinal chlorosis, often followed by severe necrosis 
and deformation and the plants become weakened and stunted and may die 
(Cilmour and Pemberton, 1976; Rowen and IJlumb, 1979). If the plants survive, 
the symptoms tend to fade over the summer months (Carr, 1984). The symptoms 
of RCNMV can be confused with those of other viruses, e.g. symptoms originally 
attributable to KC'NMV in Northern Ireland were found to have beer1 caused by 
WCMV (P, Cooper, Belfast, Northern Ireland, unpublished results). 

Transmission 

The virus is easily transmitted mechanically, but there is littlc cvidcncc of insect 
transmission. Healthy red clover plants grown in soil in which infected plants 
had been growing did contract KCNMV (Sowen and Plumb, 1979; Gerhardson 
and Insunza, 19 79). It is possible that in both instances the virus was capable of 
transmission via the agency of the soil-inhabiting fungus Olpidium sp., but 
Gerhardson and Insunza also noted transmission in the absence of the fungus. 
Although there have been suspicions of seed transmission, these have never 
been proven (Carr, 1984). The related sweet clover necrotic mosaic virus is 
thought to be transmitted via infected pollen carried by western flower thrips 
(Hiruki et al.,  1989). 

Effects on Yield and Quality 

In England, Bowen and Plumb (1979) reported a yield loss due to RCNMV of 
57% in the red clover cultivar Hungaropoly over three cuts. 

Disease Control 

Control through the use of resistant cultivars is a possibility (Carr, 1984), but 
there is little evidence from the literature that such cultivars are being produced, 
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Lewis et ul. (198 5) noted that mixing red clover cv. Hungaropoly with Italian rye- 
grass reduced the incidence of RCNMV to 1% compared with 9'X, in a pure stand. 

SUBTERRANEAN CLOVER RED LEAF 

Aetiology 

Subterranean clover red leaf is caused by soyabean dwarl' luteovirus (SDV) (syn. 
subterranean clover red leal' virus, SC1,KV). Virus particles ere isometric r.. 2 5 
nm. The virus is restricted to members of thc L~qutninosue and is transmitted by 
the aphid Aulacorth~irn solar~i Kaltenbach in a persistent manner, but not by sap- 
inoculation (Tamada and Kojima. 19 77). 

Biology 

SIIV is a member of the luteovirus group which includcs barlcy yellow dwarf 
virus. It occurs as a number of strains, one of which, thc ycllowing strain (SIIV-Y) 
is believed to be synonymous with subterranean clover retl leal virus (S('K1,V) 
(Uamsteegt et al., 1990), although Ashby at al. (1979b) indicated that while the 
viruses are identical in marly aspects. SDV-Y does not infcct rcd clovcr whcrcas 
SC'KLV does. Johnstone and McLean (1987) also regarded the two viruses as sim- 
ilar but indicated that although they generally causcd no symptoms in white and 
red clovers, both hosts were major sources of SDV inl'cction of subterranean 
clover in Australia. Johnstone t't ul. (1 984), on the other hand, found no infection 
of red clover by two isolatcs designated SCRLV, onc from New Zealand and one 
from Tasmania. 'l'i~mi~da ( I  973) ,  in Japan, noted differences in symptoms and 
host ranges of different isolatcs of SI)V and IIelms et ol. ( 1984) reportcd two iso- 
lates of SLIV from New South Wales distinctive in their symptomalology but not 
serologically. 

SUV has been mainly recorded as SDV from the ITSA (Edwardson and 
Christie. 1986: Damsteegt et irl., 1995) and Japan ('l'amada clt (11.. 19 69; 
Tanimura et al., 1985) and SC'KLV from Australasia (Ashby tlt a/ . ,  1979b; 
Jayaserla and Randles, 1984; Johnstone and McIxan. 1987). Ashby et (11. 
( 1 9 7 9 4  has recorded SUV on yellow suckling (Tr@liun~ tlubium), alsikc, and sub- 
terranean clovers while Johnstone et al. ( 1984) additionally recorded it on crim- 
son clover and Johnstone and McLean (1987) on white and red clovers. McKirdy 
and Jones (1 99  5b3, however, were completely unable to isolate SDV from 94  sub- 
terranean clover pastures in Western Australia but were able to isolate it from 7 
out of 2 1 white clover pastures. 

Symptoms 

Symptoms on subterranean clover are intense reddening of the leaflets develop- 
ing progressively from the leaflet margins (Fig. 12.7) (Johnstone and McLean, 
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Fig. 12.7. Symptoms of subterranean clover red leaf caused by soyabean dwarf virus on 
subterranean clover (left) compared with uninfected healthy leaf (right) (Photo: courtesy of 
M.J. McLaughlin). 

1987). 'l'he symptoms resemble those attributablc to mangaricsc dcticicncy and 
indeed the plants havc only about half the manganese content ol'healthy plants. 
They do nol, however, respond to sprays of manganese sulphate. Helms pt al. 
( 1 9 8 7) reported that a high light intensily increased the amount of reddening in 
leaves of subterranean clovcr infcctcd with SDV. They also noted (Helms 1>1 a ] . ,  
1985) that the optimum temperature li)r pigment development was in the range 
10-30°C. SL)V also causes slight stunting and reddening of oldcr lcavcs of crim- 
son, alsike and yellow suckling clovers (Ashby et al , ,  1979a). As already indi- 
cated, symptoms on red and whitc clovcrs arc slight. 

Transmission 

SDV is persistently transmitted by aphids, the most important on subterranean 
clover being the foxglove aphid, Aulacorthum solarri (Johnstone and McLean, 
1987). 

Effects on Yield and Quality 

Helms pt (11. ( 1  985) reported a hh-fold reduction in top growth of plants inocu- 
lated with SLIV compared with virus-free plants. Johnstone (1983) reported an 
average reduction in growth of 61'X) in single subterranean clover plants grown 
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following inoculation. Failures of subterranean clover in ;~uturnn.  due to allnost 
total infection of seedlings, have been observed in l'ilsmi~nia, with Iiiter inkctions 
so~lletimes also causing failure, but this is unusual (Johnstont. and Mc1,ean. 
1987) .  (;enerally, a I'ew plants becotnc iriltcted and die out, making wily fir 
healthy oncs or  for dominant grasses. 

Disease Control 

Some control has  been achieved in faba beall by the use of insecticides (Ji~yit~enil  
and Kandles, 1 9 8  5),  but it is not thought that this would normi~lly br rcor~olilic 
in clovcr crops (Johnstone and McLean, 1987).  N o  seed linrs of subtcrrancan 
clovcr havc bccn idcntiticd with resislilnce to SLIV, but some have n dcgrcc of 101- 
erance to the virus arid rnay riol even exhibit symptoms (Jotiristolie and Mcl,c.an. 
1987) .  

CONCLUSIONS 

Although diseases of clover can causc signiticant cconomlc losses, data arc often 
hard to obtain and becausr Srequently rnorc Ihan one discasc or condition is 
associated with a clovcr crop which is perfortning poorly, it is not alwoys very 
easy to quantify the effects of control rncasurcs on individui~l ~ i l I h O g ~ l 1 ~ .  ('olitrol 
by ctiemicals has been shown to be effective li)r sornc fungal discasrs, but i t  is 
probably rare for this to be ;In economical course ol' ;iclion. Alternative mc~uns of 
control, suc-11 as cultural methods or the LISC of diseaw-resistant or tolerant c-ulti- 
vars are more likely to be economic. 
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Agric~rrlt~rrnl R~~sctirc.11 5 2. 04 5-00 5. 

Zicgler, A., Natsuaki, 'r., Mayo, M.A. .  jolly. <'.A. itnd Murnnt. A.1: (1902)  'l'hc rii~cl~:olidc 
sequence of KNA- I of raspberry 1)ushy dwarf virus. /orrrr~ct/ (!I' (;c,rtc,rtr/ Viro/o!\!/ 7 %. 
321 3-32 18. 
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INTRODUCTION 

Approximately 2 5% of the earth's land surl'tice is covered by native or naturalized 
tropical pastures (Thomas, 1994). The productivity of these pastures can be sub- 
stantially increased through the cstablishrnent ol'ir~~provod pasture legumes and 
grasses (Pig. 13.1). This has already occurred in northern Australia i~nd  parts of 
tropical America and South-east Asia but is still to be realized in other tropic.;ll 
regions. 

Many genera and species of legumes havc potentiill as tropical pasture plants 
and comprise herbaceous plants, creepers, browse shrubs and trees (I,ennt! arid 
Sonoda, 1990). The most important tropical pasture legurne genera originaled 
in the American tropics (Williams, 198 3 )  and include St!/losc~nthcs, C'cnlrosrmir, 
Mncroytilintn and Aruc'l~is. In addition, Drsmodiurn, a ptlntropical genus, has use- 
ful pasture species from South-east Asia (1,enne and Sonoda, 1990). Other 
important genera and species include Aosd~ynomt>rr~, Cassia roturtdijblia, 1,ablnb 
purpurcus, Leucarnu spp., Nuomtonin wiglltii and Ylrerariu phus~oloides (Skermiln 
1977; 't Mannetie and Jones, 1992; 1,ennC and Trutmann, 1994; see Allen and 
Lenni, Chapter 1, this volume). 

Stylnsar~thes is the most widespread, successf'ul tropical pasture legume 
genus and has produced many cultivars in Australia, tropical Anierica and Asia 
(Stace and Edye, 1984: Thomas and Grol', 1986a: 'rhomas, 1994). In Australia 
alone, nearly 1 million hcctures of' grazing land has been sown to Stylosar~tllrs 
cultivars, cspecially lo S. kamirta cv. Verano and S. scabru cv. Seca, 'She value of 
Cuntrosert~a as a source of tropical pasture legumes has been highlighted by 
Schultze-Kraft and Clcments (1990) and succcssful pasture species from the 
genus Dusn~odium have been reviewed by Irnrie tlt al. (1983) and Thomas and 
Grof (198bb). Mncroptilium atropurpuruunl, best known as cullivar 'Siratro', is a 
widespread pasture legume in the dry tropics and subtropics (Jones and Jones. 
1978; 't Mannetje and Joncs, 1992) while forage Arachis spp., A. glubrotu and A .  
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Fig. 13.1. Animal productivity can be substantially increased through improved legume-based 
pastures (Photo: courtesy of J.M. Lenne). 

pintoi, are well adapted to the wet tropics and subtropics (l'rine tlt ( ] I . .  198 1 : (;roc 
1986: C'ook r l  ( 1 1 . .  1990: Argrl and I'izarro. 1992: Kerridge and Hardy, 1994). 

Incrcascd use of major tropical pasture legumes has uncovered limitations to 
their wider cultivation. Over the past 2 0  years, disei~ses have cmerged as con- 
straints to their productivity and persistence (1,enne and Trutmann. 1994). 
Many fungi, bacteria, phytoplasrnas, viruses and nematodes have potentiill to 
cause serious losses. The most important diseases arc almost exclusively caused 
by fungi. There are no major bacterial pathogens of tropical pasture legumes. 
Although viruses are common and serious pathogens of food legumes (see 
Chapters 2-1 0, this volume) and clovers (see Mercer, Chapter 12, this volume), 
limited attention has been given to virus diseases of tropical pasture legurncs 
until recently (Morales, 1994). The known viruses affecting key tropical pasturc 
legumes are listed in Tablcs 13.1-1 3.5. Most are presently considered of minor 
importance; some are locally important (Morales, 1994). There are no important 
angiosperm parasites of tropical pasture legumes. 

This chapter particularly focuses on the most important, widespread dis- 
eases of key herbaceous tropical pasture legumes: anthracnose and Soliar blight. 
Major host-specific diseases and common diseases with broad host ranges among 
legumes, some of which are featured in other chapters of this book, are also con- 
sidered. Diseases of local or minor importance of key pasture legumes are sum- 
marized in Tables 13.1-1 3.5. Other legume genera of interest (Arsr'hynornene. 
I,ablab, Lrucurnu, Pu~raria and Zorniu) are mentioned as hosts of specific diseases 
where relevant. An extensive list of fungal pathogens of pasture legumes has 
been published (Lenne, 1990a). Diseases of fodder tree legumes are referred to in 



Table 13.1. Diseases of Stylosanthes spp. of local or mlnor Importance 
- 

Dlsease Causal agent 
-- 

Distribution 

Seed and seedling diseases 

Pre- and post- Rhizopus stolonifer Colombia 
emergence rot (Fr.) Lind. 

Stem and collar rots and wilts 

Sclerotium wilt Sclerotium rolfsii Sacc. Widespread 

Neocosmospora wilt Neocosmospora vasinfecta South America 
E.F. Smith 

Bacterial wilt Burkholderia solanacearum Australia 
(Smith) Yaboucni, Kosako, 
Oyaizo, Yano, Hotta, 
Hashimoto, Ezaki & Arakawa 

Pythium root rot Pythium butleri Su bram.; Australia 
P aphanidermatum (Edson) 
Fitzp.; I? irregulare 
Buisman 

Charcoal rot Macrophomina phaseolina Colombia, India 
(Tassi) Goid. 

Foliar fungal diseases 

Cercospora leaf spot Cercospora stylosanthis Speg.; South America 
C. commonsii Chupp; USA 
C. canescens Ellis & Martin Malawi 

Leaf mottle Pseudocercospora sp. South America 

Inflorescence diseases 

Head blight Botrytis cinerea Pers. Australia, 
South America, 
Zimbabwe 

Inflorescence blight Rhizopus stolonifer (Fr.) Lind. Colombia 

Viruses 

Peanut mottle Peanut mottle potyvirus Colombia 

Cowpea mild mottle Cowpea mild mottle carlavirus East Africa 

Nematodes 

Root-knot Meloidogyne spp. South America, 
USA, lndia 

Root lesion Tylenchorhynchus vulgaris India 
Upadhyay, Swarup & Sethi 

Main source references: Lenne (1990a); Lenne and Trutmann (1994). 

lmportance 

Minor 

Locally important 

Locally important 

Moderate 

Minor 

Locally important 

Minor 
Minor 
Minor 

Minor 

Locally 
important 

Minor 

Locally important 

Minor 

Minor 

Locally important 
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Table 13.2. Diseases of Centrosemaspp, of local or minor importance. 

Disease Causal agent Distribution Importance 
. - . - . - - - . - 

Root diseases 

Wilt syndrome Unidentified oomycete Colombia Locally important 

Foliar fungal diseases 

Leaf blight Pseudomonas fluorescens Central and Locally important; 
(Trev.) Migula Biovar II South America up to 50% forage 

loss and reduced 
seed production 

Leaf spot Cercospora canescens Widespread Minor to 
Ellis & Martin locally important 

Leaf spot Pseudocercospora Widespread Minor to 
bradburyae (Young) locally important 
Deighton 

Viruses 

Mosaic 

Mosaic virus 

Mosaic leaf distortion 
Mosaic leaf distortion 

Leaf crinkling 

Mottling, rugosity 

Mosaic 
Mosaic 

Mild mosaic 
Yellow vein 

Blackeye cowpea mosaic Brazil Minor 
potyvirus 

Cowpea aphidborne mosaic Brazil Minor 
potyvirus 
Soybean mosaic potyvirus Colombia Locally important 
Centrosema mosaic potexvirus Papua New Guinea Locally important 
Groundnut crinkle carlavirus West Africa Minor 

Passion fruit woodiness Australia Minor 
potyvirus 
Cowpea mosaic comovirus Brazil Minor 

Cowpea severe mosaic Brazil Minor 
comovirus 
Cucumber mosaic cucumovirus Guadeloupe Minor 
Clitoria yellow vein tymovirus Kenya Minor 

Main source references: Lenne (1990a); Lenne etal. (1990a); Lenne and Trutmann (1994); 
Morales (1 994). 

Chapter 1 and further information is available in Lenne (1 992a), Boa and Lenn6 
( 1994) and Lenni. and Trutmann (1994). 

ANTHRACNOSE 

Aetiology 

Anthracnose is primarily caused by Colletotrich~lm gloeosporioides (Penz.) Penz. & 
Sacc., the anamorph of Glomerella cingulata (Stonem.) Spauld. (Ir Schrenk (Irwin 
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Table 13.3. Diseases of Desmodium spp. of local or mlnor importance. 

Disease 
. . 

Causal agent 
/ .. --- - - - 

Dlstr~bution Importance 
- 

Foliar diseases 
/ 

Pink disease Phanerochaete salmonicolor Malaysia Locally important 
(Bok & Broome) Julich 

Leaf spot Cercospora canescens; Widespread Minor 
C. melaleuca Ell. & Evesh.; 
C. desmodiicola Atk.; 
Pseudocercospora meibomiae 
(Chupp) Deighton; f? desmodii- 
salicifolii Deighton 

Powdery mildew Oidium spp. South America, Minor 
Caribbean, lndia 

Viruses 

Mosaic, mottling Cowpea severe mosaic comovirus USA Minor 
Mosaic Centrosema mosaic potexvirus Papua New Guinea Minor 
Mosaic Peanut mottle potyvirus USA Locally important 
Mild Mosaic Blackeye cowpea mosaic potyvirus USA Minor 
Mosaic Cowpea aphidborne mosaic India Minor 

potyvirus 
Streaking Tomato spotted wilt tospovirus Hawaii Minor 
vein yellowing 
Yellow mottle Uncharacterized geminivirus Colombia Minor 

Nematodes 

Stem galling Pterotylenchus cecidogenus Colombia Locally important 
Siddiqi & Lenne 

Cysts; pearly root Heterodera trifolii Goffart Hawaii Minor 
Root lesions Pratylenchus spp. West Africa Minor 

Main source references: Lenne (1990a); Lenne and Stanton (1990); Lenne and Trutmann 
(1 994); Morales (1 994). 

and Cameron, 1978). The telcomorph is occasionally reported on St!llosnnthes 
spp. in Australia (Irwin et ((1.. 1984a) and is often isolated from lesions at the end 
of the wet season in tropical America (LennC and Sonoda, 1978a; Lenni., 
1994a). Anthracnose is also caused by Collrtotrichutr~ trunruturn (Schwein.) 
Andrus & Moore (Lenne and Sonoda, 197Xb; Sonoda and LennC, 1986) but 
rarely by other Colletotridturr~ spp. The former species is more common yet both 
species can occur together on some tropical pasture legumes (1,enne and Sonoda. 
1978~1;  LennC et a]., 1990a; LennC and Trutmann. 1994). Anthracnose diseases 
caused by Colletotrichum spp. are also reviewed in Sinclair, Chapter 3, Allen et ul., 
Chapters 4 and 5 and Hill, Chapter 1 1, this volume. 
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Table 13.4. Diseases of Macroptilium atropurpureum of local or minor importance. 

Disease Causal agent Distribution Importance 
- - - - - - - 

Foliar diseases 

Angular leaf spot Phaeoisariopsis griseola Central and Moderate 
(Sacc.) Ferraris South America, 

Florida, USA 

Powdery mildew Oidium sp. South America Minor 

Viruses 

Mosaic Bean common mosaic potyvirus India Minor 

Mottle Passion fruit woodiness potyvirus Australia Locally important 
Mosaic Cucumber mosaic cucumovirus Guadeloupe Minor 
Yellowing mottle Bean golden mosaic geminivirus Puerto Rico Minor 
Yellowing monle Rhynchosia mosaic geminivirus Puerto Rico Minor 
Mosaic Cowpea severe mosaic comovirus Brazil Locally important 

Main source references: Lenne (1990a); Lenne and Trutrnann (1994); Morales (1994). 

Table 13.5. Diseases of Arachls spp. (principally A, glabrata and A. pinto/) of local or minor 
importance. - - 
Disease Causal agent Distribut~on Importance 
- -- -- 

Foliar diseases 

Leaf spots Mycosphaerella berkeleyi Brazil Minor 
W.A. Jenkins, Mycosphaerella 
arachidis Deighton 

Pepper spot or Leptosphaerulina Brazil, Minor 
leaf scorch trifolii (Rostr.) Petrak Colombia 

Viruses 

Mottle Peanut mottle potyvirus South America Minor 

Main source reference: Lenne and Trutmann (1994) 

Biology 

C. gloeosporioides is characterized by immersed, branched, septate, hyaline to 
brown mycelium and separate to confluent acervuli which may produce brown, 
smooth, septate, tapered selae (Sutton, 1980. 1993). Conidiophores arc hyaline 
to brown, septate and smooth with entcroblastic, phialidic, hyaline, determinate 
conidiogenous cells. Conidia of both C, gloeosporioides and C, truncatutn are hya- 
line, aseptate prior to germination, smooth and thin-walled with those of the for- 
mer species being cylindrical, straight and 9-24 X 4-12 pm and those of the 
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latter spccies being falcate with acute apices and 19-24 x 2-4 pm ( ~ ~ ~ t t ~ ) ~ ,  
1 980 ,  1 9 9  3 ) .  On germination, C'olletotric'/lcrn, spp, produce brown, entire 10 lobed 
appressoria. Both pathogens exhibit wide variation and it is difticult to provide a 
standardized description. In general, both spccies grow well on art i l i~i;~l rrlcdia 
(Sutton, 1993) .  The optimum temperature Sor mnycelial growth ranges Irom L O  
to 30°C. A compi~rative morphological study of isolates of ('. !jloc~os~)ori~i(lr'~ froln 
Aust.ralia, Central and South Amcrica and Asia has beer1 pl~blished (Ilnvis clt crl.. 
1992)  and ;I life cycle for ('ollatotric-lrlrn~ spp. on St!jlostrrltl~cv spp. was proposed by 
lrwin r>t (11. (1984a) .  

Anthracnose is the most widely distributed and damaging discasc 01, 
tropical pasture legumes (Lenn6. 1992b; 1,erinii i~ntl l'rutnlanti. 1994) .  Both c'. 
glyloeosporioi~ltls and C. trlrnc.tlt~rtrt arc common on tropical pasture legutrlcs includ- 
ing species of Aesch~it~on~er~e, Artrc31iis, ( '~rlop~~~c~rri~rm, C'clssic~, Cc~r~trosrtntr. 
Dtlsr?todi~rr~~, 1,fd7/(1/7, ~ d f p l r c ~ t ~ ~ ~ ~ ~ c ~ ,  Mc~c~rc~ptiliidtr~~ ~'llOrtlri(r iin(j sl!j/ostr~~tlrc~s t ~ l r o ~ t g ~ ~ o ~ t t  
the tropics (Irwin cJt (11.. 1984a; T,ennk and Caldcron, 1984; I,etirid, 1990a. b: 
TJcnnd and 'l'rutrnsnn. 1994).  For exiunple. ('ollc~totricl~~rrr~ glooosporioirh's has 
been recordcd naturally on u t  least 19 different species ol' St!ilostrt~tI~os; ;II Ici~st 
seven species of CtJrrtrosart~a; and irt leiist tivc species of I)cl.srt~otli~trr~ (1,enni.. 
19YOa). ('c~lletotrichrit~r spp. also cause diseases of' many other Iegutncs (I,cnni., 
1992a, b; see Sinclair, C'hapter 3 ,  ilnd Allen et ({I., Chapters 4 and 5, this volumc). 

Irwin and Cameron ( 1978) distinguished two anthracnose diseases of 
St. ,~~lowlr~tl~~~s in Australia caused by different strains of C'. ~jli~i~osporir)icIc~sS 'I'he dis- 
eases itre designated 'l'ype A and 'l'ype R anthri~cnosc and their syrnptomatolo- 
gies arc dcscribed below. 'l'ype A disease-producing stri~ins havc. a wide natural 
host rz~ngc among tropical pasture lcgunles while Type R isolates are largely 
restricted to S. guiartt~nsis (Llavis and Irwin, 1994).  Somc isolates of ('. glooospori- 
oidc>s from Stylosant/~~s spp. may inl'ect pasture and crop lcgul~les through artiti- 
cia1 inoculation (1,ennd and Sonoda, 1978a; Ogle rlt nl., 198f3: Vinijsanun cl t  cil., 
1987) .  In Arkansas, C. glo~osporioid~s S. sp, ai~sclt~~nornrt~i~ was pathogenic to 
lupin, chickpea, lentil and fi~ba bcan as wcll as pasture legu~llcs under artificial 
inoculation (TeRccst, 1988;  Weidcmann cJt ({I., 1988; Wcidcmann, 1 9 9  1 ). 
Kesults suggcst that, sotrlc isolates of C. ~loeosporioidt~s havc very widc host rilrlges 
among legunles while others have narrow ranges. '1'0 date, however, relatively 
few isolates have beer1 tcsted in cross-inoculation studies irnd few have been des- 
ignated as /urmuo specir~lt~s. Further studics ol' the host range ol' C'. glo~jclsporioidrs 
across a broad range of crop and pasture legumes are needed to assess the risks 
involvcd in growing different legumes in close association. 

Extensive pathogenic specialization and variation for virulence h w e  bccn 
identified among C. glorosporioides isolates causing anthracnose of Stylosatltlres 
spp. In Australia, several studies have identified from 7 to l h  pathogenicity 
groups (Davis, eta ] . ,  1984 ,  1987b, 1994~1, b; Irwin, 1989).  Tn tropical America, 
a t  least eight different isolate groups have bccn identified (Lenne c't al., 198 3 ) .  
The most complex pathotypes ol' S. clapitatu occur in Brazil while those cjf S. 
guiarlrnsis are widely distributed throughout tropical America ((1,ennC u t  trl., 
1983;  LennB, 1994a) .  Comparative pathogenicity studies among isolates from 
South America, Africa, Asia and Australia showed much greater variability 
within populations from South America than from any other region (R.D. Davis, 
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Brisbane, Australia, 1990, cited in Trutmann, 1994a). Regional pathogenic 
variation in C. gloeosporioides from Stylosanthes spp. is discussed in Lennk and 
Trutmann (1994). 

In recent years, biochemical and molecular techniques (protein profiles, 
double-stranded ribonucleic acid (dsRNA) as markers, random amplified poly- 
morphic DNA (RAPL)) analyses, restriction fragment length polymorphisms 
(RFLP), and elcctrophorctic karyotyping) have been used to assess variability 
among C. g1oeos~w)rioides isolates especially from Stylosanthes spp. (T,enne and 
Rurdon, 1990; Maclean el ul., 1993; Manners et al., 1993; Brown and 
Sreenivasaprasad, 1994). These analyses havc confirmed the considerable 
pantropical genetic diversity among isolates of Stylosunlhes-infecling C. gloeospo- 
rioidtls and, especially, that populations of the pathogen arc more heterogeneous 
in South America and Africa than in Australia (Brown and Sreenivasaprasad, 
1994). These findings support results from pathogenicity studies. 

In Australia, Type A and B anthracnose pathogens can be readily distin- 
guished by various molecular techniques (Braithwaite el al., 1990n, b) and sub- 
sequent molecular studies havc shown that these pathogen groups represent two 
distinct clonal populations with independent origins (Manners et ril., 1993). 
Subsequent studies have shown that the population of C'. gloeosporioides which 
causes Type A anthracnose is remarkably uniform (S. Chakraborty, Brisbane, 
Australia, 1994, personal communication). Comparative pathogenicity and rnol- 
ecular studies on some of the isolates collected from South America, Africa, Asia 
and Australia, however, indicated that on a worldwide basis, results from rnolec- 
ular analyses did not correlate with pathogenicity, disease type, host species, or 
country of origin (Rrown and Sreenivasaprasad. 1994). Chromosome lrkrnsfer 
between isolates of C. gloeosporioides which cause Type A and Type B anthrac- 
nose was recently verified in Australia (1.M. Manners, Rrisbane, Australia, 1994, 
1996, personal communications). This could markedly increase the rate of evo- 
lution of new pathogenic races. 'l'hese findings highlight the need for further 
studies to elucidate the complex relationship between C. gloeosporioides on 
Stylosonthrs spp. 

Symptoms 

C. gloeosporioides produces different symptoms on different species of tropical pas- 
ture legumes even when these are congeneric. Symptoms on Stylosanthes spp. 
including S. capitata (some accessions), S. hamata, S. humilis, S ,  macrocephala, S. 
scabra and S.  viscosa are typically limited leaf and stem lesions (Sonoda et a/., 
1974; Irwin and Cameron, 1978; Lenni: et al., 1983; Irwin, 1989; Davis and 
Irwin, 1994). Leaf and petiole lesions are 1-3 mm in diameter with cream to 
light grey centres and dark margins and elliptical stem lesions 2-6 mm in length 
and similar in colour to leaf lesions (Plate 34). Acervuli are generally visible in 
lesions. Under humid warm conditions, leaf and petiole lesions coalesce causing 
defoliation while stem lesions develop into cankers and girdle stems. In contrast, 
symptoms on S. gwianensis, S. grandijolia, S. erecta, S. montevidrnsis and S,  capitata 
(some accessions) are commonly expressed as necrosis and blight (Irwin and 
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Cameron, 1978; Irwin, 1989; Davis and Irwin. 1994). They include dark brown 
to black, irregular leaf, pctiole and stem lesions, Ical'chlorosis, defoliation, tcrmi- 
nal shoot necrosis, blight and plant death (Plilte 34). IJnder humid conditions. 
dark lesions are frequently covered by orange-pink spore masses. In Australia. 
these two contrasting symplomatologies are called Type A (most St~ylosrrr~tlrc~s 
spp.) and Type R (S. guiut~r~rrsis) anthracnoses (Irwin and Carneron, 1978). C'. 
trutlcatunl produces similar macroscopic synlptorns to those caused by C'. 
gloeosporioides (LennC, 1994a).  Tt is oftcn a secondary colonizer of lesions caused 
by C. gloeosporioidus. 

Leaf symptorns caused by C'. ylouosporioidc~s also vary with C'i~trtrosrrnti specics 
affected (Lenne, 1994b). On C. rnnr.roc~tirpurw, necrotic lesions develop on Ical'bor- 
ders and on veins; on C. pubuscens and C, ricutijoliurr~, symptoms are manifest as 
dcath and necrosis of young leaves; while on C. hrr~siliarturn, round to irregular, 
cream lesions arc formed. In all spccics, immature pods may bc severely blighted 
and round to irregular, light coloured, sunken, ulcer-like lesions form on maturc 
pods (Fig. 13.2) (Lcnnc int 01.. 198 3 .  1990a; Lcnnk, 1994b). Often orange spore 
masses and dark acervuli can be detected in pod lesions. 1)escriptions of anthrac- 
nose on other pasture Icgumes are given in 1,ennd and Trutman ( 1994). 

Epidemiology 

The infection process of C'. gloaosporioid~s is initiated by conidial germination and 
appressorium form;rtion. Appressoria produce infection pegs which pcnctratc thc 

Fig. 13.2. Pod anthracnose caused by Colletotr~chum gloeosporioides on Centrosema 
pubescens (Photo: courtesy of J.M. Lenne). 



cuticle and infect the host (Irwin tlt ul., 1984b). The histopathology of compatible 
interactions between C. gloeosporioides and S, scahra cv. Fitzroy and S. guianensis 
cv. Endeavour was examined by light and scanning electron microscopy (Irwin et 
al., 1984b). The processes were similar on both hosts. After 6 h for S. si.uhra and 
I 2 h for S. guianunsis, most appressoria were melanized. The first evidence of pen- 
etration occurred 12 h after inoculation and more successful infections occurred 
on S. guiunensis than on S. scahm. In a further study, Ogle et ul. (1990) noted that 
the level of penctration was very low (< 9%). Subcuticular infection hyphae were 
present in transverse leaf sections of both host-pathogen associations after 1 2 h 
and both intercellular and intracellular invasions were observed after 24 h. 
Acervuli developed on cv. Filzroy by 96 h and on cv. Endeavour by 144 h. 

In another study on S. scabru, penetration occurred only from melanized 
appressorie in both compatible and incompatible interactions and was higher for 
compatible interactions (Trevorrow et ul., 1988). Differences in the extent of 
fungal growth in the cells of compatible and incompatible interactions wcre 
apparent 48 h aftcr inoculation. In incompatible interactions, the fungus rarely 
pcnetratcd more than two cells (Trevorrow et nl., 1988: Ogle et al., 1990). 
Collapse of epidermal and mesophyll cells was evident in susceptible hosts by 
72 h. For C, qloeosl~orioidrs on S. guiurt~nsis, runner hyphae emerged from the 
epidertnal cells to grow subcuticularly or, more often, superficially, initiating new 
infections without the formation of appressoria (Ogle et al., 1 990). 

Anthracnose development on all tropical pasture legutnes is favoured by pro- 
longed high relative humidity and moderately high temperatures (I,enne, 
1994a). The influencc of temperature, leaf wetness period after inoculation, and 
relative hutnidity on the development of anthracnose has been studied on 
St!jlosunthes spp, under controlled conditions in Australia only. Irwin tlt al. 
(1984a) reported severe disease developed on plants incubated at LO-30°C and 
24 h of leaf wetness after inoculation. In addition, the severity of anthracnose on 
two accessions of S. scabru increased with increasing duration of the leaf surface 
wetness pcriods (Chakraborty et al., 1990b). A period of 12  h or longer favoured 
disease development in the susceptible cv. Fitzroy and maximum severity was 
reached after 36 h. It appears that anthracnose can develop over a range of leaf 
surface wetness duration. Similar observations have been made for C. gloc~ospori- 
oides on Aesc~~ynornene virgirtica (TeBeest et ul., 1978) and C. tnrnccrturn on 
Uesmodium tortuosunl (Cardina et al.. 1988). 

Anthracnose is spread mostly through rain-splash and windborne spores 
under wet and windy conditions. There have been limited studies on the effect of 
climatic parameters on anthracnose under field conditions (Davis and Irwin, 
1994). In field experiments during three wet seasons at two sites in northern 
Queensland, the incidence of anthracnose on Stylosnnthes spp. varied from mod- 
erate to high in some accessions, while others showed good field resistance for 
the duration of the experiment (Davis et al., 1987a). It was difficult to determine 
a relationship between rainfall, tcmperature, relative humidity and disease inci- 
dence and severity, especially as severe anthracnose developed under dry condi- 
tions (Davis and Irwin, 1994). It was concluded that more devastating 
anthracnose epidemics may be expected to occur during seasons when there is a 
break in the rainfall pattern than under continuous rainfall (Davis and Irwin, 
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1994).  Subsequent work has suggested that t~nthracnose incidence i r i  an  average 
rainfall year is linked with rainfall, relative humidity and temperature but, in a 
dry year, the availability of' inoculum is nlost critictil (C'hakrirborty tuld I3illiard. 
199 5). 

Both C'. glot~osporioitl~s and C'. trlrrrcvrt~rrrl are seedbornc in most tropic.al pas- 
ture legumes (Rllis c.t a]., 1'37A: Len116 and Soriod;~, 1978a. 1'182: Ilavis, 1987: 
LenriC anti 'l'rutmann, 1994).  Seed trtinsmission is believed to be responsiblcl ti)r 
the rapid spread of' anthracliose in northern Austrirlia (Irwin and ('arneron, 
1978)  and probably for its global rnovemcnt. 111 addition to fricilitating the spread 
of anthracnnse, the association of C'ollatotrir~lirrrr~ spp, with seed of St~llostrrrtlros 
spp, can signilicantly reduce seedling emergence and survival irlld al'li.ct pasturc 
persistence (1,ennC i111ci Sonoda. 1979).  As most tropical pasturc legumes iire 
pcrcnnial, C'oll~~totric*lr~trr~ spp. can readily survive horn scosorl to seasol] on  living 
i ~ n d  dead host tissue. In annuals suc l~  as St!/lostrr~t/~~~s I~lrrttilis, tht. pathogens mily 
survive on host debris (1,ennk and 'I'rutmann, 1994);  howevrr. trltcrnirtivc pcren- 
nial legume hosts of' C', glocosporioitlos rriiry trlso contrihutc to survival ol' the 
pathogen. 

Losses 

Anlhracnose is noteti iis the most serious disei~se oI' St!/lrrsrrrrtlr~~s spp. I hroughout 
the tropics (Irwin and Cameron, 1978: Len116 :und C'irlderon. 1984; Irwin, 1989; 
LennC, 1994a).  In the early 1 9  70s, approxirriately 2 rnillion hcctarcs of S. Iirrri~ilis 
pastures were destroyed by anthracnose in Austrirliil (Ilnvis arid Irwili. 1994). 
This was considered the single lnost devastating hlow to the dcvelopmcl~t o f  the 
tropical beef industry in Australia (H. Walker. Brisbanc, Australia, 1994, pcr- 
sonal communication). Anthnicnose epidemics hirve illso heen recorded o n  culti- 
vars of S. s(~rrhrtr arid S. !jriiclt~~i~sis in Auslralia (llavis and Irwit~. 1994).  1:orage 
yields of S. I~arrrntn were reduced by up to 5XiX, in L:loridt~ (I,el~li& i l t l ~ t  S0110di1. 
1982)  and of S. glric~rrcrrsi~s from 6 4  to 1 OO'X, in C'olombia with associt~tcd reduc- 
tion in nutritive value (LennC. I98h).  In Australia, yield iirld seed losses were 11 
and 1 (>'%I in S,  scvr/~r(r cv. Pitzroy, h 7  and 49'X, i r i  S. Ill~~l~t~tlr CV. Veriirio il~ld 5 3 i111d 
42'%1 in S,  glriar~erlsis cv. Graham, respectively (Ihvis et rrl., 19X7b). Arithracliosc 
has become the major limiting factor to development of olhcrwisc promisi~lg 
selections of,$'t!jlos(lrlt/l(~s spp. into comrnercitrl cultivars in Auslrirlii~ and tropical 
America (Irwin, 1989: Davis and Irwin. 1994; I,ennc. 1994a).  

Scriolls foliage and pod anthracnose has been reported on A~sc~l~!/iic)rtir~rr~~, 
Cassia, c(~ntros(llrlu, &srjlodilirn spp, and t'11c~rurie p/lrrsoo/oiiltls in tropical America 
and Australia (I,ennd ;lnd Sonoda. 1 9 7 8 ~  Sonoda and I,enr16. 1986: 
Ch;lkraborty et (tl., 1994: Lerlnc, 1994a, b ,c, d, e). However, apart frorn studies 
on the effect of anthracnosc on St~~losirr~t/les spp., no quantitative information is 
available on losses in these pasture legumes. Even for important and w~dely 
grown cultivars of spp., limited information is available on the rela- 
tionship between disease severity and loss expectation. It is an area in need ol'f'ur- 
ther study as the economic impact of diseases of tropical pasture lCg~I'nes will 
have to be related to output and not to fodder losses in grazed pastures 



(Lennt.. 1989. 1992b). It is possible for a pasture to sustain substantial dry mat- 
ter loss but minimal loss in animal production (Anderson cJt ul., 1982; LennC. 
1989). 

Management 

Resistance is the most practical and economic method of managing diseases of 
tropical pasture legumes and anthracnose is no exception (Lennd, 1986, 1 989: 
'I'rulmann, 1994b). Where resistance to anthracnose has been sought in 
germplasm collections of tropical pasture lcgutnes including Stylosanthrs, 
Cer~trosrrnu and Aesr.11ynomene spp. (Sonoda and Lennt., 1986: T,cnne rt nl., 
1990a: Lenni. and Trutmann, 1994). resistant accessions havc becn identified 
(Plate 3 5).  Most work has been done on Stylosantl~es spp. 

Major programmes for selection and breeding for resistance to anthracnose 
of St~losanthes spp, have been in progress in Australia and South America since 
the 1970s (Thomas and Grof, 1986a; Davis and Irwin, 1994: Trutmann, 1 9 9 4 ~ .  
b). In the 1970s and 19XOs, effort was focused on selecting genotypes with resis- 
tance and acceptable agronomic characters. The rapidity with which C. fjlocospo- 
rioiilcs has apparently overcome previously resistant Stylosnnthes spp. genotypes, 
especially in Australia, has increased the challenge to researchers dcveloping 
resistant cultivars (Irwin, 1989). Recently, advanced breeding techniques and 
molecular marker technologies have been incorporated into breeding pro- 
grammes, especially in Australia (Clements, 1989: D.E Cameron. Brisbane, 
Australia, 1994, 1 99 6, personal communication) and South America (J.W. 
Miles. CIAT, Colombia, 1996, personal communication). 

The Austn~lian breeding programme is particularly comprehensive and 
includes the development of composite cultivars, e.g, Stylosanth~s scahra cv. Siran 
composed of three genotypes each of which contains different major genes for 
resistance to common races of C. glorosporioides, and S. st-ahra cultivars with 
quantitative resistance through a recurrent selection programme (Cameron rt 
ul., 199 3 ) .  Quantitatively expressed resistance to anthracnose was idet~tificd in S. 
scnbru in Australia (Chakraborty et al., 1988. -1990a: Chakraborty, 1990). Other 
approaches include pyramiding genes for resistance lacilitated by marker tech- 
nology and using advanced molecular technologies for inserting antifungal 
genes for resistance to C, glorosporioides (Cameron tlt ul., 1993; Davis and Irwin, 
1994; D.E Cameron and J.M. Manners, Brisbane, Australia, 1994, 1996, per- 
sonal communications). 

In Colombia, heterogeneous S. guiunensis populations resulting from a 45 
biparental diallele cross involving ten selected S. guiunensis var, vulgaris and var. 
paucglora accessions have been managed by yearly bulk generation advance since 
1983 (Cameron et al., 199 3; Trutmann, 1994a: J.W. Miles, CIAT, Colombia, 
1996, personal communication). Advanced breeding lines continue to show 
high levels of resistance to local pathotypes of C. gloeosporioides, markedly better 
than that of all released cultivars of S. guianensis. In Brazil, S. guianensis var. pau- 
cfloru cv. Bandeirante has been released as an adapted, highly anthracnose-resis- 
tant accession for savannah regions (Thomas and Grof, 1986a) while S. 
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glliutlf'ttsis Vur. vlllguris cv. Mineirio was recently released as all allthrac.Ilose tol- 
erant cultivar (CIA'I: 199 3 ) .  Research is in progress to insert an antiflcngal toxin 
producing gene from Hoc~illus subtilis into St!llosfillt/les spp. (Kelcmu anc] nildel, 
1994). 

Interest has been show11 in Australia an(] South Amrrica in developitla 
improved pastures based on diverse mixtures of St!jlosan~lti~s spp. In South 
America, resistant accessions of S. guic~t~et~sis in lllixtures were atllc to protect 
ceptible accessions over two seasons (Lenn6. 1985: Iicrnrindcx, 1986). ('v. 
Capica - a blend of five accessior~s of S, crlpil(rt[r - was release(] in C'olombia in 
198  3 and has been widely grown in Colombia during the past 14 years without 
major anthracnose problems (Trutmann, 1994a). In Australia, howcvcr, results 
have been variable. Some studies have shown reduced anthracnose on suscepti- 
ble accessions of S. siwbrrr compared to disease levels in pure stirnds (C'hakraborty 
ut al., 1991),  while other studies have not shown cffcctivc control ofanthracnosc 
in rnixtures of St!~losnntl~es spp. (Davis et nl.. 1994d). Although results to date 
suggest that mixtures of perennials may not be kis effective as mixtures of annuals 
in controlling disease, very limited work has bccn donc oti percnniirls (Smithson 
ilnd Lennt, 1996). Evidence from studies on natural populations and long-esttrb- 
lished rnixed pastures contradicts experimental results, in C'olombia and Brazil, 
high proportions of susceptible plants occur in native populations ol'St!/losc~t~t/~rs 
spp. all hough the populations sustain only slight to rnc~derate anthracnose (Miles 
and Lenne. 1984: Lenne. 1988). Similarly, in ;I 14-year-old mixed St,~/losernthes 
spp. p a s t ~ ~ r e  in northern C)ueensltind, diverse sltinds of susceptiblc and resistant 
plants supported variable, virulent poptrlat ions of (1. glorosl~orioitlt's with lirnited 
diimage (Llavis ot nl.. 1 9 9 4 ~ ) .  This demorislrated that starrd variability con- 
tributed to anthracnose management. I t  is cleitr Ihirt furlher slutlies are meriteti 
on the function and role of pasture legume mixtures in controlling krnthracnose. 

Tropical pasture legumes are usually associtrted with grasses and other vege- 
tation in pastures (llavis and Irwin, 1994: Thomas, 1994). 1)ifferenl grass asso- 
ciations may have varying effects on anthracnose incidence and severity (C31A'1: 
198  1, 198  3) .  Anthracnose developed Inore rapidly in associations of S. guianiJr~- 
sis with tall, erect grasses than in association with short grasses or in unassoci- 
ated stands (CIAT. 198 3).  It had been expected that grass would act as a barrier 
to movement of conidia of C, glot?osporiodt~s. However, microclimatic conditions in 
some associations actually favoured the development of anthracnose. Lennd et al. 
(1987), Lennt (1989) and Davis ~t ul. (1994a) have noted that where the pas- 
ture sward is dense, the incidence of anthracnosc on Stylosanthus spp. is greater. 
In associations of S. guianunsis with Andropogott guyutrus and native l'rtlcJtypogcln 
spp., there was considerably less anthracnose under higher versus lower stocking 
rates in both associations (Lennd et ul., 1987). Clearly, grazing pressure may be 
manipulated to reduce the development of anthracnose. 

Recovery of C. gloeosporioidus was reduced or prevented when pods and seed 
of Stylosanthes spp. were scarified in sulphuric acid for 3 min (~ l l i s  et ul., 1976). 
Benomy] can significantly reduce the rate of seed transmission of anthracnose in 
Stylosunthus spp. both through applicatiorl to seed crops and through seed treat- 
ment (1,ennk and Sono&, 1982: llavis. 1987, 1990). Harvested seed can be sat- 
isfactorily treated prior to sowing by dehulling and dusting with benomy1 but 



unfortunately, in Australia, the procedure is rarely used (Davis and Irwin, 1994). 
In Colombia, annual and biennial burning reduced anthracnose in S. r'npitrzta by 
up to 78'X) (I,ennC, 1982) while, in northern Queenslund, burning pastures dra- 
matically lowered recruitment of anthracnosed seedlings (Davis, 1991). 
Although the advantages of burning for anthracnose control have been demon- 
strated, the use of burning as a pasturz management loo1 is viewed cautiously by 
graziers (Davis and Irwin, 1994). 

In the humid tropics of Peru, S. guir~rlrrtsis is generally not severely affected 
by anthracnose although pathogenic isolates of C, glor~osporioidos are common. 
Studies havc shown that phylloplane bacteria on S, guiar~~rtsis (Fig. 13 .3)  are 
antagonistic to C, glorosporioidcs (I,cnnk, 1986). Pathogenic isolates of (:. 
glorosporioides were more severely inhibited by antagonistic phylloplane bacteria 
than weakly pathogenic isolates (Lenni and Brown. 199 1 ). It also appears that 
climatic conditions in the humid tropics S ~ I V ( I U ~  the activity of these antagonists. 
In the same environment, it was also shown that C. gln~nsporioidcs rnay remain 
latent i~fter invading S. ~uiclnensis (Lenne. 1986). Latent infection by ('. glneoy~ori- 
oirii>s is common and has been detected on several Stglr~strrrtllcs spp. Ihroughout 
tropical America (CTM 1982, 1983). However, its frecluency is higher in the 
humid tropics (1,enni.. 1986). 1,atcncy is an extremely effective way of reducing 
the infection rate. Although further studies are nerded, it appears that an eff'ec- 
tive naturally occurring biological control system for aunlhracnose Illily be oper- 
ating on S. glriarter~sis under humid conditions (1,ennk. 1986). 

Fig. 13.3. Phylloplane bacteria antagonistic to Colletotrichum gloeosporioides on leaves of 
Stylosanthes guianensis (Photo: courtesy of J.M. Lennk and DANI). 



- -. . 
DISEASES OF TROPICAL PASTURE LEGUMES 

- - - 2 
FOLIAR BLIGHT 

Aetiology 

Foliar blight is caused by Rhizoctorritr solr~rli Kiihn, binucleate Hl~i;oc.tor~in sp. 
( H N R )  and H.  zeal. Voorhees (LennC ct 111.. 1989). All thrre species may al'ltct 
Crntrosumn spp.; howcvcr, only the lirst has been recorded on other tropic-al pas- 
ture legumes (Lcnnc and 'J'rutmann, 1994). The basidial state of K ,  solnni - 
T\lanatr~phorus cucnt??tlris (Prank) Donk - has been rccordccl on Mrrc,rol~ti/i~rrrr 
rllroplrrpurt1unl in Thailand (A.  I'achinburavan, Kyoto, Japan. 1 Y X 5 ,  personal 
cornmunication). however, the Crrcctobnsidi~lm sp. statc of binucleate Rl~i:oc~tc~r~ic~ 
sp, has not been reported on any tropical pasturr legumcs to date. 

Biology 

Kllizoctot~ic~ spp. belong to the Mycelitr Stcrilia and do not produce conidit,. 'l'hey 
are distinguished primarily by vcgctativc characters. Many isolates produce scle- 
rotia. In a study of almost 300  isolatcs of Kllizortor~io spp., rnosfly ohti~inrd from 
foliage of Centrosernn spp. in tropical Amcrica, 54'%, wcrc H. sol11r11 i~nastornosis 
groups A[;-1 and A(;-4 whilc 42'%1 wcrc binuclcatc Rl~izoc~torrirr sp. (RNR)  (1,ennd 
fll  (11.. 1989). I t  was interesting to note that more than 14'%1 ol'the isolates isolilted 
I'rom blighted leaves were AG-4, which is normally associated with root rots and 
soil. Extensive variation within these groups was also l'ound through morpholog- 
ical and isozyrnc studies (Olayi~, 1 9 X  5 ) .  ('onsiderable variation was also found in 
growth, colour, xontltion, sclcrotial cht~ritctrristics, mycelial texture and viru- 
lence among seven isolates of R ,  soln~~i from Sl~~losrrrrt~~c~~ spp, in C'olornbia (Olaya 
and Lcnnc, 1986). Six of seven isolatcs wcre multinucleate; one was hinucleate. 
Among thc rnultinucleate isolates, anastornosis groups A(;-1, A(;-2 and A(;-4 
were identilied. 

Foliar blight is the rnost widespread disease of Ct~rrtn)st~tt~n spp. in thc humid 
tropics, being recorded in rnorc than 1 5 countries (1,ennc. 1 99Oa). Similarly, it is 
common on St~ylosar~tl~rs spp. in tropical America and has also bcen rccordcd in 
I.'lorida. Malaysia. Papua New Guinea, the Solonlon Islands and Zambia. It  also 
affects many other legunlcs and is reviewed further in Allcn 1.1 111.. Chapter 5 ,  this 
volumc. Ilighly pathogenic AC- 1 isolates are commonly obtained from blighted 
leaves of Cct~troset~la and S~,I~/OSNII~/IPS spp. in tropical Alllcrica (Lcnni. et (11.. 
1989). As expected, AG-I isoltrtes were, in general, nlorc pathogenic to 

spp. foliage than A(;-4 ;ind BNK isolates, also isolated frorn foliage. In 
seedling inoculations, however, some isolates of B N K  were as pathogcnic as K .  
solani A(;-1 (Olay;, and Lcnne, 1987). Rhizoclot~iu zu~~t' W ~ S  occasionally found on 
blighted C, brusiliutrutt~ leavcs (Alvarex and Lend.  1988). 

Foliar blight is also the 1n0st widespread disease of Siratro. It was lirst 
reported in the early 1960s in Qucensland (Tothill, 1966: Skerman, 1977) and 
in 1970 in Florida (Sonoda ct ({I., 1971 ). It has since been rccorded throughout 
humid tropical regions (Lenni. and Sonoda, 19 8 5; LennC, 1981, 1990t1). 
Ecologically specialized isolates have bcen found associated with differcnt symptoms 
on Macroptilium rrtropurpurt>unt in Florida (Sonoda, 1980). All R. sol~ni isolates 



causing foliar blight belonged to AG-1 while most isolates obtained from stem 
cankers belonged to A(;-4 (Sonoda, 1980). Ecological specialization has also 
been reported for web blight of cowpea (Allen, 198 3). A complex of at least three 
species of Rhizoctonia contributes to foliar blight of tropical pasture legumes globally 
(LennC and Trutmann, 1994). 

Kecent studies of variability in R. solar~i using molecular techniques includ- 
ing KAPD analyses and RFLPs have revealed a much greater level of variability 
between strains than that detected by A(; typing (Vilgalys and Gonzalez, 1990: 
Duncan et a] . ,  1993). Such analyses are needed for isolates from tropical pasture 
legumes. 

Rhizoctorria spp, are noted for their extensive host rangcs. They are widely 
recognized as the cause of legume foliar blight or web blight. Both tropical pas- 
ture (Aeschyr~ornt~ne, C'entrosuma, Dewnodium and St~losunthus spp.) (Lenn6 and 
Trutmann, 1994) and food legumes including common bean, lima bean, soy- 
abean (see Sinclair, Chapter 3 this volume) and cowpea (see Allen et aI., Chapter 
5, this volume) are imporlant hosts. Foliar blight has been observcd on a1 least 
ten Cuntrosen~a spp. and at least five Stylosurlthes spp. (1,ennC et ul., 198 3 ,  1989, 
1990a; LennC, 1990a); however, no cross-inoculation studies have been 
reported with these genera. Similarly, no extensive studies have been made of iso- 
late cross-compatibility among legume genera. In one study of R,  solar~i in Brazil, 
isolates differed in pathogenicity and capacity to produce sclerotia and one iso- 
late from Nuonotoniu wightii was highly pathogenic to cowpea (C'ardoso et al., 
1982). This finding suggests that further studies on cross-compatibility should 
be given priority as potentially susceptible food and pasture legumes (e.g. as 
green manures) are commonly grown in the same cropping systems. 

Symptoms 

On all tropical pasture legumes affected, symptoms appear as small water-soaked 
lesions which enlarge, and become cream to light brown, necrotic, irregular to 
rounded shaped spots which may coalesce under prolonged conditions of high 
humidity to cover whole leaflets and leaves (Plate 36) (1,enne and Trutmann, 
1994). Profuse growth of fungal mycelium throughout the foliage produces mats 
of leaves stuck together with mycelial strands - hence the common use of the 
term 'web blight' for this symptomatology (Plate 36). Sclerotia are common on 
blighted leaves. Considerable defoliation can occur under humid conditions. 

Rhizoctonia spp, may also cause crown and root rot of Centrosrma spp. BNR 
caused severe crown rot of C. macrocarpurn in Palmira, Colombia, in 198 5 (Olaya 
and LennB, 1987). On Macroptilium spp., stem canker caused by A(;-4 isolates is 
manifest as tan-coloured cankers up to 0.5 cm long occurring frequently on the 
lower side of trailing vines (Sonoda ut ul., 1 9  7 1 ). 

Epidemiology 

The initial primary inoculum for foliar blight of Centrosema spp. is probably scler- 
otia. Although infection from basidiospores has been implicated for other hosts 
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(e.g. Echandi (1965) for Ph~~srolrts bean). the sexual stages of the two common 
pathogenic species have not been found on Crntrosettlcr spp. In all tropical pt~sture 
legumes, initiation and development of foliar blight from foci at the beglulling of 
the wet season is fr~vourcd by high relative humidity, frequent prolonged rrtin and 
moderately high temperatures. 111 Centrill and South America, fotiar blight is 
most severe in regions with greater than 1 5 0 0  mm mean annual precipitation. 
Poliar blight is usually most severe during the first months ofthe wet season, 
causing considerable forage loss, but the epidemic commonly decreases in inten- 
sity toward the middle and end of the wet season as periods of prolonged rainlilll 
become infrequent. 

Foliar blight of Siratro is more severe under warm, wet conditions and 
especially in subhumid to humid tropical regions with > I 500 Inm :ulnual rain- 
fall (Sonoda, 1975, 19 76: Shaw and Whiteman. 1977: 1,enni and Sonodi~, 
198 5). The disease may occur throughout the wet seilson but epidemics arc most 
common at the beginning of the wet season as observed for C'rrrtroscrtai spp. 
(LcnnC and Sonoda, 1985). Although the sexu;il sli~ge of K, sohtri has bccn 
reported from Thailand, only R. solani, as sclerotia arid lierial mycelium. has been 
implicated for M. crtri~prrrprrruum in tropical America (Sonoda tt  rrl., 19 7 1 ; 
Sonoda, 1980). Whether initiating from sclerotia or hyphal fragments, ;tctively 
growing hyphac form an infection cushion on contact with the host, l'enetration 
occurs directly or through stomata, i~nd subepiderrnal hyphac spread both intcr- 
and intracellularly. 

The pathogen cornplrx is primarily soilborric cither directly or in plant 
residues (1,etlnC ct ul., 198 3 ,  1990a). Sclerotia readily survive in soil and plant 
debris for several years and are dissernirlatcd by wind, ruin urld animals. Ucing a 
perennial, infected adult plants of C~ntrcrs~mtr probably also contribute to 
pathogen survival. In Thailand, propagulcs of the fi~rlgus were isolated from soil 
to a depth 5 cm where foliar blight had occurred on M. atroyurp~tr~utn 
(l'achinburavan, 1986). Ability to survive in soil as fungal myceliurn, sclcrotia or 
associated with host debris possibly vanes with A(;, but this has not bccn studied 
for lropical pasture legumes. 

Losses 

Foliar blight or web blight, caused by Rlliroctonirt spp., occurs worldwide and 
often causes serious economic damage (Holliday, 1980). It is particularly serious 
in humid tropical and subtropical regions on a wide range of tropical pasture 
legumes (I,ennC, 1990a; I,ennk and Trutmann, 1994). Although forage losses of 
more than 5()O/0 dry matter have been measured in pastures of C'. brusilianum, 
adult plants usually survive and regrow after the epidemic has abated (Alvarez 
and I,ennC, 1988: LennC ct al., 1989) in contrast to cowpea and common bean 
where plant mortality is a comrnon feature (Allen, 19% 3).  In grazed pastures, 
however, seedlings of C, brusiliarlurr~ are often killed, reducing survival and pcrsis- 
tence (Lennk et a]., 199()a). In Siratro, forage losses due to foliar blight can be as 
high as 50-80'%, yet adult plants usually recover as noted for Centrosema spp. 



(Sonoda rt al., 1971: Sonoda, 1980). Stem canker has also been detected on 
Siralro in souther11 Florida but its effect on yield is not known (Sonoda. 1980). 

In northern Queensland, web blight affects pastures of Stylosanthrs hcrmutu, 
S. Irumilis arid S. guiano~sis during the wet season, resulting in extensive foliage 
death (O'Brien and l'ont, 1977) but there is no quantilative information on 
losses. Foliar blight may also cause moderate to severe defoliation of 
A~st~h~nomrtle spp. (Sonoda and LennC, 1986): D~smodium spp. (LennC and 
Stanton, 1990; Lenne, 1994d): Amc./iis spp. (I,ennt:, 1990u, 1 9 9 4 ~ ) ;  C'assia 
rotundifolin (Lenne, 1990a, b, 1 9 9 4 ~ ) ;  NCoriotoniu wigl~tii (I,enne, 1990b, 1 9 9 4 ~ )  
and Pu~rc~riu /~Irasroloidrs (John, 19h3; Lennc, 1 9 9 4 ~ ) .  depending on environ- 
mental conditions, in lropical America. Asia and northern Australia. 

Management 

Multi-locational field screerlirig has shown that Soliar blight severity varics 
among Cer~trosernu spp. In Florida, Sonoda et nl. (1 971) noted differences in sus- 
ceptibility among C. pllltnieri and other species. Variation in reaction to 
Khizoctonia spp. among accessions of C. uc~rrti/oliurn, C. Dmsilianutt~, C. nle~cro- 
carputti and C, pubesc~rns has been noted in both field and glasshouse studies 
(Olaya and 1,ennk. 1987). In South America, screening of more than 200  acces- 
sions of C. hrasiliatrutti has shown that most accessions are moderately to severely 
blighted (Schultxe-Kraft and Belalcizar, 1988; 1,cnnc rt al., 1 989: I,ennC, 
1994b). Although useful resistance has not been identifled in C, brc~silic~r~urt~, 
high levels of resistance have been found in C. rn*uti/c,liutii and (', riicrc*roc~tirlJutti 
which may be used in future breeding programmes (1,ennC at cil., 1989). At pre- 
sent, it is recommended that (', brasilianutti should riot be grown in the humid 
tropics (> 1 5 0 0  rnm rnean annual r:~inlhll). 

In southern Florida, Sonoda cJt cil. (1 971 ) found all accessions of M. atroi~~lr- 
pureutti susceptible while evaluating 72 iritroduced pasture legumes for reaction 
to foliar blight. Although Hulton (1970) reported tolerance in M. atrol)urllurc~urn 
in Australia, observations of these same lines in the 1980s noted that all were 
susceptible to some degree under conditiolls conducivc to foliar blight dcvclop- 
ment (I,enne, 19941). Further evaluation of more gerrnplas~n is thcrcforc ncccs- 
sary in the search for resistance to this disease. 

llse of small plot evaluations with natural inoculum is not reliable in select- 
ing for resistance (LennC, 1994b). Improved lield screening methodology has 
been developed using inoculated spreader rows (Lennt: rt al., 1989: Trutmann. 
1994a). Development of a seedling inoculation method using liquidized frozen 
mycelium and targeted inoculation have also greatly improved the reliability of 
studies on reaction of ('entn~setr~a spp. seedlings to Khizoctonia spp. isolates (LennC 
et al., 1989; LennC. 1994b). Choice of isolate is critical and a rangc of virulence 
should be included. In comparative pathogenicity tests, Olaya (1985) found 
accessions of S. guiunrnsis var. puuc$Joru to be more susceptible to foliar blight 
than S. guianensis var, vulgaris. It was thought that sticky secretions from glandu- 
lar trichomes on var. paurijlora stimulated mycelial growth. In general, foliar 
blight increased with age in accessions of var. paucijlora and decreased with or 
was independent of age for accessions of var. vulgaris (Olaya, 198 5). 
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Kesearch on the resistance of Phr~scolrrs bean to foliar blight has foli1ld that 
growth habit is a n  important factor. More erect accessions were less affected by 
foliar bligtil than prostrate accessions (Galindo et nl.. 198 3a. b). E : ~ ~ ~ l ~ ~ ~ i t i ~ ~  of. 
growth habit within existing Cutrtrosr>rntr spp, arid M. cttro/)lrrlJrrrurrnr collections 
may bc of valuc in sclccting less affected gcrniplasm. Hrcausc foliar blight ol'trop- 
ical pasturc Icgumcs is caused by a cornplcx ol' Kl~izoc-totrirl spp. and anastomosis 
groups, selection and breeding for rcsistilnce will be diftic.ull. Studies of. the cfli~ct 
of environment on the population dynamics ofthe pa~hogen complex sho~lld also 
be givcn priority. 

Fungi with potential as biocontrol agents agi~inst Klri:oc~tor~ic~ spp.. including 
UIincladirrrr~ spp., l'c'r~icilliut~r spp, and l'ric~horl~rt~rrt spp., hiwe been isolilted I'ro~n 
lcaves of C~~trlrosurnn spp. (Alvarcz and I,ennt, 1983: 1,cnni. ot (11.. 199Oa). In 
addition, spccics of the bacterii~ Ac-iriotol)c~c-tc~r. C'lrrort~obl~c,tori~rr,l. I'srlrrrlortrorrtrs. 
S~.rmtin, Bnrillrrs and Er~trrobnctrr were also resident on lcavcs of ('. brrrsilirrrlrrtrr 
with foliirr blight. 111 vitro studies conlirmed the iintagonism of these fungi i~ntl 
bxter ia  to rnycclial growth of R .  solorri. This indicates that they have potential to 
contribute 1.0 the mar~agerr~crit ol' K .  solrrrri or1 C'orrtroscvrrl~ spp. in the ticld. The 
natural association ol' such microorganisms with ('r~rrtrosc~rtrn spp. uffc.c.tctl hy 
foliar blight may contribute lo thc dcclinc of folior blight epitlemics toward the 
rniddle and end of the wet season. 

C;alindo ct (11. ( 1 98 3a) showed that mulching was efl'cctivc in controlling web 
blight of Plrast~olrrs bcan. Mulch was found to lorm il barrier to splashing of 
pathogen propagules lion1 the soil to plant tissues. A range of mulches were cffcc- 
tivc including rice husks, ~naizc lcaves or weeds killed by herbicide ((;alindo clt ctl., 
1982).  Although similar trials were conducted with ('t,rrtrosart~n spp. in ~'olornbia 
with rnulches formed fro111 dried pasture grasses, rcsults were variable (C'I.4'1: 
1984) .  Foliar blight was oken lnorc severe in thc mulched treatments iIS R .  soltrrli 
colonized the mulch and then infected C'~~trtrc~srrrttr spp., especially scnli-prostrate 
m;lterials. Preliminary studies were tnadc i ~ s i r ~ g  hcavy gri~xing as a means of 
keeping the  pasture ci1110py open and reducing Soliar blight (1.M. I,cnnc, CIA'I', 
('olombia, unpublished rcsults): however, heavy grazing can also lead to legurne 
dolllinance in ii mixed pasture which could lead to incrcascd problems with foliar 
blight. Observations in Australia in Siratro pastures have Courld increased d i m -  
age due to folinr blight llndcr grazing as animals move the fungus amund the 
pasture (J.M. Hopkinson, Walkamin. North Queensland. 1985,  pcrsonifll cum- 
municalion). 

ZONATE LEAF SPOT 

Aetiology and Biology 

Zonate leaf spot is caused by Cylitrdroc-ladiu~tt rollrounii Pecrally (1,ennc and 
Alvarez, 1990 ;  T,ennk at nl., 1990a). The fungus is characterized by branching 
conidiophorcs arising froill a stipc, hyaline phialides 7-14 pm long and hyaline, 
cylindrical, three septate conidia, 40-60 X 4-5.5 pm (Peerally, 1974; 1,enne 
and Alvarez, 1990) .  On potato dextrosc agar, the fungus produced uniform, 



dark-tan coloured colonies. The host rangc of the pathogen includes Centrosentu 
arutijblium, C. urrnariun~, C. brasilianurn, C. mut7roc~arpum, C. pubuscens, C. schiedi- 
anunr, C. tetragorroloburn and C. virginiurtum (Lenne and Alvarez, 1990). Leaf 
spots caused by this pathogen have also been recorded on other hosts, and 
among legumes pod rot has been recorded on Cunavalia ensiJorrnis (LennC and 
Alvarez. 1990). I t  is possiblc that isolates from these hosts may infect C. aruti- 
fuliurn and vice versa or isolatcs may be host-specific. Further studies with C, rol- 
Ilourtii from a range of hosts are needed to clarify the relationships between these 
diseases. No clear evidence of pathogenic speciulization has been found among 
isolates from Cantrosema spp. (Lennc and Alvarcz, 1990). 

Symptoms 

Lesions first appear as small, irregular, mid-brown spots which enlarge to 1-1 cm 
in zones of varying shades of brown (Fig. 1 3.4) (Lennk and Alvarcz, 1990). Affected 
leaves become chlorotic and defoliation is common under humid conditions. 

Losses 

Zonate leaf spot causes moderate to severe defoliation of C. nrlitifoliunr. C, bmsil- 
iunurn and C. pubesrms in the eastern plains of Colornbia and in Costa Kica 

Fig. 13.4. Irregular zonate lesions caused by Cylindrocladium colhounii on Centrosema 
acutifolium (Photo: courtesy of CIAT). 
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(Lenne and Alvarex, 1990: Lenne, 1994b), During the period 1986-1988. 
zonate leaf spot causcd 30'11 loss of dry matter and associated reduction in qual- 
ity of C. uc~ulifr)lium in grazed pastures in Colombia (I.cnn6 tlnd Alvarcz. 1990). 
This discasc has potential to cause serious losscs to ('l~t~tros~rttn spp. under humid 
conditions but it is regarded as a secondary foliage discasc on olher hosts 
(Peerally, 1974).  

Management 

Among 28  accessions of C. nc'lctifolilrrn screencd for reaction to xontlte leal'spot in 
Colombia, those from Mato (;rosso, Rraxil, and Vichada, C'olombia, werc highly 
susceptible (Lennk and Alvarcz, 1990).  Modertrte levels of resisttulce only have 
bccn identified in accessions of ('. r~c-lrt$~li~rin I'rom Minirs Gerais ;~nd  C;oii~s, Hrirzil. 
High lcvcls of rcsistancc havc been fourid in other ('t,tirros~t~l(~ spp. As tht> present 
collection of C'. anltifoliun~ is small, fiirther collection of germplasm from Minos 
Gerias and (hias  is cncouragcd. 

FALSE RUST 

Aetiology and Biology 

Falsc rust (also referred to as wart), ci~used by S!/tic/~!/triunl spp.. rlii~niigcs 
l;)c1srno~iiun1 spp. (two specics) and M(icvroptiliutrr (ilro/~urpctrrvrrn (one spccies) 
(IIenn6 and Trutmann, 1994).  I:alse rust is a serious diseasc of I). ovnli/olirrin in 
Colombia and Ecuador (Lennk, 1985: 1,ennc and Stanton. 1990: I,enn6 ot irl.. 
1990b). It is caused by Synchytriuttl desmodii M ~ n i l s i ~ ~ g h c  and belongs to  thc 
subgenus Mt1solJr!jtriurrl (Munasinghe, 19 5 5; I,cnnc, 19 X 5 )  and was tirst 
recordcd in Sri Lanka in 1952 in V ,  ovr~liji~liuni cover crops in rubber plantations 
(Munasinghc, 1955).  The pathogcn was introduced to South Arncrica in the 
1970s on infected debris associated with seed produced in South-east Asia 
(Lcnnk, 1985) .  It has also becn recorded in Chin;), C'olombia irnd Tanzania 
iLenn6 and Stanton, 1990).  1t is not known whether false rust affects native 
stands of V ,  ovulijbliun~ in South-east Asia. 

Galls of S. dtlsn~odii containing both summer sporangia and resting sporangia 
are produced on infected leaf, petiole and stem tissues of I ) .  ovalijoliutr~ (Price, 
1987) .  Gall diameter varies from 1 LO to 300 pm while orifice diameter varies 
from 20 to 2 10 pm. Bright yellow, polygonal to roughly spherical, summer spo- 
rangia, 16-25 pm in diameter, develop within a membrane which protrudes 
from the recently opened gall (Munasinghe, 1955; Price, 1987). IJnlike other 
Syndlytriunl spp,, summer sporangia of S. dosmodii are not liberated from the 
open gall but zoospores are rcleascd from within the gall (Price, 1987).  Each 
sorus may have 20-50 summer sporangia. Zoospores are hyaline, spherical, uni- 
flagellate, 3 x 5 pm with the llagellum up to l h  prn in length (Munasinghe, 
1955;  T.V. Price, data). Resting sporangia, produccd within galls, 



are liberated when leaf tissue breaks down, and are brown, oval, thick-walled 
and 64-1 76 X 5 7-9 h pm. 

False rust of D, intorturn is caused by Synch~lrium citrinurt~ (T,agcrh.) 
Giiumann and belongs to the subgenus Woroninc~lla (Karling, 1964: Lenne, 
198 5). It is common in native populations of D. intorturn in Colombia and is also 
known from Ecuador, Jamaica, (;uatemala and Venezuela (Karling, 1964; T,enni., 
1 9  8 5, 19  90a). The fungus produces lemon yellow, ovoid-subspherical, thin- 
walled sori, 120-200 pm in diameter (Karling, 1964). Surnmer sporangia are 
polyhedral, 11-2 5 pm in diameter, with fine, granular, pale lemon contents and 
thin hyaline walls. Zoospores arc unknown and resting sporangia are not pro- 
duced. 

The known host range of S. desnlodii is confined to species of Ilc~smodi~rrr~ 
including D. uds~~endvrrs, D. barhuturr~, I). heterorcrrpor~ and D, ovrilifoli~on (I,cnni. 
and Stirnton, 1990). In glasshouse inoculation studies, U .  cnnlrrrl, U ,  ht~teroph!yl- 
lum, D. intorlurn and I). uncinaturn were immune to the fungus (T,ennt, 1985). 
The host range of S. citrirlunl includes D. axillaris, D. rrinescens and D, intortr~rti 
(Karling, 1964). Tn inoculation studies, Dt~srnodinnt ovalifolium was immune lo S. 
citrinuln (Lennc. 198 5). 

Rilse rust of M. ntropurl?ureurn is caused by Sgncyll!jtriutn pllciseoli Wcston and 
belongs to the subgenus Woronir~ellu (Karling, 1964: Walker, 198 3; T.ennd, 
1994f). It has a short life cycle producing only summer sporangi;~ (Wtilker. 
1983). More than 500 sporangia rnay be produced in a single sporarlgial gall or 
sorus on the host. Sporangie are aseptate, golden in culour, thin-walletl, smooth. 
16-22 X 14-20 prn, angular and polygonal to polyhedral in shape. Sporangia 
arc released by rupture of the soral rnembrane and appeiir as powdery masses in 
open pustules (Walker, 198  3). Zoospores and resting spores are unknown. False 
rust of M. utropurl~urcum, was first recorded near Jamundi, Colombia, in 1929 
(Weston 19 30). It was later observed causing considerable damage to cv. Siratro 
in central Brazil in the 1970s (Namekata et ul., 1974; Lcnni., 1980a, 19941'). It 
has also been reported from Ecuador and Mexico (Lennd, 1990a). False rust is 
not known outside the native and naturalized habitat of M. atropurpurcJum in the 
Americas. It has, however, been found on closely related genera Phrrseolus and 
Vigr~a in Africa, Australasia and Oceania (Walker, 1983). The known hosts of S. 
phasroli include members of the L~guminosae only, including lJhusvolus uc,utifololins, 
P. Iunatus, P. vestitus. Vignu calcamtu and V. rndiatu as well as Macroptilium spp. 
and Rhynchosiu minirrla (Karling, 1964; Walker, 1983). As the above-mentioned 
Vigna spp, and M. atropurpuruum were previously classified as Pfluseolus spp. and 
another species of the pathogen Synchytrium dolichi (Cooke) Gaumanr? has been 
commonly recorded on cowpea, several other Vignu spp. and Neonotonia wightii in 
Africa and elsewhere (Allen, 1983; LennC, 1990a),  comparisons of the two 
Synchytrium spp. and cross-inoculation studies among Phus~olus and Vignu spp. 
and related genera would be of value. 

Synchytrium spp, commonly occur on legumes and only limited work has 
been done on the genus as a whole since the earlier studies of Karling (1964). 
Many species appear to have been named for the hosts on which they were first 
found. Although limited attempts to inoculate specific Synchytrium spp, to 
legumes other than their hosts have not been successful to date, further studies 
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on the relationships between Syrtcthytrium spp, on legumes are still needed espe- 
cially where food, pasture and weedy legumes occur together. 1)etailed studies 
have been made on S!ind~!jtriunl psophoc'rrrpi (Rac.) Gaurn on winged bcan 
(Drinkall and Price, 1979, 1986) which may be i1 useful guide for fi~rther studies 
on  other legumes. 

Symptoms 

011 D. ovali/cdiutil, the disease first appears as srnall giills formed by i\bnor~nal dis- 
placement of epidermal tissues (Munasinghe, 19 5 5). 'l'he galls arc mi~irily formed 
on very young leaf and petiole tissuc and on  the flowering apex. lnl'cction of 
leaflet midribs, veins and margins and petioles is colnlnorl (Lcnnii, 1985).  
Normal shoot growth becomes arrested resulting in shortened iriter~lodes and 
leaflet and leaf deformation and plants develop a rosctted appearance (1:ig. 1 3.5). 
Severely infected stems and seedlings ol'len die ant1 flowerir~g and seed production 
tire reduced. Adult plants generally regrow healthy tishuc even after severe attack 
(T,ennii, at al., 199Ob). Yellow-orange to brown galls form on all al'l'ected tissues. 

On U. irrtortum, false rust is manifest as bright, lernon-yellow galls filled with 
dry, powdery sporangia on  both upper and lower leaflet surfaces, petioles and 
stems. Leaf defbrmation and distortion is generally not as severe as that caused 
by S. di~smodii on I). ovalifoliutn. On M. atrcrpurj)urpurn, syrr~ptoms usually appear 

Fig. 13.5. Rosette symptoms on Desmodium ovalifolium caused by Synchytrium desmodii 
(Photo: courtesy of J.M. Lenne). 



first on the lower leaflet surface as small, whitish, raised spots (Lcnne, 1980a, 
1994f). These enlarge to form bright orange galls which may turn light brown 
with age. Some galls develop into sporangial galls or sori which delimit sporangia 
within the sorus wall. (Ialls also form abundantly on petioles, stems and occa- 
sionally on pods (LennC, 1980~1,  1994f). These galls may coalesce to form large 
confluent masses which cause stem deformation, defoliation and stem and plant 
death, as observed in Ecuador in 1979 (Lcnni. 1980a). 1)iseased seedlings of M. 
atropurpuwutn usually wilt, bccome defoliated and die. 

Epidemiology 

In Sri Lanka, false rust of D. ovu1iJi)Iiurn is confined to humid environments 
(Munasinghe, 1955). The heavy shade canopy of rubber foliage encourages 
severe disease development due to prolonged high humidity. In the ei~slern plains 
of Colombia, false rust is most severe during May to August when rain showers 
are common and relative humidity greater than 90'%, (Lenne, 1985). False rust 
development on M. utropurpureurn is also favoured by high humidity, and trans- 
mission of sporangia is probably kicilitated by wind or rain-splash (Walker, 
1983). Nametaka et ul. (1974) recommerided that Siratro should not be grown 
in humid areas which favour disease development. 

Free water and high humidity are essential for infection (Pricc and LennC, 
1988). In glasshouse tests, a minimum of 4 h of leaf wetness was ncccssary Ihr 
infection of D, ovulifoliutn by S, dusmodii (Price and I,ennc, 1988). Drinkall and 
I'rice (1986) noted that a minimum of 12 h of leaf wetness was necessary for 
infection of winged bean by S, psop/toc'urpi in Papua New Guinea, The optimum 
temperature for zoospore liberation in S. dcstnodii ranged from 20 to 30°C and 
liberation occurred following 1.5 h incubation at 24-28OC whcn infected mater- 
ial containing recently opened galls was pre-soaked overnight (Pricc. 1987). In 
contrast to other Synchytrium spp, on legumes, zoospore release in S. dvsmodii 
occurs under natural conditions from attached sporangia within the gall in 
water droplets which accumulate through guttation, dew or rain (Price, 1987). 
It is probable that released zoospores move in water films on the plant surfilces 
and re-infect the same plant or move by raindrop splash to adjacent plants (Price, 
1987). For both S, dvsniodii and S. psophorarpi only very young tissue is suscepti- 
ble to infection by zoospores (Drinkall and Price, 1986; Price and LennC, 1988). 
The ease of extraction of resting sporangia from tissues of D. ovalijolium suggests 
that resting sporangia may be dispersed by wind and by animals. 

The Synchytrium spp. which cause false rust of legume foliage are essentially 
splash-dispersed, aerial pathogens of humid tropical environments. In this 
respect, they are ecologically different to the potato wart pathogen Synchytrium 
endobioticum (Schilb.) Perc, of temperate regions which is a soil inhabitant 
(Hooker, 1981). False rust fungi of legumes most probably survive in plant debris 
in soil and on perennial hosts (Lenne, 1985; Lenne and Trutmann, 1994). 
Resting spores of Synchytrium spp, may survive for up to 20 years in soil and 
plant debris (Walker, 1983). The survival potential of S, desmodii, which pro- 
duces resting spores, is considerably greater than that of the other two 
Synchytrium spp. discussed. 



- - _- 
~ S E A S E S  OF TROPICAL PASTURE LEGUMES 

- - _ _ --a - 

Losses 

False rust caused by S, dcsn~odii reduces seedling survival, recruitment to the 
adult plant population and soil seed reserves of 1). ovtrli/oliur~l (Fig. 1 3 . 0 )  (1,ennk t l t  

ul., 1990b). Under intcrrnitlently flooded conditions, adult plant yield of V .  o\lilli- 
foliurtt was reduced by 72.5%. The productivity :rnd persiste~lce of I). owllifi~li~rtrl- 
based pastures is seriously reduced by false rust. Although S. c.itrirrrritl has not 
been recorded in pastures of D. intortur~~, it has potentitrl to causc scvcrc disease. 
Although yield loss has not been quantilied. thc discase devastates stirnds of 
Siratro in Brazil and Ecui~dor (Namckata rt nl., 1974: I,ennt!, 198Oa. 19941': 
1,cnni k~nd Sonoda, 1985) and severely affccts seed production in Brazil 
(Narneknta c>t ul.. 1974). 

Management 

In Colombia, evaluation of a gerrnplasrn collection 01' 70 accessions of I). c~vrrli- 
fi~liurn from South-east Asia identified ('IA'I' 1 3089 from 'l'hailnrid as having 
valuable adult plant resistance (Lcnnc ct nl., 1990b). Accrssions with erect 
growth habit wcre less affected than serni-prostrate to prostrate accessions which 
wcre exposed to standing water and inoculum for longer periods than crect 
accessions. Treatment of seed with conccntrated sulphuric ircid li~r 5 rri ir l  failed 

Fig. 13.6. Mortality of seedlings of Desmodium ovalifolium caused by SynChytfi~m desmodii 
(Photo: courtesy of J.M. Lennd). 



to kill resting spores of the fungus. Strict quarantine should be practised to pre- 
vent further spread of S. d~srirodii. In addition, in regions such as Australia and 
South-east Asia, where D, inlorturn is an important pasture legume, strict quar- 
antine should be enforced to avoid chance introduction of S. citrir~urr~ (Lennk and 
Stanton, 1990). Although M .  ntropurpureuin is most important as a pasture 
legume in Australia and Florida where false rust does not occur, some insurance 
against future introduction of the pathogen would be worth while (1,ennP and 
Sonoda, 1985; LennC, 19941). Germplasm collections or, at the least, elite lines 
from breeding programmes, could be cvaluatcd for rcsistaricc to false rust in col- 
laboration with institutions in Central and South America where this disease is 
commorl. 

RUST 

Numerous rusts, espccially species of Pl~akopsnm, Puc.r.ir~in and Urorr~!jiv>s, have 
been recorded on tropical pasture legumes (Lcnnk, 1990a; I>enn@ and 
Trutmann. 1994). Rusts of the same gencra and, in some cases, the same species, 
have also been recorded on crop legumes (Allen, 1983; see Chapters 2,  3 , 4 ,  7 , 8 ,  
this volurne). For example, rust of common bean, Ilronr!jc.[~s ccpper~dicctlattts (Pers.) 
IJnger (see Allen tlt al., Chapter 4, lhis volume), has also been recordcd on 
Certtrosenra pubt~sc.er~s and Lablah purpureus, while rusts of soyabcan. Phuko/aonr 
pcrcl~yrhiii H. Sydow 8( Sydow and 1'. r~r~ibor~tirn~ (Arthur) Arthur (Ono cJt (11.. 
1 992; sce Siriclair, Chapter 3, this volume), have been identified on Arsc*hyrroir~ent~ 
nnrrJricaritr. C. ~~uhescuns. Desrnodirrr?i spp., I,. purpureus, Macruptilium atrcipur- 
purrunr, Nror~otorric~ wigl~tii and Purnrria pl~usenloidt~s (Lennc, 199Oa). Rust of 
groundnut (see McDonald rt ul.. Chapter 2. this volume) affects forage Arrrt91~is 
species and very similar rusts affect other tropical pasturc legumes. With thc 
exception of rusts affecting Macroptiliurn utropurpurelon, St!{losur~tlles spp., Amihis 
spp, and Zorr~ia spp.. very limited information is available on rusts of tropical pas- 
ture legumes. Although the following discussion is unfortunately limited to few 
rusts, it must be emphasized that further work is needed to understand the reltl- 
tionships between rusts which affect both crop arid pasture legumes and, espe- 
cially, the disease risks associated with growing susceptible lcgurnes together in 
the same cropping systems. 

Aetiology and Biology 

For many years, rust of M. atropurpureum cv. Siratro was considered to be caused 
by Ummyces apprrrcliculatus (l'ers.) Unger, which affects Phaseolus bean globally 
(see Allen et al., Chapter 4 ,  this volume). However recent comparative studies of 
isolates from common bean and Siratro from Australia and South America 
found significant differences between the isolates (Code et ul., 1985: Irwin. 
1988). Uredosporcs of Siratro rust were similar in size to those of bean rust being 
24-28 X 20-2 3 ym but their walls were significantly thicker (2.1-2.4 ym) than 
those of the bean pathogen ( 1.3-1.7 ym) and showed more closely spaced echinulae 
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(Irwin, 198%) .  U. ~ ~ / J ~ e t I d i ~ l i l ~ l r t ~  is reviewed in detail in Allen (tt (I],, C7Ilaptcr 4, 
this volume. 

In contrast to the common occurrence of the telial stage of beall rust, ( I l e  
telial stage of Siratro rust h i ~ s  been observed in Mexico only. 'kliospores wrrc. sim- 
ilar to those of bean rust, except that the side walls werr thickcr ( 3.4-3.8 pm vcr- 
~11s 2.1-3.2 pm) and darker than those of bcan rust, wit11 lillral rows of w:lrts 
over the entire surface, il conspicuous channel in the btlsc, thinner hyrilinc apicill 
thickening and tilore broiidly attached pedicels (Irwin, 1988) .  Siratro rust was 
described as a distinct variety var, c.rcrssit~rrli(~rrt 11s by Irwin ( 1988  1. Llrorr~!,~.~~s 
ai~f~t'ndic'u~atlrs var. crt~ssitlrnic~trtlrs is an  hcterolhallic, obligltc parasite spccitic to 
M .  atropltrpuroum. 

U .  al~lwndicu~altrs var. cmr~rssitur~icnt~rs is widely tlislributctl on M,  trlrolJrrr- 
p~rrrcrrn (Sonoda. 1983 :  I,cnnt! and so nod;^. 1985) .  It wtis first rccordcd on M. 
c~tropuri~urrum in 19 1 0  (Sydow and Sydow. 1910)  and has since been found on 
this host including Siratro in (;uatcmala ((hlyot, IC)57), 1:lorida (Sonodo and 
Kretschmcr, 19821, Australit1 (Jones, lC)8L), Bolivia, Braxil, C'olombii~. Hcuaclor. 
Peru, Venezuela, Cerllral America and the C'aribbcun (Lcnnc, 1 C)90;~). It  is ;I corn- 
moll disease of roadside popul;~t ions of M. ertrop~rr~~~rrc~~rrtr in C'o1omhi;l (I,cnni. and 
Sonoda. 198 5 ) .  Whereas Uroryjres tzppc~rlrliculrrtrrs hiis il wide host rangc within 
the tribe Phr~st~olt~nc~ including lJ/~(rsc~olus and Vigrlr~ spp., c.g, common bilon, lilna 
bcan, scarlet runner  bean and cowpca (Hollidily, 1980: scc Allrn et ~rl., C'hi~plcr 
4, this volume), var. cVr(rssitunic~tr~~rs is presently only known from M ,  trtrojurr- 
purt>urrl. Although viir. c~rnssitutlic.c~t~rs froin Siratro produced small, sporulating 
uredia on the bean rust differential Golden (;ate Wilx, a11 rncmbcrs ol' the bcan 
rust tlifferential set a re  classilicd as resistant to this rusl (Irwin, 1988) .  As no 
other host range studies have been reported, it would be worth while to cilrry out 
further studies with isolates of var, c~rtrssit~ir~ic.rrtlrs from the Americas and other 
species wit.hin thc  Pl~asrolt~rrr~. 

On beans, Ur0nJ~r '~s rr~~~~ur~dir~ulnt~rs is known as a highly variable pathogen 
(Rallantyne, 1974 ;  Staveley and Pastor-Corrales, 1989: Allen cat crl., Chapter 4, 
this volume). Knowledge of the race structure of var, c~rerssitur~ic~rrl~rs is csscntitrl 10 
selecting resistant lines of M. atro~,rrr~~~rrc~rrrn and breeding for stable resist;~ncc. L'. 
apprndic7u1crtus uredospores collected I'rom inlircted M. atroprrrj~lrrc~urn plents at  19 
sites throughout southern Mexico were illoculated onto Siratro (Sonoda and 
Krelschmer, 1990).  All 1 9  isolates produced rust pustules. Siratro was provision- 
ally desigrlated a universal host of U. nt~l~twdicu/trtlis var. ('rflSSitll~1il'(1t~ 

f'revious studies in Australia indicated that some strains of U .  crpper~dii~ulatus 
var. cr(jssitunicat~ls exhibited differential virulence (Bray, 1988).  In a Inore recent 
study, ten isogenic lines of M, ntrol~urpurc~um, all selected for rcs is t~ncc  to tin 
Australian isolate of var, c.r(~ssit~rnii~at~is and carrying resistance genes from 
diverse geographic origins, were developed by birckcrossing to susceptible c ~ ,  
Siratro, subsequent and then screening against one isolate from Australia, 
two from Florida and seven from Mexico (Bray et (il., 1 9 9  1). All lines were 1csis- 
tant  to the isolates froIn Australia and Florida, and six lines were resistant to all 
seven isolates from Mexico. Each isolate from Mexico produced a susceptible 
reaction on  a t  least one line, 'rhree resistant lines with genes from accessions 
from Oaxaca, Mexico, gave susceptible reactions to two isolates from that  area. 



Although races of U .  upprr~diculatus var. crassitunic.atus have not been formally 
proposed, thcsc results indicate the existence of pathogcnic variation. 

The underlying genetic differences between bean and siratro rusts were 
assessed using molecular methods (Ilavis and Irwin, 1994). Total DNA 
hybridization was used to obtain an ovcrall assessment (Rraithwaite rt al., 199 1). 
Nucleotidc sequence homology between bean and sirutro rusts was poor. This 
was further quantitied using restriction fragment length polymorphism (RFLP) 
analysis with random gcnomic clones. Only 7.h'Yo of bands were common, indi- 
cating wide genetic differences. 'l'hese results were also subsequently conlirmcd 
by KE'I,P analysis with cDNA clones (Rraithwaite u t  al., 1991 ). 

Rust of Stylost~r~thes spp, is caused by Puccinicr slylosilnthis Viegas (Viegas, 
1945). Uredospores, produced in red-brown, discrete, rust sori, are yellow- 
brown, globose to broadly ellipsoid, 18-2 5 x 20-30 pm with two, rarely three. 
equatorial to subequatorial pores and very finely echinulate (Viegas, 1945: 
1,cnne and Sousa C'osttr, 198 5). 'l'eliosporcs are two-celled, oblong to ellipsoid, 
30-45 X 20-2 5 pm with walls 2-4 pm thick, being slightly thicker at the apex, 
and with hyalinc pedicels up to 3 0  prn long (1,ennc and Sousa Costa, 1985). 
Similar measurements are givcn for P. i~ruchiclis on groundnut (sec Mc1)onald ~t 
al., Chapter 2,  this volume). 'l'eliospores on Stglosnnthus spp, vary in abundance 
from very common to rare in sori on rusted leaves. 

Thc name universally accepted for rust of Ari~chis spp. including groundnut 
is Puccir~irr nmchidis Speg. (Allen. 198 3; Subrahmany;rm and McDonald, 198 3; 
Porter et al., 1984) but the fungus is not regarded as a t'uci~inia by Iiennen and 
Buritica ( 199 3). On cultivated groundnut, the conidial anamorph Pcridiyes 
aracllidis occurs widely but the teleomorph has been found only rarely, most com- 
monly on wild Aruehis spp. in Brazil. Its actiology and biology havc been reviewed 
in detail in McDonald rt nl., Chapter 2. this volume. Two rusts havc been 
described on Zorniu spp.: P, cl[fitscntcr (Authur) C'ummins and P. tnrtliae (Berk.) 
McAlp. From published descriptions and specimens from the International 
Mycological Institute, Egham. ITK, the l'wc*i*inii~ spp. found on related legume gen- 
era Stylosnnlhcs. Arachis and Zortlicr of the subtribe St~jlosantllinna appear to be 
very closely related (Cummins, 1978; Hennen ~t al., 1987; Lennk, 1994a, c; 
B.C. Sutton, IMI. Kew, lJK, 1984, personal ~r)mtnunication). As was observed in 
McDonald t>t ill., Chapter 2, this volume, the three host genera frequently occur 
together in Brazil and Zornia spp. arc common wceds in Stylnsanthes- and forage 
Aruchis-based pastures in tropical America. Cross-inoculation studies are needcd 
to confirm the true status of these taxa. 

Rust is common in native populations of Stylosanthcs auruu, S.  guiuner~sis, S. 
mi~crocephulu and S. visi~osa on the central Braxilian plateau (1,cnne and Sousa 
Costa, 1985) and on S.fruticosu in East and West Africa (Lenng. 1990a). During 
the 1980s, rust severely affected native stands of S. aurru near Diamantina and S. 
~nacroc~epltulu near Pirapora, Minas Gerias, Brazil. The severity of rust in native 
Stylosanthes populations suggests that it is a potentially serious disease of sown 
pastures of Stylosanthrs spp. although it has not yet been reported in such agro- 
ecosystems. As observed by Hennen (see McDonald ut ul., Chapter 2, this vol- 
ume), rust is also common on native Aruchis spp. populations in Brazil and has 
been observed in experimental plantings of A ,  glabrata in Brazil (Lenne, 1994c: 
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Kerridge and Hardy, 1994). Tt has not, however, been noted on the more com- 
rnonly grown forage species A. i~ir~toi (Lennk. 1990a). Kust caused by 1'. arnc.hirlis 
Speg. var. ~[fitsctlta (Authur) Cummins has been found on nillive populations of 
several Zorrriri spp. in humid areas of Central and South America and the 
Caribbean (Lenne, 1990a), while P. zorr~ir~v (Rerk.) McAlp. hiis bccn found on 
Zornirr spp. in West Africa (Lennc, 1 YYOa, 1 9 9 4 ~ ) .  Very limited studies have been 
carried out on the Puccinia spp, on Zorilirr. 

Symptoms 

On M ,  ntrr>purl~uruum, U .  r~/~pt~ndiculnt~rs var. c~rtrssitlrnic~rrl~rs manifests itself as 
minute, greenish-white, raised spots on the lower surface of Siratro leallets which 
enlarge to form brown-red sori containing uredospores (Fig. 13.7)  (Sonoda, 
1975, 1976). Fully expanded young leaves were the most susceptible while 
unexpanded young and mature leaves were lcss susceptible. ilcavily inlbctcd 
leallets and leaves become defoliated (Sonoda. 1975). 'I'hc rust has not been 
reported on stems or pods (Lcnnd, 19941'). 

Symptoms caused by P ,  sl!/los(rnthis on St!ylosrrrlth~s appear ;is red-brown dis- 
crete rust sori, 1-5 lnm in length, mostly on the lower surlices of leaflets and on 
stems (Lenr~k und Sousa Costa, 1985). These rupture to expose masses of yellow- 
brown uredospores. Severe irifeclion leads to leaf necrosis and considerable defo- 
liation ol some species such as S, rr~c~c~rorvpl~rrln. Synlptorns czrused by P. urrcol~idis 

Fig. 13.7. Brown rust sori caused by Uromyces appendiculatus var. crassitunicatus on 
Macroptilium atropurpureum (Photo: courtesy of J.M. Lennd). 



on forogc Amrhis spp. arc very similar to those produced on groundnut (sec 
Mcllonald et rr l . ,  Chapter 2 ,  this volume) although pustules tcnd to be smaller 
(0.3-0.h mm in diarnctcr), and are more commonly on both Ical' surfaces 
(J,cnnd, 1 9 9 4 ~ ) .  On Zorrlirr spp., symptoms appear as chlorotic spots on thc adax- 
ial leaf surfacc and dark brown pustules on the abaxial lcaf surface and stcms 
(Lennc, 1 9 9 4 ~ ) .  C'hlorotic patches may become necrotic as pustules and ure- 
dospores mature. 

Epidemiology 

Thc apparent lack of a telial stiige in most regions where U .  nppei~tlir.ulrrtns vnr. 
c~rrrssitunic~rrt~~s is common on Siratro suggests that infection and survival from 
season to season depends mostly on the uredospore stage. This is in contrast to U. 
elpperldi('lll~t11~ on Pl~nseolus bean where tclia are comrnon (Allen, 198 3). 
Ilredospores gerrnin;~te to producc germ tubes which develop apprcssoria on con- 
tact with host stomata (Wynn, 1976; Lcnni., 1994f). A n  infection peg devclops 
from thc appressorium, pushes bctweeri thc guard cells and fungal cytoplasm is 
transferred into the substomatal vesicle (Wynn, 1976). Haustorial rnother cell 
development is stirnul;lted by contact ofthc infection hypha with a host cell. Once 
the host ccll is pcnctrtrted. intercellular hyphae rarnify through the host tissuc. 

Kust of Siratro is most damaging during cooler, spring and autumn months 
and least damaging in thc wet summers in 1:lorida and Australi;~ (Sonoda. 19 75. 
1976; Jones, 1982). This is in contrast to soyabcan rust (Phrrke~psorrl spp.) which 
is nlost serious under wet conditions (Allen, 198 3 ;  sce Sinclair, Chapter 3, this 
volume). Optimum temperature conditions for maximum disease devcloprnent 
I'or Siratro rust tend to be slightly higher than thosc for bcan rust (C'ode clt (I/., 
1 98 5) .  Moisture is required Ibr uredospore germination but is of less importance 
after penetration of the host. Day length and light intensity were found to bc 
important for dcveloprncnt of bcan rust (IIarter and Zaumeyer, 1941; Augustin 
el 17l.. 1972) but havc not been studied for Siratro rust (Lennd, 1994f). Optimal 
conditions for bean rust dcvelopmcnt and survival have been reviewed in Stavely 
and Pastor-Corrales ( 1989) and Allen tlt ul.,Chapter 4. this volume. The infection 
process results in development of uredia which may mature within 14 days 
(Mendgen, 1973). LJredospore production and release arc inlluenced by moisture 
and temperature. Spore production increases under conditions of high humidity. 

Wind-distributed urcdosporcs of Pucrirliu stybsnntkis which contact wet leaf 
surfaces germinate and produce appressoria. Infection hyphae penetrate the host 
through stomata. lnfection is favoured by conditions of high humidity and mod- 
erate temperalures (1 8-2 5°C). The incubation pcriod varies from 9 to 2 0  days. 
being greatly influenced by environmental conditions. The natural occurrcnce of 
rust on St!jIosnnthes spp, appears to be restricted to the medium-altitude tropics 
in both the Americas and Africa (J.M. Lenne, CIAT Colombia, 198 3-1987, per- 
sonal observations). Rust may not be a problem in the tropical lowlands where 
most Stylosnntllt~s-based pastures are grown. However, because of the potential 
devastating effect of rust, care must be taken to ensure that it is not moved inter- 
continentally. Recause rust is presently restricted to natural populations of 
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Stylosuntllas spp., few germplasm collections have been screened against it. It 
would therefore be worthwhile to evaluate existing collections of promising 
species in the savannahs of Brazil for rust resistance. 

The epidemiology of rust on groundnut has been described in detail in 
Mcllonald et al.. Chapter 2,  this volume, and further information is availnhle in 
Subrahmanyam and Mcllonald (198 3 )  and Porter ot nl. (1984). No information 
is available on the epidemiology of rusts on Zorrticl spp. The spreild of all rusts is 
facilitated mainly by wind movement, rain-splash, contact between plants, and 
vectors such as insects and grazing animals. 1,ong-distance dissemination may 
occur through airborne uredosporcs, by movement of infectcd debris and vegeta- 
tive planting material, or by rriovement of pods and sceds c.ontirminated with urc- 
dosporcs. IJrcdospores of all rusts may overwinter in debris of host plants iis well 
as on their perennial hosts. Perennial hosts probably provide primary as well as 
secondary inoculum in most areas where these rusts arc found. 

Losses 

In Quccnsland, Auslrillia, 301X, reduction in yield of Siratro was rccorded. with 
associilted lowered digcstibility atid rlitrogen content during 2 years, due to rust 
(Jones. 1982). Kust also reduces the subsequent vigour of al'ltcted plants 
(Sonoda, 1975, 1976) and seed yields by 25'X~ through a reduction in inflorcs- 
cence numbers (English and liopkinson, 198 3 ) .  Jones (1982) concludetl that 
rust has thc potential to reduce arlim;~l production from Siratro-based pasturcs 
over Ii~rgc arcas of subtropical and tropical Australia. ( 198 5a) 
tiescribcd rust as thc most serious dihcase irl'l'ecting Siratro.  roundnu nut rust can 
reduce yield of susceptible cultivars of groundnut by over 50% (I,ennk, 1 9 9 4 ~ :  
see McDonald tJt ol., Chapter 2 ,  this volume) but losscs causeti by rust on A .  
glnl~rotn in Brazil havc not bccn reported. No quantitirtivc information is available 
on losscs caused by rusts on Sl!/lost~tttltc~s anti Zorrlia spp.; however, considcnrblc 
defoliation of' natural stands of several St!jlos[lrrtlttls spp. havc been observed in 
Brazil (Lcnne and Sousa ('osta. 198 5 ) .  

Management 

Therc is considerable potential for controlling rust through selection and breed- 
ing for resistance. Although early scrccning ol' M. atrr~pur~~urruii~ lines, including 
Siratro, in southcrn Florida Illiled to identify adeq~~a te  resistance (Sonoda, 
1976),  latcr screening of 104 introductions found 18  from Mexico and two from 
C'olombia to be highly resistant to rust (Sonoda and Kretschmer, 1982; Sonoda, 
198  3). Resistant accessions included broad-lealleted types similar to Siratro, and 
others with narrow leaflets which were considered less productive than Siratro 
(Sonoda and Kretschmer, 1982). Furthermore, of over 100  accessions ol' M. 
atropurpururtn~ collected from Colombia and Mexico and evaluated in Santander 
de Ouilichao and Palmira, Colombia, during 1978 to 1988, more than 5 0 X ,  
showed field resistance to local strains of rust (Lenne, 19941). This suggests that 
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germplasm of M. atropurpuwum from Colombia and Mexico may be useful par- 
ents in breeding programmes. 

Sixteen accessions of M. atropurpuruurn showed a range of reaction types 
when seedlings were inoculated with a single-uredosporc isolate of U, upppndicu- 
lutus cv, crassitunic'utus (Bray, 1988). Analysis of F, families of crosses with sus- 
ceptible Siratro showcd that resistaricc was dominant in seven accessions and 
regulated by a single locus in four of these but by more than one locus in three 
other accessions. At least three of these, loci were identilied as non-allelic. In one 
accession, resistance was near-recessive and regulated at a single locus, while 
combinations of dominant and recessive allclcs at different loci explained the seg- 
regation of resistance in othcr accessions. Many acccssions were multigcnic in 
response to rust, some with more than one dominant gcne and others with addi 
lional minor effect genes (Bray, 1988). There was some evidence that the expres- 
sion of resistance could be temperature scnsitive (Bray, 1988). 

Quantitative histological studies of thc infection process of U ,  uppeildii~ulatus 
cv. c~russitunicntus on M. r1tropurpurc.urn were madc for one compatible interaction 
and five interactions showing varying dcgrees of incompatibility (Ogle et ul., 
1988). Four histologically different resistant responses lo infcction were 
observed. CPI 9 1  348 exhibited a response charactcrizcd by signilicarltly fewer 
pustules per unit arca and a longer generation time than the susceptible cv. 
Siratro. Signiticantly fewer uredospores produced appressoria on CPI 9 1 348 
than on Siratro. Kesistancc in ('1'1 84997 was associated with the development of 
large areas of necrotic tissuc with 99.80;') of colonies showing an indeterminant 
hypersensitive response. The remaining lines dcvcloped varying dcgrees of 
chlorosis only. Colonics in C'Q 1382 and C1'1 92643 grew only slowly and, as 
with CPI 8499 7, growth continued after necrotic tissue appeared (indetermi- 
nant hypersensitivity). In CQ 1398, colony growth ccased by 96-144 h after 
inoculation, coinciding with the appearance of necrotic tissue (determinant 
hypersensitivity) (Ogle et ul.. 1988). The existence of four histopathologically dif- 
ferent cxprcssions of resistance to infection suggests that at lcast four different 
resistance genes may exist in the accessions studied (Ogle ut ul.. 1988). 'l'hese 
may be useful for the development of a multiline or mixture with durable rust 
resistance. 

High levels of rcsistance and, in some cases, immunity to rust, have been 
found in wild Arricl~is spp. (Subrahmanyam rt ul., 1983). If there is nced to 
develop rust-resistant forage Arud~is spp., the potential for selecting for resistance 
appears high. As weeds may encourage disease development due to higher 
humidity in the canopy, choice of associate grass in forage Arucllis spp. pastures 
may be important. 

There are many records of scab caused by Elsinoe spp. on tropical pasture 
legumes (Lenne. 1990a) and crop legumes (see Allen, 1983; Allen eta]., Chapter 
5 ,  this volume), but few have been investigated (Holliday. 1980). Some have been 
identified only to genus. With the exception of the scab pathogens affecting 
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Aruckis spp., Lablab purpurcus and Zortlia spp.. very limited information is avail- 
able for tropical pasture legumes. Species of Sphucvlotna and Elsirtoe have been 
described more on the basis of host, pathogenicity and colony characters than on 
morphology (Allen, 1983). There is apparently considerable host specificity 
within scab pathogens (Emechebc. 1980; t'hillips. 1996; see Allen c,t (11.. Chapter 
5, this volume): however, it is possible that some of the species are synonymous. 
Extensive cross-inoculation studies are needed to define /i)rnloc sprcialrs. In gen- 
eral, progress has been hampered by the relative difficulty of isolation and manip- 
ultition of Elsinoc~ spp. on artificial media. Much remains to be clarified in this 
group, whose econonlic importance is untierrated (Allen, 198 3). 

Aetiology 

Groundnut scab is caused by S~~/~~~c~rlorncr crre~c~lritlis 13it;inc. and Jcnk. (I%itancourt 
and Jenkins, 1940; Porter r2t ( I / . ,  1984; LcnnC, 1 9 9 4 ~ )  while scab ol'Zorrritr spp, is 
caused by S~)l~uri~lomu zorniac Bitanc. & Jenk. (Lennc, 198 1, 1 9 9 4 ~ ) .  t:'lsinoc~ states 
of these species have not been reported. Scab ol' 1,uhlab purpurc>us is caused by 
Elsinor dolicl~i Jenk., Bitanc. & C'heo (Cheo and Jenkins, 1945). In both East Africa 
and China, the Sph~evlotnu state is also associuted with the teleomorph in dis- 
eased tissue and has been cultured in China (Cheo and Jenkins, 1945). 

Biology 

Groundnut scab was first observed in Brazil in 1937 (Bitancourt and Jenkins. 
1940; I'orter rt  al., 1984). It was noted sporadically in Brazil and Argentina dur- 
ing the following 50 years and was observed on forage Arrrcl~is glabmtu in Brazil 
and A. pirrtoi in Colombia in the mid-1980s (1,ennk. 1 9 9 4 ~ ) .  Scab is locally seri- 
ous on groundnut in Argentina and Brazil (LJorter et nl., 1984) and on the forage 
A, piiltoi in Colombia (I,enn&, 1 9 9 4 ~ ) .  With the recent widespread promotion and 
dissemination of the susceptible A, pintoi CIAT 174 34 (cv. Amarillo (Australia): 
cv. Mani Forrajero Perenne (Colombia); cv. Pico Bonito (Honduras)) in Central 
and South America (Kerridge and Hardy, 1994) and Australia, scab must be 
acknowledged as a serious threat. The host range of Sphacelomu uruchidis has not 
been investigated in dctail but includes A. glabrutcr, A. I~ypoggueu and A. pintoi. On 
Arachis spp., acervuli of S. trrrrchidis are amphigenous, numerous, effuse. 
erumpent, and 300 x 45 pm. Conidiophores are hyaline, globose and conical. 
in aggregations resembling a palisade, and 8-1 1 X 3-5 pm (Bitancourt and 
Jenkins, 1940; Porter rt uI., 1984: Lenne. 1 9 9 4 ~ ) .  Conidia are hyaline. mainly 
unicellular, and 9-1 7 X 2.5-3 pm. On agar media, at 22-25OC, the fungus 
grows slowly as convoluted, dark red colonies. 

Scab occurs on Zornia spp. in forage evaluation sites and grazed pastures 
throughout subhumid and humid areas of Brazil, Colombia, Peru and Venezuela 
(Lenne, 1990~1,  1 9 9 4 ~ ) .  It is also common in native populations of Zornia spp, in 
Brazil and Colombia. Scab causes serious defoliation and dieback of Z, lutiji~liu 
under humid conditions (LennC. 198 1 : Thomas et ul.. 1986). The known host 



range of S, zorrliae includes Z. brasiliensis, Z. glochidiata, Z. gluhruta, Z, 1utiJ)lia and 
%, reticultatu (Lennk, 1990a). On acidified potato dextrose agar colonies of S. zor- 
rliae are small, raised, crusty and slow growing, varying in colour from cream to 
reddish-brown (Lenne, 1981, 1 9 9 4 ~ ) .  Conidia are one-celled, hyaline, ovoid to 
elliptical, 3.5-8.5 X 2-4.5 pm and produced sparsely on agar. They are borne 
on-one celled, cylindrical conidiophorcs, 4-9 pm long. Scab of Luhluh prtrpureus 
has bcen reported from East and Southern Africa (Kenya, Uganda and Malawi) 
and China (C'heo and Jenkins, 1945; Peregrine and Siddiqi, 1972). In Uganda, 
cover crops of L. pnrpuruus have been scvcrely attacked and plants killed, while in 
Yunnan, China, all aerial parts of the plant are sevcrely attacked and pod yield is 
substantially reduced. Although it has been assumed that the scab of L. puryJurtPus 
rcported in China is the same species as that reported in East Africa in 1930, it 
appears that only herbarium specimens have bcen compared (Cheo and Jenkins. 
1945). Elsirro~phrrst~oli Jcnkins is very widespread on legumes in Africa (see Allen 
u t  trl., Chapter 5 ,  this volurne). Cultural comparisons of single isolates of R. doliclli 
from 1,. purpuruus and I:'. pl~rrsuoli from lima bcan were made in China and both 
fungi were found to be distinct (Cheo and Jenkins, 1945). Extensive cultural com- 
parisons of isolates of Elsirrot, I~atntas Viegas from Asia and the Pacific revealed con- 
siderable variation within the species (1,ennd et nl., 1994) suggesting that single 
isolate comparisons alone are not adequate to distinguish spccies of Rlsirloe. 

On I,. P I ~ ~ ~ U ~ P I I S ,  ascolnata of E:', dolic,lli arc arnphigcnous, appearing as eleva- 
tions in the dark strornatic tissue covering lesions or as scparate, dark, punctatc 
bodies, 60-300 pm in diameter and up to 100 pm high (Cheo and Jenkins, 1945; 
Lennt, 1 9 9 4 ~ ) .  Asci arc subglobosc, pyriform to ellipsoid, 20-32 X 15-22 pm, 
and ascosporcs are one- to three-septate. Stromatic tissue may be covered with 
well-defined conidiophores which produce hyaline, spherical to elliptical conidia, 
3-7.6 X 1.5-3 pm (Cheo and Jenkins, 1945). 

Cross-inoculation studies are nccded to clarify the taxonomic status of 
Sphuc,elorrla spp. of legumes (I,ennc, 198 1)  and their relationship with telcomor- 
phic Hlsinot, spp. In the light of the close taxonomic relationship between the host 
genera Ar(rc3his and Zorr~iu, it would be worth whilc to make detailed comparisons 
of the Sphucrlorr~rr spp. affecting them. Tn China, an isolate of E. phnsroli failed to 
infect L. purprircus whilc an isolate of E. Ik,lii,lri infected only l,, purpureus, failing 
to infect several legumes including lima bean (Chco and Jenkins, 1945). Further 
studies of the relationship between the Elsirloe spp. reported on 1,. purpureus in dif- 
fcrent countries are needed. 

Symptoms 

All aerial parts of Artri,his spp. including groundnut can be affected by S. crrucl~idis 
(Bitancourt and Jenkins, 1940; Porter ut ul., 1984; Lennt, 1 9 9 4 ~ ) -  Scab first 
appears as numerous, circular or irregular, chlorotic lesions, up to 1 mm diame- 
ter. On leaflets, lesions on the upper surface are light tan and sunken with raised 
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dark margins while those on the lower surface are yellowish-red with browti 
tnargins. 1,esions on vcirls increase to 2 mm in diatnctcr and coalesce near the 
central rein. 1,eatlels become necrotic and curl upwards. On petioles and stems, 
lesiotls are oval, up  to 3 mm in length, irregular, corky and cankerous (Fig. 
13.8). Stctn lesions coalesce and may cover the entire stem. Plant growth 
becomes distorted and stunted (Porter et 1 1 1 . .  1984: LcnnC, 1 0 9 4 ~ ) .  'l'hc most 
spectacular example of scab-induced distortion is 'supcrclongation' disease 
caused by Sl~htrcr~loiiln i n t ~ t i o i l  Bitanc. & Jenk, on c;ussarva (Zeiglcr. 1982). 
Elongation is caused by the production of gibberellic acid in the plant in response 
lo the pathogen. 

On Zorr~itr spp., S. zortritrtl produces small, elliptictil to elongate, pale brown 
spots on leaves, petioles, sterns, inllorescenccs and pods (I,ennP, 198 1 ,  1 9 9 4 ~ ) .  
Lesions expand tund coalesce to form raised, pale to reddish-brown, corky scabs. 
oftc11 illvolving entire petioles, cxterided lengths of stern rind the inflorescence 
(Fig. 13.9). 1)cfoliation and dieback are common. All aerial parts of 1,trhltrb prrr- 
IJrrr(lus may be affected by R ,  rloliclli. Symptoms are described as light buff leal' 
spots with dark margins, along le;~l'veitls especially the midrib (Chco and Jcnkins, 
1945: I,enni?, 1 9 9 4 ~ ) .  When several veins are involvcci, gcncral chlorosis nlay 
develop. Interveinal lesior~s may reach 4 mtn in diameter. On stems, cankers ;ire 

Fig. 13.8. Scab lesions on Arachis pintoi caused by Sphaceloma arachidis (Photo: courtesy of 
J.M. LennC). 
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Fig. 13.9. Scab lesions on Zornia latifolia caused by Sphaceloma zorniae (Photo: courtesy of 
J.M. Lenne). 

circular to linear. They may be numerous and scattered, grouped or coalescent. 
Individual lesions range from minute spots to cankers 3 mm X 1 cm. They may 
be flat or slightly depressed, brownish-grey, with dark margins. Pod lesions are 
5 mm in diameter, scattered or grouped or coalescent, and browri to purplish- 
brown with light centres (Cheo and Jenkins, 1945). 

Epidemiology 

Groundnut scab occurs under both dry and humid conditions: however, fructifi- 
cation is favoured by high humidity (Porter et a].,  1984). The major source of 
infection for Arachis pintoi is the perennial crop itself. The common practice of 
vegetative propagation of pastures by stolons helps to spread scab (Lenne, 
1 9 9 4 ~ ) .  The possibility of seed transmission in South America in groundnut has 
been noted (Porter et al., 1984) but not for forage species. Prolonged high humid- 
ity favours disease development in Zornia spp. (Lenne, 198 1 ,  1 9 9 4 ~ ) .  Although 
scab on perennial Zornia spp, is probably the main source of inoculum for infect- 
ing seedlings and healthy adult plants. S, zurniar is also seedborne especially with 
pod debris (Lenne, 1981). Seed could be an important means of transmitting 
scab to new areas. No information was found on the epidemiology of B. dolichi 

Oestrogenic activity has been recorded in various forage legumes infected by 
foliar pathogens. A mouse bioassay indicated that foliage of Z. latijuliu affected 
with S. torrliae showed oestrogenic activity in contrast to healthy foliage (Lenni: 
ut al., 1 9 9 0 ~ ) .  Forages containing oestrogens can cause infertility in female 
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animals and wcight gains in castrated male animals. 'l'here is a neeti to invcsti- 
gate this possibility in forage Anr(,ltis spp. and I,. prrrp~tro~rs. 

Losses 

No qut~ntitativc information is tivailable on the effect ofsc;~b on any of the pas- 
ture lcgurnes mentioned. As scab causes defoliation :~nd (tieback in p;lstures, dry 
matter losses could be serious under conducive conditions. 

Management 

Thc principal mcthocl for control oC scab in tropical pasture legumcs is resisttlnt 
cultivars. In both Anrchis and Zorrrirr spp., ticld screening has identified irccessions 
which appear resistant to scab. Sources of resistance to S .  rrrirc~lridis in groundnut 
have also been identilied (L'ortcr et 111.. 1984) which could be uscd in breeding 
programmes with other Ara~~l~is spp. 

LITTLE LEAF 

Aetiology 

Thc association of wall-less prok;~ryotes with plants is manifest as a range of dis- 
eases such as yellows, little leal: phyllody, witches' broom, proliferation, stunting, 
etc, on a variety of crops and pastures of agricultural importance (Arora and 
Sinha, 1988). Little leal' of tropical pasture legumes is caused by polymorphic. 
phytoplasma-like organisms (1'LOs) which vary in form from simple rounded 
bodies to filaments, usually less than 1 pm in diameter, bound by a single-unit 
tnembrane and containing ribosomes and DNA-like fibrils (McCoy ut al., 198 3 ) .  
'l'heir presence in the sieve tubes of the phloem in affected Dt~smodirrrrr ovuli/i~liurrr. 
Macroptilium utropurpureurn, Stylosunthes gruc3ilis and Neonotonia wightii in China 
(Chen rt al., 1982) and Brazil (Chagas and Oliveira, 1986; Kitajima ut nl., 1987) 
has been confirmed. Kecent studies on relationships between PLOs from different 
hosts have been reviewed in Mercer, Chapter 12, this volume, but none of the 
P1,O diseases of tropical pasture legumes were included. Witches' broom of 
pigeonpea is also caused by Pl,Os (see Keddy et al., Chapter 10,  this volume). 

Biology 

Little leaf is common on tropical pasture legumes throughout the tropics. It has 
been recorded on at least ten Drsrnodi~lrn spp. in Australia, tropical America, Asia 
(McCoy et ul., 1985; Lennk and Stanton, 1990) and the Pacific (Jackson and 
Zettler, 1983) and also affects species of Centrosetna (at least six species), 
Macroptiliurn atropurpureum and St,yIosanthes (at least eight species) to varying 
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degrees in the same regions (Hutton and Grylls, 1956: Lcnne and Calderon, 
1984: 1,ennc and Sonoda, 1985: I m n k  ct ul., 1990a; T,ennc and 'l'rutmann, 
1994). In spite of its frequent and often serious nature, the relationships between 
the I'LOs on different pasture legume hosts have not been studicd. 

Symptoms 

Symptoms dcvclop initially !In all legumes as interveinal chlorosis acco~npariicd 
by leaf deformation (1,erink and Stanton. 1990; Lenni! and Trutmann, 1994). 
Proliferation of shoots and leaves occurs from the axilliary buds whilc shortening 
of internodes and stunting is common (Fig. 13.10). The proliferation of buds, 
leaves and brtinches increases progressively and plants become chlorotic and 
stunted. Flowering and fruiting cease on affected parts and plants with scvere lit- 
tlc leaf die within 1 to 2 years. Plants affected by little leaf frcqueritly become 
chlorotic. This is due to thc presence of thc L'LOs interfering with the Icgume's 
symbiotic relationship with rhizobia which rcduces the nurnbcr. size and effcc- 
tivcness of nodulcs (Joshi and C'arr, 1967: O'Kourke. 1976). The ability of the 
:rlfected plant to lix nitrogen is thus impaired. 

Fig. 13.10. Proliferation of leaves and shortening of internodes caused by little leaf 
(phytoplasma-like organisms) on Desmodium spp. (Photo: courtesy of J.M. Lenne). 
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Epidemiology 

Almost ail P1,Os causing little leaf diseases arc disseminated by leafhoppers of the 
family C7icadrlli(lar in a persistent manner and the pathogen undergoes multipli- 
cation in both vector and host plant (Arora and Sinha, 198%). Different genera 
and species have been recorded in dif'l'erent countries (1,ennt and Stanton, 
1990). The leafhopper Orosius c~rget~tatus Evans has been confirmed as the vector 
of little lcaf of Stylosntttl~es spp. in Australia (Iiutton and Grylls, 1956) and 
legume littlc lcaf in the Solomon Islands (Jackson and Zcttler, 198 3). 1,ittle lcaf 
incidcnce and severity varies greatly from site to site and from season to season 
(Lennc and Stantun, 1990). Spatial and temporal variation in the incidcnce and 
scvcrity of little leaf could be due to variable Icalhopper activity related to sea- 
sonal conditions and perhaps different species of leaf hoppers. 

Losses 

Severe little lcaf has been observed in small plot Iriills ol' L)esrt~c~rlirirt~ and 
Centrosert~a spp. in ('olornbia and Brazil (Kitajirna tlt rrl., 1987; 1,cnnl. arid 
Stanton, 1990: Lennt tlt 111. 1 C)90a). Its incidence in grazed pasturcs, however, is 
usually low. Llndcr field testing in sout hrrn ~uccnsland in the 1950s, 
St,~jlostlnth~s uructtr, S, fr~iticosn and S. morrlr1vit1rttsis wrrc seriously affected anti 
plants were killed (Hutton and (;rylls, 1956). Eighty per cent of accessions of S. 
sr9rihr(i under evaluation in Ccntrnl I3razil in the late 1970s wcrc killed by little leaf 
(Lenni. and C'alderon, 1984). 1,ittle leal; however, is regarded as a minor disease 
ol' M, atrop~irpureutrr (IIutton, 1962; Skerman, 1977: Chen at trl., 1982; Lennir 
and Sonoda, 1985). No quirntitirtive :~ssessmcnt of losses in irny tropical pasture 
legunle has been documented. 

Management 

Observations on the reaction of' different species of Dt>snlodiurn to little lcaf arc 
contradictory. In Australia, Hulton and Grylls (1956) reported that L). ~ir~c~ir~nturn 
was highly susceptible while D, ir~torturr~ was highly resistant. In a subsequent 
study, however, Imrie ( 1  97 3 )  Sound 34 accessions of L), ir~tortlinl to be susceptible 
to little leaf. In Brazil, D. ut~cirrnturr~ was   no re susceptible than D. intorturn 
(Oliveira, 1979). Throughout Central and South America, slight to severe little 
leaf has becn observed periodically in accessions of D,  btrrbaturt~, D. g!jmidtls, D. 
ltutrrocvir~~or~, I), l~etrro,uh!~llum, I). inc'ut~um, L). ovalifolioliunt and I>. strigillosum 
(Lenne and Stanton, 1990). Recause of the lack ol'controllcd screening, present 
information is insufficient to declare any species of Drsn~odiurrr resistant. It should 
be noted that attempts to select for resistance to little leaf in any crop have not 
yielded much success (Jackson u t  al., 1984). 



ROOT-KNOT 

Aetiology and Biology 

The most common nematode pest of tropical pasture legumes, Mt,loidogyntl spp., 
is the causal agent of root-knot (Stanton, 1994). Meloidogyr~e spp. are distributed 
worldwide and affect many hundreds of plant species. Further information can 
be found in McDonald ct al., Chapter 2, this volume. The main tropical pasture 
genera ilffected include Atac.h.ynomcne, C'ulopogonium. Cassia, C'cr~trosernil, 
Desrnodiurn and Dolichos (Stanton, 1994). Therc arc over 40  spccics of 
Meloidogyne although bur ,  M ,  javanica ('l'reub) Chitwood, M .  arenaria (Neal) 
Chitwood, M .  incognita (Kofoid & White) Chitwood and M .  hapla (Chitwood), 
cause about 9 5% of the damagc worldwide (Taylor and Sasser, 19 78). 

The disease cycle commences when second-stage juveniles hatch from eggs, 
move through the soil and invade roots near the root tip (Slanton, 1994). 
Juvcnilcs then become sedentary and feed on nurse cells, thus establishing a spe- 
cialized host-parasite relationship with the plant. Lleveloping nematodes become 
flask-shaped and moult three times to bccomc adults. In most Meloidogyr~~ spp., 
males are rare and reproduction occurs by parthcnogcncsis. Maturc fc~nalcs lay 
hundreds of eggs in an egg mass on the root surface and thcsc cggs hatch in 
warm, moist soils to continue the life cyclc. Thc length of thc lifc cyclc is tcmpcra- 
ture-dependent but, under ideal conditions, takes only 4-6 weeks. Identification 
of Meloidogyrle is difficult, inaccurate and time-consuming using current meth- 
ods and scvcral rcscarchcrs are now developing molecular methods ofdifferenti- 
ating species and races of Muloidog~nr (Powers and Harris, 199 3 ;  Hugall at ~ l . ,  
1994: see McDonald et (I]., Chapter 2,  this volume). 

Meloidoyyrre spp. arc gcncrally important on DPsmoilium spp, although most 
species vary greatly in their resistance (Hernandez and Lbpez, 1985; LcnnC and 
Stanlon. 1990: Stanton. 1994). Dasmodium y~ro ides  and U ,  ovalijoliurn were more 
susceptible while U ,  intorturn and D. I~e t~rophy l lum wcrc rcsistant to M .  javur~ica 
(LennC, 1981). D. intorturn, D,  uric-inuturn, D. burbutum, D. lrcterocarpor~, D. ovali- 
foliurn and D. striyillosurn varied in their responses to M. urer~uriu race 1 ,  M .  
incvynita race 3 and M. jav(~nic.rr from highly resistant to highly susceptible 
(Qucscnbcrry and Dunn, 1987). Infected D, ovalijoliurn plants become stunted, 
chlorotic and wilted; some become defoliated and die (I,enne, 198 1 ). Some acces- 
sions of D. heterocarpon were rcsistant to M. javanica (Stanton and Hernandez, 
1986). lIowever, Stanton and HernGndez (1986) found that the above-ground 
appearance was an unreliable guide to the extent of root galling of D. heteroc3urport 
infected by M .  juvt~nic~a. This suggested that tolerance, the ability of the plan1 to 
yield well in the presence of the nematode, was also important in controlling 
yield loss (Stanton, 1994). 

Centrosema spp. are generally resistant to Mcloidogyne spp. Lenne (1981) 
showed that a Crntrosema hybrid was slightly susceptible to M .  javanica but vari- 
ous accessions of C, pubesc'rns, C,  mucrocurpum and C. puhesccrls X C, macrocarpurn 
were immune to M. javunica while others were less resistant (Sharma t t  ul., 
1985). However, M .  javanica causes unthrifty growth, chlorosis, necrosis and 
death of C. pascuorurn in Brazil. None of the 12 accessions tested flowered and all 
senesced prematurely (Sharma and Grof, 1988). Centrosemu pubesccns is moderately 
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resistant to M. incogtrita (Thankamony et i l l . ,  1989). Also. C'. puhrscvr~s and C'. 
ucutifolium developed a few small galls but did not support reproduction of 
Meloidoggtte arahicidu Lopez & Salazar although C, n~ai-rocnrpurt~ was a host 
(Dominguez-Valenzuela ct al. ,  1990). Mc~loidoggne spp. are considered to be 
minor pathogens of M. atropllrpurrutn cv. Siratro (1,ennd and Sonoda, 1985). 
Mi~croptiliurn spp, arc generally slightly susceptible to M .  juvaninr (T,ennk, 1981) 
but M. utropurpureurn is a poor host of M, incognitu so is used as a cover crop for 
ncmatode control in black pepper plantations in the Amazonian region (Koshy 
and Bridge, 1990). However, the top growth of M. crtropurpurclrrn~ cv. Siratro may 
be reduccd by infestation with several Maloidog!lne spp. (Lynd and Ansman, 
1989). On sandy and othcr friablc soils in Queensland, Australia, Meloitlog!jnr 
spp. causcd severc galling of the roots of M. luthtlroides and reduced plant vigour 
(Cameron, l985b). 

Stylosanth~.s spp, arc generally resistant to M ,  jav(~rtica (Lcnne, 1981 ), includ- 
ing S. llunlilis (Minlon et al., 1967), S. capit(rtif, S. rt~ir~~ro('epI~Ilkr and S. guicrrrensis 
(Sharma, 1984). although S. gmcilis is a good host of both M. jcrvnni17n and M .  
ir~cogtritci (Netscher and Sikor;~, 1990). S, hutnilis (Minton rt al, ,  19h7), S. si,cihr(~ 
S. hamata and S .  viscosrt (Azmi, 1985b) are moderately resistant to M. incag~~itir; 
however, S .  humilis is susceptible to M. htiplrr and M .  arenariu (Minton rt ul., 
1967) and S. guiutrensis to M .  irti-oqnitlr. Khizobium nodulation in all thcse species 
was redi~ccd by LO%, by M. inc~o(gttitri and plant growth was also reduced (Azmi. 
198Sb). 

Symptoms 

Thc presence ol' nettlatodes in thc root stimulates the surrounding tissues to 
enlarge and produce the giills which are thc typical symptorn of infection by thc 
nematodc (Stanton. 1994). Galling restricts root volume and hinders the normal 
translocation of watcr and nutrients within the plant so that plants exhibit 
above-ground symptoms of'stunting, wilting and chlorosis, consistent with water 
stress and nutrient deficiency (Pig. 1 3.11). Damage caused by the nematode also 
pre-disposcs plants to attack by other soilborne pathogens, particularly fungi and 
bactcria. The end result of attack by root-knot nematode is yicld loss. 

Epidemiology 

For several reasons, plant-parasitic ncrnatodes are generally more damaging in 
the tropics (Stanton, 1994). Higher temperatures and humidity arc more 
favourablc to most spccics while longer growing scasons allow morc life cycles 
and, therefore, greater population increase. 

Losses 

It is very likely that significant yield losses due to root-knot nematodes occur in 
tropical pasture legumes. However, because of the relative lack of nematological 



Fig. 13.11. Chlorosis, stunting and wilting of Desmodium spp. caused by Meloidogyne 
javanica (Photo: courtesy of J.M. LennB). 

expertise in developing countries and because pastures are usually of low value 
per unit area, there have been no studies to assess the impact of nerriatode pests 
on yield of tropical pastures (Stiinton, 1994). 

Management 

There are limited management solutions to nematode problcms of pastures in the 
tropics (Stanton, 1994). Many controls used for crops are inappropriate for tropi- 
cal pastures. Chemical control is rarely likely to be economic. Non-chemical 
control may include Lhe use of resistant pasture species, rotation with non-host 
crops or weedy fi~llows, and organic amendments. 

Resistant genotypes will often be the only feasible method of controlling 
plant parasitic nematodes of tropical pasture legumes (Stanton, 1994). Cultivars 
of several legumes with resistance to Meloidoyyni~ spp, arc already available (see 
above). For olher legumes, the solution may rcquire collection and screening of 
germplasm followed by breeding for resistance. Rotations and weedy fallows can 
be successfully used to control nematodes in crops but further study is needed on 
their role in pasture systems. Many weedy species in fallows and pastures can be 
hosts of the same nematodes to be controlled and will, therefore, maintain popu- 
lations high enough to affect the pasture legume. Where a suitable rotation crop 
can be found, it may reduce loss of productivity in following pastures but the 
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economics of rotating a pasture and the length of time over which one rotation 
will be successl'ul nced to be carcfiilly considered. 

Organic amendments el'fectively reduce populations of plant parasitic nema- 
todes by increasing fertility and water-holding capacity of soil and thus increas- 
ing tolerance of plants to nematodes (Stanton, 1994). 'l'hey may stimulate 
activity ol' naturally occurring biological control agents and may be rlenlatoxic 
through production of ammonia upon decomposition. 'l'herc is potential Ibr thc 
use of organic amendments to control nematodes in pastures by incorporating oil 
cakes of Azcitlirrrcltta intlicrl (neem) a ~ l d  Hrrissic9tr c,cirtr/~ostris (IIasan and Jain. 
1984). 'I'he fcasibility of this type of control would depend on the availability and 
cost ol' application of large amounts of organic matter. 

THE FUTURE 

Tropical pasture pathology is a young, challenging and evolving science (1,enni. 
tind Sonoda, 1990). Much progress htis bcen madc during the past 2 0  years in 
identifying and chilractcrixing pathogens, understanding pathogen epidemiology 
and ecology, kind breeding for resistance in tropicirl pasture legumes (c'amcrori 
and T,ennc, 1994). Overwhelmingly ;lnd justiliably, the major effort has been 
focused on anthracnose of St!llo.\rrr~thus spp. iind much of this rcscarch is 
reviewed in this chapter. For many othcr important diseascs ol' tropical pasturc 
legunles, however, there are considcrahle gaps in our knowledge. In a review of 
the history, evolution and prospects of tropical pasture pathology, 1,enni' and 
Sonoda ( 1990) highlighted fiiture research rieetis for diseases ol' tropical pasture 
plants and these needs havc not chiulged in the interim pcriod, l'riority recom- 
mendations for future research can be clearly delined in Ibur key areas. 

Firstly, simple, prccisc and reproducible methodologies for characterizing 
variability and understanding the origin of' sources ol' new variiibility (e.g, the 
role of the scxual stagc) for the most important pathogens of tropical pasture 
legumes such as Collrtotric.lr~rrr~ ,yIor~oaponoidcs and K11izoc.toniu solarli are critical 
for the development of durable n1:inagernenl strategies. In spitc of the efforts 
devoted to these pathogens, there is room for improvement (Cameron arld Lennc. 
1994). Molecular tools shoulti be used wherever appropriate as for C. ,yloros~~ori- 
oidus, but rational decisions are needed on which technologies merit application 
and utilization. Proven methodologics should then be applied to understar~ding 
the relationships between isolates of the same species (e.g. C, gl~~osporioides, K. 
solarli, Ururr~yces appt~nllic.ulut~~s, l'l~nko~~som spp. and Meloidogync~ spp.) and species 
of the same genera (e.g. Sgnc-hgtrilrin and Sph~c.elort~u) on a range of legume hosts. 
At the same time, i t  should be notcd that determination of variability in many 
pathogens of tropical pasture legumes will remain difficult in the near future 
without suitable host lines, in thc absence of disease assessment guidelines and 
lack of understanding of the underlying genetics in both the host and the 
pathogen. 

Secondly, the difficulties of evaluating diseascs affecting dynamic, heteroge- 
neous swards of tropical pasture legumes are immense (Lenne. 1989; Lennk and 
Sonoda, 1990). Initial evaluation should be done in simulated pasture swards 



rather than small monoculture plots. More attention should be paid to the effect 
of diseases on plant demography, especially the effect of diseases on the legume 
seedling component and the effects of grazing, key factors in long-term produc- 
tivity and persistence of tropical pastures. This information is useful in develop- 
ing pasture management strategies that minimize losses from diseases. More 
studies are needed on a range of pastllre legumc/grass and disease associations 
to understand the effects of diseases on size and age structure of legume populn- 
tions. Pasture pathologists could learn from studies by crop pathologists in inter- 
cropping systems. 

Thirdly, improved methods are needed to quantify economic losses and to 
identify which diseases most merit management (Lcnni., 1989). This is necessary 
for tropical pasture legumes in intensive and extensive systems and for acute and 
chronic diseases. Methodologies arc available to measure losses in the quantity 
and quality of forage produced due to diseases (Lcnni., 1989), but this informa- 
tion cannot be readily converted to actual animal production losses. There is a 
need to evaluate effects of diseases over time as progressive pasture decline can 
result in reduction in animal production after several years. 

Meaningful assessment of the economic significance of biotic damage 
requires the diflicult conversiorl of losses in pasture legume production to animal 
production. It would be worthwhile now to develop models which relate yield 
and quality losses and changes in botanical composition to animal production 
losses. No matter how severe diseases of paslure lcgumes appear to be, animal 
production may not be affected if the pasture is not fully utilized. 'There is a criti- 
cal need to study the most important diseases under grazing to quantify the 
direct effect of diseases on animal production. Only with such information can 
rational economic decisions be made concerning the need for management 
strategies. 

Fourthly. the plethora of tropical pasture Icgumes, the complexity of diverse 
pasture environments, and the potential for multiple interactions among 
pathogens, hosts. environmental factors and the grazing animal necessitate a 
multidisciplinary approach to research on diseases of tropical pasture legumes 
(Lenni., 1989). There is a need for pathologists to work together with plant 
breeders, agronomists, entomologists, plant physiologists and animal scientists 
to develop integrated disease management strategies (Lenne and Sonoda, 1990). 
Where resistance to diseases is not adequate, resistance can be combined with 
cultural controls such as burning and grazing management (Lennt and Sonoda. 
1990). Research is needed to develop strategies to integrate resistance with cul- 
tural control. 
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INTRODUCTION 

By bringing together for the first time inforrntltion on the pathology of grain 
legumes, leguminous oil-sced crops and pasture legunlcs Srom both tempcrate 
and tropiciil environments, this book has clearly demonstrated the great diversity 
of pathogens affecting legumes. 'I'hesc pt~lhogens include fungi, bacteria, phyto- 
plasmas, viruses, nematodes and pi~rasitic irngiosperms, each with wide ecological 
and climatic adaptation and with great variability in natural host range and 
pathogenicity, 

Although legumes were relatively neglected by agricultural scientists iultil 
about 3 0  years ago, both hod and pasture legumrs now receive considerable 
emphasis by research teams including pathologists, both nationally and interna- 
tionally. Advances in understanding and managing the major diseases ol' the 
most economically important crops including soynbean, groundnut and cum- 
mon bean have been relatively rapid. The availability of large germplasm collec- 
tions and use of multilocational testing have contributed to progress in breeding 
for resistance. In other legume crops such as pigeonpea, chickpea, lupin and 
tropical pasture legumes, progress has been less rapid due to more limited fund- 
ing, fewer pathologists and fewer research teams. By Sostcring communication 
between plant scientists working on different legume crops, thc sharing of infor- 
mation across crops with common problems could be enhanced, and further 
progress in solving pathological problems of the neglected crops and pasture 
species could be made. In both well-researched and relatively neglected legume 
crops, there still remain many gaps in our knowledge of their pathology, espe- 
cially critical information for the improved understanding and management of 
major diseases. In the present climate of dwindling donor support, a keener focus 
on the most important problems that cause greatest loss is crucial. This chapter 
therefore focuses on the major gaps in our knowledge and the most important 
@CAB INTERNATIONAL 1998. The Pathology of Food and Pasture Legumes 
(eds D.]. Allen and ) M. LennC.) 



issues identifled by contributors to other chapters of this book. These topics, on 
which further research is warranted, are : 

diagnosis and characterization; 
assessment of economic losses; 
more rclevant and effective management methods; and 
the vital importance of intcrnationd cooperation in research on mi~jor dis- 
cases of legumes. 

DIAGNOSIS A N D  CHARACTERIZATION 

Identification and Diagnostic Tools 

Accuri~te identilication of both thc host plant and the pathogen is fundameritol to 
research in Iegumc pathology. However, the ;lbility to recognize and name 
pathogens and their hosts is becoming iricrcasingly rare (Webster, 199h) .  For 
common arid well-characterized pathogens, licld identilication miiriuals whicli 
show macroscopic symptoms continue to be of value to pathologists. Manuills for 
identifying diseitscs arc produced by the international centres of the C'onsultative 
(;roup on Intcrnational Agricultural Hesearch (CGIAR), including C'entro 
Intcrnacional de Agricultur;~ Tropical (CIAT), Intcrnational li)r 
Agricultural Research in the Dry Arcas (ICARIIA). International Crops Kesearch 
Instilute for the Semi-Arid Tropics (IcRISA'L') and International lnstitutc of' 
? 7 I ropical Agricillture (IITA), on common bean, tropical pasture legumes, lenlil. 
fi~ba beiln, groundnut, chickpea, pigeonpea urld cowpea: thcse are widcly avail- 
able cspecit~lly in developing countries. Compendia published by the American 
Phytopathologicd Society on diseases of pea. common bcan, groundnut, alfalfa 
(luccrne) and soyabran, rnany of which are cited in relevant chapters in this 
book, are also usefirl. 'l'hc recent dcvclopment of the electronic compendium cori- 
cept at c ~ a  IN'II:KNATIONAI,  has led to successl'ul productiori of the Crop Protection 
C'ompe~ldium which conlprises diagnostic systems, descriptions, illustrations, 
distribution maps, taxonomic infi)rmation and literature for hundreds of impor- 
tant diseases, pests and weeds of major crops in South-cast Asia. But, in many 
cases, microscopic examinatio~i is nccded, and additional laboratory studies 
using advanccd diagnostic tools may also be rcquired. 

Although rapid progress has bcen made with the aetiology of lcgutne dis- 
eases, more information is needed on the aetiology of some legurrlc pathogens. 
especially viruses (see Kraft rt  nl.. Chapter 6 .  Haware, Chaptcr 9 ,  and Reddy et (11.. 

C'hapter 10, this volume). For sterility mosaic disease of pigeonpea, the causal 
agent is still unknown, although recent evidence indicates that it is most proba- 
bly a virus (Lavakumar, Scottish Crops Research Institute, UK, 1997,  personal 
communication). Studies on stunt disease of chickpea have found that a number 
of viruses including luteo- and geminiviruses cause stunt in different locations in 
Asia (see Haware. Chapter 9, this volume). Simple, precise, rapid and rcpro- 
ducible methods for identifying important pathogens of legumes are critical for 
the development of effective management strategies. Two main types of laboratory- 
based diagnostic methods have recently been developed for plant pathogens. 
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l~lllnunological methods have becn revolutionixed by the use of rnonoclorii~l anti- 
bodies and cnzyme-linked immunosorbent assay (ELISA). The assilys arc r;ipid 
and inexpensive and diagnosis can bc cornpletcd in several hours (Kandles ot rrl., 
1996). They are particularly well advanced b r  thc detection of plant viruses 
where antibodies are prepared ngiiinst the viral coat protein and are being 
increasingly used for the detection ol'bzicteria i ~ n d  fitng~ (Schots tl t  trl., 1994). 

Increasingly, cost-effective scrologicol methods birsed on nionoclon;ll antibod- 
ies to allatoxin R1 are being used successfully li)r dctcction of coritaminatio~~ in 
groundnut (Mehan 111 rrl.. 199 1 : see McDonald c't trl.. C1h:rptcr 2. this volume). 
Scrological tests ;ire widrly used for detecting inkction by the halo blight and com- 
mon blight pathogens in common betun (scc Allen rJt trl., C'haptcr 4, this volumc) 
and viruses in groundnut, pea, faba bean, lentil, chickpea and clovers (see 
Mc1)onald a1 ill., C'hapter 7: Kriilt ct trl., C'hapter h; jellis (11 rrl.. C'hnpter 7:  IIawarc. 
Chapter 9; Mercer, Chapter 12, this volume, respectively). 'I'he development ol'scro- 
logical tests is still necdcd for some pathogens, including bcan leaf roll virus (scc 
Jellis rt  (11.. Chaptcr 7 ,  this volu~ne), to cnsurc a niore definitive i~nd  rapid diagnosis, 
while for other viruses, such as pea early browning ol'li~ba bean (jcllis clt 111.. C'hapter 
7, ihis volurne) and pei~nllt clur~ip (Wesley at trl., 190h), thcrc is such ir very wick 
diversity of scrologictil relationship between isolates and serotypes, that IY,ISA is 
not an appropriate tcst, For accuri~te detection, nucleic acid-bast4 dctcc,tion mcth- 
ods arc ~ieeded. Although lllorc complcx, the exploitation ol' r~uclcic acid-hascd 
diagnostic methods for pltrnt pathogens is approaching thc simplicity of inimuno- 
logical methods, with thc advantage of greater sensitivity and specilicity (Pox, 
199 3 ;  Randles pt (I/., 1996). Methods such as hybridization, the polymerase chain 
reaction (PCK), restriction and iiriipliticd fragment lcrigth polymorphism5 (KFI,13s 
arid AFLPs), and random ampliticd poly~norphic DNA (KAPI)) irnalyscs ilre now 
commonly and successfully applied to identify many fungal, bacterizll, phytoplas- 
mill, viral and ncmatode pathogens (Schots ilt rrl., 1994). 

'There are many exalnples in this book ol' the successfi~l use of molecular 
tools to identify legume pirthogcns, including fungi, bacteria, viruses and nema- 
todcs. l'he dcvelopmcnt of a species-specific molecular probe for ('ollototrit~htrr,~ 
t~c~trtrttu~t~ (Sreenivasaprasird ut c~l., 1994) permitted thc accurate identification of 
the anthracnose pathogen ol'lupins (Rced tlt nl., 199h: see Hill, Chapter 11,  this 
volume). Molecular studies have confirmed the distinction between strains of 
Urorn!ycv~s apprrrdicltlatus var. 1-rtrssitunicrlttcs, thc causal agent of rust on 
iMtrc~roptiliu111 rrtropurpurt1tr)7~, from strains of bcan rust, U, nppt~r~dic~~htus var. 
nppt~ndic~ulatrrs (Hraithwaite ct  rrl., 1991; see 1,enni.. Chapter 13, this volurnc). 
Oligonucleotide primers have been constructed for Brrrkholdoritt solatmc~er~rurn- 
specific DNA sequences which help in detccting single cells ol'the bacterium in 
hosts by PCR (Seal, 1994).  A rapid identification tcst has also becn developed b r  
distinguishing biovars 3, 4 and 5 ,  based on restriction fragment length polymor- 
phism DNA probes (see McDonald ut rtl., Chapter 2 ,  this volume). Comparison of 
nucleotidc sequences has revealed that the coat proteins of certain isolates of 
blackcye cowpea mosaic virus (BICMV) and bean common mosaic virus (DCMV) 
are sufficicntly si~nilar to indicate they are strains of the newly re-delined RCMV 
(Khan rt ul., 1993; see Allen et al., Chapters 4 and 5, this volume). This has led 
to a clearer understanding of relatedness of BlCMV to BCMV and cowpea 
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aphid-borne mosaic viruses. In addition, PCR methods (Power and Harris, 199 3)  
and RAP11 assays (Cenis, 1993) are provirlg helpful in the identification of 
Meloidogynr species. 

One of the most comprehensive studies using molecular tools to underst;~nd 
relationships between fungi is that of Bailey ut al. (1995) who studied the divcr- 
sity in ('olltltotric/~ur,l at the specific and intraspecific levels. Riboson~al DNA 
analyses suggested that C', lindumuthianum from cotnmon bean, C. trijolii from 
lucerne, ('. orhiculnrc~ from C~rcun~is and XflnthilAVI and C, mnlvaruril from Sidll con- 
stitute a single species (designated thc C', orl~ic,ulart~ group), in contrast to von Arx 
(1957) who proposed that they were special forms of C. gJo(~ospnrioides, and 
Sutton (1992) who considered them to be separate species (Roilcy et d., 1995; 
Shcrrifl' et rrl., 1994). Morphological and cytochemical parameters and distinct 
infection processes of these same species support their close relationship arid 
their distance from other species, including (', gloeosporioidt~s (Bailey trl.. 199 5;  
Sherriff el trl., 1994). Using combined biological ant1 molecular approaches, new 
reletionships between species were established and a firm foundation on which to 
base the taxonomy of this genus has been provided. 

There remain serious gaps in our understanding of a number of other groups 
of pathogens. Serological and molecular tools should be uscd wherever appropri- 
ate, together with biological approaches, but rational decisions on which tech- 
nologies rncrit application and utilization are crucial. At the samc time, such 
tools should be checked for reproducibility and specificity and their limitations 
should be realized (Janse, 1995). 'l'hese tools should be applied to understanding 
the reliitionships between isolates of thc same species and species of the same 
genera (e.g. Syt~cJl!/triurn and S/~llor~rlonrtl) on a range of legume hosts. For exilm- 
ple, we remain ignorant of the relationship between Sphacelorn~ and its putative 
teleomorph, Elsinot~ pl~asroli, and little is known of the variation within the cow- 
pea sciib pathogen or between it and the scab fungi of other legurncs, many of 
which are conventionitlly considered to belong to the same species (Allen, 198 3 :  
Allen and I,enni., Chapter 1: Allen u t  (11.. Chapter 5; I,ennd, Chtrpter 1 3 ,  this vol- 
ume). In certain cases including work on bean scab, the connection between 
Spl~uc~r~lo~t~a and Elsinot> has been well-demonstrated (Phillips, 1996). Studies 
which use both conventional and advanced diagnostic tools and integrate differ- 
ent parameters would be useful in studies of relationships within other problern- 
;]tic gcncra, including Ascoc'lr!/tm, Pl~omu, Fusnriuin, Cerc.ospom and its allies, 
Xar~thomonns and potyviruses which together affect many legumes (Allen and 
I,ennt, Chapter 1 ,  this volume). 

Distribution and Spread 

Information on the geographical distribution of plant disease can be useful both 
in setting priorities for disease management and in the possible prediction of a 
pathogen's spread into new areas. Whereas some legume pathogens have spread 
widely, many remain restricted to specific areas often defined by ecological 
boundaries (Allen, 1983). The geography of plant disease, or gcophytopathology 
(Weltzien, 1972; Diekmann, 199 3), concerns the mapping of pathogen distribu- 
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tion, and the assessment of the probability of a disease occurring under given 
climatic conditions. Models are developed by using stepwise discriminant analy- 
sis of climatic parameters specific to each disease. Disease risk clsewherc ciin then 
be assesseci, with obvious relevancc to plant quartrntine. Such an i~pproach is 
especially usel'ul for pat hogens that are efficiently sccdbornc. Lists of seedbornc 
pathogens can be useful guidcs, with at least one important reservation: the liter- 
ature abounds with reports of seed transmissibility, often assessed following 
artificial inoculation alone, and seldotn relating the apparent degrce of trans- 
missibility to any seed inoculum threshold for epidcrnic, development thitrei~l'ter. 
Clues to the efticiency ol' seed transmission can bc ohtilined from the distrib~~tion 
of a pathogen; if it is restricted geographically, or perhaps ecologically (to ill1 

environment free of a closed season, for example), then that pitthog~t~ is unlikely 
to be seedborne with much efficiency. Evidc~rce of this kind comes from work on 
cowpetl mottle carmovirus (Allen tlt id. ,  1982). 

Geographic information systcms (GISs) can also help in dctining ereas where 
specilic constraints are likely to occur and where several constraints tnily occur 
together. Recent appliciitions oS(:IS in plant pathology have targeted diseascs in 
forest and woodland cnvironmcnts (e.6 Shelstad ot rrl., 199 I ;  'L'homson and 
Silvertson, 1994) and othcr stutiies focus on gcncral stress in plants rather than 
specific discases (Nilsson, 1996). Recently, a study hah been tntldr using CiIS to 
predict the occurrence of peanut clump virus disease in India (I? Oelfosse, A.S. 
Reddy and 1l.V.K. Kcddy, ICKISAT, India, 1996, unpublished data). C'lump rni~inly 
occurs in soils of light texture in cropping systems that involve cereals ilnd whcre 
surnmer tcmperaturcs exceed 40°C prior to the onset ol' t he monsoon. Ilsing the 
two pararrieters of soil texture arid mean air temperature, arcas in India sharing 
the same characteristics have been identiticd as potential locations for the tiis- 
ease, and these include sitcs where the disease is known to occur. 

'Itrritorial, regional i ~ n d  global checklists of plant pathogens (l,ennd, 1990: 
Allen, 1995: Nene ct (11.. 199 h )  are a valuable basis for the preparation of distrib- 
ution maps as well as for the formulation of regulations governing import. 
Howcver, quarantine legislation often runs the risk of seeming 'set in concrctc', 
and pathogcn checklists as well as the regulations stemming from them do need 
to be updated lrequcntly. However, there are various problems associt~ted with 
the interpretation of checklists and distribution maps, as stressed elsewhere 
(Allen, 198 3) .  One concerns thc frequent difficulty in distinguishing between the 
distribution of a pathogen and the distribution of a disease: they are not synony- 
mous. Mapping ofpathogcns with wide host ranges may give relatively little use- 
ful inbrnlation on the geographical distribution of a particular disease. Where 
jorrnae sprc'icrles are distinguised, and when physiological races arc clearly 
defined, these are best mappcd separately (see Pig. 5.14), for knowlcdge of race 
distribution aids selection of sites for resistance screening as well as the deploy- 
ment of cultivars with race-spccific resistance as, for example, with fusarium wilt 
pathogens of chickpea and pigeonpea (Haware, Chapter 9, Keddy et ul.. Chapter 
10, this volume). The geographical delineation of races of the pea and chickpea 
wilt pathogens is also crucial in the development of regional brecding slrategies 
(Kraft et al., Chapter 6: Haware, Chapter 9, this volume). 

From the above, it is clear that new methods of detection coupled with 



new tools for prediction together provide opportunities to further improve our 
understiiriding of the geographical and ecological distribution of disease, as well as 
the factors that currently restrict pathogen spread. 'l'here rernains the threat that 
current concentration on funding of advanced laboratory technology could divert 
research attention away from the whole plant and from epidemiology, and contin- 
ued attention to field aspects of legume ptlthology does seem warranted. A particu- 
larly notable exception (Butler cpt nl., 1994, 1995) is recent work on microclimetic 
factors within the groundnut canopy and their effects on foliar fungi. 

Co-evolution and New Encounter 

1,egumes tire notorious f i r  the seed-transmissibility of a large proportion of their 
pathogens, with the result that many arc distributed worldwide with their hosts. 
Others like the rust fungi are not seedbornc but have spread widely nevertheless. 
sometilnes ;~l'ter a period of scpartltion. It is cornmonly supposed that pathogen 
and host have co-cvolved in a cotnrnori centre ol'origin in a long-established rela- 
tionship. Eviderlcc to this el'fcct is nicaely shown in a stutiy of the angular leaf spot 
pathogen (Plv~eoisrrrioj~sis grisrolrr) and its host common been, in which it is well 
eslttblishcd thtit there are two sepur;ite ccntres of origin in Latin America, in the 
Andes and in Central America (Gepts and l)ehouck, 199 1 ). Distinct RAFL) pat- 
terns divide the p;lthogcn into two groups that correspontl with the two centres 
of host origin: Andean isolates were generally rccovered from the Andean gene 
pool and Mcsoamerican isolates were recovered from the Mcsoti~nerican gene 
pool of PII(ISOOIIIS vlrlgrrria. Furthermore, cach pathogen group was found to be 
more pilthogenic to its 'own' host gene pool (Guzrnan rt trl., 1995). Examples of 
co-evolved host and pathogen relationships that havc been intcrrupted and 
rejoined spatially include anthracnose of St~ylostir~tl~c~s in which ('ollr~totricllur~~ 
{doc~ospr~rioilles and its host co-evolved in South Arncric;~, and were separated on 
the introduction of stylo to Australia where later the pathogen caught up in a 're- 
encounter' (1,ennd and Trutmann. 1994). Similarly, groundnuts were intro- 
duced into West Africa and India from their centres of origin in South America 
sometime in the sixteenth century, whereas the groundnut rust fungus (IPc~c~inh 
c~ri~i~l~iilis) which is not seedbornc has sprcad from South America to Asia tind 
Africa only during the last few decades (Allen, 1983). In several important 
legume crops, the rcgion of major production is now far removcd from the region 
of origin (Allen and I,ennC, Chapter 1, this volume), and it has been suggested 
that there is greater productivity outside centres of crop origin that can be attrib- 
uted to a lesser diversity of parasites (Jennings and Cock, 19 77). But is this neces- 
sarily so: what origins of epidemics are there other than a co-evolution between 
host and pathogen? 

In an analysis of the origin of epidemics, Ruddcnhagen (1977) drew atten- 
tion to the existence of genetically new-encounter diseases that follow reunion of 
two long-separated components of isolated evolutionary systems, often as a 
result of intercontinental movement of a crop into a new environment. With the 
single exception of Allen (198 3 ) ,  who suggested examples of new-encounter dis- 
eases among tropical food legumes, the concept has been ignored. New encounters 
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appear to warrant greater attention, lor the origin of an epidemic clearly has 
implications for effective disease rnan;~gement strategy. A few exornplcs will suf- 
fice. In the groundnut crop. of South American origin, groundnut roscttc in 
Africa, peanut clump in both Africa and India. and peanut stripe in Asia iind tlic 
IJSA are each new encounters, and the same seems to be true of cowpea severe 
mosaic in Rraxil (Allen, 1983: I\ilcl)onilld et (11.. C'haptcr 2 ,  this volume). Illack 
root of common bean in Africa is now considered to be caused by beill1 common 
mosaic necrosis virus which is probably of Al'rici~n origin (Scngooba cpt (11.. 199'7). 
It appears 1 hat new encounters are especiillly co~nmon among virus diseases, 1x11 
thcrc arc cxarnples among fungal diseases too, incl~rding l'l~!lt(~~~l~tllorr~ S ~ ~ I I I  rot of 
cowpea in Australia, bcari scab i l l  Africa and red leaf blotch of soyabca~~ in Al'ricil 
(Allen, 198  3 :  Hartman i~nti Sinclair. 199(1). Atnoltg bacterii~l diseases, some of 
the nine races of the halo blight pathogell are appi~rcntly conlincd to Ali-ica, but 
whether or not they too represent new encounters of Ihr~ introduced common 
bean remains unclear ('Taylor ot rtl.. I1)9h). 111 a11 thesc cases, the question arises 
from what alternative niltivc lcgu~nc host plant did the palhogen comc, with 
obvious implications for its epidemiology. 

Gene centres ol' plants have long been recognized as ric.h sourcrs of resis- 
tance against discascs whcrc host and pari~site hi~ve co-evolvcd (I,cppik, lC)7O), 
perhaps in o gene-for-gene relationship ('l'hompson anti Burclon, 1002). I t  is 
sometimes claimed that secondi~ry centres of gcnctic diversity :ire rich sources 01' 
resistarlce to flew-encounter pests and diseases, and this assu~nptior~ is thctl 
liable to be used to justify local landracc collection. There is some cvidencc to this 
effect from disease resistance but there is irlso another explanation. 1:or instance. 
an important source of resista~ice i r ~  maize to its new-encounter streak gCrnini- 
virus is cv. Revolution that c-omes from Reunion where streak was thought not lo 
occur (Soto et r d . ,  1982).  West African landraces of groundnut ilrr sources of 
rosette resistance (Ilaniel and 13ercho~1x. 1965). but new sources of resistance to 
rosette have been found among landraccs from 'I'arnil Nudu in India whcrc they 
have never been exposed lo roscttc (I?. Subrahmanyam. IC'KISA'I: Malawi, 1997. 
personal communication). Furthermore, some wild species of ArrrtJfis show resis- 
tance to all components of the rosette virus complcx, including the first dcmon- 
stration of resistance to the assistor virus. Since the wild species have not been 
exposed previously to roscttc, their resistance is clearly not co-evolved. In com- 
mon bean scab. sources of resistancc have been found not only among Africiin 
landraccs but also among germplasm freshly introduced ti-om Latin America 
where scab does not occur (Kannaiyan and Haciwa, 199 3: Phillips. 1995). All 
these are presumably examples of 'iillopatric resistance' in which there is an 
association between resistancc to the ncw-encounter diseasc and so~nc  other 
character. Kecent evidence suggests that a single genc can sometimes conltr 
rrsistance against several widcly diffcrcnt pathogens, as suggested may be the 
case with the 'K3' and 'I' genes in Phast~olus vulgaris that appear to be identical 
and confer a truly multiple resistance, indicated by reactions to halo blight. 
brown spot and five potyviruses (Taylor et al.. 1995).  (Most cases of 'multiple 
resistance' in the literature refer to a pyramiding of resistance genes in a single 
host cultivar in which they confer individual protection against separate para- 
sites; this may be better referred to as combined resistancc.) Further work on the 
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identification and sequencing of resistance genes seems likely to elucidate the 
basis of allopatric resistance. Work to date shows there can be very close homol- 
ogy between genes for resistance in the same crop against distinct pathogens as 
well as across widely different plant species. This has been demonstrated among 
genes conferring resistance to fungal and bacterial pathogens as well as to 
viruses. Kanazin a t  ul. (1996) used oligonucleotide primers for conserved 
sequences from coding regions of genes for disease resistance from tobacco, flax 
and Aruhidop7si.s to amplify related sequences from soyabean. Their data indicate 
that it may be possible to use sequence homologies from conserved motifs of 
cloried resistance genes to identify candidate resistance loci from widely diverse 
plant taxa. 

Host Range 

'i'herc is great diversity in the degree of host specificity shown by legume 
pathogens. Those with narrow host ranges, like (L1rc.osporiNutn arcrcJtidicoh and 
P/1(ieoisc1rio?psis prsonrrlu which affect or~ly groundnut (McDonald et NI., Chapter 
2,  this volume), may be considered genus-specific. Others including Photrln rxigucr 
var. divi~rsisyoru, fJsrudomonas syringucl pv. phaseolic*ob and Urotn!lc3rs ~l~ppcndiculn- 
tirs are effectively tribe-specitic (Allen c>t ul., Chapter 14, this volume), and yet 
others have broader host ranges across several tribes within the 1,rgirrnirtosue. 
Examples of the latter group include I'llnkopsorn pacl~!jrhizi (Sinclair, Chapter 3. 
this volume) and bean common mosaic necrosis virus (Sengooba rt (11.. 1997). 
Finally, there are those pathogens with very broad host ranges within and 
beyond 1,rgutninosar; an example is Hhizoc'toniu solarli (Chapters 2,  5,  6 ,9 ,  1 1 and 
1 3 ,  this volume). 

A sound knowledge of legume taxonomy and the affinities between gcncra 
can be expected to aid prediction ol' disease outbreaks when certain hosts are 
brought together. The concept of bridging hosts may have relevance here. 
Genera, including Neonotonia, appear to act as a 'bridge' between soyabean and 
common bean: N, wightii shares the red leaf blotch pathogen (Uacllulicd~aeta 
glgc'inrs) with soyabean but not with common bean, whereas N. wiglrtii shares 
the halo blight pathogen (Psrudonronas s'yringac pv. phuseoIic7olu) with common 
bean but not with soyabean (Hartman et al., 1987; Allen et al., Chapter 4, this 
volume). Taxononlic confusion among host genera is likely to have led to confu- 
sion in the identity of pathovars of bacterial pathogens like Xilnthornonas 
carnpestris (Allen and Lenne, Chapter 1, this volume). It has been shown (Savile, 
1954. 1979) that fungi are themselves useful aids to host plant taxonomy, and 
rust fungi can be used as indicators of the times of domestication of their hosts. 
The suspected relationship between the rusts of Arrrchis, Stylosanthes and Zorrliu is 
supported by the close affinity of these three host genera within the subtribe 
Stylosanthinae (McDonald et ul., Chapter 2; Lenne, Chapter 13, this volume). 
Similarly, a close relationship is suspected between the rusts of faba bear1 and 
lentil that are two closely allied genera within Vicieae (Jellis et al., Chapter 7; 
Bayaa and Erskine, Chapter 8, this volume). 

Natural, or at least 'semi-natural', host ranges of pathogens may be expected 
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to be narrowcr than artilicial host ranges, and all too often monographic reviews 
of particular legume pathogens tend to regurgitate long lists of host plants devoid 
of comment on whether those species are naturally infected or mcrcly experi- 
mental hosts. Gibbs and Watson (1980) draw attention to the bias implicit in the 
choicc of legume species uscd by virologists; they propose a sample ol' species that 
could be used in host rangc studies so that a pathogen should indicate its taxo- 
nomic preferences for the subfamilies or tribes ofI,c:yltmi~iosctr~. 

A final comment on host range concerns not host aftinity hut host plant 
ccology. Whereas i t  is well known that somc cereal rust fungi like Plrc.c,ir~irr 
grrirnitris Pers. are heteroecious and have hosts in tirnrt~ir~rn~ and Harbari(t(rc-crrc,, i t  
is pertinent that no rust of legumes mentioned in this book is considered hetero- 
ecious. liowcver. there are examples of temperate species of Uroin!/cc~s on Icgu~ncs 
that have alhernative hosts on Eupllorhitr (13utler. 1958). In areas with a marked 
closed season, one might cxpcct some advantage to pathogcn survival frorn alter- 
nation bctwce~l a lcgurne cultivated ;IS an annual and a perennial host: i t  is 
tcrnpting to suggest that the taxonomically diverse. hut ec.ologic;llly related hosts 
of peanut clump virus in Grarrrir~~ai> and Icgumcs (Mc1)onald tBt crl., C'h;lpter 2,  this 
volume) provide a situation tunalogous to this altcrriation. 

Characterization of Pathogenic Variation 

lJ~~thologists' preoccupation with pathogenic variation stems principally from the 
risk that host plant resistance proves trilnsierit in agriculture, when cultivilrs 
with race-specilic resistance are challenged by virulent physiological races. Races 
thernselves are conventionally dil'l'erentiated by use of a set of host genotypes th;lt 
show clear-cut responses to infection as is usually conferred by major genes. 
Physiological races have been shown convincingly to exist within a wide range of 
thc lcgurne pathogens discussed in this book. 'These include the following exarn- 
ples: the Phytophthor(i stem rot fungi of soyabean and cowpca (Purss, 1972: 
Sinclair, C'hapter 3, this volume); the downy mildcw pathogen of pea (Kraft cJt a/., 
Chapter 6 ,  this volume): the fusariurn wilt pathogens of pea, chickpea and 
pigconpca (Kraft cJt ~ l . ,  Chaptcr 0; Haware, Chaptcr 9: Reddy et a/., Chapter 1 0  
this volume): the anthrucnose pathogen of common bean (Allen et al., ('hapter 4, 
this volume); the rust fungus ol' faba bean (Jellis rt al., Chapter 7, this volume); 
the pseudomonad blights of soyabean, comnlon bear1 and pea (Sinclair, Chapter 
3; Allen et al., Chapter 4: Kraft el ctl., Chapter 6 ,  this volume): bean colnrnon 
mosaic and bean cornmon mosaic necrosis viruscs (Allen et al., C'hapter 4, this 
volume); and witchweed of cowpea (Allen llt ul., Chapter 5 ,  this volume). 

In a range of other cases, clairns have been madc for the existence of races 
but the evidence is insubstantial and not yet Sully convincing. Examples include 
Botrytis fabae, in which there are no demonstrable physiological differences 
among the putative races (Jellis et al., Chapter 7, this volume), a number of the 
ascochyta blight fungi and most of the xanthomonads that infect lcgumes (Allen 
and Lenne, Chapter 1, this volume). Good progress has been made in refining 
methods for characterizing diversity but the value of molecular tools in race iden- 
tification has so far been rather limited. DNA-based studies of Colletotrichutn 



glorosporioides populations from Stylosrrnthus in Australia have revealed consider- 
able intraspecific variation, permitting the distinction of two types, but physiolog- 
ical raccs as such have not been identified (Manners f J t  111.. 1992. 199 3 :  T,ennd, 
Chapter 1 3, this volume). Attempts at characterization of Rliizortorliit solur~i by 
use of KAL'I 1-PCR have failed to distinguish isol;rtes known to differ substantially 
in pathogenicity (Yang et ril., 199 5 ). Some further refinement of molecular meth- 
ods to better monitor virulence shifts in pathogen populations seems necessary, 
although preliminary studies of F~rsariulrt uihim from pigconpeu are encouraging: 
RAPD analyses do show close correlation with conventional methods for differ- 
entiation of the two physiologictil raccs recognized (Rcddy et ( I ] . ,  C'hirptcr 10, this 
volume). 

Whereas the mapping ofrirce distribution car1 guide deployment of cultivtrrs 
with race-specific resistance (Allen rt (11.. Chapters 4 and 5 ,  this volume). the cur- 
rent t'ashion for the demonstration of genetic divcrsity is accompanied by certain 
risks. One is obviously thtrt i t  is not merely the ~~xtent of diversity within ;I 

pathogen population that is of concern. It is also the degree of host specificity of 
the interaction brtween the pathogen and its host that has important implica- 
tions fbr the plant breeder (Allen, 198  3 ) .  Interactions irrc often quantitirtivc in 
nnturc, and ptrthogcnic variation may be cultivi~r non-specilic. Such variation in 
aggressiveness, as distinct from qualitative, cultivar-specific variation in viru- 
lence, seems often to be either rnisunderslood or ignored. 'l'hc acceptance ol' the 
dual concept of vertical and horizontal resistancc in hosts is widespread, but the 
parallel conccpt (van der Plank, 1968) that pathogenicity is also both vertical 
(virulence) kind horizontal (aggressiveness) is much less commonly understood. 
Failures to distinguish these havc sometimes led to costly errors in grain legume 
improvement programmes. 'l'here is also sometimes an  alarming, cven criminal. 
tendency to regroup data on plant response to make two distinct cijtcgories 
('resistant' tind 'susceptible') when in reality there is no such clear cut distinction 
(Robinson. 1987). There is one other important point to be mudc here. Whatever 
the method used to detect major genes for virulence within a ptrthogen, if tlle host 
itsel/ c i ~ n n ~ t  detect those genes then the durability of its resistance seems unlikcly 
to bc threatened. An cxalnple comes from work on the bacterial blight pathogen 
of f'linseollrs specics (Opio rt rrl.. 1996). Study of the nature ol'pathogenic varia- 
tion among Xrrnlhc~morins c,arrlprstris pv. pllnsuoli on a range of common bean 
genotypes revealed quantitative host non-specific differences. 011 tepary bean, 
however, the same isolates interacted differentially and a runge of physiologic 
races was delined, suggestive of an underlying gene-for-gene relationship. Ilespitc 
this apparent gene-for-gene interaction, resistance in common bean has 
remained non-specific and essentially durable, and it is suggested that breeders 
should resist the tctnptation to incorporate the new complete resistance from 
tepary bean as it would risk destabilizing the host-bacterium relationship. 

Remarkably little remains known about the origins of pathogenic variation. 
Alternative hosts are likely to provide opportunities for increased variability in 
pathogenicity, and better understanding of relationships between anamorph and 
teleomorph may prove crucial in certain cases, including the scab fungi and 
some of the ascochyta blight pathogens (Allen and Lennc, Chapter 1, this 
volume). 
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ASSESSMENT OF ECONOMIC LOSS 

Loss Assessment 

Crop losses duc to disease are ilmong the most significant worldwide constr;~ints 
to incret~sing productivity and total food prodtrc.tion (Jamcs et (11.. 199 1 1. 'l'he 
importance of crop loss assessment and irpproachcs for collecting data h;~vc. becn 
discussed ti-equently and the reader is rcfcrred to reviews by J;rmcs and Tcng 
(1  979) .  Madden (1983) .  Teng ( 1  987)  ant1 Madden and  Nutter ( 1995).  In spitcof 
the ernphasis give11 to this aspect of plant pathology, the t~bility to relate crop 
yield to plant disease has remained dit'licult i l l  both theory and practice (Madden 
and Nutter, 1095) .  The major c~hallenge continues to be ni~rrowing thc gilp 
between potential yield arid actual on-far111 yield. 'l'here is i~lso ;I need to better 
appraise thc placc of disease in the production system ;Inlong othcr constrirints 
including insect pests, edaphic and climatic stresses, so iis to better focus resci~rch 
attention on the crucial priorities. at a time when firnds are shrinking. 

'I'liere is a n  alarming lack of sound quirntitntivc data on t.conomic losses duc 
lo major diseases of many irnporlt~nt food tund pasture legumes. In soyi~bet~ns. 
losses from diseases on :I worldwide basis have been estimi~ted at t~boul 1 5% of 
potential yield for any single season (Sincli~ir. Chaptcr 3 ,  this volume) hut 1osst.s 
vary widely fro111 ycar to ycar. 'l'hey are due prim;lrily to foliar diseases hut 1101 

t~lways to the same disease in any one year. 
The potential economic conscqucnccs of the entry ol'one single disease (soy- 

trbean rust) into thc IJSA was estimated some 1 3 yrers ago to exceed $7.2 hillion 
per year (Kuchler et (11.. 1984).  In other legurnes reviewed in this book, estirnales 
of yield losses from specific diseases vary fro111 1 to XO'X,, but it is difficult to deter- 
rnirie whether these data represent measurcmcnts over mirlly years and over 
wide areas. For many diseases, rcccnt data are lacking (Keddy et 111.. Chapter 10. 
t his volume), especially from developing countries where many constraints occur 
together. Decreasing research resources are partly responsible, but so too are 
increasing human population pressures that bring about changes in cropping 
pattern, with more marginal production subjcct to increasing stress. 

In common bean, Allen cJt ( 1 1 .  (('hapter 4, this volume) emphasizc the nccd 
for better quantification of crop loss caused by diseases. among the other agro- 
nomic constrtrints on common bean productivity. Lliagnostic tritrls on farm can 
be valuable in determining the economic i~nportancc of disease relative to othcr 
agronomic stresses (Trutmann and (;rat 199  3 ) .  In chickpea, Haware (Chapter 
9 ,  this volume) identifies the most important constraints in each regio~r of chick- 
pea production, though inlimnation on global losses is lacking. Yield losses and 
reduction of quality due to virus diseases can be substantial in pea during years 
of epidemic virus incidence: however, this is not quantified (see Kraft et r r l . ,  
Chapter 6, this volume). Although diseases ol' clover can cause significant eco- 
nomic losses, data are often hard to obtain (see Mercer, Chapter 12, this volume). 
Frequently, more than one stress is associated with a clover crop which is per- 
forming poorly and it is not always easy lo quantify the effects of individual 
pathogens. The difficulties of evaluating diseases affecting dynamic, heteroge- 
neous swards of tropical pasture legumes are immense (see Lennt, Chapter 1 3 ,  



this volume). More attention should be paid to the effect of diseases on the 
legume seedling component and the effects of grazing, key factors in long-term 
productivity and persistence of tropical pastures. Improved methods are needed 
to quantify economic losses and to identify which diseases most merit manage- 
ment (I,ennk, 1989). 

E'or some legumes, loss of product quality is as important as yield losses. The 
quality of oil, particularly the free fatty acid content, can be greatly affected in 
groundnut by soilborne diseases such as aspergillus crown rot and yellow mould 
(see McDonald clt ~ l . ,  Chapter 2 ,  this volume). Aflatoxin contamination due to 
yellow mould has had a tremendous impact on the global groundnut industry 
and on consumers (Mehtun et nl., 199 1 ). 1)iscoloured seeds due to frogcyc leaf 
spot may reduce soyabean sccd quality and value (see Sinclair, Chapter 3, this 
volume). The stain induced by broad bean stain virus and the s~nall  seeds pro- 
duced from infection with pea seedborne mosaic virus car1 each render faba bean 
sccd useless Ibr processing for human consumption (see Jcllis et ( 1 1 . .  Chapter 7, 
this volurne). Downy mildew car1 cause significant losses in quality of pras when 
conditions arc optimum for development (see Kraft el a/., Chapter h, this volume). 
Variettll susceptibility to diseases including rust and anthracnose, coupled with 
exacting market demands for quality, together account for the frequent and 
heavy doses of fungicides that are applied to snap beans (Silbernagcl et al . ,  1991 ). 

For groundnut, the effect of rosette can be felt ftlr beyond the year of the epi- 
demic. E'or example, after the epidemic in 1975 in West Africa had destroyed 
Nigeria's crop, much of'the groundnut production in northern Nigeria changed 
from sole to intercrop systems. Similarly for clump virus, the build-up of inocu- 
lum in the soil can lead to grou~ldriut being abandoned (see McUonald tt  nl., 
Chapter 2,  this volume). In faba bean, stem rot caused by Scleroliniic sc~l~~ri~tiorlln~ 
can restrict the frequency of faba beans in crop rotations while infestations of 
broomrape can result in farmers diverting land to other crops (see Jellis et nl., 
Chapter 7, this volume). 

Is the lack of quantitative information due lo a lack of sound methodology to 
evaluate crop losses? This is certainly the case for tropical pasture legumes (see 
Lennc. Chapter 1 3 .  this volume) but may be part of a wider problem. Pathologists 
often apply internationally approved disease assessment scales, developed from 
knowledge of the relationship between severity and actual losses measured under 
specific environmental conditions. How widely applicable are these scales? To 
what extent have actual losses been measured in a range of environments? Is the 
key problem a failure to measure disease severity and incidence accurately? In a 
far-reaching review of the value of mixtures, Smithson and Lennk (1996) 
showed that in spite of tremendous reductions (as much as 80%) in disease on 
many crops, the yield increase in mixtures was slight, usually less than 10% and 
often less than 5%. Similarly, multilocational trials with common bean cultivars 
in Africa have revealed that disease severity scores are seldom related to grain 
yield. Data from 29 trials of 2 5  genotypes grown in 12  countries showed that 
'seed yields were larger in environments where diseases were more severe. Pod 
numbers were fewer where diseases were more severe, but otherwise regression 
analysis provided no evidence that diseases were deleterious to yield' (Smithson 
et al., 1994). These examples question the accuracy of disease evaluation scales 
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and their relationship with crop loss. 'l'hey also suggest that sometimes discascs 
are conspicuous rather than economically significant. at least in small plots 
under experimental conditions. 

It is important to have a clear understanding as to what diseirsrs occirr in 
legume production systems, their relevance and severity over seasons and how 
they are irilluericed by cultural practiccs and by other crops in thc system. 
l'riority should bc given lo diseasc surveys ;~nti crop loss evaluations which ciln 
be coordinated at national, rcgior~al and international levels to save resourc,cs. 
Information generated could be stored in geographical inti)rrnation systcms li)r 
widcr use arid for correlating with inli)rmi~tion on soils, clinlale, o~ ld  other dat;~ 
for future nlodelling. 

Aerial photography is cxtrcrnely uselill l i~r  assessing rapidly orid reliahly the 
exlent of damage causcd by soilborne diseases (Lcc, 19 89) .  'li~ler cpt  (11. ( 198 1 ) 
showed that colour and colour irlltared filnls arc most usefi~l for the detection of 
foliar colour changes that result from damage caused by soilborne diseases. 
Computer digitizing cameras have beer] usetf to digitizc acrial photographs and 
these data h i ~ e  been succcssfirlly ~lsed to detect diseased crops (Bronson arld 
Klittich, 1984) includirlg lucerne root rot, c;~used by l ' l~! lr t~r l to tr ic~I~~~rt~  orr~r~ivor~rrn 
(Shear) Iluggar (T,ee, 1989). C'omputer-aicicri photo-intcrpreti~liorl of ciigitized 
aerial photographs, using an imagc analysis system, may allow scientists to deal 
with detection of soilborne diseases marc effcctivcly (1,ee. 1 9 X 9  ). Results from the 
computer classification of thc damaged areas delineated can be transferred 
directly to agricultural maps and used simultaneously to update datilbirses using 
GIS. Krcent mcthods usc 3 5 mm aerial photographs with digital elevation mod- 
els to measure crop losses directly with a standard digitizing tilblet (Wtlrncr, 
1994), and digital carncras arc also available. IJsing rnei~surements of canopy 
reflectance taken at 800 mm wavelength with a multispectral radiometer, more 
accurate predictions of pod yield loss in the groundn~~t-late leal' spot patho- 
system were obtilined using assessments based on defoliation (Nutter and 1,ittrell. 
1996). Similar results were obtained by Bryson et ~ l .  (1995) for the wheat-yellow 
rust pathosystem. These rnethods are lcss costly th i~n  extensive ground surveys 
and sampling and have broad application k)r assessment of legume diseilses. 
especially of extensive trreas of pasture legumes. 

Modelling 

Progress in sampling theory and application, and advances in instrumentation 
together may make estimation of crop losses more feasible (Madden and Nutter, 
199 5). Recent research on crop loss assessment has led to a better understnnd- 
ing of losses in relation to plant diseases. However, there are too few cases where 
severity has been related to expected losses and insufficient development of mod- 
els that accurately relate the severity of disease to loss. Advances in understand- 
ing crop losses depend in no small part on research in modelling crop losses in 
relation to disease intensity (Madden and Nutter, 199 5)  and the validation ol'the 
models. Some useful progress has been made with common bacterial blight and 
rust for which crop loss models are now available (Lindgren pt (11.. 1995: see 



Allen et al., Chapter 4, this volume), but such studies need to be extended to other 
diseases if clear priorities among cor~straints are to be set. Further research is 
needed on the effects of temperature, humidity and leaf wetness in the crop 
canopy on infection by legumc foliar pathogens, as small variations can greirtly 
influerice disease development. Significant advances have been made for the leaf 
spot and rust fungi on groundnut (Butler rt rrl., 1994) and a model is being devel- 
oped (DR. Butler, ICKISAT, Patanchcru, India 1997, personal communication). 
Microclimatic data gathered for physiological growth models also havc much rel- 
evance in calculating disease risk and developing forecasting systems. 

Meaningful assessment of the economic significance of damage in tropical 
pastures rcquires the diflicult conversion of losses in pasture legumc production 
to animal production (I,ennl, 1989: I,enni., Chapter 1 3, this volurne). It would bc 
worthwhile now to develop models which relate yield and quality lobses and 
changes in botanical composition to animal production losscs. There is a critical 
need to study the most importirnt diseases undcr grazing to quantify thc direct 
effect of diseases on animal production. Only with such information can rational 
economic decisions be made concerning the need b r  management strategies. 

There are additional areas where work is needed lo describe and undershrnd 
disease-loss relationships. These include measurement error, model validation 
and the problems of dealing with multiple diseases, pests and other stresses, as 
raised by Mc1)onald clt 111. (C'hapter L ) ,  Allen r t  n l .  (C'hapter 4) ,  Keddy l3t  111. 

(Chapter l o ) ,  Mercer (Chapter 12)  and Lenni. (('hirpter 13, this volume). 
Significanl advances havc been made by Savary and Zadoks (199La, b) in 
analysing crop loss in the multiple groundnut-rust-late leaf spot pathosystem in 
West Africa. Ilsing correspondcncc analysis, ci~tegorixation of yield levels, dam- 
age and injury patterns have been established. Compelition between injuries 
appeared to be mediated more fro111 leaf spot to rust, due to leal' spot induced 
delidiation (Savary and Xadoks, 1992b). It is reconlmended that this ;rpproach be 
applied to other legume-multiple disease pathosyslems. 

I'rogress has been made in rice with the development ol'the C'BRES-rice crop 
growth model lor simulation of multiple species pest damage (Pinnsc-hrnidt r>t a l . .  
1995). The approach is considered to be sufiicienlly mechanistic and generic to 
be incorporated into other crop growth ~uodels, such as SOYGKO, PNIJT(:RO 
(Batchelor e l  tr l . .  1993: 13oote et t i l . ,  199 3 )  and BEANGRO (Hoogcnboom et a l . ,  
1987). Thus, applications to multiple biotic constraints in groundnut, soyabean 
and common bean will be possible. Crop growth models should be developed for 
other legumes to ensure wider application of this approach. 

As lhe ability to assess economic losses accurately is critical to making ratio- 
nal decisions about management strategies, this is a key area of research for most 
legumes reviewed in this book. Of crucial importance is the development of 
methodologies to quantify losses across constraints: diseases cannot be viewed in 
isolation, especially in legume production systems in developing countries 
(Wortmann and Allen. 1994). 
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DISEASE MANAGEMENT 

Management of Seedborne Pathogens 

Production of clean seed is a principal objective in the management of many 
Icgurne tiiseases aritl is often iIn integral part of disciisc milriilgemcnt strirtegics. 
('leiln seed is a concern for the frlrtncr, especially if seed is retilined for sowing thc 
bllowing year: for the sccd produccr who has to rcach the required health and 
quality standards for ccrtilication: and fbr quarantine if  seed is moved from coun- 
try to country. As we h w c  seen, inkctcd seed plays an importi~nt role both i l l  

pathogen survival and in long-tlistt~ncc iii~persi~l of pathogens to ncw iircas, itlld 
explains why lnilny of the most importiint diseascs of Icgurnes ilrc widcsprci~d. 
'That many important pillhogens of Iegumcs arc scrdbornc is clci~rty dernon- 
strat.ed in C'haptcrs 2-1 3 of this book. In the I,r1qrrrt~irrostlc', wit11 their tichiscent 
fruit, the strong vilscular connections bctwccrl the mothcr plant ; ~ n d  dcvcloping 
seeti and the Ii~rge cotyledons together Silvour bitctcriiil and viral inkctior1 of 
seeds. particuli~rly by thosc pathogcns which invildc through the v;cscular systcrn 
(Agarwal and Sinclair, 1 l ) X 7 ) .  Since seeds arc cncloscd in ;I pod, this provides licr- 
ther protection and c.onditions fr~vourirble li)r pcnctrirtion ol'pathogens from pods 
1.0 seed. Management of sccdborrie pat hogcns of' lcgurncs is possibly Inorc impor- 
tant than in other crops, including cereals. 'l'hc best wily to avoid sccdbornc inkc- 
tion is to identify locations or scilsons ti)r production of hcalt hy secd, so avoiding 
high risk areas or periods. Iliekmann ( 1992) h i ~ s  dcvvloped ;I model, based on cli- 
matic data frorn chickpea growing areas, by which to identill agrogcogri~phical 
zones and seasons with thc highest risk ol ' i~sco~,lyta blight. 'l'he model helps to 
concentrt~te disease control nlcasures. like quarantine, on high risk arcas, and 
identilics sites or seasons lbr production of healthy sccd (Iliekmann, 1992).  Such 
sludies arc r~ceded li)r other important sccrlborne pathogens ol' legumes. Spray 
regimes can also help lo reduce the risk of seed infection by Si~ngal and bacterial 
pathogens ils reported by IIawarc (Chapters 9 ,  this volume) and 1,cnriC (Chapter 
1 3 .  this volurnc), while lield inspection i ~ n d  roguing can reduce seed infection by 
viruses (Allen et ([I., Chaptcr 5, this volume). Seed treatment chemicals ilnd bio- 
control agents can suppress the arnount of initial infection induced by Inany 
pathogens (see C'haptcrs 4, 5, h, 9 ,  1 0  and 1 3 ,  this volume). 

Accurate information on thc imporli~nce of seed transmission of a legume 
pathogen is essential for makirlg decisions on whether to apply strict control and 
quarantine measures. This is illustrated by the case of Cnrtobur~c~rium /lrrc.c~utrlfir- 
ciet~s (Hedges) Collins & lones, the causal agent of bacterial wilt of common bean, 
which has been found on common bean in several locations in the IJSA and 
Africa and on other legumes in Latin America (Allen, 1995). Owing to its secd 
transmissibility and restricted geographical distribution, C. /lucc.utr~jiirict~s has 
been assigned to the high risk category or quarantine objects, with the result that 
this bacterium is the 'hot potato' among common bean pathogens in the eyes of 
plant quarantine officials. With the benelit now of hindsight, it seems timely to 
review this status: nowhere is bacterial wilt important and the ecologicul efti- 
ciency of its seed-transmissibility now seems dubious. 
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Resistance 

Heritablc resistance that provides comprehensive protection of a crop to disease is 
perhaps the most valuablc first gift that science can proffer to the hundrcds of 
millions of small farmers in the poor countries of the world. The incorporation of 
reliablc rcsistance into locally acceptable cultivars, or cultivar mixtures, need not 
disrupt the farming system, nor does it impose on the farmer a dependence on 
expensive inputs. Kcccnt developments in molecular genetics appear to havc 
brought nearer the prospect of science providing permanent solutions to suscep- 
tibility to disease. Meanwhile, on the other hand, scientists have come to appreci- 
ate and learn from ftlrmers' cxpcrierice so that far~ncr participation in the 
development of new cultivars is an increasingly common feature of crop improvc- 
mcnt programmes isperling et d., 199 3). 

Considerable progress has been made towards thc successful management of 
important diseases of most legume crops through thc search for host resistancc. 
Sources of rcsistancc lo mimy i~nportant discascs have been found and thcsc are 
being used to breed agronomically acceptable cultivars with good levels of rcsis- 
tance. However, whcrc pathogens are highly variable, breeding b r  resistancc 
continues to be a long-term objective. It is encouraging to see (hilt resistancc to 
many discascs has been relatively stablc over a wide range of locations over many 
years. Exirmples include rust rcsistance in groundnut (McDonald tll (A , ,  Chapter 
2);  the 'Arc' gcnc for resistance to anthracnosc in common bean (Allen c t  d . ,  

C'haptcr 4): resistance to wilt, powdcry mildcw and severill viruses in pca (Kraft clt 
nl . ,  Chapter ( 3 ) ;  resistance to rust, wilt and ascochyta blight in Icntil (Rayaa and 
Erskine. C'haptcr 8 ) ;  and rcsistance to wilt in chickpca (Flaware, Chapter 9, this 
volume). Notable cxccptions include: rust of cornrnon bean; bacterial blight and 
downy mildcw of pea: ascochyta blight of chickpea, and anthracnose of 
St!llnsr~nt/~t~s spp. (Allen ct al., Chapter 4: Kralt et al., Chapter h;  Ilawarc. C'hapter 
9; Lenni, C'haptcr 1 3 ,  this volume, respectively). The durability of resistance 
against many of the diseases of Iegunles rcrnains inadequately tested, in part 
bccausc of the relatively recent dcvclop~ncrlt of resistant cultivars and pcrhaps 
partly because of'the protcctivc cffccts of the complex cropping systcnls in which 
most legumes are grown. From the examples abovc, it is clear that in some cases 
existing rcsistance already provides adequate protection: in other cases, either 
lcvcls of resistance are insufficient or afford only local or transient protection. In 
yet other cases, attempts to develop a more complete resistance may risk under- 
mining durability (Opio clt i l l . ,  1996). Multilocational testing of' legume 
germplasm remains the chief' means by which wide-spectrum disease resistance 
is identified, especially at the International Agricultural Research Centres 
([ARC'S). However, the apparent stability of reaction across environments is no 
guarantee that rcsistance is in fact durable, as stressed previously (Allen. 198 3). 
Whereas multilocational testing identifies resistance that is effective on a small 
scale against sevcral pathogen populations in different cnvironrnents in the short 
term, durable rcsistance is recognized only after a long period of testing in large- 
scale production in one environment. The extent to which location non-specific 
resistance is an  index of durability is fundamental to the strategy of multilocation 
testing, yet the relationship remains uncertain. Much must depend on the choice 
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of site. If variation across locations does approximate the rangc of environmental 
variation across seasons at a given site, then it seems probablc that multilocation 
testing would accelerate the identilication of stable resistance. Conversely, it' those 
sites differ so widely that the variation in environment and their pathogen popu- 
lations far exceed those experienced across seasons at the target location, then 
factors othcr than durability are likely to be sought. Ilnderlying this may be the 
relationship between site non-specific resistance and race non-specific resistance. 
Clearly, there are a number of causes of site differential interactions only one of 
which is the 'breakdown' of race-specific resistance (Allen, 198 3) .  If race non- 
specific resistance tends to be a quantitative trait, then it m;iy be highly signiti- 
cant that technology is now available for genetic marking for characters under 
quantitative control (Edwards, 1992: Ihdley, 199 3). Recent advances in marker 
technology may wcll have paved the way to ;I new revolution in our ability to 
manipulate quantitative traits in crop improvement. 

Combined discase resistance is required in most legume production systems. 
This has proved relatively easy to attain in some cases, like rust and late leaf spot 
of groundnut and a range of viruses in cowpea, but rather difficult in othcr rz~scs. 
including early leaf spot and rosette of groundnut (McDonald ot nl.. Chapter 2, 
Allen et ul., Chapter 5, this volume). A case of true multiple resistance conlerred 
by the R3/I  genc in common bean has trlrcady been mentioned earlier in this 
chapter. The conserved scquences among genes for disease resistance cloned 
from widely different plant hosts (Kanazin r l  ul., 1996) seem likely to be useful in 
identifying evolutionarily related gcnes in legumes including soyabean. 

Combined resistances, like those to rust and chocolirtc spot, arc known 
among ICARDA lines'of fabo bean; however, there are indications that it will be 
difficult to combine high levels of resistancc to a number of discases with the 
desired agronomic and quality traits. For example, cultivars low in tannin tend to 
bc more susceptible to Flisnriuni spp. (jellis et ul.. Chapter 7, this volume). A 
recent major programme sponsored by the European C'ommission has provided 
breeding material with a combination of resistances to pathogens (including 
chocolate spot) with reduccd levels of anti-nutritional factors. In chickpea, con- 
siderable effort has been given to developing lines with combined resistance to 
several diseases (e.g. wilt and root rots) with limited success (Haware, Chapter 9, 
this volume). The importance oT combined disease resistance in pigeonpea for 
resource-poor farmers cannot be overemphasized; recently, the line ICPL 87 1 19. 
which is resistant to both wilt and sterility mosaic, has been released as Asha' 
(meaning 'hope') for general cultivation in India (Reddy et a]. ,  Chapter 1 0 ,  this 
volume). 

If current research into the transformation and insertion of foreign genes 
into crops proves to be widely successful, the objective of combined disease rcsis- 
lance will be much closer. In the past, attempts to move genes from wild species 
into crops has been highly successful for wheat, tobacco, tomato and potato but 
largely a failure for legume crops (Lenne and Wood, 1991), mainly due to the 
lack of good transformation and regeneration systems for many legumes. 
Successful methodologies for Stylosunthes spp. have been known for some time. 
The breakthrough in crossing wild Glycirie spp. (which are immune to most soya- 
bean pathogens) with soyabean provides a source of genetic material yet to be 
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exploited (Sinclair. Chapter 3, this volume). Attempts to transform and regener- 
ate groundnut are in progress (McDonald et al . ,  Chapter 2,  this volume). Pea has 
been successfully transformed using immature cotyledons (Grant et a].,  199 5) 
and a similar method is showing some success in chickpea (Haware, Chapter 9, 
this volume). However, other legumes such as faba beans are proving to be very 
difficult to transform, particularly because of the lack of success in regenerating 
plants in tissue culture. Providing efficient transformation and regeneration sys- 
tems are developed, the genetic engineering approach will be promising for devel- 
oping cultivars with resistar~ce to viruses using viral coat protein genes, like the 
work in progress on several viruses of groundnut (see Mcllonald et nl., Chapter 2,  
this volume). The insertion of antifungal genes to enhance quantitative resis- 
tance to root and foliilr pathogens in pea (Jach f t  al,,  1 99 5) and resistance to grey 
mould in chickpea (see Haware. Chapter 9,  this volume) are further examples. 

The widespread application of DNA marker technology to the construction 
of genetic maps has allowed location of genes affecting both simple and co~nplex 
traits (Peterson tJt al., 1991). With a large number of genetic markers one can 
build a complete genetic map which is informative about all regions of all the 
chromosomes in an organism. Although marker technology is tedious, laborious 
and expensive, it can accelerate breeding endeavours and provide new 
approaches especially to introgression of valuable traits from exotic germpl;lsrn 
into domestic cultivars (Patcrson rlt i d . ,  1991). Many examples of linkage 
between genctic markers and genes inlluencing simply inherited traits have been 
found, including those for disease resistance in crops such as tomato, maize, rice, 
and Rrirssic-n spp. (Paterson t t  NI., 199 l ) ,  but Sewer examples are available for 
Icgumes, partly because of their inbreeding nature i~nd  lack of polymorphisms. 
An exception is soyabean as has been mentioned above. A search for RAl'L) 
markers is under way in lentil for rust, ascochyta blight and vascular wilt, so that 
marker-assisted selection may be used to increase selection efficiency in the 
future (Bayaa and Erskine, Chapter 8 ,  this volume). However, the use ol' markers 
to search for single-gene resistariccs to legume pathogens offers a no more lasting 
solulion than the use of conventional tcchnologies to utilize the samc genes. The 
main advantagc of marker technologies will be the increased efticiency in pyra- 
miding several dominant resistance genes into a single line with the objective of 
achieving more durable resistance. 

Integrated Management 

Management of legume diseases should address the cropping system as a whole, 
if full advantage is to be taken of available control measures. Components include 
the adjustment of sowing date, use of cultivars of different duration, rotation, 
intercropping, cultivation and land form, plant population and spacing patterns. 
Interactions between different diseases, and with abiotic stresses such us drought 
and unfavourable temperatures, also must be considered. The economic and 
socio-economic aspects of integrated management packages should be examined 
when these packages are being field tested. Our ultimate aim must be the devel- 
opment of safe, economic and durable management strategies for a range of farm 
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situations. This will probably be achieved only through a combination of mea- 
sures into a n  integrated management system including cultural practices, crop 
and varietal mixtures, and in some systems also chemicals. as well as host plant 
resistance. 

Many examples of the use of integrated manilgemcnt strategies for Icgunie 
diseases which cannot be adequately controlled by rcsistancc alone arc given 
throughout this book. In groundnut, eflbrts are directed i11 developing integrated 
management progrilmmes Ibr aflaloxin: stem, root i ~ n d  pod rot (Mcharl cpt (11.. 
1991. 1995); rust and leaf spots: and root-knot nematode (Mc1)ollitld ril.. 
Chapter 2,  this volume). In soyabean. integrated management packages arc 
bcing developed for plytophthora root and stem rot itnd cyst nematotie (Sinclair. 
Chapter 3 ,  this volurne). In common bean, attention has focused on ascochyta 
blight (Allen 01 r r l . ,  C'hapler 4, this volume), wllile li)r cowpea, intcgratetl man- 
agement is corisidercd a desirable approach for bacterial blight i ~ n d  pustule and 
witchweed (Allen et trl.. C'hapter 5. this volume). Integrated management has 
been recommended for downy mildew, cortical root rots and ;~scochyta blight in 
pea (Kr;lft c7t td., C'haptcr h. this volume) and broomrape in faba bean (jcllis clt rrl.. 
C'hapter 7, this volume). In the absence of high lcvcls of resistance, integrated 
management packages irre being developed for grey mould of both lentil i ~ n d  
chickpea (Bayaa and Erskine, C'hapter 8, and Hawarc, ('hapter 9,  this volurne). 
For pigeonpea, strategies li)r intcgrated management are recommended for Lhe 
nianagemcnt of multiple diseases and, especially, for soilborne diseases (Kcddy rlt 
ol., C'hapter 10, this volume). 'I'he plethora of tropical pasturc legumes, the com- 
plexity of diverse pasturc environmcnts, i ~ n d  the potential li)r multiple interac- 
tions between pathogens, hosts, environmental factors and the grazing anirnal 
necessitate the developrner~t of integrated management strategies where rcsis- 
tilnce to diseases is not adequate (Lcnnk. Chapter 1 3, this volumc). 

The history 01' the use of iritegrated rnanirgcmenl strategies in tr;iditiorial 
farming systems has been exlensivcly reviewed by 'Thurston (1902) .  More 
recently, investigation of farmers' management of common bean diseases in the 
Great Lakes region of Africa Sound that local strategics were based on microcli- 
mate regulation (through sowing density, time of sowing, choice of soil type, 
foliage reduction, weeding arid staking), genetic diversity (use of species and vari- 
etal mixtures) and sanitation (seed selection and removal of debris) (Trulmann at 
(I!., 1993) .  In these systems, it was concluded that enhanced disease manage- 
ment should be possible through improved resistance while maintaining variabil- 
ity and improved seed health. but emphasis should be given to technologies 
which did not decrease the existing riianagement flexibility. Many traditional sys- 
tems offer additional options lo disei~se management in modern systems. 

Changes will occur in priorities given to legume pathogens as management 
strategies are successful in controlling the most important diseases; as cropping 
systems change (e.g, reduced periods of lhllow arid rotation or movement kom 
productive to marginal lands due to pressure for land) and soilborne pathogens, 
in particular, become more important (see Haware, Chapter 9,  this volume); and 
as  legume crops move into different regions with different climatic conditions 
(e.g. moving chickpea from the spring to the winter season in the Mediterranean 
region resulted in severe epidemics of ascochyta blight (Hawtin and Singh. 
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1984). It is clear that flexibility will be needed in choice of target diseases as well 
as management strategies. 

COLLABORATION 

Organization of Research on Legume Pathogens 

In both developed and developing countries, research on legume pathogens is 
generally organized on a crop by crop basis. In some cases, a crop may have its 
own institute (c.g. the International Winged Bean Institute in Sri Lanka). In 
other cases, grain, oil-seed and pasture legumes may be grouped at different 
institutes and subdivided into separate programmes on each crop (e.g. ICRISAT). 
Oil-seed legumes are more commonly grouped with non-leguminous oil-seed 
crops such as sunflower, rape and mustard, as at the National Oil Seed Crop 
Institute in India. Pathologists usually work in multidisciplinary teams with 
other scientists on a specific crop but, in general, there are few formal structures 
for collaboration among pathologists working on different legumc crops. Such an 
organizational structure can result in isolation and fragmentation of effort and is 
not conducive to collaboration between pathologists working on different crops 
which may share the same diseases. The result is a 'crop myopia' as already men- 
tioned several times throughout this volume. 

Common Pathogens Link Different Crops 

That the same pathogen may affect a number of legumes, and that the same 
genus of pathogen may have a very wide host range among grain, oil-seed and 
pasture legumes, has been emphasized on numerous occasions in this volume. 
For example, Rhizoc'tonia solani causes seedling or foliar blight and/or root rot of 
soyabean, common bean, cowpea, pea, chickpea and tropical pasture legumes 
(see Chapters 3, 5,  6 , 9  and 13,  this volume); root-knot nematodes are important 
on groundnut and tropical pasture legumes (see McDonald ct ul., Chapter 2 and 
Lenne, Chapter 13 ,  this volume); while Hotrytis c'inerea causes grey mould of both 
lentil and chickpea (see Bayaa and Erskine, Chapter 8, and Haware, Chapter 9, 
this volume). Similarly, Fusurium spp. are widespread pathogens of soyabean. 
pea, faba bean, lentil, chickpea, pigeonpea and clovers causing diseases such as 
wilt, collar, root and pod rot (see Chapters 3, 6, 7, 8, 9, 10 and 12, this volume), 
as are species of Ascochyta and Phoma which are major pathogens of groundnut, 
common bean, cowpea, pea, faba bean, lentil and chickpea (see Chapters 2 , 4 ,  5, 
6, 7, 8 and 9, this volume). 

For some crops (e.g. soyabean, common bean and groundnut) a considerable 
amount of research has been done on the biology, epidemiology and manage- 
ment of some of the above pathogens. This can benefit research programmes on 
the same pathogens of legume crops such as lentil, chickpea, pigeonpea and trop- 
ical pasture legumes where more limited studies have been made. This is espe- 
cially important for diagnosis and identification, where advanced serological and 
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molecular technologies have broad application, as well as in the utilization of 
generic models for crop loss assessment. Where certain pathogens on well- 
researched crops have proven very difficult to manage by single strategies and, as 
a result, integrated management packages have been developed, if the same 
pathogen occurs on less well-researched crops, existing packages may be readily 
moditied and applied in preference to costly re-development of a similar package. 
Pathologists need to be increasingly aware of the advances made in legumes other 
than the legume on which they may be specilkally working. As advances con- 
tinue to be made with marker technology, as in soyabean (Kanuin et a]., 1996; Yu 
ut ul.. 1996). the possibility of moving resistance genes from one legume to 
another may become reality. A comprehensive knowledge of common pathogens 
across crops will be needed to assess the likelihood of success of this approach. 

Difficulties Restricting Collaboration 

No matter how individual pathologists may try to enhunce collaboration with 
their colleagues, several factors may restrict the level of collaboration which can 
be achieved. The relative importance of specific legumes in specitic countries will 
determine the involvemerit of the research, the private sector and the availability 
of funding, especially in developed countries. In developing countries, staple 
cereal grain crops such as maixe, rice, wheat and sorghum are often given higher 
priority and the greatest share of limited research funds relative to legume crops. 
In many developing countries. research on legumes is given low priority. 

Although most ot' the major diseases of common legumes are widespread, 
some diseases may be restricted to certain continents. This may be a reflection of 
the centre of origin of the host-pathogen association but in some cases it retlects 
new encounter associations, topics we have discussed earlier in this chapter. 
Quarantine restrictions can be a barrier to international collaboration on dis- 
eases ol' restricted geographical distribution. However, this may be resolved 
through collaboration with a third country in which the specitic legume crop is 
not grown, for example ICRISAT's collaboration with the Natural Resources 
Institute (NRI) and the Scottish Crops Research Institute (SCRI). UK, on African 
groundnut viruses (see McDonald ~t (11 . .  Chapter 2, this volume) and CIAT's col- 
laboration with Horticulture Research international (HRI), UK, on global 
pathogens of common bean (see Allen f t  a l . ,  Chapter 4, this volume). 

l'olitical and economic problems are major disincentives to the development 
of suslairled research efforts required to solve many of the major disease prob- 
lems of legumes (e.g, programmes breeding for resistance to major pathogens). 
Donors are becoming less likely to fund projects in countries with such problems, 
due to the reduced likelihood of impact of the research. Successful international 
collaboration depends on all partners having an understanding of the difficulties 
faced by their colleagues, especially those from developing countries. Lack of 
understanding between scientists from both developed and developing countries 
of economic, cultural and political issues, as well as lack of understanding of the 
farming systems and agroecological conditions in their respective countries, may 
make collaboration less effective. 



Potential Collaborative Mechanisms 

During the pzst 2 5 years, International Agricultural Research Centres (IARCs), 
IJSAID-funded Collaborative Kesearch Support Programs (CRSP) through US 
universities. such as INTSOY and the Peanut and Bean-Cowpea CRSPs, as well 
as ACTAK-funded efforts through Australian institutes on tropical pasturc 
legumes, have all developed extensive collaborative, international research on 
many grain, oil-seed and pasture legumes of importance in world agriculture. 
The extent of this pioneering effort is not always fully realized or appreciated 
(Summerfield and Roberts, 1985). As a result, disease-resistant cultivars of 
major grain and pasture legumes have been widely disseminated throughout 
developing countries via international trials networks, and superior cultivars are 
being increasingly adopted. 

Research into the understanding and nianiigenient of diseases of most major 
grain, oil-seed and pasture legumes in thc great diversity of farming systems in 
which they arc produced is included in the programmes of five of the ('(XAR ccn- 
tres: CIAT (common bean and tropical pasture legumes), IC'AHDA (lentil, fiiba 
bean and chickpea). IC'RISAT (groundnut, chickpea and pigeonpea). II'rA (cow- 
pee). ILK1 (clovers) as well as AVKDC (soyabean and mung bean). Legume 
germplasm is collected, maintained, evalut~ted and distributed through intcrna- 
tional nurseries of the most diseuse-resistant germplasm. and technical intbrma- 
tion is disseminated through workshops, conferences and information services 
(Summerfield and Koberts. 19  8 5 ). All of these programmes collaborate wherever 
possible with legume scientists in national programmes, arid strong emphasis is 
placed on training, in accordance with the needs ol'the collaborating country. 

With the current serious funding crisis now being faced, for example by 
CIAT, ICRISAT and the Peanut CKSP, considerably less funding is now availttble 
tbr legume research. The potential for CIAT and ICRISA'I' to sustain alone collab- 
orative initiatives on common bean and tropical pasture legumes, and ground- 
nut, chickpea and pigeonpea, respectively, is being severely eroded. Institutes in 
developed countries with skilled scientists, modern equipment and advanced 
technologies, and relatively more secure funds must now become proactive in 
international collaboration with IARCs and national programmes in developing 
countries to strongly support collaborative research projects on problems of 
mutual interest. One such mechanism is the ODA Holdback Facility which is a 
powerful initiative to build strategic linkages between LJK scientific institutes. 
IARCs and NARS. Other donors should follow this successful model. 

This can also be effectively accomplished through networks, a rapidly grow- 
ing mechanism, as funding tightens and the benelits of collaboration are real- 
ized. International networking in agricultural research is not new (Plucknett 
and Smith. 1984). Pathologists have always cultivated informal contacts for 
exchange of information, pathogen isolates, diagnostic tools, or breeding lines. 
Informal associations sometimes develop later into formal networks as needs are 
better defined and technology and product exchange require a more formal 
structure. As funding to agricultural research continues to decrease, interna- 
tional networks may be the only way to ensure that goals are accomplished by 
cutting costs, avoiding duplication, optimizing resources and accelerating 
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efficient transfer of technology (Plucknett and Smith, 1984). L.onors must con- 
tinue to play an important role in sustaining networks. 

Many international networks are now operating. A good example of a collab- 
orative and productive network is the International Working Group on 
(;roundnut Viruses which is managed by ICKISAT (Reddy et al., 1994, 1997; 
Reddy and (iowda, 1996). This group has a membership of national programme 
virologists in Asia and Africa: scientists from advanced institutes in Europe, the 
USA and Australia; and TCRISAT virologists. It was initiated in 198 3 and has met 
frequently since then to coordinate collaborative research on the most important 
groundnut viruses: spotted wilt and bud necrosis viruses, the groundnut rosette 
complex, peanut clump virus and peanut stripe virus. The meetings clearly show 
the progress which has been rnade in understanding and managing groundnut 
viruses globally. Funding from IC'RISA'I: Peanut CKSt! ODA, CTZ, the Belgian and 
Netherlands governments and others have supportcd this group, and, especially. 
the participation of developing country participants, over the past 14 ycars. 
However, funding is becoming more difficult to find. Progress made to date 
should be sufficient to convincc donors that this network is thc most efficient way 
of ensuring progress in managing virus diseases of groundnut. 

Similar networks have bcen developed by CIAT, TCARllA and II'I'A. CIAT's 
l'an-Altican network for rcscarch on common bean has its origins in the Great 
1,akes Region of Central Africa, founded or1 support frotn the Swiss Oevelopment 
('oopcration (SDC) which bcgan in 1983. An eastern Africa programme Sol- 
lowed, with support from c'anada and the USA, and, by 1987, a regional pro- 
gramme for southern Africa was also in place. Linkages across thc three regions 
have developed and been strengthcncd in subsequent years so that now the three 
programmes operate ;is a single scientific network, with substantial devolution of 
management from CIAT to national scientists in planning, thc allocation of 
resources, peer review of research progress and the exchange of gerlnplastn and 
information, Now, the been network in Africa is considered a model to be cmu- 
lated by new networks (Kirkby, 1990). An example of a new potentially very suc- 
cessful network is the initiative on Integrated Pest Management (It'M). It is 
managed by the C'CIAR Tntcr-C'entre Working Group on IPM which is made up of 
representatives of IAKC's. FA0 and AKls. Its main objective is to develop a coher- 
ent, coordinated C'(;IAR policy on IPM; strengtticn intcr-centre collaboration: 
identify priority global IPM opportunities and develop joint projects: and support 
IPM implerncntation through research and training (Anonymous, 1996). 
Although still in its infancy, i t  is a key global network for crop protection. 

Training 

There is a shortage of trained pathologists in developing countries. The need is 
for general training rather crop-specific training. Recogni~ing both this need and 
the opportunity, training courses and workshops have been run jointly in eastern 
and southern Africa, linking the crops groundnut, common bean and cowpea by 
inter-centre collaboration between ICRISAT, CIAT and IITA. Such initiatives need 
to be expanded. There are opportunities too for such cooperation in training in 
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virology at a regional level. The current scarcity of able and committed trainees 
reinforces the need for effective collaboration between institutions and their 
donors. 

Funding 

The current trend of reduced funding for agricultural research both internation- 
ally and nationally will limit the amount of research that can now be done on 
diseases of major legume crops. While every effort should be made to attract 
available research funds and to influence policy-makers and donors as to the crit- 
ical importance of legumes in the diets of the world's poorest people, reduced 
funding may be expected also to have positive consequences: improved research 
efficiency, and enhanced international collaboration. For legume pathologists, 
this should break both the crop myopia and institutional isolation, and further 
foster linkages and networks. Research will need to be more targeted at the high- 
est priority problems. 

CONCLUSION 

Grain legumes are essential nutritional components of the diets of most of the 
world's poorest people. However, despite considerable international effort during 
the past 2 5  years, their production has scarcely increased. 1)ramatic and wide- 
spread increases in production, similar to those of the 'Green Revolution' in 
cereal crops in several Asian countries, are not a realistic objective for legumes 
especially in subsistence production systems in which most are cultivated 
(Summefield and Roberts, 1985). But modest increases which will provide food, 
increased nutritional status and cash for such farmers should be possible. 

For oil-seed legumes such as soyabean and groundnut, the potential for 
increased production is higher, as illustrated by the increase in soyabean produc- 
tion in Brazil from the 1960s onwards (Summerfield and Roberts, 1985) and 
their growing role as cash crops in many developing countries. Similarly, the 
potential for increasing productivity of land not suitable for grain or oil-seed 
legumes through the use of improved pasture legumes is substantial in both tem- 
perate and tropical regions. Although this has been realized to some degree in 
temperate regions (e.g. Australia, Europe, USA) and in limited areas of the tropics 
(e.g. Australia, South America) there is considerable untapped potential. 

This book has emphasized the importance of diseases in the failure to 
increase food and pasture legume production in spite of considerable research 
effort. It has also stressed that diseases cannot be considered in isolation, espe- 
cially in subsistence production systems where many biotic and abiotic con- 
straints and their complex interactions prevent legume crops from achieving 
their yield potential. Management of diseases in such systems requires an holis- 
tic understanding of the system and especially the importance of diseases rela- 
tive to other biotic and abiotic constraints. This can be achieved if collaboration 
between pathologists, entomologists, breeders, agronomists, soil scientists and 
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fa rmers  is s t rengthened.  Wi thout  this  unders tand ing ,  unrealistic expectations 
of yield increases t h r o u g h  disease m a n a g e m e n t  a l o n e  will be  fostered. There  is 
a n  u r g e n t  need t o  develop widely applicable disease m a n a g e m e n t  mcthodolo- 
gies, based o n  a detailed unders tand ing  of pa thogen  biology a n d  its interaction 
w i t h  o t h e r  key parameters  of t h e  system, which  c a n  be  modified for specific 
problems. S u c h  a n  approach  will make  m o r e  efficient use  of limited research 
funds.  
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APPENDIX 
Acron~ms and abbreviations 
used in the text 

ACIAK 
AFLP 
ARI 
AVRDC 
CAB1 
CGIAK 
IlFID 
DNA 
ELISA 
FA0 
GIS 
GTZ 
IIRI 
IAKC 
I C'A K DA 
ICKISA'I' 
ITTA 
II,Rl 
INTSOY 
IPM 
NAKS 
NIAB 
NRI 
OIlA 
PCR 
KAPD 
RE'LY 
RNA 
SCRI 
SllC 
IISAID 

Australian Centre for International Agriculti~ral Research 
alnplified fragment length polymorphism 
Agricultural Rcsenrc*h Institute 
Asian Vegetable Research and Development Center 
Centre for Agriculture and Rioscienccs Irlterniltional 
Collaborative Kesearch Support Program 
Ilepartment for International Development (formerly ODA) 
deoxyribose nucleic acid 
enzyme-linked immunosorberlt assay 
Food and Agriculture Organization 
geographic information systems 
Ilcutsche Gesellschaft fiir Technische Zusarnmenarbeit 
kIorticulture Research International 
International Agriculturiil Research Ceritre 
International Ccnter for Agricultural Research in Dry Areas 
International Crops Kcsearch Institute for the Semi-Arid Tropics 
International Institute of'l'ropical Agriculture 
International 1,ivestock Research Institute 
International Soybean Program 
integrated pest management 
National Agricultural Research System 
National Institute of Agricultural Hotany 
National Resources Institute 
Overseas Development Administration (now DFIL)) 
polymerase chain reaclion 
random amplified polymorphic DNA 
restriction fragment length polymorphism 
ribonucleic acid 
Scottish Crops Research Institute 
Swiss Development Corporation 
IJS Agency for lnterllational Development 
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on cowpea 2h. 764,276-279 
on Uesmodum 26 ,27 ,655 ,658 ,659  
on groundnut 2 6 , 2 7 , 6 8  
on hyacinth bean 8 , 2 6 , 2 7  
on lentil 2 7 , 4 2  5 

on L~uc30rrlo 10. 26. 2 7 
on lima bean 5, Lh 
on luccrnc 17, 27,  28 
on lupin 26, 27, 28. 501, 5 6 4  505 
on pea 20. 1 7 ,  328 
on soyabcan 2h. 27, 1 32-1 34 
on Stylo,snrrthrs 2h. 27, h52-hh2. 710 
on Vigtrn 10 
on winged bean 14 

Ap\rnrtorrr!lc'c>s rtltc1ir\~fs 180, 3 3 1-3 3 3. 426 
Aphanomyccs root rot 

on common bcan 1 80  
on lentil 420 
or~pr i i  331-333 

A ~ ~ ~ t c ~ s r r ~ u t ~ l r ~ r t ~ l ~ ~ i . ~  strutrtr~it~rs 7 0  
Aphrlcrtrltnidrs antrl~idis 70 
Aphids 102,104, 106, 160.224-225. 300-301, 

3 4 8 . 3 5 1 . 3 5 2 - 3 5 3 , 3 5 5 , 3 5 6 ,  358. 
401, 503. 574-575, 620. 630 

11rabis mosair virus 594 
Arrti~liis 

minor fungal diseases 6 54 
rust 80 ,  h74, h7h-h77, 678, 680 
scab 30. 680-h8 3 .  hX5 
viruses 43, 654 

Arclcl~is h!/pogaen see Groundnut 
Aristustorrlo 

guttulosurr~ h, 271 
orrc~riornic~mt 2 7 1 

Aristastoma leaf spot 271 
Ascochyta blight 

on bambarra groundnut 12. 32. 3 3 
on  chickpea 3 5. 36-37.488-494 
on common bean 32,34,198-201 
on cowpea 32. 34,288-291 
onfababean 32, 34. 35. 36. 379-383 
on groundnut 67  
on hyacinth bean 8 ,  32 
on lentil 3 2 ,  34, 35,432-438 
on lima bean 5, 32 
on  pea 32,34,344-346 
on  Vigna 10, 32 



INDEX I 

adzarnczthicn srr Pllorr~a nruc-hidicola 
oracllidis ser Pllomu ornchidicoln 
hrrltshurtseri 32. 198,  28X. 289 
c,ussiut 32 
rnltlicolu 32 
dolichi 8. 32 
tiihoc. 32. 35, 175. 370, 379-383 
fobnc~f.sp. 1er1ti.s 31. 32. 35. 432-438 
irnprrji.c'tn src Phorrla nlcdic.r~girris 
Irrltis srr Asrocll~tn li~hac, Lsp. Ic,rrtis 
Ittl~alis 32 
meliloti srr Asc30c.l~,i~tu lvtltalis 
pinodrs 31. 32. 35. 36, 37 
pisi 32. 34. 3 5 .  37. 144-340 
phosc~olorurti 5. 8.  10. 1 2. 3 1. 32. 3 3 .  1.28. 

19%-201.2XX-291 
rubid 3 1. 33, 488-494 
snjiroln 3 3 .  34. I28  
trilolii 3 3 

Ascochyta lcal'spot 
on hyacinth bcan 8 
on soyabean 128 

Ashy strril blight 
on com~iion bran 1 X O  
on cowpra 270 
on hyacinth bean X 
on lima bcari 5 

A s ~ ~ r r ~ ~ i l l u s  
Jlavrrs 72- 76 
rliger h4, 70-72 
pirl\~c~rulerltlls 64. 65  

Asprrgillus crown rot 64,  70-72 

13ncillus subtilis 1 S O .  207 
Bacterial blight 

on cornmon bean 42. 2 10-2 16 
on cuwpea 40 ,42 ,  29 1-297 
on faba brim 37 3 
on hyacinth bceli 9 
on lima bean 7 
on pea 41. 346-347 
on soyabcan 4 1. 1 5 7-1 58 
on Vignrr I I 

Bacterial brown spot 
on common bean 182 
on lima bean 7 
on soyabean 1 30 

Bactcrial leaf spot 
on  pigeonpca 39. 520 
on Vignu 1 1 

Baclerial pod rot 1 6 
Bacterial pustule 

on bambarra groundnut 1 3  
on  cowpea 38 ,40 .42 ,291-297 
on soyabean 38.42,  1 30 

Bacterial root rot 59 3 
Bactcrial soft rot 373 
Bacterial stem canker 520 
Bacterial will 

on common bcan 1 82. 719 
or1 groundnut 92-9 5 
on S1gIosor1tlirs 0 5 1 
on winged bcari 1 5 

Ba~nbarra groundrlut 12-1 3. 27. 32.4 3 
Bcan calico mosaic virus 183 
Rean cornlnon mosaic virus 7. 11. 4 3, 45. 46. 

222-230. 5 0  $, h54. 711 
Bran dwarl'rnosaic virus 18  3 
Bcan goldcn mosaic virlls 7, h9, 2 30-2 3 3,  h54 
IScarl leaf roll virus 275. 348-3 51, 302. 427. 

501 504 
Ue;~n mild niosaic virus 1 X 3 
Beiin pot1 mottlc virus 1 30, 1 X S 
l3can rugose mosaic virus 1 X 1 
Bran yellow mosaic virus 1 I .  43. 45. 130.  

158- l h0 .  1x3. 394-397.427.475. 
574-570, (12 1-62 $ 

Bcan yellow sevcrc n~osaic virus 594 
Bc1.t curly lop virus 1 X 3 
I3cet western yellows virus 392, 427. 475.  

501 
Brlorrolairnrcs lor~gicccrrdotus 140 
Rt~rtlisicr trchrrr~i 2 3 I . 29 5 
I3idcr1s niottle virus 56 3 
Rlack blotch h 14 .(>I 7 
Blirckcyc cowpca mosaic virus 4 3.45. 

197-302. (152. 65  3 
Hlackgrom molllr virus I 1 
Bl;~ckhull 67  
Black rot 222-230 
Black root rot 

on chickpea 482-487 
or1 common hcttn 1 XO 
or1 lentil 426  
&I pea 328 

Black spot 
011 clover 59 3 
on Vigna 11  

Black slcnl 592 
I3light canker 1 h 
Botryorlil~lodia throhromar 180 
Rotrgosyhurria xu~~tliocepl~ula 5 19 
Uolrytis 

cinrrra 6 ,  67. 181, 272, 328, 372. 
374-378. 394. 397, 438-442. 
494-501, 562, 592, 651 

Jubac 372. 374-378, 394. 397 
Hotrylis blight 6 7  
Brazilian bud blight 165-166, 
Broad bean stain virus 397-399.427 
Broad bean true mosaic virus 397-399 
Broad bcan wilt virus 275. 373. 563 



Hroomrttpc 
on I'aba hran 2 1.40 3-407 
011 l c ~ l t ~ l  21. 451-454 

Hrown blotch 
on cowpca 2h.28.2h9. 276-279 
on ltma bean 5. 20 

Brown Icaf spot 5hh-5h8 
Ilrown root rot 17 
Urowr~ rust 271 
Hrown spot 29 1 
Browrl stet11 rol 

or) soyahcan 129 
on Vigrlu 10 

Bud hlight 162 I 6 5  
Bud necrosis virus 9 6-08 
U~rrkl~altfc~rirr sol~~r~cccettrurrr 1 5. 19. 92-95, I %(I .  

182. 291. h51 

<., . .' ~rssra srvcrc tnosaic virus 44 
C'PIII ~ ~ I S C I I I I I  

anthracnosc 655. (157. 059 
lbliar hlight 663- 6617 
littleleaf hX5-(387 
r~iirror lxrctrrial tliscasc~s 0 5 2  
minor I'ungnl diseclscs 3 1. 34, (352 
ncni;ttodcs 43. 44, 088-(391 
vir~lscs 43. 44, 6352 
zorr:tLc leill'spot 667-hhc) 

('critrosrrna mosaic virus (352, h5 3 
C'cp/rctlosl)r~rirrrrr !jrugrttlirrl 10 
C'urutorrlct rt!fic.orriis 29 5 
C'crcospora hlight 128 
C'e~rc~osporct 

[rruclridic*c~h X 5-90 
r,cljurri 5 3 5-5 3 7 
c,ttrrrse,rrrs h. X. 10. 1 XI. 282-285. h51. 

h52. h53 
ctrslellnnii 18 1 
cerrtrtnor~sii h 5 I 
rlesrrrodiic,oltr f) 5 3 
doliclri 8 
itrst1rbi1i.s 5 3 5 
kikrcc~ltii 12 7. 118 
lurrsii 42 5 
rnrlaluncu 6 5 3 

vo(ztrdzuiac 12 
~c'l)rirl~ 502. 605 
rorlrrtn 173. 375, 42 5 

Ccrcospora leaf spot 
on harnbarra grountlnut 12 
on common bcan 18 1 
on clover 592 
on cowpca 282-28 5 
on Drsnrotliltm h 5 3 
on hyacinth hran X 
on lentil 425 
on lirna hear1 (3 

on pigeonpea 517. 5 35-5 37. 544 
on soyahcan 1 28 
on St~~losnr~tltt~s 65 1 
on Vi!/rrn 10 
on winged bcan 14 

('hactosrptoria Iral'spot 
on comnlon be i~n  1 X I  
on  cowpc3a 27 1 

L'llar*tosl,ptori(t wfllrrrnrlij b, 1 X 1 , 2 7 1 
C'harcoal rot 

on batnbarrc~ grountlnut 12 
on comrnort bcan 180 
or1 cowpri1 270 
or1 grourldnut hh 
or1 hyacinth hccrn X 
on lerltil 426 
on lima bean 5 
on lupin 5h2 
or1 soy;~bcatl 140 142 
or1 St!~los(rtrt\rt~s h 5 1 
on Vigtrn 10 

('hickpea 
Ascochyta blight 488-494 
black root rot 482-487 
collar rot 4 8 2 4 x 7  
dcclir~c 470 
dry root rot 482-487 
Fusarium wilt 477-482 
grey moult1 494-501 
minor fung:11 diseases 474 
ncn~;~lodes 476 
stullt 501-504. 700 
viruses 44.475, 501 -504. 706 

Chickpra ctllorotic dwarf virus 502-504 
Chickpea stunt virus 302. 502-503 
( ' I r~rnttu~~l~~~rt~ 

c~ircttrhiturrrrtt 15, 67. 272 
irrfurr(lihul~/l.ra 128, 172 

Chot~nephora leaf hlight 128 
Clloanephora pod rot 272 
Choanephora wet blight h i  
Chocolate spot 

on  clover 59 2 
on faba bean 372. 374- %78 

Cicer ariutirlum set, Chickpea 



('ladosporiutn 
l~erbarui)~ 42 5 
pisicolurn 328 
vigrtue 30. 2 72 

('ladosporium blight 328 
Cladorporiurn pod rot 2 72 
C'litoria ycllow vcin virus 652 
C'lover 

alfalfa mosaic h2 5-627 
bean yellow mosaic 62 1-62 3 
black blotch 6 14-(117 
clover yellow vein mosaic 6 1 9-62 1 
club lraf 59 3 
Fusariuln root rot 596-599 
leafspot 61 2-614 
minor bacterial diseases 59 3 
rninor fungal diseascs 592-59 3 
pcpper spot 609-6 12 
phyllody 61 7 -619 
phytoplasma diseascs 59 3, 617-619 
powdery mildew 606-009 
red clover necrotic niosaic 627-619 
red leaf 59 3 
rot 599-604 
scorch 604-606 
sooty blotch 0 1  4-61 7 
soybeandwarf 629.-631 
white clover mosaic 62 3.- (32 5 
viruses 594-595, 61 9-631 

Clover blotch virus 594 
Clover mild mosaic virus 594 
Clover mild rnottlc virus 594 
Clover ycllow mosaic virus 44, 594 
Clover yellow vcin mosaic virus 619- 02 1 
Clover yellow vein virus 5h 3 
Collar rot 

on chickpea 482-487 
on hyacinth bean 8 
on lentil 444-447 
on pigeonpea 5 19  
on winged bcari 14 

Collctolrichurtt 
uculalum 25, 26, 28, 561, 564-565 
urudridis 68 
cajani 520 
capsici 10, 16. 26.27.269, 272, 276-279. 

474.520, 564 
crassip~s 16. 2 6, 2 7 
dematium 10, 13, 25 .26 .68  
destructivum 17.26 .27 ,  269, 272. 

276-279 
gloeosporioides 16 .25 ,26 ,28 .  652-662. 710 
graminicola 520 
lindemuthiunum 5, 8. 10, 14, 26, 27, 29, 

182,184-192,269,708 
mangenoti 68  
orblculare 708 

yisi 328 
tri/nlii 17,  26, 27 ,425,  592, 708 
trunculurrt 5. 8. 16, 17. 26, 27. 1 32-1 34. 

269,272,425.653-655 
Colletotrichum blight 520 
Common bacterial blight 21 0-2 16 
Common bean 

arigular leafspot 192-197, 710 
anthracriose 182, 184-192 
Ascochyta blight 198-201 
bean comr~~on mosaic 222-2 30 
bean golden mosc~ic 2 30-2 3 1 
black root 222-230 
common bacterial blight 42 .21  0-21 h 
hi110 blight 2 16-222 
mirlor bactrrial diseases 182, 719 
minor fungt~l diseascs 180-181 
rust 202-209 
viruses 43, 183. 222-233 

Common leaf spot 17  
Conioth!jriurr~ minitans 60 3 
('oprit~usps~jc~lrrc~trtorbi~/ti.~ 17 
CorticYium rolfsii 8. 10,  12. 14  
('oryitrsl~ora cassiic~oln 14, 1 28. 2 70 
Cowpea 

trrlthracnose 2 69, 2 76-2 79 
Ascochyta blight 288-29 1 
bacterial blight 40. 291-2.97 
bacterial pustule 38,40,  291 -297 
blilckeyc cowpea mosaic 297 - SO2 
brown blolch 269. 27h-279 
Ccrcospora leaf spot 28.2-28 5 
cowpea aphidborne mosaic 29 7- 302 
rninor fi~rigal diseascs 2 70-2 72 
scab 30. 3 1.179-282 
viruses 43 .27  %-275, 29 7-302 
web blight 285-288 
witchweed 302-307 

Cowpea aphidbornc mosaic virus 4 3,  
297-302,652,053 

Cowpea chlorotic mottle virus 1 8 3 .  27 3 
Cowpea mild mottle virus 7, 11, 15, 69, 130. 

iX3,.274.051 
Cowpea mosaic virus 15.273. 520, 652 
Cowpea mottle virus 13. 20. 273 
Cowpea sevcre mosaic virus 11,  1 5, 130, 273. 

652,653,654 
Criconemoides orrlata 70 
Cristulariella moricola 68 
Crown canker 519 
Crown rot 

on hyacinth bean 8 
on lucerne 17  
on Vigna 10  

Cucumber mosaic virus 7, 11, 15, 69, 18  3, 
274,428.475.576-579,594,652,  
654 



Curly top 1 8 3 
( ' i irtoburtrriurnjlnccrrrrtlaci~r~s 19. 1 30. 182, 

719 
('llsr~rito 2 1, 3 7 3 
Sylindrocarporr 

threnburgi 59 3 
obtusijlorutn 562 

Cylindrocarpon root rot 5b2 
(:ylirltlrocladiun~ black rot 

on gro~tndnut 66 
or] soyabcan 128 

('~~lir~rlroclt~li~irr~ 
crotnlariua hh. 118 
c'olhourlii 667 (169 

('ylindrosporiurn leaf spot 42 5 
('!~rnctdothera trijolii 6 14-6 1 7 
Cysl nematode 

011 cllickpca 476 
on 1)c~snrodilrm 6 5 3 
on lentil 429 
on pea 21. 358- 362,407 
on  pigrollpea 5 19. 5 L h  
on  soyrlheirn 21. 140. I hh-1 h0 
on winged bean 15  

D~c~lrrlirx~lroc~tl gblc'irrus 128 
I)ccc~lnliupfrort1rn tnrrii 6, 10,  271 
Ilamping-off 

on  cornmon bean 180 
on Luirccrrna If,  
on pigconpca 5 1 9 
on Vigrru 10  

Dtsrrtodi~~rrr 
anthracnosc (155, 658, 059 
false rust 21, 23-24, 25. 669-h74 
leafspot 39 
littlc lcaf 085-- 687 
rllinor I'urlgal tliset~scs 3 0 .  34. 39, 6 5  3 
~lemirtodcs 653. h8X-h9 1 
viruses 43. 653 

Uiaportltr phasaolorum 5. 18 1. 1 70 
f.sp. ruulivoru 134-1 3h 
f.sp. muridiorlulis 1 34-1 36 
var. sojuc 1 34. 1 36-1 38 

Iliaporthe pod blight I8  1 
Did!{r,rulln 

urachidicola 1 3. 9 0 
Jab~la 32, 379-383 
lethalis 32 
pitlodes 32 
rubiei 31, 3 3. 36 ,488.489.49  1-492 

Diplodiu 1 1, 0 6 
Ditylertchus 

u~ricurrus 70 
dipsuci 18,  21.407-408, 429 

Dodder 21, 373 

Dolichos yellow mosaic virus 9 
Downy mildew 

on clovcr 592 
on faba bean 386-388 
on lentil 425 
onlima bcan 5 
on pca 341-344 
on soyabean 129 

Dry root rot 
on chickpea 482-487 
crn cowpea 2 70 
or1 lrrllil 4.26 
on pigeonpea 54 3, 544 

Eorly Ieal'spol 8 3-90 
Rlsirrou 

rnr~avaliua 30 
tk?lichi 8 .  3 0 .  279-182. 081-683, 685 
rr~ltlrrirruc~ 30 
iiklatuc' 10, 30 

phusroli 5. 10. 13. 29, 10.  181. 179-282. 
708 

rh;jr~chosiar 3 0  
taphrosiu~ 30 
u~isr~onsirrurtsis 30 

Empoascct 540 
Hrrf!/lomu 1 8 1. 2 7 1 
Brwinia rari>tovortr 3 7 3 
Er!jsipftc 

c.it,\romtr,wrr 1 5 .  3 73. 562 
pisi 12. 140-341. 373 
pol.qqorli 9. 11. 12, 181. 271. 340-341, 

425, 562, 606-609 
Euphorhia mos;ric virus 18  3 

Vaba bcan 
Ascochyto blight 379-38 3 
bean IeaSroll 392- 394 
bcan yellow rnosaic 4 3 .  394-397 
broad bcan stain 397-399 
broad bean trur  mosaic 397-399 
broornrape 40  3-407 
chocolate spot 372. 374-378 
downy mildew 386-388 
font and root rot $90-391 
rnir~or bacterial diseases 3 7 3 
rninor fungal diseases 373 
nematodes 407-408 
pca early browning 399-400 
pea seedborne mosaic 400-401 
rust 383-386 
stem rot 388-390 
viruscs 43, 373. 392-403 
wilt 390-391 

Faba bean necrotic yellows virus 37 3. 396,428 
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False rusl 
on cowpca 22,271 
on l~c~sit~tdiiitrt 2 3-24, 25, h69-674 
on lima bean 1,. 22 
on Muc~n?ptilitiirt 22, (769-674 
on L'igrl(1 1 1, 2 3 
or1 wingcd bcan 1 5 

Floury leafspot 18 1 
Flower blight 15. 520 
Foliar blight 

on ('rrrtrosorrin hh 3-hh7 
on hyacinth bean 8.  9 
on Macr(y)tilirrrr~ 663-hh7 
on St!)lnsriittltes h64, hhh 

Foot trild root rot 390- 39 1 
Foot rot 474 
Frogeve lcaf spot 127, 13 1L l  32 
Fitsuriur~~ 

nc~urriirrc~t~on 59 6 
averinceietrl 390, 59 6-599 
c~rtlrr~orrtrr~ 390. 59 6-59 7 
eqiiiseli 14 
grurriirt~nriirtr 190 
~nonil~(ormc 14. 1 (7 
ox,tlsporurrl 1 h. 65, hh. 07. 138 -140. 

596-599 
Lsp, riceris 477-482 
f.sp./ithar 390 
f.sp. glyc'irle's 129 
Lsp. lrnlis 447-45 1 
Lsp, l~ipiiii 562 
f.sp. rnedil.r~girris 17 
f.sp. pltnsuoli I 8 0  
Csp.pisi 336-3 38. 360 
f.sp. truc~lrriphilrot~ 129. 270 
bsp. vusiri/eclurrr 129 
f.sp. voandzeiuc, 12 

pnllidorosertrn 1 38-1 40 
rosrion 16. 426 
sernitrc~trrrt~ 14 
solurii l h ,  65. 60. 67. 118.270,42h, 

482-487.562, 5Yh-599 
f.sp.Jubue 390-39 1 
Lsp. plrciscoli 180 
f.sp. pisi 3 3 3- 3 36 

udurr] 521-528 
Fusarium collar rot 

on cowpee 2 70 
on soyabean 1 38-140 

Pusarium pod rot 
on Lrut3aeria I h 
on lupin 562 
on soyabean 1 38-140 

Fusarium root rot 
on clover 596-599 
on groundnut hh 
on lentil 426 

on pea $33-33h 
on soyi~bean 1 38-140 

Fusarium wilt 
o n  bamharra groundnut I 2 
on chickpea 477-482 
on common bean 1 80 
on cowpca 2 70 
on groundnut (76 
on lucernc 17 
on lupin 562 
on pea 3 36-3 38 
011 pigcor~pea 52 1-518, 543. 544 
on soyabean 129 
on Vigrrcl 10 

(;corodcrrr~u 1 h 
Gl!)c'irtc rnux sur Soyabcan 
(key leaf spol 

nn common br:ln I X 1 
on luptn 562 

Grey mould 
on chickpea 494 -501 
on conlnlon bean 18 1 
on cowpeil 271 
or1 lentil 4 3X-442 
on litna hean 6 
011 lupir~ 562 
on p r i ~  328 

(;roundriut 
aflaroot 71-76 
Aspcrgillus crown rot (74. 70--72 
hacterial wilt 92-95 
hud necrosis 96 -9 8 
early lcafspot 8 3-90 
groundnut rosette 10 3-1 04. 7 11 
I;~tc leaf spol 8 1-90 
Icef spol 8 1-90 

.mirlor fungal diseases h i  -f>8 
nematodes 70. 100-1 08 
pcallut clunip 99-10 1 
petrinut mottle 105-106 
peanut stripe 101-1 0 2  
pod rot h7. 7h-79 
root rot 66, 76-79 
rust 79-83 
scab 3 0 .  h8 
spotted wilt 9 6-9 X 
stem rot 66, 76-79 
viruses 43, 44. 69, 70,YY-106, 711 
web blotch 90-91 
ycllow mould 72-76 

Groundnut crinkle virus 652 
Groundnut eyespot virus 44, h9 
Groundnut ringspot virus 96-98 
Groundnut rosette virus 20. 103-1 04 
Groundnut veinal chlorosis virus 09 



(;roundnut yellow mottle virus 
(;urnrnosis I h 

IIalo blight 
on common bcan 4 1. 2 16-222 
or1 hyacinth bean 9 
onliniahean 7 
on Vigr~a 1 1 

Head blight 651 
Ht81ic~obirsitlirrrn prrrl)rtrt810rr 5 19. 5') 3 
Hr*frrodrrit 

r.ajarri 519 ,526 
c,ic,cri 420. 476 
tiuvtsrli 59 8 
gl!lc'irrc,s 2 1 . 1 40, I hh-- 1 (19 
gorttirrgiurrcr 2 I. 3 58- 362, 407  
rrrilic,ic,oltr 1 5 
rosii 476 
trik~lii 65 1 

I lyacinth bean 8 Y .  34. 39. 080-08 3.  085 

Intliirn pcanut clurrlp virus 99- I01 
Inllorcscenct~ hligt~t h5 1 

I~lhh/l pitrprirt~rr.s sc'c* Hyiic'ir~tlr bet111 
I,;~rr~b's tail pod rol 272 
Inrsiodiplorlitr IhroRrortlnc hh. (17 
Idle Icaf spot 8 i YO 
I,cafblight 

on C'ttrrlro~errrcr h 52 
on Vigrrti 1 0  

Leaf crinkle (152 
Leaf curl 1 1 
I,eijf mottle 0 5  1 
Leafmould 42 5 
Lcafroll i4X- 3 5 1 
1.e;rf rot 10 
I,e;~f scorch 

on .4 rtrclr is  0 54 
on groundnut 68  

leaf smut 
on common bcan 1 X 1 
on cowpea 2 7 1 

Leafspot see also named types of Ical'spot 
o ~ i  bambarra groundnut 13 
on Cer~trosrrrra h 52 
on clover 593, 612-614 
on faba bean 3 7 3 
on lentil 425  
on leucarna 1 6  
on lima bean 6 

on wir~getl beirr~ 14 
Leafhoppers (71 7-61 X 
lrrrrs crrlitraris ,srt' l,erltil 
Lcnlil 

Ascochyta blight 431-438 
broomrape 4 5 1-4 54 
collar rot 444--447 
grry n~otrltl 438-441 
minor fi~ngal disrasrs 425-42h 
nrrnirtotlcs 429 
rust 424 ,429 -432  
Stemphyliurn blight 442--443 
vascular wilt 447-45 1 
viruses 4 3. 44,427-428 
yellows 427 

I.rptosphacrulinr1 Icnf sl)ot 
or1 cowpea 2 7 1 
or1 ltrccrnc I 7 

I,t~ptosl)lrtrc~rr~Iit~tr 
briosi(~~ri~ I 7 
c'rr~ssittsc ti f ) X  
Iri/olii 11 .171.  609-612 

I,rtt~rcr rlccrotic yellows virus 475. i h  3 
1.e~il~~rl~lrl~ 1 0 
Lcveillulrr to~o.ic,c~ h .  9. 37 3 .  425, 474,  i 37-540 
1,iina bean 5-7.22.4 3 
Lima beall goldrrl rnosaic virus 7 
1,illlc lcal' (185-687 
1,ucernc 17-18. 27. LX. 32. 34. 3 9 ,  hO1. h l o .  

(126 
I.upiri 

arllhract~osc 5h 1 .  5(>4 -565 
bcan yellow mosaic 574-570 
brown l'iil'spot 5f1h 568 
cucuinhrr mosaic 576 -579 
minor lung;rl disrasrs if12 
Rhizoctonia discasc~s 572-574 
viruses 43, jh3 .  574--570 

Lupinosis 508-572 

M t l ~ r t l p ~ ~ ~ ? t l l i l ~ p l l ( ~ ~ ~ O ~ i r l ~ l  5. 8 ,  10. 12. 14, 65. 
66 ,  67. 140 .142.  180. 270. 426. 
482-487. 519. 562 .651 

Mtrcruytiliurtr 
firlsc rust 22, 069-674 
foliar blight 6h 3.-667 
little leiif 685-687 
minor fungal disetrscs (154 
nematodes hX9-69 1 
rust 674-680 
viruses 44 ,  (154 

Monkey nut see  roundnu nut 
Malupu 143 
Medicago sativc~ see Lucerne 
Melanosis hX 
Meliola vignae-qrut ilis 1 3 



Meloidogyrte 7. 13. 15, 17. 20. 106-108. 140. 
407,429,476, 519, 526, 651, 
688-69 1 

Microsporu diffirsu 129 
Micrus[~hac~ra pcnicillatu 3 7 3 
Mungbcan yellow mosaic virus 11, 130. 183. 

520 
Mustia 18Cl 
Mycoleptodiscus root rot 129 
M~~cosphurrella 

arachidis X 3-89 
herkcleyi 83-89 
crurfrta 282-285 
lethalis 32 
pinodes 13. 31. 32, %44-346 
rubiri 33 

Mycosphacrella lcafspot 
on Arucltis 654 
on lentil 425 
on winged bean 14 

M!/c(~vrllosiella 
rajani 5 3 5-5 37 
phustoli 181 

Myrothecium leaf blight OH 
Myrothecium leafspot 

on cowpea 271 
on hyacinth bean 9 
on Vigna 11  

M,tlrolhrc-ium roridurn 9. 1 1. 68. 2 7 1 

Necrotic mosaic 15 
Necrotic yellows 475 
Nematodes set also named species 

on bambarra groundnut 1 3 
on chickpea 476 
on Dusrnodium 2 1.65 3 
on faba bean 2 1.407-408 
on groundnut 70,106-108 
on hyacinth bean 9 
on lentil 429 
on lima bcan 7 
on lucerne 17, 18 
on pea 21, 328. 358-362 
on pigeonpea 21. 5 19 
on soyabean 21,140.166-169 
on Stglosanlhes 65 1 
on winged bean 15 

Nematosporu coruli 6,9,  18 1 
Neocosmospora root rot 474 
Neocosmospora stem rot 129 
Neocosmospora vusinkcta 129,474.65 1 
Neocosmospora wilt 6 5 1 
Neonotoniu wightil 22. 3 3 .  39,220,650,664, 

666,670,674,685,712 

Oidilrm 12. 15. 68 
Olpidium root rot 60 
Uparculalla padwickii 4 74 
Orobunche 21, 389.403-407.451-454 
Ozonium root rot 426 

Paralotrgidorus hlrllutus 70 
Paratrichodorus 328 
Passionfruit woodiness virus 44. 652. 654 
R a  

alfalfa mosaic 347-348. 350 
Aphanomyces root rot 3 3 1-3 3 3 
Ascochyta blight 344-346 
bacterial blight 39, 346- 347 
downy mildew 341-344 
Pusarium root rot 3 3 3-3 36 
Pusariurti wilt 3 36-3 38 
leaf roll 3411-3 51 
rninor fungal diseases: 328 
nematodes 328, 358- 362 
pea criation mosaic 3 50. 3 5 1 - 3 54 
pea seedborne mosaic 44. 3 50. 3 54-3 5 h 
peastreak 350. 356-357 
powdery rnildrw 340- 34 1 
Pythiuni sretl and seedling rot 3.27. 329 
rcd clover vein mosaic 350, 357-3 58 
viruses 44. 3.28. 347-358 
white mould 3 38-340 

Pea early browning virus 328. 399-400, 563 
Pea cnation mosaic virus 350, 151-354. 373. 

427.475.56 %. 594 
Pea seedborne mosaic virus 44,45, 350. 

354-356,400-401, 427 
Pea streak virus 350. 356-357. 373. 427 
Peanut SFP Groundnut 
Ranut  bud necrosis virus 96-98 
Peanut chlorotic streak virus 69 
Peajlutclump virus 20,99-101, 709 
Peanut grecn mosaic virus 44.69 
Peanut mottle virus 7. 13,4 3.45, 105-106, 

183. 563,651.65 3,654 
Peanutstripevirus 43.45. 101-102, 130 
Peanulstunlvirus 9, 69. 183, 274. 563. 594 
Peanut yellow spot virus 69 
Rllir.~rluria 

Jilatnerttosa 5 19 
rol/sii see Scltrotium ro&ii 

Rnicilllum 6 5 
Pepper spot 

on Arachis 654 
on clover 609-61 2 
on c o w p a  271 
on groundnut 68 

Peronospora 
lantis 42 5 
manshurica 129 



trifoliorunr 59 2 
viriar 341-344, 386-388 

Pestulotiopsis 
uruchidis 68 
versicolor h 

Pestalotiopsis leaf blight 68 
Ptrueoisurio~psis 

grisrola X, 192-19 7, 710 
pursorratu 8 3-90. 7 12 

P~tacosrptoria 14 
Plrokopsoru 

rnriborniue 6. 8, 14 3-14;, 271 
puclrgrlrizi 6 .  8, 11, 12. 143-145. 271, 712 

Phanerochaete salrnorricolor h 5 3 
Pl1uscolus 

lunulrts see Lima bcan 
vulgaris sre Common bcan 

Phialophora gregata 10 
Phomu 

aracl~idicola 3 3. 90-92 
bakeriana 33, 34.2XX.2XY 
c'ujur~i 33 .  34. 519. 520 
cxiguu var. divcrsisporcr 10. 3 3. 34. 

198-201.28X-29 1 
var. exigua 31, 32, 33, 34, 2x8-289 

glornrrutet 3 3 
h~r lnr~or r  var. rrrcdir7agirtis 3 3 
rnacrostorna 3 3 
r)rrdic,ctgirtis 18. 3 3 .  34. 35, 425.474. 592 

var. pillOde//~ 3 3. 34. 3 5 .  344- 346 
rnit-rospora hX 
rrrir~rrtella 3 3 
phuseoli 3 3 
phaseolirra 34 
ruhiri see Ast30c.ltyta rol>ic>i 
sc.lcrotioides 1 7, 34 
soryhir~u 34. 3 h 
srrbrircinattr 34 
trrrestris 34 
trifolii see k? rnedicagirris var. pir~odcll~ 

l'homa blight 
on chickpea 474 
on groundnut hX 

Phoma leaf spot 
on  lentil 42 5 
on pigeonpea 520 

IJhoma stem cankcr 510 
Plrorntpsis 

]ubrte 37 3 
Ir~~tostmrrt$~rrrtis 568-572 
lorrgic~olla 129 
phuseoli 5 
sojue 68 

L'homopsis leaf scorch hX 
I'homopsis seed decay 129 
I'hyllody 

on clover h 1 7- h 19 

on faba bcan 3 73 
on pigeonpea 520 

Phyllostictu 
urudlidis-hypogaea 68 
cajani 510 
dolichi X 
phuseolirru I8  1 
sojaecolu 129 
voc~ndzviuv 12 

Phyllosticta lcaf spot 
on bambarra proundnut 12 
on common hean 1 X 1 
on cowpea 1 7  1 
on groundnut hX 
or1 hyacinth bear1 8 
on pigconpea 520 
on soyabean 129 

Pl~ymntotrichurn arnnivorrrrrr hh. 1XO 
Phymatotrichutn root rot 66 
Ph!ltopl~thora 

cactorum 2 70 
drcchslrri Lsp. 1-ujrtni 528-5 3 5 
megasperma 17.474 
)tit-otiut~ur' var, pcrrusilic.rr 18 1. 520 
phust,oli 5 
sojae 145-147 
vignur 10.270.271 

Phytophthora hlight 
on cowpea 271 
on lima bean 5 
on pigeonpea 527, 528-535. 543. 544 

Fhytophthora pod rot 181 
Phytophthork~ root rot 

on lucrrnc 17 
on soyabcan 145-1 47 

I'hytophthori~ stem rot 
on cowpea 270 
on soyabcan 145-147 

l'hytoplasma-like organisms 20. I h 3. 37 3 .  
520, 540. 593. 617-619 

Pigconpca 
Cercospora leaf spot 527. 5 3 5-5 37. 

544 
Yusariurn wilt 521-528. 543. 544 
minor bacterial diseases 39. 520 
~riirlor fungal discases 2 3, 5 19-520 
nematodes 5 1 9 
Phytophthora blight 527. 528-535, 543. 

544 
powdery mildew 527. 5 37-540, 544 
stcrility mosaic 527. 542. 54 3. 544. 

545-550. 706 
witches' broom 540-542, 544 

Pink disease h 5 3 
Pinkrust 271 
Pirvx stthvinustts 1 h 
Pisurn sativunr see Pea 



Plrioclrurta srtoso 566-5 68 
Plrosporci hrrbarurn 3 7 3,  442-443 
Pod rnottlc 1 X 3 
Pod rot 11 
I'od spot 5 
R)d and stem blight 136-1 38 
Pol!~rri!~xn grctrrrirris 100 
Fowdcry mildew 

on harnbarra groundriut 12 
on chickpea 4 74 
on clover 606-009 
on common bear1 1 X 1 
on cowyea 171 
on l)r,.srnodi~rrrl 65 % 
on faba bran 37 3 
on grountlnul A X  
on hyacinth bean 9 
on lentil 42 5 
on linlti bean h 
or1 lupin 562 
on Muc'rcl~~li~irltrr 6 54 
on pea 340 - i 4 1  
on pigeonpca 527. 5 3 7-540. 544 
on sc~yabei~n 129 
on Vigtru I 1 
on winged bear1 15 

Pratg/crrchrrs 21. 70. 429. 47h, (15 3 
Protornyc~opris y/?n.sri~li 1 1 . 21. 2 71 
~ ' ~ ~ ~ d l J ( ' c r ~ l l ~ \ ? ~ l  

brudburycic h 52 
c.rlrPrrtn 1x1. 282 
tlsrnodiisnlicili,lii 65 3 
mriborniue~ 6 5 3 
nrungc] 10 
psopl~ociirpi I 4 
vigrrar-rc~licul(i1~1c 10 

Psruduc~urcosyoruIla rtlbidc~ 1 X 1 
Pseridologurobnsidi~i~n Irgnrrrirricolu I 6 
IJscurk~rnnrrus 

ur~dropogorris 59 3 
Jabnr 373 
~luorcscrns I h, (1 52 
suvustanoi pv. yhuscsolicolu 9. 1 1, 4 1. 

110-222. 510. 71 1 
solanuc~rarurn SPF Burkhnldrria solrirrucrarrinr 
syrinyuc. pv. gl!lcir~ru 4 1. 1 5 7- 1 58 

pv. phasrolic.ola srr I? savustnnoi pv. 
phuseolicolu 

pv. pisi 41, 346-347 
pv. suringuu 130, 182. 291. 373. 59 ?J 
pv. tuhaci 130, 182, 291 

IJseudoprziza 
rn~dicuginis 17 
trqolii 612-614 

Pscudopltu trij>lii 6 
Psophot*urpus trtragonolobus srr Winged bean 

Pirc'cirrin 
arrrc~lridis 79-83. 676, 677. 710 
sr!ilosunrhi.s 67h, 677, h78 

Pucraricr pl~aseoloidrs 650. 659. 666, 674 
Purple seed stain 128 
Pyrcr~ochaeli~ leafspot 9 
Pyrc~rrocfrctrra 

rlolic-lri 9 
gl?lcirrus 12 8 

P,~ltIiirrnr 
ucnrilic,urn 32 7 
urrdrurrr 327 
npl~rtrridrrrr~atrrrrr 10, 65. 14% 150. I XU. 

170, 317,426, 519. 651 
b~rtlrri 10. 416. 651 
drfrnr!lcorlcrri h i .  1 4 8  150. 180. 327 
irrrgrtklrr 65, 327. 426, 50.2, 651 
m~~riut~jlrtrrr 65, (16. 67, 180 
sl~irrosrrrtr 32 7 
splrrrclt.ns 31 7 
ultirrrurn 148-150. 180. 327. 329. 42h. 

482-487 
Pythiurn root rot 

on common bean 180 
on lentil 42h 
on lupin 562 
on soyabcan 148-1 50 
on Sf!jlost~nflrcs (15 1 

Pythiurrl seedling rot 
on pcii 327. 329 
on soyabcan 148-1 50 

l'ythiuln stern rot 270 

Quail pea ~nos i~ ic  virus 1 8 3 

Radicle decay 10 
Redclover necrotic mosaic virus 617-62') 
Red clover vcir~ mosaic virus $ 5 0 .  3 57-358. 594 
Kcd crown rot 128 
Red Ical'blotch 128 
Rctl node 1 X 3 
Rctl stern canker 2 70 
Klrizol'toniu 

bataticola 482, 48 3 
solurri 5, 8. 10. 14. 16, 17. 65, 66, 07. 

150.-152. 1x0. 270.425. 474. 519. 
572-574,663--667 

Khiaoctonia diseases 
on lupin 572-574 
on soyabean 150-1 52 

Khizoclonia root rot 
on chickpea 474 
on common bean 1 XO 
on groundnut 66 
on lcnlil 42 5 



Rhizopus h 5. 6 5 1 
I{hynchosia mosaic virus 054 
Rh~~trc.lrosiu 22. 2 3 ,  10.  39. 4 1, 670 
I<icke((sias 59 
Kirrgspot 1 5 
Uoot cilr~kcr 17  
Hoot growth inhibition 59 3 
Root kriot 

on b a ~ n h a r r i ~  groundnut I i 
on  ('c3tllrosotrn hXX-69 l 
or1 ctrickpca 47h  
on l)rsltrodirirn hXX -09 l 
on firha bcan 407 
on grourltlr~ut I Oh 1 08  
on lentil 429 
on lima hei~ri 7 
on lucerne 17 
on Moc'roplilirittr f1XV -691 
on  pigeonpca 5 1 Y .  52h 
or1 soyahe;irl 140 
on St!llosco~ll~c,s h 5 1 . 6x9-hl) 1 
or1 winged h'arl I 5 

Root rot 
orr btc~nhorr;~ groundnut 12 
on chickpci~ 474 
oil clovcr 50 3 
011 l.r~rrc~trc~~lrr I h 
or1 lima he;rrl 5 
011 vigtlo I 0  

I<ot!/l(~rtc~lrrtlrts r(~r~i/i~rtr~is 2 I . 476. 5 19 
Rugosc mosi~ic 18 3 
Hrrsl 

on /lnic,his 674, h7h-077, (378, hX0 
or1 bilmhorr:~ groundnut 12 
on  chickprir 474 
t r r r  clovcr 592 
on cornrnon bcrin 202-209 
on faba henti 38 3- 38f1 
on groundtiut 79-8 3 
or1 hyacinth bcz~rr X 
on lcnlil 424, 42'3-432 
on lima bean 6 
on lupill 562 
on Mcccroptilitrr~t 674-680 
on pigeorlpca 520 
on soyabean 143-1 45 
on St!llosatltltrs (>74, 676-679 
on  Viqrrtr 1 1 
on Yrrrtriir 076, 677-679 

Scab 
on Arac'llis 30 ,  (180-bX 3,  hX5 
on bi~mbarra groundnut 13 
on  colnmon bcan 29. 3 0 ,  3 1, 1 X I  
on cowpca 3 0 ,  3 I .  2 72,179-282 
ongroundnut 30, hX 

. . 

.- - . .- - . .- - 7 
on hyacinth bcan X, 30, 680-(3x3. hX5 
on lima bcan 5, 3 0  
on soyabean 30, 129 
on Vignn 10 
on Zort~iii 3 0 ,  680-hX5 

A~l~3rcrlit~ici 
jrickeliotrcl 372, 438. 4 39 
~rtittor 67, f>O 3 
stlerotiorutrt 8. 17. 67. 1 52.- 1 54. 1 X 1. 

338-340. 3x9-390.474.4Yh. 519. 
562 

lri/foliortrttr 1 7. 388- 190. 599-604 
Sclcrotini;~ blight (37 
Sclcrolinia stcni rot 17. 1 52-1 54. 42 5 
Sclcrotium blight 121) 
S~.Iorotirrtrr rolJsii 7h 79. 129. 180. 270. 37 1. 

444-447.483 487. 519. h51 
Sclcrotitlrn root rot 180 
Sclrrotium stcm rot 270 
Sclrrotium wilt (151 
Scorch 004-hOh 
A~rilcllor~r~rrr~~ 70 
Sccd decay 

on common hriln I XO 
on cowpc;~ 2 70 
on soyabcan 1 30 

Srcctling blight 10 
Sccdling rot I f ?  
St,/~toriri 

(1olic.lti X 
gl!lc.itt~s 1 5 5 1 5 7 
kr1:opoltrttrskij 7 70 
I~thlnhit~n X 
pisi 32 X 
sc~jlrr' 1 5 5 
sujirtc~ 1 5 5 
vi{/tlttu 2 70 
r~igttni~-sir~c~r~.sis 2 70 
vigrtii.oln 2 70 

Septoria brown spot 1 55-1 57 
Scptorin leaf spot 

oil cowpe;r 2 70 
on hyacinth bean 8 
on lentil 42 5 

Sooly blotch 6 14-0 I 7  
Sooty niould 1 3 
Southern heilri niosaic virus 1 1, 183, 274 
Southern blight 8. 1 1  
Soyabean 

anthracnose 1 32-1 $ 4  
bacterial blight 41. 1 57-1 58 
bcan yellow mos;~ic 43. 158-1 h 0  
Brazilinll bud blight 1 65-1 6 h  
bud blight 162-165 
charcoal rot 140-1 42 
liogeye leafspot 12 7. 1 1 I - 1 32 
I:usarium root, c.ollar and pod rot 1 38-140 



Soyabean continued 
minor bacterial diseases 38. 39. 1 30 
minor fungal diseases 128-129 
nematodes 140, 166-169 
Phytophthora root and stem rot 145-147 
pod and stern blight 1 36-138 
Pythium root and seedling rot 148-1 50 
Rhizoctonia diseases 1 50-1 52 
rust 143-145 
Sclerolinia stem rot 152-1 54 
Septoria brown spot 155-1 57 
soybean mosaic 4 3 ,  160-1 02 
stem canker 134-1 30 
white mould 15 3-1 54 
viruses 43. 130, 158-1 66 

Soybean dwarfvirus 130, 563,629-631 
Soybcan mosaic virus 43. l(>O-162, 183. 563, 

652 
Sphaceloma 

arachidis 30 ,  68. 681-683, 685 
gfqcinrs 30. 129 
rorr~iac 30, 68 1-68 5 

Sphaerothrca 
fuligir~eo 2 7 1 
vnandzeinr 12 

Spot mosaic 18  3 
Spotted wilt 

on common bean 18 3 
on groundnut 9 6-9 X 

Spring black steni and leirf spot 18 
Stagonosporn leaf spot 592 
Sfagarospornp,sis hortmsis 32, 198, 288, 289 
Stem blight 17 
Stem canker 

on cowpea 2 70 
on faha bcan 373 
on 1,rucurnu I 6 
on soyabean 134-1 36 

Stem nematode 
on faba bean 407-408 
on lucerne 18 

Stem rot 
on bambarra groundnut 12 
on cowpea 270 
on hba bean 373. 388-390 
on hyacinth bean 8 
on Leucuenu 1 6  
on lima bean 5 
on Vigna 10 

Stem spot 5 
Stemphylium blight 

on chickpea 474 
on lentil 442-443 

Stemphylium 
botryosum 68.442-443, 562, 592 
sarcinaeforme 474. 592 
vesicarium 562 

Stemphyliirni leafspot 592 
Sterility mosaic 527. 542. 543, 544. 545-550. 

706 
Stipple streak 18 3 
Strawberry laten1 ringspot virus 59 5 
Striga grsnr'rioides 1 3, 2 I ,  302- 307 
Sturtt 50 1-504 
St!llosanfhrs 

anthracnose 652-662. 710 
foliar blight 064, 666 
little lcaf 685-687 
minor bactcarial discirses 0 5 1 
minor fungal diseases 65 1 
rrematodcs 051,689-09 1 
rust 674,676-679 
viruses 43. 651 

Subterrancarl clover rnottlc virus 59 5 
Subtcrr~~rrean clover red lcaf virus 39 2.427. 50 3 
Subterranean clovcr stunt virus 595 
Suddcn death syndromc 128 
Surnmer dcuth 1 X 3 
Sunllower ycllow blotch virus 69 
Sunn-hemp mosaic virus 9 . 2 7 4  
Sweet clover necrotic virus 59 5 
S!jr~c,lr{{tri~irrt 

urqucrtorirrtsr 22 
ulysirarpi 22 
arrragerrsc 2 2 
cbussioc 22 
r i l r i r~~~r r~  22, 24 
cookii 22 
crustatrr~n 22 
cyctmopsac, 2 2 
drcipirr~s 2 2 , 2 3  
desrnodii 21.22,  23.24, 669-674 
dolirhi 6. 22, 23, 271 
rriosvmatis 22, 2 3 
mirr~rtum 22 
eheseoli 22, 23, 24, 670 
phusc'oli-rudiufi 2 3 
psophocurpi 1 5 ,  2 3. 24. 2 5 
rh!jnchnsine 2 3 
urn bilic,ut urrr 2 3 
znrniuu 2 3 

Tan spot 130 
Target spot 

on cowpea 270 
on soyabean 128 

Texas root rot 
on common bean 180 
on groundnut hh 

Thanalephorus 
c,ucumeris 12. 17. 180, 285-288.425, 520. 

663 
practimla 3 30 



Thiolaviopsis busiculri 5, 07. 1.29. 180. 328. 42 (I, 
474.562.593 

Thiclaviopsis roo1 rot 
on lupin 5h2 
on  soyabean 129 

'I'hrips 98. I h4-1 h5, 166, (128 
Tobacco mosaic virus 1 X 3 
'I'obacc*~ rirlgspot virus 1 1. 1 (12-1 65. 275 
Tobitcco streak virus 69. 165-lhh, 183. 175 
Tobacco yellow dwarf virus 18 3 
'Toitlato black ring virus 503. 59 5 
Tomato spotted wilt virus 1 I .  9 0 ~ 9 8 .  275. 

418. 5h3, 653 
Tric~hork~rus virtrli/'urtts 3 1 X 
l ~ ~ l c r t c ~ l t o r l ~ ~ ~ r r ~ ~ / ~ ~ t . s  70. 429. h 5 1 

Ulorludi~ori ulrurrr 42 5 
Urdbran lcaf crinkle I I 

Vascular wilt 447-451 
Virtii'illiurn 

cllbo-ulrror~ 17. (17. 5Y 3 
rk~hliac, h7. 474. 59 3 
Ir~r.urrii 207 

Verticilliuni wilt 
or1 chickpea 474 
on clover 59 3 
on cowpca 270 
on  lucerne 17 

Vic.icijubu see Faba bean 
Vigrra 

srrbtvrrarrrrr sru Hambarra groundnut 
un~~1ric~ri1ittu sc2r Cowpea 

Violet root rot 59 1 
Viruses 

in adzuki bean 44 
in Aruchis 43. 654 
in batnbarra groundnut 4 3 
in Crntrosurna 4 3.44, 652 
in chickpea 43.44.475. 501-504 
inclover 43.44. 594-595. 619-(131 
in common bcan 4 3 , l  X 3.222-2 33 
incowpea 43. 273-275, 297-302 

in Crotalaria 4 3 
in Dusmodium 43. 65 3 
it1 I'aba bcan 43, 44. 373. 392-403 
in groundnut 43.44 
in hyacirllh bcan 9 
in lentil 43. 44. 417-428 
it1 lima bcan 7, 4 3 
in lupin 43. 563. 574-579 
in Muc~ri)ptilirrrtr 44, 654 
irl rnungbcan 4 3 
in pea 43.44. 318. 347 358 
in Rh!jrrclrosia 4 3 
i r l  soyabean 43. 130, I 58-1 (16 
in St~{losirrrll~es 4 3. 6 5 1 
in Vigrrcr 1 1 
see olso named viruses 

Voantkaeia nccrotic rnostiic virus 1 3 

Wrh hlight 
on bnmbarra groundnut 12 
or1 common bean 180 
on cowpea 285-188 
on  hyitctr~th bcan X 
or1 Irma bean 5 
on pigeorlpea 520 
or1 Vigrtn 1 0  
on winged bean 14 

Weh blotch 90-92 
Wecvtls 397 
Whtte clover nlosaic virus 62 3-15? 5 
Wlr~tc lcaf spot 1 8 1 
White tiloulrl 

on chickpea 474 
on  cornmorl bcan 1 8 1 
on hyacinth heitrl 8 
on lupin 562 
on peit 3 38-34) 
on soyahearl 1 51-1 54 

Wildtirc 
on comniorl bcan 1 82 
or1 cowpca 29 1 
on soyaheon 1 30 

Wilt 
on faba bran 390- 39 1 
on  soyabcan 1 30 

Wilt syndronl' 652 
Winged bear] 14-1 5.13. 24.2 5 
Winter crown rol 1 7 
Witches' broom 

on clover 5 9 3 
on pigeonpea 540-542. 544 

Witchweed 
on bambarra groundnut 13 
on cowpea 21. 302-307 
on  hyacinth bean 9 

Wororrirlla cinrc~qurtsis 22 



750 INDEX 
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X(iritJtorr~~~r~(~s 
cixor~ol~odis pv, phascnc)li 2 10. 29 2 
c~nr?rpr.slris pv. rr'njrtrii 39, 520 

pv. glycir~es 38, 39, 130, 21 1 
pv. pllnsuoli 9. l 1. 38-42, 2 10--2 1 6 .  

424.714 
pv. \igrltrc3mdintue 1 1 ,  38, 40, 21 1 
pv. \~i~~r~nenr~yrtic~i~lnt~~e 38. 40. 291 -297 
pv. vig~~ii'olu 1 1. 40. 29 1-19 7 
other pathovars 39-40 

Yeast spot 
on common bran 18 1 
on hyacinth bcan I) 

or1 linia bcar~ h 
Yellow blister 27 1 
Yellow dot 1 8 3 

on colnnion bran 1 X 3 
on chickpen 47 5 
on  lentil 427 
on pigonpea 520 

Yellow stipple 1 8 3 
Ytllow vein 652 

Znnatc Ir;lf spot 
on ('c,r~trost,nro hh7- hhY 
on cowpca 2 7 1 
on groundnut h8 
on Vi!]rio 10 
or1 wing'tl bean 14 

Zc~rrliu 
minor litrlgol diseases 2 3 ,  34 
rust h7h. h77-079 
scilb 30, 680 (185 
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