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Sterility Mosaic Disease— 
the “Green Plague” of Pigeonpea 

Advances in Understanding the Etiology, Transmission and Control of a Major Virus Disease 
 

Sterility mosaic (SMD) is the most dam-
aging disease of pigeonpea (Cajanus cajan 
(L.) Millsp.) in the Indian subcontinent. 
After seven decades of research, vital 
breakthroughs made on the identification, 
detection, and transmission of the causal 
agent of this major disease are enabling the 
development of broad-based durable 
resistant pigeonpea cultivars. These break-
throughs will contribute greatly to sustain-
able pigeonpea production and enhance the 
income and livelihood of poor farmers in 
the semiarid tropics of the Indian sub-
continent. 

The Crop 
Pigeonpea (Fig. 1) is the most versatile 

grain legume crop grown in the semiarid 
tropical and subtropical regions between 
25° N and 30° S in Asia, Africa, and the 
Americas (Fig. 2) (76). It is cultivated on 
5.25 million hectares, with annual produc-
tion of over 3 million tonnes contributing 
to about 5% of the total world production 
of pulses (Food and Agriculture Organiza-
tion of the United Nations [FAO], pub-
lished online). Nearly 90% of the global 
pigeonpea cultivation is confined to India 
and Nepal, the remainder is in Africa (6%), 
the Caribbean (2%), and other Southeast 
Asian countries (Fig. 2). 

Pigeonpea is a very important subsis-
tence crop in marginal farming systems 
adopted by millions of smallholder farmers 

in the Indian subcontinent (Figs. 2 and 3). 
The fast-growing, deep, extensive root 
system allows plants to grow and produce 
grain in very arid conditions and in 
drought years when no other crop can 
survive. Furthermore, the slow growth of 
the plant above ground during its early 
phase offers very little competition to other 
crops and allows productive intercropping 
with virtually any crop. It is grown as a 
sole crop or as an intercrop mixed with 
cereals (maize, sorghum, pearl millet, 
finger millet), fiber and other legume crops 
(groundnut, soybean) under wide climatic 
conditions in rain-fed low-input agri-
cultural systems. 

Pigeonpea is grown for its seed for hu-
man consumption and for income genera-
tion by trading surpluses in local and com-
mercial markets, but it is widely used for 
diverse purposes (11; Fig. 1). Pigeonpea 
assimilates more nitrogen per unit of plant 
biomass than most other legumes, can 
nodulate in most soils, and mobilizes soil-
bound phosphorus. This benefits both the 
pigeonpea crop and subsequent crops in 
rotation, thus contributing to increased 
productivity and soil amelioration (1,12). 
Because of these features, pigeonpea has 
recently been used to restore soil fertility 
and to prevent soil erosion (4,62,78). 

Pigeonpea seed contains 20 to 30% pro-
tein, is rich in essential amino acids, car-
bohydrates, minerals, and high amounts of 
vitamins A and C (17,63), and is the prin-
cipal source of dietary protein for an esti-
mated 1.1 billion people, most of whom 
are vegetarian and poor (Fig. 3). Because 
pigeonpea is a low-input rain-fed crop with 
characteristics that provide economic re-
turns from each and every part of the plant, 
its cultivation has a direct bearing on the 
overall economic and financial well-being, 
and on the nutritional status of subsistence 
farmers in the subcontinent. 

The Disease 
Sterility mosaic disease (SMD), first de-

scribed in 1931 from Pusa, Bihar State, 
India (39), and subsequently from the rest 
of India, and other pigeonpea-growing 
countries in Asia, is not known to occur in 
Africa or the Americas (56). SMD is the 
major constraint on pigeonpea production 
in the Indian subcontinent and occurs with 
regularity and, under suitable conditions, 
spreads rapidly, leading to epidemics. 
Yield losses depend on the growth stage at 
which infection occurs. The disease is 
sometimes referred to as the “Green 
Plague” because at flowering time, af-
fected plants are green with excessive 
vegetative growth and have no flowers or 
seed pods; under congenial conditions, it 
spreads rapidly like a plague, leading to 
severe epidemics (69). SMD infection at 
an early stage (<45-day-old plants) results 
in a 95 to 100% loss in yield (25,59), while 
losses from late infection (>45-day-old 
plants) depend on the level of infection 
(i.e., number of affected branches per 
plant) and range from 26 to 97% (25). 
Seeds from partially affected plants are 
discolored and shriveled, with about 20% 
reduction in dry weight (Fig. 4C), and 
attract only a poor price. Maximum virus 
incidence and yield losses occur in ra-
tooned and perennial pigeonpea (59). In 
addition, SMD infection predisposes plants 
to powdery mildew (Oidiopsis taurica) 
(54) infection and infestation by spider 
mites (Schizotetranychus cajani) (71), 
compounding the damage. 

Precise data on the impact of SMD and 
its socio-economic importance are limited, 
but in assessing the economic importance 
of various biotic problems of pigeonpea, 
reports indicate that SMD causes greater 
yield losses than any other disease affect-
ing pigeonpea in India (25). In India alone 
in 1984, losses due to SMD were estimated 
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at 205,000 tons of grain valued at US$76 
million (25), and in India and Nepal in 
1993, losses were US$280 million (58). 
More recent studies on the economic 
impact of SMD are lacking, but the disease 
is endemic in the subcontinent and contin-
ues to be responsible for greater losses 
than ever before (10,56,80). 

The disease is characterized by one or 
more of the following features: complete 
or partial cessation of flower production 
(sterility), mosaic or chlorotic ringspot 
symptoms on leaves (Figs. 4 and 5A, B), 
excessive vegetative growth, stunting, and 
reduction in leaf size (56,59). The precise 
symptoms vary depending on the pigeon-

pea genotype and are categorized into 
three types: (i) severe mosaic (Fig. 5A, B) 
and sterility (Fig. 4); (ii) mild mosaic (Fig. 
5A) with partial sterility; and (iii) chlorotic 
ring spots (Fig. 5A) without any noticeable 
sterility. Symptoms also depend on the 
time of infection. Infection in susceptible 
genotypes at an early stage of crop growth 

Fig. 1. Pigeonpea – a multipurpose grain legume. 

 

Fig. 2. Worldwide distribution of major pigeonpea growing areas (red dots); sterility mosaic disease (SMD) endemic regions indi-
cated within the blue rectangle. 
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(<30- to 45-day-old plants) results in the 
expression of characteristic disease 
symptoms in 10 to 15 days and almost 
complete cessation of flowering, but leaf 
symptoms become masked as plants grow. 
Later infection in susceptible cultivars 
(>50- to 60-day-old plants) results in 
slightly delayed symptom development 
and then only mild mosaic symptoms on 
only a few branches or parts of branches, 
and such plants show reduced flowering 
(20 to 50%). However, after ratooning 
(severe pruning), new growth from such 
plants shows severe mosaic symptoms and 
complete sterility (Fig. 5B). 

The SMD causal agent was not known, 
but graft transmission experiments showed 
that it was an infectious agent (7) that, 
under natural conditions, is transmitted by 
the eriophyid mite, Aceria cajani Channa-
basavanna (Acari: Arthropoda) (Fig. 6) 
(27,53,65). Susceptible genotypes inocu-

lated either with mites or by grafting show 
similar symptoms, but genotypes that show 
only chlorotic ring spots express 
symptoms when infected with mites but 
seldom when graft-inoculated (N. K. Kul-
karni and P. L. Kumar, unpublished data). 

The disease agent has remained elusive 
to identification and characterization over 
many decades, but studies demonstrated 
that it is not a fungus, bacterium, or phyto-
plasma-like agent (20,42,69). The invari-
able association of vector mites with dis-
eased plants led to a speculation that the 
symptoms were the result of mite toxemia, 
but this was excluded by critical experi-
ments using SMD-agent-free mite colonies 
on SMD-susceptible pigeonpea cultivars 
(20,27). In the absence of other likely 
causes, and on the basis of symptoms and 
transmission by mites, the SMD agent was 
therefore assumed to be a virus, but despite 
several attempts, especially during the past 

20 years, the disease agent has remained 
uncharacterized and has posed a major 
challenge to the scientific community 
(35,42,69). 

SMD diagnosis and the selection of 
germ plasm resistant to it have therefore 
been based solely on symptom expression. 
However, such diagnosis is complicated by 
the fact that symptom expression is gov-
erned by many biotic and abiotic factors 
and that pigeonpea is cross-pollinated so 
that genotypic variability, induced as a 
result of cross-pollination, also plays an 
important role in symptomatology. The 
unambiguous identification and utilization 
of resistant genotypes has therefore been 
hindered severely by the lack of sensitive 
diagnostic tools for the unequivocal identi-
fication of the disease agent. 

Advances Allowing Development  
of Disease Control Strategies 

Isolation, purification, and properties 
of the causal virus. Previous work showed 
that the causal agent of SMD was 
transmitted by eriophyid mites (20,53,65). 
As these microscopic animals, particularly 
A. cajani, possess only a short stylet of 
~2.03 µm, this allows penetration into only 
epidermal and, at most, underlying meso-
phyll cells (60). They can therefore only 
acquire the disease agent if it is present in 
such plant cells. Viruses occurring in such 
tissues are usually transmitted mechani-
cally in sap extracts, and all the character-
ized mite-transmitted viruses are transmis-
sible in this way, although for some, only 
with great difficulty (21,23,24,44). Against 
this background, we assumed that host 
polyphenolic compounds interfere with the 
stability and/or the infectivity of the SMD 
agent, thereby inhibiting virus infectivity 
and/or purification of virus particles. A 
purification procedure to minimize the 
influence of such components was there-
fore developed involving extraction of 
infected leaves in buffer containing chelat-
ing and reducing agents, high concentra-
tions of nonionic detergent, and the pre-
cipitation of virus particles by polyethyl-
ene glycol. Further purification was 
achieved by quasi-equilibrium zonal cen-
trifugation in sucrose and in CsCl gra-
dients (30,34,36). Preparations made in 
this way contained aggregates of highly 
flexuous, apparently irregularly branched, 
filamentous virus-like particles (VLPs) of 
8 to 11 nm diameter and of undetermined 
length, resembling in appearance particles 
of tenuiviruses (Fig. 7) (16). Comparable 
preparations from healthy pigeonpea 
leaves were free from such particles. The 
purified virus preparations contained a 
major protein of 32 kDa and up to seven 
segmented RNA species of size 6.8 to 1.1 
kb. Such particles were isolated consis-
tently from all SMD-affected plant sam-
ples collected from different locations of 
peninsular India and from SMD-affected 
pigeonpea samples infected by graft inocu-

Fig. 4. Farmer holding a branch from a healthy pigeonpea plant (left) and branch from
a sterility mosaic disease (SMD)-affected pigeonpea plant (right). Note the lack of
flowers and increased vegetative growth on the infected branch. Because SMD
inhibits flower production, there is 100% crop loss when infection occurs at an early
stage of crop growth. 

Fig. 3. Pigeonpea supplies much-needed dietary protein to more than 1 billion people,
most of whom are poor and vegetarian. 
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lation, and by infective mites (A. cajani). 
Because of this very close association, the 
virus was named Pigeonpea sterility mo-
saic virus (PPSMV) (30,34,36) and was 
the first evidence of a causal agent for 
SMD. 

Although the purified PPSMV VLP 
preparations were not infective to pigeon-
pea plants, PPSMV was transmitted ex-
perimentally, but with difficulty, by me-
chanical inoculation of fresh leaf sap ex-
tracts of SMD-affected pigeonpea to 
Nicotiana benthamiana and N. clevelandii. 
However, it was not possible to transmit 
the agent from infected Nicotiana species 
to pigeonpea by mechanical inoculation of 
sap. Systemically infected leaves of the 
Nicotiana species developed mild chlorosis 
and some necrotic spots (Fig. 8) 
(30,33,34). 

Diagnostics for the causal virus. Poly-
clonal antibodies to PPSMV VLP prepara-
tions produced in a rabbit were very effec-
tive in detecting PPSMV in plant tissues 
by the double antibody sandwich (DAS) 
and direct antigen coating forms of ELISA 
using enzyme-labeled (alkaline phospha-
tase or penicillinase) immuno-gamaglobu-
lin. These assays were simple, sensitive, 

and cost effective, and easily adaptable to 
conditions in developing countries (34). 
PPSMV was detected by ELISA in all 
SMD-affected pigeonpea plants infected 
experimentally by A. cajani and by graft-
ing, and naturally in the field at several 
different locations in India, and in infected 
accessions of wild pigeonpea, Cajanus 
scarabaeoides (L.) Benth. Furthermore, it 
was detected in various pigeonpea geno-
types showing the different symptom 
forms of the disease, and from N. bentha-
miana and N. clevelandii infected by me-
chanical inoculation. Leaves from hun-
dreds of healthy or uninoculated pigeonpea 
plants were negative in ELISA (28,34). 
Taken together, these data demonstrated 
the complete and specific association of 
PPSMV with SMD, and provide very 
strong circumstantial evidence that 
PPSMV is the causal agent of the disease, 
ending the search for one of the most elu-
sive plant pathogens. Unequivocal evi-
dence that PPSMV is the causal agent 
depends on fulfilling Koch’s postulates, 
but several technical difficulties prevent 
this, including the unstable nature of the 
virus and the difficulty of infecting pi-
geonpea by mechanical inoculation. 

Novelty and relationships of the 
causal virus. The properties of PPSMV 
indicate that it is a previously undescribed 
virus with an unusual combination of 
properties. In the size and appearance of its 
VLPs and the number and sizes of its 
protein and RNA components, it is similar 
to viruses in the genus Tenuivirus (16). 
However, all tenuiviruses are phloem lim-
ited, transmitted by Delphacid planthop-
pers, and infect plant species in the 
Poaceae (16). 

Ultrastructural studies of PPSMV-in-
fected pigeonpea and N. benthamiana 
plants identified 100- to 150-nm quasi-
spherical membrane-bound bodies (MBBs) 
and fibrous inclusions (FIs) (Fig. 9A, C) 
(30). The MBBs were labeled in situ 
specifically with antiserum to PPSMV, 
indicating that they contain the PPSMV-
specific 32-kDa antigen (Fig. 9B). The FIs 
found in PPSMV-infected cells are possi-
bly a nonstructural inclusion protein of 
PPSMV (30). Although tenuiviruses do not 
produce cellular inclusion bodies that 
resemble the MBBs found in PPSMV-
infected cells, their nonstructural protein 
inclusions (NCP) in infected cells resem-
ble the FIs of PPSMV (14,15,30). 

PPSMV also resembles tospoviruses 
that share many properties with tenui-
viruses. Thus, the filamentous VLPs of 
PPSMV resemble the nucleoprotein parti-
cles of Tomato spotted wilt virus (TSWV), 
and the MBBs of PPSMV are similar to, 
although larger than, those of TSWV (26). 
Despite these similarities, serological tests 
failed to detect any relationship of PPSMV 
to Maize stripe virus (MSpV) and Peanut 

Fig. 5. A, Leaf symptom types of sterility mosaic disease (SMD) induced as a result of 
genotype–virus interactions. From left to right: a healthy pigeonpea plant, a genotype
showing mild mosaic symptoms, a genotype showing chlorotic ring spots, and a
genotype showing severe mosaic symptoms. B, New growth from ratooned pigeonpea 
showing severe SMD symptoms. C, Pigeonpea seed from healthy (right) and SMD-
affected plants (left). 

Fig. 6. Scanning electron micrograph of
Aceria cajani, the vector of Pigeonpea 
sterility mosaic virus (PPSMV). It is an 
obligate pest dependent on pigeonpea 
during all stages of its life cycle, and it 
inhabits the underside of leaves. In na-
ture, PPSMV and the vector coexist. Bar 
= 10 µm. 
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bud necrosis virus (PBNV), a tenuivirus 
and a tospovirus, respectively, that are 
endemic in the Indian subcontinent 
(18,48,52). Furthermore, whereas tospovi-
ruses, tenuiviruses, and several other mem-
brane-associated plant viruses are trans-
mitted in a persistent and often propagative 
manner by their invertebrate vector species 
(77), PPSMV is transmitted by an 
eriophyid mite in a semi-persistent manner 
(27). Moreover, the nucleotide sequence of 
c. 2 kb of PPSMV-RNA and the monoiso-
topic masses of the 32-kDa nucleoprotein 
show no similarity with these viruses, or 
with any other organisms in databases (34; 
P. L. Kumar and A. T. Jones, unpublished 
data). 

The VLPs of PPSMV show some mor-
phological similarity to species in the ge-
nus Ophiovirus, but members of this genus 
differ from PPSMV in the number and 
sizes of their protein and RNA components 
(77), and there is no serological relation-
ship detected between PPSMV and three 
members of this genus (30,34). 

PPSMV shows most similarity with 
High Plains virus (HPV) (23), as each 
virus is transmitted by eriophyid mites, has 
4 to 7 RNA species, a virus-specific 32-
kDa protein, MBBs of similar size and 
morphology, and is mechanically transmit-
ted with difficulty in sap extracts but not in 
purified preparations (2,23,30,37,38). 
However, no serological relationship was 
detected between these two viruses (34). 
MBBs similar to those detected in 
PPSMV- and HPV-infected plants are also 
detected in plants affected with other erio-
phyid mite-transmitted agents that cause 
fig mosaic, wheat spot mosaic, thistle mo-
saic, and rose rosette diseases (3,6,19). 
These agents, together with PPSMV and 
HPV, probably represent species in a new 
genus of plant viruses. 

In leaf sap extracts and in purified prep-
arations of PPSMV and HPV, no structures 
comparable to MBBs were detected 
(23,30), but for each virus, their MBBs 
were heavily labeled with their respective 
antiserum to purified VLPs. It is therefore 

possible that these particles are released 
from ruptured MBBs during the purifica-
tion process. However, attempts to detect 
MBBs in purified PPSMV preparations 
concentrated without the use of detergents 
and organic solvents, or by fixing sap 
extracts in glutaraldehyde, were not suc-
cessful. It is likely that the lack of infectiv-
ity of purified preparations could be due to 
the length of time that the VLPs are in vi-
tro, for we have shown that PPSMV infec-
tivity is short-lived in sap (15 min) (33,34). 
Alternatively, intact MBBs may be 
required for infectivity, and these are 
destroyed in the purification process. Pres-
ently, therefore, it is unclear if either the 
MBBs or the filamentous VLPs represent 
the infective particles of PPSMV. 

Transmission of the causal virus by 
the eriophyid mite vector. PPSMV is 
transmitted by the eriophyid mite, A. ca-
jani (Fig. 6) (20,65). This mite is highly 
host-specific and is largely confined to 
pigeonpea and its wild relatives, C. scara-
baeoides and C. cajanifolius. Adult A. 
cajani measure 200 to 250 µm and have a 
very short life cycle of about 2 weeks 
comprising egg (30 × 40 µm) and two 
nymphal stages (45). Mites inhabit the 
lower surface of leaflets and are found 
predominantly on symptomatic leaves of 
PPSMV-infected plants (31,41,55). Their 
feeding causes no obvious damage to the 
host. Once established on PPSMV-suscep-
tible genotypes, mites can multiply to high 
densities within a few weeks. Their disper-
sal is passive, assisted mainly by wind 
currents. 

Little was known about the mechanism 
of transmission of PPSMV by A. cajani 
because studies were hindered by difficul-
ties in rearing healthy mite colonies, ma-
nipulating individual A. cajani, and the 
lack of information on the causal agent of 
SMD and its unequivocal detection in 
plants. However, we have now overcome 
most of these difficulties and have shown 
that the virus is transmitted by the vector 
mite in a semi-persistent manner (27). 
Studies on two other mite-transmitted 

viruses also indicate a semi-persistent 
mode of transmission (21,40,72). 

Our studies showed that single A. cajani 
transmit PPSMV, but the maximum trans-
mission achieved with single mites was 
about 50%, which is high compared with 
the efficiency reported for the few other 
mite-transmitted viruses studied in detail 
(21,46). To transmit PPSMV, A. cajani 
required a minimum 15-min acquisition 
access period and 90-min inoculation ac-
cess period, but these times were decreased 
to 10 and 60 min, respectively, when mites 
were starved prior to feeding. Viruliferous 
mites lose the ability to transmit PPSMV 
after feeding for 2 to 10 h on healthy 
plants, and there is no apparent latent 
period. As with other eriophyid mite–
transmitted viruses, there is no evidence 
for transovarial transmission (44). 

A. cajani retain PPSMV for up to 6 h 
when feeding and for more than 13 h with-
out access to a susceptible host, explaining 
the ability of A. cajani to transmit PPSMV 
after being carried in wind currents to new 
plants. Although A. cajani remain alive 
without feeding for up to 30 h in a moist 
chamber, they do not survive when trans-
ferred to plants, so that in nature it is 
unlikely that mites survive for very many 
hours without feeding. 

Efficient screening methods for virus 
resistance. Based on the above findings, a 
protocol for rapid screening of pigeonpea 
genotypes under laboratory conditions was 
developed. Pigeonpea plants raised in 
growth chambers were inoculated at the 
two-leaf stage with viruliferous mites by 
stapling SMD-affected pigeonpea leaves 
containing mites onto leaves of test plants 
(43). About 2 to 3 weeks later, plants were 
assessed for disease symptoms on leaves 
and tested for PPSMV in DAS-ELISA. 
Resistant genotypes (asymptomatic and 
ELISA negative) were inoculated again by 
petiole grafting (51) with mite-free SMD-

 

Fig. 8. Symptoms in Nicotiana bentha-
miana following mechanical inoculation 
with sap from a Pigeonpea sterility mo-
saic virus–infected pigeonpea plant.

Fig. 7. Electron micrographs of the flexuous filamentous virus-like particles of Pigeon-
pea sterility mosaic virus (PPSMV) in a preparation purified from infected pigeonpea in
uranyl acetate, pH 3.5, showing their linear (right, arrows) and branched and circular
(left) structure. Bars represent 100 nm. 
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infected pigeonpea material to identify 
their resistance to the virus. Screening in 
this way demonstrated that resistant geno-
types were either (i) resistant to PPSMV 
only, (ii) resistant to the mites only, or (iii) 
resistant to both PPSMV and mites. It 
proved possible to determine the nature of 
the resistance to SMD in individual pi-
geonpea genotypes within 6 to 8 weeks. 

Variation in host plant resistance. In 
screening trials initiated in 1975, ICRISAT 
and the Indian Council of Agricultural 
Research identified some pigeonpea culti-
vars with some field resistance to SMD 
infection. Although the resistant lines per-
formed well in field trials at ICRISAT, 
Patancheru, and surrounding regions, their 
resistance elsewhere in the Indian subcon-
tinent was much less effective (57). There 
are three possible reasons for this location-
specific resistance in genotypes: variation 
within the mite vector, the virus, or both 
organisms. In order to produce durable 
resistance to SMD in pigeonpea genotypes, 
it was essential that the reason(s) for this 
location-specific resistance was deter-
mined. Analysis was therefore made of 
variation in the pigeonpea mites and 
PPSMV isolates present in the regions of 
the subcontinent where SMD resistance 
had been overcome. 

Analysis for mite vector variation. Erio-
phyid mites (Arthropoda: Acari) are 
among the smallest arthropods known, and 
accurate identification of species, particu-
larly by morphological characters, is very 
difficult because of their very small size 
(~200 µm) and their morphological simi-
larity. Because of the microscopic size and 
soft body of these tiny animals and be-
cause single individuals are difficult to 
manipulate, we used a polymerase chain 
reaction (PCR)-based rDNA analysis tech-
nique that we showed previously to be 
rapid and sensitive in the unambiguous 
identification of morphologically closely 
related Cecidophyopsis mite species 
(18,32). Scanning electron microscopy was 
also used to study morphological features 
of A. cajani from India, Nepal, and 
Myanmar based on the first description of 
A. cajani by Channabasavanna (8). 

These analyses of mite populations ob-
tained from SMD-affected plants from 
several locations in India, Nepal, and 
Myanmar indicated that there was no sig-
nificant variation in rDNA regions, or in 
the morphological features studied by 
scanning electron microscopy (31). Such 
results suggested that A. cajani on pigeon-
pea across the Indian subcontinent consti-
tuted one population and that no other 
Aceria species (and probably no A. cajani 
biotypes) are involved in PPSMV trans-
mission. This indicated that the breakdown 
in SMD-resistance in pigeonpea genotypes 
across the Indian subcontinent is not influ-
enced by variation in the mite vector,  
A. cajani. 

Analysis for virus variation. To assess 

the possibility of virus variation as the 
cause of breakdown in resistance, a set of 
differential pigeonpea genotypes were 
planted at different field locations (57). 
Based on symptoms in these differential 
pigeonpea genotypes, the PPSMV isolates 
present on pigeonpea at Patancheru, An-
dhra Pradesh (P), Bangalore, Karnataka 
(B), and Coimbatore, Tamil Nadu (C), 
were found to be different (Table 1). 

Analysis of the virus isolates at these lo-
cations showed that they were indistin-
guishable serologically in ELISA and at 
the genome level using reverse transcrip-
tion–polymerase chain reaction (RT-PCR) 
with primers based on the sequence to part 
of RNA 5. However, in Western blot analy-
sis to detect the PPSMV-specific 32-kDa 
protein in leaf sap, isolate C was clearly 
distinguished from the other two isolates in 
reacting only weakly with antiserum to 
isolate P. Furthermore, the protein specifi-
cally associated with the VLP preparations 
of isolate C had a size of c. 35 kDa, and 
not 32 kDa as with isolates P and B. This 
difference in the size of the VLP-associ-
ated protein may be due to the fact that 
they do differ in size or that all three iso-
lates have a protein of 35 kDa but that 
those in preparations of isolates P and B 
are readily degraded to 32 kDa. Whatever 
the precise reason for the difference in 
size, isolate C is clearly different chemi-
cally as well as biologically from the other 
two isolates. The basis for the breakdown 

in PPSMV-resistant genotypes seems 
therefore to be due to regional variation in 
PPSMV isolates (P. L. Kumar and A. T. 
Jones, unpublished data). 

The nucleotide sequence of the genome 
of the three PPSMV isolates is necessary 
to identify those sequences contributing to 
biodiversity. Once this is obtained, the 
sequence of the genome regions that differ 
will be used to develop sensitive nucleic 
acid–based methods, such as RT-PCR and 
nonradioactive nucleic acid probes, to 
detect and differentiate PPSMV isolates. 

Durable SMD Resistance  
and Disease Management 

Identification of broad-based SMD-
resistant genotypes. Adequate levels of 
SMD resistance are scarce in the cultivated 
pigeonpea gene pool, but wild relatives of 
pigeonpea have been shown to possess 
high levels of resistance to several pigeon-
pea biotic constraints (61). Among these, 
C. scarabaeoides, which is widely distrib-
uted predominantly in Asia and Australia, 
is placed in the secondary gene pool and is 
cross-compatible with cultivated pigeon-
pea via traditional breeding or introgres-
sion through backcrossing methods (64). 
ICRISAT maintains accessions of this 
species, and 110 of them were tested 
against PPSMV isolates P, B, and C. Some 
were resistant to only isolate P, others to 
only isolate B, but a few were resistant to 
isolates B, P, and C, and no symptoms or 

  
Table 1. Symptom response of some pigeonpea genotypes to infection with three isolates of 
Pigeonpea sterility mosaic virus (PPSMV) 

 Genotype PPSMV-P PPSMV-B PPSMV-C  

 ICP 2376 Ringspotsa Severe mosaic Severe mosaic  
 ICPL 7035 No symptoms No symptoms No symptoms  
 ICP 10976 Mild mosaic Mild mosaic Severe mosaic  
 ICP11164 No symptoms Mild mosaic Severe mosaic  
 PURPLE 1 Severe mosaic Severe mosaic Mild mosaic  
 a Bold font indicates differences in reaction from the other two isolates. 

 
 

Fig. 9. A, Cytopathology of Pigeonpea sterility mosaic virus (PPSMV)-infected 
pigeonpea cells showing membrane-bound bodies (MBB; indicated by arrows) and 
fibrous inclusions (FI; indicated by arrowheads). B, Immuno-gold labeling of PPSMV 
polyclonal antibodies to MBBs in PPSMV-infected pigeonpea cells. C, FIs in SMD-
affected cells. ch, chloroplast; na, nucleus; va, vacuole. 
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mites were noted on these plants. In addi-
tion, some resistant accessions also pos-
sessed resistance to pest damage, cyst 
nematode, and wilt (29). These sources of 
broad-based SMD resistance identified in 
C. scarabaeoides are being used for incor-
porating SMD resistance into existing 
cultivated pigeonpea. 

Mechanisms and inheritance of resis-
tance to SMD. Our studies have indicated 
that SMD resistance in some genotypes is 
due to immunity to PPSMV, in others to 
resistance to A. cajani, and in a few others 
to resistance to both organisms. With re-
gard to mite resistance, it is known that 
some SMD-resistant genotypes have a 
thicker leaf cuticle and epidermal cell wall 
than those of mite-susceptible genotypes 
(60). Conceivably, the thick cuticle pre-
vents the short mite stylets reaching epi-
dermal cells, preventing feeding altogether. 

A complicating factor in determining the 
precise nature of the resistance mechanism 
is our finding that the reproduction of A. 
cajani is much greater on PPSMV-infected 
plants than on healthy plants of the same 
genotype, confirming some earlier field 
observations (27,28,41,55). There seems 
therefore to be a beneficial relationship 
between the vector mite and the virus it 
transmits, and this may explain why mites 
are rarely found on PPSMV-resistant 
pigeonpea genotypes. Interestingly, com-
pared with healthy plants, greatly in-
creased numbers of the eriophyid mite, 
Cecidophyopsis ribis, occur on blackcur-
rant plants infected with the Blackcurrant 
reversion virus that it transmits (24,75), 
and of Phyllocoptes fructiphylus on multi-
flora rose infected with the agent of Rose 
rosette disease that it transmits (13). 

Earlier studies indicated that susceptibil-
ity to SMD is dominant over tolerance and 
that resistance and disease response to 
SMD infection is under the control of 
independent nonallelic genes (66,70,73,74). 
However, our finding of several distinct 
resistance mechanisms to SMD infection, 
the occurrence of at least three PPSMV 
strains, the close relationship between mite 
numbers and PPSMV infection, and the 
wide array of pigeonpea lines, makes the 
interpretation of this earlier data more 
difficult. 

SMD epidemiology. SMD occurs in 
every year in most of the pigeonpea grow-
ing regions in India, but the incidence in 
different regions and seasons varies widely 
(69). The epidemiology of SMD is com-
plex, involving the virus, mite vector, pi-
geonpea cultivar, diverse agriculture sys-
tems, and the unpredictable environment of 
the semiarid tropics. Conflicting reports 
exist on the influence of climatic condi-
tions on the epidemiology of SMD 
(9,57,68), but it is accepted that crops 
grown under irrigation or near irrigated 
fields are the most vulnerable to early 
SMD infection (47). 

As the disease is not seedborne, it has to 

be introduced into the field by the mite 
vector. Information on the sources of pri-
mary inoculum is limited owing to the 
diversity of crop seasons in marginal farm-
ing systems. However, likely sources in-
clude diseased plants left in fields after 
harvest, on field banks, or in kitchen gar-
dens, and the presence of perennial pi-
geonpea or wild relatives of pigeonpea 
such as C. scarabaeoides. The most com-
mon source of inoculum in rain-fed pi-
geonpea agriculture is the stubble left in 
the field after harvesting and plants near 
water sources such as canals and wells, or 
in the shade, as these plants maintain their 
foliage and harbor mites as well as virus. 
Following early rains, such plants start 
growing and provide an inoculum source 
for newly emerging crops nearby. Such 
early primary infection provides the maxi-
mum opportunity for repeating the cycle of 
infection. Disease spread within fields in a 
season depends on proximity to the source 
of inoculum, plant age, pigeonpea cultivar, 
climatic factors, and mite populations. 

Factors governing the appearance of 
SMD in areas with only one pigeonpea 
crop followed by a long temporal gap, or 
where volunteer pigeonpeas are not com-
mon, are unknown. Nevertheless, it is 
likely that in such regions wild Cajanus 
species play a significant role in harboring 
the virus and its vector mite. Additionally, 
as pigeonpea cultivation in the subconti-
nent often overlaps in different geographi-
cal regions and as cultivars differ in matur-
ity periods and include perennials, mites 
from such plants may possibly be carried 
long distances by wind currents to serve as 
inoculum sources. However, this explana-
tion must be tempered by the knowledge 
that mites survive for only a few hours in 
the absence of feeding hosts and are highly 
sensitive to fluctuations in relative humid-
ity and temperature. 

SMD management. In the past, several 
methods have been studied to reduce SMD 
incidence. The application of pesticides to 
delay the onset of infection and disease 
spread was found to be critically depend-
ent on the timing and dosage of applica-
tions (20,49,50), but even if these are opti-
mized, the economics preclude it as an 
option for subsistence farmers. 

Several studies to determine the effect of 
sowing dates, plant density, plant spacing, 
intercropping with millets, the use of 
border and inter-cropping with millets and 
fiber crops found no significant decrease in 
SMD incidence (5,22,49,67,79). Fur-
thermore, in rain-fed systems, farmers are 
preoccupied with other revenue generating 
activities and lack resources and labor, so 
that crop management practices are not 
likely to be effective in reducing SMD 
incidence. For such subsistence farmers, 
the most feasible and cost-effective means 
of controlling SMD is the production and 
cultivation of pigeonpea cultivars resistant 
to the disease. 

Future Developments 
These very recent advances in our un-

derstanding of the etiology, detection, and 
transmission of PPSMV and of resistance 
to it in wild Cajanus species, some of 
which are also resistant to Fusarium wilt 
and pod borer, has been a major step to-
wards an integrated approach to manage 
these serious disease problems in pigeon-
pea. The immediate outputs from our stud-
ies are two very promising pigeonpea 
genotypes with broad-based resistance to 
SMD that are currently being evaluated in 
farm trials in several states in India. The 
results to date indicate that their resistance 
to SMD is stable and that the genotypes 
are acceptable and suitable to farmers 
cultivating in different geographic loca-
tions and under different cropping systems, 
climatic conditions, and soil type (Fig. 4). 
Indeed, the demand from farmers for seed 
of this material currently greatly exceeds 
supply. Quality seed of these selections is 
being bulked up for more widespread 
release. 

This work program, involving partner-
ships between international institutes and 
national centers to address strategic and 
applied research, coupled with technology 
development and transfer to farmers 
through strong links to extension agencies 
in NARS, NGOs, and farmer communities, 
has led to a significant potential increase in 
the profitability and competitiveness of 
pigeonpea farmers in the Indian subconti-
nent in a relatively short time. Conse-
quently, such farmers can now see a possi-
ble end to the Green Plague that has so 
devastated this crop over many decades. 
For those rural communities in isolated 
arid areas in which this crop is pivotal to 
human survival, this prospect has not come 
too soon. 

Acknowledgments 
This work was funded by the United Kingdom 

Department for International Development (DFID) 
under the Crop Protection Programme for the 
benefit of developing countries. Work at the Scot-
tish Crop Research Institute is grant aided by the 
Scottish Executive Environment and Rural Affairs 
Department (SEERAD) and was done under the 
conditions of a SEERAD license for studies on 
nonindigenous organisms. The International Crops 
Research Institute for the Semi-Arid Tropics 
(ICRISAT) is a Future Harvest Center supported by 
the Consultative Group on International Agri-
cultural Research (CGIAR). The views expressed 
are not necessarily those of DFID. We thank D. V. 
R. Reddy, Frances Kimmins, Jill Lenné, and Simon 
Edengreen (Natural Resource International, UK) 
for their encouragement and support. 

Literature Cited 
1. Ae, N., Arihara, J., Okada, K., Yoshihara, T., 

and Johansen, C. 1990. Phosphorus uptake by 
pigeonpea and its role in cropping system of 
the Indian subcontinent. Science 248:477-480. 

2. Ahn, K. K., Kim, K. S., Gergerich, R. C., and 
Jensen, S. G. 1998. High plains disease of corn 
and wheat: Ultrastructural and serological 
aspects. J. Submicrosc. Cytol. Pathol. 30:563-
571. 

3. Ahn, K. K., Kim, K. S., Gergerich, R. C., Jen-



 

Plant Disease / May 2004 443 

sen, S. G., and Anderson, E. J. 1996. Compara-
tive ultrastructure of double membrane-bound 
particles and inclusions associated with 
eriophyid mite-borne plant diseases of 
unknown etiology: A potential new group of 
plant viruses. J. Submicrosc. Cytol. Pathol. 
28:345-355. 

4. Al-Nahidi, S., Saxena, K. B., Ward, C. S., 
Mehdi, Bushariy, A., and Kumar, R. V. 2001. 
Evaluation of pigeonpea cultivars through 
farmers’ participation in Yemen. Afro-Asian J. 
Rural Develop. 34:63-70. 

5. Bhatnagar, V. S., Nene, Y. L., and Jadhaw, D. R. 
1984. Sterility mosaic disease of pigeonpea in 
sorghum based cropping system. Int. Pi-
geonpea Newsl. 3:37-38. 

6. Bradfute, O. E., and Nault, L. R. 1969. Ultra-
structure of Gramineae leaf tissue infected by 
a mite-borne virus-like agent. Phytopathology 
59:1019. 

7. Capoor, S. P. 1952. Observations on pigeonpea 
sterility disease in Bombay. Indian J. Agric. 
Sci. 22:271-274. 

8. Channabasavanna, G. P. 1966. A contribution 
of the knowledge of Indian eriophyid mites 
(Eriophyoidea: Trombidiformes: Acarina). 
University of Agricultural Sciences, Hebbal, 
Bangalore, India. 

9. Dhar, V., Rathore, Y. S., and De, R. K. 1995. 
Studies on population dynamics of Aceria ca-
jani, vector of pigeonpea sterility mosaic dis-
ease. Indian J. Mycol. Plant Pathol. 25:72-73. 

10. Dharmaraj, P. S., Narayana, Y. D., Kumar, P. 
L., Waliyar, F., and Jones, A. T. Pigeonpea ste-
rility mosaic disease: An emerging problem in 
northern Karnataka. Int. Chickpea Pigeonpea 
Newsl. In press. 

11. Duke, J. A. 1981. Handbook of Legumes of 
World Economic Importance. Plenum Press, 
New York. 

12. Duke, J. A. 1985. A green world instead of the 
greenhouse. Pages 48-51 in: The International 
Permaculture Seed Yearbook, Orange, MA. 

13. Epstein, A. H., and Hill, J. H. 1998. Status of 
Rose rosette disease as a biological control for 
multiflora rose. Plant Dis. 83:92-101. 

14. Espinoza, A. M., Hernandez, M., Pereira, R., 
Falk, B., and Medina, V. 1992. In situ Immu-
nogold labelling analysis of the Rice hoja 
blanca virus nucleoprotein and major noncap-
sid protein. Virology 191:619-627. 

15. Espinoza, A. M., Pereira, R., Macaya-Lizano, 
A. V., Hernandez, M., Goulden, M., and 
Rivera, C. 1991. Comparative light and elec-
tron microscopic analyses of tenuivirus major 
noncapsid protein (NCP) inclusion bodies in 
infected plants and of the NPC in vitro. Virol-
ogy 195:156-166. 

16. Falk, B. W., and Tsai, J. H. 1998. Biology and 
molecular biology of viruses in the genus 
Tenuivirus. Annu. Rev. Phytopathol. 36:139-163. 

17. Faris, D. G., Saxena, K. B., Mazumdar, S., and 
Singh, U. 1987. Vegetable pigeonpea: A 
promising crop for India. ICRISAT, 
Patancheru, A. P. India.  

18. Fenton, B., Malloch, G., Jones, A. T., Amrine, 
J. W., Gordon, S. C., A’hara, S., McGavin, W. J., 
and Birch, A. N. E. 1995. Species identifi-
cation of Cecidophyopsis mites (Acari: Erio-
phyidae) from different Ribes species and 
countries using molecular genetics. Mol. Ecol. 
4:383-387. 

19. Gergerich, R. C., Kim, K. S., and Kitajima, E. 
W. 1983. A particle of unique morphology as-
sociated with a disease of rose in Northwest 
Arkansas. Phytopathology 73:500-501. 

20. Ghanekar, A. M., Sheila, V. K., Beniwal, S. P. 
S., Reddy, M. V., and Nene, Y. L. 1992. Steril-
ity mosaic of pigeonpea. Pages 415-428 in: 
Plant Diseases of International Importance. 
Vol. 1, Diseases of Cereals and Pulses. U. S. 
Singh, A. N. Mukhopadhyay, J. Kumar, and H. 
S. Chaube, eds. Prentice Hall, Englewood 
Cliffs, NJ. 

21. Gispert, C., Oldfield, G. N., Perring, T. M., 
and Creamer, R. 1998. Biology of the trans-
mission of peach mosaic virus by Eriophyes 
insidiosus (Acari: Eriophyidae). Plant Dis. 
82:1371-1374. 

22. Gurha, S. N., Singh, D. N., and Gopal, L. K. 
1983. Effect of population density on the inci-
dence of sterility and yellow mosaic disease of 
pigeonpea. Int. Pigeonpea Newsl. 2:47-48. 

23. Jensen, S. G., Lane, L. C., and Seifers, D. L. 
1996. A new disease of maize and wheat in the 
High Plains. Plant Dis. 80:1387-1390. 

24. Jones, A. T. 2000. Black currant reversion 
disease – the probable causal agent, eriophyid 
mite vectors, epidemiology and prospects for 
control. Virus Res. 71:71-84. 

25. Kannaiyan, J., Nene, Y. L., Reddy, M. V., 
Ryan, J. G., and Raju, T. N. 1984. Prevalence 
of pigeonpea diseases and associated crop 
losses in Asia, Africa and the Americas. Trop. 
Pest Manag. 30:62-71. 

26. Kitajima, E. W., Avila, A. C., De Resebde, R., 
De, O., Goldbach, R. W., and Peters, D. 1992. 
Comparative cytopathology and immunogold 
labelling studies on different isolates of To-
mato spotted wilt virus. J. Submicrosc. Cytol. 
Pathol. 24:1-14. 

27. Kulkarni, N. K., Kumar, P. L., Muniyappa, V., 
Jones, A. T., and Reddy, D. V. R. 2002. 
Transmission of Pigeonpea sterility mosaic vi-
rus by the eriophyid mite, Aceria cajani 
(Acari: Arthropoda). Plant Dis. 86:1297-1302. 

28. Kulkarni, N. K., Kumar, P. L., Muniyappa, V., 
Jones, A. T., and Reddy, D. V. R. 2003. Studies 
on host range of Pigeonpea sterility mosaic 
virus. J. Mycol. Plant Pathol. 33:141-145. 

29. Kulkarni, N. K., Reddy, A. S., Kumar, P. L., 
Vijaynarasimha, J., Rangaswamy, K. T., 
Reddy, L. J., Saxena, K. B., Jones, A. T., and 
Reddy, D. V. R. 2003. Broad-based resistance 
to Pigeonpea sterility mosaic disease in the ac-
cessions of Cajanus scarabaeoides. Indian J. 
Plant Prot. 31:6-11. 

30. Kumar, P. L., Duncan, G. H., Roberts, I. M., 
Jones, A. T., and Reddy, D. V. R. 2002. Cyto-
pathology of Pigeonpea sterility mosaic virus 
in pigeonpea and Nicotiana benthamiana: 
Similarities with those of eriophyid mite-borne 
agents of undefined aetiology. Ann. Appl. Biol. 
140:87-96. 

31. Kumar, P. L., Fenton, B., Duncan, G., Jones, 
A. T., Sreenivasulu, P., and Reddy, D. V. R. 
2001. Assessment of variation in Aceria cajani 
(Acari: Eriophyidae) using analysis of nuclear 
rDNA ITS regions and scanning electron 
microscopy: Implications for the variability 
observed in host plant resistance to pigeonpea 
sterility mosaic disease. Ann. Appl. Biol. 
139:61-73. 

32. Kumar, P. L., Fenton, B., and Jones, A. T. 
1999. Identification of Cecidophyopsis mites 
(Acari: Eriophyidae) based on variable simple 
sequence repeats of ribosomal DNA internal 
transcribed spacer-1 sequence via multiplex 
PCR. Insect Mol. Biol. 8:347-358. 

33. Kumar, P. L., Jones, A. T., and Reddy, D. V. R. 
2002. Mechanical transmission of Pigeonpea 
sterility mosaic virus. J. Mycol. Plant Pathol. 
32:88-89. 

34. Kumar, P. L., Jones, A. T., and Reddy, D. V. R. 
2003. A novel mite-transmitted virus with a di-
vided RNA genome closely associated with 
pigeonpea sterility mosaic disease. Phytopa-
thology 93:71-81. 

35. Kumar, P. L., Jones, A. T., Sreenivasulu, P., 
Fenton, B., and Reddy, D. V. R. 2001. Charac-
terization of a virus from pigeonpea with af-
finities to species in the genus Aureusvirus, 
Family Tombusviridae. Plant Dis. 85:208-215. 

36. Kumar, P. L., Jones, A. T., Sreenivasulu, P., 
and Reddy, D. V. R. 2000. Breakthrough in the 
identification of the causal agent of pigeonpea 
sterility mosaic disease. J. Mycol. Plant Pathol. 
30:249. 

37. Louie, R., and Seifers, D. L. 1998. Mechanical 
transmission and isolation of the High Plains 
pathogen. (Abstr.) Int. Soc. Plant Pathol., 
Edinburgh, July 1998, 1.11.15. 

38. Mirabile, J., Scholthof, K.-B. G., and Scholthof, 
H. B. 2001. Biological studies and molecular 
characterization of the High Plains disease 
pathogen. (Abstr.) Phytopathology 91:S63. 

39. Mitra, M. 1931. Report of the Imperial My-
cologist. Scientific Rep. Agric. Res. Inst., Pusa 
19:58-71. 

40. Mulligan, T. E. 1960. The transmission by 
mites, host range and properties of ryegrass 
mosaic virus. Ann. Appl. Biol. 48:575-579. 

41. Muniyappa, V., and Nangia, N. 1982. Pigeon-
pea cultivars and selections for resistance to 
sterility mosaic in relation to prevalence of 
eriophyid mite Aceria cajani Channabasa-
vanna. Trop. Grain Legume Bull. 25:28-30. 

42. Nene, Y. L. 1995. Sterility mosaic of pigeon-
pea: The challenge continues. Indian J. Mycol. 
Plant Pathol. 25:1-11. 

43. Nene, Y. L., and Reddy, M. V. 1976. A new 
technique to screen pigeonpea for resistance to 
sterility mosaic. Trop. Grain Legume Bull. 5:23. 

44. Oldfield, G., and Proeseler, G. 1996. Eriophiod 
mites as vectors of plant pathogens. Pages 
259-275 in: Eriophyoid Mites - Their Biology, 
Natural Enemies and Control. E. E. Lindquist, 
M. W. Sabelis, and J. Bruin, eds. Elsevier 
Science B. V., The Netherlands. 

45. Oldfield, G. N., Reddy, M. V., Nene, Y. L., and 
Reed, W. 1981. Preliminary studies of the erio-
phyid vector of sterility mosaic. Int. Pigeonpea 
Newsl. 1:25-27. 

46. Orlob, G. B. 1966. Feeding and transmission 
characteristics of Aceria tulipae Kiefer as vec-
tor of wheat streak mosaic virus. Phytopathol. 
Z. 55:218-238. 

47. Padule, D. N., Mewase, A. G., and Patel, B. P. 
1982. Survey for incidence of Fusarium wilt 
and other diseases of pigeonpea in central part 
of western Maharashtra. J. Maharashtra Agric. 
Univ. 7:159-161 

48. Peterschmitt, M., Ratna, A. S., Sacks, W. R., 
Reddy, D. V. R., and Mughogho, L. K. 1991. 
Occurrence of an isolate of maize stripe virus on 
sorghum in India. Ann. Appl. Biol. 118:57-70. 

49. Ramakrishnan, K., and Kandaswamy, T. K. 
1972. Investigation on virus disease of pulses 
crops in Tamil Nadu, Final Technical Report, 
TNAU, Coimbatore, Tamil Nadu. 

50. Rathi, Y. P. S. 1997. Temik treatment of pi-
geonpea seed for prevention of sterility mo-
saic. Acta Bot. Indica 7:90-91. 

51. Reddy, A. S., Kulkarni, N. K., Kumar, P. L., 
Jones, A. T., Muniyappa, V., and Reddy, D. V. 
R. 2002. Improved graft inoculation method 
for screening for resistance to Pigeonpea ste-
rility mosaic virus. Int. Chickpea Pigeonpea 
Newsl. 9:44-46. 

52. Reddy, D. V. R., Ratna, A. S., Sudarshana, M. 
R., and Kiran Kumar, I. 1992. Serological re-
lationships and purification of bud necrosis 
virus, a tospovirus occurring in peanut (Ara-
chis hypogea L.) in India. Ann. Appl. Biol. 
120:279-286. 

53. Reddy, M. V., Beniwal, S. P. S., Sheila, V. K., 
Sithananthan, S., and Nene, Y. L. 1989. Role 
of eriophyid mite (Aceria cajani) in transmis-
sion and spread of sterility mosaic of pigeon-
pea. Pages 121-127 in: Progress in Acarology. 
G. P. Channabasavanna and C. A. Virakthmath, 
eds. Oxford and IBH Publishing Co., New 
Delhi, India. 

54. Reddy, M. V., Kannaiyan, J., and Nene, Y. L. 
1984. Increased susceptibility of sterility mo-
saic infected pigeonpea to powdery mildew. 
Int. J. Trop. Plant Dis. 2:35-40. 

55. Reddy, M. V., and Nene, Y. L. 1980. Influence 
of sterility mosaic resistant pigeonpeas on 
multiplication of the mite vector. Indian Phy-
topathol. 33:61-63. 

56. Reddy, M. V., Raju, T. N., and Lenne, J. M. 



 

444 Plant Disease / Vol. 88 No. 5 

A. Teifion Jones 

Dr. Jones is a senior principal research
scientist at the Scottish Crop Research
Institute (SCRI), Dundee, Scotland, UK. He
received a B.Sc. in agricultural botany from
the University College of Wales (UCW),
Aberystwyth in 1965, and a Ph.D. based on
his work on Barley yellow dwarf virus at the
Welsh Plant Breeding Station, UCW Aber-
ystwyth in 1969. In 1969, he joined the
virology section of the Scottish Horticultural
Research Institute (now SCRI), Dundee,
and apart from a secondment to New Zea-
land for one year in 1977-1978, he has
spent his entire research career there. He
has achieved international distinction as an
expert on all aspects of the diagnosis and
control of viruses and virus diseases in
Rubus and Ribes crops, and established
the present Pathogen-tested Stock Scheme
that forms the basis for all Certified cane
fruit stocks in the United Kingdom. His
research interests have also included viruses
in trees and legumes, and vector resis-
tance as a means to control plant viruses. 
 

P. Lava Kumar 

Dr. Kumar is a special project scientist –
virology, at the ICRISAT, Patancheru,
India. He received his B.Sc. in 1993 in
biology, his M.Sc. in 1995, and his Ph.D.
in 2000 in virology from Sri Venkateswara
University, Tirupati, India. His Ph.D. was
done jointly at ICRISAT and the Scottish
Crop Research Institute (SCRI), UK, on
pigeonpea sterility mosaic disease focus-
ing on the diversity of the eriophyid mite
vector using DNA markers, and on the
identification of the causal agent. Subse-
quently (1999 to the present), he has
been a special project scientist and post-
doctoral fellow at ICRISAT and SCRI
studying the molecular characterization,
diagnosis, transmission, host-plant resis-
tance, and management of Pigeonpea
sterility mosaic virus. His research has
also included characterization and di-
agnosis of viruses in vegetable, fruit, and
cereal crops, and disease epidemiology
to control virus infection. 
 

 

K. B. Saxena 

Dr. Saxena is a principal scientist (breed-
ing) at the ICRISAT, Patancheru, India. He 
received a B.Sc. in agriculture and animal 
husbandry in 1968, an M.Sc.Ag. in 1970, 
and a Ph.D. in plant breeding in 1974, each 
from the GB Pant University of Agriculture 
and Technology, Pantnagar, India. Since 
joining ICRISAT in 1974, his research has 
largely been on pigeonpea breeding to 
develop high-yielding pigeonpea varieties 
to enhance yield potential in Asia and 
southern and eastern Africa, and he was 
largely responsible for developing high-
yielding, short-duration pigeonpea varieties 
and the world’s first pigeonpea hybrid. Cur-
rently, his research focuses on the devel-
opment and use of cytoplasmic male steril-
ity and fertility restorers, pigeonpea hy-
brids, disease resistance to major biotic 
pigeonpea problems, and the promotion of 
pigeonpea for soil conservation and protec-
tion of the environment in the Peoples 
Republic of China.  
 

N. K. Kulkarni 

Dr. Kulkarni was a research associate
at the ICRISAT, Patancheru, India, and
the University of Agriculture Sciences, 
Bangalore, India. He received a B.Sc. in
agriculture sciences in 1995, an M.Sc. 
(Agri) in 1998, and a Ph.D. in 2002 in
plant pathology, each from the
University of Agriculture Sciences,
Bangalore, India. For his Ph.D. and
postdoctoral research, he studied
virus–vector interactions that included
the transmission properties of Pigeon-
pea sterility mosaic virus by Aceria 
cajani, and thrips transmission of
Tobacco streak virus and its epide-
miology in India. Presently, he is
working as a plant pathologist at Syn-
genta, India Limited, Aurangabad, India. 
 

V. Muniyappa 

Dr. Muniyappa is professor in plant pathology
at the University of Agriculture Sciences,
Bangalore, India. He received a B.Sc. in agri-
culture sciences in 1968, an M.Sc. in 1970,
and a Ph.D. in 1975 in plant pathology from
the University of Agriculture Sciences,
Bangalore. He received postdoctoral training
at Rutgers University, New Jersey, in 1978,
and was a visiting scientist at the Scottish
Crop Research Institute, Dundee, UK, and
the Natural Resources Institute of the Univer-
sity of Greenwich, UK, the Hebrew University
of Jerusalem, Israel, and the Asian Vegetable
Research and Development Center, Taiwan.
His research has focused on the molecular
characterization, epidemiology, and manage-
ment of whitefly-transmitted geminiviruses, in
particular Tomato leaf curl virus, the devel-
opment of varieties resistant to it, and the
ecology of Bemisia tabaci and its B-biotype.
He is currently a plant pathology consultant
on the molecular epidemiology and manage-
ment of Tomato leaf curl virus and pigeonpea
sterility mosaic disease. 

Farid Waliyar 

Dr. Waliyar is a principal scientist, plant
pathology, at the ICRISAT, Patancheru,
India. He received an EPHE degree in
plant pathology from the School of Ad-
vanced Studies, Sorbonne, Paris, in 1978,
a DEA advanced diploma in plant pathol-
ogy in 1981, and a Ph.D. in plant pathology
in 1984 from the University of Paris M & C,
France. He joined ICRISAT as an assistant
principal scientist – pathology in 1986 and
was a visiting professor at the Department
of Plant Pathology, North Carolina State
University, Raleigh, in 1993-1994. He has
wide experience in disease management
and has worked in Afghanistan, France,
India, Niger, Mali, Senegal, and the United
States. His current research focuses on
integrated management of peanut dis-
eases, conventional and pathogen-medi-
ated (transgenic) host-plant resistance to
control fungal and viral diseases of legume
crops, methods to reduce aflatoxin levels in
peanut, and evaluation of genetically modi-
fied plants. 



 

Plant Disease / May 2004 445 

1998. Diseases of Pigeonpea. Pages 517-558 
in: The Pathology of Food and Pasture Leg-
umes. D. J. Allen and J. M. Lenne, eds. CAB 
International, Wallingford, UK. 

57. Reddy, M. V., Raju, T. N., Nene, Y. L., Ghane-
kar, A. M., Amin, K. S., Arjunan, G., Astapu-
tre, J. V., Sinha, B. K., Reddy, S. V., Gupta, R. 
P., and Gangadharan, K. 1993. Variability in 
sterility mosaic pathogen in pigeonpea in In-
dia. Indian Phytopathol. 46:206-212. 

58. Reddy, M. V., Raju, T. N., Sharma, S. B., 
Nene, Y. L., and McDonald, D. 1993. Hand-
book of pigeonpea diseases. Information Bull. 
no. 42. International Crops Research Institute 
for the Semi-Arid Tropics, India.  

59. Reddy, M. V., Sharma, S. B., and Nene, Y. L. 
1990. Pigeonpea: Disease management. Pages 
303-347 in: The Pigeonpea. Y. L. Nene, S. D. 
Hall, and V. K. Sheila, eds. CAB International, 
Wallingford, UK. 

60. Reddy, M. V., Sheila, V. K., Murthy, A. K., and 
Padma, P. 1995. Mechanism of resistance to 
Aceria cajani in pigeonpea. Int. J. Trop. Plant 
Dis. 13:51-57. 

61. Remanandan, P. 1981. The wild gene pool of 
Cajanus at ICRISAT: Present and future. Proc. 
Int. Workshop Pigeonpea. Vol. 2, 15-19, 
December 1980. ICRISAT, Patancheru, India, 
29-30. 

62. Saxena, K. B. 1999. Pigeonpea in Sri Lanka 
(In English, Summaries in English, French). 
ICRISAT, Patancheru, AP, India.  

63. Saxena, K. B., Kumar, R. V., and Rao, P. V. 
2002. Pigeonpea nutrition and its improve-
ment. J. Crop Prod. 5:227-260. 

64. Saxena, K. B., and Sharma, D. 1990. Pigeon-
pea genetics. Pages 137-157 in: The Pigeon-
pea. Y. L. Nene, S. D. Hall, and V. K. Sheila, 

eds. CAB International, Wallingford, UK. 
65. Seth, M. L. 1962. Transmission of pigeonpea 

sterility by an eriophyid mite. Indian Phytopa-
thol. 15:225-227. 

66. Sharma, D., Gupta, S. C., Rai, G. S., and 
Reddy, M. V. 1984. Inheritance of resistance to 
sterility mosaic disease in pigeonpea. Indian J. 
Genet. Plant Breed. 44:84-90. 

67. Singh, A. K., and Rathi, Y. P. S. 1996. Effect of 
different dates of sowing on the first symptoms 
appearance and disease incidence of sterility 
mosaic of pigeonpea. Adv. Plant Sci. 9:61-64. 

68. Singh, A. K., and Rathi, Y. P. S. 1997. Epide-
miology of vector of pigeonpea sterility mo-
saic virus. Indian J. Virol. 12:143-145. 

69. Singh, A. K., Rathi, Y. P. S., and Agrawal, K. C. 
1999. Sterility mosaic of pigeonpea: A chal-
lenge of the 20th century. Indian J. Virol. 
15:85-92. 

70. Singh, B. V., Pandya, B. P., Gautam, P. L., 
Beniwal, S. P. S., and Pandey, M. P. 1983. In-
heritance of resistance to sterility mosaic virus 
in pigeonpea. Indian J. Genet. Plant Breed. 
43:487-493. 

71. Sithanantham, S., Reddy, M. V., and Ramesh-
war Rao. 1989. Increased damage by the spi-
der mite, Schizotetranychus cajani in pigeon-
pea plants affected by sterility mosaic. Pages 
11-14 in: Progress in Acarology, Vol 2. G. P. 
Channabasavanna and C. A. Viraktamath, eds. 
Oxford & IBH Publishing Co., India. 

72. Slykhuis, J. T., and Paliwal, Y. C. 1972. Rye-
grass mosaic virus. CMI/AAB Descr. Plant 
Viruses no. 86. 

73. Srinivas, T., Reddy, M. V., Jain, K. C., and 
Reddy, M. S. S. 1997. Inheritance of resistance 
to two isolates of sterility mosaic pathogen in 
pigeonpea (Cajanus cajan (L.) Millsp.). 

Euphytica 97:45-52. 
74. Srinivas, T., Reddy, M. V., Jain, K. C., and 

Reddy, M. S. S. 1997. Studies on inheritance 
of resistance and allelic relationships for 
strain-2 of pigeonpea sterility mosaic patho-
gen. Ann. Appl. Biol. 130:105-110. 

75. Thresh, J. M. 1964. Association between 
blackcurrant reversion virus and its gall mite 
vector (Phytoptus ribis Nal.). Nature, Lond. 
202:1085-1087. 

76. Van der Maesen, L. J. G. 1990. Pigeonpea: 
Origin, history, evolution and taxonomy. Pages 
15-46 in: The Pigeonpea. Y. L. Nene, S. D. 
Hall, and V. K. Sheila, eds. CAB International, 
Wallingford, UK. 

77. Van Regenmortel, M. H. V., Fauquet, C. M., 
Bishop, D. H. L., Carstens, E., Estes, M., 
Lemon, S., Maniloff, J., Mayo, M. A., 
McGeoch, D., Pringle, C. R., and Wickner, R. 
B. 2000. Virus Taxonomy. Seventh Report of 
the International Committee on Taxonomy of 
Viruses. Academic Press, New York. 

78. Xuxiao, Z., Shiying, Y., Zhenghong, L., Jian-
ping, G., Jinshui, X., Bingzhuang, Y., Wenlin, 
J., Fengjin, L., Chen, W., and Shumin, W. 
2002. China-ICRISAT collaboration on pi-
geonpea research and development. Int. 
Chickpea Pigeonpea Newsl. 8:35-37. 

79. Zote, K. K., Dandnaik, B. P., Khalikar, P. V., 
and Raut, K. G. 1988. Effect of intercropping 
with sorghum and pearl millet on incidence of 
pigeonpea sterility mosaic. Int. Pigeonpea 
Newsl. 7:26-27. 

80. Zote, K. K., Mali, V. R., Mayee, C. D., Kul-
karni, S. V., and Mote, T. S. 1991. Outbreak of 
sterility mosaic of pigeonpea in Marathwada 
region of Maharashtra, India. Int. Pigeonpea 
Newsl. 14:19-21. 

 


