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Etpot, cawed by Shxim&a fuaiformia m. ,  ir an 
irportmt dinease of par1 millet [(Panniao ur 
(L). R.Br.)) in tho rmmi-arid troprcal parts of the  
Indian rubcontinent and Africa. In recent pars tho 
Ueau han drawn considerable attention, erprrcially 
because of its widespread occurrence on high yi~ldfng 
Pi mid. in India. Research on pearl mlllet cugot has 
been limited and published infomatron re scattered. 
Information probleaa faced by researchers, becaure of 
limited library facilities and difficulties in 
obtaining mlevant literature, prompted us to annotate 
and lirt tho published literature on this diaeaae. 

The bibliography includes pub1 ished research 
information from 1920  to 1 9 8 7 ,  Annotatlons have been 
written f r a  the original papors, abstracts, runraries, 
and the pf Plant with the objective of 
emphasizing important findings. we have oxcludd 
inf o m t  ion reported in annual reports, 
theses/dirsertations, Papers presented in 
workshops/conferences which are not abstracted, and 
other media not readily available. 

A total of 165  references have been a~otated. 
These are arranged numerically in alphabetical order. 
Noaenclature of host and pathogen appearing in this 
bibliography are listed, and author and subject indices 
are provided. The subject index has been divided into 
12 major topics against which relevant referance 
numbere are indicated. 

We hop the bibliography will prove useful to pae l  
millet rerearchers, extension workere, and students. 

We thank J.X.J. de Wet, Program Director, Cereals, 
ICRISAT, and K.S. Nandpuri, Director Research and K.S. 
Aulakh, Head, Dspartment of Plant Pathology, Punjab 
Agricultural Universit , Ludhiana, for approving the 
riait of S.S.. Chahar to complete this work. Ye 
appreciate the cooperation of the ICRISAT library staff 
in procuring references and N.K. Ganapathy (Millet 
Pathology) for his Secretarial assistance. 
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2.  M f-, K., rod 1Ladrrrn, D.J. 1984. 
Cytoplunic aale sterility in pat1 millet 
[lrnn met- 4L.) Lemke] - A n v l m .  
Advance. in Biology 10111 -143. 

All existing cytoplasmic male-aterile (W) 
lines and other breeding lines of pearl millet were 
susceptible to ergot (- m). 
ICRISAT millet athologists have been able to 
identify and EuilduP high level. of ergot 
m8istance through re oction in crorser between 
linen with low levels of resistance. The pr ress 
on incorporation of ergot remistance into C*S?iner 
using backcroaa breeding war described. 

3 .  -, D.J., King, S.B., Yitcorbe, J.R., Sbgh, 
S.D., Rai, K.X., Thdktlr, R.P., Talukdu, B . S . ,  
Charan, S.B., and Singh, P. 1985. Brcnding for 
disease resistance and yield in pearl Millet. Field 
Crop Research 11s 241-258. 

A detailed account of the pearl millet breeding 
program for disease resistance and high grain yield 
carried out at ICRISAT since 1973 is presentad. 
Field screening technique8 developed and improved 
for identification of resistance to ergot, smut, 
and downy mildew were described. The rcreening 
technique for ergot eliminated eacape from 
infection due to extraneous pollen. Ergot inoculum 
is sprayed onto reviously covered protogynour 
inflorescences deve ! oped in a pollen- and inoculum- 
free environment and immediately rebagged after 
inoculation. Resistant lines developed by crorsing 
least ergot-susceptible plants are being uaed in 
brsedlng programs. 

Several lines have been identified having 
combined resistance to ergot, smut and d o m y  
mildew. The . international disease nurseries have 
been operated to test'the stability of remistance. 
Resistance to ergot is reported to be recessive and 
Inzltigenic. A backcross breeding program is being 
follwed to transfer resistance into both B and R 



1-s to produce argot-trsirtant 
B loitation of African raterial for varirbi "I"̂  ity 
d??t.-t chueetmrs and d m l o p n t .  of -- 
pollhatad varieties follwing recurrunt nloction 
and conventional pedigree breeding are dftctrssd, 

4. -. 1973. Controllin ergot df.c.um of 
Intensive Agriculture 1!( 10) 8 8. 

Control of ergot by spray of 0.00259 
Aurwfungin or 0.15% Cuman or Duter thrice at 5-day 
Lnumalo beginning wlth earhead emergema was 
sugg.8t.d. 

5. hmpoa6.  1978. I4ycotoxicosis in humam: Ergotism. 
ICWR Bulletin 8(2):2 

An account is given of research observations 
of different workers on the sporadic occurrence of 
ergot (m -) of pearl millet in 
India, clinical manifestations of aymptons in 
humans if the level of contamination of ergot 
exceeds 1.5% (w/w), nature of alkaloids belon ing 
to the clavine group, results of feedixll:: 4 a:; 
with ergot infested grains of pearl 

and monkeys, and affects of 
a injections of alkaloid were 
described. 

6. a - 8 .  1979. Downy mildews and ergot. P a w  Pare 
1(2)136-37. 

Practices to minimize ergot (C avice~a 
-) in pearl millet included: brine water 
treatment (58 salt solution) for removal of 
sclerotia from seed, two to three spra s with 0.2% 
l i u ,  lliltox or Blitane during florerInp, removal 
and destruction of ergot-infected earheads 
Fandiately after their appearance in the crop and 
after harvesting from the field, deep plowing, and 
crop rotation. Control measures for downy mildew 
rere also described. 

7. Appadurai, R., Subraianian, R., Parambarammi, C. 
and Pluoshotharan, S. 1978. Development of disease 
resistant pearl millet ( .ennisetuql 
(Bum.£.) Stapf and C.E. Hubb.). Madras 



Agricultural Journal 65(1):14-16. 

A pearl millet bulk population, OCV 1, 
prlrarily dewlo for downy mildew remimtance, p" 8houed a uniform y low incidence of ergot campared 
to a high incidene 658) in F h bridr in 
experiaental trials. ~ h l s  was probably Zue to high 

llui productivity which he1 Y escap 
ergot 

Cfrtion. This variety was re eased for genaral 
cultivation as CO 6 in Tamil Nadu, India. 

8. Arya, E.C. ,  and Kurar, A. 1976. Diseases of - 
a serious problem of Rajasthan desert economy. 
Transactions of Indian Society of Desert Technology 
and University Centre of Desert Studies l ( 2 ) :  177- 
182. 

Ergot recorded from almost all the Indian 
states could be identified by appearance of a 
viscous, sugary exudate eminating from infected 
florets where aclerotia form in place of grains. 
Ilacmconidia (18.9 x 3.lum) and microconidia 4.9 x 
2 . 8 ~ 1 )  of Ill.vicepg spread the d 1 sease 
initiated by the aacospores produced b the 
germinated sclerotla. The fungus grew readiIy on 
bnian's medium at 25' C at pH 5.0 and 6 . 0 .  None 
of the varieties or hybrlds tested were immune. 
Besides a few cultural practices, like early 
sowing, seed sanitation, and deep plowing after 
harvest, fungicidal sprays with Ziram (0.1-0.15%) 
or a mixture of copper oxichloride and Zineb (500- 
600 g/ha) twice or thrice prior to ear emergence, 
were reported for ergot control. Results of 
research on ergot and downy mildew of pearl millet 
have been reviewed in light of their importance in 
Rajasthan. The seriousness of diseases increased 
after the introduction of F1 hybrids. 

9. -a, H.C., and K m r ,  A. 1982. Ergot epidemic of 
pearl millet in Rajasthan. Pages 439-451 Recent 
Advances in the Biology of Microorganisma. Vol.11. 
(Bilgrami, K.S., Vyas, K.M., Singh, Bishan, and 
Singh, M.P. eds.). Dehradun, India: Bishen Singh 
llahendra Pal Singh. 

Results of investigations of pearl millet 
ergot with special reference to Rajasthan, India, 
were reviewed and discussed. Ergot appeared in 



an ep-c fozm in Rajarthan in 196701968, 1973, 
1975, and 1976. Direare syndr- and etiology of 
tho pathogen were described. The aatbczr8 a180 
ptesontad a diagrammatic reprerantation of tka l i f o  
cyclm of the fungus bared on the finding8 of other 
workers. The pathogen producer ergotoxixu that on 
co~umption cause drowsiness follorrd by 
hyyraxcltation and redness of face ia h m n  
be nga. Ergot was reported as endemic with prfrarp 
infection by the sclerotial inoculum and rocondary 
rpread by means of conidia. Envfronnntrl factor8 
greatly influence disease develognnant. Opt- 
growth of the fungus 8n Kirchoff's and Lmonian's 
nndia occurred at 25 C in light between 2000 and 
3000 lux. Several graminaceous plants ham been 
reported as collateral hosts by different workere. 
Fungicidal control of this diseaue was ruggeated 
by spraying Ziram (0.1-0.15%) or a mixture of 
coppar oxychloride and Zineb (500-600 g/ha), 2-3 
times just before flowering. Some other chemicals 
were also found effective but these reduced seed 
set. 

10. Ba a j ,  Y.P.S., Phul, P.S . ,  and S h a m  S.K. 1980. 
Di 3 ferential tolerance of tissue culture of pearl 
millet to ergot extract. Indian Journal of 
Experimental Biology 18r429-432. 

Preliminary studies revealed differential 
grovth inhibition of pearl millet callun cultures 
of cultivara PHB 10 and PHB 14 by the extract of 

fuaiformia sclerotia. The germination of 
soda and excised embryos was not affected by the 
extract of ergot sclerotia but rooting was 
inhibited. The medium containing ergot extract, 
when used at 48 g sclerotia/L cmcentration, 
completely inhibited cell proliferation initially; 
however, a few celle survived and resumed their . Certain cells could survive and after a 
ag period of 2 or more weeks started dividing. YOeh 

The possibility of selecting potentially tolerant 
or resistant cell lines and regeneration of plants 
from them is discussed. 

1 1  j Nisha. 1976. 'u causes ergot poisoning. 
Science Reporter 13:494-495. 

A general account of the disease and poisoning 



due to consumption of atgot infected pearl aillot 
was reported from Nahrashtra and Rajuthrn. A 
8- rmport % the National Iwtituto of 
Nutrition, Rydera d l  tevea1.d that out of 14 
homeholds in 21 villagrrr, 80% had suffuod argot 
poisoning vith symptoms like nausea, vomfting, and 
giddizmmr due to alkaloids such as elyoclavine, 
chatxlavine, penniclavine, aetoclavine, otc. The 
uae of resistant varieties was suggested as a 
control measure. 

12. -fan, G., Sivaprakasaa, It., RobFruon, 
J.G., and Ramasrq,  R.11. 1980. Varietal reaction 
of pearl millet to the shootfly and ergot diaeaae. 
Wst010gy 4(2):16-18. 

13. Wrjse, S.I., and Joshi, N.C. 1971. Occurrence of 
some serious diseases on hybrid balra in Delhi 
during 1970 and methods of their control. 
Pesticides 5:20-21. 

A survey report of pearl millet diseases in the 
Union Territory of Delhi during Kharif 1970 
revealed that out of a total area of 33 585 acre., 
about 15 661 acres were affected by different 
diseases. Downy mildew, ergot, smut, and 
Pyricularia blast were recorded and the incidence 
varied from 5 to 708, 5 to 90%, 5 to 101 and 2 to 
12% for these diseases, respectively. Symptoms of 
these diseases were also described. 

14. Rangar, S.G., Patil, B.C., and Rane, M.S. 1983. 
Anthesis in relation to ergot of pearl millet. 
MILWAX Newsletter 2:lO. 

It was observed on seven pearl millet varieties 
that the longer the time between initiation of 
stigams and anthers, the higher the incidence of 
ergot (ClavlceD8 fusifonnls) . 

15. Banks, G.T., Mantle, P.G., and Ssczyrbak, Christina 
A. 1974. Large scale production of clavine 
alkaloids by -T fusiformls. Journal of 
General Microbiology 8. 345-361. 

The optimum conditions for large-scale alkaloid 
production by a strain of C b u & s g s  
studied. The asseaament of 25 s 



nulfata combinations 8hawc.d that 200 g/L sucroru 
and 11.8 g/L es~oniua nulfate gavm a rarimm 
alkaloid yield of 3.7 mg/mL within 9 da rhrn tha 
f ungu. was in aucrone-aaon I' ul-sulfate 
i n o r p a  n a E "  d i m  in 400 L, st- 
farmentators. The alkaloid production was rarlNs 
vhrn th. fungal raaa -am plecteachymatoun. 
Lax 0-wale production of agroclavine by batch or 
hall-replacement f ernantation facilitated both 
production of high yields of alkaloid6 and 
subsequent extraction from the culture filtrate. 
Throughout the fermentation rocess oxygen nupply 
wan ensured. The alkayoid raa extracted 
efficiently from culture filtrate by a aolmnt- 
extraction procedure that involved sequential 
transfer of product into N-butanol, eou8 
tartaric acid, and chloroform follow2 by 
crystallization from acetone. The increase in 
concentratlon of magnesium sulfate, zinc sulfate, 
and potassium dihydrogen orthophosphate in 
multistage fermentation also unproved the 
agroclavine concentration to 6 mg/m~. With this 
procedure large quantltres of pure agroclavine for 
phamacological etudies is possible. 

16. Bhat, R.V. 1977. Identity of the pathogen causing 
ergot of pearl millet in India. Current Science 
46:184-105. 

The sclerotia of pearl millet 
were obpyriform, up to 7 mm long err't an 4 nun pathogen wide, 
generally curved, with maximum width at the base. 
The conidia were hyaline, fusiform to broadly 
falcate and 28.0-40.0 um long, 8.0 um wide. The 
alkaloids from honeydew consisted of ergoclavine, 
elymoclavine, chanoclavine, setoclavine, and 
p6tnniclavine, which are different from those 
produced by C m. Based on these 

hological and chemotaxonomic criteria, the 
Sxogen causing ergot of pearl yillet in India was 
identified as w. 

17. Bbat, R.V., D N. 1976. Toxicity study of 
and ergoty laj.xa (pear millet) in rheaus monkeys. 

Indian Journal of Medical Research 64(11):1629- 
1633. 

Sclerotia of Claviceos fusiformls from pearl 



rFllet and their alkaloids adnrinisterd to nale 
rbaua monk 8 by different ways. Scleratia cawed 
p-mci Kpnxcitation when inpestd at a rate 
equivalent to 10 r ~lkaloids/kg 
Pol lorhg in j r t  ion 07 alkaloids i n t r a ~ t o ~ Y ? ~ '  
toxicity wa8 manifested in the form oi 
mrexcitation, restlersness, ataxicnasr, muscle 
twitching, redness of face, biting of the ground, 
and lose of response to thermal and tactile rtbuli 
in the hind limbs and tail. The symptoms appeared 
within 10 win and there was complete, spontaneous 

in about an hour. These symptoms differed 
from t e toxicit symptoms in humans. The safe "OV07; 
limit8 of the alka I oid dose for humane could not be 
determined; however, based on circumstantial 
evidence it a peared that humans are more 8ensitive 
to ergot alka P oids than monkeys. 

18. Bhtht, Raresh V . ,  Roy, D.N., and Tulpule, P.G. 1975. 
Ergot contaminatlon of u. Proceedings of the 
mtrition Society of India 1 9 ~ 7 - 1 1 .  

Consumption of ergoty ( U . u ~ c a m  
grains by humans caused gastrointertina 

disturbances like nausea, vomiting, giddiness, and 
diarrhea, and in extreme cases death, in 
Maharashtra, Gujarat, and Rajasthan. The amount of 
total alkaloids present in ergot sclerotia was 32 
mg/100 g (as against 70 mg/100 g In er ot of rye). 
However, the alkaloids of pearl m?llet were 
different from those of ergot of rye. The safe 
limit could not be determined due to variable 
symptom development in man and monkey; however, it 
was reported that the Central Committee of Food 
Standards of the Directorate General of Health 
Service6 arbitrarily fixed a safe limit of 0.058 of 
contaminated grains on the basis of safe limits 
fixed in Western countries for ergot of rye. 

19. Bhat, R.V., Roy, D.N., and Tulpule, P.G. 1976. The 
nature of alkaloids of ergoty pearl millet or k4x.a 
and its comparison with alkaloids of ergoty rye and 
ergoty wheat. Toxicology and Applied Pharmacology 
36 111-17. 

The alkaloids present in ergot 
-) sclerotia from pearl 
contain agroclavine and elymoclavine. They did not 



respond to the Cock'e carb test even in high docrcu 
and thvy did not show any amino acid re8idws in 
the acid hydrolysie test. In er ot s c l e r o t i a  frlew 
wheat and rye, the main alka oid pmaont was 

taaf ns . P 
When administered separately to ::~*., either by injection or feedin*. alkaloids 

frw sclerotia of all the three crops caused copIon 
ptoas such aa listlessneer, gar ing, drooping of 

w Or" nps, leg weakness, and occasionaf vcmitinp.  Death 
occurred more rapidly with ergoty wheat and rye 
than with ergoty u. 

20.  Wde, V.P., and Hegde, R.K. 1957. Ergot of h4x.i 
[(- r&&udm (Bum.) Stapf and Hubbard] 
in Bombay state. Current Science 26(4):116. 

Ergot on balri (Pennlsetum Lyg&&bn) was 
recorded for the first time at a high level (up to 
25% in some fields) in India in 1956 in south 
Satara and Kolhapur districts of Bombay, and in 
Belgaum and Bijapur districts of Mysore states. It 
was observed at a low level in Banakskantha 
district i n  October 1955. The conidial size of the 
unidentified pathogen was reported as 20.7 x 6.1 
um. 

21. Bhora, C.P., and Bansal, V. 1981. Design and 
development of h 4 u i  separator. Transactions of 
Indian Soclety of Desert Technology and University 
Centre of Desert Studies 6(1):37-40. 

22. Biadu, K . J . ,  and Narhede, S.T. 1979. Role of pollen 
and conidia in the occurrence of ergot dieeaee on 
pearl millet. Research Bulletin of tho narathwada 
Agicultural University 3(9):123-124. 

23. Brack, A . ,  Bruner, R., and Kobel, 8. 1962. The 
course of alkaloid synthesis in saprophytic 
cultures by a strain of U-.vicemi from Pennisetum -. Archiv der Pharmazie und Berichte der 
Deutechen Pharmazeutschen Gesllschaft 295(7):510- 
515. 

24. mar, G.S., Chand, J.N, and Thakur, D.P. 1976. 
Fungicidal control of ergot of -a. Haryana 
Agricultural Unlverslty Journal of Research 7:1-5. 

Spore germination of Clavlceos fUhif .-.La was 



carpletsly inhibited in vitro by Difolatrn at 100 
and by Benlate, Xiltox, Dithana It-45, Kaawin, 

, and Vitavax each at 500 p p  concantration. 
Difolrtan coapletely pnventd the infaction of 
ergot on the inflorescences of hybrids HB 1 and MB 
3 wban rprayed at the boot rtage. Dithane U-45, 
xiram, and niltox alro reduced the infection. 

25. -hh , S.S. 1984. Role of sclerotia in 
e~idtlliology of pearl millet ergot caused by 
C ayiceqlI fu.iformir Loveless. Indian Journal of 

ology and Plant Pathology 14 Supplementary (1): 
1 -13. (Abstract). T 

The sclerotiaoof L fuaLfetmis germinated after 
40 days at 28 21 C with continuour high level of 
moisture, producing 1-12 stromata per rclerotiurn in 
a pot experiment. Stipr mearured 4-6 x 1-2 mm. 
Capitula were globose with broadly pyrifom 
perithecia and cylindrical asci and ascosporer (80 -  
145 x 0 . 4 - 0 . 6  um). The germination was more in 

ially and 1 cm deep buried sclerotia than thore 
uried at 4 cm depth. The disease developed when g-r 
protogynous pearl millet lnflorescencer were 

to ascospores indicating their poritive 
primary source of inoculum. 

2 6 .  -1, S.S., and Dhindsa, H.S. 1985. Relationship 
between ergot severity and rainfall distribution 
during flowering in pearl millet. Indian 
Phytopathology. 381329-331. 

Ergot (Ghuzega fuaiformls) severity on three 
pearl millet cultivars, NHB-3, PSB-8 and 7042 was 
highest during 1983 (with 12 rainy da r during 
flowering) followed by that in 1979 (wid 5 rainy 
day.) and 1982 (with 3 rainy days). It was least 
in 1981 when there were no rains during flowering. 
There were large differences betweeen ratios of 
airborne ascospores + conidial pollen grains which 
were lt13 and 1:3 in a non-rainy year (1981) and a 
rainy year (1983), rerpectively. The significant 
reduction in pollen grains in relation to ergot 
spores increased the ergot severity. The early 
sown varieties escaped the disease possibl because 
of effective pollination before the availdility of 
inoculum. 



27. chabl, S.S., Gill, G.S. and Sharur, S.B. 1987. 
E f f e c t  of culture filtrate 
ch W d w r y y p  on growth of 
and ergot development in 
Disease Research 2(1)r32-36. 

The in vitro growth of L U ormis was 
inhibited by the culture filtrate of rlfiarium 
c- ieolated from ergot sclerotia. The 
culture fllterate was non-phytotoxic to pearl 
millet seedlings. In fleld experimentr, ergot 
development was inhibited most when undiluted 
filterate was applied simultaneously with the 
inoculum at the protogyny stage on genotypes PHB 10 
and PCB 15. Significant inhibition was caused by 
culture filtrate applied 24 h before and after 
inoculation wlth ergot conidla. The E 

flltrate was more effective than the 
spore suspension. 

28. Chahal, S.S., Gill, K.S., Phul, P.S., and SFngh, 
I.B. 1981. Effectiveness of successive intermating 
and selection for generating ergot resistance in 
pearl millet. Page 2 4  in Abstracts of the Third 
International Symposium on Plant Pathology 14-18 
December 1 9 8 1 .  Indian Agricultural Research 
Institute, New Deihi, India. 

29. Chahal, S.S., Gill, K.S., Phul, P.S., and Singh, I. 
8. 1981. Effectiveness of recurrent selection for 
generatlng ergot resistance rn pearl millet. SABRA0 
Journal 1 3 : 1 8 4 - 1 8 6 .  

Screening of a large number of Penniserum 
( E  amerlcanum) inbred lines against 
fusiformis under artificial epiphytotic 

conditions revealed a lack e f  major gene 
reeistance, and a new strategy involving recurrent 
selection to c0ncentrat.e minor genes controlling 
pol ygenic resistance for intrapopulation 
improvement was developed and pursued. Inbred lines 
with less than 5% ergot severity were selected and 
intermated to produce two diallel populations. The 
progenies were tested for resistance and recurrent 
intermating and selection was foilowed separately 
in these populations. After 3 and 4 cycles of 
recurrent seiectlon in these populations, the 
proportions of plants with 0-5% ergot severity 



increased considerably indicating the 
possibility of achieving an appreciable level of 
argot resistance by concentrating genes for 
resistance by recurrent selection. 

30. C h h a l ,  S.S., Kwrar, R., Sidhu, J.S., andriaocba, 
J.L. 1986. Peroxidase isozyme pattern in pearl 
millet lines resistant and susceptible to ergot. 
Indian Phytopathology 39(1)$65-69. 

Considerable differences were found in the 
number and concentration of peroxidase 
among pearl millet genotypes susceptible (P:;O;zf 
1, P1B 2231, P1B 1223, P1B 1016 and B1L 3 0 )  and 
resistant (ICMPES 2, ICMPES 8, ICMPES 17, ICMPES 
34, and ICHPES 37) to ergot ( cLaA.Wy -). 
The results suggested the possibl ity of using 
peroxidase isozyme pattern anal sis as a technique 
to rapidly screen pearl millet lines for resistance 
to ergot at the seedling 8tage. Need for 
definite conclusions baaed on a large number o 
lines and samples from different growth stages was 
discussed. 

31. Chabal, S.S., nangat, B.K., and Virk, D.S. 1987. 
Worphological differences between spikelet. of some 
ergot resistant and susceptible pearl millet lines. 
Page 41 in Abstracts of the First Symposium on Crop 
Improvement, 23-27 February, 1987. Cro Improvement 

Ludhiana, India. 
P Society of India, Punjab Agricultura University, 

Five ergot ( C h y k a ~ ~  m) resistant 
pearl millet lines showed significantly less time 
span between emergence of stigmas and anthers as 
compared with lines moderately susceptible or 
susceptible to ergot. The length of style was also 
relatively shorter in the resistant lines. 

32. C b b d ,  S.S., Rao, V.P., and Thakur, R.P. 1985. 
Variation in morphology and pathogenicity in m, the causal agent of pearl 
millet ergot. Transactions of Britlsh nycological 
Society 84(2):325-332. 

Sclerotia of S. fuslformis from Aurangabad and 
ICRISAT Center were the largest (5 x 2.5 mm) and 
heaviest (1.4 g/lOO sclerotia) and from Mysore the 



smallsrt (3 x 2 nm) and lightest (0.4 g/lOO 
sclerotia , with minimum number of furrow# in the 
Hyrore co 1 lection and maximum in Xovilpatti. Sire 
of racro- and microconidia residual on rclerotia 
from different locations and ratios of thafr 
numbers varied considerably, and time for 
initiation of germination of macroconidia a180 
varied from 24 h in Aurangabad and Jobner 
collections to 50 h in Kovilpatti collection. The 
iaolates from these collections differed in colony 
characters in culture and in virulence on aix pearl 
millet genotypes. Basic information on the extent 
of mophological variation in C. fusiformis in India 
are given, and lines for further investigations are 
discussed. 

33. Chand, J.N., and Thakur, D.P. 1974. Ergot of balra 
and its control. Haryana Fanning 3 ( 3 ) : 4 .  

3 4 .  Dhindea, H.S., and Chahal, S.S. 1986, Development 
of ergot sclerotia on in vitro cultured s ikelets 
of pearl millet Annals of Biology 2 ( 1 ) : 6 7 - 7 1 .  

Sclerotia of fusifDrmls developed in 
excised splkelets of a pearl millet variety, PSB 8, 
maintained In vltro on Murashige and Skoog's 
medium. The stlgmas appeared 7 days after placement 
of the immature spikelets on the medium. When 
~noculated wlth C fuslformls conidia, they 
withered wlthin 2.5 days On an average, honeydew 
appeared 5.5 days and sclerotia appeared 14 days 
after lnoculatlon r n  72% and 71.2% of the 
inoculated splkelets, respectively. The 
characterrstlc~ of axenlc cultures from these 
sclerotia were slmllar to those obtained from 
sclerotia collected from the field. The 
possibility of a laboratory screening technique was 
d~scussed. 

35. Egvaramuthy, S., Nagarajan, C., Prasad, II-LJ., 
Raveendran, T.S., and Shanmugam, N. 1983. Varietal 
reaction to ergot among awned and awnless varieties 
of pearl millet. Page 27 UJ Abstracts of the 
National Seminar on Breeding Crop Plants for 
Resistance to Pests and Diseases. 25-27 nay, 1983. 
Tamil Nadu Agricultural University, Coimbatore, 
India. 



Bightesn avned antrier of :enniaetum a n r  can- 
exhibited less than 58 infection by C auicma - r+d with awnless entries, X I  

, HS 5141 A ( 6 0 % ) ,  and TCP 
cia1 inoculation in the 

f leld . 
36. m a m a r t h y ,  S., Wsgarajan, C., Prarrad, u.H., 

Ramendran, T.S., and Shanrugam, N. 1983. Varietal 
rraction to ergot of pearl millst. Pag. 28 h 
Mrtracts of the National Seminar on Breeding Cro 
Plants for Resietance to PeBts and Diseases, 25-27 
Ha 1983. Tamil Nadu Agricultural University, 
C o L t o r e  , India. 

Of 287  entries of Penniaetum 30 
exhibited less than 5% ergot infection and 9 rhowmd 
leas than 2.1 % infection when inoculated 
artificially with conidia of w, 
compared with 60% in HS 5141A and 75% in ICH 440. 
Among the nine low susceptible lines, D 111-19 and 
D 763-10 were pollinators and MS 5540-361 was a 
-1%-sterile line. 

37. Gill, K.S., Chahal, S.S., and Phul, P.S. 1980. 
Strategy to develop ergot resistance in pearl 
millet. Pages 159-161 ig Trends in Genetical 
Research on Pennisetums (Gupta, V.P., and Hinocha, 
J. L. eds.) Punjab Agricultural University, 
Ludhiana . 

Screening of germplasm available at the Punjab 
Agricultural University, Ludhiana, under artificial 
epiphytotic condition8 resulted in the 
identification of a few lines as moderately 
resistant to fuaiformis. A echeme to 
generate resistance to ergot is suggested. It 
includes repeated intermating of moderately 
susceptible genotypes to allow for new 
recombinations and then selection for resistant 
genotypes. 

38.  Gill, K.S., Phul, P-S., C h s h s l ,  S . S . ,  Singh, U.B., 
Blbiuduaj, B.L., and Jindla, L.N. 1979. Studies on 
disease resistance 'for the improvement of (w tvDhoides (Bum.) S. 6 H. Pages 1-80 
in Project Report. Punjab Agricultural University, 
Ludhiana . 



-"P the large nurnber of inbred l inor of 
pearl a llet tested, none was found with an 
appreciable level of rerirtance to 
fuaiforais. A scheme involving concentration of 
minor genes through repeated cycles of intermating 
and selection of the low susceptible liner was 
devised and pursued resulting in 395 plants with 
1 than 5 b  ergot severity. The report a180 
includes identification of some lines with 
resistance to downy mildew, smut, and rust, and 
survival of Pvricularia rxyzae. Also, information 
on downy mildew with respect to inheritance of 
resistance, effect of sowing dates, and biochemical 
basis of resistance is given. 

39. G o u ,  H.N., Verma, O.P., and Pathak, V.U. 1985. 
Loss of ions in pearl millet seeds treated with 
honeydew of h&i&m&. Lov. Current 
Science 5 4 ( 1 2 ) : 5 8 1 - 5 8 2 .  

The ergot toxins collected from ergot hone dew r changed the permeability of seeds of pearl mil et. 
The toxin-treated seeds showed a loss of ions 
detectable at 3 0  min and reaching maximum level 
at 2 h after the treatment. Leaf tissues did not 
show any loss of ions. This leads the authors to 
suggest the possible involvement of permeability 
alterations in ergot pathogenesis. 

40. Gour, S.C., Goyal, J. P., and Pathak, V.N. 1975. 
Forecasting ergot of u. Page 52 a Proceeding8 
of Symposium on Plant Disease Problems. 18-20 
September, 1 9 7 5 .  Udaipur, India. 

High relatlve humidity of 8 5 - 9 0 %  and cloudy 
atmosphere with 1-5 hr daily sunshine during 
flowering period were reported favorable for 
epidemic occurrence of ergot (- fusiformls 
on pearl millet in Rajasthan. 

' 1  

41. Gupta, G.K., Subbarao, G.V., and Sarena, I.B.L. 
1981. Meteorological factors in relation to 
occurrence of ergot disease of pearl millet in an 
arid climate. Pages 2 6 - 2 7  in Abstracts of the Third 
International Symposium on Plant Pathology, 14-10 
December, 1 9 8 1 .  Indian Agricultural Research 
Institute, New Delhi, India. 



, G I  Subbatao, G.V., and Samm, M.B.L. ' 
Rolarionship b t m n  ateomlogical factors 

and the occurrence of ergot disease (C.-avicm~n 
-) of pearl millet. Tropical Peat 
Management 2 9 8 3 2 1 - 3 2 4 .  

Analysis of data from 11 sowing dater in the 
rainy seasons of 1976 and 1980 usin curvilinear 
regression procedure shoved a h 'i! gh positive 
arsociation of relative humidit with the infection 
index of ergot on pearl mi I let in Rajaathan. 
Uulti le correlations (R) increased with increases P in ra nfall, atmospheric temperature, and sunshine. 
Rolative humidity contributed 359, rainfall 5 9 ,  
atmospheric temperature 458, and sunnhine 108 of 
the total variation in the ergot infection index, 
indicating from the curvilinear regression curves 
that the optimum values for occurrence and 6pread 
of the disease were 12 mm mean rainfall, 6 h per 
dag mean sunshine, 75% mean relatlve humidity and 
20 C mean atmospheric temperature from mtiqma 
emergence to flowering of the crop. 

43. Jaubert, P. 1952. A propos du miellat du petit mil. 
(concerning honeydew of the small millet), Bulletin 
of Rechersche Agronomie Bambey 6:67-69. 

A form of ergot on Penniaetum r&?hd&m was 
reported. 

4 4 .  JFndla, L . N . ,  and Gill, K.S. 1984. Sample size in 
estimation of genetic parameters for ergot and smut 
of Pennieetum tMholdee (Bum. f . )  S. and H. Uadra~ 
Agricultural Journal 71(4):214-216. 

For estimation of genetic parameters for 
resistance to ergot ( . , 

and smut 
(w ) millet 
populations, at least 76 male parents are necessary 
to construct the North Carolina Design-1. 

45. Joun, B., and Delaaeus, U. 1971. Main diseases of 
millet and sorghum in Niger (French). Agronomie 
Tropicale 26-(8):830-860. 

(Waller) Tul, is 
described as one of the principal pathogens of 



penn'aatuqp -. Dirrtribution of u g o t  in 
Lliger, rym toa8 of the direare, .Ifcto.copic 
charactmrirtfca and biology of the pathopa, md 
important control measures were dercribad. 

46. Xala, X.O., and Xore, B.B. 1980. Important direares 
of and how to control them. Macro Agriculture 
Digest 4(12):3-4. 

The control of ergot (m U i  axmi.), a 
serious disease of pearl millet in naharashtra, has 
kben rruggested b separation of rclerotla from X lanting seed wit brine water treatment followed & r e d  treatment with 1% orpanomercurial compound 
(Thiram or Captan) at the rate of 2 to 3 g/kg reed. 
Symptoms of ergot, downy mildew, smut, and rust 
are also described with suggestions on control of 
these diseases through host resistance, cultural 
practices, and use of chemicals. 

4 7 .  Kanxmyian, J. 1974. Ergot and ergot alkaloids. 
Agriculture and Agro-Industries Journal. November 
issue:l-3. 

The percentage of total alkaloids varied in 
sclerotia of different species of C avicem. On 
pearl millet L fusiformFa and C -, 
mentioned as different species, contained 0.32 and 
0.625% alkaloids, respectively. It is reported that 
the alkaloids of C from rye were not the 
same as those of C. fuslformis and C. ' 

from pearl millet. Tryptophane was s t a m  
precursor of the ergot alkaloids, methionine to be 
the origin of the N-methyl group of alkaloids, and 
lysergic acid to be a precursor to lysergic acid 
amide and methy 1 carbinolamide. Lysergic acid 
diethylamine (LSD) is a hallucinogenic agent, 
ergonovine is a stimulant for the sympathetic 
nelvous system, and ergotamine is a depre8rant of 
the sympathetic nervous system. Agroclavine causes 
inhibition of mammary hypertrophy and blocks 
pregnancy. 

48. Irannriyan, J . ,  and Arjunan, G. 1975. Ergot diseare 
and its control. Farmers and Parliament 

Ergot (- -) was stated a8 



the m a t  important dimease of pearl aillet in 
Rajaitthan, Gujarat, Maharashtra, Delhi, lbmataks, 
lu#lhta Pradesh, Tamil Nadu, Punjab, H w a n a  and 
Uttar Pradesh. Symptoms and favorable environmental 
conditions for disease development are domcribod. 
The other hosts for the pathogen includod m a i t ~ ,  
Pfuaaritall cammu, A u a  l=AmwaM, BdAn4.a 

eat Nardus strlrta, &?.a annua, Penniaetum 

!i3EzkA w, E. masalcum, P. xuga,uA, 
, P + l e B u u i ,  - rrusaalli, 

Cenchrua ciliarls, and L m-. Various 
control measurea suggested lnclude spray with 
protective chemrcals i:ke Benlate, Duter, Dithane 
H-45, and Fytolan durlng flowering, uprooting grase 
hosts growing near the crop, brine water treatment 
to separate sclerotia from grarn, crop rotation to 
reduce sol1 inoculum, repeated deep plowing, 
rou ing of lnfected plants, uslng rnsecticides, 
ear I! y sowing o f  crop, and growing tolerant 
varieties. 

49. Imnnaiyan, J., Vidhyaeekaran, P., Govindaswamy, 
C.V., and Kandaswamy, T.K. 1972. Screening of pearl 
millet varletles for the ergot disease resistance. 
Madras Agricultural Journal 598561-562. 

Twenty varletles of pearl mlliet evaluated for 
resistance to -2 m i c r a r w  by spraying 
the earheads wlth conidla1 auspenslon showed more 
than 20% mean ergot severrty, and none was found 
resistant. l&nus&u,m o~r~ureum was found reeistant 
to ergot but F plants of E. t W 1 9 e a  x P. 
DSW-y. was hlghiy suscepclble. 

50. Iranruiyan, J., Vidhyasekaran, P., and Kandaswamy, 
T.K. 1972. Marnmallan toxicity of ergot of u. 
Current Science 20: 5 5 7 - 5 5 8 .  

Guinea plgs t e d  on sclesorla of ClaviceDe 
microceDhala mlxed with the pear, millet grains 
showed a decrease In body welght and change in 
color of the llver and lungs. Ergometrine, 
ergotamlne, and ergokryptine were detected in 
extracts of sclerotla by paper chromatography. The 
amount of alkaloids In honeydew increased with 
time after ~noculatlon, and the maximum alkaloid 
content was found in mature sclerotia. 



51. .annniyan, J., Vidhyasekaran, P., and K a - ~ s - q ,  
T.. 1 9 7 3 .  Amino acid contents of in 
relation to ergot diseame resistance. Indian 
Phytopathology 2 6 ~ 3 5 0 - 3 5 9 .  

Panicles of a pearl millet hybrid, HB 1, 
contained mignificantly more asparagine, arpartic 
acid, and prolkne up to 8 days after emargence, 
when these were susceptible, and higher amount of 
tryptophane, in 12 and 20 day-old spikelets, when 
these were not susceptible to ergot. Glutamic 
acid, threonine, methionine, and leucine showed no 
relationship with ergot reeistance/susceptibilit . 
In vitro asparagine and proline increased t e 
growth of G 

K 
; aspartic acid did not 

su port growth, and threonine and tryptophane 
i 14 ibited growth. 

52. KAnnaiyan, J . ,  Vidhyasekaran, P., and Kandaswary, 
T.K. 1973. Effect of fertilizer application on the 
incidence of ergot disease of h&a (Penniaetum 

0 .  & S.) Indian Phytopathology 261355-  
3 5 7 .  

Under greenhouse conditions, studies on the 
effect of different combinations of nitrogen 
(ammonium sulfate), phosphorus ;superphosphate), 
and potassium (potassium sulfate) revealed severe 
incidence of mlcrocePhala on artificially 
inoculated pearl millet plants sup lied with N, 
and without P and K. A heavy appl ! cation of K 
without P counteracted the adverse effect of heavy 
N. Individually, the application of N and P 
increased but K significantly reduced the ergot 
incidence. Application of N and K decreased the 
total ergot alkaloids, where as P caused an 
appreciable increase. 

5 3 .  Kannaiyan, J . ,  Vidhyasekaran, P., and Kandaswapy, 
T .  1 9 7 4 .  Possible role of organic acids in the 
ergot disease of LaJu (Pennisetum L. ) . 
Current Science 43(16):521-522. 

Biochemical analysis of spikelets of 
different ages revebled the presence of seven 
organic acids. In 12 to 20-day-old spikelets, when 
the concentrations of the organic acids reached the 
maximum, the spikelets showed resistance to 



C anicmrn ricrpcaphala. Five organfc acid. 
(Uvtaric, succinic, mrlic, citric, and oxalic 
acid.) did not support growth of the pathogon in 
vitro on Xirchoff's mdium. The author8 concluded 
tbat the accwnulation of excerrr organic acid8 can 
b inhihitory to the development of the argot 
pathog.n. Or anic acid content of earhead. 
-1ys.d at dPf f erent stagerr of dieeaae davelopnt 
revealed the presence of succinic acid only in 
dieearred earheads. 

54. Xaanaiym, J., Vidhyasakaran, P., and IElmdarrar)., 
T.K. 1974. Toxin production by 
laLcroCeDhaia Indian Journal of Experimental 
Botany 12 (5):473. 

The culture filterate of C. 
inhibited plumule and radicle elongation @-Y%k in 
soedlinge by 61.3 and 7 0 8 ,  respectively, compared 
to the control (uninoculated medium). Four sugars, 
mltoee, lactose, fructose, and sucrose, were 
equally effective in inducing the production of 
phytotoxins by the ergot pathogen, as were eight 
amino acids, aspartic tr ptophane, leucine, 
methionine, threonine, pro ine, glutamic, and 
asparagine. 

1 

5 5 .  Icanrulyan, J., Vldhyasekaran, P., and Kandasrary, 
T.. 1975. Production of psctolytic and 
cellulolytic enzymes by h 4 . n  ergot fungue. Indian 
Phytopsthology 288123-125. 

The possible role of pectolytic and 
cellulolyt~c enzymes in pathogenesis of ClaviceDe 

was suggested. The fungus produced 
pectic methyl estraee (PME), endopolygalacturonase 
(endo PG) and exopolygalacturonase (PGTE) in vitro. 
Addition of pectin to the culture medium induced 
enzyme production. In infected tissues, the 
enzymes protopectinase ( P P ) ,  PME, endo PG, pectin 
trans-eliminase ( P T E ) ,  and PGTE were more active in 
the initial stage of infection than at later 
stages. These enzymes were absent Fn healthy 
tissues. The cellulolytic enzymes, C1 and C x ,  were 
detected in. vitro and only C1 in the infected 
tissue. Further studies on the specific role of 
these enzymes rn disease development and diaese 
control, by selection of some inhibitors against 



thtsm, are  suggested. 

5 6 .  KammA an, J., Vidhysekaran, P., and Xamlmwuy, 
t... J75 Protsolytic enzyme activity o t  C.aricana 

causing ergot dieease of w. Indian 
Phytopathology 281111. 

An assessment was made of proteolytic enzyres 
in culture filterate of Claviceos by 
substituting aaparagine with casien, egg albumin, 
peptone, or gelatin as N sources in Kirchoff's 
heal medium. Maximum enzyme activity occurred when 
either casien or egg albumin was used. Prolonged 
incubation also increased enzyme production in 
peptone and gelatin media. Possible reduction in 
protein N in ergot infected halra earheads was due 
to proteolytic enzymes of the pathogen. 

57. Kannaiyan, J., Vidhyasekaran, P., and Kandasvamy, 
T.K. 1977. The role of phenolics in relation to 
b4xa ergot disease. Indian Phytopathology 308549 -  
5 0 .  

The quantitative analysis of healthy b4xa 
earheads at different stages of development 
revealed that the total phenollcs increased 
gradually up to 12 days after panicle emergence and 
then decreased slightly. The phenol content in 
ergot-infected panicles increased in the later 
stages of ergot (U,wiceQs -1 
development. Presence of phenollcs in panicles 
might impart resistance to ergot. 

58. Iannai an, J., Vidhyaeekaran, P., and Kandasramy, 
T.K. 7977. Studies on increased respiration of 
b+.a earheads infected wrth -. Indian Phytopathology 30(3):- 

With the help of a Warburg constant volume type 
respirometer it was found that there was a 
constant increase in respiration In the ergot- 
infected earheads of pearl mlllet. Increased 
cytochrome oxidase activity was found in the 
infected compared with healthy earheads. 

5 9 .  Kannaiyan, J., Vidhyasekaran, P., and Kandasramy, 
T.K. 1977. The starch content of pearl millet 
earheads infected with fhum&s -. 



fadian Phytopathology 30(3)8423. 

Emtiration by coloriaetar method m o d  that 
C fluiforaris infection adversaly affectmi starch 

thuis in pearl millet earheadr. T- war mrr 
8 %  decrease in starch ryntheslr in ergot- 

infect& earheads over tho healthy at the honoydow 
urd eclerotisl steps. It war probably due to 
inhibition of the phorphorylase enryn by the 
pathog.n. 

60. lataxbgale, L.T. 1975 .  Host range, varietal 
resistance and chemical control of ergot (C avicmql 

(Waller.) Tull. of u. Post 
Graduated Institute Research Journal, Akola, India 
2 823-24. 

61. m i ,  S.A.,  and Venkatarann, S. 1982. Influence 
of weather conditions on the incidence of eraot of 
ba.lra in Gujaratr a preliminary study. buram 
33(2):255-258. 

Heavy precipitation with afternoon relative 
humidity about 80%, followed by clear weather, 
favors ergot (Lhumg& -) infection in 
pearl millet. 

62. King, S.B. 1 9 7 0 .  Millet disease in Nigeria. Samaru 
Agricultural Newsletter 12888-89. 

The common occurrence of ergot 
-) on pearl millet waa reported (v 
Nigeria. Nonavailability of resistant aources 
indicated the potential of this disease to reduce 
the grain yield. Germination of soilborne 
sclerotia to roduce airborne spores, infection 
through the f ! ower, and role of insects in the 
secondary spread of ergot were mentioned. Disease 
developnt by spraying aqueous conidial 
suspension, limitation in rating scale, and 
exploitation of host plant resistance for the 
control of the disease were highlighted. The other 
diseases discussed include downy mildew 
(SE, a m s q p ~ q .  1 , smut (Tn- -wrium 
nenicil ....l..ri and leaf 
spots caused by E y u d k L ~ ,  and 
- . e r c o s w .  



63. Kl.ng, S.B. 1970. Sorghum and millet pathology. 
African Soils 251473-476. 

Ergot (- ' ' ) was not a roblem 
of economic importa%%??igeria, wit[ l e a n  
prevalence in low rainfall areas. The available 
genotypes of pearl millet were susceptible to ergot 

7 
. . and to smut ( . Other 

major disease pro ems of sor-1 millet 
in Zaria (Nigeria), along wlth the sources of 
resistance, were discussed. 

64. Kriehnrrllachari, K.S.V.R., and Bhat, R.V. 1976. 
Poisoning of ergoty balra (pearl millet) in man. 
Indian Journal of Medical Research 64(11):1624- 
1628. 

In 20 villages surveyed in Jaipur and Sikar 
districts of Rajasth~n, 78 persons belonging to 14 
households suffered from poisoning due to 
consumption of ergoty (wm v) 
pearl millet grains. The charactersitic symptoms 
were nausea, repeated vomiting, and giddiness, 
followed by drowsiness and prolonged sleepiness 
within 1 to 2 h after injestion of sclerotia. The 
toxicity due to pearl mil let ergot was 
distinguishable from European ergotism (rye ergot) 
based on differences in chemical nature of 
alkaloids, biological effects in animals and 
cli.nica1 symptoms in man. Pearl millet grain 
contaminated with sclerotia that contain less than 
675 ug alkaloids per 100 g of grain may be 
considered a non-toxic quantum. Assuming that an 
adult weighing 50 kg consumes about 200 g pearl 
millet in a single meal the safe limit of the 
clavine group of alkaloids in these sclerotia was 
worked out to be around 28 ug,'kg body weight. 

6 5 .  Kulkami, U . .  1962. A simple method of 
germinating sclerotia of (XNALQS mictoceDhala 
(Wall.) Tul. Current Science 3 1 : 3 9 0 - 3 9 1 .  

The method involved keeping mature sclerotia of 
(; mlcrocaPhala collected from pearl millet in soil 
under shade for 25 to'30 days, washing with dilute 
solution of potassium permanganate followed by 
water, and then placing them in a horizontal 
position partially buried in an upper layer of red 



moil. The lower layer of sand was kept m i a t  by 
hmping the base of the pots in water contlnuourly. 
It took 10-15 days for ~clcrrotia to rupture and 
another week for stroaa to emerge. 

66.  Ikllrrai, U.X. 1963. Initiation of the dl on In 
C avicmnn i s c  (Waller.) Tul. W copat ology 
et Mycopathologla Applicata 2 1 ( 1) 1 19-13. 

"K 
Antheridia of C. were functional, 

and production of single nuclear fusion of the 
Clausen type was observed. This nuclear behavior 
wam sirilar to that found in L -. 

67. Imlhmi, U.. 1971. Studies of the balra ergot 
fungus . 

pap" 74 in Abstracts cf the Second 
Internations Syposium on Plant Pathology, 27 
January to 3 February 1971, Indian Agricultural 
Research Institute, New Delhi, India. 

Ergot (- fusiformis) was reported on 
pearl millet hybrid HB 1 .  During the kharif 1967 
the incidence varied from 5 to 1000 in different 
states of India. 

68. K u l k a r n i ,  C . S . ,  and Honiz, L. 1974. Occurrence 
of hyperparasite Cerebella on ergot of 
(- ( B u m  F . )  Stapf and C.E. 
Hubb.). Current Science 43:803. 

Care *.-JJ.a anciz,QDoponl. Ces . , reported for the 
first time from Gujarat (Indla) as a hyperparasits 
on ClaviceDs in the ~nfected spikelets 
of pearl millet, lnhlbited formatLon of the ergot 
sclerotia. The sporodoch~a of C. androwaonia 
were convoluted, compact, and dark; conidiophores 
were often branched, pale brown, smooth, and 3-6 
um long. Conldia were terminal, multicellular, 
globular, muriform with cross septa, smooth-walled 
with basel cells brown to dark brown, 7.4-25.6 x 
7.4-22 um (av. 1 6 . 6  x 13.4 um) . The fungus was 
common in Kaira distrlct of Gujarat. 

69. Irr-mr, A .  1977. Check ergot in u. Inteneive 
Agriculture 15(5)r16. 

To control ergot (- fus) in 
pearl millet several measures were suggested, 



including spraying with Ziram (500-600 g/he) 2 or 
3 times starting just before ear eaergence, early 
soving, seed sanitation by removing sclerotia from 
seed with brine water treatment, and deep plowlng. 

7 0 .  K t m a r ,  A .  1979. Production of phytotoxiiu in ergot 
of pearl millet. Seed Science and Technology 
88347-350. 

The sclerotial filtrate of CfavlceDs fusiformfs 
inhibited root and coleoptile elongation of pearl 
millet seedlings. Elongation was inhibited more in 
root8 than in plumules. Increased concentrations 
of the fllterate caused a gradual increase in 
inhibition of root length. Seed germination was 
reduced from 708 ln the control to 30% at 12.5% 
concentration of the filtrate. This was 
due to allelochemlc ~nteractions between sclerotla 
toxin8 and germinating seeds. 

prob*l K 
71. K u u u ,  A . ,  and Arya, H.C. 1978. Estimation and 

identification of alkaloids produced by ClaviceDs 
fusiformls Loveless on some varieties of pearl 
millet. Current Science 47(17): 633-35. 

Following t-hin layer chromatography technique 
and taking elymoclavi ne as standard samples the 
total alkajoid content was estimated between 0.182 
and 0.362% (average 0.263%) in honeydew and 
between 0.160 and 0.548% in sclerotia of CL, 

col lec-t.ed from 20 varieties of pearl 
millet. The alkaloid content was maximum (0.548%) 
in variety B-463 and minimum (0.160%) in RC-216. 
Six alkaloids were detected: setoclavine, 
agroclavine, penniclavine, elymoclavine, 
chanoclavine, and one unidentified. 

72. Kumar, A . ,  and Arya, H.C. 1976. In vltro production 
of honeydew In Cl..w.xg@ fuslformls Lov. Current 
Science 47: 781-782. 

w- fusltormis, lsolated from pearl millet 
ergot sclerot~a, produced honydew-like secretion 
in pink to dark brown colonles after 20 days of 
incubation on calclum nltrate agar medium. Conidia 
from these cultures lnduced ergot symptoms upon 
artificially ~noculatlng pearl mlllet hybrid HB 4. 
The authors considered that production of honeydew 



v u  aot a conr.quenco of praritira only. 

73, 1DPru. A*, Ud m a ,  H. C. 1981. Uatun of 
t . r f . tu ree  and 8urceptLbilit in v i t m  in ergot of 

1 millet caused by & I ~ V .  
!&p8thologia JWditorranoa 10 143-4 1. 

Th8 calli of fivo variotier of Pann natm 
.ulr rai8.d in d i f  lad Murarhigo urb 8k009'8 
d u r r  w e  transferrod to 0.64 water &gar and 
inoculated with G m. In hi hly 
mcus.pt~lo genotype (We 4 ( now , HB 5 , p1s S2s  1 
a h r t  a11 conidia that came in contact with callur 
tF88ue germinated and penetrated the cell8 to form 
inter- and intracellular mycelium, vheroar in 
rod.r@tely and highly rerirtant enotypaa (J 00, B 
389) only a small number of conizia germinated. 

7 4 .  w. A. ,  and 7, H.C. 1901. B~ology and control 
of argot on pear millet. Page 14 Abstract8 of 
tha Third Intornational Symposium on Plant 
Pathology, 14-18 Decemhr 1901. Indian 
Agricultural Research Institute, New Delhi, India. 

bkuly 100% infection occurred on pearl millet 
a u k a d .  sprayed with f unifa~t~ii conidia 
at a concontration of nun " .  Inoculation S 
day8 prior and 5 days after antheal8 resulted in 
U g h  eve18 of infectlon. Surceptibility declined 
aftor 12 days and was lost after 10 da s of 
antharlr initiation. Hinoran and Cuman-L (50 8 ppm) 
putly controlled the growth of the fungur in 
vitro . 

75.  Kmu, A., and k y a ,  H.C. 1983. On taxon of tho 
fun r cauring ergot dieeare of pearl "r mi let in 
Intic. Pago8 170-279 in Advancing Pmntier8 in 
P1-t Sciencor, 26-30 November 1983, Jodhpur, 
Raj&rthm, India (Arya, H.C., Sankhla, N., Tewari, 
It.#., Shekhavat, N.S., and Purohit, S.P. edr.) 
Sciantific Publishers, Jodhpur, India. 

Norphological studies and the presence of tho 
clavirt. group of alkaloids in rclerotia of pearl 
millet in India confirmed the identity of the 
pathogan a8 C h w a g a  frUi n d s .  



7 6 .  rl--utaraj, S., andBhide,  V.P. 1961. Varietal 
resistance Ln ( T e ~ i a e u m  fvphol*ea ( B u r r . )  
S.  and  H .  ) t o  e r g o t  (m 
(Wallr.) T u l . ) .  C u r r e n t  S c i e n c e  31176. 

A 1 1  t h e  144 c u l t u r e s  of p e a r l  millet screened 
f o r  r e s i s t a n c e  t o  C under  a r t i f i c i a l  
i n o c u l a t i o n  c o n d i t i o n s  ahowed a u s c e p t i b i l i t y .  
However 17 c u l t u r e s  -- PT 838-6, P 350, PT 833-4,  
Co 2 ,  Australian 21-65, 168-A, RSK, S 530, Co 3 ,  
B a j r a  2-L, Savargaon M-S, A-G-B, A K 297 x Amreli 
AGB, 179-G-4, T h a r p a r k a r ,  A 1-3, and Pa l anpur  -- 
ahowed l e e a  t h a n  5  s c l e r o t ~ a  p e r  e a r  compared t o  
1Q% o r  more I n  t h e  o t h e r s .  

7 7 .  Imreless, A .  H. 1967. C h u u g s  iu ibnnb s p .  
nov. ,  t h e  c a u s a l  agen t  of an a g a l a c t i c a  of  sows. 
T r a n s a c t i o n s  of t h c  R r l t l s h  Mycological S o c i e t y  50: 
15-18. 

A new s p e c l e s  o t  C_Lau.s.e@i havlng  f u e i f o r m  
c o n i d l a  on Y~nr i~~c lm tvDhPldes was d i s t i n g u i s h e d  
from L; m a  and was named a s  C .  fusifc ...i~&. A 
morphological account  was g lven  from t h e  samples  
c o l l e c t e d  from Hhodt4s~a (now Zimbabwe) where it 
wee known to c a u s e  a  s e r i o u s  3 l s e a s e ,  i . e . ,  
a g a l a c t i c a  o f  sows r pigs ) . The d e s c r i p t i o n  of t h e  
type s p e c l e s  1s g lven  below: 

Clavlcw L . u & m ~ s  sp.  nov.  
Srlarau obpyrlforrn,  3 . 5  - 6 rnm l ong ,  2-3 mm 

wldu,  u s u a l l y  w l t h  irregular longitudinal fu r rows ;  
t a p e r i n g  t o  d pv i n t  and sometlrnes cu rved ,  b l a c k i s h  
brown, t h e  bdsa l p d r t  Lon of t h e  s c  l e r o t i u m  g l o b o s e  
o r  o v o i d ,  g r e y l s h  brown. StrOmata 1-3,  u s u a l l y  1 .  

mos t ly  4-5 mm i ong ,  sornetlrnes up t o  10 nun 
l o n g ,  0.3-0.5 mm wlde,  p a l e  p u r p l e  becoming creamy 
w l t h  a g e .  ~u.l . i i ,  g l o b o s e ,  1 -1 .5  mm diam., 
g r e y i s h  p u r p l e ,  s l l g h t l y  p a p l l l a t e  a t  m a t u r i t y .  
m a  o v a t e  to pyr l fo rm,  130-175 um long  and 
60 x 9 5  urn wlde [mean of 2 0  m e d ~ a n  s e c t i o n s  155.6 x 
77.6 urn). Btiu c y l l n d r ~ c a l ,  95 - 1 3 5  um l o n g  by 3-5 
urn wlde (mean o t  2 0  a s c l  115 x 4 urn). . a c o s w r e s  
s l i g h t l y  s h o r t e r  t han  a s c l .  Conldla h y a l  i n e ,  
f u s l f o r m  o r  b road ly  f a l c a t e ,  9 . 5  - 2 2 . 5  um l o n g  by 
3 - 5 urn wlde (mean of 100 s p o r e s  1 5 . 8  x 3 . 6  urn). 
C o l l e c t e d  6 4 . 1  hi s o u t h  o f  Urntall ,  Rhodes ia ,  10 



78. P.G. 1968. InNbition of lacation fa mica 
follw- f d i n  with orgot aclorotia (C aricrw P fnrif- 1 ass) from the bulrorrh millat 
(w Btapf and Hubbard) sad an 
alkaloid carpomnt. Pmccnding8 of tk Royal 
bbcfoty 8. 170r423-434. 

Ib. rclarotia of C. t m i f ~ ~  when fad at 2 
and 3a to famale mice during the later 

caused failure to raise their Y ittmrs. Of 
-'the -the. 6lhloid a~tr&~t..d 1- 
scl.n>tia induced pup mortality in a similar 
nutnor. The active principle, agroclarlno, fad at 
S to 7 'lag%', inhibited the normal mamaq 
hypertrophy. The discontinuance of alkaloid diet 
on thm day before parturition resulted in rapid 
t.coverg from tha effect of agroclavins. 
Agroclavine a180 suppressed wall-establishad 
lacation. Exchanging litters of treated and control 
lice at birth showed survival and normal 
damelopent of 778 of the pups of mother6 which had 
received the agroclavine diet whereas all the 
control pups which were transferred to the mothers 
receiving agroclavine died. 

79. W e ,  P.G. 1969. Interruption of early pregnancy 
in mica by oral administrtion of agroclavine and 
rclerotia of ClaviceD. fu.ifarmi. Loveless. Journal 
of Rmproduction and Fertility 18~81-88. 

The 'oral administration of agroclavine 
(.lightly less than 300 ug/day) caused termination 

ncy sometinre during the first 6 days in 
A dose of 200 ug aqroclavine given 

daily in food on the 3rd and 4th day of pregnancy 
(approLtrately 165 uq actual dose ingested) 
8ffrt.d preqnancy in 8ome replicatea but daily 
Fntske of. 50 ug agroclavine teminated the 
pregnancy without any rign of toxicity. Eight w m k s  
of agroclavine treatment did not reduce subsequent 
fertility in mice, showing no significant effect on 
tho process of conce tion. The alkaloid trmatment 4 d~rFng the first 'day8 of pregnancy or after 
implantation as well as injection of 250 uq 
agraclavine did not interrupt pregnancy whereas a 
diet containing ergotoxine, ergosine, and lysergic 



acid hydroxyethyalmide interrupted it. 

80. Ihthur, J.M.S., and Gnpta, J.P. 1981. Production of 
pectolytic enzymes b and 
their role in host ce I 1 wall degradation. Pages 25- 
26 ln Abstracts of the Third International 
Symposium on Plant Patholo , 14-18 December 1981. 
l n d i ~  Agricultural Resear3 Institute, New Delhi, 
India. 

In ergot susceptible pearl millet varieties, it 
was ehown that significant actrvities of the 
enzymes poly alactouronase (Exo-PG and Endo-PG), 
pectic methy 7 gal actouronases (Exo-PMG and Endo- 
PMG), y t i c  acid transeliminase (PATE), and pectic 
transe Fminase (PTE), at early stages of infection, 
indicated the production of diffusable 
extracellular pectolytic enzymes by 

as a prerequisite for ~nfection. 

8 1 .  Hodi, B.S., Bansal, V., and Bhora, C.P. 1979. 
Trials on inclined draper belt for ergot- 
separation. Journal of Agricultural Engineering 
16(3):95-102. 

A draper belt separator was developed (details 
described) and tested for ~ t s  efficiency to 
separate ergot sclerotia (- fuaiformis) 
from infested pearl millet grarns. Overall 
pegformance of t h e  separator was satisfactory at 
22 inclination of the belt. Proper adjustments 
were found essent~al for efficient functioning of 
the separator. 

8 2 .  W y ,  B.R.  1974. Mutation breeding for resitance 
to downy mildew and ergot in Pennisetum and to 

in chickpea. Pages 89-100 in Induced 
Mutation for Disease Resistance in Crop Plants, 4-8 
June 1973. Novi Sas Yogoslavia Vienna, Auetria. 
International Atomic Energy Association. 

The creation of an artificial epiphytotic 
condition for development of ergot on pearl millet 
was successful. However, mutational rectification 
of pearl millet seed material wlth 60 Co was not 
successful in inducing resrstance to 



83. L ,  J.1. 1983.  Sc-aing of rcpot i n  psrrl 
rfllet of five inbrrdr and one hrhrid for a 

In India, screuni of five pearl millet inbrmd 
l- and a hybrid?or resistance to Claric.o. 
fuL&mh following standard inoculation tschnique 
rcmrsaled m a n  ergot severity ranged betreen 0 and 
101 in  the inbred l i n e s ,  and 95% in BJ-104 
( 8 t l l c T L b l e  check). The ergot severity wan 09 in 
1-B 3-6 <1$ in I W E  134-41, ICMPE 140-7-8, and 
IQCPll 134-6-31,  and 1 0 . 9 %  on ICHPE 140-7-12. Ergot 
infection also reduced the total grain weight. 

84. laad, E k a ;  Kurar, Kanlesh; and Sfngh, Sf arm. 
1981. Plant protection in dry land agricu ture. 
Pe8ticides 15:3-7. 

I 
S u r ~ e y ~  in some villages of Haryana (India) 

revealed ergot (- fusiformis) as the most 
widely spread disease of pearl millet cauming 
considerable loss. Ergot was reported important by 
1008 of the farmers, downy mildew by 569, and smut 
by 35%. There was unawareness among the f a n n e r s  of 
the recommended integrated control measures. It 
was euggested that community adoption of 
practices, like collecting and destorying the 
diseased earheads and using disease-free seeds, can 
h e l p  control the d i s e a s e .  

85 .  latarajan, U . S . ,  Guruswamy, Raja, Selvaraj, S., 
a& Parambaramani, C .  1974. Grain loss due to ergot 
disease in b & u  hybrids. Indian Phytopnthology 
272254-256. 

Btgot (C. fYki ' *ill) incidence and grain lo68 
in 17 hybrid8 and 1 composite variety of par1 
millet were recorded at Coimbatore, India. With an 
average ergot incidence of 62.4% a grain lose of 
58.4) was estimated. All the cultivars were 
8ueceptible with no significant differences for 
either ergot incidence or grain loss. There was a 
strong, positive correlation between ergot 
incidence and grain Ibse. 

86. &um, Y.L. ,  and Singh, S.D.  1976. Downy mildew and 
ergot of pearl millet. Peat Articles and News 



SwmarLer (PANS) 22:366-385.  

The reriousness of ergot and dovny milder 
direaeer on pearl millet was highlighted, since 
there diseases were the main reason for low yields 
of hybrids with high yield potentialr. A review of 
the available literature on these direaser war 
rerented to ascertain an up-to-date statue of 

L o w l d p e .  Ergot (y -1, a major 
disease in India and wide y distributed in Africa, 
was reported to cause grain loss and, on 
conrum tion, poisoning in human8 and cattle. The 
followng 7 priority areas of research were 
ruggestsd: taxonomy of the pathogen, survival from 
one seaeon to another, infectivity of ascorpores, 
the role of conidia as infective propagulea, host 

establishment of a standard procedure for 
eva uating resistance, development of a disease 
rating scale, identification of resistant sources, 
and biological control. Results of research on 
chemical control, removal of sclerotia by 
floatation in salt water, and the role of 
meteorological factors during anthesis in 
development of the disease were discussed. The need 
for research on downy mildew (:clerospp~~. v) including seed-borne transmission, 
eecondary spread through aporangia, physiological 
specialization, environmental races, and 
identification of stable resistance was also 
suggested. 

87. licbolas, I. 1975. Removal of ergot from grain or 
seed lots of b&d by gravity separators. Seed and 
Farms 1(9):4. 

The specific gravity of ergot (- 
fullffonnig) sclerotia was found to be lower than 
pearl millet grain. An effective mechanical method 
for removal of sclerotia from grain or seed lots by 
gravity separators was described. By this procedure 
sclerotia could be separated from more than 80% of 
the sample. 

8 8 .  Pahfl, V.S., and Thakur, D.P. 1985. Relative 
efficacy of dif ferhnt fungitoxicants against 

fusifarmis (Loveless) in vitro and in 
vivo. Haryana Agricultural University Journal of 
Research 15(3):279-283. 



Out of 15 chemical8 tested in vitm, Ridomif. 
25 WP, Benlate, Apron 3D-35, Curzate, Delm, Curan- 
L, and Difolatan, each at 500 ppm concmntratlon, 

lately inhibited spore germination of a11 Four 
i8o ate8 of C. usifomla collectad from p a r 1  '"P 
aillat at Himar, Delhl, Patancheru (ICRISAT), and 
Jamagar, and one isolated from Panirllr urtidotal. 
at Himar. On a hybrid, BJ 104, Ridornil25 UP (100 
pp) most effectively reduced ergot incidanca in 
the field when ap lied as protective 
Difolatan followed ! y Apron SO-35 and Cuaan-L 8prar8 a 80 ' 
checked the disease satisfactorily when app1i.d as 
protective treatments. 

89.  Pathak, V.N., and S h a r n ,  R . X .  1976. Reaction of 
inbreds and hybrids to ergot at Jobnar. 

Indian Journal of Mycology and Plant Pathology 
51199. 

During the 1973 rainy season, all the 177 well 
established inbred lines and 72 F1 hybrid8 of 
millet showed susceptibility to ergot (4 
fusiformis) under natural conditions at Jobner, 
Rajaathen, India. 

90. PatbaL, V.I., Yadav, K .  Langkildm, M.R., aad 
)lath-, S.B. 1984. R e ~ v a l  of ergot sclerotia from 
seed8 of pearl millet. Seed Research 12(2)170-81. 

Investigations comparing separation of ergot 
( C h y b a g u  fuafformia) sclerotia from 1t~od8 of 
Pennisetum americanum were done for a Screen Air 
Separator (SAS), Specific Gravity Table (SGT),  and 
SGT combined with a Brand Grader. Best rfmoval was 
obtained by using the SGT. The SGT method was 
described as convenient, rapid, simple, economical, 
and more appropriate. Higher sclerotial content6 in 
seed samples adversely affected the efficiency of 
the rocedure. Although efficient rclerotial 
r-a! was also achieved by dipping tha I-d 
samples in 20% salt solution, and carefully and 
repeatedly skimming-off the floating and rubmrgad 
sclerotia with the help of a tea strainer, thi8 
method proved slow and 'expensive, and it reduced 
seed gemination and seedling growth. 

91. Patil, B.P. 1980. Ergot of pearl millet. Pestology 



A rrrirr of tho finding8 onorgo+ of pwrl 
lil1.t cQW(KI wicracrdur f .  

cal di8tribtion, ertmt of lourr, .itOot 
due to water-roluble alkaloids, . ~ r r i v a l  

and 8-d of thr diaaase from o m  rrcrion to 
a n 0 6  by .1.an8 of rclerotia, rrecondary by 
--unr of horuyder conidia, rode of infection 

"% rtigran, mateorological factors coPgarLal 
for ease dcrvelopt~ent (high humidity, cloudy 
waatber and terperatute between 18-30 C), sad 
collateral hosts. The control were also moasursr 
r e v i d  including agronomic practiceo, ruo of 
fungicides, growing resistant varieties, bfological 
mean8, and use of sclerotia-free scnd.. An 
intogratad system of control was comi&red 
appropriate. The future priority areas for 
rcrmeazch includedt development of an ergot 
forecmting system, devisinca suitable culttual 
practices, - evaluation of sysfesic fungicides and 
develomnt of suitable spray scbrdulmm, 
e s t w i o n  of losses, studies on pathogsnic 
variability, identification of resistance in wild 
grasses and thier possible utilitation in 
reriatance breeding, investigation on mutation 
breeding for resistance, and dwe-nt of 
biological and integrated control systau. 

92. Pawar, C.P., Ihrrer, P.R., Gailrrad, A.C., Gelbad,  
D.G., ud Barinaryana, G. 1983. Genetics of di8ea8e 
re8iatanee in pearl millet. Page 729 iLI hbatracts 
(pt2) of the 15th International CO of 
Genetics, 12-21 Decsrnber, 1983, New D . c : k a .  
Oxford and IBH Publishing Company, New mlhi. 

The inheritance of ergot, downy milder, and 
rurrt waa studied using 9 x 9 diallel and gumration 
maan analysis. General combining ability WAB highly 
mignfficant for ergot only. Additive g u n  actfon 
w a s  pmvalent for disease remistance. Bowaver, 
generation mean analysis revealed oan-allalic 
interactions of a duplicate, dominant, epi~tatic, 
or recessive nature. 

93. Praturh, B.S., and Shetty, H.S. 1981. Influence 
of etorage temperature on sclerotial gemination of 



C auicena fulLformi.. Current Science 508070-871. 

Germination was 3.5% in freshly colloctcKt 
rcletotia of C -. A marked incru8e war 
obserPed in gewieation of sclerotia stored for 0 
weeks at 23 to 37 C without chhlling truatscrnt. 
Storage temperature of 10 to 15 C and chillin 
treatrent did not increase rclerotia ? 
germinability. naximm germinatiog ( 8 1 . 3 3 t )  was 
recorded in sclerotia stored at 37 C. The number 
of days required for gemination were also reduced 
from 60 for freshly collected sclergtia to 16-30 
for sclerotia incubated st 23 2 1 C with 12 h 
photoperiod. The number of clavae produced per 
sclerotium ranged from 1 to 8. 

94. Prak~8h.  H.S., Shetty, H.S., and Safeeulla, K . 1 .  
1900. Histology 1 infection by 
huUwnU in pez:lc:;cet. Proceedings- 
Indian National Science Academy B 468708-712. 

The germ tubes of conidia of L fusifowia 
penetrated directly through stigma, style and 
ovary wall of the pearl millet flower. The 
infection hyphae traversed through intercellular 
spaces and then proceeded down the 
and ovary. The style withered after 
three days after inoculation the hyphae reached the 
base of the ovary wall and invaded the interior 
cells of the ovary. On the 5th day after 
inoculation the cells of the ovary became pulpy and 
dead. The size of ovaries increased and honeydew 

roduced from the 6th to the 10th day after 
inocu ation. The fungal hy hae replaced the ova was P 
but did not enter receptac P e cells juat below 3; 
ovary. Fifteen days after inoculation, the white, 
smooth layer around ovaries turned brownish, and 
ultimately became sclerot ia. 

95. P r m h ,  H.S., Shetty, H.S., and Safeeulla, K . H .  
1983. Germination and nuclear behavior of eexual 
and asexual propagules of S h y k s g a  fuaiformis. 
Transactions of the British Hycological Society 
81:65-69. 

Filiform, aseptate, uninucleate ascosporee of 
fusiformis, meauring 119 x 2 urn, germinated and 

produced primary and secondary conidia. The 



nucleur from the ascospore migrated into thm 
prirarJr conidium without undaroing div i s ion .  
Similarly, nuclear migration ?m h a r y  to 
mconUary conidia took place without div%cm. ~n 
s o u  ascompotes the nucleus divided into two, 
resulting in the formation of two prisary conldia. 
The asexually produced conidia in hor#ydrr 
gsminsulcl within 24 h, producing secondary and 
tertiary conidia within 48 h. A few tertiary 
conidla also produced quaternary conidia. The last 
formed conidia were the only infective conidia, and 
the empty (non nucleate) primary or necondary 
conidfa did not cause infection. The procesr of 
successive germination of conidia was considered 
favorable for prolonging the infectivity of 
conidia. 

96. Prakauh, H.S., Shetty, H.S., Subrannya, S., and 
Safemalla, K.M. 1981. Standardisation of sclerotial 
germination technique and infectivity of aecos 
of C aviceui hui&x& Lov. Indian Journarrt; 
Agricultural Sciences 51(12):900-904. 

Sclerotia of C. fusiformis germinated more 
quickly (within 20 days) and in higher percentage 
(18%) when placed in moist sand in petri plates 
than those placed in pots with mgirtened soil 
covered by polythene seeeta at 23 2 1 C with 12 hr 
photoperiod. At 28 C sclerotial germination 
percentage was lower and germination time longer. 
Sclerotia placed on moist blotters at 23 21 C 
failed to germinate. Sclerotial germination was not 
influenced by light. Germination of freshly 
collected sclerotia was very low (4%) and required 
at least 65 days whereas germination of 9-month old 
sclerotia was higher (18%) and re uimd only 20 
days under similar conditions 07 moisture and 
temperature. 

Up to eight stroma per sclerotium were 
produced. Ascoepores (103.2 x 2.6 urn) germinated 
with or without producing conidia at the terminal 
enda of the germ tube. Conidia resembled secondary 
conidia in shape and size. The ascosporial inoculum 
infected 44.25% of the inoculated florets. 

97. Rachie, K.O., and Najmudar, J.V. 1980. Pearl 
Millet. The Pennsylvania State University Press. 
Univeriety Park and London. 



A detailed account of ergot C avicana 
fmi arrimj on pearl millet ir given, Lac 1 udlng itr 
wid.sprcrad occurrence on high yielding h id. in 
India and on local land racer in Africa, t? atorical 
background and work on ~wteorological factor. 
favorable for disease develo loamam, 

morphology of th. p.tF::: intrtioEfo13 
d.valop#nt of ryaptolar. Co lateral hosts wrr 
found to be generally rpcies of -. 
Lirritui research on identification of rerirtance 
revealed lack of resistance in the g.ra lasln 
INC-ned. Cultural racticas, l i e  a !  of 
infected heads, use o ! sclerotia-free reed, crop 
rotation, and chemical control throu h sprays of 
Xiram or mixtures of copper oxychlor ! de and gineb 
a n  diacurred. Biological control and ergot- 
induced toxcity are also reviewed. 

98 .  -imhnan, T.S. 1952. Observations of ergots of 
BmUaeWm and other graeses. Proceedin 8 of tho 
Indian Academy of Sciehc.. 8 .  3 6 0 )  197-109 .  

Six species of Pannineturn, 2 .  m, E. 
- 1  2 .  uWU, E, hohenact Z. 
-, and 2 .  -, and two rp~cies 
of C e n c ~ m ,  C.  ciliarla and C. aaticreru., were 
found susceptible to the ergot pathogen 
(ap rently Uukfgu -) collected from 
a g b r i d ,  E. x e .  -. Liter 
inoculation, conidia geminated on ~tigmam in 48 h, 
completely invaded the ovary in 96 h, and honeydew 
in 5 days. Sclerotia did not germinate even after 
stratffication and exposure to low temperature. 
Conidia geminated readily for up to 7 months after 
collection and could infect earheads for another 6 
months. 

9 9 .  Flrruh.bhnan, T.S. 1 9 7 1 .  Diseases of Millets. 
Indian Council of Agricultural Research, New Delhi. 

Ergot of pearl mlllet, caused by G aviceqg 
-, was considered a disease of lesser 
hportance than other dieeases of the crop, 
although the potential threat was 
Distribution, pathogen morphology, r.czrd;% 
content, disease epidemiology, collateral hosts, 
and control measurer, primarily through cultural 



practices, are described. 

100. Remummy, C. 1968. Meteorological Factors 
asrociated with the ergot epidaic of  
(k-minmtum m) in India during tb. rr)rarif 
season, 1967- a preliminary study. Cuncent ScLmncm 
37(12):331-335. 

The mteorological factors associatad with a 
lthrYif rearon when ergot (- u h m i a )  did 
not appear (1966) and one when it did a in 
epidemic form (1967) on pearl millet in D.=werr 
described to show their relationship to ergot. In 
1966, the monsoon began on 25 July but t h e m  war 
low relative humidity (RH), little cloud cover and 
longer duration of sunshine during moot of the 
period covering the last 10 days of Augurt and 
first 2 weeks of September. In contrast, in 1967 
there were daily showers between 2 and 8 Jul 
and morning RH was 85-958 from 1-10 Septeaber. T f '  e 
evening RH was 75 to 90% from 1-5 Septerber and 60 
to 708 from 6-10 September. The total cloud cover 
was 6 to 8 Octa i.e. 75 to 100% sky coverage, both 
in the morning and the evening from 1 - 8 
September which was much more than the sky 
coverage in the corresponding period in 1966. 
The total daily sunshine was only 1 to 5 h, and 
between 1 and 6 September there were rain rhowers 
daily. The surface wind-speed did not play a 
role; however, the higher diseaee incidence 
during 1967 was attributed to better rainfall 
distribution during the vegetative growth and 
flowering periods. Cloud weather, lers sunshine, 
and high RH were proba g ly reeponsible for the 
higher disease incidence in 1967. The need of 
detailed meteorological studies was emphaaised. 

, K.D., Govindaswmy, C.V., and Vidhyamekaran, 
lol. =?69 . Studies on ergot disease of a 

(- tvDhoides). Madras Agricultural 
Journal 56(5):367-377. 

Conidia from honeydew of Clav ceoa 
microceohala were more virulent on curahll (P. 

Y ) than conidia from culture medium. High 
re ative humidity favored ergot developnt. Bntry 
of the pathogen into the ovary was largely through 
the wall. Experiments on disease tranrrission 



thrwgh seed or soil yielded negativm roaulta. 
PAnnicletul saunmulat.um and L -were 
ruaceptible to the pathogen. Prophylactic 
application of fungicides was su rior to port- 
hoculation sprays in ninimisinp t c  diauso. 

102. 8ap.pa, I . B . L . ,  Gupta, G . K . ,  and Subba Rao, G.V. 
1978. Influence of environment and notypes on 
the development of erpot in pearl mi??st. Indian 
Journal of Agricultural Sciences 48(8)r495-497. 

Brj:t (- m) incidence varied 
from 7 1 (on NHB 3) to 98.6% (on PHB 12) on nine 
P hybrids of pearl millet, including HB 3, during 
tke 1976 rainy season at Jodhpur. T h e n  were 
significant differences for ergot incidence and 
severity the hybrids. The ~nfection index 
r irZ?!.l% for NHB 3 to 29.78 tor 5054 1 x 
K f457. There were daily showers during the 
protogyny to early anthesis period which appeared 
to pla a significant role in the onset and spread 
of tge disease. Percentage infection ram 
positively correlated with relative humidit and 
rainfall, but the correlation with relative 
humidity was etronger. Sunshine and atmospheric 
temperature had direct effect on infection 
percentage, and were negatively correlated with 
it. 

103. Selvaraj, J.C. 1980. Ergot disease o f  pearl millet 
in Ni eria. F A 0  Plant Protection Bulletin 
28(4) z1!9-132. 

Ergot (Ua !kaga  ' - h) on pearl millet 
in four ecological zones i.e. Sahel Savanna, Sudan 
Savanna, Northern Guinea Savanna and Southern 
Guinea Savanna was assessed in Nigeria during 
1975, 1976, 1977, and 1978, using a 0-5 scale. 
The disease was mild in the Sahel and Sudan 
savanna zones in 1975 and 1976 and moderate in 
other zones. In 1977 and 1978 the disease was 
most severe in the northern and southern Guinea 
savanna zones, when it caused an estimated 2 to 3% 
crop loss. 'Gero millet' which matured during the 
rainy season was mtacked more severely than 
'Xaiva' millet which flowered later. The study 
demonstrated the potential threat of ergot and 
other diseases, like downy mildew and smut, to 



pearl aillet in Nigeria. 

104. Shaaa, U.P., Singh, R.S., and Tripathi, R.X. 
1983. Estimation of loss caused by ergot dLsaame 
of pearl millet ( .  eminem 6L.) 
Leeke). Madras Agricultural Journal 70(10)8 87- 
689. 

There was a negative correlation betreen 
number of sclerotia and number of grains on ergot- 
infected pearl millet earheada. Ergot intensity 
below 50% did not affect grain site, but a 
significant reduction in size was observed when 
disease intensity exceeded 50%. 

105. Sharra,  0-P., and Chauhan, R.K.S. 1982. Phenomenon 
of infection of ergot disease of pearl millet. 
Current Science 51(20):994-995. 

Studies on the occurrence of ergot (C avicaw 
W-) on pearl millet hybrid HB 3, in 
sclerotia-lnfested isolation plots during 1978 
and 1980 at Gwalior, India, indicated that the 
conidia trapped on slides were those that were 
produced on the surface of sclerotia. The role of 
these conidia as source of primary inoculum and 
those from honeydew as secondary inoculum was 
emphasized. 

106. Shaxm, O.P., and Chauhan, R.K.S. 1984. Identity 
of pathogen causing ergot of pearl millet. Indian 
Phytopathology 37:539-540. 

Morphological studies of the ergot sam lee 
collected from pearl millet from Saiya, Roita, 
Sevla (Utter Pradesh), Bhind, Morena, Gwalior 
(Madhya Pradesh), Dholpur, Bargaon (Rajasthan), 
and Cobbatore (Tamil Nadu), India, confirmed that 
the causal organism was [LLaviceDs fusiformia 
Loveless. 

.07.  Shaxma, R.K., Vewa, O.P., l4azmudar, V.L., and 
Agnibotri, V.P. 1981. Conidial germination in 

f u j & r m & ,  the incitant of pearl millet 
ergot in relation' to physical and chemical 
factors. Page 25 in Abstracts of the Third 
International Symposium on Plant Pathology, 14-18 
December, 1981. Indian Agricultural Research 



Institute, New Delhi, India. 

In vitro germination of - conldia occurred a t  15 to IS0- 25 C) , 5 
to 1008 RH (opthum 10081 ,  and g . 0  to 9.0 pH 
o timum 7.5). Cuman-L (200 pm) caused maxiraum 
ldlbltion in gemination folfored by Cela Y 524 
(200 ppm). Biodoxy (200 ppm), Thraaycin, 
Phenargan, Brufen and Maleic hydrazide (50 p 
each) also caused significant reduction in t e 
germinstion. 

R 
108. Sharra, R.K. , Verua, O.P., and Pathak, V.B.  1982. 

Management of pearl millet ergot with fungicides 
and insecticides, Indian Journal of Mycology and 
Plant Pathology 12(1)z109 (Abstract). 

Aureofungin ( 5 0  ppm), Cuman-L ( 1 5 0 0  ppm) and 
Ridoail (500 ppm) were effective in reducing ergot 
severity in pearl millet. Among insecticides, 
Dimecron, Ekalux, Chlorodant., Malathion, Diaeinon 
and Parathion were also effective. 

109. Shura, R.K., Vexma, O.P., and Pathak, V.M. 1984. 
Some physical and nutrrtional factors for the 
growth and sporulation of C,humg~ fuAhxab 
Lov. Cryptogamic Mycologia 5 1 2 6 9 - 2 7 5 .  

A linear relationship between sugar 
concentration and the growth of C. fusifarmL4, in 
vitro was reported. The highest sporulation 
oc~urred a at sugar concentretlon of 100  g / ~  at 
25 C and pH 7.5. Asparagine was a batter source 
of nitrogen than nitrate, and sulfates of barium, 
ferrous, copper, and bismuth completely stopped 
growth. 

110. S-, Y.P., Sinyh, R.S., Tripathi, R.K. 1983. 
Role of insects In secondary spread of ergot 
disease of pearl millet (Penniaetum -). 
Indian Phytopathology 36(1):131-133. 

The role of insects in transmission of 
in pearl millet was 

conf inned. Transmission effic~ency of moths, 
honey bees, house flies, red cotton bug, plant 
bug, and flower beetle were 63, 57, 52, 45, 47 and 
22%, respectively, in field tests and it varied 



from 30 to 87% in greenhousetest.. In tb. 
greenhouse, among the small insects, tha m a x h u  
trarumission was by black ants 708) f o l l d  by 6 - - i 8 '  u u m m h t ~  ( 6 0 4 1 ,  becatles ( OI), and lygaoida 
(40%). 

111. S h a m ,  Y.P., Sinqh, R.S., and Tripnthi, R.X. 
1984. Management of pearl millet ergot 
integrating cultural practices and chsaica "r 
control. Indian Journal of Mycology and Plant 
Pathology 14:69-79. 

Application of nitrogen, phosphorusLl and 
potash at the rate of 100, 50 and 40 kg ha, 
reepectively, gave higher yield and also kept the 
ergot (ClavicnD8 fusiformis) at a low level in 
pearl millet. Of 15 fungicides tested as pre- and 
post-inoculation eprays the systemic fungicides 
Bavistin, Benlate, and Brestanol, each at 0.055 
a.i., gave 50 to 60% control. Ziram, Duter, 
Dithane - 45, and Difoltan gave 37.6 to 43.48 
control when sprayed 24 h before inoculation. 
Systemic fungicides were superior to non-systemic 
ones. Sevin and Thiodan insecticide. at 0.058 
concentration also checked the disease. Better 
control resulted by using a combination of 
Bavistin, Benlate, or Brestanol with Sevin or 
Thiodan; three sprays of any combination at weekly 
intervals were effective. 

112. Shincle, P.A., and Bhide, V.P. 1958. Ergot of 
(Penniserum -) in Bombay state. Current 
Science 27(12):499-500. 

The causal organism of ergot of was 
described as U. vice- -; it grow well 
on Kirchoff's original and modified media, 
Sabourands' medium, and modified Czapek's medium. 
The cgnidia of the pathogen germinated readhly at 
25-27 C with thermal death point around 55 C. 

113. Shone, D l  Phillip, J.R., and Christie, G.J. 
1959. Agalactica of sows caused by feeding the 
ergot of bulrush mi^llet, m. 
Veterinary Research 71(7):129-132. 

Feeding numga (Pennisetum m) grain 



contaminated with ergot sclerotia was &mcrFbd ar 
a cause of agalactica of sows in Rhoderia 
(Zirbabwe). 

1 1 4 .  Siddiqui, X.R., and Kha.n, I.D. 1 9 7 1 .  Correlation 
batresn infection potential and mode of conidlal 
germination of pearl mi 1Let ergot fungus. 
Proceedings of the Indian Science Congrers 
59(3)r564-565. (Abstract) 

Conidia of Uauaga OCLLfPLmjd geminated in 
various ways and their percentage germination 
varied depending upon the aource and time of 
reduction. Under favorable conditions, direare 
!eve1 in su~ceptible genotypes was directly 

rtional to the 'infection potential" of the 
E:cqen which was related to germination of 
conidia and prevalent relative humidity. 

1 1 5 .  Siddiq~i, H.R., and Xhan, I.D. 1973. Renaming 
[Ilavicaoa microceohala ergot fungus on .enninetun) 
tMhoides in India as U c a y a  fuaiformils. 
Transactions of Mycological Society of Japan 
14(2):195-198. 

Morphological studies of the ergot athogen 
from material collected from natural P y and 
artifically inoculated pearl mlllet varieties 
revealed conidia as hyaline and fusiform or 
broadly falcate, measuring 16.5 x 34.8 urn. It was 
propoeed that the causal organism of ergot on 
- .  in India should be known as 

fuaiform- instead of L 
(Wallr.) Tul. 

1 1 6 .  Siddiqai, M.R., and Xhan, I.D. 1973. Dynamics of 
inoculum and environment in relation to ergot 
incidence on &mAmLuu ~ y g h U b  ( B u m .  ) Stapf 
and Hubbard. Transactions of Mycological Society 
of Japan 14:280-288. 

Data collected during 1968, 1969, and 1970 
revealed that ergot (- fualformis) disease 
of pearl milet was season bound at the Regional 
Research Station, Coimbatore. However, it was 
possible to maintain it throughout the year by 



with fresh inoculum of the pathogen and providing 
relative humidity (RH) of m r e  than 9 5 t  at t k  
t h e  of inoculation. In the Jield, a &fly n a n  
temperature between 18 and 30 C, ~l.m RH &ova 
908 and light showers during flowiring ware 
favorable for infection by the ergot pathogen. 
There was a gradual decline in germination 

!r rcentage of conidia collected from ptrviourly 
noculatod plants which was probably te8ponrible, 
along with the growth stage of the host, for a 
reduction in percentage of infection after 
December. Significance of the rerultr in 
evaluation of varieties during variour time8 of 
the year was discusaed. 

117. SFngh, G-, Bhatnagar, G.C., Choudhary, G.C., and 
Jat, R.G. 1978. Studies on ergot disease of 
in Ra amthan. Indian Journal of Mycology and Plant 
Patho 1 ogy 8:495. (Abstract) 

The occurrence of ergot (- fu.ifalrmia) 
on pearl millet, its consequences in crop 
production, its spread through rclerotium- 
contaminated seeds, the non-availabflit of host 
plant resietance, effectiveness of Su 1 fatx and 
Dithane M-45 sprays and late sowing for its 
control were mentioned. 

118. Singh, G., Vyas, K.L., and Bhat, B.I. 1983. 
Occurrence of pearl millet ergot on Cenchrua 

Pers. in Rajasthan. Indian Journal of 
Agricultural Sciencee 53(6)r 481-483. 

. . The fungus from ergoty panicles Of Cenchrus 
W at Durgapura, Rajasthan, war identified 
as chYhaxi . Pathogenicit tests 
revealed its infect pearl mJ1.t (L m) as well as C, W. II, 
possibly acted as a collateral host for increasing 
the period of multiplication of the inoculum under 
favorable conditions before flowering of pearl 
millet. This probably resulted in sudden, 
ecale infection in late sown pearl m i l e t  
varieties in Rajasthan. 

larpe- 

119. Singh, H.N., and Husain, Akhtar. 1977. Saprophytic 
production of ergot alkaloids by bajra ergot (m fuslformis Loveless. Indian Journal of 



Bxpsrirental Biology 15(7)r585-586 

C auicene isolated from .aturn 

4F-P rovided only clavine type alkaloid. 
li 6i chanoc avine, elymoclavins, festuclavino and 
agroclvins in stationary liquid culture (on NL 406 
medim while it produced chanoclavine, 
elYl;vine , and aqroclavine in submotgbd shake 
cu ture filterate. Bath ergotamine and 
ergonretrine, which are therapeutically important 
alkaloids, were not produced in high quantity. 

120. Singh, Rareahwar, and Singh, S.N. 1969. A note on 
effect of different dates of sowing HB 1 on grain 
yield and incidence of ergot ( S h Y L a n E  

(Wallr.) Tul.) Madras Agricultural 
Journal 56: 140 

A pearl millet hybrid, HB 1, sown on 15 and 30 
July at Dholi, Bihar was not only free from er ot 
(- -) but gave higher yie 7 ds 
than that sown on 15 and 30 August which developed 
heavy ergot. 

121. Singh, S.B., Bais, B.S., and Singh, D.R. 1972. 
Effect of different carbon and nitrogen sources on 
the growth and sporulation of U&d&sgu 
microceDhala (Wallr.) Tul. Mycopaehologia et 
Mycologia Applicata 46:373-378. 

Cane sugar and glucose followed by sucrose and 
maltose were the beet source8 af carbon for in 
vitro growth and aporulation of C fuaifarmia 
isolated from diseased pearl millet earheads. 
Peptone, glycine, L-asparagin, DL-valine, urea, 
magnesium nitrate and L-proline supported good 
growth and fair sporulation of the fungus. 

122. Sivaprakasam, K. 1971. A note on the control of 
ergot disease of pearl millet ('ennia- 
tMhoides S. & H.). The Andhra Agricultural 
Journal 18(5):212-214. 

In field and pot trials, Aureofungfn, Duter, 
and Cuman sprayed bnto pearl millet panicles 
significantly reduced ergot (- fuaiformia) 
by 49.65, 32.87 and 2 0 . 8 0 % ,  respectively. The 
differences in grain yields among treatments were, 



however, not rtatistically rignif icaat. 

&amam K., ChLnnrdurai, O., .ad 
123' %&hi, C.B. 1971. Alkaloid m d ~ ~ t i o n  

c avicarrq on r o w  variet ! om of poar 
millet. Madras Agricultural Journal 58(6)r 131- 
432. 

The total content of alkaloids in honeydew 
and sclerotia of C. eati~atod in 
four artificially inoculated arl millet hybrid8 
was greatest in sclerotia (0.9 r' 0) on HB 1 ukd in 
honeydew (0.48%) on HB 3. The reduced alkaloid 
content in sclerotia of HE 3 was probably due to 
decreased supply of precursors for bioryntharir of 
alkaloids. 

124. Sivaprakasam, I(., ICandaswaq, D., R & r : ~ y ,  T.G., 
Selvaral. S.. and ICrishnamuthi, C.S. 1971. Bffect 
of nit;ogenwon the incidence of ergot diaoare of 
pearl millet caused by micrqcraha a. 
Madras Agricultural Journal 58(11)r811-813. 

Studies on the influence of different levels 
of nitrogen on the incidence of ergot (L-evicesa 
-) on six pearl millet hybrids in field 
trials ehowed that the application of N increamod 
the susceptibility of pearl millet l i m r  to ergot, 
although there were no si nificant differences 1 among the different levels o N. A11 8ix varieties 
tested were susceptible to the disease. 

125. Sivaprakassr, K., Pillayars K., Ja aaathan, 
R. , v I. 3. The 8 f c t  of 
micro-climatic weather elements on tho incidence 
of cumbu ergot. Madras Agricultural Journal 
63(3)1194-196. 

There was no er ot ( -1 
incidence on a p a r 7  !nil-d HBB 3 durin 31 1970, 1972 and 1974 when rainfa 18 were 11.1, 21. 1 
and 0.7 mrn, respectively during the crop reason. 
In contrast, there was 68.6 and 39.138 ergot 
durin 1971 and 1973 when the rainfalls were 237.9 
and 1 1 1.6 mm, respectively. It was concluded that 
the rainfall and humidity had a poritive 
relationshi to ergot incidence and sunshine had a 
negative re ! ationship. 



1.26. Si~aprrLamar, K., Pillaysrtsry, 1(. , and ~.ml, 8 .  
1975. Role of nitrogen on the incidence of arqot 
dlreare of pearl millet. (- s w i * e e  
(Bum.1 Stagf and Hubb.). Madras Agricultural 
J o u m  62( )r5?4-576. 

The increase in level of nitrogen incre68od 
the ergot (Illnulcep0 y) incidence in 
field trials on three pearl ml let cultivars. The 
incidence was highest with applications of 160 and 
200 kg/ha . 
Stoll, A . ,  Brack, A . ,  Kobel, H., Hoffman, A., aMi 
Bnmer, R. 1954. Die Alkalide eine8 
Mutterkornpilzes von tvDhofdaum Rich. 
und daren Bildung in saprophytischer Kulter; 
Mitteilung uber Hutterkornalkaloide (Alkaloids of 
ergot on &mn&&m rvDhoideum and their formation 
in saprophytic culture). Helv. Chim. Acta. 3 7 ( 6 ) r  
1815-1825. 

128. Sulaiman, . Ludage, G.M., and Daukhar, G.S. 
1966. Effect of some fungicides and antibiotics on 
sclerotial deveopment and germination of er ot on 
Panniaetwn Hindustan Antib otics 
Bulletin 9(2):94-96. 

P 
Germination of mlcroceDhala 

aclerotia was completely inhibited when eoaked for 
1 h in 5 ppm Aureofungin, 1000 ppm Dithane M-22, 
or 500 ppm oxytetracycline hydrochloride, and for 
2 h in 2500 ppm Captan. In a field experiment, 
Aureofungin at 5 ppm, when sprayed on ergot- 
inoculated earheads, inhibited eclerotial 
development up to 75%. 

129. Sundarar, N.V. 1967. Ergot disease of h j x ~ ,  its 
symptoms and control. Indian Farming 17(9)r56-58. 

In a general account it was reported that the 
ergot disease of baira was of widespread 
occurrence in states of Madras, (Tamil Nadu), 
Wysore, (Karnataka), Andhra Pradeeh, Uttar 
Pradesh, Delhi, Punfab, Rajasthan and Haryana. It 
included the description of honeydew and 
sclerotial symptoms. In humans, ergot poieoning 
appeared as stomach pain, giddiness, and vomiting 



followed by diarrhea. For precautions to avoid 
poironing, cutting and destroying the infected 
earheads and removing sclerotia by F.#rming thr 
contaminated rain in 2% salt solution and 
skimring off sc erotia, were suggestmi. Tha vaym 
suggested to minimize the intensity of infection 
were, adjustment of date of sowing on a regional 
basis, use of certified sclerotia-free seed., 
crop rotation with jowar, maize, and ring, 
rpraying Ziram at 0.1 to 0.15% or copper 
oxychloride + Zineb ( l r 2 )  two to three times at 5 
to 7 day-intervals during flowering, removal of 
infected earheads, and deep plowing soon after 
harvest to bury the sclerotia deep in the soil. 

130. Sundfuam, N.V. 1975. Ergot of u. Pages 155-160 
in Advances in Mycology and Plant Pathology. 
Published by the Professor R.N. Tandon's birthday 
celeberation committee. New Delhi, India. 

The review of work done on ergot (C avice~a 
-) of pearl millet described the 
distribution of the disease in Africa and India, 
honeydew and sclerotial symptoms, aorphological 
and physiological studies on the pathogen, and 
alkaloid content in sclerotia and its adverse 
effects, like inhibition of mammary hypertrophy and 
pregnancy in mice and agalactia in sows. Also 
described were infection by the pathogen throu h 
stigmas as well as through the tender ovary walq 
eshtablishment of the pathogen in the ovary, high 
rusceptibility of male-sterile linas, varietal 
reaction, host range, environmental factors 
responsible for disease development, and 
chemical and cultural control measurer. 

131. Sundaram, N.V., Bhowmick, T.P., and Khan, I.D. 
1969. A new host for ClavlceDs microceDhala 
(Wallr.) Tul. Indian Journal of Agricultural 
Sciences 39: 7 0 3 - 7 0 5 .  

Of 45 grasses examined, a hybrid of 
Pennisetum arientale x E. ~ u r ~ u ~ e u m  was recorded 
as a new host for -. The 
pathogen from this' grass freely infected 2 .  
tMhoides and vice versa. 

132. Sundararr, N.V., Bhowmick, T.P., and Khan, I.D. 



1970. Water soluble alkaloid content of argot 
( C h k a g t a  microc.DhLla (Yallr. ) Tul.) rclerotia 
of pearl millet [ (Penniaetum (Bum. 
Stapf. and C.E. Ilubb.)Jlg7:ndian Journal o 
Agricultural Sciences 40r56 

' - 1  
Fully developed sclerotia of C. 

collected from pearl millet contained --!!- 0.1 6 @ 
water-soluble alkaloids. This was determined with 
the help of a Klett Somerron colorinetor using 
ergomettrine solution as a standard. 

133. Sundarm, N.V., Palmr, L.T., Nagarajan, It., and 
Pm.cott, J.U. 1 9 7 2 .  Disease survey of sorghum 
and millet in India. Plant Disease Reporter 56: 
740-743. 

Surveys on mlllet and sorghum diseases in 
Delhi and Haryana, India, during the 1970 kharif 
revealed that ergot (cbuuua -) 
incidence on pearl millet was enerally 30t, but 
in some fields it was up to 1002 . An average of 
0.279% sclerotial contamination in grain was 
estimated. Early sowing generally oacaped er ot. 
Domy mildew incidence in pearl millet ranged Iron 
60 to 1008 . Blast, ruat, amut, and rpcies of 
Pusarium, Penlclllium 

* .  , and Cladasaorium were also 
recorded . Prevalence of diseasea on eorghum is 
also deacribed . 

134. Thakur, D.P. 1 9 8 3 .  Relevance of artificial 
inoculation techniques in analysing pearl millet 
genepool for genetically durable disease 
resistance. Pages 55-56 in Abstracts of the 
National Seminar on Breeding Crop Plants for 
Resistance to Pests and Diseases. May 25-27, 
1983. Tamil Nadu Agricultural Univereity, 
Coimbatore, India. 

Of 51 Eenniae ym a m e r i c - u  hybrids and 
populations teated, only 1  hybrid and 3 
populations recorded lees than 5% ergot-infected 
floretslear following artificial ~noculation. 

135. Thakur, D.P. 1 9 8 3 .  ' Epidemiology and control of 
ergot disease of pearl millet. Seed Science and 
Technology 11 : 7 9 7 - 8 0 6 .  



A review on epideaiology and control of argot 
(- fusiformia) in pearl millot ram 
pramentad. It included perpetuation of tho 
pathogen through sclerotia, relationshi of hoot 
suaceptiblity to floral biology, and pol ! ination- 
baaad escape reaiatance. The incidence of tha 
diseaae was re rted to increase with applicationr 
of higher leve P" s of nitrogen and phos horw to the 
cro whereas it decreased wit[ incroued 
aepPication of potash. High relative hwidity (85  - 9 5 % ) ,  cloudy weather and rainfall in morning and 
evening during the first 10 days of flowering ware 
highly conducive for the development of ergot. 
Various control measures suggested include: crop 
rotation, early sowing, application of potash, 
intercropping with moong bean, removal of plants 
or flowers of collateral hosts, seed treatment 
with Thiram, and sprays of Cuman-L and/or 
Difoltan. Lack of complete resistance and the 
availability of some tolerant lines developed by 
gene pyramiding were mentioned. 

136. Thakux, D.P. 1984. Ergot disease of pearl millet. 
Review of Tropical Plant Pathology 12297-328 

A review of work done on ergot (C avicem 
f u a i  omQ) of pearl millet is presented. Various 
aspects discussed include geographical 
distribution, extent of grain 1 0  toxin 
production and food poisoning, disemse aynrptom, 
taxonomy, pathogen reproduction and variability, 
floral biology and the infection process, host 
range, host nutrition in relation to ergot 
incidence, disease cycle, predisposing factors, 
diseaae management through cultural practices, uae 
of chemicals, resistant cultivare, and biological 
agents. 

137. Thakur, D.P., and Kanrar, X.S. 1978. Ability of 
naturally incident from 
Panicllm antidotale to produce ergot symptoms in 
Pennisetum Indian Journal of 
Agricultural Sciences 48(9): 540-542. 

microcebhala was observed on 'anicw 
antidotale in April and May 1976 and 1977 at 
Hisar. The conidia of the fungus isolated on PDA 
from E antidotale and Pennisetum synhoi-en vere 



identical and crosr-inoculation tart. rrrrcr 
aucc~8rful. However, when inoculum fror tho aama 
host was used for inoculation, 
produced much earlier than when inocu "rptas um c a n  from 
the other host. The pattern of natural argot 
occurrence rugqested that infected paniclea of E 
-i.otale possibly act as the source of conidial 
inoculum on the main crop of pearl millet. 

138. Thaknr, D.P., Ilathur, S.B., and Randhati, J. 1982. 
Evaluation of improved cultivars of pearl millet 
for me or diseases in Haryana and Delhi. Seed and 
Pblpls i! (4):25-26. 

Local pearl millet cultivars like Nainpuri and 
Tolaja contracted lees ergot incidence t b n  NHB 3 
or BJ 104, in Haryana and around Delhi. 

139. Tbaknr, D.P., and Ilehta, N. 1983. Ergot dieeaae of 
k&.za and its control. Haryana Farming 12(8):4-5. 

Symptoms, spread, and control meanurea of 
ergot (- fusiformia) of pearl millet were 
described. 

140. Thakur, D.P., and Nehta, N. 1985. Patholo ical 
analgai. of national and regional pearl myllet 
genepool for major diseases under multiple disease 
sick-plot. Haryana Agricultural University Journal 
of Research 15(1):64-70. 

Of 51 pearl millet cultivars acreened for 
ergot ( -) resistance, HBH 133, 
PSB IS-, and WC-C75 had less than 5 8  
severity during 1980 and 1982. 

141. Thahrr, R.P. 1987. Diseases of pearl millet and 
their management. Pages 147-158 ip Plant 
Protection in Field Crops (Rao, Veerbhadra, H. and 
Sithanantham, S. eds.). Plant Protection 
Association of India, Rajendranagar, Hyderabad, 
India. 

The details of progress of research work on 
pearl millet diseased are given. Ergot (Clavtce~s 
fusif6rmis) deteriorate8 quality of grain cy 
contamination with neurotoxic, alkaloid-containing 
sclerotia. Ergot is more serious on PI hybrids 



than on varieties, and at ICRISAT C o n t u  grain 
loss up .to 659 in hybrids and 559 in variotiu 
have been recorded. Uo hology of the 
disease cycle, scleroxa in soil 
planting seed as prlmazy inoculum and, oocondary 
spread by conidia, are presented. Alao d.ocrib.d 
are critical factors for ergot 
including the short susceptible pec=lEf% 
host, pollen interference, and favorable weather 
conditions during flowering. Biocultural control 
through pollen management, biological control, and 
control through host plant resistance ate 
described. Use of host plant resistance, including 
growing varieties with multiple disease 
resistance, are suggested as superior method to 
achieve economical control. Economic importance, 
biology, epidemiology, disease cycle, management 
ractices, chemical control, and control through 
Root plant resistance were also described for 
downy mildew, smut, and rust. 

142. Thakur, R.P., and Chahal, S.S. 1987. Problems and 
strategies in the control of ergot and smut of 
pearl millet. Pages 173-182 in Proceedings of the 
International Pearl Millet Workshop, 7-11 April, 
1986, ICRISAT Center, India, Patancheru, A.P.  502 
324, India: ICRISAT. 

Ergot (- fuaifc . h i  g) is more severe 
on F1 hybrids than on open pollinated varieties 
because of the pollen protection phenomenon being 
more effectivce in varieties than in hybrids. The 
most effective and econimical control is possible 
through host plant resistance. Effective field 
based screening techniques were devised to 
identify resistance. Resistance to ergot, which 
could not be detected in germplasm accessions, was 
developed by gene pyramiding through pedigree 
selection. Stabilit of resistance was determined 
through internationa I , multilocation testing and 
lines with stable and combined resistance to 
ergot, smut and downy mildew became available to 
breed resistant hybrids and varieties. Further 
research was suggested to better understand 
biology, epidemiolo*, and resistance, such as 
variation in the pathogen populations and 
existance of different pathotypes or races, 
mechanisms and genetics of resistance, 



idontification of new sources of resirtutce, and 
mltilocational testing of reslatant liner, 
particularly in Africa. 

143.  T!UkUr, R . P . ,  andRM, V.P. 1983. Reritanco to 
ergot in pearl millet in India, P e g .  210 b 
Abstracts, Fourth International Congrers of Plant 

Pat hO1OF 17-24 Au st, 1983, Nalbourne, 
Au8tral a. Rowprint Servce (Vic.) Pty. Itd. North 
Melbourne, Victoria, Australia. 

With the development of an effective field 
rcroening technique for ( C  avicapcl 
full) resistance in pear millet, many 
resistant lines were detected in the progenies of 
crosses involving ergot low-susceptrble lines 
following pedigree selection. These lines alro 
showed high levels of resistance to downy mlldew 
and smut accross eight locat~ons in India. 

144. Thakur, R.P., Rao, V.P., and Williams, R.J. 1981. 
Screening pearl millet for resistance to ergot. 
Pages 24-25 in Abstracts of the Third 
International Symposium on Plant Pathology, 14-18 
December, 1981. Indian Agriculrtural Research 
Institute, New Delhi. 

More than seven thousand germplasm accessions 
and breeding lines of pearl millet were screened 
for resistance to fusiformis at ICRISAT 
Center. All breeding lines were highly 
susceptible, but variation for ergot reaction was 
detected in a few gennplasm acceasiona. Lines with 
higher levels of resistance were developed by 
intermating low susceptible lines and identffyin 
resistance f ollorinp pedigree seiec t ion. Several 
of these lines showed high levels of location 
non-specific resistance, while others rhowed 
location specific resistance. 

145. Thatur, R . P . ,  Rao, V.P., and Willi.ars, R.J. 1984. 
The morphology and disease cycle of er ot caused 
by in pear? millet. 
p h y t o x  74: 201-205. 

Sclerotia of C fusiformie collected from 
pearl millet were elongate to round, 3.6-6.1 x 
1.3-1.8 mm, light to dark brown, and hard to 



brittle with a thick outer rind. Incubation t i n  
required for germination was inconsistent, orwl ly  
varying frm 4 to 56 w.ek8. Sclerotia garrinated 
in mirt sand in the laboratory, in potted soil in 
a rcreenhouse, and in the field. On gamination 
each sclerotium produced 1 to 16 fleshy, purplirh, 
6-26 rn long stipes with each stipe bearing a 
globular capitulum. Pyrifonn perithecia were 
ostiolate. The long aeci with a ical pores 
contained ascospores which measured 147.7 IC 0.5 
urn. Macroconidia from honeydew were hyaline, 
unicellular, and fusiform, measuring 15.9 x 3 . 9  
un. Hicroconidia were globular, uniceAlular, and 
hyaline, measuring 5 . 9  x 2 . 5  um. At 25 C it took 
16 h for conidia to germinate producing 1 to 3 
germ tubes. The times of sclerotial germination 
and pearl millet flowering coincided, possibly 
providing opportunities for diease initiation. The 
inflorescences exposed to germinating sclerotia 
developed 5 to 6% ergot within 6-7 days. Honeydew 
production occurred 4-6 days after infection; 
rclerotia became visible after 8-10 days, and 
sclerotia matured within 20-25 days after 
inoculation. The process of sclerotial formation 
was more rapid than that of grain in pearl millet. 
Use of sclerotia - free seed and adoption of 
cultural practices that reduce sclerotial 
germination were diecussed. 

146. Thakor, R.P., Rao, V.P., Williams R.J., Chabal, 
S.S., Ilathur, S.B., Pawar, N.B., Ilefade, S.D., 
Shetty, H.S., Singh, Govind, and Bangar, S.G. 
1985. Identification of stable resistance to ergot 
in pearl millet. Plant Disease 69: 982-985. 

Of more than 2500 germplasm accessions of 
pearl millet from African and Asian countries and 
about 7300 advanced breeding lines of ICRISAT 
Center screened for ergot, only a few from India, 
Nigeria and Uganda were identified as being lees 
susceptible ( ~ 1 0 %  severity) to ClaviceDs 
fu.iformis. These lines were internrated and 
following pedigree selection for several 
generations under high disease pressure, ergot- 
resistant lines were' developed. The stability of 
resistance was tested through a cooperative 
international, rnultilocational testing progrm - 
the International Pearl Millet Ergot Nursery 



(IP1IIM). The locations were in India and revoral 
countries in West Africa. Seven inbrmd lLno8 
XQIPB nuberr1 had m a n  argot .everitlea ranging Im c 1  to 1, n 30 teat8 over 3 para, and mix 

rib- pulationr (ICHPtS numbars) had fror  e l  to 3Q 
in teats over 2 years, with 30-65, ergot in 
the rurceptible check. Thirteen such ergot- 
resistant lines were also resistant to d o m y  
mildew and smut in four and three teat#, 
rerpectively. These liner can be utilirod to 
davcrlop cultivars with multiple direare 
resirtance. 

147. Thaknr, R.P., Talukdar, B.S., and Rao, V.P. 1983. 
Gmneticr of ergot resistance in pearl millet. 
Page 737 10 Abstract6 (pt2) of the 15th 
International Congress of Genetics, 12-21 December 
1983, New Delhi, India. Oxford and IBH Publirhing 
Company, New Delhi. 

The studies on behavior of the pro enier from 
four crosses involving ergot susceptib e ICP 220 
and J 104) and ergot resistant (ICMPE 13- b -9 and 
I W E  134-6-9) pearl millet parents a ainrt 
Chxkaga fusiformia revealed that the inher ! tance 
Of 

resistance was quantitative and 
control ed by several genes. The estimated number 
of genes involved was 10 in one cross and 5 Ln 
another. The heritability estimates were 0.55 and 
0.31, and genetic advances 39.2% and 19.4 Q in the 
two crosses, ICMPE 134-6-9 x J 104 and ICP 220 x 
ICMPE 13-6-9, respectively. A possibility of 
effective transfer of ergot resistance in pearl 
millet lines was indicated. 

140. Thalcur, R.P., and Williams, R.J. 1978. The effect 
of pollination on ergot sueceptibility in pearl 
millet. Page 122 in Abstract8 Third International 
Congress of Plant Pathology, 16-23 August 1978, 
Munchen, West Germany. Paul Parley, Berlin, West 
Germany. 

In pearl millet male-sterile linee, 
pollination prior to or at the same time as 
inoculation reduced ergot infection to a very low 
level and pollination up to 16 hr after 
inoculation gave significantly less infection than 
the inoculated, non-pollinated check, probably due 



to telatively rapid withering of stigma6 following 
pollination. The results indicated the pw8lbLlity 
for ergot control through pollen managamant. 

149. Tbahr, R.P., and Wflliars, R.J. 1980. Pollination 
effect8 on pearl millet ergot. Phytopatholog~r 
70 r 00-64. 

Lbrergence of stigmas in pearl laLllet 
inflorescencee starting from near the tip and 
progressing further towards the tip and the base 
was recorded. The ergot (U-vice- *) 
incidence was maximum in bagged inforescencee that 
developed in a pollen-free environment and were 
inoculated at the fresh stigma stage. Pollination 
of three male-sterile lines, 5141 A, 111 A and 
5054 A, before or simultaneously with inoculation 
reduced ergot to less than 3% and pollination 16 
hr after inoculation reduced ergot to 7-218 , 
compared with 60-80% in the inoculated, 

llinated checks. The germination of pearl 
:?;Kt po!len took much less trme than germination 
o f G  fuslformis conrdia. It was concluded that 
infection occurs mainly through the stigmas and 
rotection against infection was probably due to 

%uction of rapid withering of stigma. after 
llination. The higher suscept~bility of F1 

fPybridti compared with traditional cultivars was 
explained in light of the results of these 
findings. The importance of these obrervations on 
the ergot resistance screening procedure, the 
development of cultural practices, like selection 
of lines with reduced protogyny or overlapping of 
stigma emergence and anthesis, and the use of 
pollen donors were discussed. 

Thakur, R.P., Williams, R.J., and Rao, V.P. 1982. 
Development of resistance to ergot in pearl 
millet. Phytopathology 72:406-408. 

Repeated screening of more than 4000 pearl 
millet germplasm accessions against ergot 
(&mice= fuaiformls) using an improved screening 
technique at ICRISAT Center revealed 20 
accessions which . were consistently less 
susceptible than others. These lines were 
intermated and the progenies from selected lines 
were screened and selected at each generation from 



F2 to Pg. The level of ergot resistance steadil 
Inc-sed from PI to P6 gsnsration, and about 1 0 i  
of the linee showed less than 109 argot reverity 
and 27 lines had lesl than 1% mean ergot meverity 
compared with 76-95% severity in the eiusceptible 
check. The possibility of further increasing the 
lewl of ergot resistance and its utilisation in 
association with resitance to downy mildew and 
eaut, to develop single-cross, disease-mistant 
hybrid., was diecuseed. 

151. Tbaknr, R.P., Hillairs, R.J., and Rao, V.P. 1983. 
Control of ergot in pearl millet through pollen 
management. Annals of Applied Biology 103831-36. 

Analysis of the data from field trials with 
four highly susceptible Fl hybrids sown with and 
without a pollen donor line, and spray inoculated 
with Claviceoe fuaiformis conidlal suspension, 
revealed a significant reduction in ergot 
incidence and severity on these hybrids when rown 
along with the pollen donor line. Si niffcant 
increase in the grain yield and 1000 gra 1 n weight 
in hybrids grown along with the pollen donor line 
was probably because of reduced ergot infection 
due to rapid pollination by readily available 
pollen from the pollen donor line. The possibilit 
of reducing ergot incidence and aeverlty in pear 1 
millet through pollen management. in farmers' 
fields was discussed. 

152. Thind, X .  and ladan, Mira. 1973. Effect of 
various trace elements on the growth and 
sporulation of and a. -of the 
Indian Academy of Sciences B 78:222-233. 

Of 15 trace elements tested, SL miocroceDhala 
required Pet Zn, Mn, Cu and Mo for lte in vitro 
growth and sporulation at 0.2, 0.1, 1.0, 0.01 and 
1.0 ppm concentrations, respectively. Trace 
element requirement of II, was also 
given. 

153. Thind, K.S., and Madan, Uira. 1 9 7 3 .  Effect of 
various carbon and nitrogen sources on the growth 
and sporulation of 
Proceedings of the Indian Academy of Sciences 



O f  4 1  carbon source6 tested, the in vitro 
growth of C. 

was micrnrsfholo excel ent with dextrose, mnnuaua sucrose, 
pectin, and methyl alcohol; good with aannose, 
fructome, and maltose; and fair with alactoee, 
coconut oil, and isoprop 1 alcohol. Of 93 nitogen 
#ourc*m, the growth of txe pathogen was excellent 
with casein hydrolysate, yeast extract, 
asparagine, peptone, proline, glumatic acid, and 
aspartic acid, and it was good with ammonium 
nitrate and ammonium oxalate. 

154. Tripatbi, R.X., Kolte, S.J., and tiene, Y.L. 1981. 
Mycoparasites of fusiformis, the causal 
fungus of ergot of pearl millet. Indian Journal 
of nycoloqy and Plant Pathology 1 1 ( 1 ) : 1 1 4 - 1 1 5 .  

Sclerotia of C.fueiformis on pearl millet were 
reduced considerably in size and germinability 
( 5 0 9  inhibition) when they were parasitised by 
Pularium imnbchm and h z y l u m  fusarioides. The 
cultural filtrate of E. eambucinum showed 
inhibitory effect on germination of eonidia of C. 
-=a. The inhibitory activity of the 
cudtural filtrate was reduced by heating it at 
9 0  C for 10 min. The possibility of biological 
control of ergot wae suggested. 

155. Tulpule, P.G., and Bhat, R. V. 1978. Food toxins 
and their implication in human health. Indian 
Journal of Medical Research 68 (Supplement):99- 
1 0 8 .  

The consumption of pearl millet grain 
contaminated with more than 1.5% (w/w) ergot 
(C av-ice- fusiformis) eclerotia containing the 
clavine group of alkaloids, caused enteroergotism 
with symptoms like nausea, vomiting, giddiness, 
and somnolance in man. These symptoms were 
different from those caused by ergot of rye and 
wheat that contain ergotoxin (ergotarnine and 
ergometrine groups of alkaloids). Safe limits of 
pearl millet ergot'ism in man could not be 
determined using monkeys as experimental animals, 
because of variable effects of the toxins on man 
and monkey. 



156. Venkatesan, V. 1980. Separation of ergot f r o m  
infected b . 4 ~ ~  ('emintu u w  L.). Bulletin 
of Grain Technology 18(3)1213-215. 

With the a ~ d  of a compartmental Bepasator, a 
fairly good separation of sclerotlb of the ergot 
pathogen ( C l n w  g w a . ~ ~ )  (ayn. C f u a U x a h  
on pearl mlllet) was achieved from grain samples 
having 0.45 to 3.20% contamlnatlon by ergot 
sclerotia. After separation, the samples contained 
0.005% aclerotia (by welght), whlch was considered 
very low. 

157. Verra, O.P., and Pathak, V.N. 1984. Role of 
insects in secondary spread of p e a r l  millet ergot. 
Phytophylactice 16(3):257-258. 

A survey of ergot-affected f ~ e l d s  of pearl 
millet (Pennisetum umtux8lum) dl11 lng 1980, 1981, 
and 1982 revealed 80 specl+>s o t  insect6 
contaminated with conldla of C l a v ~ ~ e y a  WW. 

indlcii and T a b a a u s  ruLl i luk carried the 
heaviest con~dlal load. In lnborotory studies 

domestics and &a were the most 
efficient vectors of ergot glvlny more than 929 
tranemieslon, whereas percentage tranemisslon of 
the disease was 68.0 for -, 
58.3  for izahmun,  7 5 . 0  for Svrohua 
contractor, 76.7 for T,  rubldu, 30.8 for- 
-, and 19.0 tor Y, -. 

158. V e m ,  O.P., and Pathak, V.N. 1 9 8 5 .  Camparison of 
inoculation methods f o r  pearl m l l l ~ t  ergot. Indian 
Phytopathology 38:353-355. 

In tests for artificial develupment of ergot 
(- fusiformis) on pearl mrllet, dipping 
the earheads at full protogyny stage in inoculum 
euepeneion for 20 seconds was f o u n d  superior to 
spraying inoculum suspension to run-off on 
individual earheads. 

159. Verma, O.P., and Pathak, V.N. 1985. Detached 
earhead culture of pearl mlllet ergot. Current 
Science 54 (20) : 1074-1075. 

A technique to develop ergot (- 



fusifarrmis) on detached inflorescence8 of 
Penn americanum was described. Baximum 
infection (66.66%) with lowest incubation period 
(5.73 days) was obtained with inoculated earbad. 
kept under hi h RH (94-961;) at night alternating 
with low RH (63-74%) during the day. 

160.VFrk, D . S . ,  Chahal, S.S., Singh, B . ,  end 
Srivamtava, ?I. 1981. Effect of sowing date on the 
occurrence of ergot and some rtorphological 
characters in pearl millet. Crop Improvement 
89(1)t65-67. 

The parabolic response of ergot (C avicea 
fuaiformia) on four pearl millet cultivars 
signified escape from this disease in early and 
late sown crops in the Punjab. Early sowing was 
suggested to avoid an adverse affect on yield. The 
variety x sowing date interaction was not 
significant for ergot, plant height, or ear 
length. 

161 i r k  D.S., Chahal, S.S., Singh, M.B., and 
Srivantava, W .  1 9 8 2 .  Inheritance of resistance to 
ergot of pearl millet. MILWAI Newsletter lt3. 
(Abstract) 

Evaluation of all ossible one way F1 crosses 
among eight par1 rniylet inbred lines against 

fuslformis revealed significance of 
additive genetic variance for reaistance. The 
significant differences for specific combining 
ability were mainly attributed to unidirectional, 
nonadditive effects, indicating ineffectiveness of 
simple breeding procedures for incorporating 
polygenically controlled resistance to ergot. 

162. Williars, R.J. 1 9 8 4 .  Disease resistance in pearl 
millet. Pages 2 4 5 - 2 9 6  in Review of Tropical Plant 
Pathology I (Raychaudhuri, S.P., and Verma, J.P. 
eds.). Today and Tomorrows's Printere and 
Publishers, New Delhi. 

The review included several aspects of pearl 
millet ergot (Chykegs  w) research 
including the development of a reliable field 
screening technique, development of resistant 
eources, determination of stability of resistance 



through multilocational testing, and utilitation 
of romi8tance to b r e d  hybrid8 and varietiem. Tho 
L.lpottance of rtudior on variability in tho 
rthogen and nature of genetic reaitance in the 
ost wore emphasized. The review also dmlt with 
downy mildew, smut, and leaf disease, of marl 
Rillst. 

163. U l l l i . r s ,  R.J., and ZLndrws, D.J. 1983. Brwdlng 
for direare and pert reri8tance in varl millet. 
F A 0  Plant Protection Bulletin 31(4)r136-158. 

The research work reviewed on ergot (Cpvicaom 
hai&ua&) of pearl millet include acreonin 
technique, terting rtability of resirtance, an ! 
utiliration of resistance in breeding ergot- 
reaiatant cultivars. 

164. Willingale, J., and Mantle, P . G .  1987. Stigmatic 
constriction in pearl millet following infection 
by C h y k a g a  fueiformia. Physiological and 
Molecular Plant Pathology 301247-257. 

Macro- and microconidia of . uaifnmia 
germinated only on the parts of stigma8 .wr ing 
from pearl millet florets. Macroconidia o ! ten 
produced several germ tubes, forming a lgycellal 
network. The germ tube penetrated the 8tigm and 
followed the same passage in stylodia a8 the 
millet pollen tube. Thirty-six hourr after 
inoculation, a constricted region 1ocat.d in the 
fused stylodia appeared concurrently with hyphal 
invasion of the upper ovary wall. This reaponre 
was similar to the stigmatic constriction formod 

nse to pollination. Stigmas then withered 
:idrexcised due to the weight of the aerial 
stylodia. It effectively isolated the ovary from 
pollen. Colonization of the ovary by the pathogen 
proceeded predominantly through the abaxial wall 
towards the vasucular traces su plying the P The hyphae remained intercel lu &r throughourax 
invasion and colonization and honeydew exudation 
from florets marked the establ~shment of the 
sphacelium 4-5 days after inoculation. H has did 

of the flower. 
'R not penetrate the vascular strands below t e ovary 

165. willingale, J., Mantle, P . G . ,  and T U ,  R.P. 



1986. Portpollinatfon stigmatic constriction, the 
baria of ergot resistance in selected liner of 
pearl millet. Phytopathology 7 6 ( 5 ) : 5 3 6 - 5 3 9 .  

Pive ergot-resistant pearl millet linen, 
developed at ICRISAT Center and showing V~Z?: 
degrees of protogyn , and two highly surce t 
hybrid. were inocu ! ated artificially wit! the 
conidia of the pathogen (- uuiformie). 
In the resistant lines, protogyny of individual 
inflorescences lasted for 548 h. The development 
of a localised stigmatic constriction which 
occurred 6 h after pollination helped ovaries 
oecape the disease. In contrast, stigmas of 
highly susceptible hybrids remained receptive for 
up to 6 days, when an ageing constriction 
occurred, located similarly at the pollination- 
induced abscission site. Development of an a eing 
constriction in stigma8 of susceptible 1 1 nee, 
prior to self-anthesis, also resulted in eelf- 
incompatibility. An extended period between 
emergence of stigmas and anthers allowed 
eetabliehment of the pathogen within the 
unfertilized ovary. Where protogyny lasted for 
248  h, resistance could be conferred only by 
croee-pollination prior to gynoecial ageing. 
Possibly ergot resistance is based on a 
pollination escape phenomenon linked to normal 
events occurring during the flowering process. ~t 
ICRISAT Center ergot-resistant lines have been 
developed by selection of individuals in which 
stigmas emerge only a few hours before self pollen 
ia shed, which results in rapid, relf-inducted 
stigmatic constriction. 
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