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ntredection

Research on pathology of pesrt milist st ICRISAT Center begen in
1874 under the lsadarship of Or. Y.L. Nens. Ors. 8.D, Singh and
R.P, fhahur became a part of ths subprogrem in August 1874 end
Januery 1976, respectively, wend Or. R.J, Wiilisms was smployed as
subprogram (eader ({ceresis) in September 1875, At the time of
division of the Cereal Progrsm into ssparate programs for sorghum and
pearl millat, Ors. Williems, Singh, and Thekur continued with the
millet pathology subprogrem, DOr. Wilifams served as subprogram
teader until his departure tn December 1982 and I joined ICRISAT as
aubprogram teader in Juns 1983, In West Africa, ICRISAT has had thras
patholugists involved in milist resesarch: Dr. N.V. Sundaram located
at Samaru, Nigeria (1977-1881} and Dr. Frowd loceted st Kamboinse,
Burkine Faso {1876-1881], both having responsibilities for sorghum and
pearl millet, and Or. E.J., Guthrie located st the ICRIBAT Sshslisn
Center, Niamey (1981-1984) with responsibilitiess for peaart millat.
Dr. J. Werder joined ICRIBAT in February 1985 as millst pathologiat

at the ISC.

Considerable ressarch on millet pathology has bsen done at
ICRISAT Center. Ons of the sarly svents which gavs dirsction to the
program was a consuttants' group meating on "Downy Wiidew and Ergot of
Pearl Millet" held in Hydersbad in October 1975 {5). Ressarch was
started sarly on downy wmildew (§clerusggra arssinicolsl, ergot
(Clayicpos fusiformis), and ssut (Tolyposporius ssaicillarias), with

saphasie on devaloping relisble, scresning techniques in the field and
identifying sources of resistsnce within the ICRISAT world collsction

of pearl millet and in bresding meterials. Tha research effort also
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focusad on sspects of biology and epidemiology of these three
disosses, and this has continued up to the present. A fourth disease,
rust (Pyccinia ganaaiti), hes received relstively Less sttention, with
resasrch baing Limited to screening for resistance under conditions of
netural inoculation 1in the fisid. The Internationsl Pesrt Millet
Disssse Reaistance Testing Progrem hss been active for the four

diesases since its inception in 1876 to 1878.

Achievements

Mitiet Pathology ressarch at ICRISAT has besn very successful and
productive. This {8 a credit to the scientific imadsrship of Dr.
A.J. Williams, and the deligence and dedication of Lre. 5.0. Singh
and R,P, Thakur end the support steff in the sub-program.
Collaboretive projects with the University of Reading on pathogenic
variability in §. graminicols and with Imperial Colisge on mechaniams
of resistence to ergot have bemn most uesful, and I am plessed that

both ware racently extended through Merch 1888,

I have briefly indicated below ths arsas which I believe
represant the major research achievements in miilet psthology at
ICRISAT. This does not constitute a review of the litersture, but it
doss highlight what I believe to be the most important schisvemsnts
and publicetions of the subprograsm. Thess represent s substantiel
contribution to knowledge on the pathotogy of pearl miliet, and
ICRISAT has reeson to be proud of this record. However, thers appears
to be relatively Little to show for almost 8 man-years of sffort by

ICRISAT in milist pathology resesrch in West Africe,
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Sorasning sacboiguas

The most significant achisvement has besn ths development of
reliable, fisld-ecresning techniques for downy afldew (33}, ergot
(28), and smut (25). Thase techniques have besn essentisl for tha
fdentificatton of sources of rasistance and their utitization in the
bresding program. Furthermore, wa are sxtemely fortunats that they
sre offective at Patancheru whare the major breading effort {s done
and that they can be used successfully during two seesons esch ysar.
It {s unfortunate, howsvar, thet there has not besen a greater transfer
of this scraening technology to natfonal programs in  Indis and even

ICRISAT progrems in Africe.

An inoculation technique for glasshouss usege, which applies
extremely high downy mildew pressurs to sssdling plants, has besn
deveioped {16}, We anticipete considerabis uge of this technique In

the future for ecreening salect materials.

Muluilocational kesting

The Intarnaf1onll Pearl Millst Oisssse Resistance Progras
(IPMDRP) was inftiated st an sarly stage in the program for downy
witdew (6), ergot (7, 23), smut (B, 26) and ruat (8], Dste pertaining
to years, number of locations 1in India and Africe, and number of
entries tested par yssr sre presentad in Tabis 1. This progren ws
the firat of its kind to include Indis and Africe, elthough testing in
Africe has genarsily been Limited. The program hse nat only mads it
possible to dstsrmine the stability of resistances, but {t has slso

provided an sxcellent opportunity for contact with scientists in
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nstional programs, whose coopsretion ia sssentisl for its succesa,

8 —_—

Reliable, frelo-acresning techniques  together with the
aveilability of & large diversity of pearl millet germplasm, both
sccassione of the GRU and lines/populations in pesrli milist bressding,
have been crucial for the identification of a number of sources of
disease rlaiutagézﬁloﬂ;gy of these have been tested 1in the IPMORTP
whers some have demonstrated stability of resistance across locatione
and yaare (Table 3!. These are the only known sources of diseass
resistance which have sguccessfully pessed through such rigorous
testing., It wes demonstrated that A] male-sterile cytopless 18 not

involvad in determining susceptibility to downy mildew (1).

The development of ergot resistance was & remarkable fast
considering the fact that no resistant lines were found among tha over
10,000 Lines that were screened (28), however, highly resistant Lines
heve been produced, however, through pedigrss selsction of progeny
from Lass susceptibla plants and crossing betwaen them. Thess are the
only sources of ergot resistence availsble, and thair production was
possible only because of the relisbility of the screening techniqus

used.

Anpther interesting, but somewhat different procedurs for
deriving highly resistant (ines from highly susceptible onss was
demonstrated for downy mildew in s landrace of pesri millet (20)., In
this case resistance was achieved by sslecting sesd from symptomless

plents growing 1n the downy miidew nursery and resalecting symptomless
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progeny for several genarations under high downy mildew pressurs.

Numerous sources of muitiple dissass resistance havs baen
rdentifiso 1nciuding 28 which are resistant to downy mildew and smut,
48 which are resistant to downy miidew and rust, and 22 which are

resistant to downy mildew, ergot, and emut.

Besistance uiillzakien

Utilizatran by breeders at [CRISAT Center of sources of disaase
recistance identifiad Dy the pathologiste hes besn significent, end it
has been 1ncressing tn recent years [Tabte 4], Most uss hes been made
of smut resistant sources and this through the populetion bresding
program whare 8 emut-resistant composite has baen formed and smut
resistance 18 now being bred 1nto thres other compositse, 5Smut
resigtance has also been used to breed smut-resictant eynthatics, one
of which (ICMS 8283) {8 now in sdvenced testing and will likely be
promoted to testing by the Al{ Indis Coordinated Mi{tet Improvement

Project [AICMIP],

Two sources of ergot resistance are baing used in bresding both
parsnts of two ergot-resistant hybride, and four others are being used
in breeding srgot-resistant, male-steriie L(ines. Additioneily, an
argot-resistant composite of 52 ergot-resistant tfnnn/populltion; 18
now being formed. Ergot-reeistent synthetics were produced, but the

yield levels were low and further advancement wes abandonad.
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Rust resistance bassd an a single, dominant pgens (2) is being
transferrad to specific mala-stsriie linss, Decsuse rust is often »
significant disease 1n the off-swason when hybrid sesad is produced.

Hybrids involving thse resistent mate-sterile lines will be resistent.

Downy mildew resitance identifisd by psthologists hes had Little
utilizetion 1in the breading progrem although a few resistant Llines
were usad 1n the Source Msterials Project several ysers 8go, the
progeny of which are Etill 1n the bresding progrem. An effort has
recently been initiated to breed downy mildew resistsncea into the
Poilinstor Project and Male-Sterils Project. The limited use of
sources of downy miidew resistance i8 Likely dus to the fact that
bresding Lines and populations are routinely psesed through the downy
mildew scresning nursery where resistance is improved by the process
of eliminating susceptible plants, This scresning procedure wes used
to produce resistant versions of S141A and J 104, and thus & downy
aildew-resistant version of the popular Indisn hybrid, BJ 104, Beed
of the resistant parents hava basn sant on request to brasders snd
pathologists. in the MNetionei Pronr-. and to priuu ml mu nu‘;
compenies, Seed of hybrids involving ono or both of thoou ’lr'n&l fl?

now being produced,

Sasd of many other sources of resistence have desn suppiied: to
mitlet bresders snd pethologists upon raquest (Table 4), but we do not
know to what extent these are being used 1in bresding progrems.
Cooperators ars known atso to obtain ssfled sssd of some sntriss in
the international disesse testing nurseries, but egain the extent of

utilization of this materisl 15 not known,



Pags 7

Cashogenic varisbiiiky

The so-cailed 'breskdown' of resistence to downy miidew in pearl
millet cultivers in Indie haw been u matter of concern since the first
millet hybrid (HB 1] grown on a large scale 1in Indis succusbed to
downy mildew about 15 years ago. For this reason, ICRISAT has been
involved in resserch to iliucidate the causs of thia problew,
Although the rsasone for breakdown are still not clserly understood,
the detarmination of heterothallism in §. grasinigala (11) clesrly
demonstrates that this fungus has a very good mechanism for undergoing
genstic change. Work done by collsborstors at ths University of
Reading has confirmed this finding, and further more it has
demonstrated that the meting types found in Africa and India are
compatable with esch othar (10}, Indications of psthogenic
varfability in §. grominicols heve besn obssrved in data obtained
from multilocational testing in the IPMOMN (B), and clear differences
in eggressivensss among isolates from India and Africa have bsen
demonstrated st the University of Reading (3]). One isoleted, but
clear demonstration of psthogenic difference in §. greminicols has
bsen shown in & cooperative study by ICRISAT end the Netionai Progrem

at Durgspurs, Rajasthan (18],

Variations in morphology and pethogenicity smong {solates of the
srgot fungue ({ fugiformis) in Indis have been investigsted in »
coopsrative etudy between ICRISAT snd Punjeb Agricultural University

(4), but distinct differences in psthogenicity wsre not found.
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Sead sranmmisaion af 8. arsminicola

At the time ICRISAT began its pesri miilet ressarch, the guestion
of transmission of §. grasinicois in peerl millet weed wes a 'hot’
{ssue in India, one which wes of vital concern to ICRISAT beceuss of
quarsntine implicetions this mattar had on bringing collections of
pearl millat into India from Africe. A joint atudy of this gquestion
wae done by ICRISAT and two Natfonsl Laboretories in India. Although
svidens was found to supgest that ths fungus might on occesions be
harboured within the seed, {t could not be demonstrsted thet downy
mildew infected plants could ba produced from surface-sterilized sead
(14, 30). A study et ICRISAT further showsd thet =a tschnique
demonstrate visbility of oospores using triphenyl tetrezolium ohloride

was not a for valid use on §. graminigpla (31).

Alternativs conirol measurag

Millet pathclogy hes dona signifient ressarch on methods othar
than host resistance which might ba used to control disesses of pesri
millet. A series of studies demonstrated rether convincingly that the
systemic fungicide, metalexyl, cen be usad as s ssed trestment and/or
s folisr spray to control downy mildew (15, 17, 32]. Similer results
heve bsen found in several studies by scientiste in the nationat

program.

Foliowing a study on the inhibition of ergot infaction by timely
poilen application {27), a study was conductsd to ses 1{f this
phenomenon could be explotted to reduce ergot fnfsction in hybrids fin

a field situstion (28). The results obtsined clesrly indicated that
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if a potlen donor line wers planted with g hybrid so thet pollen was
sveilable during the protogyny aetsge of the hybrid, significent
control of ergot could be obtsined. An experiment to demonstrete
thees findings wmultilocetionally wes oconsidered by AICMIP, but

unfortunetely the study was never implemented.

Biology snd soidesiology

Field studies ciearly demonstrated the importance of sporangie in
the epidemiology of downy mildew during both ths reiny and post-rainy
aeasons (18], snd these experiments lesd to refinement of the downy
mildew scresning technique which is based on sporangial production,
disperssl, and {nfection of pear{ milist under conditions of high
humidity end moderate temperaturs (33]. Investigations 1{nto the
biology, spidemiology, and pollenation sffects on argot (22, 27} end
smut (21, 24) wers instrumental 1in the improvement of acreening
techniques and led to & better end mors complete understanding of
these two floral-infecting dissases. Resesrch conducted through the
collaborative project gn the biology and stiology of C. fusiforais
and on the sssocietione between pollen and stigms interactions led to
the discovery of stigmetic constriction in the gynaocis of peerl millet
which could pley sn important part in sveidance of infesction of the

pearl millat overy (34).

Futurs Ressarch Priorities

General
1. In Indie, downy miidew resssrch should receive first priority,

followsd by argot and emut ss escond priority, and rust as third
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priority, In West Afripa, downy aildew sheuld receive first
priority, followsd by mmut then ergot. Htrica hareanthigs 1e en
important paresite which should receive sttention from pathologiets
snd resssrchers in other disciplines, but it ehould not be placed
shesd of downy sildew research in West Africs, st leest not in the
near future. Littls is known sbout the disesse situation in
Southern Africe, but downy aildew, sergot, ssut and rust are
probably the most important diseasss and disssse severity is (ikely
to vary significantly with changss in alevetion. DOisesns survays

in the region should be considerad, at lesst on & limited scale.

Roliabls dissase scresning techniques must be established st
ICRISAT (ocstions in Africa. Efforts to sncourags the nations!
progrem in India to reiss the Llsvel of relfability in disesse
scresning ehould continue, end thasse offorts should be intensified

in Africa.

Multilocational testing should be conducted st fewsr, more
{mportant ‘1%.! in Indie (Table 5}, snd at more sites and with s
higher degres of ralisbility fin Africs. Esch site should be
visited by a pesrl millet pathclogist at lesst once during the
growing ssason, Site salection should consider mors critically the
Llikely probebility of suitabls environmental conditions for
reliable wscreening, facilities avsilable for scresning, and
interest of tha cooperstor. We should be prepsred to hslp
materfally and finencially (eg. fertilizer, labor, inoculstion

equipsent, selfing bags) if necesssry.
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4. We should genersily susgsnd the sursening of more accessions of the
worid collsction of psarl mtllst for disesss resistence, at lesst
for the immediste future. Resistance evaluetion should concentrate
more on breeding meterial and obtaining more informstion on sources

of resistance aiready identified,

w

More weys should be sought to uss tha resources asvailabls ot
ICRISAT Center to advance ressarch on disesses and their control by

both ICRISAT end national programs in Africe.

Continued effort is needed to improve the sxpartise of both Indien

=23

and African scientists and their support staff in millet pathology
research techniques. Sources of stsble disssse resistsnce in
desirable agronomic backgrounds should continus to be an objectivs,

and these should be meds avaiiable to nationel programs.

~

Micro~computers should be introduced into the subprogram to reduca
time spent in deta recording and transfer of data to the Vax.

8. I would Like to sse the pearl millet research of ICRISAT axtended
on a larger scale to Rajasthan, beceuse of the important part this
crop plays in the egriculture of that Gtate. Resistance evaluation

would likely be the principsl sctivity of millet pstholopy.

Cowny milden
1. Although numerous sources of resistence to downy mildew have beesn
identified, practicelly nothing {s known sbout tha neturs of

resistance. Wse do not know, for axsmpis, if & given source of
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resistance preavents the fungus from infecting, or if 1t allows
infection but eventually stops ocolonizetion, or {f 1t supports
colonization but at a sych reduced rste. The nature of rssistance
should receive sttention beceuss it wmight L(ssd to & better
understending of the typss of resistence which ers likely to be
tongsr lasting. Inoculum concantration msay be an  important
component in the characterizetion of resistance, and tharefors {t
should recsive some resesrch attention. Better technigues are

nseded Lo assess inoculum concentration.

Releted to the question of the nature of resistence {a the
inheritance of resistance, Saveral attempts have besn made to
determine the tnheritance of resistance in psari miliet to downy
mildew (12, 13), but nons have given results which cen be
interprsted unequivocally., This is Likely e reflsction of the
variability for virulence {in the psthogen population aend the
variability for resistance in the host population. Regerding the
pathogen, we could probably produce sporsngisl {noculum in which
sll individuals are genstically identical; howsver, we would have
difficulty msintaining these culturss in s pure form on plants in
the glesshouse since the fungus cannot be cultured on artificial
medis and techniguss for long-ters storage have not been developed,
although this is being persusd st the University of Reading.
Regarding the host, it may be necesssry to solicit the help of a
mentor institution to investigate the posaibility of obtaining pure
tines by wmesns of producing doublad haploids. As thers is
currently no solution for dealing with thess problems, I believe it

would be unwise to sttempt now Lo esbark on s program to identify
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resistance genes in the host and corresponding virulence pgenes in
ths pathogen, ss was recommendsd by the EPR. Howsvar, attempts to
reduce variability 1n both the host end pethogen for genetics
studies through the help of mentor instituions should be persusd in
the future. A study on ths f{nheritance of resistance to downy
aildem {s alresdy underwsy at ICRISAT Caenter, snd, sithough »
spacial sffort was mede to hbresd highly inbred Lines of peari
millet for thie s&tudy, no attempt was made to produce and use o

genetically uniform isoilate of the pethogen,

. A long-term, multilocational nursery designed to monitor shifts in

virulence of §. graminicols end to gain sn estimation of the
dursbii1ty of resistance to downy mildew within commercial
cultivars of pesrl miilat 1n use in Indie wee initisted through the
ALl Ind1a Coordinated Millets Improvement Project [AICMIP) in 1884,
Sufficient seed for approximately 15 years of testing im bwing kept
in cold storage at ICRISAT Center to ensurs that changes in downy
mildew resction with time cennot be attributed to changes in the
genetic coﬁst1tution of the cultivers. This sxperiment should give
more definitive information than is currently available on shifts
in virulence of the psthogen population snd on the durability of
resistance of commercisl cultivars. Collesborstive work .on
pathogenic variebility in downy mildew at the University of Reading
should also maintsin lerge quantities of seed of genotypes used in

experiments.

Ws should continue muitilocational testing, but reduce the number

of tlocations in India to five or six. Special sffort should be
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sade to have more locations in Weat Africa where reliedbia scrsaning

ie possible.

There should be established & West Africen pesrl millet downy
mildew nurgery. This could contain a few sslected Lines from
ICRISAT Center, but the vest majority of entriss should be
contributed by researchers in various parts of West Africe. Such a
nursery should not be begun, howaver, befors 1886 as scresning
facitities are currently very limited in the reglon. Additionslly,
this nursery could sisc be evalusted at the University of Resding
against several isoistes of §. graminjgcola from othar West Africen

locatiane,

Priority should be given to davalopment of s second site in Indias
{possibly Bhevanissgar! and two sites in West Africa for reliable
testing of resistence to downy mildew including testing of the
resfstance of advanced breeding materisls produced at ICRISAT
Center. These sites could exposs genotypes to potentislly four
different - populations of §. gramipicplas. Limited, but valuabis
sarvice could slso be provided to the Indien national program for
testing advanced material for stability of downy mildew resistancs.
ICRISAT and national programs in Africs could utilize the two
locations in Africs. The infector row systea and parfospray
frrigation, 1f possible, should be used, end screening should bs

under ICRISAT control.
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One of the Africa sites should be In Niger, either at the ISC
or at Gays, ond the other site should prefersbly bs in northemn
Benin at 2 location essily asccessible by rosd from Nismey,
Experience hss shown that Ksno and Samaru, Nigeria, are locations
with the highest (esvels of downy miidew pressure in West Africe,
and 86 One mMmoves westward the aggressivensss of ths psthogen
populations seem to decline. For a number of ressons, howsver,
Nigerie currently does not appesr to be 8 suitable place to conduct
scresning, although the seitustion could change 1in the future,
Niger and Benin, because of their closs proximity to Nigerfa with
locations having envirpnmente similar to Kano snd Samaru might be
the next best alternative. Hopefully, st some |ster dete relisble
screening would 2l80 be poesibie at the site of the Raegionsl
Sorghum Center. Additionally, 1t is hoped to establish relisble
scresning facilities at Cinzans, Msli, and Bembey, BSenegal, in
cooperation with national programs in those countries. Locations

in Southern Africa will need to be identified.

. Dependable field inoculstions st night of emerging pearl millet
seadlings should be possible at ICRIBAT Center as s method for
tncraasing downy mildew pressure in the abssnce of perfospray
irrigations although furiher sxperimsntation ie needed to confirm
the relisbility of this inoculstion techniqus. Inoculum {n the
form of & sporangiai suepension could be spplied with hend—held
pressure spreyers, and as has been done in the past, a few tubs
Lights powered by a pickup truck-mounted generstor could be used to
facilitate the operation, lsolation plots could be inoculsted in

rhig manner to reduce the chances of incressing sesd of susceptible
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plants of ICRIBAT-finished products, »s wes suggested by J.R.
Witcosbs in his seminar report. If succesaful, the tschnigue could

be sxtendad to st (oast some bresdsrs' fields.

8. Downy mildew inoculation techniques should be improved. This has
sirsady been initiasted in the € ha downy mildem nursery where we
ors now 1noculating 1nfector rows st wemargence st night with a
sporsngiat suspension. This procedure sliminates the need for
"{nfector pots" which involve conaiderable sxpanae and labor aach
saason. The glasehouss techniqua presently betng usad to inoculste
emerging seedlings generally gives high downy mildew pressurs snd
has considersbie scope for expanded use; however it should be more

standardized and be mads less Lsbor intensivse.

o

The lins 7042 has besn demonstretad to be univarselly susceptible
to pesri millet downy miildew. Tharefore, it should be included in
multilocational nurseries. Howevar, the supsr~sueceptibla version
of 7042 should no longer be coneiderad es & suitsbls susceptible
check, becsuse it is too highly susceptible., Under Low downy
mildew pressure, even modsrately susceptible entries cen sppear to
be resistant when 7042 registars & high frequancy of dawny mildew,
A pgenotyps which expreskss modsrete suBceptibility to downy mildew
in the downy mildew nursery at ICRISAT Centsr should be fdantified
as a susceptible check and sufficient sead for seversl years of uss
should be increased. Susceptible checks snd gsnotypes suitsbie for

infector rows should also be fdentifisd for use in Africe.

10. An sttempt will bs msds to detsrmins if gsnotypes from West Africa
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can be {mproved for their resistance to downy wildew at ICRISAT
Center. Sesd of selsct West African veristiss will be brought to
ICRISAT Center, and aftar psssage through quarsnting, they will be
screened twice under high downy mildew pressurs using the
glesshouse screening technique, and surviving plants traneplented
to the downy mildew nursery. Seesd will be harvested and this
reselected seed will be returnsd to West Africa for compsretive

testing with remnsnt seed of ths varietiss.

Numerous sources af dawny mildew resistance have besn {dentified
from among thae worid collection of pearl aittet. Further scresning
of new accessions should be suspended, howsvar, until it useems
advantageous to take it up again. Many of the resistent sccessions
have been further scresnsd under downy mildew pressure to improvas
their Llevels of ressistence end to improve their agronomic worth,
Furthermore, many bresding lines with downy mildew resistance have
bsen identifisd end the reeistence of othars has bsen improved
through selaction in tha downy mildew nursery. Mors attention
should be given to improving bresding matariais, especially from
compoEites, for downy mildew resistance, These ars alresdy
sgronomiceily elite materials, and they should be more useful to
our breeding program and to national breeding programs than sources

of resistence which sre sgronomics!iy less attractive.

Thers 15 a need at ICRISAT Center snd st the ISC for field date on
physical aspects of the wmicro-environment of millet plants in
relation to the development of downy mildew. We are in process of

ordering data Lloggers for both locstions snd sxpect to be sble to
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scquire data on wing velocity, tempersture at the soil surfece (et
swergence), tha ieaf tempersture of the crop (especisily at GS1 end
aariy GS2/, reiative humidity, duration and intensity of dew on the
teef surface, and radiation. These dats togethar with spore
trepping deta shouid help us to batter relate environmental
factors, spore production, and disesse development, This type of
informgtion 15 especiatly needed st the ISC, end shoutd help to
determine how readily this technology can be transferred to

{ocations other than [CRISAY Center.

A repestable techniqus for the germination of ocospares of §.
graminiceis 16 not known. At ICRISAT Center we sre initisting
efforts to germinate ovspores bessd on techniques which have baen
used with oocspores of related fungr. In esddition, Or. A,F,
Schmitthenner, who was 8 consultant with us in September 1884, s
attempting to secure a grant from USAID to pursue studies on the
germination of ooépores of §, gqramjnigole from foxtail millet
{Setarja jtalica) in the United Steves. §, graminicale does not
occur 1n the United States on pearl miliet, but it does occur on
Sptarig. Any techniques which are successful in the germination of
oospores of Sgtarig could ne attempted on §, graminicola from
pasr! millst at ICRISAT Center, Identifying s relisble technique
for oospore germination could be useful in ssversl ways, 'fnr
example 1t could allow us to make comparitive studies to identify
reaction of genotypes to oospores ve, sporangie, and it might meke
possibile effective use oospore coated pearl wmillet ssed for
screening purposss. At locetions where perfosprey irrigetion f{s

not svsilabis, resistanca screemfng cewid peentbly be seshanced by
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costing ssad with cospares before planting, These oospores would

be pretrested fo- ready germination.

frget

1. It 18 hypothesized thst in » fisld wsitustion 4{noculum for ergot

3

infection of peari miilst fiorets comes in the form of sscospores
produced from garminating sclerotis in the soil, However, the
incculum usec n  inpculations for scresning st ICRIBAT [and
elsewhere) 16 8 water suspsnsion of conidia [(both macro- end
micrusporss) from the honeydeaw exuded from infectad florets. It is
generalliy hald that conidis requirs 12-16 hrs to germinste after
coming into contact with the stigma. As the interaction bstwean
pollination/inoculation of the stigms and subsagquent
fertilization/colonizetion of the ovary sre sppsrently criticelly
dependent on timing, 't would seem spprapriste L0 acquire dets on
the physiology of spore germination ({colleborative project,
Imperial College) and length of time required for the germination

of sscospores on stigmas.

. Studies on veriability in psthogen populations should continue.

These should include wmorphological varisbility (in refsrence to
collaterat hoats), psthogen veriability in India and possibly later
in Africe, and biochemicel variability with refarence to alkaioid

pattern.

The mechaniss of resistance to ergot demands further investigetion.
In light of earlier findings at ICRIBAT and mors recent findings at

Imperial College, resistance which has baen identified shoutd be
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charscterized with respsct to initistion snd rate of stigma
amsrgence, initistion and rete of anthesis, timing of ageing
constriction relstive to first stigms smergence, end viabflity
snd/or self compatability of pollen, An sttempt should bas mads to
prove whather or not one or mors of thess factors sre responsiblas
for the resistance which has been 1{dentified following argot
inoculation. Cen, in fact, ergot resistance bs totelly sccounted
for by the factors involved in the avents of flowsring? If wa can
confidently say that the snswer to this question is 'yes', then {%
{s conceiveble thet breeding for ergot resismtence could be done
with less frequent exposurs of bresding gensrstions to ths fungus
and the snvironmenta!l factors (moderats tespersturs and high
humidity] which presently are neacesssary at aevery brseding
gensration for identificetion of resistance following {noculation.
An  experiment to further investigets this matter has Just been
initiated in pesrl millet bresding. Further work 1s needed.
Hopefully we cen have 8 fefrly clear answer to this question by

April 1886,

4, The ressarch on breeading ergot resistent hybrids should continue to
determine the success of the first test-crosses [likaly 1867].
Furtharmore, work recently began on ths formation of an ergot
resistant composite using srgot resistent Linss should be continued
to breed resistant varietins. The multilocational avelustion of
the IPMEN should be continued in Indis snd Africs, but st only

about 4 locetions in Indias.

5. Scresning of mors accessions from the genetic rssources unit for
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srgot resistance should be suspendesd in order to devote more time
t0 testing the hypothesis of resistsnce bDesed on wevents of
flowsring. For the ssma resson it sesme appropriste to suspend

further studies on inheritence of resistence to srgot.

More definitive informetion is neaded on the importance of srget in

West Africa end southern Africe.

Saut

1.

N

o
.

Studies on saut are nesded 1} to better undaratand sventa relsting
to 1infection including the psth of infection, 2) to illucidate the
mechanjism of resistence to smut, and 3) to detarmine tha axistencs
of virulence diffsrences in the psthogen. Vary little definitive
informetion on thass espacts 8 now evailable, Some of this
resserch could possibly be done by ressarch scholars snd/or by

colleborative work with a mentor institution.

There is » need ta measurs factors of the amicroenvironment which
sffect smut development in the (fisld, sspscially the sffect of
tempersture and relative humidity on spors germination, formstion

snd growth of dikoryotic mycelium, snd infection of florsts.

Efforts to improve the Smut Resistant Composits and to edd smut
resistance to thres other composites should continuas. Lines
derived from these composites should bs further improved for ssut
resistance. More effort should be made to insure that, in eddition
to downy sildew resistance, our advanced bresding meterial is siso

resistent to smut. This is especiaily fmportant in Light of the
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fact that ssut can bs ssvers in southern Africe end testing to date
suggests that pesrl milists brad in Indie are well adepted to

conditions in southem Africe.

We should exemine the fessibility of improving at ICRISAT Center
the Llevel of saut resistance in advanced bresding lines being bred

in West Africe,

Studies on inheritence of wsmut resistance should continus, se

should the trensfer of resistanca into hybrid parents.

The multilocations! testing of the IPMSN should ocontinue at mors
locations in Africs, but not st more than four locetiona in Indis.
An exchsnge of smut resistant asterisl should be mads with ths USDA

at Tifton, GA.

Bust

1. Seversi aress of the biology of rust reguire attention. Thess

e

include clarification of the taxonomy of the pathogen (with
assistance from CMI), detsrwination of the {mportsnce of verious
factors of the aicroenvironsent on the development of disesss 1in
the fisld, and dstermination of the effects of Light, temperature,

and relative humidity on viability and longevity of uredospores.

Quentitative date on the relstionship of rust severity to plant age
and yisld loss are nesded, and en improved and more mseningful

disease rating scals wouid be ussful.
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3. Major scresning is now done st Bhavenisegar. An sttempt {s being
sade to incresss the relisbility of scrasning tn & rust nursary st
ICRISAT Centsr. Inocutstion of presders' fields could possibly Dbe
done aftar mors s understood about environmental factors necensary

for spors germinetion, infection, and subsequent disssss

davelopment .

4, Sevaral sources of rust resistance, including etables reaistance,
have been found. A gingle dominent gene for resistance has ben
identifisd and potentially similar types of resistence havs bemn
noted 1in accessions of the germplasm collection. These raquire
further testing to determine if the resistance is besed on single
dominant genes and if they sre the sams or diffarent. Additionsi

screening of the worid collection is currently not a priority ttem.

6. Rust resistence should continue to be utilised in the production of
hybrid perents as the dissass s sspacislly {mportent in sead

production fields during the off-season.

6. Multilocational testing should be reduced to sbout four Llocetions
in Indis, snd a special effort should be mede to fdentify
cooperstors interested in menaging tha nursery {n Southern and
Eastern Africa. Additfonal singla dominant genss for resistance,
when identified, should be testad for their stability in
sultilocetional testing. An exchange of rust resistant material

should be made with tha USDA at Tifton, GA.

Nuteg 1. N1 o Resistence
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1. Screentng for muttiple dissass resistance should continus 1n

Lines/populations known to hava resistsnce to st lesst one disssss.

As mentioned by Dr. J.R, Witcambs in his seminar, thare should be
increased effort to incorporste ssut resistance into bresding
nstorisls so that at some time (n thae futurs all sdvanced breeding
Lines/populations have rasistence to smut, in sdditfon to the downy

wildew resistance which is now being screaned for on @« routine

basis.

We should considar the possibility of esteblishing s nursery of
agronomically elite, breeding matarisls with multiple disesse

resistance, and avaluating this multilocationally.

Comsunicagions

1. The multilocational nursery ressuits ocbtained to dats should be

2

summarized and published aa journal articles in which coopsrators
are included es suthors. Two such articles (23, 268) heve been
submitted for publication in Pignt Diseass. Manuscripte need to ba

prepared for the other two nurseries,

Mora affort should bea meds to identify aress of colllborn§1vo
research with pathologists and/or breeders §n national programs in
India and Africa. These projects should be relstively emsll and
wall dafined, and they should be designad to snsure as such as
possible joint publication of the results, prefersbly (n

internationally-recognized journals.
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3. Tha "Sorghum and Millet Dissase Identificetion Hendbook® will soon
be out of print. I recommend that for pesrl millet, this be

replaced with & "Pesrl Millet Disesse snd Inssct Identificetion

Handbook" .

4. Bulletins should ba prepered for sach of the Pour major dissases of
pearl millet, describing the ceuss! organisa, Life cycls, symptoms,
resistance screening techniques, sources of resistance, end
possible alternative methods of control.

5. A workshop on pearl millet diseases should be planned for West
Africs in 1887,
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Musber of locations in India and Africs from shich deta wers reestved

on international pasri milelt dis
 omametio saes nurseries during the ysers 1079

IPHONN IPMEN 1P8N 1PWAN

Year —-

Indte  Africa  India  Africa Indte  Africa  Indis  Afetca
1878 12 3 - - - - - -
1877 7 5 8 4 2 2 - -
1578 12 4 1 2 2 4 8 0
1878 11 1 10 1 2 F 5 0
1880 9 3 7 2 3 3 8 1
1881 8 5 10 2 3 4 7 0
1982 8 2 7 1 4 5 5 0
1983 8 4 10 2 ] 4 B I}
1884 7 0 8 0 4 0 [ 0
ZIPMDMN = International Pearl Millet Downy Nildew Nursery (44-48 sntriss/yesr)
IPMEN = Internatianal Pearl Miliet Ergot Mursery {21-32 sntriew/yssr)
IPMSN = Internationsl Pesr( Millet Smut Nursery (28-38 entries/yesr)

=]

IPMRN

nternations( Pesrl Miilet Rust Nursery {30-45 onr.r}n/ynr)
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Table 2. Numbers of confirmed sources of disssse resistsnces

fdentified by the wm:llst psthology subprogram,
through 1984,

— Musber screened ____ Totsl no.
Diseese Accessions Breeding resistant
of the GRU Lines/ sources

populations identified

Downy 2753 7076 124
mildew
Ergot 2800 7800 24(+80 Lines

devatopsd) ®

Smut 1800 8200 34(+150 Lines
developed) ?

Rust 2562 507 BE

3nbreds and sib bulks
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Pn.rl. nillet (inas/populstions with stabie diseass resistence
which have been identified through the intarnationel disasse
testing progrem, 1876-1984,

Downy
Nildew

Ergot

Rust

-26 lines/populations resistent st 7-12 Indian Locetions for
2-9 years and at 1-5 locetions {n Africe for 2-9 yeers,

-13 tinss/populstions resistant st six Indian locetions for
et teast 3 yesre snd et Semaru, Nigeris for 2 yeers.

-9 lines/populations resistant at ssven tocations in Indis
for at (east 2 years.

-6 Lines resistant st thres Indian Locstions and st Beambey,
Senepgal for at Lesst 4 yeers,

-12 newly developad populstions st thres Indian Locations for
at least 2 years,

-15 (ines resistant st 5-8 Indian Locations for 2-7 yaers.
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Teble 4. An indication af the axtent of ut{lizstion of scurces of
digeese resistance identified by the willet pethology
sub-program through 1984,

No. of {ines No. ssed semples
Disense utitized tn a0l 56 cRep