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Foreword

Why Ergot, Why BraZIl and Why Now

In June 1996, several ofus hadthe opportunzty to see sorghum ergot In BraZil and
the damage that the disease can do We saw severe damage In seedproductIOn plots
and witnessed the pain that seedproducers had to go through to deal with this new
problem. There was a wide spread scare In the sorghum communzty In the Americas
because ofthe Infamous reputatIOn ofthe disease In causing damage In seedprodua­
tlOn fields As a silver lining, we also observedfirst hand, the excellent research pro­
gram that the BraZlllans had In place It became apparent that all ofthe sorghum re­
searchers, seed producers and regulators ofplant pathogens worldWide needed to
come together to study andreview this disease There couldbeno better venuefor such
a Global Conference than Sete Lagoas, BraZil Hence this meeting wasproposedand
with the support and assistance of the DlTector ofSorghum and Maize Research
(CNPMS) ofEMBRAPA, this meeting has been arranged. Atthe time the meeting was
proposed, the disease was known only In afew countries but It has spreadtoday to I~

elude much oftheAmeTICas andAustralla. ObVIOUSly, we can no longer aVOidthe dUr
ease, we can only learn to llve With It and manage It In future growing seasons It has
been mypleasure to work With the research leaders on ergotatEMBRAPA In develop­
Ing this conference, to receive cooperatIOnfrom many oftheglobal leaders on ergot to
bring thelT knowledge to the conference andfinanczal support from the American
Seed Trade AssociatIOn, as well as the support andencouragementfrom Texas A & M
Unzverslty and INTSORMIL In recognzZlng the Importance ofour collaboratIOn on
combating sorghum ergot

In this conference, we Will learnfrom the expeTlences ofcountTles where ergot had
existedfor a long time while examining the ergotSituatIOn In newly Invadedcountrzes
We have severaldedicatedpapers dealing With the bIOlogy ofthepathogen, the eplde­
mwlogy ofthe disease, and disease management strategies We Will also chart the
movementofthe disease andplot Ideas on howto collaboratlvely work to lessen the Im­
pact ofsorghum ergot In the Amerzcas

Richard A. Fredenksen
Professor, Plant Pathology
Texas A&M UnIVerSity
College StatIon, TX 77843--2132

III



Contents

Foreword - Richard Fredenksen

SeSSIOn I - Sorghum Ergot Around the World
Session President - John Yohe (lNTSORMIL)

Sorghum Ergot An Overview - P G Mantle

Geographic DlstnbutlOn and Spread of Sorghum Ergot Causes
and ImplicatIOns - R Bandyopadhyay

SeSSIOn II - Ergot Scenario In Brazil
SessIOn President - E M Rels (UFPF)

Sugary Disease of Sorghum III Brazil An Overview ­
R Casela, A S Ferreira and N F J A Pillto

Strategies for the Control of Ergot III Sorghum Seed
ProductIOn III Brazil - P M Ribas

SeSSIOn III - Country Reports
SeSSIOn PresIdent - G Odvody Texas A&M Umverslty

Opemng Remarks - G Odvody

Expenences Willi Ergot III Sorghum III Southern Mnca ­
D C Nowel and N W McLaren

Sorghum Ergot III India -
C S Sangltrao S Indira and R Bandyopadhyay

The Ergot Disease of Sorghum III Mnca - S Z Mukuru

Current and Future Research on Sorghum Ergot III

Australia - M Ryley B Blaney and H Melllke

Sorghum Ergot III the Umted States - Public Sector Response ­
G N Odvody and T Isakelt

v

111

3

10

23

26

35

36

41

55

59

68



Umted States Private Sector Response - W E Dolezal

Sorghum Ergot In Argentina - L M GlOrda, M J Martinez,
M Nassetta, and S PalacIOs

Incidence of Ergot In Honduras - J Moran and F Gomez

Ergot, Honeydew or Sugary Disease of Sorghum
In Venezuela - G Malagutl and N Pons

Cereal Ergots In Uraguay - M S Pineiro

Sorghum Ergot In MexIco - J H Torres-Montalvo and
N Montes-Garcia

SeSSIOn IV - Ergot BIOlogy
SessIOn PresIdent - R A Fredenksen,Texas A&M UmverSIty

DNA Comparisons and AlkalOid ToxIcity ofthe Ergot Fungi
A ContributIOn to Ergot Phylogeny - S Paloutova

Host x Pathogen x Environment InteractIOn In Sorghum
Ergot Disease - N W McLaren

The Llfecycle, Spread and Survival ofthe
Sorhum Ergot Pathogens - D E Frederickson

Putative Control of Ergot Disease Epidemics In Hybrid Sorghum
ProductIOn through the InhibitIOn of Secondary SporulatIOn
by Clavlceps afncana - HAG Hassan P G Mantle and N W McLaren

SeSSIOn V - Ergot Management StrategIes
SeSSIOn PresIdent - Rana)It Bandyopadhyay (ICRISAT)

Host Plant Resistance Sorghum Ergot - J A Dahlberg

Chemical Control of Sugary Disease of Sorghum (Clavlceps afrlCana) ­
N F J del Almeida Pmto A da SIlva Ferreira, and C R Casela

Integrated Management of Sugary Disease of Sorghum ­
Practical Aspects - E M Rels and M M Casa Blum

VI

76

79

84

88

97

101

111

122

135

141

149

158

161



SessIOn VI - InternatIOnal CollaboratIOn
III Ergot Research - Global Network

SessIOn President - R E Schaffert (EMBRAPA/CNPMS)

Role of ICRISAT In Sorghum Ergot Research - R Bandyopadhyay

The Role of the InternatIOnal Sorghum and Millet Collaborative
Research Program on Management of Clavlceps afrlcana III

Sorghum - R A Fredenksen and J M Yohe

The Role of USDA III Research on Sorghum Ergot - J A Dahlberg

Sorghum Ergot In Australia - M Ryley and Bob Henzell

Global Conference on Ergot ofSorghum ­
RecommendatIOns Report

Conference Participants

VI!

169

178

180

182

191

195



SessIOn I - Sorghum Ergot Around the World

SessIOn President - John M. Yohe

I



Sorghum Ergot- an Overview

Peter G Mantle

Ergot disease ofsorghum appears to be
a 20th century phenomenon, formally
recognIzed to the extent that some of the
first samples, from Burma (1927), Kenya
(1924), and Uganda (1926) were depos­
Ited m the herbarIUm of the former Com­
monwealth Mycological Institute at Kew,
UK (Mantle 1968) Mycologically, the
aspect of the pathogen with the greatest
obvIous taxonomic value, m the absence
of any obvIOus sexual stage, was the
sphacelIal fructificatIOn establIshed on
mfected ovaries and associated WIth hon­
eydewexudate Thus, the connectIOn wIth
other ergot paraSItes was establIshed by
the descnptlOn ofSphaceha sorghl m In­
dIa (McRae 1917) The matenal was
charactenstlc of the IndIan sub-contment
and the descnptlOn was the taxonomIC ba­
SIS for recognIzmg sorghum ergot patho­
gens m both ASIa and AfrIca for the next
70 years

In AfrIca the pathogen was recognIzed
agam m TanganyIka (1949), South AfrIca
(1953), Nigena (1955), ZambIa (1965),
EthiopIa (1973) and MozambIque (1984)
but the dIsease became most promment m
northern Nlgena m the early 1960s asso­
CIated WIth sorghum hybnd breedmg (Fu­
trell and Webster 1965, 1966) research
when the partIcular natural susceptIbIlIty
of male-sterIle sorghums became qUIte
clear However, the preCIse epIdemIol­
ogIcal source ofthe pathogen by whIch It
mamtamed Its potentIal for oPPOrtUnIstIC

Peter G Mantle Biochemistry' Department, Impenal College of SCIence
Technology and Medlcme London SW72AY UK
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dIsease was, and stIll remams, uncertam
Indeed, m AfrIca the generally CryptIC na­
ture ofthe pathogen and ItS dIsease on sor­
ghum, not producmg promment sclerotIa
as does Clavlceps purpurea, even faIled
to catch the attentIon ofA R Loveless at
the UnIVersIty of Southern RhodeSIa who
otherWIse deSCribed several new
Clavlceps speCIes m East AfrIca, most no­
tably Clavlceps fusiformls (Loveless
1967), the characterIstIc pathogen of
pearl mIllet It IS, however, somewhat
IrOnIC that the common sorghum patho­
gen m AfrIca was shown expenmentally
to mfect pearl mIllet (Fredenckson and
Mantle 1996), though thIS IS probably not
Important as a functIOnal alternate host

The author first became mvolved WIth
a sorghum ergot pathogen m the mId
1960s concernmg sclerotIa of NIgenan
ongm thought to contam the alkalOId
agroclavme SceptIcism about IdentIfica­
tIOn ofthat alkalOId led mstead to the ISO­
latIOn and characterIzatIOn of a new
naturally-occurrmg dIhydrogenated ergot
alkalOId, dIhydroergosme, and the recog­
nItIon of ItS reduced clavme alkalOId bIo­
synthetIC mtermedmtes (festuclavme and
dlhydroelymoclavme) as mmor compo­
nents (Mantle and Waight 1968) Atten­
tIOn then focused on obtammg ergot alka­
lOid productIOn m axenIC culture m yIelds
of0 5 mg ml I (Mantle 1973) and the ex­
tenSIOn of the technIque to productIOn m
stIffed fermenters ofup to 300 L capaCIty
(Attwell 1981) EffiCIent axenIC culture
led to expenmental demonstratIOn of the
btosynthetic mteractIOns between the
varIOus alkalOIds (Barrow et al 1974) and
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the flexlbl1lty of natural bIOsynthetIc en­
zyme systems to accept an unnatural bIO­
synthetic precursor to produce, for exam­
ple, the hydroxy-prolyl analogue ofdlhy­
droergosme (Atwell and Mantle 1981)
These secondary metabohte charactens­
tiCS of the Afncan sorghum ergot patho­
gen were thus recognIZed as a umque
combmatIOn which, therefore, has m ef­
fect, diagnostic value for the fungus
However, It also Imphes affimty with the
very specIal ClaVlceps glgantea WhIch
parasitises maIze exclusIvely III MexICo
(Fuentes et al 1964) C glgantea also
elaborates the dlhydrogenated clavme al­
kalOids, festuclavIlle and dihydroelymo­
clavIlle, but takes the biosynthetic path­
way no further mto the larger cychc
tnpeptlde denvatIves as does the Afncan
sorghum pathogen It IS, however, hard to
see whether there IS any close phyloge­
netIC relatIOnshIp between the sorghum
and maIze pathogens that are separated
geographIcally by long dIstances, and
therefore the dIhydrogenatIOn step m the
ergohne alkalOid bIOsynthetIc pathway
may have evolved mdependently m the
two fungI It IS notable that mfectIOn of
maIze ovanes by the Afncan sorghum
pathogen has been demonstrated expert­
mentally by the author, although the para­
SItiC mycehum does not become organ­
Ized mto a typIcal sclerotIUm, confirmmg
findmgs of Futrell and Webster (1966)

Failure to dIfferentiate a noticeable
sclerotIUm m sorghum IS a common fea­
ture of ergot dIsease m Afnca EIther the
fungus barely fills the floral caVIty With a
sphacehum and then often becomes In­
fested With saprophytiC fungi, mcludmg
Cerebella spp , or It may differentiate mto
only a small, roughly sphencal, sclero­
tium 2-3 mm m dIameter, located be-
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tween abducted glumes Consequently,
the dIsease was Widely known as sugary
disease because the honeydew stage was
the most diagnostic symptom

In contrast, S sorghl m India produced
an elongated sclerotIUm, protrudmg up­
wards 1 cm from the floret, though only
constItutmg a really compact sclerotIaI
body m ItS prOXimal portIOn SuffiCIent
productIOn of thiS tissue may gIve nse
subsequently to the typIcal Clavlceps
stromata III the capItula of WhICh the t&
leomorphlc formation of ascospores oc­
curs A taxonomIcally valId short descnp­
tIon ofClavlceps sorghl was made (Kul­
karm et al 1976), from which It was
Widely assumed that It apphed also to S
sorghl of AfrIca No ergohne alkalOids
were detected m sclerotia ofC sorghl but
an Isolate was shown to produce agro­
clavme m small amounts (23 Ilg ml I) af­
ter 3 weeks of statIOnary lIqmd culture
(Manzarpour 1985) Agroclavme was
recognIzed by thm-Iayer chromatography
and by electron Impact mass spectrome­
try This further emphaSIzed genotypic
dlstmctIOn between the Afncan and In­
dian ergot pathogens of sorghum

Followmg fundamental studIes on the
mechamsm of reSIstance of certam pearl
mIllets to ergot dIsease that was bemg ex­
plOited at the ICRISAT Centre, Hydera­
bad (WIIlmgale and Mantle 1985,
WIllmgale et al 1986), attentIOn was
redIrected towards sorghum, usmg an
Indian Isolate of C sorghz from
Maharashtra State as a model for definmg
the path of mfectIOn (Fredenckson and
Mantle 1988) ConcomItantly, the present
author observed Iterative germmatIon of
S sorghz (C sorghl) macrospores on agar
media, an observation whIch led to the



descnptIOn (Manzarpour 1985) of the
atIOn phenomenon, expreSSIon of whIch
IS regulated by temperature At moderate
temperatures, up to 27°C, vIrtually all
spore genmnatIOn was m the form of a
short sterIgma-lIke prOjectIOn from the
top of whIch a secondary spore formed,
usually at the complete expense ofthe cy­
toplasm of the macrospore At tempera­
tures above 27°C, typIcal hyphal germ
tube germmatIOn occurred and became
the exclusIve mode of germmatIon at
37°C ThIS dId not seem to be Important to
the parasItIC bIOlogy ofthe pathogen untIl
the pathology of the IndIan pathogen (C
sorghl) was compared dIrectly WIth that
of an AfrIcan Isolate m SImIlar hortIcul­
tural tunnel condItIOns m England m
1989 However, It was readIly apparent
that the honeydew stages were qUIte dra­
matIcally dIfferent C sorghl produced
honeydew WhICh was usually VISCOUS and
nch m sugars and m WhICh no macrospore
germmatIOn occurred, whereas the AfrI­
can pathogen exuded a very dIlute honey­
dew WhICh qUIckly became covered by a
whIte crust (Fredenckson et al 1991)
ThIS crust was shown to conSIst of a palI­
sade ofsecondary spores borne on steng­
mata WhICh pIerced the honeydew lIqUId
surface (Fredenckson et al 1989) There­
fore the secondary sporulatIOn ofC sor­
ghl was mamly a laboratory phenomenon
Analogous profuse paraSItIC mamfesta­
tIon was apparently confined to the AfrI­
can pathogen Further study of secondary
sporulatIon m VIVO was performed at IC­
RISAT, Hyderabad (Bandyopadhyay et
al 1990) showmg that m hIgh relatIve hu­
mIdIty under glasshouse condItIons C
sorghl expressed secondary sporulatIOn
on honeydew Under these expenmental
condItIons It can be assumed that exuded
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honeydew was more dIlute than IS natural,
m the absence ofthe deslccatmg mfluence
of field condItIons Therefore, secondary
sporulatIOn IS a constItutIve charactenstIc
ofS sorghl, whether as the expreSSIOn of
the anamorph ofthe IndIan or ofthe AfrI­
can ergot pathogen of sorghum The na­
ture of the relevant honeydews, that are
partly phloem exudate and partly the
paraSIte's bIOtransformed excreta, mflu­
ences whether or not, and to what extent,
secondary sporulatIOn of submerged
macrospores occurs The questIOn re­
mams why, when macrospores are spread
across an agar surface m the laboratory,
the normal mode of germmatIOn IS Itera­
tIve and IS only replaced by hypha forma­
tIon at hIgh temperatures When macro­
spores are deposIted on the surface of a
stIgmatIC haIr ofsorghum, germmatIOn IS
consIstently by hyphal formatIOn and
qUIckly leads to mtercellular penetratIOn
and subsequently traverses through the
stIgmatIc transmIssIon tract Clearly, It­
eratIve germmatIOn on a stIgmatIc haIr
would be bIOlogIcally futIle and therefore
macrospores respond to stIgmatIC mflu­
ences (whether chemIcal and/or phySIcal)
to ensure penetratIon tube productIOn Ir­
respectIve ofthe temperature, whIch may
fluctuate between WIde dIUrnal lImIts In
the absence ofthe dIrect mfluence ofa po­
tentIal host, as m the case of bemg sub­
merged m exuded honeydew, IteratIve
germmatIOn of macrospores IS promoted
m pnnclple, If not m rate of response, by
lowenng temperatures whIch III the field
WIll be assocIated WIth mght condItIOns
and the consequent dIluted nature of
freshly exuded honeydew under hIgh
relatIve humIdIty Whereas thIS may all
make logIcal bIOlogIcal sense, It empha­
SIzes some SOphIstIcated mechanIsms of



signal recogmtlOn m a umcellular fungal
spore of two remarkable ergot pathogens
ofsorghum However, the biOlogiCal suc­
cess of the African pathogen IS largely
due to the versatile functiOn of ItS macro­
spores and perhaps It IS not surpnsmg that
they have speCial abdlties Apparent reh­
ance on asexual spores for parasItic estab­
hshment ofthe AfrIcan pathogen IS due to
the ranty of stromatal formatlOn from
sclerotia, reported only m general terms
by Mower et al (1973) but later used spe­
CIfically by Fredenckson et al (1991) as
the baSIS for descnbmg the african patho­
gen as Clavlceps afrlcana This speCIes IS
dIstmct from C sorghl not only m myco­
logical dIfferences of the respective
Clavlceps teleomorphs, but also by the
partIcular and conSIstent occurrence ofdl­
hydroergosme and related c1avme alka­
lOids m sclerotia of C afrlcana

A remarkable feature of C afrlcana IS
ItS apparently spontaneous appearance m
parts of Afnca, partiCularly m male­
stenle sorghums grown even m vlrgm 10­
cahties for sorghum cultivatiOn It should
be emphaSised that, although vanousSor­
ghum species can be, and are, hosts for C
afrlcana, no documentatiOn ofa plausible
step-by-step sequence explammg the on­
gm of epIdemIcs of disease m seasonal
crops has yet been made AssumptiOns
are not adequate for explammg what IS
becommg globally an Important disease
All that was demonstrated expenmentally
IS the wmdborne spread by secondary
spores, registered on a spore trap, from an
msect-proof pnmary focus of mfectIon
across a plot of male-stenle sorghums to
give a Widespread high mCldence of diS­
ease (Fredenckson et al 1993) Long diS­
tance dlssemmatlOn of secondary spores
has not yet been detected by spore traJr
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pmg The spores can readily be recog­
mzed morphologically by their lemon
shape but extenSIve scanmng ofspore trap
shdes would be very tlme-consummg
Nevertheless, the dramatic spread of sor­
ghum ergot throughout much of South
Amenca, after the causal agent was Iden­
tified as C afrlcana (Rels et al 1996),
must be partly attnbutable to the wmd­
borne dlssemmatiOn of propagules and
the apparently susceptible sorghums
grown extensively m South and Central
Amenca and m the Umted States SimI­
larly, the pathogen estabhshed a new en­
demiC focus m Queensland, AustralIa
These rather sudden aspects of global
spread had been foreshadowed by dls­
semmatiOn at some stage from Afnca to
Thailand (Boon-Long 1988, Fredenck­
son et al 1991) and to Japan as deter­
mmed by Mantle and Hassan (1994) who
warned of the danger of spread mto the
Amencas

The relatively mSlgmficant size of
sclerotia ofC afrlcana has resulted m the
pnnclpal focus ofdisease Significance be­
mg purely on loss of gram With an In­
crease m disease mCldence, the fact that
the pathogen IS an ergot fungus, some of
whose close relatives produce metaboh­
ties which are tOXIC to animals, makes
pOSSible tOXICity worth consldenng The
effect of sclerotia from Nlgena on repro­
ductive performance m mice revealed no
effect even at very high mtake (Mantle
1968) ThiS contrasts With the marked ef­
fect on both blastocyst ImplantatIOn and
lactation by alkalOIds of the pearl millet
ergot pathogen C fusiformls It was con­
cluded, therefore, that C afrlcana sclero­
tia did not constitute a slgmficant tOXIC
hazard to farm animals or to humans ThiS
was m spite of the fact that dlhydroer-



gosme possesses some ofthe pharmacol­
ogIcal actIVIty of Its close relatIves er­
gosme and ergotamme (Berde and SchIld
1978) ThIs VIew mIght be sustamable, m
general, were It not for recent defimtIOn of
a new dImensIon m C purpurea tOXICIty
towards daIry cattle A so-called'summer
syndrome' m the Cape regIOn of South
Afnca has been ascnbed plausIbly to
small amounts of ergot alkalOIds m a
grass-seed based feed supplement used m
summer when pasture IS m short supply
DeclIne m mIlk yIeld was attnbuted to re­
duced feed mtake on account of the dIS­
comfort of hyperthermIa mduced by pe­
npheral vasopressor effects of the ergot
alkalOIds (SchneIder et al 1996) ascnbed
to sclerotIa ofC purpurea (Mantle 1996)
The present author IS also aware of an
analogous syndrome assocIated WIth
feedmg ergotised sorghum to daIry cattle
m South Afnca and thIS aspect ofpossIble
tOXICIty WIll be explored further to estab­
lIsh whether there IS a clear cause and ef­
fect It should also be noted that the ergot
pathogen of Paspalum grass (Clavlceps
paspah) elaborates tremorgemc myco­
toxms that are the cause of the neurologI­
cal dIsorder Paspalum Staggers that can
affect cattle grazmg tall ergotIsed Pas­
palum spp forage SclerotIa should be ex­
ammed for any mdole-diterpenOld com­
pounds whIch could have tremorgemc ac­
tIVIty However, a recent experiment In
AustralIa WIth beef cattle found no obVl­
ous adverse effect of feedIng ergotIsed
sorghum (M Ryley, personal commum­
cation)

There IS no monopoly of sorghum er­
got dIsease causatIOn by pathogens WIth a
S sorghl anamorph An mterestmg addI­
tIOnal dIstmctIve ergot pathogen was rec­
ogmzed m, and IS apparently confined to,
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Japan (T TsukiboshI, personal commum­
catIon) WhIch has a Sphacelza segetum­
lIke (C purpurea) anamorph and grey
spur-shaped sclerotIa contammg only a
trace of some unusual ergot alkalOIds
(Ohmomo 1990) Asexual spores appar­
ently do not undergo secondary sporula­
tion m honeydew from parasItized male­
stenle sorghum m the present author's ex­
penence, although the phenomenon was
observed m spores washed from theIr
honeydew and then spread on agar media
(Hassan 1996) In lackmg a mechamsm
for long dIstance dissemmatIOn, and
therefore not necessanly a sIgmficant
global threat to sorghum, the questIon
anses as to whether the aSSOCIatIOn
between thIS fungus and sorghum IS an
anCIent one lImIted by geography, or
whether It has ansen recently and IS mdl­
catmg that an analogous aSSOCiatIOn could
develop elsewhere m the world

Pearl mIllet, m common WIth some
other grasses, has a speCial stIgmatIC
mechamsm for excludmg from neo­
fertIlIzed ovarIes further mgress ofpollen
tubes or pathogen hyphae that traverse the
pollen transmISSIon tracts mthe fused sty­
lodla (WIlhngale and Mantle 1985) The
separate stIgmas ofsorghum have no such
mechanIsm and mdeed can stili appear
qUIte fresh after mgress by ergot
pathogens There IS nothIng m the floral
bIOlogy ofsorghum to aSSIst the relatively
slow pathogen-excludmg hIstologIcal
changes that occur In the ovary follOWIng
fertIlIzatIOn Several days may be re­
qUIred to dIfferentIate tIssues whIch con­
stItute phySIcal barners to ergot penetra­
tIon hyphae on theIr slower progress
towards the ovule Ideally, self­
pollmatIOn should occur before floret
gapmg, whIch not only exposes the ovary



through the wall of whIch ergot penetra­
tIOn can occur, but leaves one or both of
the feathery stIgmas protrudIng from the
floret, trapped by the clOSIng glumes
Such a system was found to explaIn the
mechamsm ofone partIcularly 'reSIstant'
sorghum accessIOn from East AfrIca (Fre­
denckson et al 1994) Other acceSSIOns,
whIch are free from ergot In theIr localIty
of ongm, became susceptible when
grown m a dIfferent latItude where theIr
flowenng behavlOur was dIsturbed by the
dIfferent daylength pattern Regrettably,
It seems safe to conclude that there IS no
mtrmsiC explOItable natural reSIstance to
ergot mfectlOn of Sorghum spp other
than effiCIent pollInatIOn WhICh arIses
from the partIcular floral bIOlogy In other
words, all unfertIhzed sorghum ovarIes
are susceptible to ergot at the tIme of first
floret gapmg

In conclUSIOn, the way m whIch the
ovary paraSIte of sorghum, WIth versatile
and extenSIve powers of dissemmatlOn,
has been able to spread so fast globally,
and to become so economIcally sIgmfi­
cant, is a reflectIOn partly ofthe extenSIon
ofmonoculture agnculture However, It IS
more consequent on the artIfiCIal creatIOn
and WIde use of male-stenle hosts m F I

hybrId seed productIOn which prOVIdes a
wmdow ofopportumty for ergot pathogen
spores to beat pollen grams for the con­
trollIng mfluence over the fate ofunferttl­
Ized sorghum ovanes It is pOSSIble that
dIsease control may be addressed agro­
chernIcally, at a recurrmg cost through the
use of fungiCides, but perhaps better
strategIes Will focus on the male-stenlIty
whIch is at the center of the present
globally-exacerbated dIsease problem for
sorghum
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GeographIc DIstrIbutIOn and Spread of Sorghum Ergot:
Causes and ImplIcatIOns

R Bandyopadhyay

Abstract

Sorghum ergot was observedfor the first tIme In 1915 In India and remained re­
stricted In ASia and AfrIca The dIstributIOn of the dIsease expanded outsIde these
contments when It wasfound In BrazIl m 1995, and In Austraba In 1996 Since 1995, It
has been reported In qUIck succeSSIOn In 14 countrIes In South, Central and North
Amerzca including the US In BrazIl and Austraba the Introduced pathogen was
Clavlceps afTlcana The pathogen was probably Introduced wIth seed or as azrborne
secondary comdza, but other posslblbtles of introductIOn eXIst The dIsease spread
rapIdly In seedproductIOnfields due to condItIOns thatfavoredproductIOn andspreadof
spores (przmarzly azrborne secondary comdla) and predIsposedflowers to infectIOn
Due to the vulnerablbty ofmale-sterIle lines to the dIsease, Its Importance has Increased
mternatIOnally Since male-sterzle based hybrzds are used In these countrIes The intro­
ductIOn ofthe dIsease WIll Impinge on quarantine regulatIOns seedproductIOn, com­
merczal grain productIOn, seed trade (Includmg prIces) and research prIOrItIzatIOn

Sorghum [Sorghum blcolor (L )
Moench] IS the fifth most Important cereal
crop and cultivated on about 45 millIon ha
for food, feed, beverage and fodder Nor­
mally the crop IS grown m drought-prone
areas where few other crop chOIces are
avaIlable In most parts of ASIa and Af.
nca, and some parts ofLatm Amenca and
the CarIbbean, sorghum IS pnmanly
grown for food under low mput produc­
tton systems by resource-poor farmers
YIelds average less than 1 t ha 1 and vary
substanttally from year to year In con­
trast, sorghum cultIvatIon m Austraha,
the Untted States, most South and Central
Amencan countnes, and parts of South
AfrIca IS charactenzed by mtensIve, com­
merCIal productIon systems optImIzed to

R Bandyopadhyay Internallonal Crop Research InsulUte for the Serm And
TropIcs (ICRISAT) Patancheru 502324 Andhra Pradesh Ind.a
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grow the crop almost completely as am­
mal feed The most SIgnIfIcant
technologIcal change SInce the 1960s was
the development and use ofF1 hybnd seed
(FAG and ICRISAT 1996) that lead to a
dramatIC Improvement m productIVity of
the crop For example, India has expen­
enced 55% coverage of the ramy season
sorghum area under hybnds and a dou­
blIng ofyIeld m the 30 years smce hybnds
were first mtroduced Sorghum cultIVa­
tton m mtensIve, commerCIalIzed systems
relIes almost totally on F1 hybnd seeds,
and yIelds average 3-5 t ha 1

The sudden observatIOn and rapId
spread of ergot m Latm Amenca begm­
mng m Brazil m 1995, and In AustralIa m
1996 perplexed the sorghum mdustry
around the world The global appearance
ofergot made U S sorghum workers and
quarantme offiCIals feel rather vulnerable



to the potentIal mtroductIOn of ergot
However, the Importance of sorghum er­
got m hybnd seed productIOn was high­
hghted m the mid-sndies m NigerIa (Fu­
trell and Webster 1965) Indeed, the diS­
ease gamed prommence only after the
mtroductIOn of F I hybrIds m India smce
A-hnes are vulnerable to the disease ThIS
not only makes F I hybnd seed productIOn
dIfficult, but also creates problems m pro­
ducmg adequate quantItIes ofA-hne seed

Ergot IS a dIsease of the ovary It re­
duces gram yield because the ovary ofan
mfected flower IS replaced by a fungal
mass that secretes a sweet flUId, called
honeydew Healthy gram are smeared
WIth honeydew on whIch fungal sapro­
phytes grow thereby reducmg seed qual­
Ity, makmg threshmg dIfficult, reducmg
germInatiOn and seedlIng emergence, and
predisposmg seedlmgs to other dIseases
(McLaren 1993) Two teleomorphs ofthe
ergot pathogen have been descrIbed
These are ClaVlceps sorghz by KulkarnI et
al (1976) and C afncana by Fredenck­
son et al (1991) The anamorph of both
teleomorphs IS Sphacella sorghz (McRae
1917)

ThIS paper provides a brIef account of
the dIstrIbutIOn of the dIsease and the
pathogens, the possIble reasons for the
sudden resurgence of the disease, and Its
ImphcatlOns

DIstrrbutIOn

The dIsease IS normally not ofconcern
m warm and dry areas, where sorghum IS
tradItIOnally grown The problem be­
comes acute m cool temperature (even on
male-fertIle cultivars) and m male-stenle
hnes These two factors are pnmary con-
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tributors for lowermg or nulhfymg pollen
actIvIty (McLaren 1992), adversely af­
fectIng effiCient polhnatIOn and fertIlIza­
tIOn that protects flowers from mfectIon
(Futrell and Webster 1965, MusabYImana
et al 1995)

The Afro-ASian era

Sorghum ergot was first observed m
IndIa m 1915 and deSCrIbed by McRae m
1917 That It was more WIdespread m In­
dIa was confirmed m 1948, when Ra­
maknshnan recorded ergot m Madras
State (Sangitrao et al 1999, for dIstnbu­
tIOn m IndIa) In 1927, ergot was reported
m Burma These reports and samples rep­
resent the pathogen C sorghz In AfrIca,
sorghum ergot was recogmzed first m the
eastern regIOn, havmg been sampled m
Kenya In 1924 Table 1 summanzes the
first reports of occurrence of the dIsease
m different countrIes The dIsease was
also observed m expenmental hybnd seed
productIOn plots m MalI and Burkma
Faso m WestAfrIca(D S Murty, personal
commumcatIOn), but the IdentIty of the
pathogen IS not known The fungus Cere­
bella andropogoms normally grows on
the sugar exudates of S sorghz and IS a
good mdicator ofergot m the field A few
reports of ergot, such as those from
Ghana, Sudan, and the PhilIppInes, are
based on the aSSOCiatIOn ofC andropogo­
nzs With the sphacehal stage ofS sorghl

The pathogen In IndIa and Myanmar
was IdentIfied as C sorghz (Kulkarni el al
1976, Mantle 1968) All reports and sam­
ples from Afnca, mentIOned m Table 1,
pOSSibly represent the dIstmctIve patho­
gen C afrzcana (Fredenckson et al
1991) In 1991, the ergot pathogen 10

ThaIland was, contrary to expectatIOns,



Table 1 DistrIbutIOn of sorghum ergot m different countnes untI119911

Contment/Country

Africa

Angola

Botswana

Burundi

EthIOpia

Ghana

Kenya

Lesotho

MalaWI

Mozambique

NIgeria

Rwanda

Senegal

South Afhca

Sudan

Swazdand

Tanzania

Uganda

Zambia

90016b

Zimbabwe

ASia

Burma

India

Japan

Phlhppmes

Sri Lanka

Tlilwan

Thliliand

Yemen Arab Repubhc

Reference

de Mllhano et al 1991

Molefe 1975
3

Woldekldan 1985
-4

McDonald 1924

de Mllhano et al 1991

de MJlhano et al 1991

de Carvalho 1958

Wdtshrre 1956
3

Jaubert 1953

Dyer 1947

Anonymous 1932

de MJlhano et al 1991

Mason 1926

Small 1926

WhitesIde 1966

Rhmd

McRae 1917

NIshihara 1973

Langdon 1955

Petch and Blsby 1950

Chen et al 1991

Boon-long 1983

Kamal and Agban 1980

Remarks

1930992 & 193661

R Bandyopadhyay personal observatIOn

88616 & 225570

Cerebella andropogoms5 63524

C andropogoms 91149

6280 & 99530

L K Mughogho, personal commUnIcatIOn

C andropogoms

C andropogoms

C andropogoms 5541

C andropogoms 14170

Angus 1965

1471 1472

First report

C andropogoms

C andropogoms 43654

1Based on CABI (1987)
200 numbers that refer to records In the herbanum of the CAB Intemal10nal MycolOgical InslItute
30bserved In 1987
40bserved In 1956
5AsSOCIatIOn With C andropogoms

Identified as C afrlcana, not C sorghl
(FrederIckson et al 1991), and In Japan,
one of the ergot species mfectmg sor-
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ghum was Similarly Identified (Mantle
and Hassan 1994) The second Clavlceps



speCIes m Japan IS yet to be IdentIfied
(Bandyopadhyay et al 1996)

The America-AustralIan era

ThIS penod begms m 1995 when the
dIsease appeared for the first tIme outsIde
ASia and AfrIca causmg a WIdespread epI­
demIC and senous losses m hybnd seed
productIOn plots m BrazIl (Bandyopadh­
yay et al 1996, Rels et al 1996) In an­
other geographIcally dIstant contment,
Austraha, the dIsease appeared m 1996 on
forage sorghums (Ryley et al 1996) For­
tunately most of the commercIal sor­
ghums had flowered, thereby escapmg m­
fectlOn C afncana was IdentIfied as the
causal fungus m BrazIl (Rels et al 1996)
and Austraha (Ryley et al 1996) In Aus­
traha and the Amencas ahke, the dIsease
spread very rapIdly after mitIal appear­
ance causmg WIdespread concern

Followmg the appearance of ergot m
BrazIl m February, 1995, the dIsease was
momtored carefully m South and Central
Amencas and the Canbbean gIven the
hIgh volume and frequency of seed ex­
change m the regIOn for research and
trade purposes By mld-1996, the dIsease
had been recorded m Argentma, BohvIa,
Paraguay, and Uruguay, by the end of
1996 m ColombIa, Venezuela and Hon­
duras, and dunng the first quarter of 1997
m Puerto RIco, HaItI, the Domlmcan Re­
pubhc, JamaIca, and northern MeXICO On
26 March 1997, the dIsease was observed
m the U S on ratooned tIllers m a sor­
ghum field Just North of the RIO Grande
RIver near Progresso, TX The dIsease IS
most lIkely present m other countrIes of
the Amencas from where It has not been
reported as yet The formal IdentIty ofthe
pathogen m these countnes (except Bra-
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ZII) IS pendmg, but IS most hkelyC afrz­
cana RapId dissemmatton ofmformatlon
on spread throughout the Amencas was
due to the e-maIl network and the World
WIde Web

Sources of Ergot Inoculum and Mode
ofPathogen Spread

An understandmg of sources of pn­
mary moculum and mode ofspread ofthe
pathogen IS reqUired to postulate hypothe­
ses for ItS mtroductlOn and spread m new
areas The pnmary sources of mocula m­
elude sclerotIa, mfected plant debns, col­
lateral hosts, and secondary condla (Fre­
denckson 1999) Ergot-mfected splkelets
exude sweet, stIcky drops offlmd honey­
dew contammg macrocomdIa and mIcro­
comdIa Ram splashes (Bandyopadhyay
et al 1991) and possIbly msects (Futrell
and Webster 1966) spread comdla borne
III the honeydew matnx These two
modes of spread are more relevant for
short dIstance spread than longer dIstance
transport Wmd dIssemmatlOn of secon­
dary comdIa IS the most sIgmficant mode
of dIspersal for both local and long­
dIstance spread of the sorghum ergot
pathogen (Fredenckson et al 1989 and
1993) Secondary comdiatlOn occurs
when RH nses and temperature falls (Fre­
dencksonetal 1989 and 1993) Theseen­
vironmental condItIons also predIspose
flowers to mfectlOn by reducmg pollen
actIVIty and dIspersal

Disease IntroductIOn

The recent mtensificatlOn m the geo­
graphIC dIstrIbutIOn of the dIsease IS In­
trIgumg Why was the dIsease found m
geographIcally dIstant BrazIl and Austra­
ha wlthm a year of each other after bemg



restrIcted m ASIa and AfrIca for 80 years?
What was the mode ofentry ofthe patho­
gen mto these two countnes? Was the dIS­
ease present m these countrIes earlIer but
not notIced? Is It related to the recent ex­
panSIOn m the collaboratIve seed ex­
change programs between seed compa­
mes and movement ofgenetIc matenal of
transnatIOnal seed compames, NGOs,
farmers' groups, pnvate farmers and SCI­
entIsts across natIOnal boundarIes? The
ergot pathogen m BrazIl and AustralIahas
been IdentIfied as C afrzcana, the same as
the one that IS endemIC m southern AfrIca
and ThaIland BeSIdes sorghum, ergot
was also reported for the first tIme m 1995
on pearl mIllet m BrazIl and AustralIa
The pathogens causmg ergot on sorghum
and pearl mIllet are dIfferent but cross­
moculatIOn expenments have shown that
the sorghum ergot pathogen can mfect
pearl mIllet m AustralIa (Ryley et al
1999) No one may ever know how the
sorghum ergot pathogen was mtroduced
to BrazIl and AustralIa, despIte stnct
quarantme We can only hypothesIze
now

• Sorghum seeds contammated WIth
ergot sclerotIa from a C afrzcana
endemIC regIOn may have been Ille­
gallycarned and sown m BrazIl and
AustralIa

• Due to an unusual mtercontmental
aIr current pattern from southern
AfrIca to South Amenca, secon­
dary comdIa could have been lIfted
from Afnca to the cloud layer,
crossed the AtlantIC, and subse­
quently depOSIted in southern Bra­
zil A SImilar case may be true for
Austraha WIth the ongin of the
pathogen bemg a south-east ASIan
country ThIS may sound SCIence
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fictIonal, but explams why ergot
appeared SImultaneously on sor­

ghum and pearl mIllet m BrazIl Al­
though Mantle and Hassan (1994)
cIauned that secondary comdla are
short-lIved, research IS reqUired to
determme the longevIty of secon­
dary comdIa

• Ergot could have been mtroduced
to BrazIl and AustralIa earlIer than
1995 and was present m low, unde­
tectable frequenCIes The excep­
tIOnally favorable condItIOns m
1995 (m BrazIl) and 1996 (m Aus­
tralIa) could have helped the devel­
opment of easIly notIceable epI­
demICS

• Someone walkmg through an m­
fested field mae afrlcana en­
demIC regIon could have had theIr
apparel smeared WIth honeydew,
and/or brought back some SOlI
(WIth macrocomdIa) on footwear
The same person perhaps walked
mto a sorghum field m BrazIl wear­
mgthe contammated clothes and/or
shoes, thereby IntrodUCIng the
pathogen Macrocomdla can ger­
mmate on soIl to produce secon­
dary comdla whIch, bemg airborne,
can mfect sorghum

• WIth mcreased aIr cargo shIpments
internatIOnally, the pathogen may
have moved m cargo holds from er­
got endemIC AfrIca to BrazIl Such
a theory has been propounded for
IntroductIOn of Kamal bunt of
wheat mto the U S

• A naturally occurnng ergot patho­
gen on grasses may have under­
gone a change in VIrulence to dIver­
SIfy ItS host range to include sor­
ghum The possibIltty of such a
change occurnng sImultaneously
in BrazIl and AustralIa IS unlIkely



ImtIally, mfectlon m the mtroduced
countrIes could have been m low propor­
tIOn, but sUItable weather helped develop
an epIdemIc from a few small fOCI The
pathogen has remarkable abIlIty to rap­
Idly spread from a small focus partIcu­
larly when susceptIble pamcles are con­
tmuously avaIlable (Bandyopadhyay et
al 1994 and 1994, Fredenckson et al
1993) An understandmg of the mode of
mtroductIOn of the pathogen may help to
devIse methods to prevent ItS spread to
new areas

DIsease Spread

The mtroductIOn ofthe dIsease to Bra­
zIl and AustralIa, and Its spread wlthm
these countnes and across natIOnal
boundarIes offer good examples of the
potentIal for long-dIstance spread It also
exemplIfies the rapIdIty WIth WhIch epI­
demICS can develop to cover large geo­
graphIcal areas In BrazIl, the dIsease was
first notIced durmg mId-February m seed
productIOn plots m Sao Paulo state
WIthm a few weeks, the dIsease was re­
ported from RIbeIro Preto, CapmopolIs,
Lavras, Sete Lagoas, Plrapora, Paracatu,
and Parana towards the north, and Xapeco
(Santa Catarma state), and Pelotas (RIo
Grande state) towards the south The lo­
catIOns where the dIsease was found sur­
rounded an area approxImately 800 000
km2 The dIstance from Paracatu m the
north to Pelotas, the farthest pomt of lll­

fectlon m the south, IS nearly 2000 km
The magnItude of the area and dIstance
wlthm WhICh the dIsease was notIced
wlthm a short tIme show the extraordI­
nary capaCIty of the pathogen to develop
mto an epIdemIc rapIdly m terms of both
tIme and space
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In AustralIa, the dIsease was first seen
m Gatton on 26 Apnl 1996 Wlthm one
week the dIsease was confirmed over an
area ofapproxImately 16,000 km2

, WhICh,
wlthm a month, had expanded to 70,000
km2 around the localIty of the first sight­
mg The dIsease was found throughout
Queensland m 1996 and now occurs also
m New South Wales (Ryley et al 1999)
DIsease spread to New South Wales was
most lIkely due to secondary COnIdIa WIth
sclerotIa playmg an mSIgnIficant role, If
any ThIS IS because seed movement from
Queensland to New South Wales was al­
lowed after sclerotIa were removed by
floatatIOn m salt SolutIon

In the Amencas, It IS most lIkely SeCOll­
dary COnIdIa played a major role m the
progressIvely north-eastward sightmgs of
the dIsease from South Amenca, to Latm
Amenca, to Central Amenca and the Car­
Ibbean, to MeXICO, and then to the US An
exammatIOn of the weather parameters
and aIr movement patterns over these
countnes up to a month before dIsease
sightmgs can prOVIde useful clues for the
mode of spread Whether sclerotia also
were responSIble for the spread IS unde­
termmed due to unconfirmed reports of
shIpments of ergot-contammated seed
from BraZIl to other South Amencan
countrIes and to the Ba]IO of MeXICO
(Bandyopadhyay et al 1996)

EnVironment and the
Recent EpidemiCS

EnVIronment has played a rna] or role m
fuelIng the ergot epIdemICS m BraZIl and
AustralIa after the mtroductIOn of the
pathogen Two dIstmctly dIfferent envI­
ronmental factors were perhaps responSI-



ble, wetness m BrazIl and low tempera­
ture m Austraha

Exammatton ofBrazlhan weather data
for January and February 1995 (proVIded
by Dr 0 Brumm, Instltuto Agronomlco
de Campmas, Campmas, Sao Paulo)
showed that nearly twIce the normal ram­
fall occurred m February m central and
southern BrazIl The 25-day penod before
the first report of occurrence of the diS­
ease m RIbeiro Preto (15 February) was
extraordmanly wet Durmg thiS penod,
446 mm ramfall occurred m 21 days
From 1 to 15 February alone, 343 mm of
ram fell m 14 days Mmlmum tempera­
ture durmg mid-January to February was
between 19-21 °C and, therefore, not hm­
Itmg for pollen productIOn However, the
exceptIOnally wet conditIOns severely af­
fected anther emergence, anther dehiS­
cence, and pollen depositIOn The meffi­
clent polhnatIOn ofmale-stenle hnes pre­
disposed theIr stigmas to mfectIOn The
wet conditIons and cloudy weather also
prOVIded an Ideal environment for the
contmual productIOn of abundant secon­
dary comdla Therefore, all the constitu­
ents for an epidemiC were available at the
same tlme-a susceptible host With an ex­
tended susceptIble penod, that was ex­
posed to abundant moculum of a newly
mtroduced pathogen dunng favorable
weather A shorter mcubatIOn penod, ex­
tended susceptIble penod, longer favor­
able penod for mfectIOn and sporulatIOn,
and rapid transport ofaIrborne secondary
comdla aided several cycles of mfectIOn
m the same area, and long-distance spread
to newer areas

In Austraha, exceptIOnally cool and
wet weather before and dunng flowermg
predIsposed the sorghum crops to mfec-
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tIon by mactIvatmg pollen (Ryley et al
1999)

ImplicatIOns of the Disease

There are several ramificatIOns of the
enhanced geographiC scope ofthe dIsease
m newer areas of the world where sor­
ghum cultIvatIOn IS dependent on hybnd
seed

Plant Quarantme RegulatIOns

One ofthe Immediate Issues pertams to
the plant quarantme pohcy owmg to the
seedborne nature of the pathogen Na­
tional polICIes for local and mternatlonal
quarantme regulatIOns Will reqUire Imme­
dIate attentIOn Bandyopadhyay et al
(1996) suggested that Imported seed must
be Viewed as an Important source ofmfec­
tIOn and thoroughly mspected for sclero­
tia, sphacelIa, and honeydew before dIS­
tnbutIon IS permItted However, expen­
ences m the U S and AustralIa have
shown that quarantme had lImited Impact
m preventmg dIsease mtroductIOn and
spread due to the extraordmary capaCIty
of ergot to spread rapIdly by means other
than seed Nevertheless, quarantme may
delay disease spread mto new areas by
ehmmatmg mtroductIOn of new disease
fOCI through seed Research mformatIOn
can proVIde a valuable framework upon
which to base quarantme regulatIOns for
reducmg the chances of dIsease spread
WIthout unduly constrammg seed trade
and exchange

Seed Trade

The potential for mtroductIon IS mh­
mately assOCiated WIth the high frequency
of sorghum seed exchange and trade



among countnes of South and Central
Amenca, and to some extent, the Umted
States The global nature of the hybnd
sorghum mdustry, with seed productIOn
m one regIOn and Its dIStributtOn for plant­
mg at multiple dIstant locatIOns, mcreases
the chances of pathogen spread through
seed The hIgh vulnerabIlIty ofthe male­
stenle parent, and pOSSIbly the enhanced
survIval of the pathogen m the cool, dry
hybnd seed storage conditIons further m·
crease disease nsk In 1996, there was a
fear of banmng seed imports from ergot
mfested countries to non-ergot countnes
(Bandyopadhyay et al 1996) due to the
restricted distributIOn ofthe disease m the
Amencas With the pathogen's presence
m the major sorghum-growmg countries,
the disease has become endemic across
natIOnal boundanes by-passmg the quar­
antme stage Therefore, the scendfIO of
seed import bans can be now aVOided, if
appropnate seed certificatIOn and samt&­
tIon standards are mamtamed Neverthe­
less, restrictIOns on the movement ofseed
from mfested to non-mfested areas are
lIkely to contmue until shown meffective

Seed ProductIOn

The hybnd seed mdustry will be most
affected by the mtroductlOn of C afn­
cana requmng changes m several opera­
tIOnal and polIcy aspects such as seed pro­
duction, processmg, qualIty control and
handhng practices, contractual arrange­
ments With seed growers, pncmg ofseed,
etc (Dolezal 1999, Ribas 1999) Tradi­
tIOnallocatIOns and sowmg dates for seed
plOductIon may reqUire changes to aVOid
nsk-prone areas and time, but cannot
guarantee total control Repeated applIc&­
tIon of fungicIdes, reductiOn m the
number ofmale-stenle rows to accommo-
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date more pollen-donatmg restorers,
rougmg of mfected plants, modificatIOn
of seed processmg facilIties, additIOnal
qualIty control tests, and some loss m seed
yield and qualIty despite these practices to
control the disease would mcrease the
pnce of the seed Accordmg to an esti­
mate m AustralIa, an additional A$SOO
would be reqUired to produce 1 t seed (M
Ryley and others, unpublIshed)

CommercIal ProductIOn

Gram productIOn m newly ergot-prone
areas that are charactenzed by cool tem­
perature dunng the pre-flowenng stages
and wet conditions at flowenng will be at
an mcreasmg nsk due to the mtroductIOn
of the disease Damage will be accentu­
ated m hybnds that have inherently pro­
longed time mterval between stigma
emergence and fertilIzatIOn necessitatmg
Withdrawal of productive hybnds In the
absence of ergot, such a trait would have
been oflIttle consequence and productive
hybnds would have contmued to be pro­
duced RISk aVOidance may neceSSitate
alteratiOns m normal sowmg dates
thereby reducmg fleXibilIty of sowmg
time and forcmg growers to reevaluate the
value of sorghum m their farmmg strate­
gies Infected late tillers may contmue to
produce honeydew when the mam crop IS
ready for harvest, thus, makmg combme
harvestmg difficult Honeydew­
encrusted panicles complIcate threshmg,
resultmg m further gram losses Such
threshed gram may have poor storabilIty
and marketabIlIty because honeydew
lumps absorb mOIsture, become sticky,
form clumps of gram, and the gram lots
may become unsatisfactory



GenetIc VulnerabIlIty

Male-stenle genotypes are partIcularly
vulnerable to ergot because they do not
produce functIOnal pollen Ergot suscep­
tIbIlIty m relation to cytoplasmIc male­
stenlIty has been demonstrated m ergot of
pearl millet caused bye fusiformls (Tha­
kur et al 1989) Effective polhnation re­
duces susceptibilIty so that male-fertIle
vanetIes rarely exhibit hIgh ergot seven­
ties Cool, wet conditions before or durmg
polhnatlon reduce pollen fertlhty and pol­
len depOSItIon, resultmg m mcreased er­
got mfectlon m all genotypes (McLaren
1992) Valuable or scarce seed stocks of
male-stenle hnes are thus at nsk ofdeple­
tIon If condItIOns allow extensIve ergot
mfectIOn at the productIon stage To
aVOId the loss of valuable male-stenle
lInes, seed should be multiplIed at multr
pIe locatIOns preferably mlmmIzmg the
ergot nsk by mampulatIOn ofthe plantmg
date or through the use of fungiCIdes
Adequate stocks of diseasefree seed
should be mamtamed

PotentIal TOXICIty to Ammals

The questIOn ofthe potentIal tOXICIty of
sorghum ergot sclerotia mevltably anses
through analogy WIth e purpurea and e
fusiformzs, which syntheSize such potent
alkalOIds as ergotamme and agroclavme
However, the quantity and spectrum ofal­
kalOIds found m sorghum ergot sclerotIa
are not sIgmficant to cause tOXICIty m anr
mals (Bandyopadhyay et al 1996, Mantle
1968) Therefore, It IS hIghly unlIkely that
sclerotia contammated sorghum gram has
any ImplIcatIOns for ammal health For
more detailed 1OformatlOn, see Mantle
(1999)
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Research PrIOrItIes

An added dImenSIOn of the mtroduc­
tIon of ergot to countrIes dependent on
sorghum hybnds IS the change 10 research
pnontIes necessary to find solutIOn to a
new Important problem that IS speCIfic for
hybrid seed The cnterla used to prlontlze
problems by dIfferent orgamzatIOns and
theIr mandates would determme the prIor­
Ity, resource allocatIon, and role of each
orgamzatIOn RelIable assessments ofthe
Impact ofthe disease should conSIder as­
pects of sorghum research, production,
processmg, marketmg, utilizatIOn and
trade Unless new sources of fund10g are
avaIlable, It would entaIl dIverSIOn of re­
sources for research and development as­
pects from other Important problems Due
to the major ImplIcatIOn ofthe dIsease for
the seed sector, It IS hoped that the seed moo
dustry would playa major role m ergot re­
search It IS encouragmgto note thatthis IS
occurnng 10 a few countnes

ConclUSIOns

Sorghum ergot has become an mterna­
tIOnally Important disease withm a short
span of two years smce 1995 ThiS IS be­
cause adequate availabIlIty and profit­
abilIty of F1 hybnds seeds, one of the
mamstays of mtenslve and productive
sorghum agrIculture 10 the developmg
and developed world alike, IS at nsk
CommerCial productIOn of sorghum hy­
brids IS also threatened, partIcularly 10 ar­
eas where sorghum experiences cool tem­
perature at or before flowermg It IS not a
new disease Nor IS thiS the first time that
It IS causmg concern to the sorghum seed
mdustry havmg been a problem m India,
Zimbabwe and South Africa The present
worldWide attention that the disease IS re-



ceivIllg stems from the rapId spread ofthe
dIsease III the AmerIcas and AustralIa
where It can cause potentIal damage Sor­
ghums III these geographIcal areas have
never been exposed before to the ergot
pathogens and have not gone through the
natural selectIOn processes The dIsease
provIdes new challenges, opportumtIes
and partnershIps for the sorghum commu­
mty
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Sugary Disease of Sorghum In BrazIl: an Overview

R Casela, A S Ferreira and N F J A Pmto

Abstract

Since It was observed In Brazl! In Apnl 1975 sugary dIsease ofsorghum (Clavlceps
afTlcana) has been a serlOus threat to seedproductlOn The Impact ofthe dIsease on sor­
ghum seed busmess m BrazIl resulted m an mtegrated effort mvolvmg prlvate sector,
UmversIty ofPasso Fundo and Empresa BrasIlelra de PesqUlsa Agropecuarw (Mazze
andSorghum Research Center) to develop strategIes to adequately manage thIS dIsease
ThIS paper summanzes the achIevements from thIS effort

Sugary dIsease of sorghum, caused by
Clavlceps afrlcana FrederIckson, Mantle
& de MIllIano, was reported for the first
tIme In BrazIl In Apnl, 1995 slIDultane­
ously m Cravmhos (Sao Paulo) and
Lavras (MInas GeraIs), 400 km apart In a
penod of 30 days, several addItIOnal re­
ports ofthe presence of the dIsease were
made from dIfferent locatIOns Includmg
the states of Mmas GeraIs, Sao Paulo,
Mato Grosso do SuI, GOlas and Parana
The dIsease was later reported In the State
ofRIo Grande do SuI In a late plantIngs of
sorghum Honeydew exudatIOns were
also observed In many dIfferent grasses
close to the sorghum crop

The pnmary concerns of sorghum SCI­
entIsts m BrazIl about the dIsease were Its
Impact on hybnd seed productIOn m the
country and the presence ofany substance
that could be tOXIC to anImals Accordmg
to reports from pnvate compames, the
maJonty ofseed productIOn fields were at
the gram fillIng stage when the dIsease
was first observed Losses at that tIme

OR Casela, A S FerreIra and N F J A Pmto CNPMSIEMBRAPA, CP
151 Sele Lagoas MG Brazil 'Correspondmg author

were estImated at roughly US $400,000
and was pnmarlly due to the effects of
sugary exudatIOn on seed qualIty In the
second year, In an attempt to escape from
more favorable envIronmental condItIons
for dIsease development, seed productIOn
fields were establIshed earlIer than usual
ThIS change resulted In poor nIckIng of
flowenng In the parental lInes and poor
pollen productIOn Losses were hIgher
and estImated to be around U$800,000

Research Achievements
and DeCISions Taken

Due to the Impact ofthe dIsease on the
sorghum productIOn and seed bUSIness In

BrazIl, an proactIve effort IncludIng the
prIvate seed sector, Empresa BrasIleua de
Pesqmsa Agropecuana (EMBRAPA),
and the UmversIty of Passo Fundo (RS)
was mItIated m June 1995 to develop
strategIes for adequately managmg thIS
dIsease Part of the achIevements result­
mg form these efforts WIll be reported m
thIS paper, and In more detaIls by others m
these Proceedmgs
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Sources ofResIstance

The greatest need of sources of reSIS­
tance to sugary dIsease IS m male-stenle
hnes Chances of IdentIfymg male-stenle
resIstant hnes are very small consIdermg
the role ofpollen m the dIsease (Bandyo­
padhyay 1992) DespIte thIS low prob­
abIhty, all A hnes of the sorghum breed­
mg program of CNPMS/EMBRAPA
were evaluated under natural mfectIOn m
1996 All hnes evaluated were susceptI­
ble

Chemical Control

InformatIOn on chemIcal control ofC
afrlcana on sorghum are very hmIted In
South AfrIca, the fungIcIdes benomyl,
bItertanol, carbendazIm + flustlazole,
procymIdone, proplconazole, tebucona­
zole, and trIadImenol dId not control C
afrlcana economIcally when sprayed
once at flowenng tIme (McLaren, 1994)
Results obtaIned by SCIentIsts of
CNPMSIEMBRAPA showed that fungI­
CIdes Tebuconazole and TnadImenol
were efficIent m the control C afrlc:ana
although TnadImenol showed some phy­
totoXICIty to sorghum seeds More recent
results have mdIcated that the fungIcIde
PropIconazole and the mIxture Prop1­

conazole + Dlfenoconazole are also effi­
CIent m the control OfthIS pathogen (Pmto
et al 1999)

Alternate Hosts

The host range of C afrlcana under
Brazlhan condItIOns has been exammed
at CNPMSIEMBRAPA Sorghum was
moculated wIth honeydew fromPanzcum
maxImum (colomao), Panzcum sp (colo­
maozmho), Brachwrw mutlca (bengo),
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Brachwrla decunbens (brachIarIa), Sor­
ghum vertIculiflorum, Cenchrus sp, Zea
mays, and Pennzsetum typhOldes (pearl
mIllet) In all tests a non-moculated con­
trol was mcluded Test hosts were also In­
oculated wIth honeydew from sorghum
Isolates from P maxImum, Panzcum sp ,
B mutlca and B decunbens had low
pathogemcIty to sorghum and Isolates
from sorghum were nonpathogemc to P
maxImum Panzcum sp , and B decunbens
and of low pathogemcity to B mutlca
Isolates from sorghum were ofmtermedI­
ate pathogemcIty to S vertIcIlzjlorum In­
fectiVIty of moculum from S vertlczlzjlo­
rum plants was not tested on sorghum

Other ImtIatIves

As part of an mtegrated strategy sev­
eral decIsIons were taken m the search for
ways to mmlmlze the problem, These In­
clude

• Several meetmgs mvolvmg farm­
ers and the extenSIOn servIces were
held to mform them about the pres­
ence ofthe dIsease m BrazIl

• Trammg courses m seed produc­
tion and seed quahty control, to
correctly IdentIfy the dIsease symp­
toms m the field and the presence of
sclerotIa m contammated seeds

• A 0% tolerance of sclerotIa was
fixed as a standard m all processed
seed for the State ofMmas GeraIS

• RegIstratIOn of a fungICIde for the
control of C afrIcana m sorghum,
based on research conducted by
CNPMSIEMBRAPA

• MOOltormg of seed production
fields and ehmmatton of sclerotIa
durmg seed processmg



• A natIonal workshop on ergot was
held to establIsh standards m seed
qualIty control on a natIOnal baSIS

Fmal Comments

Sugary dIsease ofsorghum has become
a serIOUS constramt m hybrId seed pro­
ductIon m BrazIl as well as m other parts
of the world where the dIsease was re­
cently observed The collaboratIve re­
search program developed by BrazIlIan
SCIentIsts, from the publIc and prIvate sec­
tor, has been, mostly successful m findmg
ways to reduce the Impact of the dIsease
on the sorghum seed busmess despIte the
large area and explosIve occurrence ofthe
dIsease m the country We belIeve that the
establIshment ofresearch strategIes based
on mternatIOnal cooperatIOn, WhICh IS the
mam goal of thIS Conference, IS funda­
mental for the control of thIS dIsease
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Strategies for the Control of Ergot
ID Sorghum Seed ProductIOn ID Brazil

Paulo Motta Ribas

Abstract

A sudden outbreak ofthe sugary d,sease (ergot dlsease) ofsorghum m Brazli m the
fall of1995,forced the publzc andpnvate sectors to act rapldly to reduce or neutralzze
lts effects on hybndsorghum seedproductlOn A strategy was establzshed to seek short,
medlUm andlong term research solutlOns combmedwlth commumcatlOn educatlOn and
trammg ofresearchers, extenslOmsts, seedproductlOn techmczans,farmers andusersof
forage and gram sorghum Government sectors were sensztzzed to partzclpate m the
Jomt effort The outcome ofthese efforts guaranteed the productlOn and supply ofseeds
m the first two years ofcoexlstence wzth the sugary dzsease

The pnvate sector has played a strong
role m BrazilIan research, development
and productIon of sorghum hybnd seed
smce Its mtroductlOn to the country m the
late Sixties National and mtematlOnal
companies establIshed m the country, to­
gether With Empresa BrasIleua de Pes­
qUisa Agropecuarla (EMBRAPA), are re­
sponsible for the development and local
production of almost 100% of sorghum
seed sold m BrazIl The volume of llD­
ported seed mto Brazil IS currently not
slgmficant Practically 100% of the sor­
ghum seed planted m the country IS hy­
bnd The amount of open pollInated va­
netles commercialIzed IS neglIgible The
sorghum busmess m BrazIl IS small when
compared to other gram crops, such as
com, soybeans, nce and dry beans In the
last SIX years, however, mterest m the
crop and the utlhzatlOn of Its products as
an animal feed has generated a growmg
demand for seed Table I shows the

Paulo Motta RIbas AgronomIst and General Sorghum Manager Sementes
Agroceres SIA POBox 81 38360-000 Capmopohs MG BflIZll
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amounts ofseed sold m BrazIl from 1991
to 1996 and ItS value was estimated at
nearly US $15 mIllIon m 1997, accordmg
to the natIOnal sorghum seed market The
crop IS lIkely to occupy the huge savanna
(cerrado) areas of the country's West­
Center and should be mtegrated mto the
Northeast semi-arid productIOn system
Its' excellent adaptation to water stress,
prevalent m these regIOns, and the grow­
mg need for grams and forage for anllDal
feed m agro-mdustnal projects bemg set
up m the area, may be the deCISive factors
from which BrazIl Will become one ofthe
greatestcultivated areas ofsorghum m the
South Amencan contment

Impact of the Outbreak of Sugary
Disease on Hybrid Sorghum Seed
Production 10 BrazIl

The area dedIcated to sorghum seed
productIOn m BrazIl IS concentrated m a
regIOn that spans from the North of Sao
Paulo state (20°) to the Southwest of
GOlas state (17°) After the summer crops
(com and soybeans), sorghum IS sown be­
tween January and March The crop IS



Table 1 Sorghum seed market ID BrazIl Sales evolutIOn from 1991 to 1997

AgrrcJllmral Year
1991/92
1992/93
1993/94
1994/95
1995/96
1996/97
1997/98

Total Seed Sale Change m sale
(20 kg bags 44 lb ) from prevlOJls year(%)

95700 00
1~500 ~3

131000 140
152100 161
182800 201
223800 224
336 000 501

Value
(Irs $00)

2661
4497
4285
6042
7706

10 037
14192

·ProducllOn esllmate Source Pro Sorgo Group/APPS 1997

harvested between July and August Less
than 30% ofthe area IS cultIvated WIthout
lITIgatIOn In the remammg lITIgated ar­
eas, center pIvot spnnkler systems are
preferred

In the fall of 1995, around the 24-25
Apnl, the seed mdustry acknowledged
the outbreak ofthe sugary dIsease m Bra­
zIl, through sImultaneous reports from
Lavras, South ofMmas GeraIs, and Crav­
mhos, North of Sao Paulo These places
are 400 km apart

ExammatIOns carned out by the Plant
Pathology Department ofthe Lavras Fed­
eral Umverslty, confirmed the presence
of the fungus of the genus ClaVlceps, a
fact later reconfirmed by EMBRAPA
Withm 30 days, the dIsease was reported
m varIOUS regIOns m South-central BrazIl,
from the northern parts ofParana state III

the South, to the West of GOlas III the
North and from Sete Lagoas, MG III the
East, to Campo Grande, MS III the West
By thIS time, seed production fields were
m the final phase of flowerIng or begm­
nmg to fill gram However, the dIsease
symptoms were observed m tIllers or ISO­
lated plants that were not properly pollI­
nated Later, however, heavy losses oc­
curred m late-planted fields that flowered
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under low temperatures m the Tnangulo
Mmelro regIon, resultmg m the total loss
ofseeds smeared WIth honeydew In gen­
eral, the losses of the seed mdustry m
1995 dId not JeopardIze that year's seed
supply and the financIal loss dId not sur­
pass US $0 5 mIllIon

In 1996, WIth control measures recom­
mended by research already In use by the
Industry, some mdlrect losses occurred
Unsure of the effiCIency and workabIlIty
ofthe fungICIde applIcatIOns at flowerIng
tIme, some compames deCIded to alter the
SOWIng date, so that flowenng could COlIl­
cide WIth penods ofhIgh temperatures In
February and March, resultmg m less In­
fectIOn The results of thIS actIOn were
negatIve Although the fungICIde applIca­
tIOn was effiCIent, unexpected wet condI­
tIOns harmed pollInatIOn and general field
performance ThIS resulted In an estI­
mated loss ofUS $1 mIllIon to the Indus­
try, Indirectly caused by the sugary diS­
ease The reductIOn III seed production of
these compames was counter-balanced
by the competItIOn, so the market was rea­
sonably supplIed agam m 1996 WIth two
years of expenence behmd us, we expect
a nonnal market supply m 1997



The ReactIOn of the Pnvate Sector

Once the first moments of mcreduhty,
perplexity and almost pamc had passed,
pnvate compames started to confront the
new sItuatIOn WIth the certamty that the
dIsease was here to stay The first and ob­
VIOUS actIon was to relay all the mforma­
tIon we had to the Centro NacIOnal de
PesqUlsa de Mllho e Sorgo (CNPMS), of
EMBRAPA, and to propose an ImmedI­
ate meetmg to evaluate the sItuatIOn and
to establIsh a strategy to confront the
problem TechnIcIans from EMBRAPA
and representatIves ofPr6 Sorgo - a group
of sorghum seed producmg compames ­
met on 14 June 1995 m Uberaba, MG In
the meetmg, It was decIded to mtegrate
pnvate and publIc actIOn on ergot WIth
shared efforts and resources, WIth the fol­
lowmg ObjectIves

• Guarantee the contmUlty of sor­
ghum hybnd seed productIOn m
BrazIl

• Inform, educate and tram research­
ers, productIOn techmcIans, exten­
sIOmsts, producers and sorghum
consumers m general about ergot

• Inform and senSItize government
sectors responsIble for the regula­
tion of seed productIOn control m
the country about ergot

• Manage the mformatIOn propa­
gated by the natIOnal medIa

It was also deCIded to mVIte Dr ErIeI
Melo ReIs, from the UmversIty of Passo
Fundo, RIO Grande do Sui, a recogmzed
speCialIst ofthe genus Clavlceps m wmter
cereals, to partICipate m the Jomt effort
Dr Melo Rels accepted the mVItatIon
EMBRAPA, pnvate companIes and the
Umverslty of Passo Fundo establIshed
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strategies to tackle the problem, m a meet­
mgmRIbeIraoPreto-SP, mAugust 1995

Integrated actIOns

EMBRAPA and the UnIVerSIty of
Passo Fundo dIVided the SCIentific work
The task of CNPMS was to ImmedIately
orgamze a breedmg program aImed at va­
netal reSIstance The UmversIty ofPasso
Fundo took responsIbIlIty for the baSIC
studIes on the bIOlogy ofthe pathogen and
epIdemIOlogy ofthe dIsease Private COlD­
pames and EMBRAPA rapIdly began
testmg fungICIde seed treatment and spray
applIcatIOn for controllIng the dIsease as
mdIcated by the mternatIonal lIterature
(McLaren 1994, Bandyopadhyay et al
1996)

BeSIdes the SCIentIfic actIVIty, the Pro­
Sorgo Group and EMBRAPA mItIated m­
tense actIVIty m other areas It was neces­
sary to aVOId the panIC WhICh IS very com­
mon m BraZIl every tIme an epIdemIC at­
tacks some segment of the agncultural
sector Past expenences such as the coffee
rust and the AfrIcan swme pest, and, par­
tIcularly the offiCIal report of sorghum
downy mIldew m 1974, left no doubt
about what to do about the sugary dIsease
The ImmedIate spread ofcorrect mforma­
tIon to the farmers and users of gram and
forage sorghum was necessary TOXICO­
logIcal analyses of mfested plant parts
and sIlage samples were performed to
confirm the safety of these feeds to am­
mals Many techmcal meetmgs and re­
leases to the press were made and con­
tmue to be made throughout the country
Pamc was contamed Apparently, sor­
ghum farmer's confIdence was not
shaken On the admInIstratIve and polItI­
cal levels, actIon was concentrated m the



State Seed Sub-commIssIons, technIcal
and admmistrative commIttees compns­
mg ofgovernment and pnvate sector rep­
resentatIves, to establIsh qualIty stan­
dards and norms for the productIOn ofcer­
tIfIed seed III the country The
mformatIOn about the dIsease and the de­
bate about Its consequences to sorghum
seed productIOn were mtroduced m the
Sub-commIsSIOns meetmgs

In 1996, The Mmas GeraIs State Sor­
ghum Sub-commIsSIOn, (the most Impor­
tant sorghum seed producmg state m the
country) also Jomed the effort to control
the sugary dIsease, and mOnItored all seed
productIOn fields m the state Also, regIS­
tratIOn of commercial fungICIdes for ap­
plIcatIOns m sorghum seed productIOn
fields was extended Results began to ap­
pear from thIS defined strategy and ac­
hons co-fmanced by the Pro-Sorgo
Group

Results

The IdentIty of the BrazIlIan sorghum
ergot pathogen was establIshed as
ClaVlceps afrlcana, Fredenckson, Mantle
& de MdlIano (Reis and Blum 1996), te­
leomorphic or sexual form of the Imper­
fect form Sphaceha sorghl McRae ThIS
was pOSSIble due to collaboratIve work of
Drs Melo Reis and Peter Mantle, Impe­
nal College of SCIence, Technology and
MedlCme, UK It became espeCIally clear
to the BraZIlIans that nsks of ergot tOXIC­
Ity were neglIgIble Also the shape of
sclerotIa could easIly be confused WIth at­
rophIed sorghum grams (Fredenckson et
al 1991) UntIl then, we were lookmg for
spur shaped structures (the meanmg ofer­
got) It was not, therefore, appropnate to
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contmue callmg the dIsease "ergot", sug­
ary dIsease was more appropnate

The seed mdustry needed qUIck an­
swers to solve urgent problems Some
seed lots were Impregnated by the honey­
dew, posmg problems WIth seed qualIty
(McLaren 1993) The questIOn was
should another product be added to the
conventIOnal Captan treatment? Or
should Captan be replaced to guarantee
mactIvatIon of COnIdia? Researchers at
the UnIVersIty of Passo Fundo showed
that COnIdIa were macttvated by Captan
alone, at the same concentratIOn used by
the mdustry

Next questIOn what level of control
would applIcatIOn of fungICIdes offer m
the field and what kmd of operatIOnal
problems would It pose to the mdustry?
The efficacy offungICIdes was tested con­
currently by EMBRAPA (Sete Lagoas­
MG), Agroceres S/A (CapmopolIs-MG)
and Zeneca (Cravmhos-SP), m August
and September, 1995 The results ob­
tamed were SImIlar and mdicated the tna­
zole group offungIcIdes could be used by
the seed mdustry (Ferreua et al 1996)
Table 2 shows a summary of the results
for 1995 As reported above, commercial
products based on tebuconazole and
propiconazole were recommended for
use m sorghum, through an effort of the
Sorghum Sub-commIsSIOn of Mmas
GeraIS

One last questIOn remamed how to ap­
ply the fungICIdes on a commercial scale?
PractIce brought the answer Between
March and May 1996, seed companIes
that opted for land applIcatIOn had to
mount relatIvely complIcated operatIOns
to be able to spray all theIr fields at 5-7



Table 2 Chemical control of the sugary dIs­
ease (Spbaceha sorgbl McRae) In tbe
field Tested fungIcIdes, dosages, and
selected products for cbemlcal use

Tested FungICIdes

Tebuconazole*

Proplconazole*

Tnachmenol

Benomyl

Carbendazm
Thiabendazole
Mancozeb
Fentm HydroXide
Metalaxyl + Mancozeb
TIQfllnafo Metfhco

Dosage (g or ml
ofa I ha I)

3750
2500
1250
625
2500
1250
625
2500
1250
625

5000
7500
5000
1000

24000
5000

9600 + 216 0
7000

tIOn usmg tractors (average of350 I ha I)
made the operatIOn more complex than
normal, requmng the use of tank trucks
for constant refillmg of eqUipment The
operatIOnal effiCIency was conSIdered
low

The Importance of umform crops to
hmlt the number offungICide appbcatlons
to a maXImum ofthree became clear Aer­
Ial spraymg, WIth low volume ofmIxture,
was duphcated to guarantee the perfect
wettmg of the pamcles, mcreasmg the
cost sIgmficantly Table 3 shows com­
parative costs of the aenal and land sys­
tems The use ofthe center pIvot lITIgatIon
to delIver fungICIdes needs more analYSIS
before It can be recommended

Recommended for commercial use at 250 g or 250 ml of a 1

ha I total dose diVided In 3 or 4 applIcations 300 to 400 I of
spray volume ha I Source EMBRAPAlPr6 Sorgo Group 1996

day mtervals durmg flowermg usmg hIgh
spray volumes (300-400 I ha 1) Other
companIes chose aerIal spraymg, WIth
much less operatIOnal compleXity, but at a
hIgher cost A thud group used the center
Pivot lITIgation system to apply the fungI­
Cide, WIth mixed results In spite ofthe moo
dIrect losses mentIoned earher, the mdus­
try managed to contam the disease, com­
bmmg traditional management practices
to Improve 'nIckmg' between parents m
the seed production field and fungICIde
applIcations

FungICIde ApplIcatIon

Expenmental work mdlcated the need
for 3 apphcatIons at 5 to 7 day mtervals,
from the begmmng ofanthesls to the com­
plete flowenng, covermg a penod of 20
days m the field The large volume of
spray mIxture reqUIred for land apphca-
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Sclerotia Ehmmatton

ElImmatlOn of sclerotia m seed lots
was another challenge TechnICIans were
tramed to mOnItor the sclerotia durmg
seed processmg Ample trammg for field
and lab technICians, research and produc­
tIon managers and government mspectors
was proVided m February 1996 at the Col­
lege of Agnculture-USP, WIth partICipa­
tIon from EMBRAPA, the UnIversity of
Passo Fundo and the Pro-Sorgo Group
The harvest of 1996 was well mOnItored
by compames and mspectmg servIces for
the presence of sclerotIa

The total elImmatlOn of sclerotIa was
obtamed durmg several normal steps m
seed processmg, With practIcally no new
mvestment reqUIred m processmg (Ta­
bles 4,5 and 6) Combme harvestmg re­
covered most of the sclerotia and the
gravity table removed the remamder to a
"zero" level The maJonty of sclerotia
present m the field are discarded at the



Table 4 Ergot mfected sorghum plants found
durmg mspectlOn ofhybrId seed pro­
ductIOn fields

Table 3 Comparative cost (US$ ha 1) of land­
based and aerIal application offungl­
cldes for the control ofsugary disease
of sorghum

Land Air
Hyhnd

ApplicatIOn
,

ApphcatJon"
I-Product
FungiCide 4245 16980
Surfactant 302 1208 A
Sub-Totall 4547 18188

II-Servlces
ApplIcatIOn 2021 10000
Water transport 590 B
Labor 288
Sub Total II 2899 10000

III-Grand Total 7446 28188 C

IV-Seed Yleld*** 80 80

Plants Plants
Area evaluated mfected %

FIeld (h. ) (No) (No) Infected

I 15 1000 89 89
2 43 2000 123 6 I
3 60 3000 8 03
4 30 4000 16 04
5 48 6000 16 03
6 30 3000 23 08
7 25 2500 30 12

I 58 2000 3 02
2 12 3000 85 28
3 100 5000 4 I 7

I 35 4500 78 17
2 106 7000 148 20
3 50 5000 14 03
4 70 8000 306 38

V-Increase ID cost
for 20 kg bag 0 93 3 52

FungICide I I ha I Surfactant 2 Iha I

• FungICide 41 ha I Surfactant 8 Iha I

., 20 kg (44 Ib ) ha I Source Pro Sorgo Group 1997

harvestmg stage and fall or return to the
SOil, and thIS SItuatIOn needs better
evaluatIOn, up to what pomt does sclerotIa
m the SOil make these areas potentially
unSUItable for seed productIOn? Work
conducted m 1996, however, mdicated
that the abundant production of sclerotia
could be mInImIZed by a combmation of
field management practIces and also that
they could be totally elImmated by ade­
quate processmg

MarketIng of Sorghum Seed Without
Sclerotia a Challenge and a Pledge of
qualIty from the BrazilIan Seed
Industry

The BrazilIan seed mdustry has been
able, m general, to evolve WIth our coun­
try's agrIculture, supplymg It With quan­
tIty and qualIty seed, even to the pomt of
reachmg foreIgn markets Sorghum hy-
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Source Pro Sorgo Group 1996

Table 5 EvaluatIOn of the presence of ergot
sclerotia m varIOUS stages of sor­
ghum seed processmg

% ofSclerotIa'
Phases Suh FJeld I Sub FIeld 2
Pre Harvest 0 24 2 34
Post-Harvest 0 10 I 65
Post Cleanmg 0 10 0 84
Post AIr Colunm 0 04 0 56
Post Slzmg 0 04 0 32
post C'TfaYlty Table 0 00 0 00

• % of sclerotIa In 500 g samples Source Pro Sorgo Group
1996

Table 6 Presence of ergot sclerotia m com­
bmed samples of hybrId sorghum
seed lots

Hybrid Seed lots No of sclerotIa
Sampled (No ) present per lot

29 0
A

4

B 38 0

C 7 0

D 11 0

Samples of 500 g lot I
Lot of 8 metnc Ions Source Pro Sorgho Group 1996



bnd seed productIOn IS a prIvate-sector
actIVIty supervIsed by the government m
BrazIl These compames are also reach­
mg out to export markets

The State CommIssIons are preparmg
themselves to adopt the "zero sclerotIUm"
standard m theIr certIfied seed The Mmas
GeraIS State CommISSIon, leader m the
sorghum seed productIOn m the Country,
has already adopted It By the end of the
decade no BrazIlIan State wIll be produc­
109 sorghum seed that does not comply
wIth thIS quahty standard, essentIal m
helpmg to control the spread of thIS dIS­
ease

ConclusIOn

The results obtamed by the BrazIlIan
strategy for the dIsease control WIll be
certamly debated and analyzed m the con­
ference Our work IS Just begmnmg, and
many questIOns concernmg the seed m­
dustry are stIll WIthout a conclusIve an­
swer From on-goIng research projects we
expect, for example, a better defimtIon of
the epIdemIologICal role of sclerotia, as
well as better ways to manage sclerotIa In­
fested fields

The BrazIlIan prIvate sector makes It­
self completely avaIlable to the natIOnal
and InternatIOnal SCIentIfic communIty,
here represented by emInent researchers,
for the exchange ofexpenences that could
lead to the control of thIS dIsease by sor­
ghum producmg Countnes

Our short expenence WIth the sugary
dIsease-but our past experIences WIth
other epldemlcs-authonze us to state that
the first and strongest factor of success m
any strategy to control an epIdemIC out-
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break IS to establIsh an umon of efforts
among all the sectors connected WIth the
affected actIVIty, deVOId of all vanIty or
any other secondary mterest

Secondly, that SCIence from the North
must be Involved m all actIOns and deCI­
SIons We don't solve a problem of thIS
nature under the mfluence ofemotIOns or
utIlIZIng attItudes that are agamst reason
or ethICS

The seed mdustry thanks the orgamz­
mg commIttee for prOVIdIng the opportu­
mty to speak m an event of such qualIty
WIth the hope that our modest contrIbu­
tIOn can be useful to reduce the "phan­
tom" ofsugary dIsease to a dImenSIOn that
IS realIstIc and manageable by all of us
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IntroductIOn to the Country Reports SectIOn
at theGlobal Conference on Ergot of Sorghum

GaryOdvody
Texas A&M Umverslty

The country and regIOnal reports sec­
tIon of the global conference on ergot of
sorghum represents both the new and the
old concernmg experIence wIth these
pathogens A few SCIentIsts WIll relate
theIr many years of research and mterac­
tIon wIth ergot, however, most wIll share
about a pathogen that suddenly swept mto
theIr country or regIon withm the last year
or the last few months even as thIS confer­
ence was already bemg assembled A pre­
ponderance of the reports are from the
Western hemIsphere where m a majorIty
of the countrIes there was first a sudden
awareness ofClaviceps afrlCana, then ex­
pectatIOn and finally occurrence across
many sorghum productIOn areas The re­
ports wIll chromcle preparatIOn and re­
sponse to that ergot mvaSIOn, current dIS­
trIbutIOn and Impact of ergot, and other
reactIOns to the occurrence of the path~
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gen There wIll be both a unIqueness and a
SImIlarIty m each ergot experIence that
represents the mteractIOn of the ergot
pathogen WIth the regIOnal enVIronments
and local sorghum productIOn systems
ThIS chronology of ergot spread and re­
gIOnal response provIdes us WIth a current
yet hIstOrIcally umque perspectIve ena­
bhng analysIs of an ongomg global epI­
demIC of a plant dIsease More Impor­
tantly we have the opportumty to gam a
collectIve mSIght mto the bIOlogy and epI­
demIology of the ergot pathogens, espe­
CIally C Afrlcana, and to IdentIfy the re­
search, management, and regulatory ef­
forts In process Our collective
knowledge, mteractIon, and collaboratIOn
on several Issues mvolvmg sorghum er­
gots WIll be necessary to sustam the mter­
natIOnal and global nature ofthe sorghum
seed mdustry



Experiences wIth Ergot of
Sorghum ID Southern Africa

D C Nowell and N W McLaren

Abstract

Ergot (Clavlceps afncana) has beenpresent m the Southern African regIOnfor many
years However, It was only In the mld-1980s that the disease mcreased m Importance
andstartedcaUSing economic losses Although ergot can be ofeconomic Importance In

commercIal sorghum productIOn, seedproductIOn fields are most affected by the dIS­
ease The disease became more Important m the regIOn with mcreasedhybrId seedpro­
ductIOn, and the mtroductIOn offoreign germplasm (prImarIly from the USA) Losses
are lmked to a number ofdifferent attrIbutes wIth gram yield (seedset andfill) harves­
tabillty, plantabllzty, germmatIOn andseedlmg vigor bemg the more Important The at
tributes are ofparticular Importance to the seed mdustry Considerable effort has to be
expended to ensure a high quabty seed reaches the farmers Controllmg the disease IS
complex and mcludes managmg plantmg date, IrrIgatIOn, cleanmg ofthe seed, fung~
clde appbcatIOn cold tolerance ofgermplasm pollen pressure and cultlvar chOice

Ergot ofsorghum III Southern AfrIca IS
caused by the fungus Clavlceps afrlcana
FrederIckson, Mantle & de MI1lIano (Fre­
derIckson et al 1991) and not by
Clavlceps sorghl Kulk et al as orIglllally
assumed (Mantle 1968, Sundaram 1980,
FrederIckson and Mantle 1988, Freder­
Ickson et al 1989, McLaren and Wehner
1990, Bandyopadhyay 1992, de Mllhano
1992) Although the fungus was first
lIsted III South AfrIca III 1953 by DOIdge
et al (1953), a speCImen, found In

KwaZulu-Natal, was deposIted III the Na­
tIOnal HerbarIum III PretorIa III 1936 by
Sellschop (No 28658) but It IS thought to
have been present III South AfrIca prIor to
thIS The exact tIme ofthe first occurrence
ofthe dIsease III other countrIes III the re-

D C Nowell Plant Protection Service FAO of the Umted Na
bons Rome 00100 N W McLaren ARC Gram Crops Institute
Pnvate Bag X1251 Potchefstroom 2520 RepublIc of South M
nca
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glOn are not known Thus, the dIsease has
been present In the Southern AfrIcan re­
gIOn for a conSIderable perIod

Ergot ofsorghum was conSIdered to be
of lImIted economIC Importance and was
assocIated only WIth speCIfic cold and
mOISt condItIons By the late 1980s, the
pathogen had Illcreased In economic Im­
portance and was conSIdered a serIOUS
economIC threat to the productIOn of hy­
bnd seed (Bandyopadhyay 1992) ThIS
Increase In economic Importance was
mIrrored III the Southern AfrIcan regIOn
Ergot only became a sIgmficant economic
problem III thIS regIOn when a late 1970s
and early 1980s III hybnd seed productIOn
fields In South Africa, the first major er­
got epIdemIC III seed productIOn fields oc­
curred durIng the 1985/1986 growlllg sea­
son SIgmficant losses (qualIty and seed
yield) were experIenced, and have been
present slllce then to a greater or lesser de-



gree In most seasons ThIS Increase In In­
cIdence, and seventy of ergot In the re­
gIOn COInCIded wIth Increased hybnd seed
productIOn, and the Increased dIrect use
of Inbreds from the U S In these hybnds
It can be concluded that ergot IS WIde­
spread and economIcally Important In
commercial and seed productIOn fields,
but pnmanly of economIC Importance In
seed productIOn

The causal organIsm wIll not be de­
scnbed as a detaIled descnptIOn ofC afrl­
cana can be found In Fredenckson et al
(1991) SImIlarly, Fredenckson and Man­
tle (1988) and Fredenckson et al (1989)
have descnbed the InfectIOn process and
dIsease development

DIstributIon

ThIS fungus IS WIdely dIstnbuted In
Southern AfrIca WIth Angola, Botswana,
Lesotho, MalaWI, MozambIque, Na­
mIbIa, South AfrIca, SwazIland, ZambIa
and ZImbabwe havmg recorded the
pathogen (Bandyopadhyay 1992, de MIl­
hano 1992, Nowell unpubhshed) The se­
venty of the dIsease varIes conSIderably
withm, and between grOWIng seasons,
and over locatIOns

The mfectIOn of sorghum, and subse­
quent development, of ergot IS hIghly
weather dependent (Sundaram 1980, Fre­
denckson and Mantle 1988, Fredenckson
et al 1989, McLaren and Wehner 1990
and 1992, Bandyopadhyay 1992) ClI­
matIC condItIOns WIll be dealt WIth In
depth In another paper dunng the confer­
ence (McLaren 1999) It has been found
that overhead IIT1gatIOn can sIgmficantly
Increase ergot seventy
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ProblemslLosses

The major practIcal problem WIth ergot
mfectIOn IS the sugary exudate that forms
on the head ThIS substance IS very stIcky,
and Interferes WIth harvestIng ofthe crop
and proceSSIng, as well as plantIng, Ifde~
tIned for the seed market At the end ofthe
season, sclerotIa are formed In the In­
fected glumes However, these sclerotIa
seldom have the typIcal black outer layer
and seldom germInate to produce penthe­
CIa In a seed crop, the seed contamInated
WIth ergot exudate tend to aggregate, par­
tIcularly under condItIons ofhIgh relatIve
humIdIty, makIng harvestmg, processIng
and plantIng extremely dIfficult, If not
ImpOSSIble ThIS means that seed compa­
mes have to wash the seed once It has been
harvested to remove the exudate from the
seed ThIS process IS tIme consumIng and
the seed has to be artIfiCIally dned Imme­
diately after haVIng been washed It IS e~
timated that thIS process costs the Industry
(valued at about $2 mIlhon per annum),
whIch IS small on an InternatIOnal scale,
an addItIonal $200 000 per annum SImI­
lar losses are expenenced In ZImbabwe
but the value of the crop and losses are
lower McLaren (1993) showed that ergot
exudate could sIgmficantly affect both
germInatIon ofthe seed and plant VIgor If
thIS washmg process IS not completed
correctly, the qualIty of the seed can be
adversely affected due to Increased m01~
ture ofthe graIn and the tOXIC effect ofthe
exudate It has also been found that stor­
age hfe ofthe seed can be reduced as a re­
sult of lower qualIty graIn

InfectIOn ofthe sorghum head also re­
sults In a decrease In seed set and hence a
decrease In the graIn yIelds Under Ideal
condItIons for C afrlcana, the effect on



yIeld can be large The yIeld loss ranges
from 0-$900 ha 1 (70%) m seed produc­
tIOn fields

Mantle (1968) found that culture fil­
trates of a NIgerIan stram of Sphacelza
sorghl produced the alkalOIds dlhydroer­
gosme, festuclavme, pyroclavme, dlhy­
droelymoclavme and chanocIavme,
WhICh accounted for over 99% ofthe total
alkalOId productIon These alkalOIds are
of relatIvely low tOXICIty Feedmg ofC
afncana sclerotIa to mIce faIled to mhlblt
lactatIOn or ImplantatIOn IndICatIOns are
that the alkalOIds produced by thIS stram
ofS sorghl are the least tOXIC ofall the al­
kalOId contammg ergots

There are large VarIatIons m hybrId or
mbred susceptIbIlIty to ergot m the field
ResIstance to ergot m sorghum does not
mcrease m a lInear manner wIth mcreased
dIsease pressure However, specIfic lmes!
hybrIds are consIstently more resIstant to
the fungus than others hnes/hybnds
(McLaren 1992) ThIS can be seen very
clearly when a number ofhybrIds are pro­
duced m the same region and are planted
at the same tIme Seed and qualIty losses
for each mbred vary SIgnIficantly

SolutIOns

In order to control the pathogen It IS
necessary to use mtegrated management
practIces In South AfrIca the followmg
gUIdelInes are used

plantmg date ensure that the seed
crop IS planted so that the crop flow­
ers when the mean maXImum daIly
temperatures are above 28°C and
mean mght temperatures are above
13°C ThIS wdl ensure that dady
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temperatures WIll lImIt the amount
of mfectlon and the mght tempera­
tures WIll not predIspose the plants to
mfectIOn (McLaren and Wehner
1990 and 1992, McLaren unpub­
lIshed) ThIS has found to be true m
IndIa as well (Anahosur and Patd
1992)

11 IrrIgatIon management - overhead
IrrIgatIon can sIgnIficantly decrease
the ambIent temperature and thus
make condItIons sUItable for mfec­
tIon by C afrlcana Thus ImgatIon
should be undertaken m such a way
as to not lengthen the dew perIod

111 cleamng of seed before harvest ­
seed produced under overhead IrrI­
gatIOn can be washed shortly before
harvestwhde stIlI on the head should
there be a very large amount ofexu­
date present However, the wettmg
ofthe gram at thIS stage SIgnIficantly
mcreases the rIsks of reduced seed
qualIty, vIgor and VIabIlIty

IV cleamng of seed durmg processmg
- mfected seed crops have to be
washed durmg the seed condltlomng
process FallIng to do thIS could re­
sult m reduced germmatIon, plant­
abIlIty and seedlIng vIgor after
plantmg Another factor that plays a
role IS the aggregatIOn of exudate
contammated gram dUrIng storage
and before plantmg when the rela­
tIve humIdIty mcreases The whole
packet of seed can become a solId,
unusable, stIcky mass of seed

VI shght seed contaInmatl0n - shght
contammatl0n can cause a bUIldup
ofexudate m the planter hopper dur­
mg plantmg Although plantmg may
be perfect m the begmnmg, the



amount of seed planted becomes
progressIvely less and wIll result m a
progressIvely lower plant densIty
(after 3 hours ofplantmg the amount
ofseed planted IS half ofthe deSIred
plant densIty, and after 6 hours of
plantmg the amount of seed planted
IS <1 0% ofthe deSIred plant densIty)
ThIS problem can only be ellmmated
through washmg the seed durmg
processmg/conditIomng

VI FungIcIdes - fungIcIdes can be
used to lImIt the amount ofmfectIOn
However, the cost effectIveness of
such a practIce IS questIOnable
(McLaren 1994) and wIll vary be­
tween each country

VIl tImmg ofpollen productIOn and sIlk
emergence - as the S sorghl co­
mdla compete wIth the pollen for fer­
tIlIzatIon/colonIzatIOn of the
embryo, It IS VItal to have early, hIgh
and vIable pollen pressure FaIlure to
have thIS mcreases the nsks of ergot
greatly

Vlll ratIo ofmales to females - lInked to
VIlIS the ratIo ofmale rows to female
rows as thIS has a large effect on the
pollen pressure Normally, the
Southern AfrIcan regIon works on 4
or 6 rows of females to 2 rows of
males In exceptIOnal CIrcumstances
(when the male IS a very strong pol­
len parent and cold tolerant) 8 rows
offemales to 2 males can be planted

IX cold tolerance - due to the predIS­
posItIOn of the plants to ergot mfec­
tIOn by a cool penod «BoC mght
temperature) before flowermg m
some germplasm, It IS Important to
plant the more cold tolerant parents
m areas of hIgher ergot nsk Cold
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tolerant/ergot resIstant hybrIds
should be planted In areas of hIgh
nsk for ergot

x seed treatments - the use of fungI­
CIde seed treatments are used on seed
that had been Infested In the fields to
Improve storage and seedlIng VIgor
However, they WIll have no effect on
the IncIdence ofergot

Future

PnmarIly the research In Southern Af­
nca wIll be focused on

the IdentIficatIOn of resIstant/cold
tolerant germplasm m the field ThIS
could be supplemented by the IdentI­
ficatIon ofmolecular markers for re­
sIstance/cold tolerance

11 Improved seed productIOn practIces

III IdentIfyIng the most SUItable seed
productIOn regIOns

IV ImproVIng seed processmg practIces

V testmg the newer generatIOn fungI­
CIdes for efficacy agaInst C afrlcana

VI testIng fungICIde seed treatments to
Improve germmatlon and seedlIng
VIgor of Infected seedlots
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Sorghum Ergot In India

C S SangItrao, S IndIra and R Bandyopadhyay

Abstract

Ergot IS the most Important disease constramt m sorghum seedproductIOn causmg
10-80%yieldlosses The bIOlogyofthepathogenClavzceps s07ghz andergotepldemlOl­
ogy have received considerable research attentIOn m Indza The roles ofsclerofla and
collateral hosts m the disease cycle have been estabhshed Sclerotza couldbe separated
from seed by flotatIOn m 10% salt solutIOn Delayed sowmg, non-synchronizatIOn of
seedparents, andpoor crop management are some ofthe factors that favor the mCf­
dence, development, and spread ofergot m F1 hybridseedproductIOnfields Varieties
hybrids, andtheir seedparents have variable degree ofsusceptlblhty Varieties are le~

susceptible than hybrids Male-sterIles are more susceptlble than mamtamers and re­
storers In splte ofself-pollmatlOn, varieties andBandRimes are also susceptible ReG­
ommendedstrateglesfor mtegrateddisease management m Indla mclude early sowmg,
synchrOnizatIOn ofmale andfemale parents destructIOn oflrifectedpanicles andcolla#­
eral hosts, funglclde apphcatlOn, removal ofergot sclerotla byflotatlOn m salt soluwn
and adherence to seed certificatIOn standards

India IS a major sorghum growmg
country m the world Sorghum IS cultI­
vated on 12 55 mIllIon ha m thiS country,
representmg 30% ofthe world's sorghum
area The total annual productIOn of 11 8
mIllIon t constitutes 11 6% of the total
world productIOn (FAO 1996) Sorghum
IS also the third major cereal m India after
nce and wheat It IS extensively grown for
human food, ammal feed, fodder and
other mdustnal uses under ram-fed condi­
tIOns mthe dry regIOns With unpredictable
ramfall

*C S Sangltrao ASSOCiate Professor Department of Plant Pa
thology Dr PanJabrao Deshmukh Knshl Vldyapeeth Akola 444
104 Maharasthra India S Indira Pnnclpal Invesbgator (pathol
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padhyay Semor SClenllst (pathology) International Crops Re
search Inslltute for the Semi And TropICS (ICRISAT)
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Low-Yleldmg traditIonal varieties m
the major sorghum-growmg areas have
been gradually replaced by hlgh-Yleldmg
hybnds smce the release of the first hy­
bnd CSH 1 m 1964 m IndIa Hybnds are
now extensIvely grown m almost 80% of
the area m the major sorghum growmg
State of Maharashtra where productIVIty
has mcreased from 587 kg ha 1 (m 1970)
to 1407 kg ha I (m 1996-97) DoublIng
gram yields m the last 30 years m IndIa
has been pOSSible due to the release of 15
hybnds for country-wIde cultivatIon by
the All IndIa Coordmated Sorghum Im­
provement Project (AICSIP), Hyderabad,
ofthe Indian CounCil ofAgncultural Re­
search (lCAR), New DelhI, and rapId
adoptIOn ofhybnd technology In the last
decade, more than 30 pnvate seed compa­
mes have become actIve contrIbutmg SIg­
mficantly to thIS achIevement Of the re­
leased hybnds, CSH 5, CSH 6, CSH 9,



and CSH 14 are hIghly popular m the
ramy season

Accordmg to an estImate, more than 24
000 t of certrfied F1 hybrId seed are pro­
duced m IndIa WhICh IS sufficIent to sow
only 3 4 mIllIon ha m the ramy season out
of the 7 mIllIon ha area under hIgh­
yIeldmg varIetIes (B S Rana, personal
commumcatIOn) Presently there IS a
shortfall m supply, and hybrId seeds are m
great demand

In Maharashtra State, where prImarIly
hybrIds are grown, and several seed com­
pames are located, 10-80% losses m seed
yIeld have been reported due to ergot Se­
vere mCIdences of thIS dIsease and gram
mold have forced the seed companIes to
shIft seed productIon from Maharashtra to
the States of Andhra Pradesh and Karna­
taka In spIte of shIftmg the seed produc­
tIOn to the nonnally hot and dry areas of
Andhra Pradesh and Karnataka, the dIS­
ease contmues to be a threat to seed pro­
ductIon partIcularly when cool and humId
weather occur durmg anthesls For exam­
ple, durmg 1994-96, seed productIon of
the most popular hybrId CSH 9 was only
I 25 t ha 1, compared wIth the expected
3 75 t ha 1(B N Khule, Maharashtra State
Seed CorporatIOn, IndIa, personal com­
mumcatIOn) Ergot has gamed economIC
Importance after the mtroduction of hy­
bnds, and has made It dIfficult to produce
F1 hybnd seed and the female parent

We bnefly review research done m In­
dia on the different aspects ofsorghum er­
got, and highlight the thrust areas to help
formulate future strategies
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Disease DistributIOn

McRae (1917) reported ergot for the
first tIme m the world after he observed
the sphacehal stage ofthe dIsease m Ma­
dras State, IndIa, m 1915 Smce then, the
dIsease has been reported m other Indian
States such as Maharashtra (AJrekar
1926), Karnataka (KulkarnI 1942), TamIl
Nadu (Nath and Padwlck 1941, Thomas
et al 1945, Ramaknshnan 1947) Andhra
Pradesh (Ramaknshnan 1948, Sundaram
1967, 1969, PattI et al 1968), and Deihl
and Haryana (AICSIP 1969-70) Ra­
maknshnan (1963) observed the sclero­
tIal stage of the pathogen m Kodkuntla,
Andhra Pradesh The dIsease IS endemIC
m Maharashtra (Vldarbha and Ahrnedna­
gar regIOns), Karnataka, Andhra Pradesh,
and TamIl Nadu AICSIP takes advantage
of thIS endemIC nature to test breedmg
hnes m these States

The Pathogen

Sphacellal Stage

In IndIa, McRae (1917) descnbed the
Imperfect, sphacelIal stage of the ergot
pathogen ofsorghum as Sphacella sorghz
Subsequently, the sphacehal stage was
descnbed wIth respect to comdIOphores,
comdIa, and vanatIOns m the SIze and
shape of comdla, (AJrekar 1926, Ra­
maknshnan 1948, Sundaram et al 1970,
Chmnadurat and Govmdaswamy 1971,
Khadke 1975, KulkarnI et al 1976, and
Sangltrao 1982) Mlcrocomdla were al­
most ofthe same dimenSions Irrespective
ofthe source, butthe size ofmacrocomdla
vaned (Sangltrao 1982) Secondary co­
mdla are also known to occur mthe green­
house and m the field (Bandyopadhyay et
al 1990)



Comdlal GermmatlOn

ComdIaI germmatIOn was from both or
eIther ends of the spore (AJrekar 1926)
Another report (AICSIP 1965-67) men­
tioned that, withm 3 h, the macrocomdia
germmated by thm germ tubes endmg m
pyrIform, hyahne secondary comdIa that
detached and m tum also germmated
ThIS was confirmed by Sangitrao (1982)
GermmatIOn of both macrocomdia and
microcomdIa m 5% sucrose solutIOn has
been reported (Sangitrao, 1982) GermI­
nation of COnIdIa from dIfferent
hosts-Sorghum blcolor, Pennzsetum ty­
pholdes, Ischaemum pllosum, Dlcan­
thlum annulatum, Dlcanthlum carzcosum
and Sehlma nervosum was only 2 5% m
the first 9 h, 50-70% m 12 h, and 95-98%
m48h

The comdia ofS sorghl remamed VI­
able on the heads for 1 year when mam­
tamed at room temperature (max 29°C
and mm 17°C) When smeared on the
seed surface, 1-2% comdia germmated
for up to 48 h, and lost vIabIlIty com­
pletely m 72 h ComdIa developed on
modIfied KIrchoff's medIUm showed 80­
100% germmatIOn (Sangitrao 1982)

Sclerotlal Stage

The perfect stage ofS sorghl m India
has been reported as ClaVlceps sorghl
Several workers reported vanatlon m
color, shape, size and mass of sclerotia
(Ramaknshnan 1948, Tarr 1962, PatIl et
al 1968, KulkarnI et al 1976) But all
these vanatIOns were due to the dIffer­
ences m genotypes, clImatiC conditions
and the stage of development (Sangltrao
1982) Though there are two ovarIes m
twm-seeded cultlvars as m Lav-Kush and
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IS 8070, only one ovary was mfected
(Sangitrao and Bade 1979)

Sclerotlal GermmatlOn

SclerotIal germmatIOn was trIed by Ra­
maknshnan (1948) by exposure to alter­
natmg temperatures of 5 and 20°C In­
stead ofgermmatIOn, sclerotia turned mto
a slImy mass (AICSIP 1965-67, Sunda­
ram 1967) Rama Sastn (1973) men­
tIOned that there IS no pOSSIbIlIty of eXIS­
tence ofphySIOlogIcal races smce sclero­
tia faIled to germmate

KulkarnI et al (1976) for the first time
successfully germmated sclerotIa from a
genotype IS 5353 m 35 days by keepmg It
m mOist soIl, near an open wmdow m the
laboratory, but sclerotia from CSH 1 dId
not germmate when kept for even up to 2
months

In hiS detaIled studIes usmg a "sclero­
tIal germmatIOn assembly", Sangitrao
(1982) reported that up to 55% sclerotia
germmated at 27°C The sclerotia absorb
water and the basal ends become swollen
m 15-20 days of mcubatIOn, and subse­
quently develop a whIte tuft ofmycelIum
m 5 days Pmhead-slzed, pmkish red
stroma, 6-15 mm long, developed from
the base ofthe mycelIal tuft A smgle scle­
rotIum was seen to produce 1-7 stroma
SometImes, durmg the mltIal stages of
sclerotIaI germmatIon, a number ofslImy
pmklsh pmnotes were seen on the surface
of sclerotia, and contamed numerous
macrocomdia and microcomdia (Sangl­
trao 1982)

Another mterestmg feature observed
whIle germmatmg the sclerotIa on dIffer­
ent substrates and posItions IS that they



genmnated when placed honzontally on
stenlIzed sand, whlle they dId not germI:­
nate m the vertIcal posItIOn Fragments of
sclerotIa With mtact basal ends germI:­
nated to produce stroma, whIle fragments
from other parts dId not germmate

Sclerotia were Viable for 3 years at
room temperature m the laboratory, and
germmatedwhen kept up to 60 cm deep m
soll m the greenhouse GermmatIon of
sclerotIa obtamed from dIfferent geno­
types ranged from 50-55% (m CK60 A
and IS 84) to 25-35% (m 2077 A, CSH 1,
and R 473) ThIS suggests that the effi­
CIency of germmation IS affected by host
genotypes FungiCides such as Aureo­
fungm®, BavIstm®, Ceresan®, thlram,
and captan dId not completely Inhibit ger­
mmatIon but reduced It to 2 3%

In a study on biologIcal control, the
fungus Chaetomzum globosum was most
effectIve m mhlbltmg sclerotlal germma­
tIOn whlle Rhzzoctoma, Azotobacter, Fu­
sarzum, and Cwvularza had very lIttle or
no effect (Sangltrao 1982)

Internal Structures ofStroma
on Germmated SclerotIUm

KulkarnI et al (1976) observed asco­
spores m the stromata ofgermmated scle­
rotIUm m Dharwad, Karnataka Penthecla
contammg ascospores were embedded m
the stroma and were flask-shaped,
slIghtly protrudmg at the ostIOlar regIOn,
and measured 1328-2324 x 664-1245
Jlm ASCI were hyalme, cylIndncal WIth
somewhat tapenng ends WIth a hyalme
cap at the apex, and measured 56-112 x
2 4-3 2 Jlm Ascospores were eIght per as­
cus, filIform, measunng 40-85 x 0 4-0 8
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Jlm The perfect stage ofS sorghz m India
was named as Clavzceps sorghz

The perfect stage m Akola was also
confirmed as C sorghz (Sangltrao 1982)
correspondmg to IMI herbanum number
262578 for the species ongmally depos­
Ited by KulkarnI et al (1976) However,
the pmnote formatIOn and stages of perl:­
thecIaI formatIOn were reported for the
first tIme by Sangitrao (1982)

Ascospore Germmatzon

Ascospore germmatIOn was studIed
usmg 5% sucrose solutIOn InItIally they
became swollen and broke mto fragments
before germmatIOn began GermmatIon
was 1-3% after 9 h, 5-7% after 12 h, 12­
20% after 24 h, and 15-24% after 48 h
Each fragment produced germ tubes
(Sangitrao 1982)

InfectlVlty ofSpores

The effiCIency of mfectIOn was tested
by usmg spores from dIfferent pathogen
propagules Inocula used were 1) COnIdia
from artIfiCial cultures, fresh sphacelIum,
mner part of sclerotia, and pmnotes on
germmatmg sclerotIUm, and 2) asco­
spores obtamed from well developed stro­
mata All these sources of mocula mItl:­
ated 100% disease InCidence withm 6-8
days when applIed artIfiCially on the
heads ofmale-stenle 2077 A and CK60 A
under controlled condItIons The COnIdIal
mocula produced 30-60% dIsease sever­
Ity, compared With only 2-3% seventy
With ascospore Inoculum (Sangltrao
1982)



TOXICIty to Ammals

POIsonmg due to sorghum ergot result­
mg m mJury to eIther humans or anImals
has not been reported m IndIa Ra­
maknshnan (1948) assayed sclerotIa of
sorghum but faIled to demonstrate the
pOIsonous alkalOId ergotoxm Chmnadu­
ral and Govmdaswamy (1971) obtamed
alkalOIds to the extent of 0 025% m hon­
eydew and 0 08% m sclerotIa ofsorghum
ergot, as ergotmme eqUIvalent, and rec­
ommended the study of mammalIan tox­
ICIty ofsorghum ergot sclerotIa They dId
not specIfically extract and assay alka­
lOIds but assayed powdered sclerotIa The
result probably reflects the general detec­
tIOn of mdolIc compounds by the reagent
p-dImethylammobenzaldehyde SangI­
trao (1982) and Phadnalk et al (1994) re­
ported that sorghum ergot sclerotIa con­
tamed clavme denvatIves, and that the to­
tal alkalOId content vaned from 0 008 to
00032% (expressed m terms of er­
gometrme base) m the cultIvar 2077 A

Phadnalk et al (1994) studIed the tox­
ICIty on albmo mIce They reported that
low alkalOId content explams the hIgh
LDso value (1 875 g kg 1) of sorghum er­
got on expenmental mIce, compared wIth
100 mg kg 1 m rhesus monkeys for pearl
mIllet ergot MortalIty m mIce occurred
even at a smgle oral dose of 075 g kg 1

body weIght Common symptoms oftox­
ICIty were dIarrhea, dyspnea, muscular
spasm, hyperexcItabIlIty and gangrene In
chromc toxICIty studIes, dIarrhea was ob­
served on the second day after admmIster­
mg one-sIxth of the LDso SIgmficant re­
ductIOn was observed m body weIght and
relatIve organ weIght of lungs, lIver,
heart, spleen, and kIdney Shrmkage at
the tall tIp, gangrene, and sloughmg oftall
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also occurred HIstopathologIcal changes
m the affected part of the tall mclude oc­
clusIOn of the blood vessels due to the
presence of red thrombI and necrOSIS
Further cntIcal studIes on tOXICIty to lIve­
stock are reqUIred to determme If ergot
sclerotIa are hazardous to anImals

Flowermg BehaVIOr

Qumby (1958) descnbed that the long
stIgmas m sorghum, WhICh extend be­
yond the glumes after the flower closes,
remam receptIve to pollen and could be a
route for mfectIOn by the pathogen
House (1980) descnbed that all the heads
dId not flower at the same tIme, the an­
thers dehIsced when they were dry When
caught m the rams, pollen dIspersal was
restrIcted because ram washed them
away SImIlar observatIOns were made
for stIgma receptIvIty by Chopde et al
(1973)

Shekar et al (1981) showed that seed
settmg was poor upon pollmatlon on the
first day followmg anthesIs, and was up to
83% on the second day m 2077 A and 296
A Temperature below 10°C also affected
anther dehIscence m 296 B, resultmg m
no seed set m 296 A, the female parent of
the popularly grown sorghum hybrId
CSH 9 In a few cases low temperature
has been found to restrIct the release of
pollen from anther sacs (SangItrao 1982)

Puranik et al (1973) observed that the
fertIlIzed ovarIes were susceptIble to In­
fectIOn for 3 days The tIme ofpollInatIOn
and fertIlIzatIOn m sorghum IS 2-4 h
(Neergaard 1977), and the embryo has a
dormant penod of 6-22 h (Paulson 1969)
WIthout any cell dIVISIOn ThIS suggests
that mfection can take place even after



fertIlIzatIon, but thIS hypothesIS needs
confirmatIOn

PollInatIOn, FertilIzatIOn, and Ergot

When pollen and comdIa were placed
sImultaneously on the stIgmas, pollen
germmated earlIer than the comdIa and
the pollen tube reached the embryo faster
than the fungal hyphae In pollInated and
fertIlIzed pIstIls, the fungus grew slowly
or faIled to grow, resultmg m reduced er­
got mCIdence Sangitrao (1982) and Ban­
dyopadhyay et al (1992) observed that
fertIlizatIon was effectIve m controllIng
ergot However, fungal hyphae were
found m the fertIlIzed ovanes, WhICh
needs to be confirmed

Host Range

There are numerous reports on possIble
collateral hosts of C sorghl The compre­
hensIve lIst gIven by Bandyopadhyay
(1992) mdIcates that alternate hosts ofC
sorghl mclude Cenchrus setlgerous, Is­
chaemumpllosum, Penmsetum onentale,
Sorghum arundmacearum, S caffrorum,
S halepense, S membranaceum, S
mtens, S vertlcliliflorum, and Zea mays
ConflIctmg results have been reported for
C clllans and Penmsetum typhOldes
(Sundaram et al 1970, Chmnadural and
Govmdaswamy 1971, Sundaram 1974)
BesIdes these, a few more hosts and non­
hosts were recorded by Ramaknshnan
(1947), Smgh(1964), Reddyetal (1969),
Sundaram (1970), Chmnadural and
Govmdaswamy (1971), Mutkekar and
Madane (1976), Pattl and Madane (1979),
and SangItrao (1982) SangItrao and
Moghe (1995) reported that a trIangular
spore form ofS sorghl collected from Dl-
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canthlUm cancosum could mfect sor­
ghum mIndIa

EpidemIOlogy

EnVironmental Effects

Sugary disease IS severe when cool clI­
matIc conditIons prevaIl at the tIme of
flowermg (Tarr 1962) EnVIronmental
condItIOns favorable to the dIsease have
been reported by several workers These
mclude cool temperatures of 21-27°C
(AJrekar 1926, Chmnadural et al 1970),
19±I°C and humid and cloudy weather
(Sundaram 1970) and 17±2°C (Rama
Sastri 1973) Sangitrao (1980) observed
that temperature rangmg from 13° to
19°C and relatIve humIdIty of76-94% fa­
vored dIsease spread under artIficIal In­

oculatIon SImIlar studIes have been con­
ducted by Sundaram (1970)

In five years ofdetaIled epIdemIologI­
cal studIes, SangItrao (1982) revealed that
more than 75% relatIve humIdIty (RH)
and IS-19°C mmImum temperature were
favorable for dIsease development The
mcubatlon penod ranged from 5 to 15
days, WIth an optImum of 7 days

Sclerotlal formatIOn IS favored by dry
weather Bandyopadhyay et al (1990) re­
ported that 14-28°C and >90% RHfor 12­
16 h, and 28-35°C and <80% RH for 12 h
were favorable for comdial and sclerotial
productIon, respectIvely

In IndIa, weather condItIons m 38th to
4th meteorologIcal weeks were favorable
for 80-100% ofdIsease mCIdence, and 35­
70% dIsease seventy Sclerotial forma­
tIon was dIrectly proportIonal to the se­
venty of the sphacelIal stage Cool tern-



peratures, hIgh humIdItIes, ram splashes,
and constantly changmg wmd dIrectIOn
are congemal for the spread ofthe dIsease
(SangItrao 1980)

Dispersal ofComdla

Such msects as thrIpS, Orzus speCIes,
beetles, mIdge, head bugs, and hymeno­
pterous msects faIled to transmIt the
pathogen when released m cages contam­
mg susceptIble panIcles suggestmg that
msects do not play any role m the spread
ofthe dIsease The groups of msects that
normally VISIt flowermg pamcles and
panIcles WIth developmg grams are dIf­
ferent (Bandyopadhyay et al 1991)
SangItrao (1982) observed that ovanes
WIth mIdge maggots were later utIlIzed by
the ergot fungus and developed honey­
dew for further spread Bandyopadhyay
et al (1991) observed that secondary co­
mdIa were produced when honeydew
dropped on wet soIl These secondary co­
mdia can act as the source of pnmary m­
oculum

Disease Cycle

Based on field observatIOns, Smgh
(1964) and SangItrao (1982) hypothe­
SIzed that comdIa and ascospores could
mfect collateral hosts that flower before
sorghum, thus provIdmg pnmary mocu­
lum The ascospores from sclerotIa can
mfect sorghum or collateral hosts m the
followmg season Macrocomdia are pro­
duced and protected m the sclerotIallocu­
les (SangItrao 1982), and m due course
sclerotIa dIsmtegrate and release macro­
comdIa These macrocomdIa can germI­
nate on mOist soIl surface, produce secon­
dary comdia whIch can mfect the collat-
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eral hosts, thus completmg the dIsease cy­
cle

Disease Survey and Yield
Loss EstimatIOn

Durmg 1978-81, a survey of the
VIdarbha regIOn and western Maharash­
tra for sorghum ergot (Sangitrao 1982)
concluded that certam factors accounted
for the mCIdence and spread of the dIS­
ease These were

• Delayed sowmg
• Late rams
• Non-synchromzatIOn of male and

female parents
• Presence of grass weeds harbonng

pnmary moculum
• Improper crop management, e g ,

use ofpoor qualIty seed resultmg m
low male parent populatIOn, un­
even growth m the field, madequate
control ofpests and weeds, and Im­
proper applIcatIOn of fertilIzer
leadmg to faIlure of staggenng or
proper mckmg for pollInatIOn

• Non-removal of dIseased pamcles
and tillers m rejected or harvested
plots

• DIsposal of mfected pamcles close
to the fields

Sangitrao (1982) conducted a replI­
cated trIal m the field to ascertam the yIeld
losses due to sorghum ergot SIxteen sor­
ghum cultIvars mcludmgtwo male-stenle
lInes (CK60 A and 2077 A) were evalu­
ated under an mfector row system Re­
duction m yIeld was correlated WIth dIS­
ease mCIdence and seventy of honeydew
and sclerotial stages There were sIgmfi­
cant dIfferences among the cultivars WIth
respect to mCIdence and seventy of hon­
eydew and sclerotial stages Loss m yIeld



had a lInear relatIOnshIp WIth honeydew
mCIdence A lOgIstIC equatIon explamed
the yIeld loss when plotted agamst honey­
dew seventy, sclerotIal mCIdence, and
sclerotlal seventy (FIg 1)

Seed ProductIon Programs

The major areas of seed productIOn
programs m IndIa are mamly concen­
trated m Andhra Pradesh and Kamataka
In these States, seed productIon plots are
sown durmg October/November such
that warm and dry weather normally pre­
vaIls at the time of flowenng However,
the crop succumbed to ergot m recent
years due to delayed sowmg and erratIc
rams dunng flowenng Both these SItua­
tIOns led to parental Imes flowenng In
cool, and humId clnnate, and resulted In
poor pollen productIOn of the restorer

hnes affectIng seed set m male-stenle
hnes of varIOUS hybnds mcludmg the
most popular CSH 9

The practIces followed to manage the
dIsease In seed productIOn plots are

• Proper staggermg WIth 4th and 7th
day ofsowmg ofthe male parent for
synchrOnIZatIOn

• Spraymg 2% urea to make up
growth ofmale or female parent for
synchrolllzatiOn

• Removal of a few alternate leaves
to retard the growth

• SprayIng gIbberelhc aCId (20 ppm)
growth hormone to mduce qUIck
growth of the male parent

• FungICIdal sprays
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FIgure 1 Effect of honeydew InCIdence and seventy and sclerotl3lmcldence and seventy on yIeld
loss m the sorghum male-sterIle 2077A
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Disease Control Strategies

Cultural Methods

Table 1 EffiCiency of separation of Clavlceps
sorghl sclerotia from sorghum seed
by different methods·

I Source SangItrao (1982) and KaImegh (1994)

Separation
Method effiCIency (%)

rator, colonmetnc sortex, and belt draper
(Table 1)

Effect ofSowmg Dates

At Navasan (GuJarat), sorghum sown
later than normal on 20 July showed less
mfection m all the cultlvars (DesaI et al
1979) A simIlar report by Sangitrao et al
(1979) showed dIsease escape on the crop
sown on 15 July at Akola (Maharashtra)
Anahosur and PatIl (1982) emphaSIzed
early sowmg to escape the disease, but
thIS was not always possIble m Dharwad
(Karnataka) where cool and humId
weather prevaIled at flowenng suggest­
mg thatearly sowmg IS locatIOn specIfic

Hand wInnower
Machme wmnower
Gradmg sIeve 7/64
Gradmg sIeve 8/64
Gradmg sIeve 9/64
GravIty separator
Colonmetrlc sortex
Belt draper
Salt solutIOn (1 DO&)

86
84
88
89
89
91
94
98

100

Effect ofFertlllzer

The mCIdence of sugary dIsease m­
creased sIgnIficantly With more nItrogen
and less potash Phosphorous dId not m­
fluence disease mCldence, but appeared to
stimulate honeydew production

Physical Methods

Separation of sorghum sclerotIa usmg
30% salt solutIOn was found to render the
gram safe for sowmg and human con­
sumptIOn (More et al 1977) This recom­
mendatIon was adopted by the Govern­
ment of Maharashtra Later, Sangitrao
(1982) reported that even 10% salt solu­
tIOn can also separate 100% sclerotIa

Several methods have been evaluated
to remove ergot sclerotIa from large quan­
tities of seed (Kalmegh et al 1994)
Among these, 10% salt SolutIon removed
100% sclerotIa The separation effiCIency
was more than 90% With the graVIty sepa-
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ReductIon oflnoculum and
Seed CertIfication Standards

The male-stenle hnes CK60 A, 2077
A, 2219 A, and 296 A are female parents
ofCSH 1, CSH 5, CSH 6 and CSH 9, re­
spectively, and are hIghly susceptIble to
the honeydew and sclerotial stages

Ad hoc seed certIficatIOn standards
were mtroduced m 1976, fo11owmg ergot
mCldence durmg 1967-75 m parts of
western Maharashtra and V Idarbha (East­
ern Maharashtra) A Government CIrcular
declared the disease as objectIOnable and
seed producers were mstructed to rogue
mfested heads showmg sclerotIal forma­
tIOn The permISSIble lImIts were 1 2500
heads for certIfied seed plots, and 1 5000
for foundatIOn seed plots Four field 111­

spectlOlls were recommended to record
mfected heads At the last field mspectIOn
(preharvest), the seed plot would be lIable
for rejectIon If the heads WIth ergot scle­
rotIa were more than the prescnbed lImit



Usmg these seed certIficatIon standard
gUIdes (Anonymous 1977), seed pro­
duced m a few seed processmg plants
were rejected durmg 1976-79 m Ma­
harashtra However, the sUItabIhty OfthIS
certIficatIOn IS often questIOned, due to
the presence of other, more efficIent
sources of pnmary moculum

Pollen-Based Management

Chmnadural et al (1970) reported that
polhnatlon of susceptIble varIetIes WIth
fertIle pollen reduced spore germmatIon,
and hence host mfectlon by the ergot
pathogen SangItrao (1982) and SangItrao
et al (1992) observed the effect ofpolh­
natIon at dIfferent tImes, before and after
moculatIOn at 100% anthesIs, on dIsease
seventy of the honeydew stage The re­
sults mdIcated that pollInatIon 8 h before
mocuiatton reduced the dIsease seventy
to 5-8% m five male-stenle hnes 36 A,
CK60 A, 296 A, 2077 A, and 2219 A,
compared wIth 49-56% seventy m the m­
oculated non-polhnated control

BIOlogical Control

Reddy et al (1965) reported the pres­
ence ofCerebella volkensll at the sphace­
hal stage When comdIa of C volkensll
and S sorghl were sprayed together, the
sphacehal stage ofthe pathogen appeared
ImtIally wIthout any trace ofgrowth ofC
volkensll However, after 3 weeks, there
were numerous stromata of C volkensll
assocIated wIth sphaceha of S sorghl
suggestmg that the sphaceha IS Important
for the growth of C volkensll stromata
Subsequently, SangItrao (1982) reported
that the apphcatIOn of a culture ofCere­
bella at dIfferent stages of flowenng had
no sIgmficant effect on mCIdence of the
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sphacehal stage However, It reduced the
dIsease seventy The Cerebella colomes
appeanng on the sphacehum were more
m number m the treated heads than m un­
treated heads affectmg the sclerotlal de­
velopment The apphcatIOn ofC volken­
Sll at 50% and at complete flowenng had
only 7 9 and 4 7% sclerotlal seventy,
agamst 143% m the untreated control

Chemical Control

Ergot control by fungICIdes m seed
productIon plots of sorghum IS the most
effectIve preventIve measure FungICIdal
control ofC sorghl has been extensIvely
mvestIgated m IndIa (NagaraJan and
Saraswathl 1971, Gangadharan et al
1976, Sundaram 1976, Anahosur 1979,
and Sangitrao 1982) Two or three sprays
of0 2% ZIram®, thlOphanate methyl, VI­
tavax® and captafol at 2-week mtervals
startmg at the panIcle emergence stage In­
creased yIeld from 1 to 4 t ha 1 Two
sprays ofBavIstm® 0 1%, one at the tIme
of 50% flowermg and the second after a
fortmght was also effectIve However,
Nagarajan and Saraswathl (1971) ob­
tamed httle field control ofC sorghl WIth
systemIc fungICIdes Benlate®, VItavax
75W®, and Tecto 60® ThIS IS true m
field SItuatIOns when dIsease pressure IS
hIgh, but dIsease control by fungICIdes IS
usually better than unsprayed SItuatIOns If
moculum pressure IS low

Host-Plant Resistance

Not much work has been reported on
reSIstance m sorghum to ergot dIsease
AJrekar (1926) tested numerous vanetIes
at Pune and Dharwad, under natural con­
dItIons and found that none was Immune



ResIstance to ergot on sorghum has
been extensIvely reported However, due
to lack ofproper screemngtechnIques and
unreplIcated trIals, many lmes prevIously
reported resIstant have proved to be sus­
ceptIble m subsequent trIals across loca­
tIOns A lIst of sorghum lInes reported to
be resIstant m IndIa has been publIshed
(Bandyopadhyay et al 1996)

Bandyopadhyay and Reddy (1991)
tested male-sterIle and male-normal sor­
ghum and moculated at varIOUS tunes af­
ter pollen shed They concluded that those
panIcles that were more efficIent selfpol­
lInators were more effectIve m escapmg
the dIsease There IS a need to develop re­
lIable and rapId methods for IdentIfymg
these efficIent self-pollInators

In IndIa, AICSIP has a network of 16
locatIOns and several cooperatmg test
centers m eIght States where sorghum re-

search IS conducted Among these, ergot
naturally appears m Akola, Dharwad, Co­
Imbatore, Surat, and Palem where breed­
mg lInes are evaluated for ergot reactIon
Table 2 shows that most ofthe elIte varIe­
tIes, hybrIds, and theIr seed parents have
varIable degree of dIsease susceptIbIlIty
In general, the varIetIes (average score
2 40 on a 1-5 scale where 1 = no dIsease,
and 5 = maxImum dIsease) were less sus­
ceptIble than the hybrIds (average score
2 91) The seed parents had a hIgher de­
gree ofsusceptIbIlIty (average score 3 47)
than theIr mamtamer (average score 2 87)
and restorer parents (average score 269)
It IS eVIdent that m spIte of self pollma­
tIon, varIetIes, and B and RImes also have
moderate susceptibilIty to dIsease

Integrated Disease Management

Integrated dIsease management m·
cludes cultural and chemIcal methods,

Table 2 Ergot severity! In high-Yielding sorghum Varieties, hybrids, and theIr seed parents In field
screemng at five locatlOns2 during 1992-96

CultlVar 1992/93 1993/94 1994/95 1995/96 1996/97 Mean
Varieties
SPY 462 3 1 12 29 23 24 258
SPY 881 28 14 23 30 237
CSV 13 28 13 28 28 28 250
CSV 15 32 12 26 22 22 228
Mean 243

Hybrids
CSH5 34 10 32 30 32 276
CSH9 35 22 42 22 32 306
CSH i4 32 22 33 27 31 290
Mean 29i

Parents
296 A 39 42 32 33 365
296B 28 3 1 32 39 3 1 322
RS29 27 20 27 32 28 268
AKR 150 30 25 28 27 25 270
AKMSi4A 34 40 23 34 330
AKMS14B 29 31 18 23 252
Mean 301

lMean oftive 1003l1oos DISease seventy scored 00 a 1 5 scale where 1= 00 disease and 5 = mW<lmum disease
2The 10cal1oos were Dharwad COlmbatore Alcola, Sural, and Palem
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bIOcontrol, and genetIC reSIstance The
folloWIng practIces are recommended In
IndIa

• Early SOWIng to escape dIsease
• Synchromzatlon of male and fe­

male parents to ensure avaIlabIltty
ofample VIable pollen for effectIve
fertIlIzatIon ofA lInes

• RougIng of early Infected pamcles
to reduce the sources of moculum
for secondary spread

• DestructIon of collateral hosts by
mechamcal removal and weedIcIde
sprays

• PreventIve sprays offungICIdes are
necessary

• Mechamcal removal of ergot scle­
rotIa by flotatIOn of seeds m 10%
salt solutIOn

Research Needs

Though the bIOlogy of the pathogen
has been well studIed, conSIderable gaps
remam m our understandIng ofthe epIde­
mIOlogy ofthe dIsease and the practIcalIty
of ergot management strategIes under
field condItIOns Some of the speCIfic ar­
eas that need attentIon are

BIOlogy

• StudIes on taxonomIC features of a
large number of Isolates of the
pathogen to determme If vanatIOn
eXIsts at the speCIes level

EpidemIOlogy

• Understand the sources of pnmary
Inoculum and theIr relatIve rele­
vance to Imtiate the dIsease m the
field

• The extent of pathogen spread by
secondary comdIa needs a cntical
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evaluatIOn Such studIes should
Include the role of envIronmental

factors In the productIon, spread,
and survIval of secondary comdIa

• Better understandIng of the effect
of envIronmental condItIOns, par­
tIcularly low temperature, on mfec­
tIOn and flowenng bIOlogy and
theIr mteractIOns

• A dIsease forecastmg model based
on enVIronment and host parame­
ters IS reqUIred to predIct the occur­
rence ofdIsease In seed productIOn
plots ThIS WIll enable JUdICIOUS
and need-based use of fungICIdes

Host-Plant ReSistance

• ExplOltthe use ofrapId selfpollIna­
tlOn under low temperature as a
means ofescape reSIstance m male­
fertIle cultIvars There IS a need to
develop appropnate methodolo­
gIes to assess rapId selfpollInatIon

• IntenSIfy search for reSIstance m
male-stenles
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The Ergot Disease of Sorghum In Africa

S Z Mukuru

Abstract

Sorghum IS an Important staple cereal crop m most countries ofAfrica The crop IS
prlmarlly cultlvated by small scale resource poorfarmers Most ofthese farmers grow
theIr local landraces A total ofover 20 mIllIOn hectares are under sorghum cultIvatIOn
m AfrIca NIgeria andSudan are the major sorghumproducers m AfrIca but sorghum IS
wIdely cultlvated and a keyfood staple m large parts ofthe contment

Sorghum m Africa IS attacked by a va­
nety of diseases mcludmg ergot but mc..
dence and seventy of anyone of the sor­
ghum diseases depends to a large extent
on clImatiC condition Ergot caused by
Sphaceba sorghl has been observed on
sorghum m many countnes ofAfnca but
It IS generally of low economic Impor­
tance The disease affects mdlvldual flo­
rets m a panicle causmg poor develop­
ment or preventmg gram development
ThiS paper reviews the geographic dlstn­
butlon and Importance of ergot m AfrIca
and discusses strategies for ItS control

The Ergot Disease
Symptoms and Cycle

The disease affects mdlvldual florets m
a panicle causmg gram Yield reductIOns
because the mfected florets do not pro­
duce gram The disease IS recogmzed by
the presence ofsticky pmklsh to browmsh
hqUId drops that exude from mfected ova­
nes The drops, which contam masses of
comdIa ofthe causal fungus, are sweet to
taste and attract numerous msect which
feed on them and spread the comdla to
other florets A saprophytic fungus Cere-

S Z Mukuru Fonnally With ICRISAT Nairobi C/O ICRAF
Umted NatIOns Ave Gtgm POBox 39063 Nairobi Kenya
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bella volkensll (syn C sorghl vulgariS)
may overgrow the honey dew and convert
It mto a sticky matted black mass
(Mughogho 1988, Bandyopadhyay 1992,
Sundaram 1980)

Pnmary mfectlOn m the field IS proba­
bly establIshed by comdia from collateral
hosts and mfected pamcle debns m SOIl
The spread ofthe disease m the field IS by
comdla dlssemmated from pamcle to
pamcle by msects, wmd and ram splashes
(Tare 1962, Bandyopadhyay 1992)

Geographical DistributIOn and
Importance of the Disease

Ergot, also commonly known as honey
dew or sugary disease has been observed
on sorghum m several countries ofAfrIca
where the crop flowers under cool wet clI­
matic conditions Ergot was observed and
reported on sorghum III Uganda and
Kenyam 1926, TanzamaIn 1949,Repub­
hc ofSouth Africa In 1953 and NIgena In
1956 (Tarr 1962) Ergot has SInce then
been observed m Sudan, Rwanda, Bu­
rundi, MalaWI, ZambIa, Mozambique,
Zimbabwe, Lesotho, and Botswana (de
MtllIano 1992,Mughogho 1988) In 1987
ergot epiphytotics occurred m Lesotho
and MalawI (de MIlhano 1992) Mengistu
and Gebrekidan (1980) reported that er-



got IS relatIvely new m EthIopia It was
recogmzed m 1972 m expenmental plots
at Alemaya Ergot was also reported to be
bothersome at Arsl Negele, EthIOpia

Incidence and seventy ofergot on sor­
ghum depends mostly on weather condI­
tIOns at the tIme offlowermg If days are
cool (mmImum of I9°C±I°C), hIghly hu­
mId and cloudy durmg the anthesIs pen­
od, the spread of the dIsease IS rapId and
damage can be severe (Sundaram 1980)
The dIsease IS more common on sorghum
m medIUm and hIgh altItude areas ofeast­
ern AfrIca In Rwanda and EthIopIa ergot
IS regarded as a prIOrIty dIsease for re­
search and these countrIes have had a re­
search program on ergot In Southern Af­
rIca, ergot IS Important m ZImbabwe and
Botswana especIally on tIllers of late
planted sorghums The dIsease IS of low
economIC Importance m West Afnca

Ergot IS, however, Important m exotIC
breedmg materIal at research statIOns
Male stenles or plants WIth unfertIlIzed
florets are hIghly susceptIble We have
frequently observed a hIgh mCIdence of
ergot m male stenles and hybrIds and
other exotIC breedmg matenal at Alupe,
Western Kenya

Strategies for Controllmg the Disease

Several strategIes for the control ofsor­
ghum ergot have been proposed These
mclude sowmg ofcultIvars resistant to er­
got, cultural practIces and use of fungI­
Cides to control the dIsease Sowmg ofre­
sIstant cultIvars IS regarded as the most
practical, economIcal and effective
method to control ergot (Bandyopadhyay
1992)
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ReSistance to Ergot

In EthIOpIa and Rwanda where ergot
dIsease IS regarded as a pnonty dIsease
for research, a collaboratIve research pro­
gram between the natIOnal programs of
these countrIes and WIth SAFGRAD/IC­
RISAT m NaIrobI and ICRISAT Center
m IndIa began m 1987 The ObjectIves of
the collaborative research was to develop
a reSIstance screenmg techmque and Iden­
tIfy sorghum germplasm resistant to er­
got

Screemng Techmque for
Ergot ReSistance

An effectIve and SImple field techmque
was developed and used by the natIonal
programs ofRwanda and EthIOpIa (ICRI­
SAT Annual Report 1989) The techmque
IS as follows

• All splkelets that underwent anthe­
SIS pnor to moculatlOn are removed
from the pamcles

• The remaInIng spIkelets are
sprayed WIth a comdIal suspensIon
(l x 106 comdIa ML-1) prepared
from fresh honeydew

• Inoculated pamcles are covered
WIth paper bags to enhance humId­
Ity

• Bags are removed 2 days after m­
oculatIOn, pamcles are remoculated
and rebagged

• Bags are finally removed 7-10 days
after first moculatlOn

• FIve pamcles of each genotype are
evaluated 24-25 days after first In­
oculatIOn by countmg mfected
spIkelets m 100 splkelets born on
pnmary branches Ergot seventy IS
recorded as the percentage ofergot­
mfected florets



Sources ofResIstance to Ergot

The natIonal programs ofEthIOpia and
Rwanda m collaboratIon wIth ICRlSAT
earned out a major ergot resIstance
screenmg actIVIty m 1987 and 1988 at
"hot spot" locatIons m both countnes

In Rwanda, 65 local vanetles were
screened at Rubona and Karama SIX lmes
IS 25535, IS 25549, IS 25550, IS 25553,
IS 26669 and Ikmyaruka were IdentIfied
to be resIstant In 1988, an addItIonal 245
genotypes collected from EthIOpIa,
Rwanda, Yemen, Lesotho and BurundI
were screened at Karama and Rubona and
34lmes that had up to 10% ergot mfected
florets were selected for advanced screen­
mg (Table 1) (MusabYImana 1988)

In EthIOpIa, 248 genotypes wIth mter­
medIate and hIghland adaptatIon were

screened for ergot resIstance at ArSI Ne­
gele (Bandyopadhyay 1980) Twenty
seven acceSSIons WIth less than 5% m·
fected florets were selected The selected
lInes were screened at Arsl Negele for
three years and ergot resIstance con­
firmed m SIX lmes (ETS 1446, ETS 2448,
ETS2465,ETS 3155, ETS 4457 andETS
2113)

Research on ergot m both these coun­
trIes has smce been abandoned due to
shortage offunds Because OfthIS, several
lInes that were InItially IdentIfied as hav­
mg good levels of ergot resIstance have
not been confirmed and utIlIzed m breed­
mg

Other Control StrategIes

Other ergot control strategIes other
than resIstance reported m the lIterature

Table 1 OrIgm and ergot reactIOn of selected l genotypes screened for ergot resistance m 1988 at
Rubona, Rwanda

Sorghum genotype Dngm % mfected florets IS N° Dngm % mfected florets
IS 25543 Rwanda 10 Yemen
IS 25561 Rwanda 4 28994 YAR-l Yemen 3
IS 25565 Rwanda 4 29011 YAR 8 Yemen 5
IS 25584 Rwanda 5 29012 YAR-19 Yemen 3
IS 25588 Rwanda 5 29013 YAR-20 Yemen 0

29089YAR-I0I 10
IS 25590 Rwanda 10 29381 PHM 25 Lesotho 10
IS 25591 Rwanda 3 29382PHM 26 Lesotho 1
IS 25593 Rwanda 3 29404PHM 48 Lesotho 1

29405 PMH 49 0
ET2427 BG 15 EthlOpla 5 29407 PHM 51 Lesotho 0
ET2787BG 75 EthIopIa 10 29420PHM 64 Lesotho 5
ET2531 BG 120 EthIOPIa 5 29438 PHM 83 Lesotho 3
ET2421 BG9 EthIOPIa 0 29446 PHM 91 Lesotho 7
ET2467BG 55 EthIopIa 10
ET2413 BG 1 EthIopia 5 29421 PHM 65 Lesotho 0

29421 PHM 95 Lesotho 3
25485 PB 21 Burundi 7

ET2440BG28 EthlOpla 6 25489 PB 27 Burundi 10
ET2423 BG 19 EthlOpla
ET2443 BG 13 EthIopIa

IThe selected genotypes had up to 10% ergot mfected florets Source MusabYlmana (1988)
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mclude the followmg (Tarr 1962, Sunda­
ram 1980)

• IdentIfy sUItable sowmg dates m re­
latIOn to chmatIc condItIOns to
avoId ergot attack

• DestructIOn of wIld grasses espe­
Cially perennIals, WhICh are collat­
eral hosts

• Rougmg of ergot mfected plant to
prevent spread m the field

• Sowmg ofunmfected seeds
• Crop rotatIOn to aVOId sowmg sor­

ghum m fields whIch had an m·
fected crop m the prevIOUS season

• Usmg fungICIdes to control the dIS­
ease

ConclUSIOn

Ergot on sorghum has been observed In
several countrIes m AfrIca but IS only of
mmor Importance except In EthIOpIa and
Rwanda However, most natIOnal re­
search programs In AfrIca have InItIated
research to develop sorghum hybnds and
It IS expected that hybnds WIll become
popular WIth farmers m future

Ergot IS a senous lImItIng factor m pr<r
ductIon of hybnd seeds, partIcularly If
fertIlIzatIon m male stenles IS delayed due
to lack of VIable pollen caused by non
synchronous flowermg of male stenles
and restorers (Bandyopadhyay 1992) Er­
got IS therefore lIkely to become Increas­
Ingly Important as demand for hybnd
seed mcreases

It IS essential that effective ergot con­
trol methods should be developed and diS­
semInated to farmers and seed companIes
to ensure that hIgh qualIty hybnd seeds
free of ergot are produced
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Current and Future Research
on Sorghum Ergot In Australia

Malcolm Ryley, Barry Blaney and Holger Memke

Abstract

Research on sorghum ergot mAustralza IS bemg conductedm 3 major areas-toxlClty,
funglclde efficacy and clzmate rzsk analysls The effects ofsclerotia of ClaVlceps afrf
cana (contammg 01% dlhydroergosme) on grazmg cattle andplgS andchlckens m m·
tenslve sltuatlOns, have been studled Cattle grazmg on a standmg sorghum crop wlth
o3% sclerotia were not adversely affected, whereaspigsfed 5% sclerotia dlsplayed re­
duced growth, and some chlckens fed the same sclerotia concentratlOn dlsplayed diar­
rhoea and/or dled In afunglclde efficacy trial, trzadlmenol at 62 and 125 mL a l hal
and tebuconazole at 250 mL a I ha I provldedvery high levels ofprotectlOn A clzmatlc
rzskanalysls mdlcatedthat there was a higherprobabllztyofergot mfectlOn at the begn­
nmgandat the endofthe Australzan sorghum growmgseason (November-Aprzl) than m
the middle ofthe season Thefollowmg research needs have been Identified m Australza
- toxlClty studles on lotfed beef development of funglclde spraymg protocols,
Importance and control ofseedborne moculum, taxonomy andgenetlc relatlOnshlps of
Clavlceps on sorghum, and novel genes for reslstance Australza has the expertlse and
facllztles to conduct much of thls research, but there IS conslderable scope for fully
collaboratlve mternatlOnal research

Current Research

TOXICIty StudIes

It IS generally consIdered that C afrz­
cana IS unlIkely to be a major threat to am·
mal health, based on the work of Peter
Mantle and hIS colleagues Mantle and
WaIght (1968), and Fredenckson et al
(1991) demonstrated a relatIvely low tox­
ICIty of Its major alkalOId component, dl­
hydroergosme (DHES) to mIce and rats
compared to alkalOIds of Clavlceps pur-

·Malcolm Ryley Queensland Department ofPnmary Industnes
PO Box 102 Toowoomba, Queensland 4350 Austraha Barry
Blaney Ammal Research Instltute Locked Mall Bag 4
Moorooka Queensland4105 Austral13 HolgerMemke APSRU
PO Box 102 Toowoomba Queensland 4350 Austral13 ·Corre
spondmg author
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purea (Fr ) Tul and Clavlceps fusiformls
Loveless In Queensland only a smgle
batch of sclerotIa-contaInmated sorghum
gram has been obtamed m suffiCIent
quantIty for tOXICIty studIes Sclerotia
from thIS crop had a morphology Identical
to C afrzcana and had an average alkalOId
concentratIOn of approXImately 0 1%
The pnmary alkalOId detected was chro­
matographiCally IdentIcal to DHES

A herd of 23 cattle (14 heIfers and 9
steers) was grazed for 28 days on thIS
gram sorghum crop to assess the acute
tOXICIty of sclerotIa of C afrlcana The
crop was sampled before and after graz­
mg for nutrIent analYSIS, and the sclerotIa
concentratIOn m the average dIet was estI­
mated at 03% by weIght No clImcal



SIgnS assocIated wIth ergot alkalOId pOI­
sonmg were observed durmg the tnal
The ammals grazed and exercIsed nor­
mally ConsumptIOn offeed and nutrIents
was estImated as bemg above mamte­
nance, although msufficient for maxI­
mum growth, and the ammals mamtamed
lIveweight

Several tons of contammated gram
were then harvested from the remammg
area of the same sorghum crop and a
sclerotIa-nch fractIOn was separated from
the gram by flotatIOn m a solutiOn of 10%
NaCh, then aIr dned The concentration
of sclerotIa m a sub-sample of thIS frac­
tIOn was determmed by vIsual separatIOn
and weIghmg It was then mcorporated
mto pIg and meat chIcken dIets, whIch
were otherwIse SImIlar m nutnent con­
tents

PIgs averagmg 20 kg lIveweight were
fed the eqUivalent ofup to 5% sclerotIa for
28 days m a growth trIal No SIgnIficant
clImcal abnormalIties were observed
Shght Impairment of performance (re­
ductIOns m feed mtake and poor feed con­
verSIon) was observed over the first 7
days wIth dIets contammg more than
o6% sclerotia, and over the 28 day tnal
penod growth was reduced by 30% m
pIgS receIvmg 5% ergot sclerotIa

Meat chIckens were fed the eqUivalent
ofup to 5% sclerotia from 3 to 23 days of
age DIarrhoeawas observed m up to 31 %
ofthe brrds fed 5% sclerotIa, and mortal­
Ity at thIS concentratIOn was 21 % In a few
cases, apparent gaspmg for breath pre­
ceded death Growth of survIVmg brrds
was reduced by about 8% compared to
controls DIarrhoea was also SIgnIficant
m bIrds fed 2 5% sclerotIa, but reductIOn
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m growth overall compared to controls
was slIght DIarrhoea IS among the effects
noted m cocks dosed WIth ergotamme and
related alkalOIds, and gaspmg for breath
has been reported m rodents gIVen er­
gosme and related alkalOIds However,
these effects have not been reported to oc­
cur WIth dihydrogenated denvatIves
(Loew et al 1978) In fact, the general ef­
fects ofdIhydrogenated alkalOIds tend to­
wards behaVIOural depressIon Although
no clImcal SIgnS assOCIated With effects
on the vascular system were observed, It
IS noted that the dihydrogenated ergot al­
kalOIds tend to lower body temperature m
rabbIts, m contrast to the hyperthermIa
caused by therr respective parent com­
pounds (Loew et al 1978) In any case,
these broIler chIckens were housed m
temperature-controlled sheds

Total alkalOid mtake ofpIgS fed the 5%
ergot was estimated to be approxImately
50 mg day 1, or about 2 5 mg per
lIveweight kg day 1 dunng the 28 day
trIal The chIckens fed 5% ergot would
have mgested a SImIlar amount on a
hvewelght baSIS These mtakes of DHES
appear low to account for the depressed
performance observed Manev, PenCIC
and Muck-Seier (I989) found that smgle
doses of 10 mg lIveweight kg 1 (mtra­
pentoneal) mhIbited fightmg between
mIce, but we dId not observe any behav­
IOural changes m our ammals

AgalactlCa IS one senous effect of
some alkalOIds that our trials have not yet
addressed, but Fredenckson (m Bandyo­
padhyay et al 1996) found that dIets of
50% ergot sclerotIa (15 mg alkalOId day 1,

presumably about 500 mg lIve weIght
kg 1) had no effect on lactatIOn m mIce



Although our results support prevIOUS
work showmg that C afrlcana has a low
toxICIty to lIvestock compared to other
Clavlceps speCIes, they do not support the
proposItIon that It IS harmless The d~

pressed performances ofpIgs and chIcken
fed wIth dIets contammg 5% sclerotIa
may be due to the presence oflow concen­
tratIOns of alkalOIds other than DHES m
the sclerotIa It mIght even be due to non­
alkalOId components ofthe ergot Modem
commercIal breeds of pIgS and chIckens
are genetIcally selected for maXImum
growth under Ideal nutntIOnal condItIOns,
and may have a dIfferent order ofsuscep­
tIbIlIty to certam alkalOIds than laboratory
ammals InvestIgatIOns are underway to
clarrfy some ofthese Issues As an mtenm
measure, Queensland has placed a lImIt of
03% for sclerotIa ofC afrlcana m stock­
feeds (as compared to 002% for other
Clavlceps specIes)

FungiCides

The relatIve efficacIes of 10 fungICIde
XconcentratIOn combmatlons for the con­
trol of Clavlceps afrlcana on an A-lIne

were determmed m a trIal conducted near
Gatton, southern Queensland (Table 1)
The A-Ime was planted m mId February,
1997 and watered by furrow lITIgatIon
when necessary Plot SIze was 3 X 7 m
rows, 70 cm apart, WIth only the center
row bemg sprayed and rated, and there
were 4 replIcates FungICIdes were ap­
plIed at 200 L water ha 1 usmg a handheld
boom, WIth one hollow cone TeeJet®
TX4 nozzle above the row and two TX4
nozzles on droppers on eIther SIde of the
row dIrected towards the panIcles Pres­
sure at 450 kPa was supplIed by propane
gas The first spray was applIed approXI­
mately 5 days before first stIgmas were
VISIble, and a further 6 applIcatIOns were
made at 4 day mtervals except for the last
spray WhICh was applIed 6 days after the
preVIOUS spray The adjuvant Nufarm®
Spraymate Bond, a stIcker/extender con­
sIstmgof450 gL 1 synthetIc latex and 100
g L 1surfactantwas added to the fungICIde
SolutIons at 0 1% In each plot, % mfected
panIcles was determmed and the % spIke­
lets mfected on each mfected pamcle was
assessed on 2 occaSIOns

Table 1 EfficaCIes of fungIcIdes for control of Clavlceps afncana

FungICIde and actIve rate
(mL or g ha I

TnadImenol (125) 0 0 0 0
Tebuconazole (250) 12 23 01
TnadImenol (62) 46 3 1 02
Mancozeb (1500) 186 589 26 10
Fluazmam (500) 233 523 1 5 -5
Benomyl (1000) 347 589 09 10
Fluazmam (250) 467 894 56 70
ProcymIdone (250) 578 969 50 1070
Untreated 580 965 74 1080
Tnademorph (300) 604 881 70 1070

IMean ratmg for each treatment
2Range of ratmgs for each treatment
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Tnadimenol (Bayfidan®) at 125 mL
a I ha I was the best treatment, followed
bytebuconazole(Folicur®)at250mLa I
ha Iand tnadlmenol at 62 mL a I ha I The
efficacIes of these fungICIdes have been
reported previously (G Odvody, unpub­
lished data), and are now confirmed under
AustralIan condItIons The results of an­
other trIal conducted III southern
Queensland suggests that tnadlmenol
may have eradicant properties The pro­
tectants mancozeb (Mancozeb®, Penn­
cozeb®) and benomyl (Benlate®) pro­
VIded reasonable control m the A-line and
may prove to be particularly useful m
commercial seed productIOn blocks to re­
duce costs The threat ofstrams ofC afrz­
cana resistant to the DMI fungicides de­
velopmg after repeated applIcatIOns of
fungICides such as tnadlmenol and tebu­
conazole must be averted by the use of
other fungicIdes m altematmg blocks

ClImatIC AnalysIs

In response to considerable grower and
mdustry concern after the outbreak of er­
got m southern Queensland, a climatiC
nsk analysts was conducted to assess the
likely tlmmg and frequencies of further
outbreaks ofthe disease on gram sorghum
across the mam growmg areas m Austra­
lia (Meinke and Ryley 1997) The follow­
mg set of rules, based on published re­
search results and other mformatIOn, was
used to mterrogate long term weather data
(1960-1990) for 10 localIties

1 MInImum daily temperature <14°C
for at least 3 consecutive days, 14-21
days before anthesls This rule was
based on the results ofMcLaren and
Wehner (1990) who established a
highly slgmficant positive correIa-
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tIon between disease mCldence and
mmtrnurn daIly temperatures <14°C
at mlcrosporogenesls, approxI­
mately 21 days pnor to anthesls

MaXimum dally temperatures
<27°C for at least 2 consecutIve days
at anthesls combmed With at least 5
mm ofram dunng that penod A Slg­
mficant relationship between maxI­
mum dally temperatures <27°C and
ergot mCIdence was established by
McLaren and Wehner (1992) The
ramfall requuement assumes over­
cast weather and a neceSSIty for free
mOisture on stIgmas for mfectIon by
comdla

Ammimum of380thermal umts (ac­
cumulated dally average tempera­
ture) and a maximum of51 0 thermal
umts separatmg penods 1 and 2
(Hammer and Muchow, 1994)

4 Anthesls occurrmg between 15 Oc­
tober and 1 May, except for Kunun­
urra, Western Australia (1 June-IS
September)

A SImilar analySIS was conducted for
hybnd seed productIOn, usmg only rules 2
and 4, and assumed <100% pollinatIon
MultIple events can occur m each season
and are accounted for m the analySIS To
analyse the frequency dlstnbutIOn and
tlmmg of events the flowenng wmdow
was split mto 10-day mtervals and the
number of events wlthm each 10-day m­
terval was accumulated over the 30 year
penod

For gram sorghum productIOn a bimo­
dal distribution was apparent at most lo­
catIOns, showmg a high probability of m·
fectlOn events occurrmg at the begmnmg



and at the end of the growmg season m
AustralIa Based on this analysIs, the nsk
of ergot mfectIOn when the vast maJonty
ofgram sorghum IS flowenng m AustralIa
(January-March) IS low In October, 1996
ergot was found on gram sorghum ratoon
crops m central Queensland, confinnmg
thiS predictIOn, however ratoon croppmg
IS not a common practice m AustralIa
Sorghum crops (particularly tIllers) flow­
enng late m the season when tempera­
tures are lower are at a high nsk from lII­

fectIOn, as expenenced m the 1995-96
and 1996-97 seasons A general north­
south, as well as a west-east, gradient was
apparent, whereby the number of events
late m the season mcreased for locatIOns
further south and further east The ternpo­
ral and geographiC nsk patterns for hybnd
seed productIOn (and on forage sorghum)
followed the same trend, but the numbers
ofevents were greater than for gram pro­
ductIOn The analysIs predicted the IIkeh­
hood of ergot mfectIon at Narromme,
central New South Wales (a seed produc­
tion area) m mid season - C afrzcana was
first reported III that area m February,
1997 There IS an extremely low probabIl­
Ity ofsorghum ergot at Kununurra, where
wmter hybnd seed productIOn and parent
seed productIOn IS conducted

Future Research

Research AgenCies and Fundmg

Agncultural research m Austraha IS
conducted by state departments of agn­
culture, [such as the Queensland Depart­
ment ofPnmary Industnes (QDPI)], UnI­
verSIties, CSIRO (Commonwealth SClell­
tlflc and IndustrIal Research
OrgamsatIOn), Cooperative Research
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Centres (CRCs), and pnvate companies
(mcludmg seed compames)

As m other countries, governments are
turnlllg towards agnculture mdustrles to
pay for research undertaken m then mter­
est Consequently, whIle government
mamtams much of the research mfra­
structure, most ofthe operatIOnal fundlllg
for agncultural research IS sourced from
llldustry-funded agencies such as Grams
Research and Development CorporatIOn
(GRDC) and Rural Industry Research and
Development Corporation (RIRDC)
Growers pay a productIOn levy mto these
agencies which IS matched on a $ for $ by
the Commonwealth government Alloca­
tIon offunds for research IS on a competi­
tIve baSIS CSIRO IS a Commonwealth­
funded research organisatIOn, whose agri­
cultural research budget IS denved mamly
from the external agencies such as
GRDC UnIversIties have a duel role of
teachmg and research, With fundmg for
the latter commg from external sources
and from wlthm the UnIversity system
The Cooperative Research Centre con­
cept was deSigned by the Commonwealth
Government to enable researchers With a
common lllterest from different organIza­
tIOns (both pubhc and pnvate sector) to
conduct research Fundmg for CRCs IS on
a competitive baSIS, and there are mputs
of staff and facIlItIes from the contribut­
mg organIZatIOns Fundmg for research
wlthm these Centres IS denved from the
CRCs and from external fundmg agen­
CIes The Cooperative Research Centre
for TropIcal Plant Pathology (CRCTPP)
at the UnIversity ofQueensland, IS a part­
nership between the Umverslty of
Queensland, QDPI, CSIRO, Bureau of
Sugar Expenmental StatIOns and the
Queensland UnIVerSIty of Technology



The CRCTPP has a major mterest m mo­
lecular biOlogy, mcludmg molecular­
based pathogen IdentIficatiOn, genetIc en­
gmeermg for dIsease resIstance, and the
genetIcs of host-parasIte mteractIOns

Research Needs

In AustralIa we have IdentIfied a
number of areas of research on sorghum
ergot whIch we belIeve are essentIal for
the development of effectIve manage­
ment strategIes for the commercIal gram
mdustry and for the seed mdustry There
IS consIderable expertIse m Austraha to
conduct cntlcal studIes m most of these
areas Undoubtedly, some genenc work
can be conducted elsewhere, and m addI­
tIon there IS consIderable scope for col­
laboratIve research wIth other researchers
overseas However, some areas of re­
search, partIcularly those mvolvmg tax­
onomy, fungIcIde efficacy for regIstratIOn
purposes and epIdemIOlogy wIll need to
be conducted m AustralIa

TOXICIty StudIes

StudIes on the tOXICIty of sclerotIa of
C afrlcana to grazmg cattle, and to pIgS
and poultry m mtenslve sItuatiOns are be­
mg conducted m DPI m response to con­
SIderable grower concern by a team ofSCI­
entIsts led by B J Blaney The team In­
cludes J S KopmskI, R A McKenZIe,
P F MannIOn, P R MartIn, K G
ReIChmann and R Maryam, ably sup­
ported by a number of colleagues

Protocols for the extractIOn of alka­
lOIds have been set up, and the alkalOId
profiles of collectIOns of sorghum ergot
sclerotIa from throughout Queensland are
bemg compared to assess theIr VarIabIlIty
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Lotfed beef IS a very valuable export for
AustralIa, and consIderable Illterest m the
potentIal effects of sclerotla­
contammated gram on lotfed cattle has
been generated Large scale trIals WIll be
conducted III the near future to study these
effects To our knowledge, SImIlar field
studIes have not been conducted else­
where, III the past the effects ofergot alka­
lOIds have been determIned on
laboratory-bred ammals

FungIcIdes

Although tnals conducted overseas,
partIcularly m BrazIl, and more recently
m AustralIa have Identified effectIve fun­
giCides for applIcatIOn m seed productiOn
blocks and m nurserIes at flowenng, there
IS a crItIcal need for further research m a
number of areas Firstly, the fungiCides
found to be most effectIve (trIadimenol,
tebuconazole and proplconazole) belong
m the dlmethylatiOn mhlbltor group
(DMI), and there IS a rIsk that the repeated
applIcatIOns necessary m seed productIOn
blocks and nurserIes could lead to the de­
velopment offungICIde-resIstant Isolates
EffectIve fungICides from other groups
must be IdentIfied to enable a fungICide
rotatiOn strategy to be developed In par­
tIcular, fungICIdes WIth eradlcant actIVIty
or reSidual actIVIty would be partIcularly
useful Our tnals mdlcated that the pro­
tectant fungICide mancozeb may have a
role to play m such a strategy We do not
have the resources m AustralIa to conduct
large-scale fungICIde screemng trIals and
wIll have to rely on overseas workers to
IdentIfy effectIve fungICIdes However,
efficacy trIals WIll stIll have to be con­
ducted on candIdate fungICIdes for regIS­
tratIOn purposes Appropnate applIcatIOn
techmques, especIally for aenal spraymg



wIll also need to be developed AustralIa
has a small role to play m thIS area, and we
belIeve that a process for the exchange of
mformatIOn on fungICIdes WIll greatly as­
SISt m the development ofeffective fungI­
CIde protocols

Effective fungICIdes are needed for the
control of sclerotIa and comdla m honey­
dew m mfested seed lots, but before thIS IS
done the relatIve Importance of these
sources ofmoculum m mitIatmg epideOl­
ICS needs to be establIshed In addItion,
the roles that alternative hosts, volunteer
sorghum and fallen mfected heads WhICh
survIve from one season to the next, play
m the survIVal of sorghum ergot must be
studIed We are plannmg to conduct r~
search mto some ofthese areas, m particu­
lar the survIval ofcomdIa m seed lots and
theIr control WIth fungICIdes, and the 101­

portance of sclerotIa m the bIOlogy ofthe
pathogen

ClimatiC AnalySIS

Many of the parameter values used m
the analySIS outlIned preVIOusly m thIS pa­
per are not very well defined and It IS
therefore paramount to closely momtor
the cntlcal envIronmental and host factors
associated WIth ergot epIdemICS (Memke
and Ryley 1997) Such momtonng wIll
prOVIde the necessary benchmark data to
enable a better quantIficatIon of the dIS­
ease nsk A more thorough analySIS could
be conducted usmg dynamIC SImUlatIOn
models (eg Hammer and Muchow 1994)
combmed WIth the rule-based system out­
lIned m thIS study ThIS would mtegrate
our phySIOlogIcal understandmg of sor­
ghum growth and development, and the
mteractIOns between dIsease outbreaks
and envIronmental factors Memke and
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Hammer (1995) used a SImIlar approach
to quantIfy pOSSIble yIeld losses due to
ram at harvest for the AustralIan peanut
mdustry Further, a SImUlatIon approach
would allow the mtegratIOn of recent ad­
vances m long-range weather forecastmg
(Stone et al 1996) to develop a probabIl­
IStiC forecastmg system WIth a mmimUID
lead-time of 3 months (Memke et al
1996, Memke and Hammer 1997) ThIS
would gIve the mdustry and producers an
mdicatIOn oflIkely productIOn nsks eIther
pnor to, or shortly after, sowmg a crop,
thus allowmg strategIC adjustments to
theIr operatIOns GRDC and CRCTPP
have prOVIded short-term fundmg to Drs
Holger Memke and Malcolm Ryley to d~
velop such models

Taxonomy and Genetic Relationships
wlthm Clavlceps Species on Sorghum

As pomted out m a prevIOUS paper m
thIS Conference (Sorghum Ergot m Aus­
tralIa) some collectIOns m AustralIa dLf.
fered m cntIcal morphologIcal character­
IStICS to C afrlcana It IS pOSSIble that
there IS more than 1 speCIes ofClavlceps
on sorghum m AustralIa, or that there IS
conSIderable morphologIcal and/or g~

netIC vanatIOn m C afrlcana StudIes on
the morphology and development of the
anamorphs and teleomorphs ofa range of
collectIOns from throughout AustralIa
could be supplemented by companng
theIr alkalOid profiles, and by conductmg
RFLP analyses A knowledge of the ge­
netIC varIatIon withm the Clavlceps spe­
CIes on sorghum and theIr relatIOnshIp to
VIrulence IS essentIal If novel sources of
reSIstance are to be effectIve RFLP
analySIS of populatIOns over time may
also aSSIst m determmmg the role that
sexual reproductIOn plays m the lIfe cycle



ofspecIes There IS also scope to study the
genetIc relatIOnshIps between popula­
tIons m AustralIa and m nearby Southeast
ASIan countrIes The CRCTPP has the ex­
pertIse and resources to conduct such
studIes

Host Plant Resistance to C afncana

Accordmg to pubhshed lIterature,
there are no sources of effectIve resIS­
tance mSorghum bleolor However, there
IS consIderable VarIatIOn for pollen pro­
ductIon, partIcularly under cool condI­
tIons, m specIes Breeders can therefore
have a sIgmficant Impact on the dIsease m
commercial lInes

The problem of susceptIbIlIty of A­
lInes remams Novel genes for reSIstance
offer some hope AntIfungal protems
(AFPs) whIch mhibit germmatlon and/or
growth ofa pathogen have been IdentIfied
by a number of research centres, mclud­
mg the CRCTPP Researchers at thIS cen­
tre have a number of AFPs derIved from
AustralIan natIve flora whIch have actIV­
Ity agamst UbIqUItouS pathogens such as
Sclerotlnza sclerotlOrum (LIb) de Bary
and SclerotIum rolfsll Sacc We have ob­
tamed fundmg from GRDC to conduct a
prehmmary screenmg of these AFPs for
actIvIty towards Isolates ofC afrlcana If
one or more ofthese AFPs IS shown to be
effectIve consIderable research WIll st1l1
be needed before reSIstant genotypes are
developed The AFPs must be tested for
theIr effects on pollen germmatIOn and
pollen tube growth, genes WhICh encode
the AFPs must be IdentIfied and cloned,
the genes must be expressed m transgemc
plants, and there wIll be a need to pyramId
dIfferent genes to ensure that the reSIS­
tance IS durable The costs of develop-
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ment and assessment ofsuch genotypes IS
consIderable and may reqUIre the sharmg
of resources and technology However,
Issues ofpatents and mtellectual property
are lIkely to Impede thIS exchange

InternatIOnal CollaboratIon

There IS consIderable scope for a fully
collaboratIve mternatIOnal effort to con­
duct research on many areas of the bIOl­
ogy and management of sorghum ergot
The success ofsuch an approach depends
on the wIlhngness of major research or­
gamsatIOns m each country to cooperate,
and on the free exchange of results and
sorghum germplasm Specific research m
each country should be concentrated m
areas where there IS the expertIse and fa­
CIlItIes However, aspects of mtellectual
property, patents and plant varIety nghts
may Impact on the effectiveness of mter­
natIOnal collaboratIOn

Acknowledgments

The authors WIsh to thank staff of
QDPI and APSRU for theIr aSSIstance m
the research on tOXICIty studIes and m the
clImatIC nsk analySIS, and staff ofPacIfic
Seeds/Avanta, m partIcular M WhItmg
and 0 WeIer, for applymg fungICIdes and
mamtammg the fungICIde efficacy tnal

References

Bandyopadyay R Frederickson D E McLaren
N W and Odvody G N 1996 Ergot, a global
threat to sorghum InternatIOnal Sorghum and
Millets Newsletter 37 1 32

Fredenckson D E Mantle P G and de MI1hano
W A J 1991 Clavlceps afrlcana sp nov the
dlstmctlve ergot pathogen ofsorghum 10 AfrIca
MycologIcal Research 95 1101-1107

Hammer GLand Muchow R C 1994 Assess­
109 clImatIC nsk to sorghum productIOn 10

water-lImIted subtropIcal envIronments I De-



velopment and testmg of a SimulatIOn model
Field Crop Research 36 221-34

Leow, D M, van Deusen E B and Meler-Ruge
W 1978 Effects on the central nervous system
Pages 421-531 In Ergot alkalOids and related
compounds B Beredand and H 0 Schild
(eds ) Berlin Heidelberg, New York Sprmger­
Verlag

Manev, H, Penclc D and Muck-Seier, D 1989
Inhibitory Influence of dlhydroergosme on the
aggressIOn of rats and mICe Pharmacology
BIOchemiStry, and BehavIOr 32 111-15

Mantle, P G, and WaIght, E S 1986 Dlhydroer­
gosme a new naturally occurmg alkalOid from
the scelrotIa ofSphacelzca sorghz (McRae) Na­
ture 218 581-582

McLaren N W, and Wehner, F C 1990 Rela­
tIOnship between climatiC vanables durmg
early flowermg ofsorghum and the mCldence of
sugary disease caused by Sphacelzca sorghz
Journal of Phytopathology 13082-88

McLaren, N W and Wehner, F C 1992 Pre­
flowermg low temperature predispOSItion of
sorghum to sugary disease (Clavlceps afrz-

67

cana) Journal of Phytopathology 133 328­
334

Memke, H , and Hammer, G L 1995 Chamtlc nsk
to peanut prodmon a simulatIOn study for
northern Australia Australian Journal of Ex­
penmental Agnculture 35 777-780

Memke H and Hammer, G L 1997 Forecastmg
regIOnal crop productIOn usmg SOl phases a
case study for the Australian peanut mdustry
Australian Journal ofExpenmental Agnculture
48 m press

Memke, H and Ryley M 1997 Effects of sor­
ghum ergot on sorghum productIOn - a prelimi­
nary climatiC analySIS Australian Journal of
Expenmental Agnculture 48 m press

Memke, H Stone R C and Hammer, G L 1996
Usmg SOl phases to forecast climatiC nsk to
peanut productIOn a case study for northern
Austalia InternatIOnal Journal of Climatology
1678389

Stone R C Hammer GLand Marcussen T
1996 Predlcton of global ramfall pnbabllitles
usmg phases ofthe Southern OscillatIOn Index
Nature384252-255



Sorghum Ergot In the United States ­
PublIc Sector Response

G N Odvody and T Isakelt

Abstract

Spread ofsorghum ergot (Clavlceps afrzcana) to the Umted States was confirmed
wlth ltS late March 1997 observatlOn on sorghum regrowth ofabandoned commerczal
gram sorghumfields m the RlO Grande Valley (RGV) ofTexas adjacent to the border
w1th Mex1co The pathogen was subsequently observedon gram sorghum regrowth and
on johnsongrass (Sorghum halepense) prox1mal to these fields and 1t contmued to m­
crease on these hosts durmg pers1stent cooler and wetter than normal condltlOns By
m1d-May ergot was observed on the current gram sorghum crop (trace to 10% mCi­
dence, m1mmalseverzty) andhadreached the northern lzm1ts ofthe RGVwhIch 1S sepa­
ratedfrom the next major sorghum growmg Coastal Bendby 80 Ian ofrangeland Ergot
lS antIclpatedto eventually spreadthroughout Texas andthreaten the 114 000 ha (quar­
ter m1l/lOn acres) sorghum hybrzdseedproductzon mdustry on the H1gh Plams ofTexas
Spread throughout all sorghum growmg reglOns ofthe UmtedStates 1S also antzclpated
but wlth mlmmallmpact on commerclal gram sorghum productzon exceptfor posslble
cool temperaturepol/ensterzlzty m northernproductlOn areas Th,S mcreasedergot sus­
ceptlb1lzty couldslmzlarly affectwmternurserzes m Southern regzons andmcrease eJgot
Inc1dence onferal sorghum hosts mcludmgjohnsongrass Chemlcal control ofergot on
seed and m hybrzdproductzon fields lS bemgpursued wlth extenslve col/aboratzon be­
tween publzc researchers, governmental regulatory agencles, commodlty groups and
przvate compames CollaboratlOn lS both natlOnal and mternatlOnal m scope

In 1996 gram sorghum [Sorghum b,­
color (L ) Moench] productIon was a $2 2
btlhon dollar (U S ) mdustry m the Umted
States (NatIOnal Gram Sorghum Produc­
ers AssocIatIOn, NGSPA, Abernathy,
TX) Most ofthe 20 4 metrIc tons (4 5 bIl­
hon Ibs) ofgram produced was consumed
domestIcally and 30% went to the export
market wIth MeXICO as the largest lID­
porter The mam U S production areas
are several states m the mIddle of the
country m a regIOn called the Great Plams

*G N Odvody Texas A&M Research and ExtenSIon Center Rt 2
Box 589 Corpus Chnstl TX 78410 T Isakelt Dept ofPlant Pa
thology and MIcrohlOlogy Texas A & M Umverslly College 8ta
!Ion TX 77843 *Correspondmg author
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(FIgure I) More Importantly, sorghum
ergot, Clavlceps afrlcana Fredenckson,
Mantle, & de Milhano (FrederIckson et
al 1991), threatens the 114, 000 hectares
(quarter mllhon acres) devoted to hybrId
seed productIon on the HIgh Plams of
Texas (FIgure I) ThIS productIOn repre­
sents about 35% of the hybnd seed pro­
duced m the world and 90% of that pro­
duced m the Umted States Sorghum er­
got represents a senous threat to the entire
sorghum mdustry because ofthe extreme
vulnerabIhty of male-stenles to C afrl­
cana CommerCIal gram sorghum pro­
ductIOn Itself may have httle dIrect dam­
age from ergot due to ItS hIgh self-fertlhty
but all producers WIll be affected If con­
trol ofergot forces hIgher seed productIOn
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Figure 1 Sorghum productIOn areas In the Umted States potentially vulnerable to sorghum ergot

costs that must be passed on to the con­
sumer There IS the possIbIlIty that ergot
could also reduce the avaIlabIlIty and
qualIty of seed

Concern about the eventual Introduc­
tion or spread ofergot to the Umted States
began wIth the ImtIal reports of ergot In
BrazIl In 1995 (FerreIra and Casela 1995,
Reis et al 1996) In 1996 wIth contInued
spread across the Western HemIsphere
and elsewhere, global research collabora­
tIon was sought by U S sCIentists WIth
SCIentIsts haVIng both an extenSIve and
developIng expenence WIth ergot In varI­
ous countrIes around the world The hope
was that partICIpatIOn In development of
ergot controls In other countrIes would
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prevent or slow the spread of ergot In the
Western HemIsphere and proVIde for rap­
Idly Implementable controls once the
pathogen spread to new geographIC areas
IncludIng the U S Issues concernIng need
for and efficacy of seed Import quaran­
tInes and other publIc polIcy concernIng
ergot were not fully resolved before the
advent ofClavlceps afrlcana at the South­
ern border of Texas WIth MeXICO In late
March 1997 The rapId spread ofergot to
the U S was antICIpated SInce ItS ImtIal
observatIOn III MeXICO In late February
1997 ThemodeofIntroductIOnofC afrl­
cana Into the U S IS unknown but the
pathogen probably spread across the bor­
der as aenal comdia



IDltIal ObservatIon and Spread

The first report ofergot on sorghum m
the Umted States was on ratooned and
volunteer sorghum (plants establIshed
from F2 seed that remamed m the field
from the harvested crop) m a field adJa­
cent to the RIo Grande RIver near Pro­
gresso, Texas on March 26, 1997 The er­
got was subsequently IdentIfied on SImI­
lar sorghum m abandoned fields and m
Johnsongrass [Sorghum halepense (L)
Pers] at several sItes m the RIo Grande
Valley (RGV) near the southernmost tIp
ofthe state Full IdenttficatIOn ofthe ergot
pathogen has not been completed but It IS
almost surely C afrlcana because thIS IS
the only speCIes spreadmg across the
Western HemIsphere on sorghum and Its
charactenstIcs are consIstent WIth thIs
specIes

From those InItial observatIOns the er­
got has contmued to mcrease on later
bloommg (May) sorghum tillers at the
same locatIOns By mId-May ergot began
to be observed m several commercIal
gram sorghum fields Just completmg
bloom m the RGV IncIdence ranged
from a trace to 2 to 10 % ofthe heads and
seventy was generally at one to a few flo­
rets mfected per head but a few self-fertIle
sorghum heads had 35 to 50% ofthe flo­
rets mfected The cooler than normal tem­
peratures and contmued hIgh ramfall and
hIgh humIdIty durmg flowenng and pollI­
natIon are thought to have contnbuted to
the hIgher than expected amount of ergot
seen m the self-ferttle commercIal sor­
ghum crop of the RGV There are appar­
ent dIfferences m susceptlblhty to ergot
among commerCIally-avaIlable gram sor­
ghum hybnds that IS only now becommg
apparent m field observatIOns m South
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Texas and Northern MeXICO where many
of the same hybnds are grown Reasons
for hIgher vulnerabIlIty to ergot m these
hybnds IS unknown but probably mvolves
some factors related to mcomplete fertIl­
Ity or delayed fertIlIzatIOn under the wet,
ramy condItIOns The dIverSIty of plant­
mg dates m the RGV and elsewhere
across South Texas also assures that the
ergot mfectIOn m the pnmary crop WIll
prOVIde moculum for spread to later­
bloommg heads and fields If condItIOns
remam favorable for mfectIOn

InCIdence ofergot mJohnsongrass also
mcreased from mitIal early AprIl observa­
tIOns but the dIsease appeared to occur
pnmanly m subpopulatIOns that may
have had some mfertilIty that contnbuted
to a hIgher mCIdence ofergot Often only
a small rhIzomatous clump of related td­
lers ofJohnsongrass would have a hIgh m­
cidence of ergot and other nearby John­
songrass at the same matunty would have
almost no VISIble ergot mfectIOn These
observatIOns are conSIstent WIth reports
that some Johnsongrass populations are
essentIally stenle To date, ergot m John­
songrass has only been observed near ItS
occurrence on commerCIal gram sor­
ghum

By the end of May 1997 the northern
lImIt of sorghum ergot m the U S and
Texas was m commerCIal sorghum pro­
duction fields at the northern edge of the
RGV near Raymondvtlle Natural spread
ofthe pathogen by aenal moculum would
reqUIre crossmg an 80 km regIOn of the
Kmg Ranch to the North before contact­
mg sorghum productIOn fields agam near
RIVIera, Texas



PotentIal for Ergot by ClImate and
GeographIcal LocatIOn lD the United
States

A greater knowledge of the bIOlogy
and epIdemiOlogy of C afncana IS
needed, espeCIally concernmg aenal
spread and seed dISSemInatIOn of InOCU­
lum, and survIval ofthe pathogen on seed,
and m soIl and on alternate hosts m nature
As m most other affected countrIes there
are questIOns about how the vanable enVI­
ronments and clImates across dIverse sor­
ghum productIOn areas wIll affect InCI­
dence and seventy ofC afncana on both
cultIvated and feral sorghum and other
hosts The Impact ofsorghum ergot m the
U S will probably be determmed by the
dIfferential susceptIbIlity that eXIsts m the
types ofsorghum bemg grown and by en­
VIronments present durmg tIme-cntical
phases of theIr floral development and
durmg bloom when mfectIOn actually oc­
curs CommercIal gram sorghum hybnds
across most ofthe US will likely sustam
little damage from ergot through theIr
self-fertIlity that proVIdes an escape type
of resIstance However, pollen stenlIty
assOCIated wIth cool temperatures m
some sorghum productIOn regIOns m the
Northern Plams or wmter productIOn m
Southern regIOns could mcrease the nsk
of ergot m any sorghum crop (McLaren
and Wehner 1992) Forage sorghums rep­
resent an Increased ergot rIsk but stenle
forage hybnds are likely to sustaIn the
greatest damage from ergot because they
have no pollen source and tIllermg pro­
VIdes a succeSSIOn ofsorghum flowers for
rapId cycling of the dIsease While seed
productIOn IS not of Importance m these
latter forages the hIgh InCIdence of ergot
would produce tremendous amounts of
honeydew that could mterfere WIth har-
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vest and, under contmued wet condItIOns,
It supports growth of saprophytIc fungI

EndemiC Nature of Sorghum
Ergot lD the United States

Once ergot IS established m the US, It
WIll probably become endemIC m feral
Johnsongrass WhICh IS present throughout
most ofthe Great Plams sorghum produc­
mg states but ItS hIghest populatIOns oc­
cur m Texas and other states across the
Southern U S The potential role that
Johnsongrass may have In the survIval
and spread of C afrlcana IS further m­
creased by the probabIlity of cool tem­
perature stenlIty mcreasIng ergot InCI­
dence on thIS host m the more Southern
regIOns ofthe US, espeCIally If a kIllmg
frost IS delayed or does not occur The dIf­
ferential susceptIbIlity that may eXIst m
Johnsongrass populatIOns even under
warmer enVIronments could also be an
Important factor affectmg the endemIC
nature of ergot m the Umted States The
mitIal observatIOn of ergot on survIvmg
ratooned and volunteer sorghum despIte
killing frosts m extreme South Texas mdI­
cate an even greater nsk ofergot mcrease
and survIval In wmter months when frosts
are margmal m theIr mtensity or they do
not occur Early season growth ofJohn­
songrass at Southern locatIOns may also
Increase the lIkelIhood ofInItIal Inoculum
and pathogen Increase pnor to the com­
merCIal crop reachIng the bloom stage
Shattercane, a feral weedy gram sorghum
(8 blc%r) more common m the North­
ern sorghum growIng regIOns of Kansas
and Nebraska, needs to be Investigated
for pOSSIble contrIbutIOn to long term sur­
VIval and establIshment of C afrlcana In
thIS regIOn



Concern abont Spread of C afTlcana
by other than Natural Means

Ergot may naturally spread rapIdly by
aerIal COnIdIa but there may also be Inad­
vertent man-derIved dISSemInatIOn across
more vast regIOnal areas through varIOUS
other means These may mclude plantIng
ergot-contamInated seed In non-ergot ar­
eas, or the transport of ergot­
contamInated seed, other crop materIals,
eqUIpment, or wearmg apparel to or
through non-ergot areas These and other
potentIal sources of IntroductIOn reqUIre
consideratIOn to determme their actual
rIsk and the feasIbIlIty of makIng any ap­
proprIate response through SanItatIOn, ex­
clUSIOn or other methods

Ergot-contammated seed from com­
mercIal gram sorghum productIOn mIght
potentially mtroduce moculum ofC afrl­
cana durmg ItS transport to and through
areas where ergot has not yet been ob­
served In March 1997, near TampIco,
MeXICO, ergot was common on plants es­
tablIshed along the roadsIdes from har­
vested seed, whIch had fallen from gram
transport eqUIpment or trucks An addI­
tIOnal concern IS for the possIbIlIty of
pathogen IntroductIon through honeydew
or sclerotIa whIch may remaIn In harvest
eqUIpment that progreSSIvely moves Into
non-ergot regIOns to the North as the crop
matures for harvest In the latter case, lll­

troductlon of ergot mIght not be readIly
apparent untIl the next croppmg season

The popularIty of sudan grass or sor­
ghum x sudan grass hybrIds (both sterIle
and self-fertIle) planted for forage or hay
across the Great Plams and Southern
states further mcreases the rIsk of ergot
spread both by mtroductIOn mto new ar-
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eas and by theIr generally hIgher susceptI­
bIlIty than commercIal gram sorghum
hybrIds These sorghums usually have a
hIgher InCIdence ofergot that IS related to
theIr mcomplete fertIlIty whIch can vary
hIghly between dIfferent hybrIds and va­
rIetIes The sterIle sorghum-sudan hy­
brIds are extremely susceptIble to ergot
because they have no mtended pollen
source and they are constantly producmg
tIllers of susceptIble mflorescences
Timely harvest of forages before headmg
would mimmize thiS nsk SclerotIal prcr
ductIon reqUIres a extended tIme penod
(Bandyopadhyay et al 1996) so only for­
age remammg m the field long after rna­
tunty would appear to be a sclerotIal rIsk
Under wet condItIons saprophytIC fungal
growth and colOnIZatIOn of sphaceha by
Cerebella reduce the productIOn ofsclero­
tIa but raIse questIOns about tOXICIty be­
yond that of ergot-denved tIssues them­
selves The survIval of COnIdIa m dned
honeydew on forage sorghum heads and
other plant tIssues would probably be
maXImIzed If cuttmg, drymg and balIng
of the forage occurs soon after mfectIOn
has occurred but pnor to saprophytIc
colOnIZatIOn Bales from such fields at
least theoretIcally mIght pose the greatest
fIsk ofmtroductIOn mto new areas John­
songrass as a prImary component or con­
tammant m hay bales may also functIOn m
the same regard

Industry Response and DomestIc and
InternatIonal Research

CollaboratIve research and other coop­
eratIve InItIatIves between varIOUS U S
seed mdustry orgamzatIons, regulatory
agenCIes, and publIc mstItutIOns from the
U S and other countrIes WIll enhance the
abIlIty of partICIpant countrIes m detef-



mInIng mutually beneficial control ap­
proaches for sorghum ergot Examples In­
clude formal collaboratiOn lIke Texas
A&M WIth INIFAP of MexIco and EM­
BRAPA/CNPMS of BrazIl, and INT­
SORMIL projects WIth ergot research and
control objectIves However, Informal
collaboratIve lInkages among publIc and
pnvate sorghum researchers across the
sorghum producIng states have been es­
tablIshed to proVIde for rapId communI­
catIon and InformatIon exchange regard­
Ing the most current status ofergot dIstrI­
butIOn and the results ofresearch Several
state UnIVersItIes and organIzatiOns m·
eludIng the NatiOnal GraIn Sorghum Pro­
ducers AssocIatIOn, State sorghum
boards, the AmerIcan and Texas Seed
Trade ASSOCIatIons, the Texas Depart­
ment ofAgrIculture, and varIOUS compo­
nents of the USDA have also been at the
forefront of ergot awareness and educa­
tiOn efforts that have both natIOnal and lll­

ternatiOnal ImplIcatiOns ThIS communI­
catIon effort IS also reflected m a SImIlar
global exchange ofergot InfOrmatIOn and
research data concernIng sorghum ergot
Computer access to e-maIl and postIngs
on World WIde Web SItes has greatly en­
hanced the effectIveness ofthe commUnI­
catiOn process because of ItS abIlIty to
contact a WIde audIence rapIdly and eco­
nomIcally The abIlIty to share dIgItal J.lI}­

ages as well as text In thIS manner has
greatly aIded educatiOn efforts concern­
Ing sorghum ergot whIch was largely un­
recognIzed by sorghum workers In the
Western HemIsphere prIor to 1995

An ad hoc commIttee of the AmerIcan
Seed Trade ASSOCiatiOn IS gatherIng all
relevant data about the biOlogy, epIdemI­
ology, and control ofC afrlcanato deter­
mIne U S Industry strategIes to preventor
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reduce spread of ergot to non-ergot areas
and proVIde for approprIate controls In
current and potential areas ofdIstrIbutIon
The commIttee wIll address varIOUS do­
mestIc and InternatiOnal Issues concern­
Ing seed dIstrIbutIOn polICIes and regula­
tIons and the productiOn, processIng,
qualIty and treatInent of seed from ergot
areas, The commIttee wIll also promote
research and other efforts to (l) develop
fungICIde controls for ergot In hybnd pro­
ductIOn fields and for use as seed treat­
ments, (2) IdentIfy and develop host plant
reSIstance, (3) IdentIfy and recommend
feaSIble cultural and other alternatIve
controls, (4) IdentIfy and develop recom­
mendatiOns for the speCial needs aSSOCI­
ated WIth maIntenance ofprIvate and pub­
lIc sorghum research programs and sea­
sonal nurserIes m ergot regIOns, and (5)
promote mdustry educatiOn about ergot

Ofthese goals, educatiOn ofthe mdus­
try, the producer, and the general publIc
concernmg sorghum ergot IS probably the
most Important InItIal ObjectIve Commu­
nIcatIng knowledge about ergot sympto­
matology, bIOlogy, epIdemIology, rela­
tIve economIC threat, tOXICIty, and other
relevant ergot Issues WIll be a contInUOUS
process undertaken by varIOUS publIc and
prIvate sorghum workers across the U S

A pnmary Immediate benefit WIll be
the abIlIty to more accurately and rapIdly
determIne the current dIstrIbutIon and
spread of ergot throughout the U S Ster­
Ile sorghum x sudangrass hybrIds and
other hIghly susceptIble sorghums are b~
mg used as mdicator or trap crops across
large areas of the U S sorghum grOWIng
regIon to faCIlItate detectiOn and docu­
mentatiOn of the spread of ergot through
the regIOn InformatIOn about ergot from



mformed, knowledgeable sorghum work­
ers wIll provIde for a more tImely re­
sponse by the mdustry, regulatory agen­
CIes and publIc researchers and reduce
tlme-consummg dIagnostIC errors Edu­
catIOn WIll also promote a more stable,
reasoned response to the threat ofergot by
mmllTIlZmg the prospect ofeIther an over
reactIon to the threat ofergot or an equally
unWIse dIsmIssal of Its potentIal eco­
nomIC Impact on sorghum

ChemIcal Control of Ergot
lD HybrId Seed ProductIOn FIelds

One ofthe more ImmedIate concerns of
the U S sorghum mdustry IS the develop­
ment of chemIcal control methodology
that WIll proVIde for near 100% control of
ergot m hybnd seed production fields
ChemIcal controls are bemg pursued
based on the methodologIes successfully
utIlIzed m Braztl (FerreIra et al 1996)
where tnazole fungICIdes were applIed to
sorghum heads at strategIC mtervals be­
gmnmg at ImtIation of bloom The U S
mdustry WIll largely depend on aenal ap­
plIcatIon of the fungICIdes The efficacy
of aenal applIcatIons versus the more ac­
curate ground eqUIpment apphcatIOns are
currently bemg evaluated on hybnd pro­
ductIon fields m Northern MeXICO and
South Texas

A cnSlS exemptIOn has been granted by
the EPA (Envlfonmental ProtectIon
Agency) to allow applIcatIon of Tilt
(proplconazole) to control sorghum ergot
In hybnd productIon fields In the Umted
States The exemptIon allows TIlt to be
applIed at 125 g a I ha 1 (4 oz ac 1 ofTtlt
3 6E 0 113 lb a I ac 1) In each ofthree ap-, 1
phcatlons for a total of725 gal ha Cur-
rently there IS much expenmentatlon by
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commercIal companIes to determIne the
most appropnate tIme of Imtlal fungICIde
apphcatlOn and the best balance ofwater
content and pressure to maxImIze fungI­
CIde coverage and penetratIon ofthe head
for aenal apphcatIOn Other trlazole fun­
gICIdes are also bemg evaluated for effi­
cacy In control of ergot FungICIdes WIth
other modes of actIOn are also bemg
evaluated so that fungICIde apphcatlon
schemes mIght be deVIsed to reduce the
nsk ofselectIng fungICIde tolerant strams
ofC afrlcana The maJonty ofthe hybnd
seed production areas are planted durmg
May on the HIgh Plams of Texas Fungi­
CIde control results from small research
plots m the RGV and from commercIal
hybnd productIOn fields m the RGV and
mternatIonal locations mcludmg North­
ern MeXICO are hoped to prOVide the m­
formatIon base for an effectIve aenal ap­
phcatlOn chemIcal control methodology
for the HIgh Plams productIOn regIon If
needed

ChemIcal Seed Treatments

Although not empmcally proven, ergot
contammated seed planted m another re­
gIon has the potentIal to mtroduceC afrl­
cana eIther from honeydew-encrusted
seed or as sclerotIa Encrusted seed could
proVIde aenal moculum for susceptIble
hosts If It remams on a mOIst SOlI surface
and sclerotIa may eIther later germmate to
produce ascospore Inoculum or they may
have VIable comdla survlvmg m sclerotIal
caVIties (Bandyopadhyay et al 1996)
Standard seed treatment WIth the contact
fungICides captan and thlram prevent ger­
mInatIOn of macrocomdla m encrusted
honeydew on seeds (G Peterson unpub­
lIshed mformatIOn) Most commercIal
seed companIes already use captan above
levels known to completely mhlblt comd­
Ial germInatIOn In honeydew on seeds and



the Texas Department ofAgrIculture has
Issued gUidelInes for seed treatment with
captan or thIram to reduce the rIsk of
plantmg seed produced m ergot areas
These contact fungicides may do lIttle or
nothmg agamst the sclerotIaI stage ofC
afrlcana where trIazoles might be more
effective smce they are reported to be
more active agamst those of other
Clavlceps spp (Bandyopadhyay et al
1996)

Host Plant Resistance and Cultural
Practices to Control Ergot

ImtIal effort m development of host
plant resistance IS bemg conducted byes­
tablIshment ofnurserIes to evaluate prevI­
ously reported sources ofhost plant resIs­
tance Many ofthese nurserIes are located
m ergot areas at various global locatIOns
with several partIclpatmg mternatlOnal
and U S sCientIsts exchangmg germ­
plasm All current male-sterIle sorghums
appear to be fully susceptible to ergot and
It wIll take considerable time and possibly
some novel breedmg approaches to de­
velop adapted, agronomically acceptable
ergot-resistant sources Because chemical
controls are expensive and may not be
100% effective It will be necessary to m­
corporate all feasible cultural and other
ergot control or preventIOn methods mto
hybrId productIOn schemes Any cultural
practice which Will faCIlItate rapid and
maximum pollInatIOn of the female par­
ent WIll dIrectly reduce the rIsk of ergot
and complement the effectiveness of ap­
plIed fungICides Although ergot IS not yet
present m the prImary hybrId productIOn
regIOn many commercial U S compames
are already Implementmg some of these
practices mcludmg multiple plantmg
dates ofthe male pollInator and a smaller
ratio offemale to male rows
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ConclUSIOns

The emergence of C afrlcana as a
global disease problem on sorghum has
created consIderable concern about ItS
present and future Impact on hybrId seed
productIOn and the entire sorghum mdus­
try That concern and the contmumg
spread ofsorghum ergot, espeCially m the
Western HemIsphere, has generated an
mcreasmg amount of research mto VIrtu­
ally every aspect ofthe bIOlogy ofC afrl­
cana that can be potentially explOited to
provide for control of sorghum ergot In
the same manner that the global nature of
the sorghum mdustry and the mterna­
tIonal seed trade probably contrIbuted to
the spread of C afrlcana It IS also thiS
same factor that Will encourage sCientists
from around the world to collaborate m
theIr development of mtegrated and sus­
tamable controls for sorghum ergot

References

Bandyopadhyay, R, Fredenckson D E
McLaren, N W and Odvody, G N 1996 Er­
got a global threat to sorghum InternatIOnal
Sorghum and M111ets Newsletter 37 1-32

Ferreira, A S and Casela, C R 1995 Ocorrencia
de Clavlceps sorghl agente causal da doenca
ergot no Brasil Fltopathologla Brasilenra
20302

Ferreira, AS, Pmto N F J A ,and Casela, C R
1996 Avaliacao de funglcldas para 0 controloe
de ergot ou doenca acucarada (Clavlceps alr/­
cana) em sorgho PesqUisa Em

FrederIckson D E Mantle P G and de Milliano
W A J 1991 Clavlceps afhcana sp nov the
dlstmctlve ergot pathogen ofsorghum m Africa
Mycological Research 95 1101-1107

McLaren N Wand Wehner F C 1992 Pre­
flowerIng low temperature predispOSitIOn of
sorghum to sugary disease (Clavlceps afrlcana)
Journal of Phytopathology 135 328-334

Rels E M Mantle P G and Hassan HAG
1996 FIrst report m the AmerICas of sorghum
ergot disease caused by a pathogen diagnosed
as Clavlceps afrlcana Plant Disease 80 463



United States Private Sector Response

W E Dolezal

Abstract

Ergot has beenposltlvely ldentified m the US andposes a threat to sorghumproduc­
tIOn Private seed compames m cooperatIOn wlth governmental agencles seed trade
orgamzatzons federal andumversltyplantpathologlsts have developeda voluntary aa­
tzon plan for reducmg the rlsk ofaccldental seed transmlsszon of Clavlceps afncana
mto diseasefree areas The Vlew expressed m th,S paper represent those ofPIOneer H,­
Bred InternatlOnal Inc, andnot those ofthe entire seedmdustry Details ofthe planfor
ergot management m commerczal, parent seed and research nurseries are presented

Ergot has long been recogmzed as a se­
rIOUS dIsease of sorghum [Sorghum bl­
color (L ) Moench] The disease IS caused
by fungI withm the genus Clavlceps, most
commonly two speCIes C sorghl and C
afrlcana The recent mtroductl0n and the
rapId spread ofthe pathogen 10 the Amen­
cas poses new challenges for the US sor­
ghum producers DIscovery of C afrl­
cana mfected sorghum plants near Wes­
laco, TX Texas confirmed the pathogen's
spread mto the US Most ofthe US sor­
ghum seed producers belIeve that C afrl­
cana WIll be dissemmated, VIa wmd, to
the major sorghum seed productIon re­
gIOn known as the Texas HIgh Plams
Seed producers recognIze that there IS a
rIsk factor 10 transport1Og the pathogen
VIa seed movement A voluntary ergot
management polIcy was developed
through the cooperatIve efforts ofperson­
nel from sorghum seed compames, seed
trade assocIatIOns, agncultural profes­
slOnal SOCIetIes, federal and state regula­
tory agencIes and umversity plant pa-

W E Dolezal PIOneer HI Bred InternatIOnal Inc Des Momes
Corporate Headquarters 400 Locust Street SUIte 800 POBox
14453 Des Momes IA 50306 3453
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thoiogists The VIews expressed 10 thIS
presentatlOn reflect only the VIews ofPIO­
neer HI-Bred InternatIOnal, Inc (PHI)
These VIews are not mtended to represent
those ofentIre U S sorghum seed produc­
ers PHI IS a member of the AmerIcan
Seed Trade AssocIatIon (ASTA) and has
collaborated WIth that assocIatIOn, and
other prIvate sector agencIes, 10 develop­
109 the ergot management actIon plan pre­
sented 10 thIS paper ComplIance WIth thIS
actIOn plan IS strIctly voluntary

The aCCIdental 1OtroductlOn and rapId
spread of C afrlcana 10 the AmerIcans
and AustralIa has brought the potentIal for
major economIC losses to several bUSI­
nesses 10 the agncultural commumty
There IS posSIbly one benefit from thIS
dIsease It has brought together many of
the world's leadmg agncultural SCIentIsts
to aSSIst 10 a worldWide problem, as dem­
onstrated by thIS conference It has also
help foster a new era of cooperatIve re­
search between governmental agencIes,
between countrIes and between publIc
and prIvate lOstItutlOns PIoneer HI-Bred
InternatIonal, Inc conducts sorghum re­
search at 18 worldWIde locatIOns, work­
109 WIth many publIc 1OstitutlOns to help



develop our products ThIS dIsease has
caused a ShIft m research pnontles wIthm
our company Resources are bemg reallo­
cated to meet thIS new threat Part ofthese
resource reallocatIOn mvolves PHI per­
sonnel bemg reaSSIgned new ergot re­
search goals, whIle another mvolves pro­
vIdmg mcreased financIal support to pub­
lIc research programs WhICh are focused
on ergot Budgetary constramts over the
past few years have reduced staffing at
many publIc mstItutIOns to low numbers
Many natIOnal and local dIsease surveys
have been dlscontmued due to staffing
shortages ThIS has resulted m lImIted or
no pathogen momtormg database PHI
and other pnvate seed companIes have
cooperated m sharmg ergot dIsease data
WIth the publIc sector SpecIal ergot web­
SItes, lIke the one establIshed by the
USDA-ARS-TARS, have been very help­
ful m momtonngthe spread ofthe fungus

Today's telecommumcatIOn systems,
lIke electromc maIl, allow for mstant up­
datmg of developmg dIsease SItuatIOns
There needs to be more effort to establIsh
a worldWIde database for pathogen mom­
tormg, especIally for the newly emergmg
dIseases PublIc mstItutIOns and pnvate
companIes need to share theIr dIsease
momtormg data to help develop research
pnontles and update phytosamtary laws

A successful pnvate company, lIke
PHI, wants to follow a good agncultural
stewardshIp polIcy ThIS mcludes practIC­
mg a sound phytosanItary polIcy It IS a
good moral polIcy to follow, but It also
makes good busmess sense Good bUSI-
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ness relatIOnshIps are bUIlt on trust, a trust
between the customer and the company
The goal IS to have the customer purchase
hIS seed from us year after year There IS
also a trust bUIlt between the company
and phytosamtary regulatory offiCIals
The aCCIdental mtroductIOn of an exotIC
dIsease mto an agrIcultural regIOn can
cause severe economIC damage to the
farmer and hIS commumty The lInkage of
that aCCIdental dIsease mtroductlon WIth a
pnvate seed company can have a severe
economIC Impact to the busmess Fman­
CIaI losses to the company may occur
through lItIgatIOn cost, CIvIl penaltIes and
loss ofbusmess reputatIon and the loss of
future seed sales A company must often
make a chOIce between a legally correct
versus a bIOlogIcally correct phytosanI­
tary deCISIon It may be legal to Import
seed WIth a known exotIC pathogen, how­
ever, the pathogen may not be on the cur­
rent phytosamtary restncted IIstmg It
would be a poor deCISIon based on bIO­
logIcal standards, but It IS a legally correct
one under current law PHI and other
companIes Impose hIgher mternal qualIty
standards than what are legally reqUIred
PHI unposes mternal quarantmes on seed
movement from varIOUS regIOns These
restrIctIons are necessary to reduce the
nsk of aCCIdental pathogen mtroductIOn
PHI has long mamtamed thIS restnctIOn
on seed movement from Afnca to the
Amencas because of the nsk of ergot

All researchers, both m the publIc and
pnvate sector should reVIew the bIOlogI­
cal nsk factor m movmg seed from one



contment to another Legal restrIctIOns
may prevent the movement, but when le­
gally permIssIble, the rIsk for pathogen
mtroductIOn need to be determIned There
can probably never be a total elImmatIOn
of rIsk, It can be mmImized by Imple­
mentmg a hIgh seed qualIty polIcy (use of
fungIcIdes, InSectIcIdes, etc)

Ergot Management QualIty Plant
adopted by Pill, and other prIvate seed
companIes, for reducmg the rIsk or trans­
portmg C afrlcana wIth sorghum seed
shIpments m 1997, IS as follows

Commercial & Parent
Seed ProductIOn Fields

• ApproprIate fungIcIdes WIll be ap­
plIed to fields durmg pollmatIon

• FIelds wIll be regularly mspected
for the presence of ergot

• Segregate seed lots pendmg seed
health testmg

• Seed should be cleaned and treated
m the country ofOrIgm

• Seed from mfected areas should not
be shIpped mto known dIsease free
productIOn areas

• Zero sclerotIa tolerance m seed
shIpped mto dIsease free areas

Research Nursenes

• ProactIve fungICIde applIcatIOns
durmg pollInatIOn

• FIelds regularly mspected for the
presence of ergot

• Pamcles mspected durmg harvest
Infected pamcles are to be d6­
stroyed

• All pamcles dned and threshed m
the country of orIgm

• Nursery seed treated WIth approprI­
ate fungICIde m the country of OrI­
gm
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• Seed known to be mfected should
not be shIpped mto known dIsease
free productIOn areas (Zero toler­
ance of seed WIth honeydew & VI­
able comdIa)

WorldWIde standards need to be estab­
lIshed for determmmg seed qualIty for
seed productIon m areas where ergot IS
known to occur Seed from ergot mfected
regIOns should be allowed to be shIpped
to other ergot mfected regIOns, but thIS
seed must meet the gram qualIty stan­
dards establIshed for each country ThIS IS
not a quarantme Issue but It IS a seed qual­
Ity ISSUe Can we determme what IS a real­
IStIC, and phYSIcally obtamable, qualIty
standard for sclerotIa and honeydew seed
usmg mdustry standard seed cleamng
equtpment (gravIty tables & aspIrators)
commonly used at most sorghum produc­
tion facIlIties? What IS the pomt ofdImUl­
Ishmg return m cleanIng seed lots for scle­
rotIa? What are the rIsk factors of sclero­
tIa contammatIOn versus economIc cost of
seed production? Other questIOns to be re­
solved mvolve use of seed treatment fun­
gICIdes Compames often face the dI­
lemma ofa mandated seed treatment fun­
gICIde m the country ofproductIOn that IS
not approved for use m another county
where the sorghum seed IS sold Can regu­
latIOns be amended for these CIrcum­
stances?

Ergot WIll contmue to challenge sor­
ghum researcher and seed producers The
findmg from research presented at thIS
conference should help the entIre seed m­
dustry m the years to come PIoneer HI­
Bred InternatIOnal, Inc IS pleased to be an
actIve partICIpant m thIS conference and
WIll contmue collaboratIve research et:
forts WIth the publIc sector



Sorghum Ergot m Argentma

L M GlOrda, M J Martmez, M Nassetta, and S PalacIOs

Abstract

In 1996, sorghum ergot was observed for the first time m Argentme durmg
MarchiApnland identifiedasClavlceps afTlcana The outbreaks ofergotdisease m Ar­
gentina were mamly associated with cool weather conditiOns durmg the growmg sea­
sons of1996 and 1997 The average mmimum and maximum temperatures were 141
and279°CpriOr to anddurmg anthesis andwere withmfavorable llmitsfor disease de­
velopment Flowermg by the end ofJanuary resulted m a low nsk offavorable disease
conditiOns m both years Consequently, early sowmg allowed to escape from the dis­
ease Different expenments carned out at Manfredi Expenment StatiOn, Cordoba mdf­
cated that Astylius atromaculatus Blanchard transmitted C afTlcana locally

Gram sorghum m Argentma IS cultI­
vated throughout the subtropical and tem­
perate regIOns between latitudes 22-40°
South and longItude 56-66° West It IS
grown pnmanly as a feed crop on ap­
prmomately 800,000 ha m dryland areas
(GIOrda 1997) and IS usually cultivated m
a rotatIOnal system with either soybeans
or peanuts Sorghum productIOn IS con­
centrated m the states of Cordoba, Santa
Fe, Entre RIos, and La Pampa

Durmg March and Apnl 1996, ergot
was observed for the first tIme mArgen­
tma m commercial fields ofgram and fOF­
age sorghum F I hybnd seed productIOn
and Identified as Clavlceps afrlcana
(GIorda et al 1996) In 1997, the dIsease
appeared earher WhICh affected some
late-planted seed productIOn plots and

L M Gtorda Sorghum NatIOnal Coordmator Plant PatholOgist
and AsSOCiate Professor EEA INTA Manfred! 5988 Manfredi
Cordoba Argenbne M J Marbnez, PhD student Fac de Clenclas
Agropecuanas UNC M Nassetta and S PalacIOs PnnClpal Re
searchers and ASSOCiate Professors m Organic ChemiStry CE
PROCOR, 5000 Cordoba Argentme
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farmers' fields where honeydew was
present and resulted m problems of har­
vestmg the crop

Ergot AlkalOIds

Sclerotia and honeydew from mfected
sorghum male sterIle hnes were collected
m 1997 and used to extract ergot alka­
lOIds The extracts were separated by thm
layer chromatography (TLC) on slhca
gel The alkalOIds were vlsuahzed by dl­
methylammobenzaldehyde spray as blue­
purple spots (Fig 1) and seen as blue fluo­
rescent spots under long-wavelength UV
hght (GIOrda 1997, Mantle and Walght
1968, Mantle 1968, Stahr 1991) Er­
gometrme was used as the standard ofer­
got alkalOIds

SclerotIa from 1996 and 1997 showed
simIlar TLC patterns wIth an average Rf
value of0 61 for the major alkalOid com­
ponent The alkalOId spectrum m sclerotia
collected from dIverse sources and years
was umform but their concentratIOns
were dIfferent



solvent level~

Ergometrine Argentine Argentine Bolivian
Sclerotia Honeydew Sclerotia

1997 1997 1996

orlgm ~------~--_-

eluent chloroform/methanol (41)

FIgure 1 Thm layer chromatography on sIlIca gel vlsuahzmg ergot alkaloIds from sclerotIa and
honeydew of Sphacella sorghl collected from Argentme mfected sorghum fields Er­
gometrme was used as the ergot alkalOIds standard

• plantmg date II Nov 1996 mam flowenng penod
25 Jan 1997 anthesls penod oflate flowenng male stenle
hnes IS 25 Feb 1997 and disease occurrence 4 Apr 1997

Table 1 Average mmlmum and maxImum
temperature and relatIve humIdIty at
ManfredI ExperImental StatIOn,
Cordoba, Argentma durmg the 1997
growmg season*

or RH
Mp~n

January 184 307 837
February 141 279 757
March 147 268 709
AnTlI 11 Q ')7 il (;10

EpIdemIOlogy

The outbreak of ergot dIsease m 1997
was mamly assocIated WIth cool weather
and a mean relatIve humIdIty (RR) of
757% The average mmImum and maXI­
mum temperatures were 14 1 and 27 9°(
These temperatures and humIdIty levels
followmg pamcle emergence or about 10
days pnor to onset ofanthesIs and dunng
anthesIs, were sufficIent for mfectIon and
development ofthe dIsease m male stenle
sorghum lmes (Table 1)

The first symptoms of ergot were ob­
served on 4 Apr 1997 on late flowermg fe­
male lInes at the ManfredI Expenment
StatIon (Cordoba nursery located at 31°
49'12" South latItude and 63° 46'00"1011­
gItude and 292 m above sea level) At the
same tIme, the dIsease was also observed
on a F I hybnd seed productIOn field near

Pergammo, Buenos AIres state, about 500
km away from Manfredi, with SImIlar
mmlmum and maximum temperatures
(14 5 and 276°C) and hIgher humIdIty
pnor and durmg flowermg (Table 2) The
prevaIlmg wmd dIrectIOns were from the
north and northeast wIth some aIr move­
ments from the south and southeast
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• Average from the first 15 days of the month

Table 3 Average minImum and maximum
temperature and relative humidity
at Manfredi Experimental Station,
C6rdoba, ArgentlDa durmg the 1996
grOWing season*

Mmimum and maxnnum temperature
of about 14 and 28°C combmed wIth RH
levels of70-90% are conducIve to comd­
Ial productIOn (Bandyopadhyay et al
1996) and hence pathogen spread These
envIronmental condItIOns are SImIlar to
those that occurred m Argentme m 1996
and 1997 m varIOUS sorghum locatIOns
from mId-February and March Flowenng before the end ofJanuary re­

sulted m low nsk of ergot favorable dIS­
ease condItIOns m both years Conse­
quently early sowmg favored escape from
the dIsease whereas later sowmg, that re­
sulted m flowenng dunng the cooler part
of the season (by the end of February),
promoted ergot mCIdence

McLaren (Bandyopadhyay et al 1996)
m South AfrIca used the maxImum dally
temperature of 28°C (temperature above
WhICh dIsease mCIdence IS mmimal) and
12°C mmimum temperature (temperature
below whIch maxImum predIspOSItIon
occurs) to IdentIfy hIgh and low nsk flow­
enng penods Usmg McLaren's methods
and Argentma's envIronmental data of
1996 and 1997, we detenmned low and
high-nsk penods for the country (FIgures
2 and 3) However, the average mmimum
temperature used m our analysIs was
slIghtly hIgher (14 and 28°C, 15 and 27°C
for 1996 and 1997, respectIvely) than
those mentIOned by McLaren (Bandyo­
padhyay et al 1996)

In other expenments conducted at the
ManfredI Expenment StatIon, we found
that the latentpenod vaned between 4 to 8
days dependmg on envIronmental condI­
tIOns Honeydew exudatIon mitIated two
days after the sphacehum was observed

Local Spread Vectors

Average mlDlmum and maximum
temperature at Pergammo Experi­
mental StatIOn, Buenos Aires, Ar­
gentma durmg the 1997 groWing
season

Table 2

The average mean RH was 85 4% and
879% durmg February and March 1996,
respectIvely, correspondmg RH m 1997
were 75 7% and 709%, respectIvely (Ta­
bles 1, 3) The dry weather after mfectIOn
dunng the 1997 season suppressed the de­
velopment ofdIfferent saprophytes whIch
were very common durmg the 1996 sea­
son when the spread of C qfrzcana oc­
curred more rapIdly and mtensively

• planttng date 30 nov 1995 mam flowenng penod 6 Feb
through 6 Mar 1996 anthesls penod oflate flowenng male
sten1e Imes 615 Mar 1997 andwsease occurrence 25 Mar
and 15 Apr 1996

Infected spIkelets exude stIcky drops
of flUId honeydew contammg macroco­
mdIa and microcomdia Several authors
suggested that comdIa are spread also by
msects that feed on honeydew whIle oth­
ers (Bandyopadhyay et al 1996) sug­
gested that msects may not playa sIgmfI­
cant role m ergot spread
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Figure 3 DaIly minImum and maXimum temperatures at Manfredi Exp Sta, Artentma 1996
and 1997 Arrows mdlcate outbreak of ergot disease

Expenments carned out at Manfredi
Expenment StatIOn, Cordoba, mdicated
that Astylus atromaculatus Blanchard

transmItted C afl'lcana FIfteen gram sor­
ghum panIcles of female hnes were cov­
ered WIth polhnatIOn bags 8 days before
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flowenng, and were mfested one day bef­
ore anthesiS or at the onset of anthesls
wIth two honeydew-contammated msects
per panIcle An addItIonal 15 panIcles
were moculated wIth a honeydew suspen­
SIOn Control panIcles were protected
from contact wIth msects by baggmg
them wIth thIck pollInatIon bags 8 days
before flowenng untIl the dough stage of
growth The mal was repeated three tImes
and performed durmg March and Apnl
VIsIble ergot symptoms were observed 8
to 9 days after vector moculatIOn whIle
fewer days (4 to 5 days) were needed for
dIsease development when panIcles were
moculated WIth honeydew suspenSIOn
No mfectIOn occurred on the protected
control panIcles Astylus atromaculatus
normally "feeds" on pollen and It IS con­
ceIvable that the msect became mfested
WIth COnIdIa and consequently served as
vectors

Management StrategIes

ConsIderable research mformatIOn IS
aVaIlable on dIfferent aspects of the bIOl­
ogy ofthe pathogen However more work
IS needed on the dIsease epIdemIOlogy
and VarIabIlIty ofthe pathogen to develop
an mtegrated ergot management strategy
Based on the scarce data avaIlable from
the two years ofergot mCIdence m Argen­
tma, the followmg management practIces
are suggested

• Earlyplantmg dates (Octoberto be­
gmnIng ofNovember) to escape the
dIsease

• ChemIcal control m hybnd seed
productIOn fields SystemIC fungI­
CIdes mIxed WIth contact fungI­
CIdes and apphed 3 tImes at 5-7
days mtervals, begmnIng 10 days
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before flowermg (thIabendazole,
propiconazole and terbuconazole

mIght be effectIve as preventIve but
not as curatIve treatments)

• Pollen-based management
• Use seed free from sclerotIa (wlthm

tolerance levels) and dlsmfected
WIth fungICIdes

• Develop a forecastmg system
based on temperature and relatIve
humIdIty condItIOns

• IdentIfy host-plant reSIstance
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Incidence of Ergot ID Honduras

J Moran and F Gomez

Abstract

Ergot 1S a very aggress1ve d,sease w1th a capaC1ty for w1de d1spel sal compared to
other sorghum d,seases In 1996 1t movedfrom Braz11 to Bolma, Argentma Colombia
and Venezuela Also m 1996, ergot was 1dentified m Honduras, specifically m the val­
leys ofZamorano, Jamastran, Comayagua, and Talanga my1eldtrials andm a commer­
clalfield

Most of the sorghum In Honduras,
maInly malCI1los cnollos, IS grown m the
southern regIOn where the yields are very
poor (854 kg ha 1) due to unfavorable
weather condItIOns such as low preCIpIta­
tIon and hIgh temperatures The northeast
regIOn of the country IS second m Impor­
tance wIth a mean yield of 2,826 kg ha 1

smce the farmers In thIS regIon (mamly
Olancho) have adopted Improved grow­
mg and harvestmg technologIes Includmg
more umform hIgh yIeldmg hybnds com­
pared to the malcIllos cnollos Also
weather conditIons m thIS regIon are more
favorable for growth and development of
sorghum There are lImIted commercIal
hybnd production areas In the eastern part
ofthe country, such as the Jamastran val­
ley, and recently an mcrease m sorghum
productIOn throughout the north coast
was observed

BaSIcally, sorghum IS grown m many
regIOns WIth a WIde range ofweather con­
dItions These dIverse enVIronments pro­
Vide Ideal condItIOns for pathogen deveI-

•J Moran and F Gomez Departamento de Agronomla Escuela
Agrucola Panamencana Apartado Postal 93 TeguCigalpa D C
Honduras 'Correspondmg author
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opment and therefore, yield loss In Hon­
duras, the most common sorghum patho­
gens are Colletotr1chum gram1nlcola,
Peronosclerospora sorgh1, Cercospora
fasc1maculans, Gloeocercospora sorgh1,
PUCClnlCapurpurea and Exserohzlum tur­
C1cum Wh1Ch can cause y1eld losses of up
to 80% Ergot (Clav1ceps afr1cana) was
reported for the first tIme m 1996

Spread ofErgot 10 Honduras

Ergot was observed m Zamorano (FIg
1) m a 1996 commerCIal sorghum hybnd
StrIP test The tnal was establIshed on
August 31 and conSIsted of 29 commer­
CIal hybnds from SIX dIfferent pnvate
compames from the USA, MeXICO, Gua­
temala and BrazIl Seeds from all hybnds
were treated pnor to plantmg WIth Pro­
metlE Each plot conSIsted of four rows,
125 m long, and 80 cm m WIdth DIfferent
maturIties were observed, WIth anthesIs
rangmg from 63 to 79 days after plantmg
(dap) Honeydew was observed m some
pamcles of the hybrId ICI 730 produced
byZENECA

In the followmg weeks, whIte crusts of
honeydew were observed on the leaves of
leI 730 which produced secondary mocu­
lum that mfected other hybnds and ergot
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Figure 1 Geographical locatIOns where ergot was confirmed ID Honduras

symptoms developed on nearby hybnds
Of the contamInated hybrIds, ICI 737
showed the greatest amount ofhoneydew
although It was 25 meters away from ICI
730 However, we were unable to deter­
mIne If the presence of ergot In ICI 737
was the result of Inoculum from ICI 730
DIfferences In ergot appearance between
the hybrIds could be caused by vanatIOn
In bloomIng as ICI 730 bloomed 63 dap
and ICI 737 five days thereafter Honey­
dew was only observed on the north and
south borders ofthe research plot and not
observed In the mIddle

Honeydew exudatIOn was also ob­
served In ICI 730 In the PCCMCA trIal In
a nearby field ThIs tnal was arranged as a

randomIzed complete block desIgn WIth
30 entrIes and four replIcatIOns The hon­
eydew was observed In almost all panI­
cles and IS attrIbutable to the small SIze of
the plot (16 m2

) As In the StrIP test, ICI
737 exhIbIted honeydew symptoms after
ICI 730 WIth tIme, the exudation was
colOnIzed by secondary organIsms and
assumed a blackIsh appearance

ClImatIc condItIOns dunng anthesiS In

Zamorano were

• Accumulated precIpItatIOn 60 1
mm

• Mean maXImum temperature
259°C

• Mean mInImUm temperature
164°C
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• Mean relative humIdIty at 700
95%

• Mean relative humIdIty at 13 00
841%

The PCCMCA trIal was also estab­
lIshed at two other locatIOns m Honduras
(FIg 1) Comayagua, at Centro de Entre­
namiento y Desarrollo AgrIcola (CEDA),
and Jamastran, at Las AcacIas Expen­
ment StatIOn Comayagua IS a valley lo­
cated 80 kIn northwest from TegucIgalpa
at 580 meters above sea level (masl) At
thIS locatIOn, the tnal was estabhshed on
September 19 and was Identical to the Za­
morano tnal Time to anthesis ranged
from 63 to 70 dap Up to 100% of the
plants ofICI 730 were mfected Other hy­
bnds sowed near, showed some exuda­
tion, however, the same hybnds faIled to
produce any honeydew Iflocated far from
ICI 730 plots m other replIcations Also m
two replIcatIons, ICI 737 had 15% dIsease
mCIdence WIth time, whIte crustmg was
observed on leaves, SImIlar to plants m
Zamorano and the pamcles eventually
were colomzed by secondary orgamsms
Low ergot mCIdence was reported m Ja­
mastran valley, whIch IS, located 70 kIn
east ofZamorano at 600 masl Ergot mCI­
dence m ICI 737 was as low as 5%, but,
other hybnds were ergot-free

A resear~h group from INTSORMIL
who vISIted the country m early Decem­
ber confirmed ergot Drs Gary Peterson,
Darrel Rosenow, WIlham Rooney and
Mr Delroy CollIns Identified the dIsease
m the three locations prevIOusly men­
tioned At the same time Dr PhIl Arne­
son, a pathologIst from Cornell Umver­
SIty, IdentIfied ergot m four dIfferent
weeds but It IS unknown If the causal
agent was C aji-lcana
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Seed samples from the PCCMCA tnal
were sent to Dr RIchard Fredenksen at
TAMU, to determme Ifseed was the con­
dUIt for ergot mtroductIOn All the seed
were treated WIth recommended fungI­
CIdes before sowmg Smce seed treatment
kl1ls comdIa of C afncana on seed sur­
face and no sclerotIa were found m the
seed lots, It was not possIble to conclude
that contammated seed was the cause for
mtroductlon of ergot to Honduras (R A
Fredenksen, personal commumcatIOn)

The PCCMCA tnal was dIstrIbuted
throughout Central Amenca and MeXICO
two locations m MeXICO, three m Guate­
mala, one mEl Salvador, two m NIcara­
gua, one m Costa RIca, two m Panama,
and one m the Dommican RepublIc
When we found out that ICI's hybnd
mIght be a possIble source of ergot, we
contacted the other regIOnal locatIOns to
find out If ergot had shown up Fortu­
nately, none reported the appearance of
ergot m theIr tnals

Recently Mr JaIme Paredes, a sor­
ghum researcher from El Salvador, dIag­
nosed ergot m that country A seed In­
crease nursery ofsorghum hnes had up to
80% mCIdence ofergot ThIS nursery was
located only 100 meters from the field
where the PCCMCA tnal was planted m
1996 In October 1996, ergot was re­
ported on a commercIal hybnd m the Ta­
langa valley, located 50 kIn northeast of
TegucIgalpa (FIg I ) That hybnd was the
887 V2, produced by CnstIani Burkard
SA, a seed company from Guatemala
ThIS same hybnd was used as a check m
the StrIP test establIshed at Zamorano ear­
lIer that year However, honeydew was
not observed m the panIcles at Zamorano
In commercIal fields, ergot mCIdence was



mImmal Honeydew was observed on
plants at the margIns of the field where
pollen avaIlabIlIty was mInImal

Future directIOns

A germplasm grant was approved by
the Sorghum Germplasm CommIttee for
evaluatIOn of sorghum hnes for ergot re­
Sistance We wIll cooperate WIth Dr WIl­
ham Rooney from TAMU Lmes wIll be
evaluated for genetic VariabIhty to C af
rlcana
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The maIn objectives of these research
efforts Include

I Evaluate resistance to C afrzcana
from different sorghum genotypes
that wIll be used directly In breedIng
programs or as genetic sources

2 Charactenze major reSistance
mechanisms for use In development
of mtegrated control of ergot

3 EvaluatIon SItes ofergot to the exotic
sorghum germplasm wIll be at two or
more locatIOns In Honduras to maxI­
mIze screenIng opportumtIes



Ergot, Honeydew or Sugary
Disease of Sorghum In Venezuela

Gmo MalagutI and Nmoska Pons

Abstract

Sugary disease ofSorghum (Sorghum blcolor(L) Moench] appeared suddenly m
Venezuela by June 1996 F I hybrzd seed and commerczal gram sorghum productIOn
fields as well as the common weedsS halepense S arundmaceum S vertlCllliflorum
and Pamcum maxImum, were mfected The diseased pamcles exhibited abundant,
stiCky, sugary exudatIOn whlchjloweddown as droplets fallmg on leaves and sozl be}
ore drymg toform creamy whItIsh crusts MIcroscopIC exammatzon ofcross sectIOns of
Infected ovarzes revealed the presence ojstroma, comdIOphores andcomdia WIth char­
acterzstlcs referable to the species Sphacella sorghl On the baSIS of the analySIS of
sugar compositIOn ofdrzed drops ofhoneydew thiS anamorphic state was related to
Clavlceps afTlcana by P G Mantle The sphacellal structures were colomzed by the
fungus Cerebella andropogoms Ascogenous forms were not observed It can be as­
sumed that the przmary moculum comes from wzld hosts or volunteer sorghum plants
growmg alongfields or roadSides andfrom mfected debrzs, contammg comd,a which
are eaSily transportedby the wmdor ammals Untzl resistant lmes are avazlable, proteo­
tlve fungiCide treatments, mtegrated With SUitable agronomic practices are bemg em
ployed

Sugary dIsease or honeydew of sor­
ghum [Sorghum blcolor(L ) Moench] has
been known smce 1917 m many regIOns
of IndIa and varIOUS countnes of AfrIca
(Bandyopadhyay et al 1990,1996) In
1995, It was reported m Braztl where an
epIdemIC covered far and WIde m a few
months Later It was found m Argentma,
ColombIa, Paraguay (Bandyopadhyay et
at 1996) and, m 1996, m Venezuela

In Venezuela, the dIsease appeared
suddenly m male stenle lInes of sorghum
m the FI hybnd seed productIOn fields, m

'Gmo Malagutl and Nmoska Pons Fondo Naclonal de Invesllga
Clones Agropecuanas Centro NaclOnal de InvestigacIOnes Agro
pecuanas Apartado 4653 Maracay 2101 Venezuela 'Corre
spondmg author
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the states of Carabobo (San Joaqum and
Guacara), Aragua (Magdaleno, Cagua
and VIlla de Cura) and Anzoategut (El TI­
gre) It was also observed, but WIth a less
mCIdence, m extenSIve hybnd plantatIOns
for commercIal gram productIOn m
Guanco state (AltagracIa de Ontuco,
Chaguaramas and other localItIes) In
Venezuela, about 350,000 ha ofgram sor­
ghum IS annually sown WIth hybnd seed,
whIch are mostly produced m the country

The first VISIble and dIstinctIve man..
festatIon ofthe dIsease IS the abundant se­
cretion of a honey-lIke, stIcky exudatIOn
that flows down from the flowers mfected
by the fungus Sphacelza sorghl McRae,
mentIOned as the anamorph or Imperfect



stage of speCIes of Clavlceps (Ascomy­
cete)

The fungus penetrates the flowers
through the emergmg stIgma and style,
replaces the ovary wIth Its own mass
thereby preventmg gram formatIon The
damage IS extremely severe m fields for
hybrId seed productIOn If the male stenle
flowers remam nonpollmated for a long
tIme The fertIlIzmg pollen, from the re­
storer lInes, IS sometImes delayed, be­
cause of poor synchromzatIOn or adverse
envIronmental condItIons, thus allowmg
the fungus to penetrate through the
stIgma, and colonIze the ovary The
ovule, once fertIlIzed, IS mostly resIstant
to the mfectIOn (Bandyopadhyay et al
1996)

The role of pollInatIOn m reducmg Ill­

fection was reaffirmed m an expenmental
field for seed productIOn, where m the
same male stenle plants, the SIde of the
panIcles exposed to wmd carrymg pollen,
had more normal grams than m the opp~
SIte SIde of the pamcle, where more Ill­

fected ovarIes were found (M RtccellI,
personal commumcatIOn)

In the commerCIal F1 hybnd used for
gram productIOn, the flowers produce
normal pollen leadmg to rapId fertIlIz&o
tIOn Therefore, mfectIOn IS restncted to a
few flowers It has been observed that the
sugary stIcky honeydew exudatIOn causes
dIfficulty dunng the harvestmg oper&o
tIons

Ergot of sorghum IS favored by abun­
dant and prolonged rams whIch keep rela­
tIve humIdIty hIgher than 90% and tem­
perature, espeCIally at mght, relatIvely
low, between 18 and 28°C In BrazIl, ram-

89

fall durmg 1995 was twIce than normal, m
Venezuela (Maracay, Aragua state) dur­
mg 1996, It was 1421 mm, WhICh was
hIgher than the annual ramfall average
durmg the past 12 years (1078 mm) at the
same localIty These wet condItIons are
regarded to be favorable to epiphytotIc
outbreaks ofthe dIsease (Bandyopadhyay
et al 1996)

Symptoms

The first symptom and SIgn ofthe dIS­
ease IS the stIcky sugary exudatIOn ThIS IS
so abundant that It comes from the ovanes
of mfected flowers as translucent drops,
whIch flow down along the panIcle, fal­
lmg on leaves of the plant or on the soIl
(FIgures 1 and 2) It seems that the path~
gen S sorghl secretes mhibitory enzymes
whIch prevent the converSIon of plant
sugars mto starch as have been shown for
Clavlceps purpurea (Campbell 1959)
These sugary drops, at first colorless, later
turn opaque and brown, and when dry,
produce a WhItISh powdery cracked crust
on panIcles, leaves and soIl (FIgure 3)

The dIseased panIcles may be eaSIly
recognIzed by theIr WhItIsh dry-sugary
crust, whIch contams a great amount of
COnIdIa Later and espeCIally under hIgh
humIdIty, the mfected pamcles tum to a
blackIsh color and the deformed ovanes
enlarge and crack and are later colOnIzed
by parasItIC or saprophytIC fungI

The descnbed symptoms, mduced by
Sphacella sorghl, were also observed m
the wIld sorghums (Sorghum halepense
(L) Pers , S arundmaceum (Desv)
Stapf, S vertlcilliflorum (Steud) Stapf,
and Pamcum maximum Jacq These
weeds are very common m Venezuela
fields



Figure 1 Symptoms mduced by Sphacella sorgh, In sorghum pamcles

Figure 2 Droplets ofthe sugary exudatIOn m sorghum pamcle
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Figure 3 Droplets of the sugary exudatIOn and powdery crust of dned drops on fobar surface

The sugary exudatIon and the sphace­
hal tIssue filhng the ovary were observed
m the above mentIOned host plants TypI­
cal sclerotIa, curved as a httle hom (= er­
got m French), from WhICh the perfect
stage of the fungus would arise, were
never found Thus, the ascogenous forms
were not observed m Venezuela

Pathogen

MICroscopic exammatIOn ofcross sec­
tIons of mfected ovaries revealed the
presence offungal structures whose char­
actenstICs are SImIlar to the ones de­
scnbed by varIOUS authors for the fungus
S sorghl (Bandyopadhyay et al 1990,
1996, Fredericksen et al 1991)

Infected ovarIes are almost entIrely
filled WIth a stromatIc, not very compact,
convoluted mass formed by angular hya-
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hne cells whIch, together, exhIbIt a whIte,
creamy color, WIth short comdIOphores m
dense palIsades, beanng phIahdic co­
mdIOgenous cells m whIch comdIa are
produced (FIgures 4 and 5) ComdIa are
very abundant, shmy, oblong, ellIptIcal,
shghtly constrIcted at the mIddle, hyalme,
guttulate, 15-19 (m long and 4-5 (m WIde
at the base and at the apex (FIgure 6)

The sugary exudate and the sphacehal
stroma are cololllzed by Cerebella andro­
pogoms Ces which seems to mhibit scle­
rotlUm development and therefore the
sexual stage formatIon C andropogoms
IS eaSIly recogmzed for Its blackIsh brown
colored comdiophores m dense palIsades
of velvet-lIke appearance, formmg char­
actenstic convolutIOns hke those on the
surface at the bram mass (hence the name
Cerebella) (FIgures 7 and 8) (Langdon
1955, Tarr 1962)



FIgure 4 Cross sectIOn of an ovary mfected by Sphacella sorghl, showmg stroma with comdlO­
phores In palIsade

Figure 5 Sphacella sorghl. Stroma WIth comdlOphores, comdlOgenous cells and comdla
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Figure 6 Comdla ofSphacella sorghl

Samples of mflorescences of CUlti­
vated and wIld sorghum sugary exuda­
tions, were sent to Professor P G Mantle,
Impenal College, Umverslty of London,
who confirmed the presence ofsphacehal
fructificatIOns and typical sugars of the
sexual stage of ClaVlceps afrlcana Fre­
denksen, Mantle and de Mllhano, and the
lack of well developed sclerotia The ab­
sence of sclerotia reduces the nsk oftox­
ICity of false grams

Disease IntroductIon

The possible explanations for the pres­
ence of the disease m Venezuela, are as
follows

a IntroductIOn ofthe fungus With com­
mercial gram sorghum Imported for
ammal consumption, or With expert-
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mental samples from AfriCa, ASia or
South Amenca

b Comdlal disperSion by strong au
movements from adjacent countries
such as BrazIl and Colombia, as It
happens With rust uredospores

c C afrlcana might have been present
m Venezuela for some years m host
plants, and remamed unnoticed, un­
tIl the particular environmental con­
ditions of 1996 favored moculum
pressure thereby producmg the epl­
phytotlc

Primary Infection

In Venezuela, It can be assumed that m
the absence ofascospores, pnmary mfec­
tlon ongmates from comdla from Wild
hosts or volunteer sorghum plants grow-



Figure 7 Cerebella andropogoms growmg on the S sorghl honeydew

FigureS Cerebella andropogoms on mflorescence of Pamcum maxzmum mfected with S sorghl
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mg along field borders or roadsIdes Co­
nIdia may also come from the sugary
powdery crust on panIcles or mfested de­
bns left m the field after harvest COnIdIa
mayremam VIable for several months and
then spread by wmd, msects, bIrds, anI­
mals and farm Implements (Bandyopadh­
yayet al 1996)

Seeds from dIseased fields may carry
the sugary exudate along WIth the fungus
mycehum and COnIdIa leadmg to reduced
germmatIOn, and mcreased predIsposI­
tIon to seedhng dIseases (McLaren 1993)

ConsideratIOns about Control

The use of reSIstant hybnds IS the first
optIOn to control ergot However, reSIS­
tant male stenle hnes are not aVailable In
most countnes, work IS dIrected towards
the selectIOn of these hnes, m places
where envIronmental condItIOns favor­
able to the dIsease are naturally present
Germplasm can also be tested by mocu­
latmg the panIcles by spraymg an aqueous
sugary suspenSIOn pnor to polhnatIOn
(Futrell & Webster 1966)

As long as reSIstant matenal is not
available, other control optIOns may be
conSIdered for managmg the disease The
precautIOns can be summarized as fol­
lows

Hybnd seed productIOn

• Sowmg m appropnate penods
aVOldmg hIgh humidIty and low
temperatures durmg flowermg pe­
nod

• Movmg seed productIOn to dner ar­
eas WIth low relative humIdIty
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• Ehmmatmg all wild hosts, espe­
cially P maxlmum and wild sor­
ghum plants present m the field or
m nearby areas

• Changmg the male female propor­
tIon to mcrease the male hnes to en­
hance the pollen quantity and
thereby obtaInmg a hIgher fertIhza­
tIon and a lower mfectIOn

• Obtammg a better synchrOnIZatIOn
of the male and female flowermg,
WIth the respective study ofthe ex­
act cycle and hne development

• Usmg healthy parental seeds to re­
duce pnmary moculum

• Reducmg tillers by mcreasmg plant
populatIOn m the female hnes and
ehmmatmg, Ifpossible, the suckers
before flowenng

• A very important measure is to pro­
tect the fields With an appropnate
fungICide, With three apphcatIOns
(every 5 to 6 days) startmgJust bet:
ore anthesis Spray droplets must
be evenly dIstnbuted over the
whole panicles

Gram Production

In gram sorghum fields, the disease IS
normally less severe than m seed produc­
tIOn due to self-polhnatIOn Protective
fungICIdes are not recommended due to
itS hIgh cost, but an economIC study on
cost-benefit ratIO IS reqUlred DefenSIve
strategIes are more pertment These are

• Ehmmatmg all pOSSIble wl1d hosts
of the pathogen from the field and
neighbonng areas before sowmg

• Ehmmatmg volunteer sorghum
plants, especially if mfected

• Assurmg that the seeds are healthy,
commg from pathogen free areas
An appropnate seed treatment fun-



gIclde should be applIed If any
doubt eXIst

Accordmg to BrazIlIan mvestlgatIOns
carned out m 1995 and 1996 (Odvody
1996), the "Tnazole" famIly can satIsfac­
tonly control the dIsease CommercIal
products such a TIlt® (Clba-Gelgy), FolI­
cur® and Baytan® (Bayer) are all used m
concentratIons around 0 5-1 L ha

Baytan was more effective, but It IS

tOXIC at the mdlcated level Seed treaf.
ment can elImmate the comdla that can be
present m the sugary exudatIOn dned on
the grams

Fmal Conslderatton

Ergot, honeydew or sugary dIsease of
sorghum, IS a dIsease that can dlssemmate
qUIckly by means of wmd, anImals and
seeds, reachmg long dIstances and
spreadmg m vast areas It perpetuates m
debns, grams and a varIety ofhost plants
The control measures lIsted above must
be studIed and assessed for each cIrcum­
stance smce some are difficult to follow,
such as the elImmatIOn of wIld sorghum
plants As the dIsease IS present m most
seed producmg areas of Venezuela, care
should be taken m selectmg fields for seed
multIplIcatIon

As happens wIth most dIseases, an evo­
lutIOn wIll take place m WhICh we find
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ways that wIll allow us to coexIst WIth thIS
dIsease DIseases such as downy mIldew
and maIze mOSaIc of com, the bactenal
blIght ofsesame and the whIte leafofnce
are examples ofthIS evolutIon and adapta­
tIon
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Cereal Ergots 10 Uruguay

Maya S PIiielro

Ergot alkalOIds produced by Clavlceps
on forage grasses (tall fescue, ryegrass)
and cereal grams are wIdespread m Uru­
guay Local chmatic condItions are Ideal
for sclerotia development and germma­
tion, dissemmatlOn ofascospores, and m..
fection The weather and agronomIc prac­
tiCes make sclerotia as Important propa­
gules The presence of ergot m cereals IS
qmte common Most of It IS attrIbuted to
admIxture of grams wIth ryegrass An­
nual ryegrass IS a common weed, whIch
mvades cultIvated lands m Uruguay In
these wlld grasses, mfectlOn by Clavlceps
purpurea, Plthomyces chartarum,
Clavlceps spp, etc IS very common and
the fungI are WIdely dIstnbuted m our
fields Annual ryegrass seeds mfected
wIth fungal endophytes or C purpurea
ergot sclerotIa very often become compo­
nents of feed Other speCIes such as C
paspall and Ustl1ago paragumenslS also
affect cattle, producmg nervous dIsor­
ders

Contammation wIth ergot occurs m all
cereal grams, bran and other cereal by­
products and feed Feed components of­
ten Include mIxtures of thud grade
screemngs, whIch have weed grass seeds
and ergot sclerotIa Low-grade categones
ofcereals, such as barley, wheat, rye, may
contam ergot bodIes from the cereal Itself

Maya S PIneIro Head MycotOXIn Department Laboratono Tec
nologIco del Uruguay (LATU) Ave ltalta 6201 MontevIdeo CP
11500 Uruguay
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or from the weed grasses makmg the ra­
tlOn unsUltable for ammal feed

In response to mcreasmg ergot mfec­
tion resultmg m large ammal health and
economIC losses, the Uruguayan authon­
tIes, m 1986, Issued regulatIons establIsh­
mg lImIts These set a maxImum value of
o03% (0 03 g ofergot sclerotIa per 100 g
ofanImal feed) or 450 ng g 1 oftotal alka­
lOIds for all speCIes, WIth the exceptlOn of
feed for sows, rabbIts and chmchillas dur­
mg lactatIon and pregnancy, where there
IS a zero tolerance These regulatory hm­
Its take mto account a dally dose of 59 Jlg
kg 1 ofalkalOIds as the maxImum permIS­
SIble mtake wIthout havmg tOXIC effects
m dairy cows ThIS IS a very stnct stan­
dard, comparable to Canada's 005% for
theIr hIghest grade rye, and 0 01% for ex­
port wheat

Even when applymg commercIal grad­
mg systems and the 1986 regulatlOns, pre­
cautlOns had to be taken as tOXIC levels
passed mto the grams because alkalOId
values hIgher than those permItted could
not be detected by routme gram quahty
laboratones Determmatlon ofergot scle­
rotIaI tIssue was not possIble once mIX­
tures were mIlled Up to 1993, ergot was
detected mamly by mIcroscopIC counts of
sclerotIa or ergot bodIes and sporadIcally
by colonmetnc assays, pIgment content
and blOlogical tnals

Human tOXICOSIS has not been detected
after the enforcement ofthe ergot regula­
tIons, gram sanItary hmits and trade con­
trol, but anImal cases are endemIC Smce



1992, ergot tOXICIty syndromes and field
outbreaks have been on the nse m cattle,
sheep, swme, horses and poultry These
local anImal tOXIC sIgns mclude poor
weIght gams, abortIons and reproductIve
problems, agalactIa, staggers m heIfers,
summer hyperthermIa, heat stress, pe­
npheral necrOSIS and gangrene, nervous
dIsorders, convulsIons and other clImcal
mamfestatlons of vasopressor actIOn of
ergot alkalOIds All members of the fam­
Ily ClaVlclpltaceae are capable ofproduc­
Ing ergot alkalOIds and should be suspect
In these tOXIC cases In addItIon endo­
phytIC fungI can also be found m pasture
grasses and can be tOXIC to anImals

Cereal grams are very susceptible to er­
got mfectIOn Durmg the last decade, un­
provement m agrIcultural practIces, mIll­
Ing teclmlques and gradmg have elImI­
nated the potentIal risk of wIdespread
human outbreaks of ergotIsm However
the chromc effects ofmgestmg low levels
of ergot alkaloIds over long penods and
the ammal cases detected locally led us to
InVestIgate the actual levels ofergot alk~
lOIds present m our commonly consumed
cereals and feeds In Uruguay, ryegrass
was consIdered the major source of ergot
InfectIOn although there was no conclu­
SIve alkalOId data At Laboratorlo Tec­
nologlco del Uruguay (LATV) we have
been momtormg ammal case studIes for
ergot alkalOId levels In the feed and COIn­
ponents used, as well as m all suspected
tOXIC cereals SInce 1993

Our first objectIve was to compare, de­
velop or adapt and standardIze analytIcal
methods for chromatographIc Identlfic~

hon and quantIficatIon offour maJ or ergot
alkalOIds The pnnclpal aIm, however,
was to evaluate the levels and InCIdence
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ofthese alkalOIds m samples of our mam
cereals and anImal feeds

In 1993-1995, a pIlot study momtormg
mycotoxm contammatIOn m food and
feeds, mcludmg ergot alkalOIds was con­
ducted by LATU WIth FAa's finanCIal
aSSIstance (pIneIro et al 1996) Ergot al­
kalOIds were detected In 26% of the feed
samples at levels above the legal allow­
ance The major pharmacologIcally ac­
tIve ergot alkalOIds analyzed were ergota­
mme, ergocrIstme, ergocornme, and
alpha-ergokryptme Smce then, we have
routmely determmed these ergot alka­
lOIds m our laboratory (PIneIro et al
1995) Analyses were by lIqUId chroma­
tography usmg a 5-llm HypersIl C18 col­
umn (100 X 46 mm), WIth an Isocratic
Hewlett Packard 1050 system WIth fluo­
rescence detector (Scott and Lawrence
1980, Ware et al 1986)

Sugary dIsease of sorghum has not
been overtly observed m Uruguayan
fields although cases have been sus­
pected The results presented here on er­
got alkalOId levels and mCIdence refer to
sorghum and mIxed feed, where sorghum
was a large part of the feed components
used

As combmed tOXIcItIes of alkalOIds
may be a more mSldiouS detnment to both
lIvestock and human health than the mdI­
VIdual compounds, the results ofour stud­
Ies have been expressed as total ergot al­
kalOIds Our data presented pertams to
samples ongmatmg from feed mvolved m
tOXIC cases or from suspected contamI­
nated grams

Out of 177 total samples analyzed
smce 1993 (Table 1), 109 samples had de-



Table 1 Level oftotal ergot alkaloIds In 177 cereal-based products In Uruguay

No
Product samples <6 5 150 151 450 451 700 701 1000 1001 2000 2001 3000 >3000
Sorghum & mIxed feed 105 42 11 22 15 5 8 0 2
Bran & wheat based feed 41 16 9 9 1 1 2 1 2
Oats 1 1 0 0 0 0 0 0 0
Wheat & Flour 17 5 2 2 3 1 4 0 0
RIce & by products 9 3 0 4 1 1 0 0 0
Com 2 1 0 1 0 0 0 0 0
Barley 2 0 0 0 0 1 1 0 0

Total ~osltlve samples 109
>ngg 1

Total posItive samples 49
>450 ngg 1

Total samples 177

Of the samples exceedmg regulatIons,
sorghum and mIxed feed represented the
largest part (169%), followed by wheat

tectable values (detectIOn hmIt 6 ng g 1)
for total ergot alkalOIds Ergotamme was
the major alkalOId present m all cases Of
all samples, 49 surpassed the legal hmIt of
450 ng g 1 Levels vaned from <ng g 1 to
>3000 ng g 1 for total alkalOIds (Table 2)
The percentage of total pOSItIve samples
above the detectIOn hmit was 61 9%
HIgh levels of alkalOIds, WIth values
above 1001 ng g 1 to >3000 ng g \ were
found m sorghum and mIxed feed, bran
and by products and wheat Such hIgh al­
kalOId content was detected m 5 6% sor­
ghum and mIxed feed samples

Table 2 Percent samples of varIOUS cereal
products (total 177) wIth alkalOId lev­
els below or above the tolerance level
(450 ng g 1) In Uruguay

and flour (4 5%), bran and wheat based
feed (39%), for a total of27 7% samples
over legal allowances

Total ehmmation of ergot poses dIffi­
cultIes However, good preventIve meas­
ures based on mycologIcal IdentIficatIon,
alkalOId detectIOn and quantIficatIOn,
pasture, sIlage and feed handlIng can re­
duce toXIC levels, ImproVIng sanItary and
economIC aspects conSIderably

As general recommendatIOns, reduc­
tIon m ergot contamInatIOn IS pOSSIble by
cleanng wIld grasses near cultIvated
fields, sowmg cereal varIetIes less sus­
ceptIble to ergot, rotatIOn WIth non-hosts,
post harvest removal of sclerotIa, and
deep plowmg From the mdustry pomt of
VIew, segregatIOn, denSIty, SIeves, sepa­
rators, flotatIon, mIllIng, etc can remove
over 80% ofergot

Product

Sorghum & mIxed feed
Bran & wheat based feed
Oats
Wheat & flour
Rice & by products
Corn
Barley
Sub Totals

<450
ngg I

420
192
06
51
39
1 1
00

719

>450
ngg I

169
39
00
45
1 1
00
11

275
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The data presented here should raIse
awareness ofthe pOSSIbIlIty oftoxICIty by
the consumptIOn of ergot contammated
cereals on a daIly baSIS by humans as well
as ammals It would asSISt m evaluatmg
health nsks from mtake ofergot alkalOIds
and settIng and enforcmg appropnate
standards
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Sorghum Ergot III MexIco

J H Torres-Montalvo and N Montes-Garcia

Abstract

Gram sorghum lS one ofthe three most lmportant crops m Mexlco and ltS productwn
lS now threatened by ergot, whlch wasfirst observed m February, 1997 1mtlal ergot m·
festatwn coveredparts ofthe states ofTamaulzpas, Veracruz andSan LUlS POtOSl As of
May, 1997, ergot was present m northern Tamaulzpas, and the states of Smaloa,
Nayarlt, Jalzsco, andColzma The seedmdustry lS attemptmgto reduce the lmpact ofeF­
got m seed productwn fields by applymg trzazole funglcldes More mformatwn lS
neededabout chemlcals, rates ofapplzcatwn, andphytotoxlclty INIFAP lS conductmg
research m different areas to control the dlsease Momtormg lS bemg done to evaluate
the spreadandthe seventy ofergot Chemlcal control andhostplant reslstance areprE­
onty research areas Regulatory measures have been applzed to prevent the dlssemma­
twn ofClavlceps afTlcana

Gram sorghum [Sorghum blcolor (L )
Moench] has mcreased m economIC Im­
portance m MeXICO durmg the last four
decades Its adoptIOn by farmers has been
so successful that It was consIdered the
second green revolutIOn (DeWalt and
Barkm 1985) ThIs success was due to ItS
hIgh YIeld, WIde adaptatIOn to the dIffer­
ent ecologICal condItIOns m MeXICO,
drought tolerance, and to the demand of
the gram by the feed mdustry Another
Important factor was the avaIlabIlIty of
hybnds that are used m 95% of the pro­
ductIon area

Today, gram sorghum IS the thIrd most
Important crop m the country sown m 1 4
mIllIon ha More than 4 2 mIllIon tons of
gram IS produced per year (FAO 1996)

• J H Torres-Montalvo Nalional Research lnstltnte for Forestry
Agncultnre and LIVestock (lNIPAF) MexIco present address
Dept ofPlantPathology and MtCroblOlogy TexasA&MUmver
Slty CollegeStatlOn TX USA andN Montes GarcIa lNPAF
Apartado Postal 172 RIo Bravo Tamauhpas MexICO ·Corre
spondlng author
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The mam productIOn areas are northern
and central MeXICO m the states of Ta­
mauhpas, Smaloa, GuanaJuato, MIChoa­
can and Jahsco (FIg 1), where 87% ofthe
total gram IS harvested (SAGAR 1996)
The hIghest yIelds m the world have been
achIeved m the state of GuanaJuato (19 t
ha I)

MeXICO IS the fifth largest producer of
gram sorghum m the world followmg the
US, India, Chma, and NIgena In spIte of
thIS large productIOn, MeXICO Imports 3 5
mIlhon t ofsorghum gram annually whIch
IS eqUIvalent to 45% ofthe total gram re­
qUIred by the mdustry ThIS makes Mex­
ICO the largest sorghum gram Importer m
the world

Many dIverse factors lImIt gram yIeld
mcludmg drought, SOlI salImty, pests and
dIseases It was estImated that dIseases
are responSIble for 10-15 % ofcrop losses
m MeXICO (Narro et aL 1992) Ergot
(caused by Clavlceps afrlcana), a poten­
tIally devastatmg dIsease of sorghum,



1 Sinaloa
2 Tamaulipas
3 Jalisco
4 Guanajuato
5 Michocan

Figure 1 Mam gram sorghum producmg areas m MexIco

was first observed m MeXICO m February
1997 Ourpaper presents the evolutIOnary
status ofergot m MeXICO

IDltlal Spread of the Disease

Durmg the first week of February
1997, the ergot epIdemIc spread to and
withm MeXICO Ergot was InItIally ob­
served m several sorghum fields In the
states ofTamauhpas, San LUIS POtOSI, and
Veracruz (FIg 2) In Tamauhpas, the
mam sorghum producmg state, mfested
plants were reported m the central and
southern part of the state In central Ta­
mauhpas, ergot was observed m ratoon
crops and volunteer plants that flowered
at the end ofJanuary In southern Tamau-
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hpas and the neIghbOrIng states of
Veracruz and San LUIS POtOSI, ergot was
found m commercial fields, seed produc­
tIOn fields, and nursenes WIth A-hnes, R­
hnes, gram hybnds, and forage sorghums
MOISt condItIOns persIsted after the flow­
enng stage and saprophytes such as Cere­
bella sp were observed Ergot was also
reported mfectmg Johnson grass [Sor­
ghum halepense (L) Pers] throughout
the area and several plants of pearl mIllet
[Penmsetum glaucum (L) R Br] under
hIgh moculum pressure In a wmter grow­
out nursery m southern Tamauhpas estab­
lIshed by the Texas Department of AgrI­
culture (IDA)



Up to Feb '97

• Up to May '97

FIgure 2 Spread of sorghum ergot ID MexIco

The hIghest IncIdence of InfectIOn was
reported In the sorghum male-stenle lInes
and the forage sorghums Some commer­
cIal hybnds wIth varIOUS levels of male­
stenlIty, belIeved to be caused by the sen­
SItIVIty ofthe plant to temperatures below
12°C dunng pollen formatIOn also had a
hIgh IncIdence of ergot Lack of pollen
most lIkely contnbuted to colomzatIOn of
the ovary by spores ofC afrlcana MIcro­
sporogenesIs IS the developmental stage
that IS most susceptIble to adverse enVI­
ronmental condItions (ManJarrez­
Sandoval et al 1989)

ImtIally, ergot faIled to move further
north because host plants In thIS area suf­
fered freeze damage durIng the month of
January (FIg 3) The causal agent was
IdentIfied as Clavzceps afrzcana, based on

103

sclerotIa morphology, amount of secon­
dary comdiatlOn (Fredenckson et al
1989, Fredenckson et al 1991), and the
fact that thIS speCIes was the causal agent
In other countrIes of the Western HemI­
sphere (Reis et al 1996) StudIes on alka­
lOId content are beIng conducted to con­
firm thIS IdentIficatIon

Contmued DIssemmatlOn of Ergot

There are two sorghum growmg sea­
sons per year m northern Tamauhpas,
dunng whIch 90-95% of the state's gram
IS produced Dunng the maIn season, sor­
ghum IS sown throughout the month of
February and durIng the first 8 days of
March (Herrera and Betancourt 1981),
however, the farmers usually sow sor­
ghum from January to late March,
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depending on avatlablltty ofthe sotl mOIs­
ture

After the first appearance of ergot, It
was expected that incIdence would be less
In northern Tamaultpas during the main
grOWing season smce sorghum usually
flowers during Apnl-May ThIs IS based
on hlstonc chmatlc data, whIch suggests
that temperature and relatIve humIdIty at
thIS tIme Interval are not condUCIve for
developmentofergot However, the 1997
groWing season was umque Two factors
have contnbuted to the continued spread
of ergot I) the envIronmental condItIOns
were favorable for development of the
dIsease as cool temperatures and hIgh
relatIve humIdIty have been present most
of the season (FIg 3) Includmg tempera­
tures below 12°C that caused pollen ste-
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nitty m some commercIal fields and 2)
multIple planting dates have resulted In
florets blooming over extended penods of
tIme whIch contnbutes to avatlablhty of
plant host to the fungal spores Some
farmers had sown durmg the first week of
January and others were stIlI SOWing m
May The first observatIOns suggests dIf­
ferences In susceptlblhty to ergot among
dIfferent hybnds but more research IS
needed before defimte conclUSIOns can be
made Up to 80% inCIdence and 40% se­
venty were recorded In some commercIal
hybnds, partIcularly those that flowered
In late March and early Apnl

BeSIdes the above hsted factors, John­
son grass IS an endemIC weed In the area
where estImates of more than 40 000 ha
are mfested m northern Tamaultpas



(Rosales 1994) This dramatically m­
creases the nsk ofergot mCldence m sor­
ghum fields, because johnson grass could
act as an alternate host when sorghum flo­
rets are not avaIlable

Ergot was observed m the PaCific re­
gIOn m the states ofSmaloa, Nayarit, Jal­
ISCO, and ColIma (FIg 2), and was ofhigh
mCldence m productIOn fields and re­
search nursenes that flowered m Apnl
and May As on May, 1997, ergot has not
been reported m the Bajlo, which IS the
second largest sorghum productIOn area
m MeXICO and compnses the states of
Guanajuato and Michoacan The first sor­
ghum fields wIll not ImtIate flowermg un­
tIl late June There IS a hIgh nsk that ergot
WIll be present m the Bajlo because enVI­
ronmental condItIons would be nearly
Ideal for ergot development

Impact ofErgot on Seed Production

BeSides gram sorghum, northern Ta­
maullpas IS also the maIn sorghum seed
production area m MeXICO Most hybnd
seed was produced In thiS regIOn In the
1980's (Table 1), however, due to m­
creased costs, seed productIOn has de-

creased conSiderably In 1995 less than
1% of the sorghum seed was produced m
Northern Tamaullpas [NatIOnal Service
of InspectIOn and CertIfication of Seeds
(SNICS) 1996] The remammg seed was
Imported and pnmanly from the Umted
States Eight seed companies and one
farmer organization produced 22 differ­
ent hybnds on more than 2000 hectares m
1997 (SNICS 1997) Advantages for seed
production m thiS regIOn are favorable
envIronmental conditIons for productIOn
of good qualIty seed, highly mechanized
farms, acceptable yields, a short splIt be­
tween flowenng for both parents, con­
stant wmds that favor pollmatIOn, ade­
quate mfrastructure for seed processmg,
avaIlabilIty of labor for roguemg the
fields, avaIlabilIty of IrngatIOn, and a
large local market (WIllIams-Alams and
Torres-Montalvo 1988)

After the first report of ergot m Mex­
ICO, the seed mdustry was shocked at the
ImplIcatIons that thiS disease carned for
seed trade and the fact that ergot pnmanly
affects the male stenie-llnes m the pro­
ductIon ofF I hybnds, particularly Ifthere
IS poor pollInatIon by the restorer lInes
(Bandyopadhyay et al 1996)

Table 1 Sorghum seed produced In MeXICO, 1988-95

Year Area Seed Needed l Seed Produced Surplus or Yield
(ha) (t) (t) Deficlf (t ha I)

1988 17160 42790 73816 113 0 26
1989 9247 37312 17323 1170 19
1990 10716 42146 21016 410 20
1991 5834 33206 9809 630 I 7
1992 5543 32072 9980 310 I 8
1993 946 21404 1333 470 14
1994 308 20652 309 65 10
1995 2213 35031 3754 09 17

Source NatIOnal ServIce of InspectIon and CertIficatIOn of Seeds (SNICS)
IHybnd seed needed for commercial use the followmg year
2For the growmg season the followmg year
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Durmg a dIsease survey m early May
1997, ergot was not observed m the seed
productIOn fields bloommg although In­
oculum was present because mfected
plants were found m nearby commercIal
fields that had flowered m Apnl

Seed compames are usmg chemIcal
control to prevent ergot by applymg tna­
zole fungICIdes based on the success m
BrazIl (FerreIra et al 1996) Adequate
eqUIpment for ground applIcatIOn of
chemIcals IS not available and, therefore,
aenal applIcatIOns are bemg used Propl­
conazole (TI1t~ or tebuconazole (Folu­
cur®) have been sprayed 2-3 tImes by the
seed companIes Rates varIed from 250 to
500 ml of chemIcal (250 gal L I) The
cost of three sprays is estImated at US
$625 ha I, mcludmg the cost ofthe chemI­
cal and aenal applIcatIOns Most applIca­
tIOns were done dunng bloommg Seed
producers are concerned WIth possIble
phytOtOXIC effects offungICIdes on the pa­
rental lInes when applIed durmg the flow­
ermg stage sprayed twIce before the
plants began to bloom The first applIca­
tIOn was atthe 50% flag leafstage, and the
second 5-6 days later The effiCIency of
aenal applIcatIOns to control the possible
presence of ergot and phytOtOXICIty are
bemg evaluated

Research

When ergot was first reported m Mex­
ICO, the NatIOnal Research InstItute for
Forestry, Agnculture and LIvestock (INI­
FAP) ImmedIately imtIated a comprehen­
SIve program to control the dIsease The
first pnonty was to determme the extent
ofthe dIsease A research team, pnmanly
from the RIO Bravo Expenmental StatIon,
conducted regIOnal and natIOnal momtor-
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mg to evaluate mCIdence and seventy of
ergot

StudIes on preventIve chemIcal control
are bemg conducted usmg both systemIC
and contact fungICIdes TIme of applIca­
tIOn, chemIcals, rates, and methods ofap­
plIcatIon are some of the vanables under
study ChemIcal seed treatments are also
bemg conducted Management practIces
such as plantmg dates, temperature ef­
fects on fertIlIty and VIabIlIty of sorghum
pollen, and IdentIficatIOn of alternate
hosts are bemg evaluated

Host plant reSIstance IS the most eco­
nomIcal and logIcal control strategy If
sources ofreSIstance are avaIlable All pa­
rental lInes and hybnds of INIFAP are
currently bemg evaluated ReSIstance,
when IdentIfied, needs to be mcorporated
Into elIte sorghum germplasm Other re­
search projects Include studIes on tOXICOl­
ogy, bIOlogy of the pathogen, and DNA
marker aSSIsted selectIOn

SCIentIsts from INIFAP and Texas
A&M UmversIty conducted a meetIng m
Apnl 1997, to plan and Implement col­
laborate research In areas ofmutual mter­
est ChemIcal control and momtormg the
spread ofergot In MeXICO and Texas were
ofthe greatest concerns

RegulatIOn

Samdad Vegetal, the phytosamtary
agency m MeXICO Imposed an emergency
plan to control the spread ofergot to other
regIOns of the country The objectIve of
thIS plan was to dIagnose, prevent, control
and eradIcate sorghum ergot (SAGAR,
DIarIo Oficial de la FederacIOn, 1997)
These measures Included mCIneratIon of



fields With more than 50% mCldence, hm­
Ited the sale of mfected gram to areas
where sorghum IS not produced, and dis­
mfectmg of eqUipment used m mfested
fields with 5% NaCI

After the announcement of thiS plan,
other regulatIOns have been made pubhc
The measures can be divided mto three ar­
eas management of mfected gram, In­
spectIOn and management ofseed produc­
tIOn fields and storage faclhtles, and pro­
hibit Imp~rtatlOnofmfected gram and/or
seed These measures were reViewed by
the responsible regulatory agency whIch
also cooperates wIth sCientists and the
sorghum mdustry to obtam mformatlOn to
regulate the movement of contammated
gram/seed and to approve use ofthe effec­
tive fungIcIdes needed to control ergot

EducatIOn

Sorghum producers, extensIOn speCIal­
IstS, and the sorghum mdustry wIll need
additIOnal research to prOVIde answers on
ergot and effectIve methods for control
They need to be mformed of problems
and methods to reduce the Impact of the
malady Several semmars, meetmgs and
conferences were organIzed by dIfferent
agenCIes to proVide mformatlOn about er­
got to producers, the prIvate sector, and
lDstltutlOns lDvolved lD the sorghum Ill­
dustry

InformatIOn IS VItally needed lD Span­
Ish The bulletlD "Ergot - A global dis­
ease threat to sorghum" produced by the
Sorghum Improvement Conference of
North AmerIca (SICNA) and the Interna­
tional Crops Research InstItute for the
SemI-And TropICS (ICRISAT), was
translated mto Spamsh and IS now m
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press INIFAP IS also producmg technIcal
artIcles
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DNA Comparisons and AlkalOid ToxIcity of the
Ergot Fungi - A ContributIOn to Ergot Phylogeny

Sylvie Paloutova

Abstract

The RAPDpatterns ofClavlcepspurpurea revealedgreatvarzabllzty even among the
Isolatesfrom the sameplantandhead Two groups werefound, basedon the relatedness
oftheIr RAPDpatterns as well as on thepresence or absence ofan EcoRirestrIctIOn sIte
m the 5 8S rDNA One ofthem (EcoRl+) predommated on the cereals andgrassesfrom
open habItats whereas the other (EcoRi-) preferred glycophytlc hosts Unlzke C pur­
purea, the RAPD patterns ofC fusiformiS, C paspall and C glgantea dId not show
mtra--specles varzabllzty The DNA sequence comparzson ofITS spacers and the 5 8S
rDNA regIOn from 12 ClaVlceps speCIes revealed the eXIstence oftwo dlstmct groups
Group 1-C vmdls, C afncana, C glgantea, ClaVlceps sp ex Sorghum, Clavlceps sp
exPamcummaxlmum, C phalaTldlSandC cltrmaandGroup2-C purpurea, C sul­
cata, C fusiformIS, C grohn and C paspall

Both Clavlceps sp, C cltrma, C phalaTldlS and C paspall shared a deletIOn m the
ITS1 regIOn, C phalaTldlS and C cltrma exhIbIted another deletIOn m the ITS2 regIOn,
about 30 bp long The mlssmgregIOns were alsofound m the outgroup specIes Fusar­
lum sambucmum suggestmg theIr older phylogenetIc orzgm

The alkalOIds m sclerotIa and shaken cultures ofC glgantea were analyzed The C
glgantea pathway leads from dlhydro-chanoclavme throughfestuclavme and dlhydro­
lysergol to dlhydrolyserglc aCId The occurrence ofdlhydroergosme, the only dlhydro­
genatedpeptIde alkalOId known from the phylogenetlcally related speCIes C afTlcana
mdlcates that m C afTlcana a SImIlar pathway could be operatmg

The PositIOn of Clavlceps
among Hypocreales

The evolutIOn and to some extent the
taxonomy ofthe paraSItic fungI belongmg
to the genus Clavlceps are mfluenced by
theIr host plants-grasses, rushes and
sedges The genus Clavlceps belongs m

Sylvle PaIoutova Semor Researcher Institute of MicrobIOlogy Czech
Academy of SCIences VldeAsk.1083 14220 Prague Czech RepublIc

the famIly Ciavicipitaceae The famIly IS
placed m the orderHypocreales, but m the
fiftIes, doubts concemmg the morphol­
ogy ofthe comdiogenous stroma led some
mycologIsts to transfer It mto Xylanales
(Luttrell 1951) Another mycologIsts
erected the order Ciavicipitaies (Gau­
maIlll 1952) Recently, molecular taxon­
omy was used to solve the relatIOnshIps
among dIfferent members ofHypocreales
and the ongmal placement of monophy­
letIc Ciavicipitaceae mto thIS order was
confirmed The molecular phylogemes



also show that the genus Clavzceps was
the first group denved from the common
ancestor lme, then Epzchloe/Neotypho­
dzum followed by Atkmsonella and last
clade contams speCIes of Balansza and
MyrlOgenospora (Spatafora and Black­
well 1993, Rehner and Samuels 1995,
Glenn et al 1996) These results contra­
dIct the formerly held hypothesIs about
Balansza bemg the most pnmItIve claVI­
CIpItOld group

The Intraspecific VanatlOn
of C purpurea

grasses from open habItats (FIgure 1)
EcoR- group conSIsted of30% ofIsolates
and seems to prefer the glycophytIc hosts,
lIke Molmza, Agrostzs, Poa annua, Cala­
magrostzs, but was also found on Festuca
rubra and Dactylzs sp In thIS group, there
are two baSIC RAPD patterns WIth the
pnmer257

After confirmmg the stabIlIty offinger­
pnnt patterns dunng the asexual propaga­
tIon ofthe Isolates, expenments were car-

FIgure 1 RAPD bandmg patterns of C pur­
purea subgroups With the pnmer
257

I Isolate from Lolrum sp England 2 Isolate from FeSluca
ovma Czech Rep 3 Isolate from Poa annua Czech Rep 4
Isolate from AgroS/lS sp BelgIUm
a C purpurea species speCific band
b Beo Rl+ group speCific band
c Eco Rl group-speCIfic band
A type of pattern found In 16 Eco Rl Isolates
B type ofpattern found In 2 BeoRl Isolates

EcoRI+ Eco RI-

05

kb

!l. Bgil1321

The search for varIetIes contmues us­
mg the methods ofDNA fmgerpnntmg m
our laboratory and m the group of Prof
TudzynskI m Germany Results were the
same m both laboratones (Jungehulsmg
1995) There are at least two groups that
share 1-2 major RAPD bands and we
found that they also dIffer m the presence
of EcoRI conservatIve restnctIOn SIte m
the 5 8S rONA EcoRI+ group (70 % of
Isolates) was found on cereals and the

The undoubtedly most WIdespread er­
got IS the type speCIes C purpurea that
cololllzes all poold and arundmoid
grasses and also occurs on chiondolds
and rarely on panIcoIds ThIS WIde host
spectrum led many mycologIsts to search
for vanetIes or races based on host prefer­
ences Indeed, several groupmgs were de­
scnbed durmg thIS century, but when
compared they dIffer, e g, Stager's (cf
Campbell 1957) European groups from
the groups observed m Japan by Tanda
(1979) Campbell (1957) cross­
moculated the C purpurea Isolates from
37 grasses and found that when qUIte ag­
greSSIve methods of artIfiCIal moculatIOn
were used, no host preferences occurred
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ned out to look at mutatIOn and reisola­
tIon, vanabilIty through companng the
Isolates from dIfferent florets on the same
flower head, dIfferent heads from the
same plant, dIfferent plants at the same lo­
calIty and from dIfferent specIes of thIS
localIty Pattern dIfferences were found
even among Isolates from the same head
(FIgure 2) that confirm multiple mfectIon
steps

Jungehulsmg, from TudzynskI's
group, found that the chromosome
number m C purpurea Isolates IS varIable
(3 - 6) and that theIr SIze ranges from I 8
to 7 Mb She confirmed that the sexual
crossmg (by double mfectIOn) of parents

WIth equal chromosome number but une­
qual chromosome SIze was pOSSIble, but
each Isolate from the progeny had dIffer­
ent karyotype due to translocatIOns durmg
meIOSIS TranslocatIOns durmg the sexual
cycle were the major source of RAPD
VarIabIlIty Chromosomal polymor­
phisms were observed among the Isolates
from the same place, year and host spe­
CIes, probably due to chromosomal rear­
rangements

To find out Ifthe RAPD polymorphIsm
vanabilIty of C purpurea was reflected
also m other genome parts, the rDNA re­
gIOns contammg ITS spacers and 5 8
rDNA from the stramC purpurea P695/S

Species-specific RAPD (206)

afncana

fuslformls

II

II

purpurea ~

cltnna

phalandls

grahll
VIridiS

glgantea

paspall
II

II

FIgure 2 The RAPD variabIlIty ofthe field Isolates from LolIum

]]3



(Schumann et al 1982), Isolated probably
from European cereals, and from C pur­
purea, Isolated m our laboratory from
scIerotiaonPhalarzs sp collected mAus­
traha, were sequenced These sequences
were compared to two Amencan C pur­
purea sequences Isolate GAM 12885
collected onDactylzs glomeratanear Ath­
ens, GeorgIa, USA (Glenn and Bacon
1996, sequence U57669m GenBank) and
Isolate 109 from Festuca arundmacea,
Lexmgton, Kentucky (Schardl et al
1991)

The European and Austrahan Isolate
dIffered only m a smgle base out of 556
locahzed 10 ITS2 The Amencan Isolates

GAM 12885 and 109 dIffered from the
European P695/S each m the 5 and 6 pOSI­
tIons, respectIvely They vaned m the
ITS 1 spacer, but none were common
whereas the dIfference between them was
m 10 posItIOns ofITSl GAM 12885 also
lacked the conservatIve EcoRI restrictIOn
SIte located m the 5 88 rDNA sequence
whIch documents that EcoRI+ and
EcoRI- group eXIsts also m Amenca

The Vanablhty of other
Clavlceps species

DNA fingerpnntmg of mne Clavlceps
speCIes was performed by RAPD tech­
mque wIth pnmer 206 (TCAA-

Head 3 Head 8

Plant 1 Plant 2

Figure 3 Specles-specdic RAPD with the primer 206
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CAATGTCGGCCTCCGT) (FIgure 3)
UnlIke C purpurea, dIfferent Isolates of
C paspalz and C fusiformls exhIbIted
very low RAPD pattern varIabIlIty The
patterns ofthree MeXIcan C glgantea ISO­
lates were IdentIcal and also C afrlcana
Isolates from BolIVIa and AustralIa dId
not dIffer It may be argued that C afrl­
cana IS spreadmg too rapIdly to develop
genome dIfferences among dIstant ISO­
lates The patterns wIth the pnmer 206
were markedly speCIes-specIfic and thIS
could enable the IdentIficatIon ofsphace­
lIal stages once the teleomorph RAPD
was determmed The RAPD pattern was
used as the first cntenon for exc1udmg the
possIbIlIty that the newly dIscovered er­
got from D splcata (C cltrIna) IS C pur­
purea (Paloutova et al 1998)

The Clavlceps Phylogeny

Langdon (1952, 1954) presented the
first outlIne of Clavlceps evolutIon Its
mam course IS connected WIth the evolu­
tIon of grasses and the global clImatIc
changes, so that bnefoutlIne ofgrass evo­
lutIOn WIll be gIven here

Grass EvolutIOn

Brown and SmIth (1972) and Jones
(1991) summarIze the evolutIOn of
grasses Grasses probably appeared dur­
109 the JuraSSIC penod (MesozOIc), m the
wet tropICS The subfamIlIes Phareae,
Centothecae and ArundmOIdae (C3) are
presumed to be the most pnmitIve De­
scendants of early arundmOIds are the
subfamIlIes ChlondOldae and PanlCOJ:­
deae that developed C4 photosynthetIc
pathways and thus acqUIred competItIve
advantage m warmer regIOns

ChlondOldeae, accordIng to the geo­
graphIcal dlstnbutIOn, acqUIred C4 pho­
tosynthesIs and expanded before the
breakup of the Pangea (MIddle Creta­
ceous), the greatest number ofspeCIes be­
mg concentrated m South AfrIca

Part ofthe PanlCOldeae (the tnbe PanJ:­
ceae) acqUIred C4 photosynthesIs shortly
before South Amenca was separated from
the rest of Gondwana (Late Cretaceous)
In Isolated South AmerIca, Pamceae
grasses became dommant C3 photosyn­
theSIS was retamed m apparently more
pnmltlve shade lovmg speCIes (Oplzs­
menus, Icnanthus, and partIally Panzcum)
whereas C4 speCIes colomzed open habI­
tats of tropIcal and subtropIcal zones
(some speCIes of Panzcum, Paspalum,
Cenchrus, Brachzarza, Pennzsetum)

In southern ASIa, the Andropogoneae
(Sorghum, Zea, Saccharum, Bothrz­
ochloa, Imperata) developed from some
C4 ancestor and rapIdly occupIed savanna
habItats and dry open woodlands It IS as­
sumed that thIS occurred some 25-30 mIl­
lIon years ago (mya) AndropogonOld
speCIes form 30-40% of all grass speCIes
m IndIa and AfrIca The transfer of An­
dropogoneae to Amenca occurred proba­
bly VIa southern Europe, before theIr
separatIOn In TertIary and they reached
AustralIa VIa Island chams

Pomdae subfamIly retaIned C3 photo­
syntheSIS, as C4 does not present any ad­
vantage In a cooler clImate It expanded
maInly Into the Northern HemIsphere
The Southern HemIsphere does not sup­
port ItS clImatIC needs except mNew Zea­
land, southern South Amenca and Aus­
tralIa
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The grass phylogemes derived from
plastid as well as nuclear DNA sequences
show two mam groups In the PACC
group (PamcOlds, ArundmOids Chlon­
dOlds and Centothecae), chlondOids and
arundmOids are sister groups to the ances­
tor of panlcolds, which correlates well
with the theory based on the geographical
dlstnbutlOn of grass subfamlhes The
group BOP contams Bambusa-Oryza and
POOids (Mathews and Sharrock 1996)

Ergot DistributIon

The global dlstnbutlOn of Clavlceps
species IS Influenced by the presence of
the grass hosts and also by the human fae-­
tor With the exception ofBraztl and West
India atthe end ofthe 19th century (Moller
1901, Henmngs 1899), the mformatIOn
concermng the occurrence oftropical for­
est ergots IS very scarce As far as I know,
no pnmitIve ergot WIth an undlfferentl­
ated sclerotIUm has been found m an AfrI­
can tropical forest However, this could
be also explamed by the penodlcal
changes ofchmate m AfrIca that led to ex­
tmctIon of ongmal ram forests The best
mformatlon about geographIcal and host
dIstributIOn IS avadable for the ergots that
colomze cereals and pasture grasses
(Langdon 1952)

The dlstnbutton of ergot species
throughout the world has several mterest­
mg features Fust, there IS a stnkmg dif­
ference m the number of ergot species
colomzmg the mam subfamlhes of Poa­
ceae The colomzatlOn of chlondold,
arundmOid and poold hosts IS somewhat
obscured by the vast occurrence ofC pur­
purea, but m fact ergot occurrence out­
SIde pamcolds IS as rare as Its' occurrence
on cyperaceous hosts The only

chlondOid-specrahzed species known so
far are C cynodontls (Cynodon), C yana­
gawaensls (Zoysra), and C cmerea (HI­
larIa) and we added a new speCIes, C Cl­

trma, found m Central MeXICO on DlS­
tlchhs spzcatawhlch was descnbed m our
laboratory (paloutova et al 1998) Also
the occurrence of C purpurea on chion­
dOids was documented (Campbell 1957,
Gray et al 1990)

The pOOid ergot IS represented by C
purpurea WIth Lauraslan dIstrIbutIOn and
paraSItic/endophytIC C phalarzdls en­
demiC to Austraha Both speCIes colomze
arundmOid species hke Danthoma and
have a WIde host spectrum, although C
purpurea IS conSIdered as an advanced
species and C phalarldzs a more pnmI­
tlve one C htoralzs occurs on northern
Japanese Islands, and Sakhalm, on Ely­
mus and Hordeum (Kawatam 1944)
Some mycologIsts, however, doubt ItS'
speCIes status and conSider It a variety of
C purpurea C grOhll, C cyperz and C
mgrlcans that colomze sedges of the
North temperate regIOns bear some mor­
phologiC and metabohc sImtlanty to C
purpurea (Mower and Hancock 1975)

In the genus Clavlceps, the panlcOid
species prevail The most pnmltlve spe­
Cies, C orthocladae which IS found on
Centothecae and C jlavella and C dla­
dema (undifferentiated sclerotIUm en­
compassmg the flower parts, germmatIOn
dIrectly on the host) which are found on
panlcOlds, occur only m the South Amer­
Ica tropiCS, whereas none have been
found m wet tropIcal and subtropical for­
ests ofAfrica and South ASIa None ofthe
South Amenca ergots were found mother
regIOns except for C paspah that was
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spread by human mfluence They evolved
as a separate group In contrast, several
speCIes are found both m AfrIca and IndIa
and some also m Austraha, so that the on..
gm ofthese speCIes IS obscured by a rela­
tIvely recent exchange No colollizatIon
of arundmOld grasses was observed m
panicOld ergots

ClaViceps PhylogenetIc Tree

Followmg the study of ergot dIstnbu­
tiOn and grass evolutiOn, the speCIes for
phylogenetic analySIS based on the com­
parIson of mternal transcnbed spacers
ITS1, 2 and 5 8S rDNA were collected
Four speCIes (Table 1) were obtamed
from the collectiOns, whl1e the remammg
eIght were Isolated m our laboratory

The ahgned DNA sequences were ana­
lyzed by the neighbor-Jommg method
contamed m Puzzle (Strimmer and von
Haeseler 1996) and MEGA packages
(Kumar et al 1994) Fusanum sam­
bucmum sequence X65477 from Gen­
Bank (O'Donnell 1992) was used as an
outgroup speCIes The tree (FIgure 3)

shows two hIghly supported dIstinct
groups

1 C VIrIdIS, C africana C gigantea, C
phalarldlS, Claviceps sp ex Sorghum and
Pamcum and C cItrma

2 C purpurea, C sulcata, C fusiformIS,
C grohu and C paspalz

The more basal speCIes C phalandls,
Claviceps sp ex Sorghum and Pamcum,
C cItrma and also C paspalz from the
second group shared a marked deletiOn m
the ITS1 regIOn, C phalaridis and C CI­
trma exhIbIted another deletIOn m the
ITS2 regIOn, about 30 bp long These de­
letIOns were found not only m the Fusar­
Ium outgroup but to some extent also m
another two sequences of nectnaceous
fungI that we tested as SUitable outgroup
speCIes and could be mterpreted as a
pnmitIve character

A schematic restnctIOn map of the se­
quences and the pOSItion of deletIOns are
shown on FIgure 4 As the tree was made
only from one quarter of known
ClavIceps speCIes, the relatIOnshIps are

Table 1 CharacterizatIOn of ergot species used In phylogeny tree

SpeCles Host Dngm A1kaJOlds
C purpurea POOldae Europe AmerIca clavmes ergopepttdes

ArundmOldae AfriCa, Australia
C fitsiformrs Penmsetum Cenchrus Africa clavmes
C sulcata Brachrarra AfrIca +
C grohn Carex Canada +
C paspah Pqynalum South Ametlca c1avmes lysergamrdes
C vmdrs Oph"smenus India, Japan
C afrrcana Sorghum Africa dlhydroergosme
C grgamea Zea :tY1cxn..o dthydrudav Ine~

dIhydrolysergromde
C phalarrdrs POOldae Australia

ArundmOldae
Clavrceps sp Sorghum Japan unknown
Clavrceps sp Pamcum maxrmum Paraguay unknown
C crtrma Drstzchlrs MeXICO
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Figure 4 Neighbor JOIning tree for 12 CltlVlceps species
The gamma distances were computed according to Jukes and Cantor algonthm parameter a=O 32 WIth paIrWIse deletIOn opnon can
tamed ID the MEGA software NJ tree was constructed WIth 500x bootstrap The branch support BeL values (hIgher than 50%) are
shown on the respecnve branches

far from absolute However, they confIrm
the eXIstence of two malO groups and the
close relatIonshIp ofSouth Amencan spe­
CIes to the ergot ancestors The Clavlceps
tree corresponds to some extent to the
scheme of grass evolutIOn publIshed by
Mathews and Sharrock (1996) The fIrst
group corresponds to the grasses of
PACC clade C phalandls probably de­
veloped on arundmOlds and survIVed 10

AustralIa because Its pOOld hosts were not
colomzed by C purpurea The groupmg
ofMeXIcan andropogonOld parasIte C gl­
gantea WIth two Sorghum parasItes from
AfrIca confirms that the andropogonolds
took theIr ergots WIth them dunng theIr
radIatIOn from South ASia

The second branch IS qUIte puzzlIng
Advanced cold reSIstant species dIstnb­
uted on the Northern HemIsphere and
found on pOOlds and/or sedges are umted
WIth Afncan savanna speCIes strIctly
bound to panIcoId hosts What IS even
more strtkmg IS the SImIlarIty ofDNA se­
quences III thIS group-at least 97%
among the most dIstant C purpurea and
C grohn that speak for the relatIvely re­
cent evolutIOn Rehner and Samuels
(1995) observed 95 6% IdentIty 10 960 bp
fragment of 28S rDNA of C purpurea
and C fusiformls

The first ergot specIes probably ap­
peared on the predecessors of PACC
grasses 10 the warm and humId clImate of
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the South Amenca reglOn offormer Gon­
dwana ThIS hypothesIs IS supported not
only by the geographIc dlstnbutlOn and
molecular phylogeny of contemporary
prImItIve Clavlceps speCIes but also by
the lack of pnmltIve tropIcal forest ergot
speCIes m AfrIca

Mam spreadmg ofergot proceeded to­
gether WIth the expanSIon of panlcOId
speCIes The change m world clImate on
the Cretaceous-TertIary boundary led to
reductIon of tropIcal forests and mcrease
m open grassy habItats The ergot speCIa­
tIOn then contmued mdependently on all
contments of the former Gondwana The
ergots of the first group probably ongI­
nate from thIS event The exchange
among AfrIcan and IndIan speCIes was
enabled at the same tIme as the spreadmg
of andropogonOId grasses m the OlIgo­
cene

The contemporary ergots ofthe second
group occurrmg m the colder clImatIC re­
gIOns and semI-and Afnca probably
evolved relatIvely recently to fill the eco­
logIcal nIches avaIlable whIch reqUIred
the adaptatIOn to survIve low tempera­
tures and/or dryness Where then ances­
tors came from IS unclear and more spe­
CIes from these regIons should be ana­
lyzed TentatIvely we speculate about a
Laurasian ongm and relatively recent
transfer to AfrIca

AlkalOIds ofDIfferent
Clavlceps species

UntIl now, the qualItatIve analySIS of
alkalOId content has been made m only
seven speCIes of the 43 descnbed, these
bemg C purpurea (peptIde alkalOIds of
the ergotamme or ergotoxme group), C

fusiformlS (agro-, elymo- and chanoclav­
me), C paspalz (clavmes and lysergIc
aCId amldes), C glgantea (dlhydroclav­
mes) (for revIew see FlIeger et al 1997)
The peptIde alkalOId dlhydroergosme IS
the mam component m C afrlcana and
traces of agroclavme were found m C
sorghl (Mantle 1968) Tanaka and
Sugawa (1952) detected peptIde alka­
lOIds, ergometnne and agroclavme m
sclerotIa of C zmperatae Porter et al
(1974) detected ergometrme-related alka­
lOIds m ergotIzed Cynodon dactylon, but
the ergot speCIes was not IdentIfied Taber
and Vmmg (1960) found alkalOIds m sub­
merged cultures ofC maxzmenszs and an
ergot from Zzzanza sp

In hIS descnpttons ofnew Japanese er­
got speCIes (Tanda 1981, 1991) only as­
sayed alkalOIds m sclerotIa usmg blue
coloratIOn WIth vanUrk's reagent and
theIr tOXICIty to mICe Some pOSItIve col­
onmetrlc reactIOn was found only m C
bothrlOchloae (Tanda 1991) In C yana­
gawaensls, however, the mIce tOXICIty
was observed despIte the absence of
measurable alkalOIds (Tanda 1981), sug­
gestmg the presence ofother tOXIC secon­
dary metabolItes

An mdlrect proof of alkalOId produc­
tlOn by C cmerea was the occurrence of
abortlOns m cattle grazmgHzlarza mutzca,
colOnIzed by thIS ergot m North MeXICO
(Zenteno-Zevada 1958)

In our laboratory we study the alkalOId
content of dIfferent Clavzceps speCIes as
well as the mtraspeclfic vanatlOn m alka­
lOIds of C purpurea The type of alka­
lOIds produced could also help m the elu­
CIdatIon of relatedness amongst speCIes
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C glgantea

We analyzed the alkalOids produced m
sclerotia as well as shaken cultures ofC
glgantea Dlhydrodenvattves ofthe com­
pound known from the usual clavme­
lysergic aCid pathway were found, sug­
gestmg that C glgantea alkaloid bIOSyn­
theSIS leads from dlhydrochanoclavme
through festuclavme and dlhydrolysergol
to dlhydrolyserglc aCid The precursor of
thiS pathway IS not known It IS mterestmg
that dlhydroergosme, the only dlhydro­
genated peptIde alkalOid known, IS pro­
duced by the related species C afncana
(Mantle 1968, Fredenckson et al 1991)
This mdlcates that m C afncana, a Simi­
lar pathway IS operatmg

Other Clavlceps species

Our prehmmary analyses show that al-
------jk~alolds are present III the shaken cultures

ofC grOhll and C sulcata Walker(l957,
1970) found no alkalOids III C phalandls
sclerotia ThiS mterestmg ergot species IS
noted by ItS endophytIsm on poold and
arundmOid grasses m AustralIa We ana­
lyzed the sclerotIa and cultures III our
laboratory on HPLC enablIng the detec­
tion ofalkalOids on the ppm level and the
prelImmary results confirmed their ab­
sence as well as the presence ofgroup of
unknown metabolItes We obtamed, after
the analySIS, sclerotIa of a new species of
MeXican ergot C cltrma from D splcata
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Host x Pathogen x EnvIronment InteractIOn
In Sorghum Ergot DIsease

N W McLaren

Abstract

Weather IS a pnmary determmant ofergot mCldence andseventy Lowpre-jlowermg
temperatures predIspose florets to mfectlOn by reducmgpollen wabllity Reducedp01
len VWblbty extends the susceptIble perlOdfor mfectlOn whIch lsfromflower openmg
andearly antheslS to pollmatlOn andfertibzatlOn Genotypes differ m the extent ofpre
dlSpositlOn and hybnds with cold tolerance and an ablbty to produce wable pollen de­
spIte reduced temperatures have been Identified SImIlarly, weather durmg early anthe­
SIS affects ergot seventy Optimum dIsease occurs at 19°C and high humidity with bttle
or no mfectIOn at temperatures exceedmg 28°C Secondary sporulatlOn andsclerotium
development are also affected by prevallmg weather condltlOns The relatIOnshIp be­
tween weather anddIsease can be usedto modifyproductIOnpractIces to reduce the nsk
ofencountermg ergotfavOl able condltlOns Planmng offlowermg dates basedon long­
or medIum-term weather data for a specific locabty has proved successful m reducmg
the nsk ofergot m South AfrIca SelectlOn ofgermplasm under ergot-favorable condr
tzons hasyieldedmore reSistant lmes andhybnds whICh, when grown commercwlly, re­
duce the nsk ofthe dIsease

Numerous examples ofdiscontmUItIes
between optImum condItIOns for growth
ofa plant and the growth and pathogemc
development ofdIsease causal organIsms
have been descnbed OptimIzmg growmg
condItIons for the host plant by means of
management practIces can result m con­
comItant sub-optImal conditions for
pathogen development and VIsa versa
ImplementatIOn of control strategies
based on such discontmUItIes, however,
reqUIres a thorough knowledge of both
host and pathogen responses to theIr re­
spectIve enVIronments VanatlOn m host

N W McLaren ARC Gram Crops InstItute Pllvate Bag XI251
Potchefstroom 2520 RepublIc ofSouth Afnca
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tolerance levels, m partIcular, reqUires
quantIficatIOn so as to determme the
crossover pomts at which host or patho­
gen acqUire the respectIve advantage of
prevaI1mg envIronmental conditions

Host predIsposItIon IS defmed as the
tendency of nongenetlc factors, actmg
pnor to mfectlOn, to affect a plant's sus­
ceptibIlIty to dIsease (Yarwood 1959)
PredIspOSition of male-normal sorghum
[Sorghum blcolor (L) Moench] to mfec­
tlOn by Clavlceps africana Fredenckson,
Mantle & de MI1lIano has been a major
area for research at the AgrIcultural Re­
search Council's - Gram Crops InstItute
m South AfrIca (McLaren 1992, McLaren
and Wehner 1992, McLaren 1997)
AvOIdmg predisposmg environmental
condItIons and IdentIfymg hybnds and



hnes tolerant to predISpOSIng factors has
formed the basIs of ergot research and
control SImIlarly, consIderatIon of enVI­
ronmental factors WhICh favor pathogen
growth, InfectIOn and dIspersal have led
to changes In productIOn practIces so as to
reduce the rIsk ofcondItIons favorable for
the pathogen durIng the crItIcal stage of
plant development In thIS paper, empha­
SIS wIll be on these two aspects ofthe host
x pathogen x envIronment InteractIOn

Disease Favorable EnVironment

Ergot IS a dIsease of unfertlhzed ova­
rIes The crItIcal perIod for InfectIon of
sorghum by the ergot pathogen IS from
flower opemng and the onset of anthesls
untIl effectIve pOllInatIOn and fertlhza­
tIOn make pIstIls escape or resIst further
InfectIOn (Futrell and Webster 1965,
Sangltrao 1982, MusabYlmana et al
1995) InfectIon occurs prImarIly through
the stIgma, and InfectIon hyphae essen­
tIally follow the same path as the pollen
tube (FrederIckson and Mantle 1988) In­
fectIon or fertlhzatlon depends on enVI­
ronmental condItIons, whIch determIne
whether InfectIOn hyphae or pollen tubes
obtaIn the competItIve advantage for the
ovary Under optImum dally tempera­
tures for host development (>28°C) and
mght temperatures>17°C (dependIng on
host adaptatIon) pollen germInates wIthm
30 mm and fertIlIzatIOn occurs wlthm 2 to
12 h (Stephens and Qumby 1934,
Artchwager and McGUIre 1949) In con­
trast, at sllllliar temperatures comdia re­
qUIre 8 to 12 hours for germmatIOn on the
stIgma and 36-48 hours to reach the ovary
(Sangltrao 1982, FrederIckson and Man­
tle 1988, Fredenckson 1990) At cooler
temperatures pollen release and growth
become retarded Conversely, pathogen

actIvIty Increases In VItrO studIes have m­
dlcated the optImum temperature for ger­
mInatIon and growth ofthe pathogen to be
19-20°C (Bandyopadhyay et al 1996,
FrederIckson 1990, McLaren, unpub­
hshed (FIgure 1)) No or hmlted growth
was recorded above 30°C

Cool (19±1°C), wet, cloudy weather
durIng early anthesls favors rapId devel­
opment and spread ofthe dIsease (Sunda­
ram 1971) Kulkarm (1942) reported
most severe InfectIOns WIthIn the range of
21 to 31°C when humIdIty was hIgh Most
damage occurred In fields, whIch flow­
ered durIng the cooler perIods FrederIck­
son (1994) found that ergot seventIes
were sIgmficantly hIgher at 20°C and
25°C than at 30°C At 30°C, ergot seven­
tIes of0 9% were recorded, as opposed to
26% at 20°C and 14% at 25°C The latent
perIod for InfectIon was also sIgmficantly
shorter at lower temperatures

CloudIness durIng anthesls promotes
dIsease development (Anahosur and PatIl
1982), probably due to delayed anther de­
hIscence and pollen deposItIon and actIV­
Ity under these condItIons (QUInby 1958)
Futrell and Webster (1966) reported that
near 100% RH for 24 h durIng early flow­
erIng was optImal for InfectIOn ofa male­
sterIle lIne Sangltrao and Bade (1979)
belIeved that when humidity IS high, ram­
fall IS not essential for ergot development
Anahosur and Patll (1982) concluded that
temperatures of 19 to 21°C With 67-84%
RH follOWIng pamcle emergence, were
suffiCIent for mfectIOn In male-stenle sor­
ghum

The above-mentIoned conditIons are
SimIlar to those defined by McLaren and

123



30

I~D5
l

I
20

10

Ou...-__...... .....L --iL....__~....

16 20 24

Temperature ( C)

28 32

FIgure 1 Effect oftemperature on germmatlOn ofClavlceps afTlcana macrocomdJa on water agar
after 12 h

Wehner (1990), who determmed the optI­
mum temperature for dIsease develop­
ment at 19 SoC and the upper maxImum
hmlt at 28°C above whIch dIsease sever­
Ity was neghgible (FIgure 2) They, too,
found an mverse relatIOnshIp WIth humId­
Ity, maXImum dIsease tendmg to occur at
hIgh humIdIty In theIr studIes, however,
they recorded a strongly negative mter­
correlatIOn between daIly maxImum tem­
perature and ramfall (r == 0 71), and sun­
shme hours (r == 0 86), and suggested that
maxImum temperature was a sUItable moo
dicator of dIsease favorable condItIOns
under South AfrIcan condItions

PredIsposItIon

Futrell and Webster (1965) suggested
that any factor that prolongs the penod
from flower opemng untIl fertIlIzatIon
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could Increase the nsk of ergot mfectIOn
In controlled pollmatIOn frequency trIals
they found a strong correlatIOn (r == 0 87)
between the percentage of unpollmated
florets and ergot mfectIOn

Downes and Marshall (1971) demon­
strated that mght temperatures of 13°C or
less dUrIng meIOSIS could mduce male ste­
nlIty In sorghum Brookmg (1976) estI­
mated the cntical stage for cold mduced
stenhty to be 2 to 3 weeks pnor to anthe­
SIS The greatest temperature senSItIVIty
was dunng the late archesponal cell­
pollen mother cell development penod,
up to the leptoteI1e stage ofmeIOSIS Once
meIOSIS progressed beyond leptotene, ste­
nlIty was not mduced Development from
microspore release through to fertIlIza­
tIOn was partIcularly msensitIve to pro­
longed mght temperature treatment In-
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Figure 2 RelatIOnship between ergot severIty and mean dally mlmmum temperature at
Potchefstroom 1986/87, 1987/88, 1988/89 and Kempton Park 1988/89 m plots not sub­
Jected to preflowermg cold stress (>16°C) (McLaren and Wehner 1990)

florescences showmg low temperature­
mduced stenhty developed anthers that
were exserted normally at anthesiS but
were only partIally dehiscent Pollen
grams m these anthers at anthesis were
mamly vacuolate, two-celled grams,
eqUIvalent to control pollen Just pnor to
the onset ofthe maturatIon phase In con­
trast, pollen from plants not subjected to
cold stress was densely cytoplasmIc and
packed wIth starch grams
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McLaren and Wehner (1992) demon­
strated the relationshIp between cold­
mduced stenhty and ergot susceptIbIhty
In field tnals WIth male-normal sorghum
hybnds, mght temperatures <12°C at 3 to
4 weeks pnor to flowenng mcreased sus­
ceptIbIlIty to ergot to the eqUIvalent of
that ofa male-stenle lme (FIgure 3) Seed
set m nonmoculated heads under pollma­
tIon bags was also reduced, suggestmg
that mcreased susceptIbIhtywas the result
of low temperature-mduced sterIhty Er-
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Figure 3 RelatIOnship between mean mlDlmum temperature (23-27 days pre-flowermg) and ergot
seventy m two sorghum hybnds expressed as a ratio ofergot development m a male ster­
Ile hne (a) and seed set (b)

got mCldence and seed set were mversely
correlated (r = -0 92) Hybnds differed m
their ablhty to tolerate preflowermg cold
stress, with PAN8564 mamtammg seed
set and ergot resistance until 12°C In
contrast, a progressive mcrease m stenhty
and concomitant mcrease m ergot was re­
corded m PAN8479 This result IS slmdar
to cold-mduced steniity recorded by
Brookmg (1979), who suggested that the
hnear response ofsome genotypes to tem­
perature reductiOn mdlcate that stenhty IS

a quantitative response and not a quahta­
tIve one occurnng below some cntIcal
temperature

Molefe (1975) reported ergot m Bot­
swana m panicles that flowered when hu­
midity was high, mmtmum temperature
was 14°C, and maxImum temperature
was 27°C The low mlll1mUm temperature
may have been a predIspOSItion factor fa­
vonng dIsease development Slmdarly,
Sangltrao and Bade (1979) found mlll1-
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mum dally temperatures of 13 to 18°C
and 76 to 84% RH most favorable for er­
got development

StudIes carned out by McLaren (un­
publIshed) usmg expenmental hybnds
showed that those wIth cold tolerance m
relatIOn to the productIOn ofvIable pollen
(determmed by an IOdme starch test) were
able to escape dIsease despIte hIgh ergot

potentials (FIgure 4) Conversely, those
WIth low cold tolerance and hence low
pollen ViabIlIty (P22/96, PAN8494) were
more predIsposed to mfectIOn and yIelded
hIgh dIsease seventies despIte low ergot
potentials Pepper and Pnne (1972)
shaded sorghum WIth black plastIc fabnc
(25% lIght) and found two cntIcal penods
that adversely affected gram yIeld com­
ponents One of these was from the pre-
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boot vegetatIve stage when the last leaf
was Just vIsIble above the whorl, to full
pamcle expanSIon or 50% anthesis (aIr
proxImately 2 weeks precedmg anthesIs)
Shadmg dunng these tImes resulted m re­
duced numbers ofseeds per panIcle Low
radiatIOn-mduced stenlIty may, there­
fore, be an addItIOnal factor to be consul­
ered m ergot epIdemIOlogy and may ex­
plam sIgmficant mcreases m ergot sever­
Ity durmg prolonged cloudy weather

Inoculum ProductIon

Bandyopadhyay et al (1990) showed
that temperature and relative humIdIty af
fected honeydew formatIOn and spore
productIOn, but not sphaceha develoIr
ment Temperatures from 14-28°C com­
bmed wIth RH above 90% for 12-16 h
day 1 favored comdIal productIOn and
hence pathogen spread In contrast, at 28­
35°C and RH <90% for 22 h day 1 sphace­
ha developed mto sclerotIa and honeydew
and spore productIon were suppressed
Manzarpour (1985) found that most co­
mdia germmated to form mICrocomdia at
24-30°C, whereas at hIgher temperatures
they germmated by formmg a hyphal
germ tube

Fredenckson et al (1993) demon­
strated how rapId, epIdemIC development
of C afrlcana could result from secon­
dary sporulatIOn of the pathogen They
consIdered secondary sporulatIon to be
the pnmary epIdemIologIcal agent withm
theIr expenmental area Secondary sporu­
latIOn IS most profuse at 28/23°C, fol­
lowed by 24/14°C and least at 35/28°C
(Bandyopadhyay et al 1990) Fredenck­
sonetal (1989, 1993) studIed dmrnal pat­
terns ofsecondary comdIa concentratIOns
and found the greatest occurrence at
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mghtfall, comcIdmg WIth a sharp nse m
RH and fall m temperature Secondary
sporulatIOn dId not occur followmg sev­
eral hot days m succeSSIOn

The effect of temperature on germma­
tIon of sclerotIa has receIved lImIted at­
tentIOn due to dIfficultIes obtammg suffi­
cIently hIgh germmatIOn frequencIes
Fredenckson (1990) obtamed 5% germI­
natIOn m C afrlcana after 16 weeks ofm­
cubatIon m stenle sand at temperatures
rangmg from 4 to 28°C and subsequently,
10% after 4 weeks at dIUrnal oscIllatIOns
of to to 28°C Mantle (1968) mcubated
sclerotIa of a Nigenan Isolate at 24, 27
and 30°C, achIevmg Imtial germmatIOn
after 4 weeks at 27°C

GermmatIon of sclerotIa of C sorghl
was achIeved after 5 weeks mcubatIOn on
mOIst sand at 24°C (Fredenckson et al
1991) Sangitrao (1982) found that scle­
rotia ofC sorghl germmated at 5 to 55°C,
WIth 20 to 30°C bemg the optImum range

EnVIronmental effects may be secon­
dary by way of theIr effects on sapro­
phytes that affect sclerotial development
SclerotIa develop poorly m a ramy season
due to the growth of Cerebella sp whIch
suppresses theIr development, whereas
dry weather after mfectIOn allowed for­
matIon ofless contammated, mature scle­
rotIa (Futrell and Webster 1966) SangI­
trao et al (1979) found that molds on scle­
rotia under wet condItIons result m the
elongated outer portIOn of the sclerotIa
becommg thm and papery and ultImately
weathenng They also found that the por­
tion of the sclerotIa protected by glumes
does not weather and suggested that thIS



plays an I1llportant role In the perpetua­
tIOn of the pathogen

ImplIcatIOns ofthe Host x Pathogen x
EnvlTonment InteractIOn zn DIsease
Control

The purpose of disease control is to
prevent disease damage from exceedIng
the level at which profit or reqmred yield
is dimillished A number ofmanagement
strategies have been employed to exploit
the host x pathogen x enVironment rela­
tIOnships to control ergot and reduce the
nsk of yield losses

Sowzng Dates

In India, early sowmg which ensures
that sorghum flowers dunng the warmer
and dner part of the growmg season re­
duces the nsk ofergot (Smgh 1964, Desai
et al 1979, Sangitrao et al 1979, Anaho­
sur and Patll1982) Early flowermg crops
are also less hkely to be subjected to low
temperatures dunng microsporogenesis
and thus escape bemg predisposed to m­
fectIOn McLaren (1996) used the cntena
maXimum dally temperature of 28°C
(temperature above which disease mCi­
dence is mml1llal) and 12°C mml1llum
temperature (temperature below which
total stenhty or maximum predispOSition
occurs) to identify high- and low-nsk
flowenng penods, based on long- and
mediUm-term weather data for vanous
productIOn areas In South Africa (Figure
5) Also Indicated In Figure 5 are pre­
dicted ergot seventies based on weather
vanables durIng flowenng (McLaren and
Flett m press) usmg methodology Indi­
cated below (EquatIOn I) Generally,
flowenng before the end of January In

South Africa results m low nsk of ergot­
favorable disease conditions

Predlctzng DIsease Seventy

McLaren and Flett (m press) developed
a model to predict ergot seventy (sensu
McLaren, 1992) based on weather vari­
ables as follows

Y=(aXl ) +EXP(bX2_ +cX2 +d) +
(e*X3) (Eq 1)

where Y=expected mean ergot seventy

Xl=mean mml1llum temperature (0C),
23-27 days before flowermg

X2 =mean dally maximum temperature
caC), 1-5 days after flowenng

X3=mean dally maXimum humidity
(0C), 1-5 days after flowenng

and a, b, c, d and e are regreSSIOn coeffi­
Cients

The model was cahbrated to predict er­
got potentIali e , expected ergot seventy
m a sorghum nursery With a broad genetiC
base subjected to artifiCial mocuiatton
(moculum sprayed at weekly mtervals
With a spore suspensIOn In water adjusted
to ca 104 spores mil) ApphcatlOn ofthe
model dunng the 1996/97 season yielded
a high "Index of agreement" (Wl1cox
1982) (d = 0846, Table 1) These results
Indicate that ergot seventy can be accu­
rately predicted based on maximum and
mlllimUm temperature and maXimum
relative humidity durmg cntical phases of
host development The model Will, how­
ever, need to be recahbrated for speCific
germplasm, apphcatlOns and nsk analySiS
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Figure 5 Example of the use of long-term maximum and mmlmum temperatures for the estima­
tIOn ofhIgh and low rISk ergot periods (Bethlehem, South Afnca) Expected ergot sever­
Ity IS calculated accordmg to EquatIOn 1 (see text)

Table 1 Observed and predicted ergot seventies associated WIth flowermg dates at two localIties m
South Africa durmg 1997 Jllustratmg the accuracy of ergot prediction based on weather
variables

MaxImum MInImum MaxImum Observed ergot Predtcted ergot
Flowenng date I.ocahty temperahlre ( C) temperahlre ( C) RH(%) seventy(%) seventy (%J)
17 February Potchefstroom 324 176 76.2 73 77
18 February Bethlehem 302 158 936 165 249
25 February Bethlehem 230 160 960 311 364
4 March Potchefstroom 252 168 918 343 297
10 March Potchefstroom 238 162 872 40 I 316
14 March Bethlehem 213 136 970 586 456
17 March Potchefstroom 238 175 862 293 270
25 March "Rpthlphpm 193 127 960 613 485
Index of agreement (Vb1cox 1982 d=O 846
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ofvanous flowenng dates or seed produc­
tion localItIes If applIed to natural epi­
demIcs, an moculum algonthm wIll need
to be developed The model IS currently
bemg used effectIvely m the evaluatIon of
lInes and cultIvars for ergot resIstance
(McLaren 1992, FIgure 4), but no doubt
could be adapted and applIed elsewhere,
notably to determme the need for fungI­
cIde applIcations

Germplasm EvaluatIon for ReSistance

Sundaram (1980) suggested that m or­
der to compare ergot seventIes m breed­
mg lInes, partIcularly those dlffermg m
matuntIes, sowmg dates must be adjusted
so that plants wIll flower and can be lII­

oculated at the same tIme In most semi­
arId regIOns clImatIc cycles are unpredIct­
able and synchronous flowenng m de­
sIred clImatic condItions IS vIrtually nn­
pOSSIble Furthermore, temperature varIa­
tIOns ofrelatIvely small magmtude before
flowenng and durmg the first 5 days after
pollen shed sIgmficantly affect ergot mCi­
dence (McLaren and Wehner 1990,
1992) ThIS, together wIth natural varIa­
tIOn m flowenng dates both wlthm and
across sorghum genotypes, has resulted m
Inaccurate companson of ergot InCI­
dences The extent to WhICh the dIffer­
ences In dIsease mCldences reflect the
host genotype, or the result ofdIfferences
m chmate assocIated wIth dlffenng flow­
ermg dates, IS questIOned

McLaren (1997) demonstrated varIa­
tIOn In productIon ofVIable pollen m sor­
ghum lInes subsequent to pre-flowenng
cold stress Whereas most lInes yIelded
<40% VIable pollen WIth a pre-flowermg
temperature <14°C, some selectIOns
yIelded m excess of 70% VIable pollen

SImIlar responses are reflected In FIgure
4

McLaren (1992) used regressIOn
analyses to quantIfy reSIstance of sor­
ghum genotypes to ergot Sowmg nurser­
IeS at two locatIOns over a range ofsowmg
dates created temperature gradIents At
flowenng mdlvldual heads were marked
WIth the date of anthesls and artIficIal In­
oculatIOn Ten heads of each genotype
were moculated on 3 to 4 dIfferent dates at
each locatIon VIsual estImatIOns of per­
centage Infected florets head I were made
and these values were used to calculate
the mean ergot seventy assocIated WIth
each moculatIOn date for each genotype
An mdex of ergot-favorable condItions
was determmed as the mean dIsease mCI­
dence over all genotypes assocIated WIth
a speCIfIC flowermg date ThIS was
termed the dIsease potential, or expected
dIsease seventy assocIated WIth a speCIfic
flowenng date More recently, the above
model (EquatIon 1) WhICh determInes er­
got potentIal based on weather vanables
has been applIed

Non-lmear regreSSIOn analySIS, usmg
the model Y=axb (where Y=observed dIS­
ease mCldence, x=dlsease potentIal, and a
and b are regreSSIOn coefficIents) was
used to determme the relatIOnshIp be­
tween ergot potentIal assocIated WIth diF­
ferent moculatlon dates and observed diS­
ease mCldence wlthm genotypes Regres­
SIon lInes could be claSSified mto three
categones, those lInearly related to diS­
ease potential, those highly susceptible
(even at low disease potentials) and those
WIth various degrees ofresistance despite
mcreasmg dIsease potentIals (FIgure 4)
Genotypes m the latter group dIffered
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wIth respect to resIstance breakdown
pomts Rearrangement of the regreSSIOn
model also enabled the subsequent rate of
resIstance breakdown at any pomt to be
calculated An advantage of thIS method
was that ergot seventy m sorghum geno­
types that flowered at dIfferent tImes
could be statIstIcally compared

ConclusIOns

Weather dunng early anthesls and dur­
mg meIOSIS pnor to flowermg are the pn­
mary determmants of ergot seventy The
response of sorghum to weather dIffers
accordmg to tolerance of pre-flowermg
cold stress and flowermg behaVIor durmg
anthesls These factors have become ma­
Jor selectIOn cntena In the development
of hybnds and vanetles WIth ergot reSI~
tance In South AfrIca However, detaIled
studIes of mechamsms of escape reSI~

tance m the host x pathogen x envIron­
ment relationshIp are still reqUIred
Brooktng (1976) stated that pre­
flowenng low temperatures do not affect
female stenhty Personal observatIons In

fields In South AfrIca suggest that studIes
on cold-mduced female stenhty or re­
duced male x female compatlblhty under
cold stress are warranted SImIlarly, stud­
Ies on a WIde range ofgermplasm are re­
qUired to determme the hmlts ofpredlspo­
SItton Currently, 12°C IS the lowesttoler­
ance hmlt recorded to date (McLaren and
Wehner 1992) The possIbIhty of select­
mg for lower temperature tolerance needs
mvestIgatIon

Other envIronmental factors, whIch
may sIgmficantly affect ergot mCldence
and seventy, have been largely Ignored
ChmnaduraI (1971) found that the mCI­
dence of ergot of sorghum m IndIa was
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sIgmficantly mcreased WIth mcreased moo
trogen apphcattons PotaSSIUm decreased
dIsease mCldence Phosphorus dId not af­
fect dIsease mCldence but stimulated hon­
eydew secretIOn Chmnadural (1972)
found that trace elements affected growth
and sporulatIOn of C sorghl Lack of
manganese caused the most reduction m
mycehal growth, Iron was essential for
sporulatIOn and molybdenum was mhIbl­
tory to both growth and sporulatIon SIml­
lar results have been recorded WIth ergot
caused by C purpurea and C fusiformls
HerbICIdes have also been observed to
promote mfectIOn of rye grass by C pur­
purea (Macek and MIlevoJ 1978) Thus,
although many aspects of the host x
pathogen x enVIronment mteractIOn have
been studIed and explOIted m dIsease con­
trol, further studIes of the relattonshIps
may yIeld Improved dIsease control
strategIes whIch WIll reduce the nsk of,
and losses due to ergot
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The Llfecycle, Spread and Survival
of the Sorghum Ergot Pathogens

Debbie E Frederickson

Abstract

Knowledge ofthe bIOlogy ofa pathogen as descnbed m zts lifecycle enables the ef
fectzve targetmg ofcontrol measures The lifecycles ofthe three sorghum ergotpath~
gens are compared to the lifecycle ofClavlcepspurpurea and to one another The rapzd
buzld-up ofdzsease zn thefield zs attrzbuted to thepolycyclzc nature ofthe asexual stage
Wmdborne secondary conzdza ofClavlceps afTlcana formed under hzgh relatzve humzd­
zty m the field, are the chzefmeans ofspread ofergot m Zzmbabwe Expenments show
that the secondary conzdza can travel at least up to 300 m and that even a small mztzal
concentratIOn of10 secondary conzdzaper cubzc meter ofmr zs enough to start an epl­
demzc Later m the epzdemzc concentratIOns may reach as hzgh as 350per cubzc meter
In unprotectedA-lznes m Zzmbabwe all 38 rows ofa 30 meterplot became mfectedafter
1 cycle ofhoneydewproductIOn Although seventzes declmed rapzdlyfrom source, only
2 more cycles were requzredto elzmmate ObVIOUS dzsease gradzents so thatmore uniform
final seventzes of50-70% were obtamed Overall apparent dzsease rates (r) reached0 2
per unzt per day m A-lmes varymg between 014 and 029 m mdzvzdual A-lmes and
reachmg as hzgh as 0 58 zn szngle plots ofsome A-lmes These values compare well to
those obtamed m epzdemzcs ofthe potato late blzght and wheat stem rustpathogens At
the endofthe crop season wzth the cessatIOn oframs andthe maturztyofthe crop, conzd­
zalproductIOn ceases The pathogens have to survzve between crops m someform Per­
ennatIOn of the sorghum ergot pathogens as conzdza on seed and crop debrzs or m
sphacelza or sclerotza may be posszble The perfect stages ofthe 3 pathogens are con­
trastedand zt zs suggested that the teleomorph ofC afTlcana does notplay a major role
m survzval or dzssemmatzon Alternate hosts such as otherSorghum speczes areproba­
bly much more zmportant m perennatzon, survzval and spread than are any other
grasses Reports ofalternate hosts m the lzterature are confusmg and contradzctory

Three dIstmct speCIes of Clavzceps
have been descnbed as pathogens of sor­
ghum I) Clavlceps sorghz KulkarnI, Se­
shadn and Hegde (1976) as found m IndIa
and other parts ofASia, 2) Clavzceps afn­
cana Fredenckson, Mantle and de Ml1h-
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ano (1991), the pathogen of AfrIca, Aus­
traha, the Amencas and ThaIland and Ja­
pan, 3) Clavlceps specIes also of Japan,
the fonnal descnptIOn to be pubhshed by
Tsuklboshl (personal commulllcatIOn)
The hfe-cycle(s) ofthe three pathogens IS
the culmmatlOn of theIr strategIes for
spread and survIval and IS Important for
conSIderatIOns on dIsease control



Clavlceps speCIes are Important ovary
pathogens of cereal crops and grasses
Therefore one tum of the hfecycle de­
pends upon the success of host mfectIon
at a qUIte specIfic crop stage 1 e the ovary
at flowenng, and of subsequent perenna­
tIOn m the absence of the host between
croppmg seasons The hfecycle ofC pur­
purea, found m any text book ofplant pa­
thology, IS the most famihar, and the best
mvestIgated and substantIated of all the
ergot pathogens Because ofthIS, the hfe­
cycle tends to be rather over emphasIzed
as a yardstIck for sorghum ergots WhIlst
provIdmg a useful model for the hfecycle
of sorghum ergot pathogens, It should
only be used as a analogy because of Im­
portant dIfferences m pathology The hfe­
cycleofC purpurealsasfollows C pur­
purea, a pathogen of rye, wheat and bar­
ley m temperate chmes, overwmters as
sclerotIa m seed or on the ground In the
sprmg, sclerotIa germmate producmg nu­
merous stomataWIth capitulae Each pen­
thecmm bears many aSCI contammg the
ascospores, constItutmg the pnmary m­
oculum InfectIon of host stIgmas by
wmdborne ascospores results m the mva­
Slon ofthe ovary by fungal hyphae and de­
velopment of the fungal sphacehum
About a week later honeydew, contammg
mIlhons of mfectIOus cOnIdIa, IS pro­
duced Dlssemmatlon ofhoneydew to un­
mfected flowers by msects and ram en­
ables further dIsease spread By the tIme
honeydew secretIOn ceases, the pur­
ple/black, hard, elongate sclerotIa are
very ObVIOUS on the mfected spIke Scle­
rotIa are dIslodged at around harvest and
fall to the ground or become mIxed wIth
seed, remammg dormant over wmter, and
so the cycle IS completed

For the sorghum ergot pathogens, the
best startmg pomt IS WIth the portIOn of
the hfecycle that IS most well defined and
studIed, and well proven 1 e the Imperfect
stage The most observant ofus would, m
the field, first notIce C afncana mfec­
tIons as sphaceha emergmg from between
host glumes at about 6 days post­
mfectIOn More usually, for all 3 of the
sorghum ergot pathogens, we see the hon­
eydew at about 7 days post-mfectIOn,
dnppmg from mfected florets ThIS early
honeydew IS usually mltIally thm, trans­
parent and deVOId of spores, becommg
progressIvely more stIcky, colored
honey-yellow to brown or pmklsh and
opaque WIth comdia AlternatIvely hon­
eydew may remam of thm VISCOSIty and
droplets ofhoneydew may become super­
fiCIally whIte at the surface, even where
honeydew dnps onto SOlI ThIS feature,
secondary comdiatIOn, IS charactenstIc of
natural C afrlcana mfectIOns It may oc­
cur less readIly WIth C sorghl but never
WIth C specIes When honeydew has thIS
charactenstic the oblong to oval macroco­
mdIa at the surface have germmated to
produce secondary comdIa Smeared on a
shde, or VIewed WIth Cryo-SEM, the
characterIstIc pear-shaped secondary
spores, borne on long stengma-lIke pro­
cesses, can be recogmzed ThIS phenome­
non would not be expected by analogy
WIth C purpurea

In one season epiphytotics of dIsease
may qUIckly occur under favorable
weather condItIOns, when comdIa are
transmItted to umnfected flowers and
later matunng tIllers I e thIS part of the
cycle of mfectIon, asexual spore produc­
tIon, mfectIOn, IS polycyhc C purpurea
comdia are dissemmated by ramsplash
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and Insects (Ingold 1971, Moreno et al
1970), leadIng to Illmted dIsease develop­
ment (epIdemIcs are very unusual) Co­
mdIa of C sorghl are also dIssemInated
by raInsplash for hmIted dIstances (Ban­
dyopadhyay et al 1991) but there IS no
eVidence of Insect transmISSIon Instead,
the secondary comdIa Introduce a new,
and hIghly slgmficant, dImenSIOn to the
hfecycle secondary comdIa become aIr­
borne and are dIspersed by WInd The
presence of secondary comdIa In aIr and
theIr relatIOnshIp wIth InfectIOn has been
InvestIgated for the pathogen, C afrl­
cana, under natural condItIons In ZIm­
babwe dunng several crop seasons (Fre­
denckson et al 1989, 1993) TheIr pres­
ence In air shows a dIUrnal pattern, theIr
concentratIOn gradually mcreasmg
throughout the day to reach a peak around
mghtfall, concurrent wIth the nse In rela­
tIve humIdIty ThIS may reduce desIcca­
tIon of the thIn-walled, hyahne spores
ImtIallow IncIdences and seventIes ofer­
got follow low concentratIOns of 101m3/hr
secondary comdIa In aIr, and dIsease
buIld-up to hIgh seventy follows higher
concentratIOns of up to 350/m3/hr (Fre­
denckson et al 1989, 1993) Fredenck­
son et al (1993) detected secondary co­
mdIa at 15 m from source, Fredenckson
(unpubhshed) trapped secondary comdIa
at 30 m from source and secondary co­
mdIa can probably travel much further, by
mference from the presence of mfectlOns
up to 300 m away m adjacent fields (Fre­
denckson et al 1993) Secondary
comdIatlOn probably accounts for the ra­
pIdIty with whIch even small mItIal mfeo­
tIOns gIve nse to large scale epIphytotIcs
In C afrlcana and to outbreaks In areas
prevIously unplanted to sorghum
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To put the potentIal for spread ofC aj­
rlcana In perspectIve, In one expenment
WIth C afrlcana In ZImbabwe (Freder­
Ickson et al 1993) a central plot of sor­
ghum was Inoculated and began to pro­
VIde Inoculum (secondary comdIa) to sur­
roundIng A-hne plots at 11 days post­
InOCulatIOn NIne days later (day 20) the
first outbreaks were VIsIble In surround­
Ing plots By day 26, stIll wIthIn 1 cycle,
InfectIOn was faIrly well dIstrIbuted over
the entIre expenmental area Represented
graphIcally, the overall rate of disease
spread, measured as apparent InfectIon
rate (r) (Van der Plank 1963) reached 0 2
per umt per day IndIVidual values for drt:·
ferent A-hnes ranged from 0 14 to 029,
WIth values as high as 0 48 and 0 58 In In­

diVIdual plots These rates compare fa­
vorably to those measured In epIdemICS of
the two qUIte devastatIng pathogens, po­
tato late bhght (Phytopthora mfestans),
and wheat stem rust (PuCClnla gramlnlS
trltlCl) For potato bhght r, 042, In a
hIghly susceptible cultIvar and 0 11 In a
less susceptIble cultlvar The wheat stem
rust pathogen achIeved r, 0 41 (Van der
Plank 1963) Clavlceps afrlcana IS clearly
In the same league

Towards the end ofthe crop season, the
dormant tIssue IS sclerotIal, rather than
sphacehal Spore productIOn ceases and a
more resihent, sohd body IS found m the
floral cavity C sorghl and C speCIes
sclerotia are usually qUIte VISible as elon­
gate structures protrudmg from mfected
florets However the true sclerotia of C
afrlcana are almost entirely enclosed
WIthIn the host glumes because paraSItIC
bodIes ofthIS speCIes are smaller and glo­
bose In shape AnythIng VISIble wIll al­
most certamly represent the sphacehal



part of the structure Sclerotia are held
qUite firmly m the floral cavIty and are not
hkely to be dIslodged easIly Pathogens
WIll thus only remam In the field at har­
vest m the form of sphaceha or sclerotia
(contammg coOIdla) m dIscarded, Ill­

fected panIcles, honeydew on dIscarded
paOIcles and other trash, and honeydew
on the soIl surface ThreshIng may cause
the mlxmg ofsphaceha and sclerotIa WIth
seed, harvested seed may be coated With
honeydew

Therefore the number of optIOns for
perennatIOn may be mamfold However
most are as yet unproven as generatmg VI­
able pnmary moculum m the new season
The most usual assumptIOn by analogy to
C purpurea IS that ascosponc mfectlon
must play the major role Ascosponc Ill..

fectIon by C purpurea IS common m na­
ture and has been used repeatedly by re­
searchers to mltIate mfectIOns m wheat
expenments (Mantle & Shaw 1976) Ger­
mmatIOn of sclerotIa and ascosponc m­
fectIOn, occur readIly, SImply by burymg
sclerotIa from the prevIous season In pots
of soIl between plants Tsuklboshl (per­
sonal commUnICatIOn) also reports the
50% germmatIOn of C species sclerotia
after 1 month InCUbatIOn m mOIst sand
However sclerotia ofC sorghl and C af­
rzcana are not so comphant After many
unsuccessful attempts, Fredenckson et al
(1991) finally achIeved germmatlon ofC
afrzcana sclerotIa In VItro After 1 month,
10% of sclerotIa, prevIously maIntamed
at wmter room temperatures (20-25°C) at
Matopos, ZImbabwe, germInated when
Incubated m pots at the ambIent outdoor
temperatures of the grOWIng season (10­
28°C) After 6 weeks, 80% had germi­
nated to produce stromata WIth capltulae,

but only a few ofthese matured to produce
aSCI C sorghl sclerotIal germmatIOn ocr
curs only shghtly more readIly but With
more conSIstency Both Sangltrao (1982)
and Fredenckson et al (1991) obtamed
germmatIOn of sclerotia m the tempera­
ture range of 20-30°C after 5 weeks In
mOIst sand Ascosponc InfectIOn bye af­
rzcana m AfrIca IS probably extremely
rare m nature, m fact there IS no eVidence
for the natural occurrence of the sexual
stage at all The role ofaIrborne dispersal
by ascospores has been assumed by the
secondary coOIdIa at another stage m the
hfecycle altogether and secondary co­
OIdIa may also be Involved m perenna­
tIOn

In AfrIca, many researchers have rou­
tmely used C afrlcana coOIdla from panI­
cles, sphaceha and sclerotIa, stored at
"wInter" room temperatures, as moculum
m mfectIOn experIments 9-10 months
later (Futrell & Webster 1966, Mower et
al 1973, Fredenckson etal 1991,1993)
IOItIal seventies followmg from the re­
peated spraymg of such moculum onto
paOIcles are very low, usually only a few
sphaceha result However a small mltIaI
source IS suffiCIent to start an eplphytotIc,
as shown earher In nature Viable comdla
remammg after wmter would have to
reach flowenng panIcles from ground
le"eI, whether as honeydew on SOlI, trash
or seeds, or assOCIated WIth sphaceha or
sclerotIa GermmatlOn ofmacrocoOIdIato
form aIrborne secondary comdlamay per­
mIt thIS and ments mvestIgatIOn, as does
the survIval of coOIdIa on all these vehI­
cles

One final posslblhty for perennatlon IS
the mvolvement ofalternate hosts The al-
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ternate host could be mvolved at two pos­
sIble stages Pnmary moculum may mfect
an earher- maturmg host and the resultant
sphacehal honeydew could mfect later­
maturmg sorghum ThIS IS the usual SItua­
tIon for C purpurea m England Black­
grass (Alopecurus myosuroldes) IS m­
fected by C purpurea ascospores m ad­
vance ofwheat anthesls (Mantle & Shaw
1976) and the honeydew subsequently m­
fects wheat Secondly, honeydew from
sorghum could mfect the alternate host,
whIch could then act as a reservOir of m­
fectIon The contmual flowenng ofSor­
ghum halapense m Austraha (Ryley, per­
sonal commUnICatIOn) would seem to per­
mIt the latter Most tests for alternate
hosts have at best been host range tests,
mvolvmg the moculatIOn of putatIve al­
ternate host WIth honeydew from sor­
ghum or VIce versa to prove susceptIbIl­
Ity The hterature presents a confusmg ar­
ray of examples, for many speCIes have
been mvestIgated WIth confllctmg results
For example Pamcum maxImum was
pOSItIve as an alternate host ofC afrlcana
m ThaIland (Boon-long 1992) but not of
C afrlcana m ZImbabwe (Fredenckson
1990) The only conSIstent mvolvement
appears to be WIth wIld sorghum speCIes
as alternate hosts, and pOSSIbly pearl mIl­
let (Penmsetum glaucum) CautIOn IS
needed for many ergot speCIes naturally
mfect wIld grasses (Loveless 1964) and
so honeydew on a grass alone IS not eVI­
dence for mfectIOn by the sorghum ergot
pathogens, even If adjacent to the sor­
ghum field Comdtal characterIstICS must
be measured (Loveless 1964) and Koch's
postulates attempted

The hfecyc1e ofan organIsm represents
a summary of Its bIOlogIcal strategy for

spread and survIval Clearly Ifwe hope to
explOit our knowledge of ergot pathogen
bIOlogy to effect control, there are stIll
many questIOns to be addressed, and gaps
m our knowledge ofthe hfecycle to close,
before we can do so
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Putative Control of Ergot Disease Epidemics ID Hybrid
Sorghum ProductIOn through the InhibItIOn of
Secondary SporulatIOn by Clavlceps afrzcana.

HAG Hassan, P G Mantle and N W McLaren

Abstract

A strategy IS proposedfor lzmltzng epidemics ofergot disease zn theproductIOn ofF)
hybrzdsorghum seed Certazn sweet sorghums znhlblt the secondary sporulatIOn which
occurs on exudedergothoneydew bysupplyzngtheparasite With excess sucrose which IS

transformed to umquefree olzgosaccharldes With spore-germznatzon znhlbltzngpropel"­
ties Therefore the strategyseeks to zncorporate asweet character zntoA lznesfor hybrzd
seedproductIOn to restrict secondary disease spread

The AfrIcan ergot pathogen of sor­
ghum, Clavlceps afrlcana and Its ana­
morph Sphacelza sorghl, can cause SIg­
mficant economIC losses m the produc­
tIon of F) hybnd seed Recent spread of
the pathogen m the Amencas and Austra­
lIa has focused attentIon on control meas­
ures

Assummg that secondary sporulatIon
of Sphacelza sorghl macrospores zn VIVO

IS the most Important factor m creatmg
epIdemICS of ergot dIsease m sorghum
(Fredenckson et al 1989), It IS necessary
to consIder two partIcular bIOlogIcal fea­
tures

The first IS probably common to all er­
got fungi, and concerns the way In which
each pathogen utlhzes the sucrose sup­
phed by the host plant m phloem translo­
cate to the dIseased ovarIes There seems

HAG Hassan and P G Mantle BIochemIStry Department, Impenal Col
lege ofSCIence Technology and Medlcme London SW7 2AY UK N W
McLaren, ARC Gnun Crops InslItute Pnvate Bag X1251 Potchefstroom
2520 RepublIc ofSouth Afnca

to be a strong nutntIOnal preference for
the glucose mOIety ofsucrose, as opposed
to the fructose Iffructose IS as growth m·
hlbitOry m all ergot fungI as It IS m the best
studIed example, Clavlceps purpurea, It
IS readIly understood how the pathogen
has developed a means ofglucose release
WhICh at the same time aVOIds creatmg m·
creased concentration of free fructose
Hence, the fructofuranosldase ofC pur­
purea proVIdes an Ideal way of makmg
glucose avaIlable for respIratIOn and as a
source of bIOsynthetIc carbon skeletons
It does so by formmg a senes ofohgosac­
charldes, first by transfer of a fructose
reSIdue to a sucrose molecule and then by
addItIon offurther fructose umts and glu­
cose IS thereby obtaIned as a free mono­
sacchande These ohgosacchandes mIght
temporanly InhIbIt germInatIOn of spores
whIle they are embedded In honeydew
Indeed any such mhlbitIon mIght only be
advantageous to the fungus smce there IS
no pomt m germmation occurrmg untIl
comdla m much dIluted honeydew are
transferred to other umnfected flowers by
ramsplash or head to head contact m hu-
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mId condItIOns Therefore, no specIal
propertIes have been ascnbed to the oh­
gosacchandes, they Just apparently pro­
vIde a convement way of ma1Ota101Og a
low molar concentratIon of unwanted
fructose

The second bIologIcal feature IS the
dIfferentIal parasItIc behaVIor expressed
by the sphacelIal stages of the sorghum
ergot pathogens of IndIa (8 sorghl) and
Afnca (C afrlcana) TheIr 8 sorghl ana­
morphs are mycologIcally so SImIlar that
It IS ImpractIcal to dIfferentIate them by
mIcroscopIC exam1OatlOn of the spore­
laden honeydew Nevertheless, they are
genotypIcally dlst10ct 10 so far as, for ex­
ample, when allowed to develop parasIb­
cally on the same male-stenle sorghum
host, the honeydew from C afrlcana pro­
duced abundant secondary sporulatIOn
whereas none was eVIdent on the honey­
dew from C sorghl (Fredenckson et al
1991) Further paraSItIc development of
the mycelIa allows orgamzatlOn of mor­
phologIcally dIst10ctlve sclerotIa and the
accumulatIon ofdIhydrogenated ergot al­
kalOIds (notably dlhydroergos1Oe) only 10
C afrlcana Subsequently, there may be
the elaboratIon of the dIst10ctly dIfferent
teleomorphs, though thIS may be ex­
tremely dIfficult to achIeve WIth C afrl­
cana 10 expenmental condItIOns and there
IS uncertamty concern1Og the extent to
whIch thIS occurs naturally Conse­
quently, to make a rather SImple comb101r
tlOn of these two features was the most
prudent (Fredenckson et al 1991) 10 at­
tempt10g to explam why secondary sporu­
latIOn was so much more eVIdent In VIVO

10 1OfectlOns of sorghum by C africana
However, It dId allow the 10Itially plaUSi­
ble deductIOn that the extent ofexpressIOn

of secondary sporulatIOn In VIVO mIght
change (reduce) If a sweet stem sorghum
were the host 10 whIch the pathogen had
access to more abundant sucrose ThIS,
therefore, IS the oflgm of our first­
declared strategy to utIhze a sweet sor­
ghum character 10 the A-hne ofFI hybrId
sorghum seed productIon (Hassan et al
1995) The most that could Imtially have
been expected 10 terms ofmechanIsm was
that thIS honeydew would contam a
hIgher than usual concentratIon of un­
transformed sucrose WhICh, by an os­
motIc effect, mIght suppress secondary
sporulatIOn

The first step m testmg the feasIbIhty
of thIs strategy was to explore responses
of sweet sorghum acceSSIOns under field
condItIons 10 South Afnca In two succes­
sIve years (1994-1995), thIS was
achIeved, though WIth great dIfficulty due
to the WIdespread prevaIl10g droughts 10
Southern AfrIca Several sweet sorghums
were selected whIch conSIstently faIled to
support overt secondary sporulatIon on
the honeydew exuded from mfected flo­
rets, partIcularly dUrIng warm dry condI­
tIOns

As an 1OdIcatlOn of what IS meant by
sweetness 10 sorghum 10 the flowerIng
stage, analySIS 10 Apnl 1997 of JUice
squeezed from the last 1Oternode ofacces­
sIOns grown 10 South AfrIca frequently
contamed at least 10% sugar, mamly 10
the form of sucrose How thIS related to
the concentratIOn of phloem translocates
avaIlable to the pathogen IS unclear, but
the analySIS at least 10dlcates lIberal avaIl­
abIlIty of sugar
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ConcomItantly, the sugars m honey­
dew exuded from mfected gram sor­
ghums and from sweet sorghums were
studIed m greater depth than had been
prevIOusly attempted (Fredenckson
1990) It gradually became clear that the
olIgosacchandes anSIng from C ajnca­
na 's parasItIsm ofsorghum were not Iden­
tIcal to those produced m an analogous
way by C purpurea parasItlSIng rye or
wheat, the latter haVIng been eluCIdated to
conSIderable depth ofenzymology (DICk­
erson 1972) Nor dId the sorghum ergot
honeydew ohgosacchandes readl1y
match the complex saccharIdes descnbed
by Mower et al (1973) for the same or­
gamsm (Fredenckson et al 1991) ob­
tamed from Nigena It was therefore de­
cIded to explore C ajncana honeydew
from sorghum WIthout any preconceIved
expectatIOns except that whatever occurs
must be denved enzymoiogically from
the sucrose supplIed to the pathogen by
the host m leaked phloem translocate
PreparatIve descendmg paper chromatog­
raphy was the pnmary separatIOn tech­
mque adopted smce glucose, fructose and
sucrose can readIly be resolved, and m­
creasmg polymenzatIOn of saccharIdes
progressIvely retards mIgratIon rates on
paper m the propan-l-01 ethyl ace­
tate water (7 1 2) solvent system elIl­
ployed Subsequently, preparatIve hIgh
voltage paper electrophoreSIS was advan­
tageous m further resolvmg mIxtures
which co-chromatographed m paper par­
tition chromatography methodology

ACId hydrolySIS, m condItIons that effl­
clently cleave the glucose-fructose bond
m sucrose, showed that the most abundant
honeydew ohgosacchande, chroma­
tographmg typIcally as a trisacchande,

yIelded only fructose SImIlarly, a dIsac­
charIde also appeared to be composed
only offructose Fast atom bombardment
mass spectrometry of peracetylated and
pennethylated tnsacchande gave data
conSIstent WIth a constItutIOn of three
hexoses The deduced tn-fructose, occur­
rmg naturally through the ergot fungus's
enzymology, was lIkely to be constructed
by the 2-1 or 2-6 lmkages that are the op­
tIOns charactenstic of the mulIn or levan
senes of olIgofructosides, respectIvely
The mulIn senes are typIcally denved by
partIal hydrolysIs ofstorage carbohydrate
polymers (of the order of ~ 50 fructose
resIdues) ofsome Compositae plants (e g
Jerusalem ArtIchoke [Helzanthus sp],
chICOry [Czchonum sp ] and Dahlza tube­
rosa) Levan olIgosaccharides may SImI­
larly be obtaIned by partIal hydrolySIS of
fructosans obtamed from some grasses or
anSIng from the fennentatIOn utIlIzatIon
of sucrose by certam bactena (e g Serra­
tza sp) SInce mass spectrometry could
not dIstmgmsh between 2-1 and 2-6 lInk­
ages between fructose umts, and also that
obtammg punfied honeydew sugars m
>20 mg amounts was feaSIble, a nuclear
magnetlc resonance spectroscopy ap­
proach was adopted Subsequently, lItera­
ture showed that m recent years helpful
l3C data on small, mamly Inulo-, olIgo­
sacchandes was pubhshed Conse­
quently, our attentIOn was also directed to
obtammg our own model muloblose and
mulotnose punfied by the same method­
ology as used for ergot honeydew con­
stituents, which were subjected to the
same NMR mstrumentatIOn for data ac­
qUlSltIOn and analySIS

A strIkmg feature of the prmcipal trl­
sacchande (tn-fructose) revealed by
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NMR spectroscopy was Its homogeneIty,
after IsolatIOn only by descendmg paper
chromatography, mdIcated by 9 strong
l3C resonances ThIs was m contrast both
to the extreme compleXIty of resonances
seen m mulotnose obtamed by parttal
aCId hydrolysIs of mulIn and punfied
sImIlarly and also to the relatIve complex,.
Ity even after further hIgh voltage electro­
phoreSIS It was qUIte clear that the ergot
sugarwas not ofthe mulm senes CorreIa­
tlOnsof13Cand IHNMRdatahaveledtoa
firm conclUSIon that the C afncana trI­
fructose IS levantrlOse, whIch preVIOusly
was known only as a laboratory com­
pound and was never found as a free natu­
ral product Further, the levantrIOse m
thm films of potato dextrose agar was
found to mhlblt germmatIOn of macro­
spores, applIed to the surface, completely
at 2% w/v and almost completely at 1%
Such concentratIOns are readIly achIeved
m the honeydew exuded from mfected
florets of certam sweet sorghums

There IS, therefore, the unexpected sce­
nano that the AfrIcan sorghum ergot
pathogen predommantly transforms the
hosts' sucrose to a potentially tOXIC un­
usual fructOSIde WhICh on gram sorghum
only accumulates m rather low amounts
m honeydew and therefore permIts the
profuse secondary sporulation that IS so
characterIstIc of honeydew exudate and
that poses such a potent factor m epidemIC
development The reason why honeydew
from mfected gram sorghum IS so dIlute
With respectto sugars IS thatthe metabolIc
demands of the large sphacelIum, whIch
C afrzcana produces, nearly exhausts the
plant's phloem translocate The vigor m
producmg a large paraSitIC sphacelIum IS
notably eVIdent m the sorghum mfectIOns

seen m the recent epIdemICS m South
AmerIca, and partIcularly m a BollVlan
Isolate used to mfect male sterIle gram
sorghum m London m 1996

AnalYSIS ofthe honeydew exuded from
certam sweet stem sorghums mfected
WIth C afrzcana m expenmental agrIcul­
tural field condItIons, but not supportmg
secondary sporulatIOn, showed that rather
high concentratIOns of levantnose accu­
mulate and are mamtamed even m humId
condItIOns

LogIcally It follows that the faIlure to
support secondary sporulatIOn was conse­
quent on transformatIOn of the sucrose­
ncher phloem translocate m these partICU­
lar sweet sorghums to the bIOlogically­
active levantnose ThiS sugar IS not
WIdely fungItOXIC smce It dId not mhIbIt
germmatlOn of comdia of two plant
pathogenIc PemcIlha (P dzgltatum andP
expansum) even at a concentratIOn of2%

An explOItable bIOchemIcal mecha­
msm IS therefore avaIlable m certam
sweet sorghums, and the use of a sweet
character III the male-stenle A-hne m F1

hybnd seed productIOn IS proposed as a
feaSIble strategy to suppress ergot dIsease
epIdemIC development

The strategy relIes on the perSIstent ex­
preSSIOn of the particular, and rather un­
usual, enzymology m C africana So far
our expenence With the pathogen on ItS
spread northwards through South Amer­
Ica shows a consistent pattern of typical
ohgosacchandes m honeydew, even to
the extent that the compOSItIOn has m ef­
fect taxonomIC value m disease dIagnOSIS
and was mvoked as a complementary
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character when the pathogen was recently
first encountered m Brazil (Rels et al
1996)

The first step m this expenmental con­
structIOn of agronomically sUItable A
hnes, expressmg a sweet character dunng
1-2 weeks after flowermg when suppres­
Sion of secondary sporulatIOn on honey­
dew IS epidemIOlogICally most Important,
IS to demonstrate that male stenle forms
of our selected sweet sorghums Will be­
have Similarly to these fertile forms With
respect to suppression of secondary spo­
rulatIOn ConstructIOn of male stenles IS
currently m progress m South AfrIca and,
prOVided that they come up to expecta­
tIOns, the challenge Will be to mtroduce
appropnate sweet character expression
mto sorghums that are agronomically
SUItable to act as A hnes m F I hybnd seed
productIOn systems It will still be deslF­
able to achieve effiCient polhnatlOn as
rapidly as pOSSible from the B hne Never­
theless, pnmary fOCI ofdisease due to er­
got may arise m some florets ofthe A hne
but these fOCI should not then functIOn as
sources of further wmdbome moculum
causmg epidemiC development It may of
course be prudent to destroy B hne plants
Immediately after pollen sheddmg m case
they develop therr own fOCI for disease
spread, though thiS may be of mmor Im­
portance If the B hne IS effiCIently self­
pollmated

Ergot dIsease causes most seed losses
m male sterIle sorghums and therefore
perSIstence ofthe sweet character expres­
sIOn m the F I hybnd need not be an obJec­
tIve, espeCially If restored fertlhty has
been effiCient The sweet character m the
A hne could therefore be receSSIve to a

dommant pure gram sorghum genome of
the B hne Iffertlhty IS not effiCiently re­
stored perSIstent expression of the sweet
character may be desrrable

AmplIficatIOn of the bIOchemIcal
mechanIsms tentatively perceIved for C
afrlcana m producmg ohgosacchandes
whIch can mhlblt secondary sporulatIOn
IS currently m progress m London, With
strong mdicatlOn already that the dIsac­
charide IS levanblOse, agam recognIzed
for the first tIme that thIS small fructOSIde
occurs as a free natural product It Will be
Important to define at least two more of
the mmor ohgosacchandes and to show
whether ornot they are bIOlogically actIve
concernmg secondary sporulatIOn In any
case It IS already clear thatC afrlcana has
rather umque mechamsms for sucrose
utlhzatlOn whIch are espeCially effiCient
III makmg Virtually all the glucose com­
ponent available for nutritIon and con­
slgnmg the fructose mto fructosans, that
for the purpose ofF I hybnd seed produc­
tIon can be explOIted WIth long-term cost
benefit both to the seed producers and to
the farmer m the semI-arId tropICS_
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Host Plant Resistance: Sorghum Ergot

J A Dahlberg

Abstract

Sorghum [Sorghum blc%r (L) Moench] IS the fifth most Important cereal crop m
the world In 1995, sorghum ergot caused by Clavlceps afncana was first reported m
the Amencas Smce then It has movedto cover the hemisphere Fungicides have become
the short-term solutIOnfor control, but treatment IS expensive Host-plant resistance of
fers a possible solutIOn to llmltmg ergot andreducmg the costs ofseedproductIOn Be­
cause ofItS umque life history with sorghum, stenle plants andanyplant that has prob­
lems with stenllty IS vulnerable to the disease Disease management strategies mclude
three basIc approaches, 1) escape m space and/or time 2) accommodatIOn to thepatho­
gen (tolerance), and 3) corifrontatwn (use ofphysical or chemical defenses, mcludmg
both antibIOsIs and nonpreference resistance) Each has llmltatwns based on our lrm·
lted knowledge ofthe sorghum-ergot relatIOnship

Sorghum [Sorghum blcolor (L )
Moench] ergot, Identified as Clavlceps
afncana, was fust reported In the
Amencas m mId-1995 m BrazIl (Rels et
al 1996) Smce that tIme, 33% of the
countnes In the Amencas and the
Canbbean have had confirmed reports of
ergot The dIsease has moved
approxImately 8000 kIn (5000 mIles) m
two years

In the sprIng of 1997, ergot was
reported m Puerto RIco, JamaIca, the
DOmInICan RepublIc, and MeXICO
mcludmg several wmter nursery sItes
utIlIzed by the U S Sorghum Industry
The economIC Impact ofthts dIsease was
felt ImmedIately Several research
programs have lost a full breedmg cycle
due to a pnmanly self-Imposed ban on

J A Dahlberg, USDA ARS TARS 2200 Ave Pedro Alblzu Campos SUIte
201 May.guez, PR 00680 5470
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growmg the matenal m the summer In the
Umted States Breeder's seed that IS
Imported Into the US IS beIng treated
WIth selected fungICIdes as a precautIon
BreedIng programs WIll have addItional
costs In fungICIde treatment to mImmize
ergot m the field and reduce the chances
of seed contamInatIOn

Cnsis exemptIons are bemg sought and
granted to spray the systemIc
propIconazole TIlt® on nursenes and
productIOn fields thIS summer These
emergency exemptIOns are defined by the
Ammal and Plant Health InspectIOn
ServIce (APHIS) of the Umted States
Government as, "Emergency Exemp­
tIOns The authonty gIven to the
EnVIronmental ProtectIOn Agency (EPA)
to exempt a State or Federal agency from
the reqUIrements ofFlFRA, Ifemergency
condItIOns eXIst There are four types of
emergency exemptIOns whIch may be
used based on the follOWIng
CIrcumstances (l) Cnsis An exemptIon

Previous Page Blank



requested If the tIme avaIlable from
dIscovery or predICtIon ofa pest outbreak
IS InsuffICIent for a pestIcIde to be
regIstered for the partIcular use (2)
SpecIfic An exemptIOn requested If a
pest outbreak has or IS about to occur, and
no pestICIde IS regIstered and readIly
avaIlable or no other appropnate method
of control IS avaIlable to eradIcate or
control the pest (3) QuarantIne An
exemptIOn requested If SIgnIfIcant
economIC or health problems wIll occur
wlthoutthe use ofthe pestICIde (4) PublIc
Health An exemptIon to control a pest
that WIll cause a sIgmficant nsk to human
health" (APHIS 1995)

Cost estImates have run from
approxImately $30 00 per acre for
treatment USIng Ttlt WIth an overall
projected cost of$2 00-3 00 for every bag
of hybnd seed produced Ergot has also
been reported m AustralIa, and they are
projectIng Increased costs of $2000
AustralIan dollars for each 25 kg bag of
seed WIth an Increased cost of $4 0
mIllIon AustralIan dollars annually to the
mdustry BrazIl IS also experImentmg
WIth several dIfferent applIcatIOns of
systemIc fungICIdes such as TIlt,
tnadlmenol (Bayfidan®), and tebuco­
nazole (FolIcur®) for use m control of
ergot m hybnd seed productIon fields

Because of ergot's sudden appearance
m the Amenca's, short term strategIes m
thIS regIOn have been lImIted to research
on fungICIdal treatments However, gIven
the overall cost, both finanCIally and
envIronmentally, of usmg chemIcals as
the maIn control strategy, reSIstant
cultIvars seem to be a practIcal and
economIcal form ofcontrol for the future

ThIS WIll mvolve host-plant resIstance
and perhaps the use of speCIalIzed
bIOtechnology to achIeve thIS goal

Host-Plant ResIstance

Host-plant reSIstance has been
recognIzed by farmers for several
thousand years Early farmers used
delIberate human selectIOns as a means of
selectmg speCIfic heads or panIcles for
plantmg mthe next generatIOn SelectIons
were based on larger heads, larger seed,
more seed, better seed, and more than
lIkely, dIsease free pamcles ThIS type of
selectIon pressure created populatIOns
that became an array of delIberately
chosen components It may stIll be nch m
VarIatIOn because cultivators of
tradItional agrIculture have an
appreCIatIOn for mIxtures, but the
mIxtures WIll conform to whatever an
mdlvldual selector chooses The total
potentIal range of VarIatIOn w111 be
fragmented mto landrace populatIOns or
prImItive cultlvars (Harlan 1975)
IndIVIdual plant charactenstlcs and the
phySIcal and chemIcal structure of these
plant populatIOns would, therefore,
dIrectly and mdlrectly affect the evolutIon
and ecology of plant pathogens and the
abIlIty ofthe plant populatIon to deal WIth
them (Fntz and SImms 1992)

ThIS co-evolutIon of plants WIth theIr
respectIve pathogens was eloquently
stated by Flor (1955, 1956) m what has
become known as the gene-for-gene
hypotheSIS SImply stated, genes m a host
plant that control susceptIbIlIty or
resIstance have a correspondmg gene m
the pathogen that determmes aVIrulence
or VIrulence ThIS mteraction determmes
whether or not the dIsease WIll be
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expressed mthe host (Fehr 1987) Several
authors and books have dIscussed the
gene-for-gene hypothesIs and ItS effects
on breedmg for plant resIstance and the
mechanIsms mvolved (Bagga and Boone
1968, Ellmgboe 1981, FntIg and Legrand
1993, Fntz and SImms 1992, Jacobs and
Parlevhet 1993, Johnson and Jelhs 1992,
Martm et a1 1993, MIchelmore 1995,
Toxopeus 1956) From these dIScussIons,
three basIc strategIes for dIsease
management m host-plant resIstance have
developed, 1) escape m space and/or
tIme, 2) accommodatIon to the pathogen
(tolerance), and 3) confrontatIOn (use of
physIcal or chemIcal defenses, mcludmg
both antIbIOSIS and nonpreference
resIstance) (Kennedy and Barbour 1992)

These dIsease management strategIes
have the potentIal for the development of
plants that are better adapted to handlmg
outbreaks ofergot m the future However,
In order to understand how these
strategIes mIght be used and developed, It
IS essentIal that one understands some of
the basIc morphology Involved In
susceptIbIhty of sorghum to ergot and
ergot's own lIfe hIStOry

The Sorghum Plant and Ergot

Sorghum IS a robust and genetIcally
varIable plant Most sorghums are
photopenod sensItive and days to
flowermg range from 36 to 199 days It
has strong stems and ranges m heIght
from less than 1 m to greater than 4 m
Stems are JUICY or dry, sweet or bItter
Leaves are arranged alternately and have
promment mIdvems and parallel lateral
vems Long, overlappmg leaf sheaths are
attached at the nodes
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The sorghum head IS a panIcle
consIstmg ofa central aXIS WIth whorls of
mam branches, each WIth secondary and
sometImes tertIary branchmg The length
ofthe rachIs branches permIts a varIety of
panIcle shapes and SIzes The branches
carry the racemes of the spIkelet (FIgure
1) The pamcle emerges from the flag leaf
sheath, or boot

As sorghum flowers undergo anthesIs,
spIkelets form at the apIces of the rachIs
branches SpIkelets come m paIrs on the
racemes WIth one bemg sessIle and fertIle
and the other bemg pedIcelled and stenle
Each sessIle spIkelet contams one fertIle
and one stenle floret AnthesIs occurs
early m the mornmg and proceeds from
the apex to the bottom ofthe panIcle over
a SIx-to-mne day penod, dependmg on the
enVIronment, SIze of the panIcle, and the
vanety Sorghum flowers open as a result
of the 10dIcuies swellIng and forcmg the
glumes apart (Doggett 1988) The
stIgmas emerge and the papIllae fluff out
StIgmas generally extend beyond the
glumes WhICh close after one to four
hours (Stephens and Qumby 1934)
StIgmas may be receptIve to pollen one to
two days pre-flowermg and may be
receptIve for up to a week after flowermg
Jaster (1985) reported that under certam
envIronmental condItIons, stIgmas may
be VIable up to 12 days after 100%
anthesIs

Seeds begm to appear shortly after
flowenng PhySIOlogIcal matunty,
recogmzed by the development of the
black-layer, occurs between 25-55 days
after flowenng Seed IS normally
harvested 10-20 days after black-layer
formatIon when seed mOIsture content IS
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Figure 1 Tbe mflorescence and splkelets of sorghum (1) parts of tbe pamcle a, mternode of
rhacbls, b, node with branches, c, branch with several racemes (2) Raceme a, node, b,
mternode, c, sessile spikelet, d, pedicel, e, pedlcelled spikelet, f, termmal pedlcelled
splkelets, g, awns (3) Upper glume a, keel, b, mcurved margm (4) Lower glume a,
keel, b, keel-wmg, c, mmute tootb termmatmg keel, (5) Lower lemma a, nerves (6) Up­
per lemma a, nerves, b, awn (7) Palea (8) Lodlcules (9) Flower a, ovary, b, stigmas, c,
anthers (10) Gram a, bIlum (11) Gram a, embryo mark, b, lateral hnes (Snowden
1936)

roughly 15% Seeds are made up of
pnmanly three major components the
endosperm, embryo, and pencarp
AssocIated wIth the seeds of many
sorghum cultIvars IS a specIalIzed layer
called the testa, composed of phenolIc
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compounds, WhICh separates the
endosperm from the pencarp

Because the lIfe and dIsease cycle of
ergot wIll and has been dIscussed
extensIvely III thIS conference, dISCUSSIon



on ergot wIll be lImIted to Its lIfe cycle and
Its potentIal InteractIOns wIth sorghum
The lIfe cycle of Clavlceps afrlcana IS
outlIned In FIgure 2 It IS cntIcal that In ItS
lIfe cycle non-pollInated stigmas are
present for colomzatIOn by eIther comdia
or ascospores of the pathogen The
pnmary sIte of mfectIOn IS the stigma,
although the comdIa may also Infect
through the style and the ovarywall Once
germmated comdia reach the vascular
,bundles ofthe rachIlla, rapId colomzation
ofthe ovary takes place (Bandyopadhyay

et al 1996) The focus on plant-host
resIstance must therefore revolve around
the pathogen's InteractIOn wIth the
pollInatIng mechamsms mvolved m the
sorghum plant

Potential Strategies for Disease
Management III Sorghum

Three basIc strategIes for dIsease
management m host-plant resIstance for
sorghum are avaIlable, 1) escape In space
and/or time, 2) accommodatIOn to the

Life Cycle of Clavlceps africana

5-10 days

AIrborne cOnidia,
Nonpolhnated

",;tt' stigma
Ascospores

I
SClerotla~3?;days

Ovanes convertedI to sphacella

Sphaceha produce
cOnidia In honeydew

wind

high
humidity

Comdlaon
honeydew surface

Figure 2 Life l:yc)e of sorghum ergot (Clavlceps afncana) (after Odvody)
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pathogen (tolerance), and 3)
confrontation (use of physical or
chemical defenses, mcludmg both
antIbIOsIS and nonpreference resIstance)
In order for these systems to be utIhzed,
several programs must be m place to
support these strategIes The first step m
the development ofthese tools are proper
screemng and evaluatIon techmques for
ergot Bandyopadhyay et al (1996), m an
excellent reView on ergot, outhne the
research that has taken place m the
development of moculatiOn methods,
screenIng technIques, evaluation
procedures, and fmally sources of
resIstance, considermg that, hnes wIth
sIgmficant and stable levels of resIstance
were not available (Bandyopadhyay et al
1996)

To fully Implement these optiOns,
dIsease management must consIder that In
sorghum we are dealmg wIth two
dIfferent developmental programs In our
breedmg strategIes, 1) development of
mamtamer and restorer (B/R) hnes and 2)
development ofmale-stenle hnes In B/R
lInes, germplasm acceSSIOns that show
some promIse of resistance have been
found withm many ofthe collectIOns from
around the world (for sources of
resIstance, see Bandyopadhyay et al
1996) and thIS would be expected If one
accepts the gene-for-gene hypothesIs

Landraces or tradItIonal cultIvars
presented populatiOns m which co­
evolutIOn of the ergot pathogen could
evolve and both resIstant and vIrulence
genes could co-exIst Male-stenle lInes,
however, pose a different problem A
major assumptIon withm the gene-for­
gene hypothesIs is that plant populatIOns
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eXist m nature m whIch mteractiOn
between host plants and pathogens can
eXIst Disease expreSSIOn is modIfiable
through the mteractiOn ofgenes from both
the plant populatIon and the pathogen
Both IndlVldual plants and populatIOn and
pathogens surVIve Male-stenle
populatIOns of sorghum are an artifact of
our agncultural scheme and are not Viable
forms m nature, consequently, genes for
resIstance and virulence withm a male­
sterIle populatiOn would not have
evolved Therefore, genes for reSIstance
In our germplasm sources may be dIfficult
to elUCidate ThIS does not preclude,
however, the use of escape mechanIsms
that mIght aSSist m lImitmg outbreaks of
ergot m the future and the potentIal of
bIOtechnology, speCIfically, transform­
atIOn as pOSSIble tools withm our dIsease
management strategy

Escape In Space and/or TIme

In both B/R lInes and male-stenles,
manIpUlatiOn of flowenng dates
(matunty) to allow flowenng to occur
durmg optImal pollInatIon and fertIhty
tImes IS one method that can be
mcorporated mto breedmg programs
These genes could produce cultivars and
hybnds that flower at tImes when weather
condItions are unfavorable to ergot
development Germplasm IS currently
avaIlable to begm thIS process Flowermg
In sorghum germplasm ranges from 36 to
199 days ThiS would also reqUIre a
thorough understandmg of weather
condItions throughout the proposed
developmental stages of sorghum

Male-stenles have been bred for
prolonged penods of stIgma receptivIty



and thIS has been Important m the hybnd
seed mdustry when pollen parents flower
later than females (Frankel and Galum
1977) De Vnes (1971) also reported that
greater penods of stIgma receptIvIty
produced greater seed set Jaster (1985)
found sIgmficant dIfferences m stIgma
receptIVIty among selected cytoplasmIc
genetIc male stenles Greater penods of
stIgma receptIvIty could also possIbly
lead to greater susceptIbIlIty to ergot and
we mIght have to begm developmental
programs to produce female hnes wIth
shorter penods ofstIgma receptIVIty ThIS
IS one area of research that reqUIres
further fundmg and evaluatIOn Agam,
germplasm eXIsts to meet thIS challenge

AccommodatIOn to the Pathogen
(Tolerance)

ThIS strategy may be the most dIfficult
to Implement, espeCIally on large scale
productIOn and hybnd seed productIon
areas Unfortunately, even small numbers
of mfected panIcles may be enough to
completely contammate productIon seed
gIven the mechanIcal harvestmg that IS
used m such operatIons Harvesters could
act as effiCIent spreaders of honeydew
onto harvested seed In order for tolerance
to be an effectIve tool m our dIsease
strategy arsenal, findmg acceSSIOns that
would allow for mfectIOn and productIon
of sphacelIa m stenle florets In BIR lInes,
but would then lImIt the productIon of
honeydew would have to be found WIthIn
our germplasm collectIons
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ConfrontatIOn
(Use ofPhySIcal or ChemIcal Defenses,
Includmg both AntIbIOSIS and
Nonpreference ReSIstance)

Post-fertilIzation, ultrastructural
changes m the gynoecmm followmg
pollmatIon, prevent ergot hyphae from
mfectmg the ovary along the same
pathways (Bandyopadhyay et al 1996)
In BIR hnes, several strategIes can be
employed to enhance sorghum's abIhty to
confront ergot Mechamsms that enhance
pollen shed, pollen fertIlIty and
fertIhzatIOn can be used McLaren and
Wehner (1992) found the preflowenng
cold stress was hIghly correlated to ergot
mCIdence Bandyopadhyay and Reddy
(1991), usmg dIfferent B-hnes arrIved at
baSIcally the same conclUSIOns Both
studIes relate to fertIhty Issues mteractmg
WIth envlfonmental condItIons Lansac et
al (1994) looked at pollen VIabIhty and
germmatIOn and found that sorghum
pollen was SImIlar to other Grammeae
speCIes m that It was deSICcatIOn senSItIve
and lost VIabIhty durmg drymg Further
research IS needed to evaluate the
potential of thIS mechamsm as a VIable
tool m our dIsease management strategy
Dr KeIth Schertz (personal commum­
catIOn) mdIcated that work was done m
the 1930s on pollen shed by Qumby and
Stephens (USA) and Rangoswamy
(IndIa), however, lIttle research has been
carrIed out SInce then

Due to the Inverse relatIonshIp ofergot
seventy WIth pollInatIOn, screemng for
reSIstance to both C sorghl and C
afrlcana m male-stenles has not shown
much promIse Most research m thIS area
has concentrated on AI, A2, A3, and At
cytoplasmIC male-stenles sources and



further evaluatIOn of other sources IS
needed One promiSIng area of research
might be In stIgmatIc secretIons that may
Influence spore germInation
ChInnadurai et al (1970) found varIetal
dIfferences In stIgmatIc secretIOn of such
products as malIc aCId, succmIC aCId,
argInIne, aspartIC aCId, tartarIC aCId, and
tyrosIne whIch mIght be related to spore
germInatIon In ergot SImIlar results have
been found m pearl mIllet (Kannalyan et
al 1973) Further research efforts need to
be carrIed out to valIdate these findmgs

Due to the Inherent dIfficultIes III

fmdIng reSIstance m male-stenles,
bIOtechnology or more speCIfIcally,
transformatIon may proVIde a wIlldow of
opportunIty In the development of
reSIstant female hnes AntI-fungal
proteIns expressed m the stIgma, style,
and ovary mIght proVIde a level of
reSIstance III females such that we may be
able to move away from chemIcal control
In the field TransformatIOn IS pOSSible m
sorghum and testIng of anti-fungal
protems and tIssue-specIfIc gene
expreSSIon WIll need to be carned out

ConclUSIons

Ergot IS a senous and costly dIsease to
sorghum productIon, espeCIally m hybnd
seed productIon Estimated costs for
chemIcal control are hIgh and WIll
mcrease productIOn costs for farmers and
the seed Industry However, host-plant
reSIstance may help control thIS dIsease
and eventually reduce costs of
productIOn Germplasm sources eXIstthat
may eIther escape or reSIst the dIsease In
B/R lInes ExtenSIve research and
collaboratIOn wIll be needed to further
elUCIdate mechanIsms that WIll be

Important In male-stenle hnes and the use
of biotechnology offers some promIse,
albeit In the future Development of
world-WIde screenmg nursenes,
mocuiatton techmques, and evaluatIOn of
germplasm resources are reqUIred In
order to buIld the knowledge base that
WIll allow us to utIlIze host-plant
reSIstance ThIS conference and thIS
dIsease prOVIdes us WIth that OPPOrtunIty
to lay the foundatIOn for thIS world-WIde
effort to combat ergot for the future
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ChemIcal Control of Sugary DIsease
of Sorghum (Clavlceps afrzcana)

N F J de Almeida Pmto, A da SIlva Ferreira, and C R Casela

Abstract

Sugary disease, caused by Clavlceps afTlcana, represents a major threat to hybnd
seedproductIOn m Brazil Smce the disease was observed m 1995, a collaborative re­
search program mvolvmg przvate andpubbc sector has been developedfor control of
the disease This paper reports results of recent trzals developed m the EMBRAPA
Mazze and Sorghum Research Center Experzment StatIOn, m the evaluatIOn offungr
cldes and doses for the control ofsugary disease m seedproductIOn fields

Sugary dIsease of sorghum, caused by
Clavlceps afrlcana, has been consIdered a
major threat to hybrid seed productIOn m
Brazil The dIsease was observed III

BrazIl III 1995 and by mId 1996, BrazIlIan
SCIentists, through a collaborative
research program mvolvmg publIc and
pnvate sector, IdentIfied two actIve
mgredients that were hIghly effectIve 10

the control of the dIsease

Very few reports are found m the
lIterature regardmg the control of C
afrlcana by fungICIdes No fungICIdal
actIVIty towards sugary dIsease was
reported for the reSIdual actIOn of
benomyl, bltertanol, carbendazlm plus
flustlazole, procymldone, proplconazole,
tebuconazole, and tnadimenol On the
other hand, Dlthane M-45, Dlfolatan,
Cuman, Carbendazlm plus Tndemorph,
Carbendazlm plus Thuam, and
Thyophanate methyl proved to be
effectIve m reducmg dIsease seventy and

N F J de AlmeIda Pmto A da Sliva FerreIra and C R Casela
CNPMSIEMBRAPA C P 151 Sete logoas MG Brazil
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SIgnIficantly mcreased seed productIOn
In VItro studIes mdIcated that Benomyl,
Captan, ZIram, ThIram, VItavax, and
MIitox mhlblted growth and sporulatIOn
of Sphaceba sorghl In thIS paper we
present some of the recent results of
fungICIde trIals performed at the Embrapa
Expenment StatIOn to evaluate the Impact
of fungICIdes In the control of sugary
dIsease

FungICIde tnals were dIVIded mto three
experiments In the first trial fungICIde
treatments conSIsted of four sprays, at
three-day mtervals usmg a backpack
sprayer, startmg at the begmnmg of
anthesls In all treatments sorghum
panIcles were sprayed so that they were
completely covered by the fungICIde
DIsease evaluatIons were based on the
percentage of mfected pamcle accordmg
to a 1 to 5 scale, where 1 =no dIsease and
5 =above 50% of dIsease Tebuconazole
was very effectIve m controllIng sugary
dIsease (Table 1) Some tOXICIty to
sorghum seeds was observed as a result of
apphcatIOn of Tnadlmenol, despIte ItS
hIgh effiCIency m the control of the
dIsease (Table 2)



Table 1 Effect of fungicides In the control of sugary disease (ClaVICepS afncana) In a seed produc-
tIon field of the cultIvar BR304, Embrapa Corn and Sorghum Research Center, Lagoas,
MG, BrazIl, 1997

Dose (ml DP" Dpb Dpc DSd DSe DSf

Treatment al ha 1) (%) (%) (%) (%) (%) (%) NElg NE2h NE31

Proplconazole 750 00 44 773 00 10 32 2 2

Proplconazole 1250 00 00 246 00 00 12 I 2

Proplconazole 500+ 00 75 829 00 10 32 2 2

Dlfenoconazole 500

Proplconazole 750+ 00 126 733 00 20 40 2 2

Dlfenoconazole 750

Tebuconazole 600 00 23 41 I 00 05 12 I I 2

Testemunha 589 \000 \000 30 375 650 2 4 5

'=dIseased panicles three days after last spraymg b=dIseased pamcle 14 days after last spraymtc=dIseased panicle final rating
d=dIsease seventy three days after last sprayml"=dIsease seventy 14 days after last spraymg =dIsease seventy final ratmg
4sease grade three days after last spraYIng =dIsease grade 14 days after last spraymg l=dIsease grade final ratmg

Table 2 Effect offunglcldes In the control ofsugary disease (ClaVlceps afncana) In a seed produc-
tIon field of the cultIvar BR304, Embrapa Corn and Sorghum Research Center, Lagoas,
MG, BrazIl, 1996

Dose (g or DP1a DP2b DSl c DS2d

Treatment ml al ha I) (%) (%) (%) (%) NE1e NEl
Tebuconazole 375 198 384 26 50 2 2

Benomyl 750 492 863 50 150 2 3

Mancozeb 2400 794 1000 207 500 3 4

Tnadlmenol 250 00 00 00 00 I I

Fentm hydroXide 500 PhytOtOXIC to panicles and leaves

Metalaxyl + 960+216 914 1000 213 667 3 5

Mancozeb

TlOfanato 700 889 \000 217 500 3 4

Menhco

Testemunha 872 \000 583 933 5 5

Tebuconazole 375 574 90 I 123 150 3 3

Tebuconazole 375 309 425 40 53 2 2

"=dIseased pamcles three days after last spraymg b=dIseased pamcle 14 days after last spraymg c=dIsease seventy three days after
last spraYIng d=dIsease seventy 14 days after last spraYIng "=dIsease grade three days after last spraymg f=dIsease grade 14 days af
ter last spraymg

In the second tnal, plots were sprayed
m a three-spray program at 5-day
llltervais The hIghest doses of
Tebuconazole were the most effective m
controllmg sugary dIsease, resultmg m
mcreased seed weIght and percentage of
genmnatlOn, and a reduced number of

159

dIseased spIkelets and numberofsclerotIa
per 1OOg ofseed (Table 3) The thIrd trIal
lllcluded a 7-day lllterval spraymg
program for the highest dose of the
comblllatlon Propiconazole +
Dlfeconazole The fungicides
Propiconazole, Proplconazole +



Table 3 Effect offunglcldes ID the control ofsugary disease (ClavlCeps a/ncona) ID a seed produc-
tion field of the cultJvar BRJ04, Embrapa Corn and Sorghum Research Center, Lagoas,
MG, Brazil, 1997

Dose DIsease Seed Seed wel~ht No sclerotia
(kgorlal splkelets weight GermmatlOn Vigor pamele per 100

Treatment ha I (%) (g 1000 I) (%) (%) (g) g ofseed

Tebueonazole 02500 433 3215 a 7667 a 6433 abe 1129 a 27

Tebueonazole 01250 800 3031 a 7833 a 6300 abe 1055 a 43

Tebueonazole 00625 1200 2663 b 7300 ab 6267 abe 823 ab 177

Proplconazole 02500 400 2687b 7667 a 6733 ab 813 ab 33

Proplconazole 01250 1060 2587 b 7367 ab 6967a 1057 a 80

Proplconazole 00625 1230 2562b 7000 be 5967 abe 955 a 280

TnadIDlenol 02500 063 2546b 6833 be 5433 e 10 84 a 03

TnadIDlenol 01250 030 2694 b 6967be 5867 be 878 a 00

TnadIDlenol 00625 100 2659b 6567 e 5667 be 997 a 07

Testemunha 5700 1937 e 6833 be 6000 abe 548 b 540

I=average values followed by the same letter are mmcatlve ofno sIgnIficant differences at 5% probabl1Jly (Tukey)

Difeconazole, and Tebuconazole were
effectIve m controlhng the dIsease (Table
1)

In all the trIals, plots artIficially or
naturally moculated before fungIcIde
spraymg, fungIcIdes dId not gIve
complete control of dIsease, mdicatmg
the non-curatIve effect of the fungICIdes
ResIdual fungIcIde actIvIty was not
enough to protect the crop throughout the
flowenng penod
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Integrated Management of Sugary
Disease of Sorghum - Practical Aspects

E M Rels and M M Casa Blum

Abstract

ThIs paper dIscusses the strategIes mvolved m the control ofsugary dIsease ofsor­
ghum causedby Clavlceps afFlcana The knowledge ofthe bIOlogIcal cycle ofthepatho­
gen IS offundamental Importance to estabbsh mtegrateddIsease controlstrategIes The
strategIes azm to reduce the moculum at ItS source Mam moculum sources are seed fn­
oculum, crop reSIdues, sclerotza, and secondary hosts D,sease may be managed
through seedmgtIme, pollen management, breedmgto mcrease sugar content m honey­
dew, and chemIcalprotectIOn ofthe mfectIOn court

Sugary dIsease IS known also as ergot
of sorghum Nevertheless the common
name that should prevaIl IS sugary dIsease
because long, black, hard sclerotIa hke
spurs are not produced DIagnosIs would
be facIhtated If sugary dIsease would be
used for the dIsease caused by Clavlceps
afrlcana FrederIckson, Mantle & de
Mllhano and ergot for C sorghl McRae
Two dIstmct pathogens and dIseases of
sorghum are mvolved

Sugary dIsease causes damage mamly
m seed productIOn fields It IS known as
the male stenhty dIsease smce any factor
that negatively Interferes WIth
fertIlIzatIOn predIsposes the female
flower to mfectIOn Infection does not
take place In those florets where
fertIhzatIon occurs Hence dIsease IS
more Important m seed producmg fields
than m commercIal ones

EM RelS andM M Cas.Blum F.culdade de Agronom.. e MedlCIO. Vet
ennan.. Umversldade de Passo Fundo Calx. Postal 611 99001 170
Passa Fundo RS BrazIl
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Damage may be dIrect or mdirect
DIrect when ovary mfectIOn takes place,
and seed or kernels are not formed
IndIrect damage results from the sugary
secretIOn or sphacehum on seeds WhICh
may reduce seedhng emergence m the
field by stImulatmg attack by soIl fungI or
from toxms present m the sphacehum
Nevertheless thIS has not been confirmed
III BrazIl yet Duect losses III seed
productIOn m the 1996 growmg season m
BrazIl were estImated as m excess ofone
mIllIon dollars No damage has been
determmed for commercIal fields yet

Integrated DIsease Management
ofPlant DIseases

In mtegrated dIsease management
(IDM), all avaIlable control strategIes
wlthm a umfied program are used to keep
the harmful organIsm populatIOn
(pathogens) below the economIC damage
threshold (EDT) m such a way as to
mmimize negative SIde effects on the
enVIronment (Anonymous, 1969) To
achIeve thIS goal a detaIled understandmg
to the pathogen lIfe cycle IS reqUired
BIOlogIcal cycle of Sphacella sorghl



McRae (teleomorph Clavlceps afrlcana
Fredenkson, Mantle & de MIlllano)

The target of control measures of any
dIsease should be the causal agent Hence,
a detaIled knowledge of the biOlogIcal
cycle of the etIOlogIc agent IS
fundamental Control strategIes aIm at
mterruptmg one or more phases ofthe hfe
cycle In order to Impede contmuous
dIsease development The hfe cycle ofS
sorghl IS based on InformatiOn from
hterature mamly from AfrIca and IndIa

Mam Phases ofthe Life Cycle
to be Targeted by IDM are

Inoculum sources - The reductIon of
moculum at ItS source IS the pnnciple on
WhICh strategIes are based

1) Seeds as source of moculum The
lIterature reports that two types of
Inoculum may be present WIth the seeds

a) ConIdIa In the honeydew
contamInate seeds dunng harvestIng
SImIlar to wheat and rye ergot,
macrocomdta on the seed surface should
not play any role m the pathogen hfe cycle
(WIese 1977) The bIologIcal functIon of
comdia IS to mfect ovarIes ofunfertIhzed
flowers, thIS IS the only known mfectIOn
SIte for ergot dIseases Hence, no control
should be dIrected at thIS moculum Smce
Inoculum as comdia IS In the wrong
InfectIon court (seed surface) and unable
to cause InfectIOn AddItionally,
laboratory expenments have shown that a
seed treatment WIth captan (75% WP) at
concentratIOns >40 Jlg ml 1 InhIbIted
spore germmatIon (Rels & Blum,
unpubhshed data) It was also shown that
VIabIlIty ofthe moculum as comdIa on the
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seed surface lasts for only one month
(Rels & Blum, unpublIshed data)
McLaren (1993) reported that seed
washIng m seed proceSSIng plants mIght
Improve seedlIng emergence m the field
by lowenng sugar and tOXIC substance
concentratIons

b) SclerotIa wIthm seeds The presence
ofsclerotIa In sugary dIsease IS abundant
Sclerotia ofC afrlcana are not soft, long,
hard and black lIke those ofthe true ergot
dIseases such as C purpurea m wheat or
rye (WIese 1977) Thus It IS suggested to
name them pseudosclerotia or sclerotIa­
lIke bodIes The amount of sclerotIa
produced In mfected pamcles IS very
hIgh Thus a large number IS found among
threshed seeds LIttle IS known about the
bIologIcal functIon of these restIng
structures In the contInUatIOn of the
paraSIte's hfe cycle GermmatIOn of C
afrlcana sclerotIa m the laboratory has
been reported once by Fredenckson et al
(1991) No reports of theIr germInatIon
under field condItions have been found m
avaIlable lIterature GermmatIon,
formatIon and release of ascospores, the
true structures for au-borne dIspersal of
Inoculum, needs mvestigatIOn Work
carned-out In BrazIl by commercIal
sorghum seed producmg compames has
demonstrated that the mechamsm ofseed
cleanIng and claSSIficatIOn allows the
complete removal of sclerotIa from
mfested seed lots Even If they could
easIly germInate, they would be
ehmmated from seeds by seed processmg
eqUIpment

2) Sorghum reSIdues as source of
Inoculum Futrell & Webster (1966)
reported that S sorghl may survIve m the



dry honeydew m the anamorphIc form
(comdIa) m mfected pamcles, WhICh
remam m the soIl after harvestmg
Secondary comdia can be released from
thIS moculum source and carned by wmd
to mfect ovarIes ofsorghum flowers mthe
next season Under field condItIOns and
monoculture, the reqUired survIval perIod
would be about 6-7 months However,
research IS reqUired to quantify the tIme
reqUired to complete decomposItion of
sorghum reSIdues as well as moculum
VIabIlIty under southern BraZIlIan
condItIOns In Passo Fundo, RIO Grande
do Sui State, sclerotia are naturally
broken down, nearly 98% oftheIr weIght,
mall month perIod The experIment IS
st1l1 m progress and no germmatIOn has
been detected m any sclerotia kept at the
s01l surface to SImulate no-t1l1 farmmg
and at a depth 10 cm to SImulate
conventional t1llage ExperIments on
decomposItion of naturally mfected
panIcles and macrocomdia vIabIhty are
bemg carned-out Currently, one may
mfer that a smgle season's crop rotatIon
WIth a non-susceptIble plant speCIes may
reduce moculum m mfected pamcles
remammg on the s01l, both as sclerotia or

macrocomdIa A summer rotatIOn would
Imply that sorghum could be cultIvated
agam after an 18 month penod The
potential control of sugary dIsease
through crop rotatIOn however IS unclear
takmg m to conSIderatIOn more Important
sources of Inoculum such as secondary
hosts

Seedmg TIme ofSorghum m the
Amencas and Relation to the Pathogen
SUTVlvalm Its Parasitic Phase

Table 1 shows the seedmg and
flowermgtime ofsorghum throughout the
AmerIcas Secondary comdia produced
on sorghum pamcles of cultIvated plants
would ensure moculum for the whole
contment Every month should there be
sorghum at flowenng prone for mfectIOn
everywhere Thus pathogen does not need
other alternatIve mechanIsm for survIval
m the AmerIcas, even sclerotIa

Secondary hosts as source ofmoculum
Secondary hosts can be defmed as
alternative non-profItable susceptIble
speCIes, such as weeds and w1ld plants

Table 1 Seedmg and flowermg time of sorghum m the Americas

Seedm tIme Flowerm tIme

Coun 1st Season 2nd Season 1st Season 2nd Season

BrazIl October/December FebruarylMarch January/February ApnllMay

MeXICO November/December March/Apnl

Aprd June/July

JanuarylMarch July/August

ColombIa! March/April September/ May/June November/

Venezuela October December

USA MarchlMay June/August

Bohvla May/June July/August

Argentma OctoberlNovember December/February

Honduras August/September May OctoberlNovember October
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Futrell & Webster (1966) and
Bandyopadhyay (1992) reported the
folloWIng secondary hosts of S sorghl In
AfrIca and IndIa Cenchrus ClilarlS, C
setlgerus, Ischaemzum pliosum, Pamcum
maXimum, Penmsetum typholdes, P
orzentalzs and Sorghum halepense
Although not beIng a secondary host,
Futrell & Webster (1966) Include maIze
as a susceptIble speCIes However, field
observatIOns In BrazIl both In

experImental areas and on farms, faIled to
reveal any vlSlble symptoms on maIze
plants growIng In close proxImIty to
mfected sorghum plants One may
speculate that In BraZIl maIze IS not
naturally Infected and thus It IS not a
susceptIble speCIes or moculum source
for sorghum

In BrazIl, a number of speCIes have
been reported as showmg SIgnS of sugary
dIsease Comdia of Sphaceiza-hke fungI
were measured and moculated on to a
male stenle sorghum hne Results are

presented In Table 2 The only InfectIve
Inoculum to S blcolor came from S
halepense mwhIch comdia shape and SIze
were SImIlar to S sorghl The remammg
Isolates appear to be dIfferent and
pOSSIbly are undeSCrIbed Sphacelza
speCIes, when compared WIth the
descnptions of Loveless (1964)

These results suggest that only the
speCIes blcolor and halepense and
probably sudanense and vertlcllzjlorum m
the genus Sorghum should be conSIdered
host of the sorghum sugary dIsease
fungus Among them IS Johnson grass an
Important speCIes 10 BrazIl The
InCIdence of thIS weed m South Amenca
IS partIcularly hIgh In ArgentIna whIle
less so In BrazIl

Techmcally, the control of secondary
hosts would be recommended to aVOId an
alternatIve source of Inoculum, but thIS IS
not feaSIble takIng mto conSIderatIOn the
large areas Infested by these speCIes,

Table 2 Measurement ofSphacella spp macronomdl3

Length

Host plant

Sorghum bleo!or

Brachlana bnzantha

Cenehrussp

LollUm mu!tiflorum

Pamcum maximum

Paspa!um dllatatum

Paspalum guenoarum

Penmsetum amencamm (own Inoculum)

Penmsetum amencanum'"

Sorghum halepense'"

Fredenckson Mantle & deMdhano (1991)

• Sorghum lDoculum

100 225

100 200

150 300

75 13 8

13 7 -275

87 -225

100-237

100 187

105 215

100 287

90 170
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Macrocomdla

Width Mean

J.lm

x 50 100 148 x 7 4

x 45 75 152 x 6 1

x 37 75 223 x 5 4

x 30 75 91x45

x 55-105 20 6x 7 6

x 50- 80 15 4x 6 9

x 37 75 162 x 5 2

x 45 87 148 x 68

x 50 100 159 x 7 2

x 50 10 0 172x76

X 50 80



especially Johnson grass Besides that,
there IS a need to confirm the productiOn
of secondary comdla m these plants as
they are on sorghum accordmg to
Fredenkson et al (1991) Control of this
disease will be Impossible by the
reduction of the moculum from these
sources If secondary comdla are
abundantly produced and easily
transported through wmd at very large
distances, they would be suffiCient to
ensure moculum for a large geographic
area such as a country or a contment
(Table 2)

The host range reported mthe hterature
has not been confirmed for Brazil The
Isolated pathogen has been restncted to
the genus Sorghum, and may be a new
stram or a new species when compared
With the hterature More mvestlgatiOn IS
needed to prove thiS hypotheSIS From
now on, Sorghum blcolor, S halepense,
S sudanense andS vertlcllzjlorum should
be considered as the only host of C
afncana m Brazil Other plant species
should be moculated under natural
conditions to test Koch's postulates

Pollen Management

As sugary disease IS the result of
mfectIon of unfertIhzed ovanes and
flower predispOSItion IS directly related to
poor polhnatiOn, the management of
factors mvolved m polhnanon may lead
to damage reductiOn Recommended
measures are

• selectiOn of sorghum hnes With
high pollen producnon

• optimizatiOn ofthe ratio offemale­
male hnes
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• selectiOn of parents adapted to the
environment m such a way that pol­
len quantity and vlablhty IS not af­
fected

• management of seedmg time to
synchromze the flowenng of male
and female hnes

• mtrogen or ungatIon may be used
m the later flowenng hne to anticI:­
pate flowenng

• pollmatlon may be also Improved
by promotmg au turbulence by
plane or atomizer

• knowledge ofthe chmate ofthe re­
giOn where seed IS produced so that
sorghum flowers wlthm the tem­
perature range of 20 to 25°C and
With blowmg wmd

• Improvement of hnes for a higher
amount of pollen productIOn,
higher vlablhty, larger penod of
pollen productiOn should be pur­
sued With reduced susceptIblhty of
these features to envlfonmental
conditions

Under field conditions m Brazil
commercial hybnds exhibit differences m
disease seventy ThiS may be attributed to
better adaptation or to the more effiCient
pollInatiOn that occurs m more resistant
hnes compared With more susceptible
hnes

Genenc Improvement

A hIgh sugar content of the honeydew
may suppress germmatlon of
macrocomdla and as a consequence
reduce the production of secondary
comdla, the mam mfectmg structures of
the pathogen ThIS strategy may be
achieved by mcorporatIon of the sweet
character present m sweet sorghum mto
the genome of male sterIle hnes



AccordIng to Hassan et al (1995),
breedmg for resIstant cultivars that may
be done through the mtroductIOn of thIS
traIt could reduce the rate ofspread ofthe
dIsease through a seed productIon (male
stenle) field

Control by ChemIcal ProtectIon
oflnfecnon Courts

WhIle resIstance IS not avaIlable,
fungIcIdes may be used to reduce losses m
seed productIOn fields

McLaren (1994) and Ferreua et al
(1996) demonstrated the potentIal of
tnazole fungIcIdes In the control of
sugary dIsease In BrazIl three
applIcatIOns are recommended as
follows (a) 250 ml/ha of tebuconazole
(Fohcur 200 EC), at the begmnmg of
flowermg when sorghum plants are 80%
WIth emerged pamcles, (b) 500 ml/ha, 5-6
days after the first spray, and (c) 250
ml/ha 5-6 days after the second
apphcatlon The use ofground eqUIpment
IS recommended usmg a three nozzle
spray boom for each sorghum row Two
spraymg Jets are dIrected to the pamcle
SIdes and one to ItS top Volumes ofabout
300-400 I ha 1 have been used for the
techmcal control of the dIsease m seed
productIOn fields No recommendatIOn IS
avaIlable yet for dIsease control In
commercIal fields

Fmal Remarks

The number of secondary comdIa
produced both m seed productIon fields
and m commercIal ones and theIrefficIent
transport by wmd to long dIstances may
explam the recent occurrence and rapId
spread ofthIS dIsease m the Amencas and

AustralIa ThIS may be aIded by the
contmuous croppmg of sorghum durmg
all seasons on the contment (Table 1)
ThIS ensures the presence of moculum at
all tImes and all places The presence of
Johnson grass may add to thIS as an
Important source of moculum m South
Amenca These SuppOSItIons reqUire
mvestIgatIon At present the only feasIble
means of controlhng the dIsease m seed
fields IS by fungICIde apphcatIOn
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Role of ICRISAT In Sorghum Ergot Research

R Bandyopadhyay

Abstract

ICRISAT IS currently preparmg to operatlOnallze ItS MedIum-Term Plan (MTP) for
1998-2000 One ofthe key components ofthe MTP IS to further mtensify partIcIpatory
approaches m research mvolvmg networking andpartnershIps wah NatlOnal AgrIcul­
ture Research Systems (NARS), Advanced Research InstItutes, the prIvate sector and
Nongovernmental OrgamzatlOns (NGO) to capture complementarItles and compara­
tIve advantages Due tofundmg constramts, ICRISAThas deCIded to contmue sorghum
ergot research only wIth noncore, complementary grants ICRISAT has experience m
ergot research m the Center and through collaboratIveprojects m eastern AfrIca ICRJ.
SATcan help m theJomt development ofa sUltable network on sorghum ergot and con­
trIbute to It by mformatlOn exchange, assIstmg m seekmg donorfundmgfor collabora­
tIve research, anddevelopmgInternatlOnal Publlc Goods such as mformatlOn on epld~

mlOlogy to desIgn dIsease management strategIes, risk assessment modelmg and
ldentifymg ergot-resIstant sorghums We recommend a collaboratIve approach wIth
sharedresponsibillties and deVOId ofundue overlappmg efforts among mterestedpart­
ners for achlevmg the common goal ofcontrollmg the dIsease

Nmety percent ofthe world's sorghum
productIOn area IS located m developmg
countrIes, where It IS a staple for mIllIons
of the very poorest people, who lack
economIC access to more expensIve
cereal grams (FAO/ICRISAT 1996)
Because sorghum IS a crop of only the
poorest mmonty, natIOnal average figures
often do not reflect the large dIetary
mtake by these dIsadvantaged groups
Over the past two decades, sorghum areas
m ASIa and Latm Amenca have declmed,
although gram yIelds are mcreasmg to
compensate Even these Yield mcreases
may be underestImatIOns due to the
mcreasmg areas sown for fodder use,
whIch are accounted for m area estimates

R Bandyopadhyay IntemalIon.1 Crop Research InSlItute forthe SemI And
TropIC (ICRISAT) p.tancheru 502324 Andhra Pradesh indIO
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but not gram m flows The Importance of
sorghum as a feed and forage source mthe
mIxed crop-lIvestock systems charac­
tenstlc ofthe SemI-And TropICS (SAT) IS
gaInIng momentum The graIn of
sorghum IS emergmg as a sIgmficant
lIvestock feed m IndIa, and IS the major
use of the crop m Latm Amenca and the
developed world Feed usage of sorghum
not only Improves fann mcomes and
dIversIfies the enterpnse, but also helps
make mIlk and meat products more
affordable, thus Improvmg the nutntIOn
of the poor

The InternatIOnal Crops Research
InstItute for the SemI-And TropICS
(ICRISAT) was establIshed m 1972 as the
first mtematlOnal research center under
the auspIces ofthe ConsultatIve Group on
InternatIOnal Agncultural Research



(CGIAR) The mandate ofICRISAT IS as
follows

• Serve as a world center for the Im­
provement of gram yield and qual­
Ity of sorghum, millets, chickpea,
plgeonpea, and groundnut and act
as a world repository for the genetic
resources of these crops

• Develop Improved farmmg sys­
tems that wl1l help to mcrease and
stablhze agncultural productIOn
through more effective use ofnatu­
ral and human resources m the sea­
sonally dry semi-and trOpiCS

• Identify constramts to agncultural
development m the semi-and trop­
ICS and evaluate means of allevlat­
mg them through technological and
mstltutIonal changes

• ASSist m the development and
transfer oftechnology to the fanner
through cooperatIOn With national
and regIOnal research programs,
and by sponsonng workshops and
conferences, operatmg trammg
programs, and asslstmg extenslOn
activIties

ICRISAT's miSSIOn statement reads as
follows through mternatIOnal research
and related actiVities, and m partnership
With natIOnal agncultural research
systems (NARS), to contnbute to
sustamable Improvements m the
productiVity of agnculture m the SAT
(plus other countnes m which ICRISAT's
mandate crops have relevance) m ways
that enhance nutntIOn and well bemg,
espeCially oflow-mcome people

ICRISAT's expertise m sCience-based
agriculture development, togetherwIth ItS
mternatlOnal, apohtIcal, non-profit, and
humamtanan nature, umquely pOSitIOn It
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to help the peoples of the SAT to work
together to achieve effective practIcal
solutIOns ICRISAT's mISSIOn IS carned
out through strategic partnershIps With a
Wide range of natIOnal and local
orgamzatIOns, m which each partner
contnbutes accordmg to ItS speCial
expertise and mandate ICRISAT, as a
global center of SCientific excellence,
contnbutes broadly apphcable
mternatlOnal pubhc goods (IPGs), whl1e
ItS regIOnal, natIOnal, and local partners
translate these goods mto the fmal
products that help Improve the hves ofthe
rural poor m theIr areas ofresponSIbIlIty

Sorghum DIseases 1D the Medmm­
Term Plans (MTP) oflCRISAT

The MTP constItutes a statement ofthe
strategIc directions and pnontles of the
mstltute In the past decade, MTPs for
1989-93 and 1994-97 have been
operatlOnahzed Durmg the first of these
MTPs, sorghum disease research
encompassed gram mold, anthracnose,
leaf blIght, folIar diseases, downy
ml1dew, long smut and ergot Due to
fundmg constramts, research on downy
ml1dew, long smut and ergot was dropped
from the core research agenda dunng the
1994-97 MTP penod

The MTP for the penod 1998-2000 IS
currently pendmg approval from the
Techmcal AdVISOry Committee of the
CGIAR (ICRISAT 1997) ThiS MTP IS
not mconslstent With the pnontIes,
obJectives, goals, and values ofthe past It
may not be surpnsmg that the proposed
1998-2000 agenda IS evolutIOnary, rather
than revolutIOnary, smce strategic
research m close partnership With
stakeholders reqUIres a long-term



approach, and emerges from a wIde and
ongomg consensus-bUIldmg process
Nevertheless, strong currents of change
underlIe thIS evolutIon, partIcularly m
response to strong donor mterests, new
sCIentIfIC developments, and the
mcreasmg strength ofa number ofNARS
partners DespIte the nnportance ofmany
research opportumtIes, fundmg levels
constram the extent to whIch they can be
pursued ICRISAT determmes WhICh
aspects It can afford to address by
dIvIdmg the entIre research agenda mto a
number of speCIfic dIstmctIve tOpICS, and
rankmg them m pnontIzed order It then
pursues as many of the hIghest pnonty
tOPICS as fundmg WIll permIt

To achIeve ObjectIvIty m the process of
rankmg ICRISAT's pnontIes, speCIfic
cntena were establIshed agamst WhICh
the ments of the suggested tOpICS were
judged These Included eqUIty,
effIcIency, mternatIOnalIty, sustam­
abIlIty, new SCIence opportunItIes,
relevance to NARS pnontIes and future
trends, whIch could change basIc
assumptIOns Based on these cnterla and
consIdermg the emergmg nnportance of
sorghum ergot, ICRISAT has deCIded to
remstate ergot research but It can only be
conducted usmg external (non-core)
fundmg Gram mold, anthracnose and
foltar dIseases of sorghum remam on the
core agreed agenda Research on these
dIseases Will be conducted at ICRISAT
locatIOns m India, Mall and Kenya 1D

collaboratIOn With NARS and Advanced
Research InstItutes (ARIs)
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Sorghum Ergot Research
at ICRISAT

Dunng the mId-seventIes, ergot
research began wIth resIstance screemng
actIVItIes m IndIa ThIS actIVIty was
dlscontmued after two years smce
resources were needed for research on
other more Important dIseases at that
tIme Ergot research was ImtIated agam m
1986 at the request of the NARS m
EthIOPIa and Rwanda where the dIsease
was conSIdered Important Dunng 1986­
90, our research objectIves were

• study the bIOlogy of the pathogen
and epIdemIOlogy of the dIsease

• determme the role of pollmatlon
and fertIlIzatIOn m dIsease develop­
ment

• develop methods to screen for ergot
resIstance

• IdentIfy sources oflocally-adapted,
ergot-reSIstant germplasm

Some of the hIghbghts of our results
are as follows

BIOlogy ofthe Pathogen

The varIatIOn m symptomatology of
the dIsease as affected by envIronmental
condItIons was descnbed (Bandyo­
padhyay et al 1990) The occurrence of
secondary comdia 1D the Indian isolate of
the pathogen and the umque process of
secondary comdtogenesis was reported
(Bandyopadhyay et al 1990) The
epidemIological Imphcatlons of
secondary comdIa are conSIderable and
the productIOn of easIly detachable
secondary comdIa outSIde the surface of
StICky honeydew matrix suggests that the
fungus can be dIssemmated by wmd



EpidemIOlogy

Knowledge ofsources ofmoculum that
ImtIate ergot mfectlon m the field, and of
the mode and extent of spread of the
dIsease IS reqUIred to deVIse dIsease
management strategIes Three
grammaceous weeds (Cenchrus cllzarzs,
Pamcum maXlmum, and Urochlora
pamcOldes) were IdentIfied as sources of
pnmary moculum m the field Large­
scale field expenmentatlon showed that
WInd-drIven, water splash-dIspersed
macrocomdIa dIssemmate the dIsease
Secondary fOCI appeared to be randomly
establIshed m down-wmd areas There
were 2-3 mfectIOn cycles, each of 6-8
days duratIon, m a flowenng season The
spatIal pattern of Infected spIkelets
changed from a focal to a random pattern
as dIsease progressed

FIeld expenments also mdIcated that
the pathogen can be dIspersed by WInd
WInd dIspersal IS pnmarIly due to
secondary comdIa produced on the
surface of honeydew It IS Important to
conSIder that secondary comdla are
produced only at hIgh (>90%) relatIve
humIdIty, and cool temperature (15­
20°C), both condItIOns are also favorable
for InfectIOn after spore depOSItIOn Thus,
the pathogen has ecologIcally adapted
Itself to produce a type of comdla
(secondary) that has greater pOSSIbIlItIes
of dIssemmatIOn (by wmd) only when
condItIOns for mfectIOn are optImal

Although honeydew from mfected
plants usually dnps and falls on soIl, the
epIdemIOlogIcal SIgnIficance ofSOIlborne
COnIdIa was not known It was observed
that honeydew that dnpped on to dry field

soIl remamed lIght brown, whereas
honeydew that fell on wet soIl developed
a whIte fluffy growth Scannmg electron
mIcroscopy observatIOns showed that
honeydew that fell on dry soIl contamed
only nongermlllated mIcrOCOnIdIa
embedded III theIr ongInal VISCOUS
matnx In wet soIl, the flUId matrIX was
not eVIdent and mIcrOCOnIdIa germmated
to produce a crop of secondary comdia
raIsed above the soIl surface Properly
deSIgned field expenments WIth caged
plants (to aVOid msects) showed that
secondary comdIa from the soIl surface
were wmd dissemmated and mfected the
caged plants Thus, SOIlborne secondary
comdia may be an Important moculum
source m the field

PollmatlOn Effects

It IS generally belIeved that pollInated
flowers reSIst InfectIOn and are not
colonIzed by the fungus Ergot
development by moculatmg flowers at
dIfferent tIme mtervals before or after
pollInatIon was studIed PollmatIOn- and
InfectIOn-related events were momtored
by fluorescence mIcroscopy The
fertIlIzatIon event was related to
reductIOn m ergot because the fungus
faIled to grow or grew slowly In pIstIls
moculated after fertIlIzatIOn SImIlarly,
pollen tube growth was retarded In
flowers moculated before pollInatIOn
However, a few flowers produced grams
WIth the fungus growmg at the basal end
It was hypotheSIzed that such gram
probably resulted from pIstIls m whIch
mfectIon hyphae and pollen tubes were
observed growmg SImultaneously, each
succeedmg m theIr respectIve functIOn­
colomzatIOn and fertIlIzatIOn Occurrence
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of ergot-mfected gram IS a phenomenon
not reported before InformatIOn on
pollmatIOn effects was vItal for the
developmentofa screenIng technIque and
IdentIficatIOn of resIstance

Identificatwn ofErgot ReSIStance In

Hybrid Parents

IdentIficatIOn of ergot-resIstant seed
parents IS a PrIOrIty for the development
of ergot-resIstant hybrIds VarIatIOn was
observed m seed set (20-93%) m hybrId
parents and hybrIds m seasons when nIght
temperatures were low (9-11°C) Low
nIght temperatures are known to
adversely affect self-pollInatIOn and,
therefore, reduce seed set ReductIOn m
the effICIency of self-pollInatIOn
predIsposes plants to ergot mfectIOn
Based on these observatIOns, It was
hypotheSIzed that self-pollmatIOn
effiCIent lInes at low temperature are
more lIkely to reSIst ergot than hnes that
are not self-pollInatIon effICIent
EvaluatIOn of seed parents at low (lO°C
nIght, 25°C day) and normal (l5°C nIght,
25°C day) temperatures m controlled
enVIronment growth chambers proved the
hypotheSIS and aSSIsted m the
IdentIficatIOn of ergot-resIstant seed
parents

CollaboratIve Research on
Sorghum Ergot m Eastern AfTlca

In eastern AfrIca there was a sorghum
research network WIth an AdVisory
CommIttee to determme research
prIorItIes ThIS commIttee conSIdered
ergot a PrIOrIty dIsease and recommended
that SCIentIsts m EthIOPIa and Rwanda,
where ergot IS a senous problem, should
collaborate With ICRISAT on research on

the dIsease m the regIOn ICRISAT,
therefore, restructured ItS ergot research
by conductmg all ItS actIVItIes on host
reSIstance aspects through two
collaboratIve projects m EthIOpIa and
Rwanda The objectIves of the
collaboratIve projects were to develop a
reSIstance screenIng technIque and to
IdentIfy ergot reSIstance Trammg was an
mtegral part ofthe projects ICRISAT and
natIOnal program SCIentIsts Jomtly
planned and conducted all the
experIments on ergot Together, SCIentIsts
mamtamed moculum, moculated and
evaluated panIcles, analyzed results and
planned further experIments Each year,
from 1987 to 1989, an ICRISAT SCIentIst
worked at ergot 'hot spots' m EthIopIa
and Rwanda together WIth the natIOnal
program counterparts A plantpathologIst
from each country spent 3-7 months at
ICRISAT workmg on ergot

Through thIS collaboratIve research,
SImple and effectIve artIfiCIal moculatIOn
methods were developed and the
Importance of moculatIOn demonstrated
III reSIstance screenmg A field screenmg
technIque was developed that has been
SUItably used by both natIOnal programs
to IdentIfy locally adapted, ergot-resIstant
sorghum hnes (Tegegne et al 1994,
Musabylmana et al 1995) EthIopIan and
Rwandan SCIentIsts have exchanged
ergot-reSIstant hnes and shared these WIth
SCIentIsts m southern AfrIca, Kenya, and
India where ergot IS also an important
problem

The Impact of the collaboratIve
projects has been the development of
expertIse and matenals that are of
ImmedIate benefIt to the natIonal
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programs because the research was
conducted at natIOnal research statIons
usmg plant matenals and physIcal
facIlIties avaIlable to the natIOnal
programs The EthIOpIan and Rwandan
natIOnal programs now conduct ergot
research mdependentIy

DimenSIOns oflCRISAT's Role

ComparatIve Advantages
and PartnershIps

Withm ItS agreed agenda, ICRISAT
will only engage m research that
generates benefits, such as IPGs, wIdely
across Its mandate regIOn
InternatIOnahty was a specIfic cntenon
consIdered dunng pnontIzatlOn of
research tOpICS, and local or sub-regIonal
relevance was a reason that the pnonty
for ergot research was lowered OutsIde
the agreed agenda, ICRISAT WIll
contmue to engage m projects focused on
natIOnal pnontles USIng bilaterally
targeted local funds These natIOnal
projects often provIde the CGIAR WIth
opportumties to Identify and dehver the
benefits ofIPGs (e g, germplasm) whIch
would otherwIse not have been possIble

The emergIng capaCIty of some
NatIOnal Agncultural Research InstItutes
(NARIs), networks, regIOnal
orgamzatIOns, pnvate sector entIties, and
other alternatIve supphers of research
goods, makes It pOSSIble for ICRlSAT to
refocus ItS own hmlted resources towards
other opportumtles For ergot research,
several research entItIes have strength
that can be captured ImagmatIvely
through collaboratIve research To further
advance the devolutIOn of parts of ItS
research agenda, ICRISAT WIll pursue a

delIberate strategy encouragIng the
emergence of alternatIve supphers ThIs
strategy IS embodIed by the development
of enablIng technologIes that wIll
mcrease the attractIveness ofmvestInents
by other groups m ergot research By
developIng prototypes that can be
fmalIzed for release by NARS and
ultunately generate a profit for the pnvate
sector, ICRISAT can help strengthen
natIOnal and development capaCItIes, and
phase out ItS own role m final product
development Profits from technologIes
can be remvested m research, leadmg to
sustamable research and development by
alternatIve supphes ICRISAT, NARIs,
ARts, and the pnvate sector have always
mamtamed close workmg relatIOnshIps
Clearly each partner has comparatIve
advantages that result m the whole bemg
far more effectIve than ItS mdlvidual
parts As dIfferent partners mature and
evolve, theIr roles may need to change so
that complementarIty IS mamtamed

Durmg the MTP penod, ICRISAT WIll
seek opportumtIes to outsource parts ofItS
research agenda where thIS can prOVIde
clear mcreases In effICIency while
mamtammg a satIsfactory standard of
qualIty However, an operatIonal
defimtion ofoutsourcmg m relatIOn to the
research agenda needs clanflcatIOn
ICRISAT sees lIttle comparatIve
advantage In engaglllg III a strIct
subcontractmg mode of research, other
mstltutlons could handle the mechanICS of
such transactIOns equally well Instead,
ICRISAT sees value m extendmg the
breadth and depth of ItS research work
through cost-effectIve Jomt efforts WIth
NARS, ARIs, and other organIzatIOns
ICRISA1's commItment to greater
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mcluslveness blends nIcely with this
outsourcIng strategy, smce closer
partnerships m research provIde a
framework m whIch an mcreasmg share
of the Jomt agenda can be outsourced to
partners, sunultaneously accomphshmg
Important trammg and technology
dissemInatIOn funchons as well
Mechamsms for these outsourcmg modes
mclude vlsltmg sClenhst poslhons,
studentshlps, networkmg, Jomt proposal
development and marketIng For
example, the SADC/SMIP/ICRISAT
project provIded facl1lttes for the Ph D
research of D E Fredenckson that
provided several key IPGs on ergot that
have relevance worldwide (Fredenckson
1990)

Developzng Human
Resources ofNARS Partners

The NARS fora have given vlslblhty
and support to a fundamental shIft that has
been underway over recent years m the
modahty through whIch ICRISAT (and
other CGIAR Centers) provide assistance
m the development of natIOnal SCientIfic
resources ThIS shift mvolves a transition
from a conventIOnal trammg-course
mode, towards full research partnerships
formed around Jomt pnonttes Through
these partnerships NARS colleagues gam
expenence III all stages of an actIve
research program, Illcludmg pnorIty
settmg, project planmng and proposal
development, fund seekmg, project
executIOn, review and Impact assessment
Advanced skill sets are needed to carry
out these partnerships, IncludIng
sCientIfiC creativity, flexlblhty,
mnovatlveness, and the ablltty to
commumcate the value and relevance of
research The development ofthese skl1ls
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promises to substanhally strengthen
NARS capacity to prOVIde the full
spectrum of outputs reqUlred to achIeve
sustamable agncultural development m
theIr countnes These partnerships are
now organlCally embedded m ICRISAT's
research agenda

InformatIOn Exchange

The avallablhty of mformahon IS
Widely recogmzed as bemg a key factor m
the achIevement of sustamable self­
suffiCIency m developmg countnes
Recent enhancements m mformatIOn
technology have generated opportumtles
for the exchange ofmformatIOn on a scale
that was preVIOusly Impractical
ICRISAT IS dedicated to makIng
mformatlOn relatmg to Its mandated areas
ofmterest as Widely aval1able as pOSSIble

Followmg the outbreak of ergot
epIdemiCS m BraZil and Australta,
ICRISAT, and the Sorghum and Millet
Improvement Conference of North
Amenca (SICNA) collaborated In
makmg mformatton on the dtsease
aVaIlable rapidly A reVIew artIcle on
ergot was commISSIoned from SCientIsts
WIth expertIse on the dIsease m South
Afuca, ZImbabwe, India and ICRISAT
for publtcahon m the InternatIOnal
Sorghum and MtlletsNewslerter (ISMN)
An extenSIve revtew article was
pubhshed (Bandyopadhyay et al 1996)
on an urgent basts to make It avaIlable at
the InternatIOnal Sorghum and MIllet
Improvement Conference, Lubbock A
selected blbltography on sorghum ergot
was also pubhshed In the ISMN A color
flIer With pertment mformatIOn on the
dIsease was Inserted m the ISMN WIth the



review The flier has been distributed to
sorghum growers, seed Industry,
researchers and polley makers It was also
put on the home page (wwwcglarorg!
ICRISAT) of ICRISAT m the World
WIde Web for easy accessIbIlIty It IS now
beIng translated IDtO Spamsh and
Portuguese The flIer was produced by
ICRISAT wIth fundmg from NatIOnal
GraHl Sorghum Producers (Abernathy,
TX) and SICNA, and IS an example ofthe
Importance of collaboratIOn m achlevmg
shared goals

Contmued commumcatIOn of results
through the ISMN, other publIcatIOns,
and through meetmgs and conferences
such as thIS one m BrazIl WIll faCIlItate the
dissemlOatIOn of the most recent
mformatlOn The current and future
capablhty of commUDIcatlOn through e­
maIl and the Web (e g , www ars­
grm gov/ars/SoAtlantic/Mayaguez/sorgh
umhtml) WIll vastly mcrease the global
ablhty to commumcate and exchange
InfOrmatIOn on ergot These
commumcatlOn modes have been
phenomenally successful Just wlthm the
past year

Networks

Networks are essential for mterlInkmg
ICRISAT, NARS, and ARls They
prOVIde cost-efficient mechamsms for
J OlOt research, technology and
mformatIOn exchange, and strengthenmg
NARS capaCIties They build
collaboratIOn, capltaltzmg on the
complementary strengths of mstItutlOns
around the world Enabled by regIOnally
targeted donor support, ICRISAT

contmues to foster the development ofthe
followmg networks

• CLAN (Cereals and Legumes ASia
Network)

• WCASRN/ROCARS (West and
Central AfrIcan Sorghum Research
Network)

• WCAMRNIROCAFREMI (West
and Central Afncan MIllet Re­
search Network)

• SMIP (Sorghum and Millets Im­
provement Program) m southern
AfrIca

• CLAIS (CommISSiOn Latmoamen­
cana de Investlgadores en Sorgo)

Networks are Ideal for bUIldIng bndges
among countries, regIOns and mstItutlons
ThIS attnbute contnbutes strongly to
ICRISAT's target ofIncluslveness durmg
the MTP penod An emergmg trend IS the
mcreased partiCIpation of such "non­
traditIonal" NARS such as NGOs, pnvate
sector orgaDlzatIOns, and farmer
cooperatIves that are becommg Important
agents of technology dehvery over tIme
Another trend IS the Increased
partICIpatIon m network partnershIps of
ARIs that can contnbute the baSIC
research components needed to solve
recalCItrant problems

ICRISAT's ultImate objective IS to
help networks become fully NARS­
dnven, and self-sustammg In ItS catalytIC
and convemng roles, ICRISAT contInues
to seek IDcreased NARS-to-NARS
technology and mformatIOn exchange,
helpIng achieve regIOnal self-sufficIency
For example, CLAIS can seek to Increase
BrazIl's role In the exchange of ergot
management technology In Latin
AmerIca By redUCIng the dependence of
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NARS on ICRISAT for direct supportand
fimshed technologies, ICRISAT will be
able to more fully focus on Its global and
strategic responsibilIties as ItS contInuIng
contnbutIon to network objectives

ConclusIOns

With past expenence on collaborative
research on sorghum ergot and
Information exchange, ICRISAT IS well
placed to foster and participate m
collaborative research m a global,
regIOnal or bIlateral framework
ICRISAT can collaborate With natIOnal
partners and ARIs m seekmg regional and
bIlateral funds for collaborative projects
In which NARS have greater research
mvolvement than ICRISAT We can
assist In explormg possible Interest from
non-traditional donor sources, such as
developmg-world governments, the
pnvate sector, phIlanthropists, chantable
orgamzatlOns, foundation support and
others ICRISAT With ItS excellent
envIronmental control and field faCIlIties
and germplasm can participate m research
to delIver such IPGs as mformatlOn on
epidemiology, nsk-assessment modelmg,
and screemng for cold-tolerance and
ergot resistance

In such proJects, ICRISAT would
cultivate the use of vlsltmg SCientist,
personnel exchanges, secondments, and

JOInt appomtments With ARIs to enhance
complementanttes and enable strong
outputs In the current scenarIO of
constramed fundmg opportumttes, a
collaborative approach WIth shared
responsIbIlItIes IS more lIkely to succeed
than mdiVIdual overlappmg efforts
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The Role of the InternatIOnal Sorghum and Millet
Collaborative Research Program on

Management of Clavlceps afncana 10 Sorghum

RIchard A Frederiksen and John M Yohe

INTSORMIL has a team ofresearchers
from the U S and developIng countrIes
With Interest In collaborative research on
dIseases of Importance to sorghum wIth
an emphasis on those constraInts that are
most Important Consequently,
INTSORMIL has a mandate to address
the problems associated with ergot
However, there are far too many
constraInts worldwide to address all of
them simultaneously, WIth equal vigor
The network of sorghum workers III

Afnca, ASia, and LatIn Amenca gives
INTSORMIL an opportumty to outlIne
eXistIng mformatlOn and focus these
lImited resources In the most efficIent
manner as well as to denve resources
from other agencIes and donors for
additional support While It may appear
that a delay In response to ergot has
occurred, the facts dictate differently
INTSORMIL SCIentists were Informed of
ergot bemg present m BrazIl shortly after
It was noted there DIScussions among
mterested parties were Imtlated and some
commercial fIrms made deCISions as to
how to handle seed stocks from nursenes
In BrazIl, and later movement of seed
from other Latm Amencan countnes
where ergot had been reported
INTSORMIL and ICRISAT sCientists

RIchard A Fredenksen Professor Department ofPlant Pathology and M.
croblology Texas A&M Umverslty College Stat.on TX 77843 2132 and
John M Yohe Program D,rector INTSORMIL 113 BIochemIStry Hall
Umverslty ofNehraska, Lincoln NE 68583-0748

vIsited the nursenes In BrazIl In 1996 and
proposed collaborative programs of
research m areas of host reactIOn to
disease These ImtlatIves were thought to
be preemptive Additionally, thiS global
conference on sorghum ergot was
proposed by INTSORMIL sCientists and
has been Jomtly sponsored by
INTSORMIL ThIS conference was
needed because at the time there were
many questIOns bemg asked regardmg
ergot and the Imphcatlons that thiS
dIsease WIll have on the Industry where
sorghum IS grown under Illtenslve
productIOn through the use of hybnds
Currently, there IS a cooperative Imttatlve
WIth MeXICO to mOllItor the spread of
Clavlceps afncana as It moves
northward Presently, ergot IS
approximately 50 km north of the
MeXican border ThIS represents the
extent of the dIstrIbutIOn of the pathogen
before crossmg the Wild Horse Desert of
Southern Texas This IS a regIOn ofnearly
100 kin of range land WIth limited crop
productIon separatIng the RIO Grande
Valley from the upper coastal plaInS of
Texas Appearance ofergot In thiS regIOn
would Indicate that the pathogen has the
abilIty to move over greater distances and
would present even a greater threat to
sorghum productIOn In fact the pathogen
contInues to move and as of October 7,
1997, was found In Nebraska
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INTSORMIL researchers now have
more sCIentists mterested m the
management of ergot For example,
feedIng trIals InvolvIng ammals In
MeXICO and Texas are planned, as are
studIes on the presence of secondary
metabolItes followmg ergot honeydew
encrustIng on sorghum gram These
studIes, whIle cntical m determmmg the
Importance of ergot, are not essentIal for
control INTSORMIL, ICRISAT, and
InternatIOnal SCIentIsts can bnng the
necessary mdividuais together to work on
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control DIsease management through
host resIstance, chemIcal controls, and
other strategIes are all Important Control
of ergot m seed productIon fields usmg
fungICIdes WIll hopefully only be a
temporary arrangement Eventually,
ergot, lIke most other dIseases of
sorghum, WIll be controlled through a
management system that relIes less on
pestICIdes and more on natural host
protectIOn INTSORMIL can prOVIde the
SCIentIfic expertIse to make thIS pOSSIble



The Role of USDA lD

Research on Sorghum Ergot

J A Dahlberg

The Umted States Department of
AgrIculture (USDA)* IS made up of 17
agencIes, each wIth vanous
responsIbIlItIes and dutIes as they relate to
Amencan Agnculture The two major
agencIes that wIll deal wIth ergot are the
Ammal and Plant Health InspectlOn
ServIce (APHIS) and the Agncultural
Research ServIce (ARS) APHIS's role m
AmerIcan AgrIculture IS to prOVIde
leadershIp m securmg the health and care
of ammals and plants and Improvmg
productIvIty and competItIveness m
agnculture, thereby contnbutmg to the
natIOnal economy and the publIc health of
our CItIzens To carry out thIS mISSIon,
APHIS guards U S borders agamst
foreIgn agrIcultural pests and dIseases,
searches for and momtors agncultural
dIseases and pests, takes emergency
actIon If a foreIgn pest or dIsease
threatens the US, faCIlItates agncultural
exports through SCIentIfically based
sanItary and phytosamtary standards, and
ensures the safety of genetIcally
engmeered plants and other products of
agrIcultural bIotechnology On March 10,
1997 a New Pest AdVIsory Group
(NPAG) was formed to dISCUSS Issues and
make recommendatIon concernmg ergot
From thIS meetmg, APHIS recommended
that no regulatIOn should be mtroduced
that would affect the movement of
sorghum mto the country ThIS deCISIon

J A Dahlberg, USDA ARS TARS 2200 Ave Pedro Alblzu-Campos SUile
201 MayaglJez, PR 00680 5470

was based prImarIly on the fact ofergot's
rapId spread m the Amencas and the fact
that ergot was becommg establIshed m
the contmental U S as a result of natural
spread by aIrborne spores APHIS
contmues to momtor the spread of the
dIsease and WIll contmue to be updated on
progress made m the control of the
dIsease VIa the NPAG and varIOUS other
orgamzatlons workmg on ergot

The ARS WIll playa major role m the
NatIOnal effort to gather mformatlon and
develop research on ergot The ARS IS the
m-house research arm of the USDA and
ItS' misslOn IS to "prOVIde access to
agrIcultural mformatIOn and develop new
knowledge and technology needed to
solve technIcal agrIcultural problems of
broad scope and hIgh natIOnal PrIOrIty, to
ensure adequate avaIlabIlIty of hIgh­
qualIty, safe food and other agrIcultural
products, to meet the nutrItIOnal needs of
the AmerIcan consumer, to sustam a
VIable and competItIve food and
agrIcultural economy, to enhance quahty
ofhfe and economIC opportumty for rural
CItIzens and SOCIety as a whole, and to
mamtam a qualIty enVIronment and
natural resource base" The ARS
currently plays a strong role concernmg
research actIVItIes on ergot by
mamtammg and updatmg a World WIde
WebHomepage dealIng WIth ergot
(http //wwwars-grm gov/ars/ SoAtlanttc/
Mayaguez/sorghumnews html),
releasmg research dollars ($100,000 thIS
past year) for study of the dIsease, and
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evaluatIng reported resIstant sources of
exotIc germplasm at our TropIcal
Agncultural Research StatIOn, located In
Mayaguez, Puerto RICO Two major
research facIlItIes are gearIng up to do
further research on ergot, our research
facIlIty at Fort Detnck, Maryland, USA,
and our SIte In Mayaguez These two SItes
have already collaborated on evaluatIng
fungICIde treatments of honeydew
Infected seed and have publIshed theIr
findIngs on the Web SIte Most seed
companIes and State and Local regulatory
agencIes to ensure the safe movement of
research seed Into the Umted States have
approved these recommendatIons for use
Our Fort DetrIck faCIlIty offers state-of­
the-art lab faCIlItIes for ImportatIOn of
exotIC dIseases and pests for study and
evaluatIOn, and current plans of actIon
Include, 1) development of molecular
methods for speCIes IdentIficatIOn, 2)
dIrect morphologIcal companson of the
dIfferent speCIes under the same
envIronmental condItIOns, and 3)
determInatIon of envIronmental factors
that Influence the formatIon and VIabIlIty
of sclerotIa Our Mayaguez faCIlIty
prOVIdes excellent envlfonmental
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condItIons for screenmg of exotIC
acceSSIOns and the development of
Improved sources of germplasm for
dIsease reSIstance Plans of actIon
Include, 1) evaluatIOn ofreported sources
of reSIstance, 2) crossmg of these
acceSSIOns to A3 cytoplasmIC sources to
evaluate them III a male-stenle
background, 3) evaluate other sources of
cytoplasmIC stenlIty, 4) enhancement of
these sources of reSIstance Into Improved
genetIc backgrounds, and 5) develop
markers for study ofgenetIC vanabilIty of
ergot found withIll the AmerIcas
Through collaborative efforts and
contacts, such as thIS conference, the
USDA looks forward to workIng WIth the
worldWIde sorghum SCIentifIC
commumty to strengthen our focus on
research areas In WhICh we can excel to
prOVIde addItional research and
InfOrmatIon m our effort to safeguard
sorghum from ergot In the future

-Much of the general InfOrmatIon on
the agenCIes withm the USDA was taken
from theIr respectIve Homepages on the
World WIde Web(http //www usda gov)



Sorghum Ergot ID AustralIa

Malcolm Ryley and Bob Henzell

The AustralIan Gram
Sorghum Industry

Gram sorghum IS a major component
offarnllng systems m north east AustralIa
due to the dommance ofsummer ramfall,
ItS vItal contnbutIOn to management of
many sOilborne dIseases, and m provldmg
stubble cover for erOSIOn control
Between 400,000 ha and 600,000 ha are
grown annually, wIth productIOn varymg
from approxImately 500,000 t to 1 5
mllhon t, dependmg mamly on seasonal
condItIons AustralIa IS among the top 10
producers m the World, but well behmd
the Umted States, IndIa, MexIco and
Chma ApproxImately 70% ofthe crop IS
grown In central and southern
Queensland, wIth the remamder m
northern New South Wales (FIgure 1)
The graIn IS used exclUSIvely for
stockfeed, partIcularly poultry, beef
cattle, pIgS and daITY cattle and none IS
used for duect human consumptIOn
Stockfeed usage m AustralIa mcreased
from 340,000 t m 1985-86 to I I ml1lIon t
m 1995-96, WIth a consequentIal decrease
m the volume exported

In AustralIa, plantmg tImes are
mfluenced mamly by the avallablhty of
adequate SOlI mOisture for germmatIOn
and also by consIderatIOns offrostmg and
potentIal damage from sorghum mIdge

Malcolm Ryley Queensland DepartmentofPnmary Induslnes PO Box 102
Toowoomba, Queensland 4350 Austral.. Bob Henzell Hennltage Re
search Station WalWlck, Queensland 4370 AustralIa

(StenodlploS1S sorghlcola [CoqUlllett])
late m the growmg season The optImum
plantmg penod m central Queensland IS
late December to mId February, whIle on
the DarlIng Downs In southern
Queensland, October IS the preferred
tIme Further south In New South Wales
the optImum plantmg tIme IS m late
October and November Consequently,
most sorghum crops are flowenng dunng
hot weather (maXImum dally
temperatures >28°C) when the nsk from
ergot should be very low However, some
late-planted crops may stlll be flowenng
In Apnl, when temperatures are
consIderably lower than In mId-season
Ratoon croppmg, a practIce In WhICh seed
IS harvested from the prevIOUS season's
regrowth, IS conducted by some growers
III central Queensland but It IS consIdered
to be an OppOrtulllstiC practIce In response
to good ramfall In spnng

The AustralIan Seed Industry,
Parent Seed Production and
Breeders' Nurseries

Four seed companIes (PacIfIC
Seeds/Advanta, PIOneerHI-bred, Gramco
and Hylan Seeds) produce 5,000-6,000 t
of plantmg hybnd seed annually, WIth
about 60% bemg commerCIal gram seed
Most IS produced durmg the summer
months (planted between October and
late November) under lITIgatIOn In the
Macquarle Valley of central New South
Wales and In the MurrumbIdgee
lITIgation Area m southern New South
Wales, and a small quantity IS produced
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Figure 1 CommercIal sorghum productIOn areas, seed productIOn areas, breeders' nurserIes and
parent seed productIOn blocks, and distrIbutIOn ofClavlCeps afncana m AustralIa, 1996­
1997

near the New South Wales-Queensland
border Some wmter productIOn IS
conducted In IrngatIOn areas on the Ord
RIver, Western AustralIa, the BurdekIn
RIver on the northern Queensland coast,
and at Lakeland Downs In northern
Queensland, but mamly for short
daylength culttvars and In emergency
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sItuatIOns when there has been a shortfall
In summer productIOn (FIgure 1)

Breeders' nurserIes and parent seed
productIOn blocks are often conducted at
the same SIte PaCIfic Seeds/Advanta
plants two nursenes at Gatton In southern
Queensland, the first planted In early
September ( flowenng In December) and



the other m late January (flowenng m late
March-Apnl) Some basIc seed IS
produced at the Ord RIver m wmter
PIOneer HI-bred conducts 2 summer
nursenes at Wyreema, near Toowoomba
m southern Queensland whIch generally
IS cooler and has lower humIdIty dunng
the summer and early autumn months
than Gatton One IS planted m mId
October and the other m late November
A wmter nursery and grow-out blocks for
hybnds and mbreds are planted m the
Burdekm area m early Apnl Gramco
conducts parent seed productIon/
nursenes m summer at Cambooya and m
wmter at Bowen on the northern
Queensland coast Hylan conducts theIr
parent seed productIon m the Burnett
dlstnct, approxImately 120 km north of
Toowoomba The Queensland Depart­
ment of Pnmary Industnes (DPI)
breedmg program has summer nursenes
at Henmtage (planted October), Gatton
(planted late November), Biloeia planted
September and January) Research
StatIOns and a wmter nursery at Ayr
Research StatIOn m northern Queensland,
planted m early Apnl

The Outbreak of Sorghum Ergot

Sorghum ergot was first IdentIfied m
AustralIa on Apnl 26, 1996 on a specImen
whIch had been presented to the Plant
Pathology group at the DPI, Toowoomba
(Ryleyet al 1996) The ergot sample had
been collected from a research farm at
Gatton Quarantme authonties m DPI and
m the AustralIan Quarantme InspectIOn
ServIce (AQIS) were ImmedIately
notIfied, and a strategy for further short­
term actIon was developed The sIte was
VISIted the followmg day and mfectIOn
levels of 100% m A-hnes, but only about

5% mthe R-lmes were found m both gram
and forage sorghum blocks A whIte
waxy coatmg covered entIre panIcles and
whIte depOSIts of drIed honeydew were
eVIdent on the plant parts and on the
ground below the affected pamcIes
Honeydew, rangmg from translucent
through opaque to honey-yellow and
fmally whIte, exuded from sptkelets The
honeydew contamed 3 types of hyalIne,
thm-waIled, aseptate comdia Macro­
comdia were oblong, rounded at both
ends, often constrIcted m the median
regIOn, 10-20 Ilm X 5-8 Ilm, secondary
comdIa were narrowly obovOid-clavate,
11-17 Ilrn X 55-80 Ilm, WIth a short
apiculus at the base, and mICrocomdia
were sphencal and 2-3 Ilm m dIameter
Oval-spherIcal sclerotIa, 35-50 Ilm x
20-25 j..lm, whIch were protrudmg
between the glumes of many spikelets
were collected at the same SIte 14 days
later A tentative IdentifIcatIOn of
Clavlceps afncana Fredenkson, Mantle
and de MIllIano (Fredenkson et al 1991)
was confirmed by Dr P Mantle, Impenal
College of SCIence, Technology and
Medicme, London

Two days after the fIrst report, ergot
had been found mother nursenes and m
forage sorghum crops withm a 10 Ion
radIUS Quarantme notIficatIOns whIch
prohIbIted the movement of produce and
also restncted some farmmg actIVItIes
were placed on 3 propertIes (mcludmg 2
research statIOns) WIthm 1 week, ergot
had been found over an area of
approXImately 16,000 km2 dunng
surveys of forage and gram sorghum
crops m southern Queensland Most
records were on forage sorghum, whIch
tends to flower unevenly often resultmg
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10 poor pollmatIOn, and on late-flowenng
tdlers 10 gram sorghum crops Quarantme
restncbons on the 3 propertIes were lIfted
when It was reahsed that the dIsease was
not restrIcted to a small geographIc area
A DPI sorghum ergot task force
conslstmg ofquarantme, plant pathology
and management personnel was set up to
coordmate surveys, to prOVIde
mformatIOn to growers, seed companIes,
adVIsers and the general pubhc, and to
halse WIth authonbes 10 other Austrahan
states

Current DIstnbutIon of
Sorghum Ergot

One month after the mbal sightmg of
sorghum ergot 10 AustralIa, the dIsease
had been found on forage sorghum
[Sorghum blcolor (L ) Moench, Sorghum
sudanense (pIper) Staph and S blcolor x
S sudanense], on late flowenng gram
sorghum tdlers, and on Johnson grass
Sorghum halepense (L) Pers over an
area ofnearly 70,000 km2 m southern and
central Queensland, and on forage
sorghum on the Atherton Table1and,
north Queensland approXimately 1,400
km north of Gatton Wlthm another 2
months It had been found on forage
sorghum or 10 nursenes and parent seed
blocks at several localItIes near the coast
between the southern and northern
outbreaks In early August the dIsease
was IdentIfied at Lakeland Downs, some
160km north of the Atherton Tablelands,
WhICh IS now the northernmost known
hmit of ergot In Austraha Between
October, 1996 and May, 1997, ergot has
been reported at many localItIes wlthm
the known area of dlstnbutIon In
February, 1997 the dIsease was recorded
In forage sorghum crossmg blocks m the

NamOl Valley of northern New South
Wales, and m hybnd seed productIOn
blocks 10 the Macquarie Valley ofcentral
New South Wales, about 600 km
southwest of the preVIOusly known
southern hmlt of the dIsease In early
1997 the pathogen was reported on
Sorghum almum ParodI, a common weed
10 central Queensland Secondary comdia
have been Imphcated 10 the spread of
sorghum ergot 10 AfrIca (Fredenckson et
al 1989, 1993) and BrazIl (Bandyo­
padhyayet al 1996) and they undoubtedly
contnbuted to the spread ofthe pathogen
m southern Queensland Weather
condItIons m southern Queensland before
and ImmedIately after the fIrst detectIOn
of C afrlcana were Ideal for mfectIOn,
dIsease development and dIspersal of
secondary comdIa At Gatton between
May 1 and May 6, 1996 there were 6
consecutIve days WIth ramfall above 20
mm, maxImum daIly temperatures below
25°C and strong easterly to south-easterly
wmds The outbreaks m New South
Wales may also have been the result of
mfectIOn by secondary comdia However
there IS no conclUSIve eVIdence that
sorghum ergot spread rapIdly from a
smgle focus (Gatton) or pOSSIbly 2 fOCI
(Gatton and northern Queensland) m
Austraha 10 mId 1996 It IS pOSSIble that
sorghum ergot had been present 10

Austraha for a number of years at very
low levels due to drought condItIOns

IdentIty of the Causal Agent

The morphology of the comdia and/or
sclerotIa of most of the Isolates collected
from gram sorghum, forage sorghums
and S halepense were IdentIcal to the
ongmal Isolate from Gatton Cross
moculatIOn studIes usmg macrocomdla
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Table 1 Morphol gy of cOnIdia ID collectIOns from northern Queensland, May, 1996

2

rnacrocomdla
length ()lrn) 1020 126 148 9-19 12 I 14 1
width ()lrn) 58 7071 455 4650

secondary comdla
length ()lrn) 11 17 138 154 9 14 IO 5 120

lRange of dimenSIOns of comdla from 50 collectIOns
2Range ofmeans of 50 colleclions

from S blcolor and S halepense also
confirmed that the latter was a host ofC
afncana However some collectIOns from
forage sorghums differed from C
afr/cana A careful eXamInatIOn of
macrocomdia and secondary comdIa
(produced In vitro) from IndiVidual
splkelets m the same pamcles In a
collectIOn from north Queensland (May,
1996) revealed that most splkelets were
mfected by C afrlcana, but on the
remamder the comdIUm morphology dId
not resemble that species The
macrocomdia ofthIS taxon were sImtlar In

length to those of C afncana, but were
consIstently narrower, whtle the
secondary comdia were shorter and
narrower than C afrlCana (Table 1)
Accordmg to Fredenckson et al (1991)
macrocomdia of Clavlceps sorghl are
narrower (4-6 /lm) than those of C
afncana (5-8 /lm) as are macrocomdia of
the north Queensland Isolates These and
otherdIfferences (such as comdmm shape
and stengma dlmenSIons) suggest that the
species may be C sorghl

Two dIstmct types of sclerotia were
found m mflorescences of forage
sorghum at a locahty on the DarlIng
Downs (west of Toowoomba) m June,
1996 The first type, typIcal of those
descnbed for C afrlcana ( Frederickson
et al 1991) were oval-sphencal, 40-55

mm long and 2 0-4 0 mm WIde WIth a
rough surface The second type were
cylIndncal, WIth longitudmal grooves m
the smooth basal portIOn, 5 0-8 0 mm
long and 1 8-2 5 mm WIde Although the
sclerotia were sImtlar m some respects to
those descnbed for C sorghl
(FrederIckson et al 1991, Bandyo­
padhyay et aI 1996) they should not be
aSSIgned to that species at present,
pendmg further study

ConSIderable vanahon lD the
morphology (particularly dimenSIOns) of
both comdla and sclerotIa have been
reported (Bandyopadhyay et al 1996,
present report) WhICh may be a reflectIOn
ofthe mfluences ofenvIfonmental factors
and the hosts There IS an urgent need to
reexamme the taxonomy of Clavlceps
taxa WhICh mfect Sorghum species ThIS
reassessment must be conducted usmg as
many traditIOnal characterIstics as
pOSSible, as well as new molecular
technIques such as RFLPs and RAPDs
InSights mto the genetIC relatIOnshIps
between Isolates from dIfferent countnes
and withm countrIes and mto the role of
sexual reproduction m the lIfe cycle can
also be obtamed from such molecular
studIes

186



Losses m CommercIal Gram Crops
and Forage Sorghums

In the 1996 and 1997 seasons losses m
gram sorghum crops have been extremely
low In 1996 most commercial gram
crops m southern and central Queensland
had flowered before the dIsease was
dIscovered and It was only late flowenng
tIllers whIch were mfected, WIth mfectIOn
levels <5% The low temperatures at thIS
tIme of year (particularly nIght
temperatures) and the uneven flowermg
of the tIllers, hence poor pollInatIOn and
fertilIsatIOn, were Ideal for ergot
mfectIOn Some harvestmg dIfficultIes
due to honeydew were expenenced m
southern Queensland m late flowermg
crops, but dIrect yIeld losses were
neglIgIble In central Queensland, ergot
was observed m ratoon crops m
November, 1996 WIth mfectIon m the
order of5-1 0%, m tIllers from November
onwards, and on pnmary heads WIth <5%
mfectIOn m Apnl, 1997 In southern
Queensland losses were neglIgIble m
1996 and to the present tIme there have
been no reports of ergot m commerCIal
gram crops m the regIon Of greater
concern than the dIrect yIeld losses are the
uncertamtIes regardmg potentIal alkalOId
pOISOnIng of stock m the lotfeed
mdustrIes, and the ImplIcatIOns for
export However, AustralIan research
IndIcates that IngestIOn of graIn
contammated WIth 1% sclerotIa does not
severely affect lIvestock, pIgS or poultry
Although some growers have been
concerned WIth grazmg lIvestock on
ergot-mfected forage sorghum and WIth
usmg the hay for SIlage there have been no
reports of adverse effects on lIvestock m
eIther SItuatIon
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DespIte the small losses expenenced m
the commerCIal gram mdustry the
potentIal for senous losses remams It IS
apparent that there IS abundant moculum
present for most ofthe year to ImtIate an
epIdemIC In 1996 ergot was recorded
from Apnl-July and agam from October
onwards In central and southern
Queensland Some hosts, partICularly
forage sorghums, S almum and S
halepense appear to be partIcularly
susceptIble and can be conSIdered to be
very Important sources ofmoculum when
commerCIal gram crops are flowermg
The roles of other sources of moculum,
such as ascospores from germmatmg
sclerotIa, comdia m honeydew on fallen
mflorescences and comdia m locules of
Immature sclerotIa are unknown GIven
envIronmental condItIons WhICh lead to
poor pollen productIOn, poor pollmatIOn
and fertIlIsatIOn, followed by a penod of
relatIvely cool weather an epIdemIC on
gram sorghum m one or more of the
growmg areas m AustralIa IS pOSSIble

Losses m Breeders' NurserIes
and Seed ProductIon Blocks

The greatest Impact of sorghum ergot
m AustralIahas been on the seed mdustry
To the present tIme ergot has only been
recorded m seed productIOn blocks near
Narromme, central New South Wales In

February, 1997, followmg a short penod
of cool, wet weather ImmedIately after
thIS penod approxImately 1% ofthe total
seed productIon area was sprayed once or
3 tImes by helIcopter WIth FolIcur® (43%
a I tebuconazole) InfectIOn levels m
these seed productIOn blocks were
neglIgIble, and after harvest no sclerotIa
could be detected m the seed sample



Losses m nurserIes and parent seed
productIOn blocks have been far more
severe At the sIte of the InItIal record1Og
10 AprIl, 1996, 1OfectIOn levels of 100%
were experIenced 10 A-lInes and
approxImately 5% m R-lmes across all
nurserIes As a consequence, no AxB or
hybrId crosses were harvested Losses of
approXImately 30% were experIenced m
an experImental hybrId seed productIOn
block on the northern Queensland coast 10
August-September, 1996 An unexpected
outbreak was recorded In A-hnes In
breeders' nurserIes at Gatton 10

December, 1996 ExammatIOnofweather
data IndIcated that approXImately 8 and
17 days before symptoms were notIced
there were 2 days WIth maxImum
temperatures <2rC, mInImUm
temperatures <15°C and ramfall of >5
mm Between these two penods the
maXImum dally temperatures were
>30°C It IS apparent that temperatures
follOWIng InfectIOn have httle mfluence
on dIsease development However losses
were neghglble m smgle rows ofA-hnes
but were higher In multiple rows
Attempts to manage the 1Ofectlon WIth
aenal apphcatIOns (by both hehcopter and
plane) of Fohcur at 05 L ha I proved
10effectIVe A second nursery at Gatton,
With lInes flowerIng between late March
and early May, a hIgher fisk perIod due to
low temperatures than In December­
January, was not sprayed With Fohcur and
had neglIgIble mfection

NurserIes are also conducted by seed
companIes on the eastern DarlIng Downs,
which IS generally cooler and less humid
than the Gatton distrIct due to Its
elevatIOn In one nursery where breedmg
lInes flowered m January, 1997, ergot

mCldence was approXImately 5% m gram
sorghum hnes and 50% 10 forage
sorghum hnes despIte havmg been
sprayed twice a week for 4 weeks WIth
FolIcur at 05L/ha At thIS same SIte
spraymg lInes WhIch flowered a month
later WIth thIS fungICIde on a 4 day cycle
resulted m approXimately 85% control In
another nursery, hnes which flowered
dUrIng an overcast, wet and cool penod m
late January-early February and WhICh
were not sprayed were heavIly mfected
(50% m A-hnes and <5% m R-lmes) The
September 1996-planted nursery at
BIloela was the only DPI nursery mfected
WIth ergot m 1996-97 HIgh levels of
InfectIOn occurred 10 A-hnes whIch
flowered m late November, when the nsk
from ergot should have been low due to
hIgh temperatures expected at that tIme

Consequences and Control
ID CommerCIal Gram Crops

Consequences Apart from the
potentIal direct yield losses assOCiated
WIth ergot, there are other consequences
of sorghum ergot which have, and WIll,
Impact on the AustralIan sorghum
mdustry Seed costs wIll undoubtedly
Increase due to the Increased costs
assOCIated WIth management of ergot m
seed productIOn blocks The Seed
Industry estImates that gIven the worst­
case scenario the cost of a 25 kg bag of
seed could mcrease by AUS $20 (AUS $
o77 ::::: 1 US $) The outbreak m Austraha
has export trade ImplIcatIOns, partIcularly
to countrIes which demand a ml tolerance
to ergot sclerotIa A 03% tolerance to
ergot sclerotia has been set for the
domestic stockfeed market, and the
Impact OfthiS hmlt on the avaIlabilIty and
prIce of lotfeed sorghum gram IS
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unknown Before the 1996-97 season
confidence by some growers m gram
sorghum was lowered due to uncertamty
m the potentIal damage whIch ergot was
lIkely to cause, but that confidence had
been partly restored towards the end of
the season m WhICh losses have been
neglIgIble The presence ofergot has also
reduced the fleXIbIlIty ofplantmg tImes m
an attempt to avoId the hIgh nsk penod at
the end of the season (crops flowermg m
Apnl-early May)

Control The followmg recom­
mendatIons have been made to growers to
mInImISe losses from ergot - (1) plantmg
tImes should be selected to ensure that
crops flower durmg the low nsk penod
(January-March), (n) crops should be
well managed to ensure even flowenng,
and (m) If necessary kIll late-flowenng
tIllers WIth herbIcIdes to mIlllmise
potentIal harvestmg problems To aSSIst
growers m the selectIOn ofplantmg tImes
a clImatic fIsk analySIS has been
conducted for selected localItIes m
AustralIa A set of chmatic parameters,
based on overseas research results, was
used to mterrogate long-tenn weather
data, resultmg m a predIctIOn of the
number of mfection events WhICh had
occurred over the past 30 years The
analySIS mdicated that crops flowermg
early (before December) or late (after
March) m the season were at greatest nsk
The clImatIc parameters used m thIS
model are bemg modIfied to more closely
reflect the field SItuatIOn For example,
expenence m Queensland has shown that
mfectlOn can occur WIthout ram,
prolonged heavy dew at lllght IS
apparently suffiCIent for mfectIon Other
models have the potentIal for use as a
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warnmg system for fungICIde applIcatIOn
m seed productIOn blocks

Consequences and Controlm
Seed ProductIon and Nurseries

Consequences Although dIrect yIeld
losses from ergot m seed productIOn
blocks have been moderate to date, the
potentIal for sIgmficant losses remams A
crop faIlure due to ergot could have
senous consequences not only for the
supply of adequate plantIng seed for the
Austrahan plantmgs, but also for the seed
company whIch has the faIlure, due to a
loss m market share The effect WIll also
flow on to domestIc productIon levels
Senous losses m nursenes and parent
seed blocks can result m loss of Important
breedmg matenal and Impact on the
development and release ofnew cuitivars
Seed companIes have faced extra
productIOn costs such as labour for
handhng contamInated seed lots, costs
assocIated WIth mterstate quarantme
reqUIrements, purchase of specIahsed
spraymg eqUIpment and fungICIdes
There has also been a loss In fleXIbIhty m
plantmg tImes and locatIOns, and In the
future new productIon areas may have to
be sourced

Control At present, ergot can be
conSIdered to be endemIC m Queensland
and most ofNew South Wales, and only
southern New South Wales and the Ord
RIver ImgatIOn Area can be classed as
bemg ergot-free As mentIOned before,
ergot has been found In the seed
productIon area m central New South
Wales, but not m southern New South
Wales SelectIon of plantmg tImes and
10cahtIes whIch are hkely to result In the
smallest losses can be made WIth the aId



of a clImatic model, but even I or 2 days
ofunseasonly cool wet weather can result
m sIgmficant losses Measures desIgned
to mmImIse the nsks ofmtroducmg ergot
mto ergot-free areas, such as gradmg,
fungIcIde seed dressmgs such as thiram,
washIng of honeydew-contamInated
seed, are beIng practIsed Improved
pollen management through alterations m
male female ratlos has also been
recognIsed by seed compames However,
fungICIdes applIed dunng flowenng WIll
remaIn the major management tool
PermIts have been granted for emergency
use of tebuconazole, tnadimenol and
procymidone In nurserIes and seed
productIOn blocks, and the fust 2
fungICIdes are currently beIng used
routmely However, there still needs to be
consIderable research on aspects of
applIcatIOn mcludmg nozzle type, water
rates and the relatIve efficacy ofaenal and
ground applIcatIOn FungICIdes WIth
eradicant actIvIty need to be IdentIfied to
enable applIcatIOns after condItIons
SUitable for mfectIOn have occurred, as do
fungICIdes WIth reSIdual actIvIty to reduce
the numbers of applIcatIOns

The Future

Sorghum ergot has had lIttle dIrect
trnpact on gram sorghum productIOn m
AustralIa, but the seed mdustry has been
senously affected by the dIsease The
potentIal for epIdemICS both m seed
productIOn and commercIal gram
productIon eXIsts, and although low nsk
times and localItIes can be IdentIfied, only
short penods of unseasonal weather are
needed for ergot epIdemICS It IS
ImpOSSIble to predIct the long-term
Impact of ergot m AustralIa, but It IS
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apparent that losses WIll vary from year to
year
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Global Conference on Ergot of Sorghum

Recommendations Report

PartIcIpants ofthe Global Conference
on Ergot of Sorghum met m plenary
seSSIons and m work groups to make
general and specIfic recommendatIOns
for collaboratIOn and networkmg wIth the
overall goal of developmg sustamable
control strategIes for sorghum ergots

I General RecommendatIOns

EstablIsh an InternatIOnal Steenng
CommIttee to serve and aSSIst m
coordmatmg sorghum ergot research
actIvItIes and commumcatIOn withm the
mternatIOnal commumty In response to
thIS recommendatIon the followmg
InternatIonal SteerIng CommIttee
Members, as shown m the table below,
were selected

ResponsibilItIes of the
InternatIOnal Steermg Committee

• Mamtam and expand the World
Wide Web site for dissemmatIon
ofmformatIOn on ergot ofsorghum
mcludmg lmks to other pertment

Year of

web sItes and other sources of er­
got mformatIOn accessIble by

computer or other means
• Develop a mechanIsm for postmg

of the most recent sorghum ergot
control or management mforma­
tIOn on the ergot web sIte

• Develop an e-maIl dIrectory of m­
dividuais specIfymg sorghum ergot
expertIse or mterest and post the dI­
rectory on the ergot web sIte and
dissemmate through other appro­
pnate means An mitIal IIstmg
should mclude attendees of thIS
conference

• Develop mternatIOnal workmg
groups to target speCIfic sorghum
ergot research projects

• Mamtam and promote collabora­
tIon and mtegratIOn of sorghum er­
got research between the pubhc and
pnvate sectors of the sorghum re­
search and productIOn mdustry

• Promote fundmg for mtegrated re­
search and development for the
sustamable control of ergot m sor­
ghum

rmmtrv

Bandyopadhyay RanaJlt
Casela, Carlos Roberto
Dahlberg Jeff
Mantle Peter George
Maunder Bruce
McLaren Neal W
pdvody Gary (Chamnan)
~Ibas Paulo
~yley Malcolm J

2002
2002
2001
2000
2000
2001
2002
2000
2001

ICRlSAT
Embrapa Mtlho e Sorgo

USDA
Impenal College ofSCIence

NGSP
Gram Crops Instltute

TexasA&M
Agroceres

QLD Dept ofPnmary Ind
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India
Braztl
USA
UK
USA

SAfnca
USA
Braztl

Australia



II RecommendatIons for Research
Strategies ID the Area of Genetic
Resonrces

• Evaluate sources of resIstance (re­
ported m the literature) by utllizmg
sorghum germplasm avaIlable
withm natIOnal and mternatlonal
collectIOns (Jeff Dahlberg, USDA
and Rana]It Bandyopadhyay, ICRl­
SAT were elected to coordmate thIS
effort)

• Develop and dIstrIbute a standard
methodology for evaluatIOn of ge­
netIC resources

• Develop and dIstrIbute mformatIOn
about standard moculatIOn tech­
mques

• Evaluate the role of dIfferent sor­
ghum cytoplasms and fertIlIty on
mfectIOn

• Evaluate alternate sources of cyto­
plasmIC male stenhty for reSIstance
to ergot

• Develop standardIzed screenmg
techmques for pollen fertIhty, pol­
len shed, fertIlIzatIOn, and seed set

• Evaluate tIllermg abIlIty m germ­
plasm collectIons ofboth B, A, and
Rlines

• Ten sites were Identified as pOSSI­
ble locatIOns for mitIal screemng of
accessIons reported by ICRlSAT
and others as ergot-resIstant
sources

ArgentlOa
Austraha

Brazil
EthIOpIa
Honduras

India
MeXICO

Puerto RJco
South Africa
Umted States

Sclerotia should not be used as a
phytosamtary restnctIOn measure
because sclerotIa and sclerotmm­
like matenal pose lIttle nsk for Imt1­
atmg dIsease compared to external
airborne moculum

SclerotIa, sclerotIUm-lIke materIal,
and honeydew encrusted seed pose
the same qualItatIve nsk concernmg
epIdemIOlogy of sorghum ergot
caused by Clavlceps afrlcana be­
cause sclerotlal germmatIon IS low
and there IS no eVIdence for sexual­
Ity from Isolates 10 the Amencas

Seed mtended for plantmg should be
treated WIth an appropnate fungi­
CIde (e g captan or thlram) that
completely elimmates moculum of
the ergot pathogen on the seed sur­
face

Host Range of ClavlCeps afTlcana

Sorghum blcolor, S b,c%r subspe­
cIes blcolor S halepense, and other
sorghum speCIes are recognized as
hosts for C afrlcana Other (re­
ported) secondary hosts WIll be rec­
ogmzed only after Koch's postulates
have been demonstrated under natu­
ral condItIOns Zea mays IS not a host
ofsorghum ergot under natural con­
dItIons

Chemical Control

ill Recommendations for Control
and Management Strategies

Phytosamtary Issues

In areas where sorghum ergot eXists
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Development of Improved chemical
control methodology IS needed, es­
peCially for ergot control 10 hybrId
seed productIon



Risk of strams of C afncana toler­
ant to tnazole fungicides should be
assumed and there must be a proac­
tive effort to identify alternate fungI­
cides with a different mode of ac­
tion

Exercise restramt m the mdiscnml­
nate use of fungicides to mimmize
the nsk of developmg fungicide­
resistant stratns

Alternate Control Strategies

Alternate control strategies need to
be developed to both mimmize the
need for chemical control and maxi­
mize itS effectiveness

BIOlogical Research

Research is needed on several as­
pects ofthe biology oftheClavlceps
spp attackmg sorghum (see sectlOn
IV) As new sCientific knowledge is
gamed it should be mcorporated mto
current and projected ergot control
and management strategies

Epidemiology

Encourage further development of
disease predictlOn models for ergot
With regiOnal cahbration and mter­
active capabdities to aid m ergot
management decisiOns mcludmg
fungiCide appltcatlon

Momtormg ofsorghum ergot

A mechanism is needed to provide
for the rapid sharmg of mformatiOn
concernmg the spread, distributiOn
and seventy ofergot across different
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global locatiOns The ergot web
page may be the pnmary means to
accomphsh thiS goal

Pollen Management

The cntlcal Importance of polhn~
tlon/fertlhzatlOn events as the prI­
mary ergot escape mechamsm for
sorghum mdicate a need for more re­
search m thiS area These should m­
clude studies on host pathogen en­
VIronment mteractlOns affectmg
sorghum polhnatlOn/ferhhzatlOn
and further development and refine­
ment of pollen management strate­
gies Knowledge m these areas may
also prOVide a basIs for the develop­
ment of sustamable host plant reSiS­
tance

IV RecommendatIOns for
the BIOlogy of Sorghum Ergot

• Contmue research on sclerotia or
sclerotia-hke bodies and determme
functIOns ofthese bodies m the dis­
ease and hfe cycle of sorghum er­
got

• Determme the dispersal of asexual
moculum, Vis-a-VIS rates, spatial,
temporal and any other aspects af-.
fectmg dissemmatlon of the patho­
gen

• Expand, apply, and vahdate disease
model m other geographic areas

• Use multldlscipltnary approaches
to tOXicological studies m feedmg
trials of ergot contammated sor­
ghum

• Determme the role(s) of sapro­
phytiC fungi m toxms, synergisms,
biocontrol and other mteractlOns of
ergot With other microorganisms



• Determme the host range ofthe sor­
ghum ergot pathogens and Influ­
ence of different hosts on the pro­
duction of tOXIC alkalOids

V RecommendatIons for Molecular
Approaches to the Study of
Sorghum Ergot

• Evaluate the suggestIon of usmg
fertilItY/IncompatibilIty genetic
mechamsms as genes for trans-
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formmg sorghum for resistance to
ergot

• UtilIze molecular level approaches
for evaluatIOn of pathogen popula­
tion bIOlogy

• Increase the use of fingerprmtmg
technologies In determmmg rela­
tIOns among ergot collectIOns for
species and other taxonomic rela­
tions

• Determme the potential of trans­
formmg sorghum to express anti­
fungal protems at mfectIOn sites
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Escuela AgrIcola Panamencana
Zamorano Honduras - Apdo 93
Tegucigalpa
Honduras
Phone 504-76-6231
Fax 504-76-6232
E-Mail fgomez@nseduca.com

Gonzalez, Carlos A
Novartls de Colombia
Autopista Yumbo Km 5
Call
ColombIa
Phone 57-2-665-3166
Fax 57-2-664-8408

Gramco Seeds
POBox 136
Toowoomba, QLD
Austraha
Phone 61-76-358-000
Fax 61-76353-334

Hare, Bnan
PaCIfic Seeds PTY Uda
PO Box 337
Toowoomba, Queensland 4350
AustralIa
Phone 61-76-902666
Fax 61 76-301-063

Hart, Terry
TrIumph Seed Co Inc
PO Box 1050
Ralls, TX 79357
USA
Phone 806-253-2584
Fax 806-253-2820
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Hassan, Hanadl Abdel G
ImperIal College of SCience
Department ofBIOchemiStry
London SW7 ILU
UK
Phone
Fax
EMad

Huertas, Carlos Alberto
ICA - Sanldad Vegetal
Calle 37 nO 8-43 plSO 4
Bogota
Colombia
Phone 57-1-288-4128

Huettel Roblll N
USDA CSREESIPAPPP
Agnbox-2220 701 D Street, SW
Washmgton DC 20250
USA
Phone
Fax
E-Mail

IndIra, Sunkara
National Research Center for Sorghum
Rajendranagar
Hyderabad 500 030 A P
India
Phone
Fax
EMad

Isakelt, Tom
Texas A&M Research & ExtenSIOn Center
2401 East HIghway 83
Weslaco TX 78596
USA
Phone
Fax
E-Mad

Kaula, Godwm M
Mt Makulu Res S10
PIBag7
Chdanga
Zambia
Phone
Fax
E-MaIl



301-734-5865
301-734-8669
qkubIcek@aphls usda gOY

806298-4501
806 298-4234
tlm@sorghumgrowers com

806-652-3301
806-652-3807
cargIlloc@texasonhne net

44 181-594-5245
44-181 225-0960
p mantle@ac al uk

55-31-779-1105
55-31-779-1088
evandro@cnpms embrapa br

Klmk, Urubatan Palhares
Zeneca Sementes Uda
Rod Anhanguera km 296
14140-000 Carvmhos, SP
Brazil
Phone 55-16-651-1521
Fax 55 16-651-1321

Kolmer, John
ASTA
SUIte 570 South/601 13th, ST, NW
Washmgton, DC 20250
USA
Phone 202-638-3128
Fax 202-638-3171

KubIcek, Quentm B
USDA!APIDS Plant ProtectIOn & Quarantme
4700 RIver Road
Riverdale MD 20737
USA
Phone
Fax
E-Mail

Labarta, Marcelo D
InStitutO NacIOnal de Sementes (INASE)
Paseo Col6n 922 3° nO 63
CapItal Federal- Bs As
Argentma
Phone 54 1-3492433
Fax 54-1-349-2417
E-Mail pmrram@sagyp mecon ar

Leonard, Lee
CargIll Inc
RR2 Box 82
Lockney, TX 79241
USA
Phone
Fax
E-MaIl

LIma, Jose Saltono
CargIll
R Jacarezmho 1121
AndIra, PR
BrazIl
Phone 55-43-733-3535
Fax 55-43-733-2415
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Lopes AntOnIO Delphmo
Mmisteno da Agncultura
Av Raja Gabagha, 245-Bmrro Cidade Jardim
30380-980 Belo Honzonte MG
Brazil
Phone 55-31-292-2511
E-MaIl 55-31-275 2262

Luders, Martm L
NOVARTIS Seeds Argentma
CC25 (2605) Santa Isabel
Santa Fe
Argentma
Phone 54-462-27680
Fax 54 462-25964

Lust, Tim
National Grmn Sorghum Producers
Box 530
Abernathy TX 79311
USA
Phone
Fax
E-MaIl

Malagutl Gmo
NatIOnal Center of AgronomIC Research
CENIAP-Av L RUlzPmeda24-P 0 Box4690
EI LImon - Maracay 2101
Venezuela
Phone 58-43-831004
Fax 58-43-330949
E-MaIl smalagu@gallegos corpo gov ve

Mantle, Peter George
Impenal College of SCIence
Departlnent ofBIOchemiStry
London SW7 2AY
UK
Phone
Fax
E-MaIl

Mantovant Evandro C
Embrapa M11ho e Sorgo
Cmxa Postal 151
357001 970 Sete Lagoas MG
BrazIl
Phone
Fax
E-MaIl



806-763-3336
806-762-0825
ngsp@sorghumgrowers com

55-48-234-4888
55-48-331-9943
graCletl@ccaufsc br

Martmez-Sonano, Juan P
Mexican Society for Plant Pathology
CINVESTAV Irapuato
Apdo postal 629-Irapuato
MexIco
E-MaIl Jpms@lrapuato Ira cmvestav mx

Maunder Bruce
NatIOnal Gram Sorghum Producers
4511 9th ST
Lubbock,1J{79416
USA
Phone
Fax
E-Mail

McLaren Neal W
ARC-Gram Crops Institute
Pnvate Bag X1251
Potchefstroom 2520
South Afnca
Phone 27-18-2996346
Fax 27-18-2947146
E-MaIl neal@lgg2 agnc za

Meirelles MarclO Menezes
Marangatu Sementes Ltda
Av Visconde do RIO Branco 25
Jardm6pohs SP
BrazIl
Phone 55-I6 628-442 I
Fax 55-16 628-4421

Mendes, DIIza Coelho
Dept da Defesa Agropecu3na/Bahla
Av Ademar de Barros 976 Ondma
40170-110 Salvador, Bahia
Braztl
Phone 55-71-237-0152
Fax 55 71-237-0012

Miranda, Joao E C
Embrapa MIIho e Sorgo
Calxa Postal 151
357001-970 Sete Lagoas MG
Brazil
Phone 55-31-779-1076
Fax 55-31-779-1088
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Mltldlen, FrancIsco J
Zeneca Sementes LIDA
Rod Anhanguera Km 296
Cravmhos SP
Brazil
Phone 55-16651-1521
Fax 55-16651-1321

Mollero, DJalrna Leme
Zeneca Sementes Ltda
Rod Anhanguera km 296
14I40 000 Carvmhos SP
Braztl
Phone 55-16-651-1521
Fax 55-16-651-1321

Moraes, Marla HelOisa D
ESALQIUSP
Av Padua Dlas, I I CP 09
13418-900 Plraclcaba, SP
Brazil
Phone 55-19 429 4100 or 4195
EMaIl mhdmorae@carpa clagn usp br

Moran Jorge LUIs
Escuela Agncola Panamencana
POBox 93
Tegucigalpa
Honduras
Phone 504-766231
Fax 504-766232
E-Mail Jlmoran@blgfoott com

Moreira, Joao Eduardo
DFA/CE
Rua Jorge DunnA, 1703
Fortaleza, CE
Braztl
Phone 55-85-281-6046
Fax 55-85-281-5700

Mottana, Gracletl Viscarra
UFS C Clencla e Tecnologla de Ahmentos
C P 476, Itacoorubl
88034-001Flonan6pohs SC
BrazIl
Phone
Fax
EMaIl



25641-344244 ext 5000
256-41-257869
ICrlsat-kenya@cgnet com

55-31-779-1140
55-31-779-1088
dea@cnpms embrapa br

913-532-2415
913-532-5692
dnarvaez@plantpath ksu edu

512-265-9205
512-265-9434
g-odvody@tamu edu

MtiSI, Esther
Plant ProtectIOn Research Institute
Box CY 550 Causeway
Harare
ZImbabwe
Phone 263 4-704531 ext 2078
Fax 263-4-728316

Mukuru, Samwlrl Z
ICRISAT
c/o James Batra, POBox 8111
Kampala, Uganda
Kenya
Phone
Fax
E-MaIl

Narvaez, DarIO
Kansas State Umverslty
Plant Pathology Dept
4026 Throckmorton hall
Manhattan, Kansas 66506
USA
Phone
Fax
E-MaIl

Netto, Dea Alecla M
Embrapa MIlho e Sorgo
Calxa Postal 151
35701-970 Sete Lagoas, MG
BrazIl
Phone
Fax
EMaIl

Nlcodemo, Alexandre G
Zeneca Sementes LTDA
Rod MG 122 km 159
39440000 Janauba, MG
BrazIl
Phone 55-38-821-1938
Fax 55-38-821-1799

Nlcoh, Amantino Martms
Embrapa Sementes Baslcas
Rod MG 424 Km 65
35001-970 Sete Lagoas
BrazIl
Phone 55-31-779-1130
Fax 5531-779-1131
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Nlder, FabIO
Dekalb Argentma S A
C Correo 25
Saito, Prov ofBuenos AIres
Argentma
Phone 54-474-30485/86
Fax 54 474-30541
E-MaIl fablo mder@smtp dekalb2

startel com ar

Noguetra, Soma Regma
UFLA
Rua Chagas D6na, 248/apt" 04
Lavras, MG
BrazIl
Phone 55-35-821 9330
Fax 55-35-829-1283

Nowell DaVId
Pannar Research Department
PO Box 19
Greytown 3250
South AfrIca
E-MaIl research@pannar co za

Odvody, Gary
Texas A & M Research and ExtenSIon Center
Rt 2 Box 589
Corpus Chnstl TX 78410
USA
Phone
Fax
E-MaIl

Ohvelra, Chnstlane Abreu
Boisista Embrapa MIlho e Sorgo
R Lassance Cunha, 227/603 Centro
Sete Lagoas, MG
BrazIl
Phone 55-31-7714016
E-MaIl chns@cnpms embrapa br

Palmerra, Ehta Marta LeIte
Mlmsteno da Agncultura
Av Htldebrando de GOiS 150 - Rtbelra
Natal RN
BrazIl
Phone 55-84-221-1749
Fax 55-84-2211740



Pazeto, Lmdomar D
8ementes DemefertJi
Av Flonano PeIXoto, 3828
38406 279 Uberlandla, MG
Brazil
Phone 55-34-212-1422

Pozar, Gilberto
CargJiI
81tlO Silo Joilo, sin, CP 6553 B Geraldo
13082-970 Campmas SP
Brazil

815 758-9524
815-758-4106
Jperkms@dekalb com

55-31-7791152
55-31-779-1088
Israel@cnpms embrapa br

55-31-779-1093
55-31-779-1088
mceslO@cnpms embrapabr

91-40 596161
91-40 241239
b reddy@cgnet com

5531-779-1057
55-31-779 1088
htprates@cnpms embrapa br

Reddy, Belum
ICRISAT
Patancheru PO, A P 502 324
India
Phone
Fax
EMail

Ribas Paulo Motta
Sementes Agroceres SIA
Rod MGT 154 - Calxa Postal 81
Capm6polis, MG
Brazil
Phone 5534-263-1677
Fax 55 34-263 1904

Resende, IVaJI Carvalho
Sementes Agroceres SIA
Rod MGT 154 - Cmxa Postal 8I
Capm6polis MG
Brazil
Phone 55-34-263-1677
Fax 55-34-263-1904

Rels, Erlel Melo
UFPF-Faculdade de Agronomm
Calxa Postal 567
99001-970 Passo Fundo RS
Brazil

Prates, Helio
Embrapa Mllho e Sorgo
Calxa Postal 151
357001-970 Sete Lagoas, MG
Brazil
Phone
Fax
E-Mail

Prezotto, Leomr J
Sementes Agroceres SIA
Rod KIn 03-Clube Recreatlvo
SaJlta Helena de GOlas, GO
Brazil
Phone 55 62-614-1067

Pmto, NlceslO F J de A
Embrapa Mdho e Sorgo
Calxa Postal 151
35701-970 Sete Lagoas MG
Brazil
Phone
Fax
E-Mail

Perkms James
Dekalb Genetics
3100 Sycamoere Road
Dekalb, II 60 I 15
USA
Phone
Fax
E-Mail

Pereira F Isarael A
Embrapa Mdho e Sorgo
Calxa Postal 151
35701-970 Sete Lagoas, MG
Brazil
Phone
Fax
E-Mail

Pmelro, Maya
Technological Laboratory of Uruguay-LATU
Mycotoxm Department
Montevideo
Uruguay
Phone 59-8-261-3724
E-Mail maya@latu org uy

Pazoutova, Sylvie
Institute ofMicrobIOlogy CAS
Biskupcova 12
Prague 3
Czech Republic
Phone 4202-475-2332
Fax 4202-471-5743
E-Mail pazouto@blOmed cas cz
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55-31-779-1075
55-31-779-1088
avehno@cnpms embrapa br

55-19-239-1381
55-19-239-4396
delmo_dlOgoJodrIgues@
cargIll com

409-845-2151
409-862-1931
wlr@tatnu edu

815-844-3128
815-844-3156
hectorJoman@cargIll com

55-31-779-1130
55-31-779-1131
rosmha@cnpms embrapa br

Rosmha, Raul Os6rIO
Embrapa Sementes Baslcas
Rod MG 424 Km 65
35001-970 Sete Lagoas
BrazIl
Phone
Fax
E-MaIl

Salas Fernando Ornelas
Goblerno del Estado de NayarIt
Teplc Av MeXICO # 38 rute
NayarIt
MeXICO
Phone 321-20063
Fax 321-23554

Ryley, Malcolm John
Queensland Department of PrImary Industries
POBox 102
Toowoomba, QLD 4350
AustralIa
Phone 6176881319
Fax 61-76-881-199
E-Mml ryley@ dpl qld gOY au

Rooney BIll
Texas A&M Umverslty
Dept of SoIl & Crop SCIences
College Station TX 77843-2474
USA
Phone
Fax
E-MaIl

Roman, Hector A
CargIll HybrId Seeds
Rt 23, Box 557
PontIac, IL, 61764
USA
Phone
Fax
E-MaIl

RodrIgues, Jose Avelmo S
Embrapa Milho e Sorgo
Calxa Postal 151
357001-970 Sete Lagoas MG
BrazIl
Phone
Fax
E-Mml

RodrIgues, Delmo DIOgo
CargIll
Calxa Postal 6553
13082-970 Catnpmas SP
BrazIl
Phone
Fax
E-MaIl

Rtberro, Celso A Pmto
Zeneca Sementes Uda
Rod MG-188 kIn 158,5 Cpostal230
Paracatu MG
BrazIl
Phone 55-61-672 6377
Fax 55-61-672 6377

Rtccelh, MauficlO
Hlmeca
Apartado Postal 236
Maracay, 2101-A
Venezuela
Phone 58-44-461334
Fax 58-44 461334
E-Mml maubea@telcel net ve

Rocha, VIlson AntOnIO
Sementes Agroceres S/A
Fda Agroceres
Santa Cruz das Palmerras, SP
BrazIl
Phone 55-19-672-2424
Fax 55-19672-2525

RodrIguez Jesus Vlzcamo
SemIllas HIbrIdas, S A de C V
(Dekalb MexIco)
Av HIdalgo N° 23756° PISO
Guadalajara, JallSCO 44690
MeXICO
Phone 91-3-616-9850
Fax 91-3-797-0044

Salgado LUIZ Eduardo V
PIOneer
R Marques Povoa, 1044/31
BrazIl
Phone 55-34-977-4737
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55-31-779-1149
55-31-779-1088
lsans@cnpms embrapa.br

55-11-211-5649
55-11-816-3263
laertesantos@br2001 com br

55-31-779-1000
55-31-779 1088
claudla@cnpms embrapa br

55-19-232-1955
55 19-232-1707
spsbgrc@correlOnet com br

55-31-779-1076
5531-779-1088
schaffer@cnpmsembrapa.br

55-31-779-1069
55-31-779-1088
fred@cnpms embrapa.br

Sangltrao. Chandrakant S
ICRISAT - Department ofPlant Pathology
PUD]abrao Krlshl VldyapeethlKnshl Nagar
Maharashtra 444 104
IndIa
Phone 91-724-26320
Fax 91-724-58219

Sans, LUtz Marcelo AgUIar
Embrapa Mllho e Sorgo
CalxaPostal151
35701-970 Sete Lagoas MG
BrazIl
Phone
Fax
E-Matl

Santana, Evandro B
Sementes Rtbelral Ltda
Av Arhndo Porto 439
38700-000 Patos de Mmas, MG
BrazIl
Phone 55-34-823 1400
Fax 55-34-823-1400

Santos ClaudIa C FerreIra
Bolslsta Embrapa Mlllio e Sorgo
Cmxa Postal 151
35701-970 Sete Lagoas, MG
BrazIl
Phone
Fax
E-Matl

Santos F, Edgar
MlmSterlO da Agncultura
Largo dos Aflltos - Edlf Ceres
Salvador, BA
BrazIl
Phone 55-71 320-7420

Santos, Fredohno G
Embrapa Mtlho e Sorgo
Cmxa Postal 151
35701-970 Sete Lagoas, MG
BrazIl
Phone
Fax
E-Matl

Santos, Jose Alves FIlho
DFAIMS
Rua D Aqumo, 2696
Campo Grande MS
BrazIl
Phone 55-67-725-7100

Santos po Laerte F
Naterra Na~ Sementes Coml Imp Ltda
Rua Slmlio Alvares 1001 - Casa 6
05417-030 Siio Paulo, SP
BrazIl
Phone
Fax
E-MaIl

Santos Ugo Mar(,:al
Sementes Agroceres SfA
Rua 104 nO 1101
Capm6pohs, MG
BrazIl
Phone 55-34-263-1755
Fax 55-34 263-1779

Scaranan, Clro
Embrapa SPSB
Av Anchleta, 173 Con] 41/42
13015-100 Campmas, SP
BrazIl
Phone
Fax
E-MaIl

Schaffert, Robert E
Embrapa MIlho e Sorgo
Cmxa Postal 151
BrazIl
Phone
Fax
E-MaIl

Scheldl, GUIllermo Henberto
Dekalb Argentma S A
C Correo 25
Saito, Prov of Buenos AIres
Argentma
Phone 54-474-30485 or 30486
Fax 54 474 30541
E-Mml gUlllermo mder@smtp dekalb2
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55 48-234-4888
55-48 331-9943
vIldes@cca ufsc br

55-11-211-5649
55-11-816-3263
laertesantos@br2001 com br

402-762-4435
402-762 4422
jstack@unlvm unl edu

Scussel, Viides Mana
UFS C Clencla e Tecnologm de Ahmentos
C P 476, Itacoorubl
88034 00lFlonan6pohs, SC
Brazil
Phone
Fax
E-Mail

Senetmer Alberto Carlos
QEACA
Merced 1425
2700 Pergammo, Bs As
Argentma
Phone 54-1-477-20798
Fax 54-1-477-20798

Silva, Arnaldo FerreIra
Embrapa Milho e Sorgo
CaIxa Postal 151
35701-970 Sete Lagoas, MG
Brazil
Phone 55-31-779-1062
Fax 5531-779-1088

Silva, Herberte Pereira
Zeneca Sementes Ltda
Rod Anhanguera krn 296
14140-000 Carvmhos, SP
Brazil
Phone 55-16-651-1521
Fax 55-16-651-1321

Silva, Jose Antomo
SFFV/DFAlGO
Pra~aCmlra, 100 Centro
GOianla, GO
Brazil
Phone 5562-225-5421
Fax 55 62-224-6444

Silva, Jose PereIra
Naterra Nac Sementes Coml Imp Ltda
Rua Simao Alvares, 1001 Casa 6
05417-030 Sao Paulo, SP
Brazil
Phone
Fax
E-Mail
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Silva, LUiz ClaudiO
Sementes Agroceres SfA
Rod DlOmslO Bartolottl, krn 0,5 -CP 9
Santa Cruz das Palmelras, SP
Brazil
Phone 55-19672 2424
Fax 55-19672-2525

Silva, Sidmey
Sementes Agroceres SfA
R 104, n° 1101
Capmopohs, MG
Brazil
Phone 55 34-263-1755
Fax 5534-263-1976

Sofenm, Otavlo B
Braskalb
Brazil

Souza, Jorge LUiZ R
Zeneca Sementes Ltda
Rod Anhanguera krn 296
14140 000 Carvmhos, SP
Brazil
Phone 55 16-651-1521
Fax 55 16-651-1321

Stack, James P
Umverslty ofNebraska/SCREC
Box 66
Clay Center Nebraska 68933
USA
Phone
Fax
EMail

Stem, Eduardo
Semillas Papalotla
Miguel Angel de Quevedo N°126 2
Chrrnahstac
MexICO City DF 01050
MeXICO

Suarez, Jorge E
ICA Colombia
AA 7984
Santafe de Bogota
Colombia
Phone 57-1-2-881753
E-Mail aebe5000@correo mter net co



55-31-779-1097
55-31-779-1088
waqml@cnpms embrapabr

409-845-8182
409 845-6483
htorres@ppserver tamu edu

91-22-2049497
91-22-2047871
mahyco@glasbmOl vsnl net m

402-472-6032
402 472-7978
Jyohe@unledu

55-31-779-1186
55-31-779-1088
acvlana@cnpms embrapabr

913 537-5100
913 537-4560
zomlla@phlbred com

Swann BIll
Pacific Seeds/Advanta Seed OrganizatIOn
PO Box 337
Toowoomba, Queensland 4350
Austraha
Phone 6I-76-902-666
Fax 61 76-301-063
E-MaJi swann@peg apc org

Toews, Doug
InternatIOnal Seeds, Inc
PO Box 168
Halsey OR 97348
USA
Phone 541-369-2251
Fax 541-369-2640

Torres-Montalvo, Henberto
TexasA&M
301 Ball St#1109
College StatIOn TX 77840
USA
Phone
Pax
E-MaJi

Tupekar, PrMash N
Maharashtra Hybnd Seeds Co Ltd
4th PI Resham Bhavan 78 Veer Narlman Rd
Mumbal Maharasthra 400 020
India
Phone
Fax
E-MaJi

Vacaro, Eloy L
AgropecUllna Oeste Ltda (Agroeste)
R AntOniO Vacaro 130, BalITo Aeroporto
89820 000 Xanxere SC
Brazil
Phone 55 49-433-2011
Pax 55 49-433-2089

Viana, AntOniO C
Embrapa Mdho e Sorgo
Calxa Postal 151
357001-970 Sete Lagoas, MG
BrazJl
Phone
Fax
E Mad
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WaqUlI J Magid
Embrapa MJlho e Sorgo
CaIXa Postal 151
357001-970 Sete Lagoas, MG
Brazd
Phone
Pax
E MaJi

Wdhams Hector AlaniS
Compo Exp RIO Bravo
INIPAP
Apdo Postal 172
RIO Bravo
MexIco
E-MaJi cenbsl@clrne mlfap conacyt mx

Yohe, JohnM
University ofNebraska
INTSORMIL
113 BIOchemiStry Hall
Lmcoln NE 68583 0748
USA
Phone
Fax
E-Mad

Zago, ClaudiO Prates
Sementes Agroceres S/A
Rod MGT 154 - Calxa Postal 81
Capm6pohs, MG
Brazil
Phone 55-34 263-1677
Pax 55-34-263-I904

ZomIla, Hugo
PIOneer HI-Bred Sorghum Research
1724 Hayes Dr
Manhattan KS 66502
USA
Phone
Pax
E-MaJi


