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Allocution de bienvenue
 

C Renard'
 

Mesdames,Messieurs, 

Je vous souhaite labienvenue Acc premier Atelier consultatif international sur les insectes desi panicules de mil et 
de sorgho. Je souhaite labienvenue au Centre sahdlien de I'ICRISAT etau Niger Aceux dont c'est la premiere 
visite. 

Les insectes des panicules reprdsentent on problme majeur pour ces deux cultures qui constituent labase de 
I'alimentation de plus de 250 millions de personnes parmi les plus ddfavorisdes au monde. 

Ces mrmes populations, selon les privisions de liaFAO, scront, si auctine intervention ne se rdalise, les plus 
touchces par les ddlicits cdrialiers que l'on privoit pour le troisiome millcnaire. 

A Iheure actuelle, les pertes annuelles dans a production du sorgho dues h ]a cdcidomyie etaux punaises des 
panicules sont cstimnies ii quelque 565 millions de dollars. Chez leril, les chenilles des panicules provoquent des 
ddgiits estimns iplus de 115 millions de dollars par an. En ternie iegrain, on peUt estimer les pertes annuelles A 
quelquc 5,5 millions de tontes. 

Le sorgho et lemail tropicales semi-arides. Les surfacessotr les principales cultures vivri&es des zones 
cutives tie font que s'accroitre particuliireient en Afrique de I'Ouest, car li croissance dImographique (3% 
par an) exige une augmentation de liproduction. Celle-ci se fait essentiellement par extension des cultures Ades 
zones marginales ct Ic repos de laterre, lijachLre, appartien', de plus cn plus au pass6. Des essais que nous 
menons au Centre sahdlien stir les syst6mes culturaux depuis plusieurs anndes indiquent que le- insectes des 
panicules de ril constituent on probl'me majeur aprbs 4 A5 atis de culture m iie en rotation avec le nib. 11 

nons semblc que lipression des insectes s'accentue et l'on petit penser qu'en zone sahdlienae, les paysans 
abanvJonnent les terres en raison des piohlnies lids Aces pestes. 

I.es insectes constituent done obstacle majeur production de ces cultures etilest diflicile deon lIa 
dveloppcr ct de mettre en oeuvre des stratigies de lutte en raison de Ia iultiplicii6 des esp&es. Face Aicette 
situation, liconcertation entre des experts venus d'Afriqe, d'Asie, d'Europe ctd'Amrique vient it point 
nomm6. La rdussite de lamaise en oeuvre de stratidgies de litte contre les insectes de 1'6pi ndcessitera une 

collaboration 6troite entre les institutions et organisations nationales, rdgionales etinternationales. Eu gard aux 

thames qui seront traits eta ladiversit6 des expertises, je ne doute pas que des propositions et des solutions 

eonsdquentes sort.rot dc vos discussions. 
Une fois de plus, jc souhaite libienvenue A tous en esprant des discussions et ddlibdrations fructueuses. 

J'6nets 6galement levoeu de voir les relations et les activitds de collaboration entre vos institutions respectives et 

I'ICRISAT, se renforcer davantage. 
Merci pour votre attention. 

t. Direcicur Excutif, Programmes ojest-africains de ItCRISA', elDirecieur, Centre sahlien de I'ICRISAT, t.P. 12404, Niamey, Niger. 

(Acuellcement. Directeur Exacuiif, Centre ICRISAT pour I'Asic,Patancheru 502 324. Andhra i'radcsh, Indc.) 



Welcome Address 

C Renard'
 

Ladies and Gentlemen, 

It is my pleasure to welcome you to this International Consultative Workshop on Panicle Insect Pests of Sorghum 
and Pearl Millet. To those of you for whom this is a first visit to the ICRISAT Sahelian Center and to Niger, I 
extend a special welcome. 

Panicle pests are a major problem in sorghum and pearl millet, two-crops which constitute the basic diet of 
more than 250 million people among the most impoverished in the world. 

According to FAO estimates, these people will be the most drectly affected by the cereal deficits predicted in 
the third millennium, if timely action is not taken. 

The annual losses in sorghum production due to sorghum midge and panicle-infesting bugs are currently 
estimated at over US$565 million, while panicle-infesting caterpillars cause a loss of over US$115 million yearly 
in pearl millet. In terms of grain yield, the annual losses can be estimated at around 5.5 million t. 

Sorghum and pearl millet are the main food crops in the semi-arid tropics. The area under these crops is 
steadily increasing, especially in West Africa, since production has to meet the demand of the growing popula
tion (3% per year). This is being achieved mainly by extending cropping to marginal lands, vith fallow rapidly 
becoming an outdated concept. Long-term trials on cropping systems at the Sahelian Center havc shown tiIat 
panicle-infesting pests of pearl millet are amajor problem after 4-5 years of cropping, even %%hnrotated with 
cowpea. Insect pressure seems to be on the increase, and we can presume that farmers are abandoning their 
lands due to problems associated with these pests. 

Insect pests therefore constitute a major obstacle in the production of these crops, and the multiplicity of 
insect species makes it difficult to develop and implement management strategies. Given this situation, the 
concerted effort by scientists from Africa, Asia, Europe, and America could not have come at amore appropriate 
moment. The successful implementation of panie pest management strategies will require close collaboration 
between national, regional, and international organizations and institutions. In considering the themes which will 
be examined and the rich diversity of disciplines involved, I am convinced that your discussions will give rise to 
effective solutions and proposals. 

I once again extend a warm welcome to all of you, and hope that your discussions and deliberations are 
fruitful. I also look forward to seeing even stronger collaborative relations and activities between your respective 
institutions and ICRISAT. 

Thank you for your attention. 

I. Executive Director. ICRISAT West African Programs, and Director, ICRISAT Sahelian Center, BP 12404, Niamey. Niger. (At present, Executive 
Director, ICRISAT Asia Center. Patancheru 502 324, Andhra Pradesh. India. 
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Allocution d'ouverture 

Moussa Adamou' 

Monsieur Ic Directeur Exdcutif du Centre sahdlicn de l'ICRISAT, 

Messieurs les Rcprdsentants des difff6rentes agences et institutions de cooperation scientifique et technique, 

Messieurs les participants AI'Atelier consultatif international sur les insectes nuisiblcs des paniculcs de sorgho ct 
ie mil, 

Ilonorables Invit6s, 

Mesdtames, Messieurs, 

Jc voudraik tout d'abord vous souhaiter au nom du Directeur Gdnoral de I'INRAN, la bienvenue et un heureux 
sejour au Niger. 

Mesdames ct Messieurs, les pays du Sahel en gin6ral traversent depuis des anndes une crise dconomiquc et 
financiL're sans pr&ckdent. Au Niger, le secteur rural a 6t6 le plus affect sous I'effet combin de plusicurs 
contraintes abiotiques et biotiques. 

Bien que stir Icplan &conoiniquemondial, le sorgho et les mils sont de moindre importance compares au bid 
ct au riz, ccs deux corCaIc:; constituent la base tie I'alimcnllatiol humaine d'un grand nombre de pays d'Asie et 
d'A'riltue dont Ic Niger. Prs de SM(7des superficies cultivtes au Niger sont occup6es par le il et le sorgho. 

Si au niveau des stations de recherche, tes rendements sonl nettement au-dessus de la tonne par hectare, en 
milieu pays,n, ils attcignent raremnt 500 kg ha 1.Ces bas rendemcnts sont lis non seulement aila faible fertilitd 
Ies sOis ct an stress hydrique, mais alIssi aux contraintes biotiques coimc je le disais tantot. FParm i ces 

cintraintcs, celles lices aux insectes sont tIC loin Ics plus importantes. 
Pendant la vgetation ct atprs ]a recolte, Ic sorgho ct Ic mil sont attaqus par une multitude d'espbces 

d'insectes nuisiblcs en prow iljuanlt inc r&luction notable du rendemnent ec de sa stabiliIt6. 
Faice don i t'importance des contraintes lWes aux insectes dc ces deux cultures, les chercheurs de I'INRAN 

au iie titre que ceux tie la sous-rigion se sont attels depuis quielques ann~cs Ala recherche de m6thodcs de 
lutte dont I'int&t est soLivent conditionne par ties donndes economiques. 

Mesdamies, Messieurs. ,otre atelier conrtitue on des premiers du genre sinon le premier dans la sous-rdgion 
faisant intervenir des chcrchcurs detihaut niveau et de provenances diverses conccrns par les insectes du sorgho 
et du mil. I1se tient i la fin tL'une campagne agricole dans un pays ou la principale contrainte Ala production est 
sans fIaute tes insectes des panicules dont les plus importants sont: la mineuse de l'dpi [Ileliocheilus(Raghmua) 
albipunctcllJ sur Ic mil et la cdiidoinyie Contarinia sorghicola ct la punaise des panicules Eurystylus im

tiiacilatt. stir Ie sorgho. 
Cet important atelier consultati' est le risultat dI'ui effort international faisant intervenir des chercheurs des 

programmes natinnaux te recherche agricole i'Afrique ct d'Asie, visant Aidentifier des stratdgies de recherches 
axees stir des systinics de lotte durables. 

Qu'il me soit pernis, ali noi iu Directeur Gdndral de IINRAN, de remercier tr~s sinc&emnent nos partenaires 
de I'ICRtSxT en particulier ct aussi ceux de la connunaute internationale en gdndral pour cette heureusc 
initiative zila cause dti imondte rural. 

Je souhaite ttiie cet atelier soit on ddpart effectif d'une re de collaboration franche lant souhaitc ct dc 
communication privilgics entre chercheurs des programitncs nationaux et ceu% des institutions rdgionalcs ct 
intcrnati males afin di'atteindre les object ifs visds. 

Je voudrais, Mesdates cClMessieurs, avant de terminer, vous souhaiter plein succbs dans vos travaux. 
Str cc, je dt&lare ouvert t'Atelier consultatif international sur les insectes nuisibles des panicules de sorgho et 

Lie mil. 
le vous remercie. 

I. Reprdcwntant du t)irecteur G(ncral de I'Insilul National deRecherches Agronxmiques du Niger (INRAN). iP 429. Niamey. Niger. 
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Opening Address
 

Moussa Adamoul
 

Executive Director of the ICRISAT Sahelian Center, 

Representatives of the various agencies and institutions of scientific and technical cooperation, 

Participants of the International Consultative Workshop on Panicle Insect Pests of Sorghum and Pearl Millet, 

Honorable Invitees, 

Ladies and Gentlemen, 

On behalf of the Director General of INRAN, I would like to first wish all of you a warm welcome and a 
comfortable stay in Niger. 

Ladies and Gentlemen, the countries of the Sahel have been experiencing an unprecedented economic and 
financial crisis for several years. In Niger, the rural sector has suffered most under the combined effect of various 
biotic and abiotic constraints. 

Although sor3hum and millets are not as important as wheat and rice in the world economy, they constitute 
the staple human diet in many countries of Asia and Africa, as in Niger. Nearly 80% of the croppcd Iarea in Niger 
is under sorghum and millet. 

While the yields of these crops on research stations are clearly above I t ha-', they seldom reach 500 kg ha-' 
in farmers' fields. The low yields are associated not only with the low fertility of soils but also with the biotic 
constraints I mentioned a while ago. Insect pests are by far the most important of these constraints. 

A number of species of insect pests attack sorghum and pearl millet during the vegetative period and after 
harvest, significantly reducing yield and yield stability. 

To counter the increasing biotic stress caused by sorghum and millet pests, researchers from INRAN and other 
agencies in the region have, over the last few years, combined their efforts to identify control methods that often 
depend on economic conditions. 

Ladies and Gentlemen, your workshop is one of the first of its kind-if not the first-in this region. It has 
brought together senior scientists of sorghutim and millet pests from various parts of the world. The workshop is 
being held at a time when the cropping season is ending and in a country where the principal constraints to 
production are the panicle insect pests-carhead caterpillar ileliocheilus (Raghuva) albipunctellaon millet, and 
the midge Contarinia sorghicola and mirid head bug Eurvstylus ininaculats on sorghum, to name the most 
important. 

This important consultative workshop is the result of an international effort involving African and Asian 
NARS scientists with the objective of identifying research strategies based on sustainable management systems. 

On behalf of the Director General of INRAN, I take this opportunity to sincerely thank our partners from 
tC:RSA', and also those from the international scientific community for this welcome initiative for the cause of 
the rural sector. 

I wish that this workshop heralds an cra of much-desired close collaboration and communication between 
NARS scientists and those froni regional and international institutions to realize the stated objectives. 

Laidies and Gentlemen, before I close, allow me to wish you all success in your discussions and deliberations. 
I now declare open the International Consultative Workshop on Panicle Insect Pests of Sorghum and Pearl 

Millet. 
Thank you. 

I. Representative of theDirector General of the Institut National deRecherches Agronomiques du Niger (INRAN), B1t429. Niarney, Niger. 
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Workshop Objectives
 

K F Nwanzel
 

In collaboration with the USAII) Title XII International Sorghum/Millet Collaborative Research Support Program 
(INTSORMII.), the first ever workshop dedicated solely to insect pests of sorghum was held in 1984 in College 
Station, Texas, USA. This was followed by the International Workshop on Sorghum Stem Borers in 1987 at 
ICRISAT Asia Center, India. In 1989, an International Chilo Workshop was held at the International Centre of 
Insect Physiology and Ecology (ICIPE), Nairobi, Kenya. These workshops were in response to the recognition, 
by the Texas A&M Workshop, of the need to bculs on specific insect pests, especially where as a group they cause 
damage that can be thematically addressed. 

A fair number of the participants to the workshops I mentioned are present here today-a good indication 
that entomologists are good survivors and that there is a fairly good degree ofcontinuity in research on the crops 
of interest. 

Panicle-feeding insects CLuse damtage to sorghum and pearl millet at a time when plant compensation 
nteclanisms catn be of little consequence. Unlike stemtborers, for instance, every degree of damage by sorghum 
midge. head bugs or head caterpillars can be equated with quantitative and qualitative loss in grain yield. 

Apart frotn sorghum midge, %,here research has contributed to the successful development and release of 
high-yielding resistant sorghum cultivars in Australia, India, and USA, research efforts on mirid head bugs of 
sorghuttt, head caterpillars of sorghum and pearl millet, meloid beetles, and grasshoppers are several years 
behind making an impact on our ability to manage them, and contributing toward sustainable production of these 
crops. Countries that would suffer most from this situation are the group of less developed ones whose borders 
are wholly or partially within the boundaries of the senti-arid tropics. 

This workshop has been convened primarily to detine research strategies focusing on sustainable pest 
management systems that will impact on sorgltun and pearl millet production. It is the result of a concerted 
international effort in which tCRCSAT has played a major role. Consultation with scientists of other international 
institutions, universities and, in particular, scientists of the national agricultural research systems (NARS) in 
Atrica and Asia, was paramount in defining the objectives of this workshop: 

" 	 Assess the econottic importance of panicle-feeding insect pests of sorghutn and pearl millet world-wide and 
review existing knowledge 

" Provide concise and up-'o-date information on current research on management tactics 
" Develop research themes and priorities for their management in various cropping systems and agroecologies 
* 	 Develop/strengthen linkages and enhance collaboration and partnership between international agricultural 

research systcms, universities, and NARS. 

The workshop progran has been arranged to provide opportunities for maximum interaction during the 
sessions. Presentations should be made within the time allotted, i.e., 20 nin, also allowing for one or two 
qucstions of clarification. Opportunities for an in-depth discussion are provided after each set of papers have 
been presented. The first part of Session VI on Wednesday 6 Oct should lead us into fairly well-defined key 
issues for discussion in the working groups. The success of this workshop will be measured not only by how well 
our recontcndations are formulated, or whether they are robust and transparent, but also by how well we have 
defined the various research opportunities and the practical implications involved in their implementation. 

Ladies and Gentlemen, as Chairman of the Organizing Committee, it gives me great pleasure to welcome you 
to this workshop. 

1. Principal Scientist (Entomology). ICRISAT Asia Center, Palancheru 502 324. Andhra Pradesh. India. 
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Objectifs de I'Atelier
 

K F Nwanze'
 

C'est en collaboration avec lesProgrammes am6ricains USAII) Title XII d'appui It a recherche collaborative sur le 
sorgho et lemil (INTSORMIL) qu'a dtt tenu, en 1984 it College Station, Texas, aux Etats-Unis, Ic tout premier atelier 
consacrd uniquemcnt aux insectes nuisibles du sorgho. Cette reunion tait suivie par l'Atelier intcrnational sur les 
foreurs des tiges du sorgho en 1987 au Centre ICRISAT pour l'Asie, en Inde. En 1989, tin Atelier international sur 
Chilo a eu lieu au Centre international sur Iaphysiologic et I',cologic ties 	 Kenya. Cesinsectes (1CIt1), Nairobi, au 
ateliers 6taient tenus cn r6ponse threconnaissance, dans Iccadre ticItclier de Texas A&M, du besoin de mettre 
I'accent sur des inscctcs nuisibles spicifiques, surtout dans Iccas oil I'ensemblc du groupe ieces insectes petit causer 
des d6giits qui peuvent etre considres thiiatiqucnient. 

Un bon nombre des participants Itces ateliers sont prscrfts aujotrd'hui parnii noS, unc bonne indication que les 
entomolog istes ont bien surv&u Ct qu'iI sur Itsexistc tin niveau assc1c e, dc continuitC en iiati~re de [a recherche 

cultures considr6cs.
 

Les insectes nuisibles des paniculcs peuvent causer des d6gIts aux cultures dIIsorg ihodo Mil au moment oi les
ct 

micanisines de compensation des plantes sont pCti cficaces. Contraireicnit aux] orCUrstiges par excmple, tout
de 

dt6gat cause' par III cC(cidotiyiC, par les punaises des panicules ou par les chenilles icschandelles peut se traduirc en
 
des pertes quantitatives et qualitatives de rendement en grains.
 

Les travaux dc recherche sur Ia c6cidoniyic du sorgho ont contribuI Ii ]It misc aI poin et arisation dea Vutl 
cultivars de sorgho r6sistants et hrendement 61cv cn Australic, erInde ctaux Ftats- nis. CpcIMnLdlant. les etudes stir 
les punaises des panicules du sorgho, Ics chenilles des chiandelles, les colkoptrcs mloides etles sutcriaux ont 
plusieurs ann~es (ICretard quant I lItrialisation tt'une inlItience cnsible stir notre capacite i litter cificacenient
 
contre ces insectes et ItIacontribution I hiproduoctioi durable de ces cultures.Les pays qui ',fronttoucIs Icplus par
 
cette situation sont legroupc ties pays nmins dvelopp6s dont les reint
fronti.rcs sont cnti, tipartiellcmcnt A
 
I'intdrieur des limites des zones tropicales semi-arides.
 

Cet atelier est convotlu6 essentiellement dans Icbut tiedfinir Icsstrat6gics dC recherche axes sur lCssysttncs dc
 
lutte L'atelicr cstgalenit Icr6sulta itd'un
durables qui auront tin impact stir hi production de sorglio et de rail. eitort
 
international concert6 o6 I'ICRISAT ajou6 tin r6ce majeur. La consultation avec les chcrcliCurs des autres institutions
 
internationales et des universit6s, et cn pIrticulicr avec les chcrcheurs des syst~imes nationaux tierecherche agricole
 
(SNRA) en Afrique cten Asie. 6tait d'importance priniordialC dans Iad6finition des objectils de cet atelier:
 

" 	 d6terminer l'importance 6conomiqte des inscctes nuisihles des panicules de sorgho et de ril travers lemonde,
 
ctde faire lepoint des connaissances actuelles
 

* 	 fournir des donn6es pr cises et mises i jour sur des tudes actuelles sur les strat6gies de lutte 
" 	 61alborer des thmes ctdes priorits tierecherche sur Ia lutte intdgrde contre des insectes nuisibles dans divers
 

syst~mes culturaux et agrocologies
 
* 	 mettre au point/raffermir des liens de coop6ration et de partenariat entre des instituts nationaux ct internationaux
 

ainsi qtie des universits,
 

Le programme tie i'atelicr a 66 conqu de fI,'uon ) offrir des opportunit6s d'intcraction nm.niale au cours des 
sessions. Les pr6sentations doivent respecter le dur6e accord6e, c'est-,r-iire 20 minutes, lout en permcttant une ou 
dleolx questions pour des claircisscnients, Des discussions dtailldes sont pr6vues aprts hi presentation de chaque 
ensemble de communications. La premiXre partic de i Session VI, mercredi Ic 6 (ctobre, doit nous confronter avec 
des questions clts assez bien d6inies pour discussion au sein des groupes de travail. 

i.e succOs de cel atelier scra iesur6 non scileinent par I bonne 61aboration de nos reconimndations, ou par ]II 
transparence ou Iasolidit6 de cellCs-ci, Mais plut6t par IId6linition ellicace ties diverses tlpportnnit6s de recherche et 
lesinipl icat ions pratiques entraines par I mise en oeuvre des rccoiianndations. 

Mesdames et Messieurs, en tant que Pr6sident tIII Comitd t'organisation, j'ai le grand plaisir de vous souhaiter hi 
bienvenue I cet Atelier. 

I. Cherchcur principal (Entumoogie. Centre Palancheru 502 324. Andhra Pradesh. tndeICRISAT pour I'Asie, 
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World Review of Recent Research on 

Panicle Insect Pests of Sorghum and Pearl Millet 

K M Harris' 

Abstract 

The recent developmntt of research on the tLonomy, biology, ecology, and control of the main 
insect pests of sorghum and pearlmillet panicles is reviewed, based on a selected bibliographyof 
papers publishedduring the pla:st decade. The main targetsof this researchhave been the sorghum 
,nidg'e,Contarinia sorghicola (Coquillett), which occurs almost everywhere thatsorghum is grown; 
the miridhead biqs Eurystylus andCalocoris, which are imi)ortanton sorghumn in Africa andIndia, 
respectively: the cotton bollwormn, Ilelicoverpa arnigera (lhibner), which attackssorghum panicles 
in Africa, Asia, and Australasia,and the millet headininer,I leliocheilus albipunetella (de Joannis), 
which is atn importantpest of pearl millet in West Africa. Other insectpests that have also been the 
subjects of recent research include Ileliothis virescens (tFabricius),I1.zea (Boddie), and Celama 
sorghiella Rilei on sorghion, and Psalydolytta fusca (Olivier), P. vestita (Diufour), Pachnoda inter
ruplta (Olivier), and various grasshopper.i on pearlmillet. 

Research on the major pests has intensified huring the liast decade. liost-plant resistance has 
been developed and other important elntets of integrated pest managenent (1PM) have beef) 
identified. 8ut fi'w IM programishave been im,)lemnented effectively and there is a continuing need 
to appreciateand nert the needs offarmers, who should be the nain beneficiariesof research onf 
their crops. 

Introduction 

This is a general review of the most important devel-
opments in research on the insect pests of sorghum 
and pearl millet panicles during the past decade 
(1984-93), as indicated by research publications and 
literature reviews. Many insect species have been re-
corded front sorghurn and pearl millet (Table I), but 
relatively few of these are ranked as major pests at 
present. This situation could change in the future, as 
has already happened in the past with pests of these 
and other cereal crops. Minor pests, such as Illi-
I ol'l'rpa armiera ton sorght or lleliocheilus albi-
punctellaotl pearl tillet, have become major pests as 
varietal susceptibilities, farming practices an other 
fac tiors change. [he converse shtould also apply, with 
major pests relegated to the status of rrinor pests, but 
there do not seem to be rirany good examples of such 
reversals, which would indicate effective implernerta-

1. 81Linden Way, RipIcs, Wlking, Surrey GU21 (1,tt.UK. 

tion of integrated pest management programs. In fact, 
although gox)d research progress has been made dur
ing the past decade, it sometimes seems that the major 
pests of the past continue to threaten crop production 
while additional new pests appear. 

Insect pests attacking panicles of sorghum and 
pearl millet are especially damaging as they affect 
crop development at a late stage and have direct 
harmful quantitative and qualitative effects on grain 
yields. At this late stage of crop development, the 
main production inputs would have already been 
made, which maximizes economic losses, and there is 
also little scope lbr the crop to compensate for dam
age done so close to harvest. '[here are therefore 
good reasons for ftocusing on this group of pests, al
though this isthe first tinre that an international work
shop has been devoted entirely to them. 

The following brief reviews of work on the main 
groups of insect pests are based on papers published 

harris, K.M. 1995. Word review (, recent research on particle insect pests of sorghum and pearl millet. Pags 7 25 in t'anicle insect pests of
sirghunim and pcarl millet: proceedings of ;in International Consultative Workshop, 4-7 Oct 1993, ICRISAT Sahetian Center. Niamey, Niger
(N,,antce. K.t, aid Youm. 0., et.. tlancheru 502 324, Andhra tradesh. India: International Crops Research Institute fIr the Semi-Arid 
Tropics. 
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in major journals, and are intended to trace the recent 
development of work on each group, to identify key 
research papers and reviews, to summarize recent 
progress, and to indicate problem areas for future 
work. 

Sorghum 

The pests of sorghum have received much more atten-
|ion than those of pearl millet and this greater 
emphasis is reflected in the preponderance of publica-
tions relating to this crop. Most research activity is 
still concentrated on tile sorghum midge, C'oroarinia 
,orghicola, but work on head bugs and head caterpil-
lars has increased. 

The International Sorghum Entomology Work-
shop, held at Texas A&mN University in Jul 1984 (tURI-
SAT 1985), reviewed past and current work on insect 
pests of sorgltm and inclued a series of papers on 
panicle-feeding insects. Eight ot the papers presented 
there reported work on the sorghum imidge; two were 
on head bugs, and two recorded work on panicle cat-
erpillar, and pests of stored grain. 

Silice then, reviews and broad-based papers have 
beec published by Sharnma (1985b) on strategies for 
pest c(introl in sorghum in India; by Tectes (19851) (oil 
insect resistant sorghums in pest management; by 
Lctischner ct al. (1985) otc the role of host-plant resis-
tancc in pest management in sorghum in India; by 
I lassan (1987) on sorghum insect problems in Austra-
lia; by Seshu Reddy (1988) on assessments of on-
farm sorghuml yield losses due to insect pests; by 
Nwan ze (:988) on the listribution and seasonal inci-
dence of some major pests of sorghut in Burkina 
Faso; by Gahukar (1991) oi worldwide research ie-

velcpnents tor the permd 1984--89; by Nwanze et al. 
(1991) on the evaluati 1 of sorghitrm genotypes in It-
dia for multiple i:isccl iesistance; by Seshu Reddy 
(1991) otc insect pests of sorghun it Africa; by 
Sharracet al. (1992b) on techniqtes used to screen for 
resist.nce to insect pests; and by Merchant and Teetes 
(1992) oi the evalation of selected sampling 
methods for pests of sorghum panicles ill tile USA, 
including ic beat-bucket ict lOd fOr head bugs and 
caterpillars, antd in sit visual estimates and sticky 
traps Ir sorghum midge estimates. 

Sharinla (1993) reviewed itt detail and discussed 
the role of st-plant resistance in IPM of insects on 
sorghuni. noted thmt, although adequCiate levels Of 
resistance are available against only t fcw pests, mod-
crate levels of ;esis;tance can be useful in suppressing 
pest populations since they could reduce the rate att 

which pest populations develop, so delaying the point 
at which they pass the econoiiic threshold level. lie 
also observed that thei are other beneicial effects, 
including conservation of natural cnemies, preserva
tion of environmental quality, and aslowing down in 
the rate of devch lpment of insecticide-resistant pest 
populations. 

Sorghum nidge (Contariniasorghicola) 

'lis is tile most widespread and damaging insect 
species attacking sorghum. It occurs almost every
where that t'-e crop is grown and has been tle subject 
ot much research since its first discovery in Alabanm, 
'Icxas, USA, and ()uecnsland. Australia, in tile 1890s, 
now more than atcentury ago. At the International 
Sorghum Elntomology Workshop im 1984, presented 
papers included a review of published sources of itt-
Iormadon for the period 1895- 1983 ( lIarris 1985); an 
account ot the biology, population LIMlics and inte
grated pest managenment of this pest (Tcetes 1985 a); a 
report on its pest status in Buirkina Faso and Mali 
(tHonzi and l)oumbia 1985); and accounts of screen
ing programs for resistance and the elucidation of 
resistance mecchanisms (Kulkarni 1985, Sharnma 
1985a, and Rossectto 1985). 

The taxonomic treatment of the sorghutm Midge 
has remained constant for the past 30 years but is 
about to change. Solinas (1986) proposed a new ge
nus, AIIocomtarinia, with Comarinia sorghicola As 

type species. But this proposal cannot be accepted its 
there is a much earlier generic name, Sicttodiplosis 
Reuter, that can be applied to tie group of Ccatarinia 
species that develop in grass seed heads. Gagnd 
(in press) has thcerefore assigned C. sorghicola to 
that genus so the correct scientific name of the sor
ghu nl idge will soon be Stoeodiplosis sorghicola 
(Coqu illett). 

'llie gcographic distribution of'the sorghurn midge 
is well known (CAt lmterna'ional 1990). It has e
ccntly becn recorded its a ncw introduction to Ihcerto 
Rico (Segarra-Carmona andt Barbosa 1988), but 
I larris (1964) reported dissection of larvae from sor
ghn inlorescerctes in tie Kew Ilerbarium tiat had 
been collected in Poem to Rico in 1886---mome than it 
century before this recent record-which deion
strates yet again how ecasily midge daimage may be 
overtloked. 

Since tile International Sorghm Entomology 
Workshop in 1984, considerable progress has been 
made, especially il the deveiopnent of host-plamt re
sistance. Sharma (1993) reported that substantial pro
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gress has heeai nade il inIdcntifying and utilizing resis-
tanice to midge ill Australia, India, Lat in America, and 
USA. I le sumnariied tihe diverse sources of resis-
tance that are now availahle and noted that ICSV 
88013 and IC'SV 881)32 have high levels ofimidge 

resistance and yield potentials comparable with those 
of comnercial cultivars. Re sisance is being tran s-
fcrred to hybrid parents witlh improved agronomic 
backgrounds, and the use of' hosl-plant resi.tance in 
tire managenent of sorghin midge is tlherefore proni-
ising. In India this work has been so sncccssfuil that 
tlhe Intcrtiational Crops Research Iistinite for the 
Senmi-Arid i[ropics (I('RISAT) has recently refported 
that a inltipnrfpose grain type variety IlCSV 7-15), 
whicl produces gonod fodder in marginal environ-
irieilts and has strong resistance to midge, ailtsbeen 
selected by taraner s is being prefcrablc to their tradi-
tiorril sorghUln It(mRtsAT 19l3). Sharma (t993) ll.;o 
reviewed iforniatioi oil resistance iechanisnms 
nail y e.rilivar nonprefcrcne by oviposiling fe-

imales and/or antibiosisi and the inheritance of resis-
lance (inherited iluanrt ilaively and controlled by 
additive geics and sortie c lopllasrliic effects). SiS-
ceplibility to fill is positively aid signili cantly cor-
related swili tIhe length of glinlcs, leirirria, palca, 
nilhers, and style, and the rate off grain devclopreirt 

between tire 3rd aind 7th days after arittesis is nega-
tivelv associated with miidge danmage (Shrarina cl al. 

1990t1. Sharmna 19900'c. A study of tIre factors influ-
encing oviposilion eve aled that yellow, red, and 
white are rmost aitractive t0 nviposiling fcrirales, and 
that I) nicles at half-arithesis with viable pollen and 
receptive stigniala sri ffcred greater daiiage than pani-
cles at pre- or post -anllies is (Sharnia et il. 1 99a). 

Biological, ecological, phtysiological and other 
studies have continued. In Africa, Alghali (1994) 
studied biology, danmrage, and crop loss assesslriit in 
Kenya anrd reported that tIhe relationship between 
danage and crop loss was aliost perfect (r=.99)8; 
)< 0.))l ). 

Ill India, ill addition t0 tile piblica ions noted 
above, Pawl aid Joswanri (1986) studied ecological 
Iliclors affecting nidge dlanage; Mote and (ihule 
(19861 studied tie elfects of cliniale and parasitoids 
Onl iiglidge, arnf Shariia and Vidvasagar (1992) re-
CornlCI the attraction of iiatieS to sex pheronmone.s of 

virgin fbnales. 
i Australia. Forrester (197) stulied larval (fia-

pause develoipmenrit iii delail arid fiund tIe teniperai-
ture range 23 31TC ost fiavorable. The rale of 
diapause develohpmnrert was linear and the period frour 
diapause iniiiarion to adult energenice (diapause de-
velopieni requirenrent + 2.5 week postdiapause de-

velopnient requirenet) was predicted to be 6 months 
at 27C and 7.5 montis at 23°C. Forrester noted that 
these periods agree well with field observations in the 
Savanna belt of Africa and that tie diapause niecha
nism must have evolved !s an adaptation to long dry 
periods. It is however equally effective in temperate 
are'is where the midge has been introduced. Also, in 
Australia, Modini et al. (1987) studied diurnal ovi
positing activity; Fraizirnarn and Vaschiia (199) 
studied ovipositimn in preflowering and flowering 
panicles; Franrnarn cl at. (1989) reported life table 
studies on susceptible and resistant varieties, and 
lileizel t al . (1989) reported improved host-',ltnt 
resistance. 

li China, I long (IQ87) as.essed crop toss and re
ported a grain loss of' 1.36 g per ovipositing female 
and air economic injury level of 1.6 lelrales per pani
ele. In Japan, Ilagio and Ono (1996) described a sin
plitied test for nidge resistance and Ilagio and Olno 
1988) reporteoion resistaice screeninrg. 

li tIhe t ISA, Treacy el at. (1986) reported experi
inieris oni chemical control ill Txas; Steward et al. 
1989) evaluated six nmethods of saipliig field popt

lations of ovipsiting midges and compared tlietn 
with air absolnte niethod, concluding hlat visual esti

nils were siiilar to absolute estimnates when popu
lation levels were low but differed significantly at 
nmidge densities above 9.2 per panicle Peterson et al. 
(1989) conipared indirect resistance nmreasures (yield 
loss ar'd iillges per parricle) viti visual daiage 
scores and coicluded that visual rating was a iore 

elfective rnelhod of evaluation; Ilanna et :il. (1989) 
reported registration of Tift MR88: Peterson clia. 
(1991) reported registration of 22 inidge-resistant 

lines; Waquil and feles (19901) studied colpenisationi 
for idge attack in a susceptible anii f resistant try
brid in Texas and concluded that there is a small 
coimpensatio n by surviving kernels iii panicles witir a 
low proportion of damriaged spikel es. butithat this 
does not balance the direct daimage done to infested 
kernels; (iilstrap and Brooks (11il nronitored try
nienopterous parasiroids of idge Oil Johnson grass in 
Texas. arid N1agallaies-(Cdclo and 'l'ecies (1991) 
studied tire distribution of nidge eggs iii sorglurni 
florets. 

Finally, in Puerto Rico, Scearra-Carniora et al. 
(11989) assessed field suscept ibi lily of' eight hybrids; 
in Brazil, l'alinai (19881)studied feriale nidge activity; 

and in Argentina, l)iai (1988) stiudied ici.rolryirrenop
relois parasiloids. 

Knowledge of tIhe iidle and of its interactions 
with its host plants has obviously increased consid
crably during tie past deide. I lost-plant resistance is 
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generally considered to be the main requirement for 
effective IPM, and subsidiary elements are well under-
stood. But, with the exception of USA, large-scale tPm 
programs are yet to be fully implemented. 

Head bugs (ltemiptera: 1leteroptera) 

Many species of hemipterous bugs have been re-
corded from sorghum (Table I), but it is generally 
agreed that two genera, Eurvstylus and Calocoris, are 
of major importance in Africa and Asia, respectively, 
A taxonomic revision of Eur*vsilus by Dr G Stone-
dahl, working at the International Institute of Fnto-
mology, UK, is almost complete and has shown that 
two distinct species are widespread in Africa on sor-
ghum and millet. One of these is a small grayish 
species, EUrvstylus bellevoyei(Reuter), which also 
occurs in India. The synonymy of the second species 
has not been finally resolved but names tFat have 
been used lo, it include E. rufocnu'alis Poppiu', 
E.oldi Poppius E.i11ntac1lt1ous Odhiamho, P.mac-
idatus Odbhlambo and E.niarginats Odhiambo. 

In Africa, lOWden (1965) first expressed concern 
about the damage caused by hemipterous bugs to a 
compact -headed sorghum variety in Ghana, but the 
wider importance of this group of pests was not fully 
recognized until the 1980s. MacFarlane (1989) made 
preliminary studics of the complex of hemipterous 
insects in compact-headed sorghum panicles in 
Nigeria to provide a b:1sis for further detailed studies. 
Steck et al. (1989) studied the complex of Miridac, 
Lygacidac, Pyrrhocorij:ie, Pentatottidac, Corcidac, 
Rhopalidac, Reduviidae, nd Anthocoridac associ-
ated with soghutn panicles in Niger, and clearly es-
tablished the damaging p(iential of head bugs, 
especially E. niarginatuswhich greatly outnumbered 
all other species. A widely grown indigenous variety 
of sorghum suffered about 141,' withyield loss, 
additiortal loss of a! least 19 in teris of grair qual-
ity. Exotic varieties suffered even greater loss. SteeK 
et al. (1989) discovered that L. marginat.:, oviposits 
directly into the sorghum grain. "-he endospermi adja-
cent to the e, . then becomes discolored and floury, 
and the entire grain may deteriorate, possibly due to 
the introduction of molds. Feeding activity is .quafly 
destructive and offects grain quality by the removal of 
water and olutrients, causing shrivelling, and by the 
action of salivary enymes that break down the endo-
sperm structure, producing a floury texture. The rela-
tionship between head bug density and damage was 

IC 

not straightforward and the relative varietal responses 
at the two test sites were poorly correlated, indicating 
that sorghum breeding programs for head bug resis
tance may need to be area-specific. Earlier work by 
Sharma (1986) in Mali also reported oviposition and 
feeding effects of Eunr'shvls marginatusand selection 
for host-plant resistance, and Sharma et al. (1992a) 
reported the development of aheadcagc technique to 
screen for resistance. 

In India, Calocoris angustatus has been recog
nized as :n important pest for much longer. Research 
has intensified in recent years, with particular 
emphasis on the development of stable resistance 
(Sharma and Lopez 1991, Sharmta and Lopez 1992a). 
Screening methods have been refined (Sharma and 
Lopez 1992b) and resistance mechanisms have been 
studied (Sharma and Lopez 1990). Sharma and Lopez 
(1989) assessed avoidable losses and economic injury 
levels and reported that bug damage spoiled grain 
quality in terms of germination, 10(X)-grain mass, 
grain hardness, and percentage floaters, and they ob
served maximum avoidable losses of 88.6% in ICSV 
1, 69.9% in CSII I, and 53.9-55.0% in CSlt 5. 
Sharma and ILeuschncr (1987) reported field trials of 
eight contact and three systemic insecticides, and an 
enriched ncem extract, and concluded that two sprays 
of" carbaryl applied at complete anthesis and milk 
stages were effectivc. Natarajan and Babu (1988a) 
described a laboratory rearing technique. Natarajan 
and Babu (1988b) recorded economic injury levels 
which varied from 7.9 nymphs, 5.4 feeding adults or 
0.06 ovipositing adults with [ICH treatment, to 15.1 
nymphs, 10.5 feeding adults and 0.12 ovipositing 
ad uIts with imalathion. Natarajan and 1abu (1988c) 
indicated damage potential on sorghum up to 31.54 g 
per panicle infested with three ovipositing adulhs dur
ing the first 3days of panicle emergericc; Natarajan et 
al. (1989) studied seasonal occurrence in India and 
concluded that in general crops sown in Feb and the 
f,:
first half of Mar had the highest populations and that 
most head bugs were present at the dough stage of 
development. llirenalh (1987) 'Ind Natarajati et al. 
(19F,8) reported screening trials. Mote and 
Jadhav (1990) recorded ilcidence and losses, and 
Iliretnath (1989I surveyed C. (ungustatdUs and its natu
ralerinemies ilKai nataka. 

Ilcad bugs seem to be of low importance in Aus
tralia since Passlow et al. (1985) and Hassan (1987) 
did not include them in their reviews of sorghum 
pests. The situation seems to be similar in North, 
Central, and South America (Pitre 1985, Castro 1985, 
Reyes 1985). 



Cotton bollworm (Helicoverpa armigera) 

This species has become an important pest of sor-
ghurn particlcs in recent years. The published litera 
lure n this species is extensive, bulit is mostly on 
crops other than sorghum. I lowever, the development 
of II'M against thispest on sorghumn Iust take into 
account all relevant information, regardless of crop 
connotationis. ('AB International's 1I'STr cIRO NIdata-
base, covering tIre years I973 -91, contains 2082 ref-
ecrres to work on this species, 93 of which rcfcr to 
sorgliiui. A lull review oft hcir content is beyond the 
.wope of thispaper but some of tile main research 
poiects anid deloplnt s of lie past decade are 
noted below. 

In IF)8, van dfll ierg ctal.published a review of 
natural enemies inAfrica; van den Berg et al. (1990) 
studicd parasitoid cIIiiplxecs onifour crops (including 
sorghum(n) in lan/a/iia, concluding that parasitoids are 
strongly ass:ciatcd with particular crops: and 

Nyaribo 1988) studied the significance of iost plant 

phenology on the pest and its parasitoids, also inTan
iania. II the Sudan (ezira, Topper (1987) studied 
niettoriial behayior, presented a descriptive behav-
ioral iioCel for the firsthalf of adult lifc, and dis-
cussed its luse ill pest Iianageelieilt. 

In idia, IPatel aind Mittal (1986) coistructed lite 
tables based oii la oratory studies oii sorghim; Singh 
and Bala (1986) studicd population densities arid 
natural eriniies on 123 plant species; Plawar et al. 
(t988) reported tie development of a plieronlone 
trapping system to monitor adult males; Mote and 
Murthy (199t0))estimated avoidable grain losses oni 
CSII 5 (665 kg ha I= i4.51%) and CSII 9(518 kg ha 
= 12.87' () hybrids, and Armes et al. (1992) studied 
insccticitie resistance. 

InIAustralia, IHassan (1987) reported tie commer-
cial (levelopmient of a specific nuclear polyhiedrosi,; 
virus: Teakle and Blylne (1988) observed tilefeeding 
behavior of larvae and reported that early instar lar-
vae ecedalmost exclusively on anthers, which makes 
them highly susceptible to insecticides sprayed at full 
antticsis; Fran/nial (1986) studied tileelfccts of pair-
icletylC ti iItestation; Fitt and Daly (1989) noted 
high levels of parasitismt of tverwintering pupae be-
neath lighitly sprayed pigeoipea, sorghutii, and stin-
flower, with low insecticide resistance frcquencies. 
They foiunld low leels of, parasitislir in cotton, a 
Ieavily Sprayed ci op where resistance frequencies 
were highest. Forrester et al. (inpress) developed all 
IM prograil to nmanairge pyrethroid and eridostillan 
resistance oii all crops susceptible to attack by 
II arnmigera. 

Other panicle pests of sorghum 

Few research papers on other panicle insect pests of 
sorghum have been published during tilepast decade. 
In ISA, Goodenough et al.(1989) reported field tests 
of laminate and block type pheromone dispensers for 
the detection and monitoring of lh'iothis virescens in 
Texas; Ilayes (1988) studied tie comparative emer
gencc phicnologics of II. virescens and II. zea on cot
ton and other crops (irCltUding sorghumiii); Kring c ai. 
(1989) studied within--ield and within-panicle distri
bition of II. -ea and Celama sorghiella eggs ingrain 
sorlghuImn, Steward et :I. (1990) studied egg and larval 
parasiloids of these two species, finding that Tri
chogranim spp appeared to be ininportant mortal
ity factor, but not larval parasitism by eulophids, 
braconids, and tachiriids. 

Millet 

Sharma and Davies (1988) reviewed tileinsect and 
other aiinial pests of pearl millet (and other millets) 
on a world basis. Gahukar (1989) reviewed the main 
insect pests of pearl millct and their nmanagement; 
reviews of insect pests of pearl millet in West Africa 
have been published by Galnukar (1984), Ndoye and 
Galiukar (1987), and Nwanze and Ilarris (1992). 
Ajayi and Uvah (1989) reviewed research on millet 
pests in Nigeria during tileperiod 1977-87. 

Millet head miner 
(Heliocheilusalbipunctella) 

The millet head miner became anlimportant pest in 
tileSahldian region of West Africa ii tile1970s. It 
was initially described in the genus Ragruva, but 
Malthcws (1987) revised tileAfrican species of Ile
iocheilus and syronyirized Raghiuva inthat gens. 

Gahnitkar ctal.(1986) reviewed the statuisand man
agemcrit of this pest intileSahel, reporting yield 
losses tipto 857/, and Gahttkar (1987) reported some 
sources of resistance. Nwarze and Sivaktimar (1990) 
published a detailed account ol'the distribution, popu
lation dynamics,oid crop loss assessnient of this pest 
based on fieldsurveys and other studics inBlurkina 
Faso, Niger, and nr rlhern Nigeria. They reported 
crop losses oii fiarirers' fields utp to 41%. with a mean 
of 20';-r, of population monitoringand gave results 
confirming that thisspecies is univoltine and enters 
anlobligato rNy tiledi;apause at end of tie growing sea
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son. Pupae carry over to the following season in soil, 
and soil temperature and moisture are critical in de-
termining the survival of diapausing pupae. Gahukar 
(1990) described techniques for sampling eggs and 
young larvae on millet spikes and pupae iii soil in 
Senegal, and discussed cultural control measures. 
Plowing the fields after harvest reduced populations 
of pupae but was considered impracticable or socially 
unacceptable to farmers. Bernardi et al. (1989) devel-
oped acomputer simulation of //. albipunctella popu
lation dynamics, and Gahukar (1990) reported 
experiments in which a single application of achitin 
inhibitor, diflubenzuron, after spike emergence gave 
effective control. 

Meloid beetles 

(iahukar et al. (1989) reported that meloid beetles 
have recently become key pests of food crops in Mali 
and Senegal, and that the abundance of the most im-
portant species, Psalydolvia fisca and P. vestila, in 
Sep and Oct generally coincided with sorghum arid 
millet flowering. A colloquium convened in Ouaga-
dougou, Burkina Faso, inMarch 1991 to discuss crop 
losses iii pearl millet ranked meloid beetles as one of 
the major causes of loss (Nwanze and I larris 1992), 
but there is stilllittle published information available 
on crop loss assessment, biology, arid ecology, 
Zethner and l.aurense (1988) determined damage 
rates in screenhouse experiments in the Gambia, re-
porting that a density of only one adult P. fusca per 
panicle during the susceptible period of head devel
opment caused total loss. Selander and Laurense 
(1987) described the triungulin larvae and recorded 
them from egg pods of the grasshopper, Cataloipus 
fuiscocoeruleipes (Sjbstedt). Coop and Croft (1992) 
reported that Psalydolytta destroyed the surface area 
of millet panicles at a rate of 10.3 cm 2 day-i in cage 
trials on farmers' fields in Mali. 

Scarabaeid beetles 

Grunshaw (1992) studied Pachnoda interrupta in 
northwestern Mali and described its life history, biol-
ogy, and feeding habits. Yield losses to a range of 
beetle densities in cage experiments varied from 9 to 
48%, and a regression equation was derived to pro-
vide a rough guide to economic injury levels. 

Other panicle pests of millet 

Virtually no research papers on other insect pests of 
millet panicles have been published in recent years. 

Coop and Croft (1992) caged live grasshopper specie" 
(and Psalvdolytla) on millet panicles inMali to deter
mine relative damage rates, lie reported that 35-70% 
of grain kernels remained when exposed to grasshop
pers during the late milk and dough stages, and 10
35% when exposed during the early milk stage. 

Conclusions 

lhi review is based on published work only. It is 
assumed that this reflects tire priorities of researcl 
programs and therefore indicates tire relative impor
tance of tie major pests. That is not necessarily al
ways tIhe case as the number of papers published on a 
topic may be irillunccd by the activities of individual 
workers or organizations. Conclusion,, must therefore 
be drawn with caut ion, but it is app, ernt that tire main 
research efforts during tire past decade have been on 
sorghum midge, sorghum head bugs, Ih'licoverpa 
armigera, and Illocheihus albilrnctella. Much use
fllinformation is now wailable and there has been a 
rnotable increase in tire rumber of review articles pub
lished on insect pests of pearl millet. Although there 
are exceptions, such as the increasing releases of 
ruidge-resistant varieties to farmers, a major short
coming is stilltie lack of the effective use of avail
able information in tire formulation and execution of 
IPM programs. There is a continuing need to appreci
ate and meet the needs of farmers, who should be the 
main beneficiaries of research on their crops. 

Synthbse 

Le point sur les insectes nuisibles des panicules de 
sorgho et de mil dans le monde. Les articles scien
tifiques et de compte rendu sur lataxonomie, labiolo
gie et 1'6cologie des principaux insectes nuisibles aux 
panicules de sorgho et de mil ainsi que stir les rnith

odes de lutte sont passds en revue. La s61ection de 
cette documentation a dtd bas6e sur tine bibliographic 
des articles publi6s dans des reviles importantes au 
cours des 10 derni~res anndes (1984-93). Un bilan 
des connaissances actuelles sur les principaux ray
ageurs est dress6 et les importants acquis sont soul
ign6s ain de permettre I'identification des besoins 
futurs de recherche et de d6veloppemcnt. Un tableau 
synoptique de tous les insectes nuisibles aux pan
icules de sorghio et de mil signal6s est pr6sent6 avee 
des renseignements sur leur rdpartition gographique. 

Les insectes nuisibles ati sorgho-surtout la 
c6cidomyie du sorgho, Contarinia sorghicola 
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(Coqtillett), les punaises des panicules, tels que Fury-
stylus et Calocoris, ainsi que les chenilles 
des panicules, notainient Helicoverpa armigera 

(I l~lincr)--ont particulibrement attird l'attention dc', 
chcrchcurs. La c6cidomyie du sorgho, largement re-
pandue dans le monde, cst ;c plus dangereux ravageur 
du sorgho. Des r6sulials fort appr6ciablcs ont dtd ob-
tenus dans la maise ai point de la r6sistance des 
plantes-h6tes en Inlde, aux l-tats-Unis, cr1 Australie ct 
en Ani6rique latine. Des chcrclicurs disposent niain-
tenant de diverses sources de r6sistance qti'ils incor-

porent dans (ies varidts coninserciales. Des itudes 
stir la biologic, lHcologie et la physiologic te la cd-

cidorlyie se poursuivent dans plusicurs parties du 
ionde ei les connaissances acquiscs stir cot insectet I 

ses interactions avec scs plautcs-hfles sont coisid6r-
ables. l.cs pUnaises (ics pauicules h6iuipt&es, les 
esp&es de Mirid6s ci particulier, soit devenues 
dimporants ravageurs des panicules de sorglio en 
liidc ct en Afrique. Parini tlles, C locoris angustatus 

(Lethiery) esl la plus dangereuse en lndcet on est en 
train d'61,aborcr uine r6sistancc dcs plantes-h6tcs sta-
ble. En Afrique dc l'Ouest, I recherche a port6 stir la 

biologic, 1'dcologie et l'importance 6conornique 
d'une csp&ce de Eurvstylus qui y est dorninantc. Le 
vcr dc la capsule du cotonnicr, Ih'licoverpaaringera, 
a fait l'objet d'dtude pouss6e stir les divcrses cultures 

qu'il attaque. En Australie. tine strat6gie de lutte intd
gr6e a 6t mise en oeuvre ain de maitriser efticace
men les populations de cc ravageur rdsistantes aux 
insecticides stir toutes les cultures sensibles. 

Par contre, les insectes nuisibles aux pauicules de 
rmil oit rcteiti peu d'attention. Des 6tudes out did 
r6alisdcs sur la miieusc de l'6pi de ail, Ileliocheilus 
albipunctella ((ic Joarnis), en Afrique de I'Ouest o 

ellc esi deveiue tin ravageur-cl6. Des recherches ont 
6galenent porti stir les m6loides, partictlirement 

salydolvta f/usca (Olivier) ct P. vestita (Dtifour) e 
les scarabes, surtout PIachnoda interrupta (Olivier). 

Bien qu'on possbde d'inportantes connaissances 
sur les principaux insecics ravageurs des panicules de 
sorglio et de mil, rares sont des programmes de htitte 

int6gr6c qui out 6td 6labor6s et lis el oCuvre. Les 
paysans 6tant notre principal groupe cible, il faut con

tinuer d'accorder uie grande place i l'identitication 
de Icurs contraintes ct des mesures A les surmonter. 

Table 1. Insect pests or sorghum and pearl millet panicles. 

Insect pest 

IIEMIII'ERA: IIETEROITERA (lead 

Alydidae 
Leptocorisaacufa (Thunbcrg) 
L7)tocorisa costalis 

(I tlerrich-Schaeffcr) 
Airperus jacuhus (Thunberg) 
Mirperus spp 
Riptortus spp 
Coreidac 
Ati hpocetmu'is curvipes (Fabricius) 
(etetsftuscescens Walker 
Falrictilisaustralis(Fabricius) 

1= I7ptoglossUs uinibraniceus] 
Leptoglossus phyllopus (Linnaeus) 
Leptoglosstus zonatus (Linnacus) 
Cydnidae 
Aetiis laticollis Wagner 
Lygaeidae 
Aspilocorvl'itsfsciotentris(StAl) 

Region of incidence 

bugs) 

India 

India 


Africa 

Africa 

Africa 


Africa 

Africa 

Africa 


North America 
North America 

India 

Africa 

Crop 

Sorghum 
Pearl i rillet 

Sorghum/Pearl millet 
Sorghum 
Sorghum 

Pearl millet 
Pearl millet 
Pearl millet 

Sorghum 
Sorghum 

Sorghum/Pearl millet 

Pearl millet 

Continued 
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Table I. Continued 

Insect Pest 

Elasmnolomus sordidus Fabricius 
Dieuches armipes (Fabricius) 
Geocoris megacephalus Rossi 
Graptostethusservus Fabricius 
Ny'sius raphanus (Howard) 
Nysius sp 
Oycarenus laetus Kirby 
O(xycarenus sp 
Peritrechusfraternus Uhler 
Pseudopachvbrachius capicolus 

(StAI) 
Spilostethus ele'gans (Wolff) 
Spilostet/hs mimlus Stl 
Spilostethus pandurus (Scopoli) 
Spilostethusv rivularis Germar 
Spilostethus spp 
Miridae 
Adelphocoris seticornis (Fabricius) 

[= Adelphocoris apicalis (Ilahn)l 
Adelphocoris sp 
CalocorisangustatusLethierry 
Calocorisnorvegica" (Gmelin) 

J= Megacoelum stranineum (Walker)] 
Campylomina livida Reuter 
Caiplvtointnanicolasi Reuter 
Campyloinma angustior Poppius 
(ampylomma subflava Odhiambo 
Creontiades pallidus (Ramber) 
Eurystvlus argenticeps Odhiambo 
Eurvstylus hellevoyei (Reuter) 
EurvstvIus immaculatus Odhiambo 
Eurvstylus marginatusOdhiambo 
Eurystyus rufocunealis Poppius 
Lygus sp 
Megacoelum apicale Reuter 
Megacoeluin stramineum Walker 
Megacoelum esinedorae Ballard 
Paramixia suturalis Reuter 
Stenotus transvaalensis (Distant) 
Taylorilvgus vosseleri (Poppius) 
Tvtthus parviceps (Reuter) 
Pentatomidae 
Acrosternumn heegeri Ficber 
Agonoscelis haroidi Bergroth 
Agonoscelis pubescens (Thunberg) 

[= Agonoscelis versicolorl 

Region of incidence 

India 

Africa 

Africa 

India 

North America 

Africa 

India 

Africa 

India 

Africa 


Africa 
Africa 
Africa/india 
Africa 
Africa 

Africa (?) 

Africa 
India 
India 

India 
Africa 
Africa 
Africa 
Africa/India 
Africa 
Africa/India 
Africa 
Africa 
Africa 
Africa 
Africa 
India 
India 
Africa 
Africa 
Africa 
Africa 

Africa 
Africa 
Africa 

Crop 

Pearl millet
 
Pearl millet
 
Sorghum
 
Pearl millet
 
Sorghum
 
Sorghum
 
Pearl millet
 
P)earl millet
 
Pearl millet
 
Sorghum
 

Pearl millet 
Pearl millet 
Sorghum 
Sorghum 
Sorghum/iearl millet 

Sorghum 

Sorghum 
Sorghum 
Pearl millet 

Pearl millet 
Sorghum 
Sorghum 
Sorghum 
Sorghum/Pearl millet 
Sorghum 
Sorghum/Pearl millet 
Sorghum 
Sorghum 
Sorghum 
Sorghum 
Sorghum 
Pearl millet 
Pearl millet 
Sorghum 
Sorghum 
Sorghum/Pearl millet 
Sorghum 

Sorghum 
Sorghum 
Sorghum/Pearl millet 

Continued 
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Table 1. Continued 

Insect pest 

Agonoscelis nuhila Fabricius 

Agonoselis rubrofa.scialus Fabricius 

Afriusfiguratus (Germar) 

Aspovia armigera (Fabricius) 

Aspongopus fimus Walker 

Bagrada hilaris (lurrieister) 


1= Ihagrada cruciferarum I 
Carbula difficilis Wcstwood 
Carbula pedalis Bergroth 
('arhula trisignaa Germar 
Chlorochroaligata (Say) 
Chlorochroasavi (Stll) 
Ilipl os floweri Distant 
I)ol\vcori.s indicu.s (Stil) 
Eridenapuhchrurus Westwood 
Eusarcoris,kuttifi'r"Uhunbcrg 
Euschistus servus (Say) 
Euschistis impictiventus (Say) 
Euschistus conspersus Uhler 
EIsarcorisinconspicuus 
(Ierrich-Schaeffer) 

Loxaflavicollis (Drury) 
MAeida distanti I lorvith 
AIeaida histrio '-abricius 
Nezara gramina Fabricius 
Nezara viridula (Linnaeus) 
Oebaluspugn(Lr (Fabricius) 
Ochalus mexicana (Fabricius) 
I'iezodorus hyOu'ri Gmelin 
Pirczmlorus rubrofasciaus Fabricius 
I'iezodor',s sp 
Thyar:a spp 
Pyrrhocoridae 
)vsdercus cingulatus (Fabricius) 

1vsdercus koneigii Fabricius 
Dvsdercus superstitiosus (Fabricius) 
Dvsdercus voelkeri Schmidt 
Scutelleridae 
Aiphocoris sp 
Calideadregii Germar 
Calidea nana (llerrich-Schaeffer) 
Lalidea spp 

Tessaratomidae 
Tessaratoma sp 

Region of incidence 

India 

Africa/India 

Africa 

Africa 

India 

India 


Africa 
Africa 
Africa 
North America 
North America 
Africa 
Africa 
India 
India 
North America 
North America 
North America 
Afiica 

Brazil 
Africa 
India 
India 
Cosmopolitan 
North America 
North America 
India 
India 
Africa 
North America 

Itidia 
India 
Africa 
Africa 

Africa 
Africa 
Atrica 
Africa 

India 

Crop 

Pearl millet 
Pearl millet 
Pearl millet 
Pearl millet 
Pearl millet 
Sorghum/Pearl m'Ilet 

Pearl millet 
Pearl millet 
Pearl millet 
Sorghum 
Sorghum 
Sorghum 
Sorghum 
Pearl millet 
Pearl millet 
Sorghum 
Sorghum 
Sorghum 
Sorghum 

Sorghum 
Sorghum 
Pearl millet 
Pearl millet 
Sorghum/Pearl millet 
Sorghum 
Sorghum 
Pearl millet 
Pearl millet 
Sorghum 
Sorghum 

Pearl millet 
Sorghum 
Sorghum/Pearl millet 
Sorghum/Pearl millet 

Pearl millet 
Sorghum 
Pearl millet 
Pearl millet 

Pearl millet 

Continued 
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Table 1. Continued 

Insect pest 

LEPIDOIri'ERA (hlead caterpillars) 

Cosmopterygidae 
P'vroderces sp 

Sathrobotasimplex Walshingham 


I= Pyrodercessimplexl
 
Gelechiidae 
Anarsia sp 

Sitotrogacerealella (Olivier) 


Lymantriidae
 
Euproctisscintillans Walker 

Euproctis suhnotata Walker 

Euproctis ranthorrhoea (Kollar) 

Cynerea sp 

Noctuidae 
Autoha silicula (Swinhoe) 
Celama analis Wileman & West 
Celama internella Fabricius 
Celama sorghiella Riley 
Celana sp 
Eub/emnia gavneri Rothschild 
Eublemma /imbata [?] 
Eublemnia silicula Swinhoe 
Eublemina sp 
Iteliocheilus al/ipunctella 
(de Joannis) 
[= Raghuva albipuncte/lal 

Ile/io-hei/us confertissimna (Walker) 
tlelicoverpaarnigera (Mibner) 

I= Heliothis armigeral 
Ileliothis virescens (Fabricius) 
tleliothis zea (Boddie) 
Masalia nubila (ilampson) 

Masalia terracottoides(Rothschild) 

Nola spp 

Spodopterafrugiperda (Smith) 
Timora senegalensis (Guen&c) 

Oecophoridae 
Stathmopoda auriferella Walker 
Stathmopoda theoris Meyrick 

Pyralidae 
Cryptohlabes adoceta Turner 
Cryptoblabes angustipennella 

I-ampson 

Region of incidence 

Africa 
Africa/India 

India 
Africa/India 

India 
India 
India 
Africa 

India 
India 
India 
South America 
Africa 
Africa 
India 
Africa, India 
Africa 
Africa 

Africa 
Africa/Asia/ 

Australia 
North and Central America 
North and Central America 
Africa 
Africa 
Africa 
North and Central America 
Africa 

Africa 
India 

Australia 
India 

Crop 

Sorghum 
Pearl millet 

Pearl millet 
Sorghum 

Pearl millet 
Pearl millet 
Sorghum/Pearl millet 
Sorghum 

Sorghum 
Sorghum/Pearl millet 
Pearl millet 
Sorghum 
Sorghum 
Sorghum/Pearl millet 
Sorghum 
Sorghum/P'arl millet 
Sorghum 
Pearl millet 

Pearl millet 
Sorghum/Pearl millet 

Sorghum 
Sorghum 
Pearl millet 
Pearl millet 
Pearl millet 
Sorghum 
Pearl millet 

Sorghum 
Pearl millet 

Sorghum 
Pearl millet 

Continued 
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Table I. Continued 

Insect pest 

(ryptohlabes gnidiella (Millire) 

Di(hocrocispunctif'ralis (Guende) 

Ectomvelois sp 

Ephestia rawella (Walker) 

Sah'briamesozonella Bradley 

Stenochroiaelongella Ilampson 


Tortricidae
 
('ryptophlehia hucoreta (Meyrick) 

('dia sp 


(OLEOI'I'ERA (Head beetles) 

Corylophidae 

A rthrolipssenegalensis Matthews 
Lycidae 
Lycostwnus pra'usta Fabricius 
Meloidae 
( vaneolvta coeruh'a (Pfaff) 

I= Cvaneolylta acteon Laporte] 
l'
anolvtta macu/ifrons Miiklin 

("ylindrothoraxr autdohini 

(I laag-Rutcnburg) 
('vhndrothoraLr du.saultii Dufour 
( "lindrothor(rkukeri Kaszab 

Clindrothora.trelanocephalus 
(Fabricius) 

(Clindrothor(LtpieCtU (Laporte) 
('vlindrottor.(L tenuicollis (Pallas) 

[= ('ylindrottiora ruficollis 
(Olivicr)l 

('vindrothnraLr westermnanni 

(Niklin) 
Elpicauta alhovittata(Gestro) 
E4picatJtatenuicollis (Pallas) 
Epicauta tonlentosa (Miiklin) 
Epicauta villosa Fabricius 
Atvlabris affinis Olivicr 

Avlabris argentata Fabricius 
hvlabris hifasciala(De Geer) 

Mhvlabris fimhriataMarscul 
Mvlabris holosericea Klug 
Atl-iabris ligata Marseul 
Alvhabris nigriplantis Klug 
Af\labris nulica Marseul 

Region of incidence 

India 
India/Australia 
India 
India 
Africa 
India 

Africa 
India 

Africa 

India 

India 
Africa 
India 

Africa 
Africa 

Africa 

India 
India 

Africa 

Africa 
India 
Africa 
Africa 
Africa 
Africa 
Africa 

Africa 
Africa 
Africa 
Africa 
Africa 

Crop 

Sorghum 
Sorghum 
Sorghum 
Sorghum 
Sorghum 
Sorghum/Pearl millet 

Sorghum 
Sorghum 

Pearl millet 

Pearl millet 

Pearl millet 
Sorghum/Pearl millet 
Pearl millet 

Surghum/Pearl millet 
Sorghum 

Sorghum/Pearl millet 

Pearl millet 
Pearl millet 

Sorghum/Pearl millet 

Pearl millet 
Pearl millet 
Pearl millet 

Pearl millet 
Sorghum/Pearl millet 
Sorghum/Pearl millet 
Pearl millet 

Pearl millet 
Sorghum/Pearl millet 
Pearl millet 
Sorghum 
Pearl millet 

Continued 
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Table 1. Continued 

Insect pest 

Mylabris pallipes Olivier 
Mylabris pustulata Thunberg 
Mylabris vestia Reiche 
Mylabris vicinalis Marseul 
Psalydolytta aegyptiaca (Miklin) 
Psalydolytta atricollis (Pic) 
Psalydolvta cineracea Miiklin 
Psalydolyttafusca (Olivier) 

1= Psalydolyttaflavic(;rnis Miiklin] 
Psalydolvtta rotLrii (Laporte) 
Psalydolvia substrigata (Laporte) 
I'salydolytta theresae Pic 
Psalydol vta ve..fita (Dufour) 
Melyridae 
Idgia terminataCastelnau 
Melvris abdominalis (Fabricius) 
Mycetophagidae 
Tvphaea slercorea (Linnaeus) 

Nitidulidae 
Carpophilussp 
Afeligetlhes heteropus Gerstaecker 
Scarabaeidae 
Adoretus deccanus Ohaus 
Adoretus versutus Hlarold 
Anatona stillata (Newman) 
Anoinala senegalensis (Blanchard) 
Anomala tibialis Lansberge 
Anomnala spp 
Anthracophoracrucifera (Olivier) 
Chiloloba acuta (Wicdemann) 
heterorrhinaeh'gans (Fabricius) 
Leucocelis nitidhda (Olivier) 
Oxyceionia albopunctata (Fabricius) 
Oxvcetonia versicolor (Fabricius) 
Pachnoda cordata (Olivier) 
Pachnoda fairmairei Raffray 
Pachnoda interrupta (Olivicr) 
Polybaphes.vanguinohnta(Olivier) 
Protaetia alboguttata (Vigors) 
Protaetia aurichalhea (Fabricius) 
P'rotactia maculata (Fabricius) 
Pseudoprotaetia burineisteriArrow 
Pseudoprotaetia stolata (Olivier) 
Rhabdotis sobrina (Gory and 

Percheron) 

Region of incidence 

Africa 
India 

Africa 

Africa 

Africa 

India 

Africa 

Africa 


India 

Africa 

Africa 
Africa 

Africa 

Africa 


India 

Africa 
Africa 

India 
India 
India 
Africa 
Africa 
India 
India 
India 
India 
Africa 
India 
India 
Africa 
Africa 
Africa 
Africa 
India 
India 
India 
Africa 
India 
Africa 

Crop 

Sorghumn/Pearl millet 
Sorghum/Pearl millet
 
Sorghum/Pearl millet
 
Sorghum/Pearl millet
 
Pearl millet
 
Pearl millet
 
Pearl millet
 
Sorghum/Pearl millet
 

Pearl millet
 
Pearl millet
 
Sorghum/Pearl millet
 
Sorghum/Pearl millet
 

Pearl millet
 
Pearl millet
 

Pearl millet 

Pearl millet 
Pearl millet 

Sorghum 
Sorghum 
Pearl millet 
Pearl millet 
Pearl millet 
Sorghum 
Pearl millet 
Sorghum/Pearl millet 
Pearl millet 
Pearl millet 
Pearl millet 
Pearl millet 
Sorghum 
Pearl millet 
Sorghum/Pearl millet 
Pearl millet 
Pearl millet 
Pearl millet 
Pearl millet 
Sorghum/earl millet 
Pearl millet 
Pearl millet 

Continued 
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Table i. Continued 

Insect pest 

Rhinyptia infuiscata Burmeister 
[= Anomala plebejal 

Rhinyptia laeviceps Arrow 
Rhinyptia meridionalis var 

puncticollis Arrow 
Schizonycha africana (Laporte) 
Schizonycha rtficollis (Fabricius) 
Tenebrionidae 
SYnallecula sp 

DIF'ERA 

Cecidomyiidae
 
Contarinia sorghicola (Coquillett) 

Geromyia penniseti (Felt) 

Chloropidae
 
Dicraeus pennisetivora Deeming 


ORTilOPTERA (Locusts and grasshoppers) 

Crop 

Pearl millet 

Pearl millet 
Pearl millet 

Pearl millet 
Sorghum 

Pearl millet 

Sorghum 
Pearl millet 

Pearl millet 

Pearl millet 
Pearl millet 
Pearl millet 
Pearl millet 

Pearl millet 

Pearl millet 
Pearl millet 
Pearl millet 
Pearl millet 

Pearl millet 
Pearl millet 
Sorghum 
Sorghum 

Kraussariaangulifera (Krauss) 
Oedaleus senegalensis (Krauss) 
Oedaleusnigeriensis (Uvarov) 
Schistocerca gregaria (ForskAl) 

DERMAPTERA 

Forficulidae 
Forficula senegalensis Serville 

tlYMENOPTERA 

Formicidae 
Messor barbarus Liimaeus 
Messor galla Emery 
Messor regalis Emery 
Monomorium areniphilum 

TIIYSANOPIERA (Thrips) 

Anaphothripssoudanensis Trybom 
Anaphothrips ramnakrishna Karny 
Ilaplothripstolerabilis Priesner 
Tacwniothripsfraegardhi Trybom 

Region of incidence 

Africa 

India 
India 

Africa 
India 

Africa 

Cosmopolitan 
Africa, India 

Africa 

Africa 
Africa 
Africa 
Africa 

Africa 

Africa 
Africa 
Africa 
Africa 

India 
India 
India 
India 
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Panicle Insect Pests of Sorghum in West Africa 
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Abstract 

Although several panicle-feeding insect pests are associated with sorghum, only a few are consid
ered to be major pests in West Africa. The sorghmn midge Contarinia sorghicola, and a complex of 
mirid head bugs (Eurystylus inmaculatus) have recently become key pests. Other minor or occasio
nal insect pest species include a range ofhead caterpillars and head beetles. 

Both sorghani iidgle and head bugs are sonietines more abundant on research stations than in 
fairmers'fields, but the nidge is an endemic and persistent constraint at sone locations. Head bugs 
and head caterpillars are mostly associated with conpact-headed improved caudatum types, and 
the local guinea cultivars are generally free from daniage. 

Methods of controlling sorghun midge include destruction of infested panicles, early and syn
chronized sowing, tuse of resistant cultivars, and chemical protection, while head bug control 
involves the use of resistant cultivars, appropriate cultural practices, and insecticides. 

Introduction 

Sorghum is the most important food crop in the sa-
vanna areas of West Africa, the largest producers 
being Nigeria (almost 5 million t in 1991), Burkina 
Faso (over I million t), Mali and Niger (FAO 1992). 
Over the last 10 years, the total sorghum production in 
the subregion incr,-ased due to an increase in the area 
cropped to this cereal, while the grain yield declined 
due to several factors. 

Insect pests constitute an important factor limiting 
grain sorghum production in West Africa. Several 
species of insect pests attack sorghum at the different 
stages of its development. Recent reviews have dealt 
with the situation of sorghum insect pests worldwide 
(Young and Tectes 1977), in West Africa (Nwanze 
1985), and in Africa in general (Scshu Reddy 1991). 
However, these papers do not deal solely with panicle 
pests, whose importance has increased recently par
ticularly in West Africa. 

Over 100 sorghum insect pest species have been 
recorded in Africa, of which more than 40 are pani-
cle-feeding pests (Nwanze 1985, Seshu Reddy 1991). 
However, only a few of these are considered to be key 

pests in West Africa, sorghum midge (Contarinia 
sorghicola) and a complex of head bugs (Eurystylus 
immaculatus). Other, minor pests include a range of 
head caterpillars and head beetles. Head bugs and 
head caterpillars are mostly associated with compact
headed sorghum types (generally improved caudatum 
varieties), and the local guinea cultivars with loose 
panicles are usually free from these pests (Nwanze 
1985). 

This paper discusses the species complex and im
portance of the major insect pests of sorghum pani
cles in West Africa. Other species of minor 
importance are covered briefly. 

Sorghum Midge 

Distribution, abundance, and crop loss 

The sorghum midge, Contarinia sorghicola (Co
quillett) (Diptera: Cecidomyiidae), is probably the 
most widely distributed sorghum insect pest and oc
curs in nearly all the regions of the world where 
sorghum is grown. Its situation has been recently re

1. Centre de Coo ration en Recherche Agronormique pour le Dveloppement/I)tparemen des Cultures Annuelles (CIRAD/CA). ICRISAT West 
African Sorghum Inpros.emenl Program (WASIi') -Mali. Samanko, liP 320. liaako. Mali. 
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millet: proK:eedings of an International Consultative Workshop, 4-7 O- 1993. I'RISAT Sahelian Center. Niamey. Niger (Nwanze, K.F.. and 
Youm, 0., eds.). I'atancheru 502 324, Andhra Pradesh, India: International Crops Research Institute fir the Semi-Arid Tropics. 
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viewed by Bonzi (1992). In West Africa, it was re-
ported in Nigeria as early as 1929 (1larris 1961), and 
subsequently recorded in several French-speaking 
countries of West Africa (Coutin 1969). Contarinia 
sorghicola is a major pest of sorghum in the region 
(Libby 1968). 

By feeding on the developing seed, midge larvae 
prevent normal grain development, which results in 
abortion, and partial or total destruction of the grains. 
Moreover, there is very little compensation for the 
lack of seed set in the head. Pest outbreaks are fa-
vored by staggered sowing, which results in an exten-
sion of the flowering period, 

Some reports refer to high, although variable, 
crop loss. Harris (1961) reported a grain loss of 
91 000 t in northern Nigeria in 1958. However, 
Nwanze (1985) mentioned that the rate of infestation 
in recent years was less than 5%. On the other hand, 
Sharma (1989) reported heavy midge damage in 
northern Nigeria and southern Niger in Sep-Oct 1989. 
An unusually widespread infestation and severe dan-
age by the sorghum midge in the drier parts of north- 
ern Nigeria, Burkina Faso, Cameroon, and Niger was 
reported in 1991 (ICRISAT Sahelian Center 1992, p. 
100). Infestation was as high as 100% in many 
farmers' fields, and almost all infested panicles were 
completely chaffy. In that year, only the long-duration 
local varieties suffered midge infestation at the 
Bagauda research station of lCRISA' in Nigeria, while 
ICRISAT's improved short-duration varieties escaped 
damage. Widespread midge infestation and damage 
were also reported by state extension agents in the 
Northern Sudanian Zone of Nigeria in 1992. Midge 
incidence is probably more frequent and widespread 
than is usually reported because farmers and exten- 
sion agents attribute the emptiness of the panicles to 
other causes such as pollen wash. 

Coutin (1970) reported grain losses in Senegal as 
high as 75-90%. Bonzi and Doumbia (1985) reported 
a low incidence or absence of midge in the areas of 
lurkina Faso located outside the I IN and 13N lati-
tudes. This was confirmed by Nwanze (1988), who 
provided a distribution map of this pest in Burkina 
Faso, where it appears to be confined to the region 
below latitude 13*N corresponding to the 7(W) mm 
iolyet. Ile reported areas where midge damage re-
suited in losses ranging front 75 to I(X)%. 

In Mali, infestation and damage are generally 
much lower in farmers' fields than in research sta-
tions. Infestation rate in farmers' fields could be up to 
20% (llonzi and Doumbia 1985). The midge was re-
ported to occur in sorghum-growing areas in the 
southern and western parts of Mali, with the excep-

tion of the Sahelian region north of the Kayes-Sdgou 
line. However, Doumbia (1989) reported a heavy 
midge attack in this Sahelian region, west of the 
country, during the 1988 rainy season. 

In Chad, midge has been identified as seriously 
limiting grain sorghum production (D Yagoua, IRC7t', 
Bdbedjia, personal communication 1991). In Niger, 
there were two generations of sorghum midge in 
1982, 1983, and 1984 (Ma'ga 1986), with peak adult 
populations occurring between mid-Sep and late Oct 
(Maiga 1980, Samir 1984). Maiga (1988) reported 
that damage is more severe on the long-duration local 
varieties, although Janjare Red is considered to be 
moderately resistant (Leclerc 1962). In Cameroon, 
Kenga (1992) attributed grain yield losses of nearly 
15% to damage by sorghum midge in farmers' fields 
in 1991. 

The midge situation is different further south, no
tably in Ghana, where infestation is enhanced by the 
year round presence of alternative wild host plants 
(Bowden 1965). The same situation is found in north
ern Tcgo (Ratnadass 1991). Ychoucnout0 (1992) also 
report.-d that the sorghum midge is an important con
straint to sorghum production in Benin. 

Control methods 

Sorghum midge control options were recently re
viewed by Bonzi (1992). They include such cultural 
practices as destruction of infested panicles (in crop 
residues, ratoons, and wild sorghums), and early syn
chronized regional sowings, using pure seed, to ob. 
tain uniform flowering. However, both methods are 
often impractical under traditional farming systems of 
the region. 

Biological control has not been attempted, and its 
prospects probably are limited, since there is little 
evidence that natural parasitism and predation pro
vide significant control of midge populations (Ilarris 
1983, lonzi 1992). Although insecticide application 
can provide effective protection against sorghum 
midge, it is neither economic nor practical in tIle con
ditions of subsistence farming in West Africa (Bonzi 
1992). 

As for the use of resistant cultivars in West Africa, 
it was reported as early as in the 1950s from the Gold 
Coast that 'Nunaba' varieties possessing long papery 
glumes were resistant to the sorghtm midge (Bowden 
and Neve 1953, cited by Tectes 1983). Early screening 
trials in Senegal have indicated the existence of a 
nunbcr of ginca and nmobranaccun sorghum vari
eties from the region showing resistance or lower sus
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ceptibility to midge (Leclerc 1962). More recently, 
new resistant lines have been identifivd, and efforts 
have been made in resistance breeding notably in 
Mali (Doumbia et al. 1990, Ratnadass et al. 1992b). 

Sorghum Mirid Head Bugs 

Distribution, abundance, and crop loss 

Although they have been known for quite some time 
in the region, it is only recently that head bugs (Ilet-
croptera: Miridae), notably of the genus Eurvstylus 
St1l, have become key pests of sorghum in West Af-
rica. i lead bug feeding and oviposition punctures on 
maturing sorghum grains result in severe quantitative 
and qualitative losses, particularly on improved con-
pact-headed types ([)ourbia and Bonzi 1985, Steck et 
;I. 1989, Ratnadass et al. 1991, Sharia et al. 1992, 
Sharma el al. 1994). I lead bug attack is also generally 
associated with greater grain mold incidence (Steck et 
al. 1989, Sharna ct al. 1992). 

Several species of panicle-feeding bugs have been 
reported as pests of sorghum in many parts of Africa. 
A list of the most common species of mirid bugs 
associated with sorghulm panicles in six countries of 
West Africa is provided in Tlable I. 

In West Africa, the tread bug complex is domi-
nated by the germs Erystylhts, of which several spe-
cies have been reported, notably E. belh,'voyei Reuter 
from Burkina Faso (Nwanze 1985), E. rufoci halis 
(Poppius) from Nigeria (MacFarlane 1989), and E. 
marginatus Odhiambo from Niger (Steck et al. 1989) 

and Mali (Doumbia and Bonzi 1985, Gahukar et al. 
1989a, Doumbia and Bonzi 1989). 

Descanips (1954) reported E. risbeci Schouteden 
from northern Cameroon, where it was very abundant 
on sorghum panicles, although it was not associated 
with heavy damage. Eurvstyhls risheci has also been 
reported as a cotton pest, notably from Farako-Ufi in 
Burkina Faso, a research station where sorghum is 
extensively grown (Nibouche 1993). Some of these 
reports are however likely based on incorrect identi
fications, and there is strong evidence that the only 
species actually involved, or at least the predominant 
one, is Etr 's lr'hs imactdatlus Odhiambo (Sharma 
1989, Ratnadass et al. 19)1, Sharma et al. 1992). 

Eur 'slhts immacuttus was also identified in C6te 
d lvoire (Ratnadass and Ciss6 199(0), Togo (Rat
nadass 1991), and Senegal (Ratriadass 1992a), but in
festation levels were much lower than those observed 
in Mali, Burkina Faso, Niger, and Nigeria. 

In West Africa, two species of the Carpslomra 
species complex on sorghum were found at Samaru 
(Nigeria): C. angustior Poppius, which was dominant, 
and C. sbJlava Odhiambo (MacFarlane 1989). The 
same situation was found at Sarianko, Mali (Rat
nadass, urpublished data). Catnpylomna phuitarun 
Lindberg has also becn reported from sorghum at 
Sainaru while C. angustior, C. sujflava and C. cit
rinella Odhiahibo have been reported from cotton at 
the same location (Deeming 1981). (.'ampylouiyna uni
color Poppius has been reported as a cotton pest at 
Farako-13fi (Niboutche 1993). 

In Senegal, tie most abundant head bug species at 
Bambey in 1992 was Creontiades pallidus Rambur, 

Table 1. Main genera and species of sorghum head bugs (Heteroptera, Miridae) reported from six coun
tries of West Africa. 

lead bug 

Eurystylus sp 
Canrpylon a spp 
Creontiades pallidits Rambur 
Megacoelum apicale Reuter 
Paramixia sp 
Taylorilygus sp 
Adelphocorisapicalis Poppius 
Tytlus parviceps Reuter 
Stenotus transvaalensis Distant 

Burkina Faso' Mali Niger Nigeria Senegal Togo 

+ + + + + + 
+ + + + + + 
+ + + + + + 
+ + + + 

+ + 
+ + 

+ + 

+ 
+ 

t. + = presence of inseci rcporicd on sorghum. 

Sources: Nwarrze (1985), Sharma (1985), Sharma (1986), Doumbia and lonzi (1989), MacFarlanc (1989), Stcck cl al. (1989), Ratnadass (1991), 
Ratnadass (1992a), Rarnadass (1992h) 
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while Megacoelum apicale Reuter was dominant at 
Thysse Kaymor (Ratnadass 1992a). 

Sharma (1989) reported high head bug infestation 
(up to 250 bugs per 5 panicles) in Sep-Oct 1989 on 
durra and fara-fara local sorghum types of northern 
Nigeria and southern Niger, in comparison with local 
guinea types from southern Mali and Burkina Faso 
(where the maximum infestation was 40 head bugs 
per 5 panicles). 

Doumbia and Tectes (1991) provided adistribution 
map of E. marginatus(immnaculatus?) in Mali, where 
it was more abundant in the central-southern zones, 
especially around the city of Bamako. Head bugs 
were more abundant in research stations than in 
farmers' fields, and on improved caudatum varieties 
than on local guinea cultivars. 

In southern Mali, in an on-farm test in 1992, the 
improved caudatum variety ICSV 1063 BF had 50 
head bugs per 5 panicles, compared to less than 20 on 
local or improved guinea cultivars (Ratnadass et al. 
1993b). 

In Niger, a commonly grown indigenous sorghum 
variety, Mota Galmi, suffered 14% yield loss and 19% 
grain vitrosity reduction in field trials in which Eury-
stylus sp density averaged 80 per panicle. Among 14 
other sorghum varieties grown under natural condi
tions, vitrosity decreased thy 20% on an average 
(Steck et al. 1989). 

In Mali and Burkina Faso, head bug infestation 
caused a 50% reduction in 1000-seed mass in S 34 
(improved caudatum variety) and an additional 30% 
quantitative loss, in terms of a reduction of dehulling 
recovery rate. Its germination was reduced by 50%, 
and the proportion of low-density grains increased 
threefold (Ratnadass et al. 1991). Although local non-
tan guinea cultivars generally did not show a marked 
reduction for most quantity and quality loss parame-
ters, they showed a noticeable decrease in accep-
tability of t6 color (Ratnadass et al. 1991). 

At Bagauda, Nigeria, chemical control of head bugs 
improved grain yield by 86%, 1000-seed mass by 65%, 
and reduced the proportion of low-density grains by 
45% in 1989 (ICRISAT Sahelian Center 1990, pp. 
114-116). In 1990, a 20% decrease in grain yield, 6% 
reduction in I(X)O-seed mass, and 24% increase in pro-
portion of low-density grains were attributed to head 
bug damage (ICRISAT Sahelian Center 1991, pp. 
113-114). lead bug attack also significantly reduced the 
rate of germination (ICRISAT Sahelian Center 1992, pp. 
102-103). The degree of damage was correlated with 
head bug population. Fug-damaged grains have also 
been reported to show greater severity of mold inci-
dence (Steck et al. 1989, Sharma et al. 1992). 

Control methods 

Although insecticide protcLtion with either cyper
methrin (ICRISAT Sahelian Center 1991, pp. 113-114; 
ICRISAT Sahelian Center 1992, pp. 102-103) or di
azinon (IER 1993, pp. 28-33) is effective in reducing 
head bug infestation and damage, it is probably not 
the best option for small farmers. Moreover, chemical 
treatment should not affect natural enemies, such as 
spiders, and to a lesser extent predatory bugs (e.g., 
Orius spp), as reported from Mali (Doumbia and 
Bonzi 1985) and northern Nigeria (MacFarlane 
1989). llowever, the potential of biological control of 
head bugs has not been investigated. On the other 
hard, some progress on sorghum resistance to head 
bugs has been made in the region (Shetty et al. 1991, 
Doumbia 1992, Sharma et al. 1992, Ratnadass ct al. 
1992a, Ratnadass et al. 1993a, Ratnadass 1993, Fliedel 
et al. 1993, Sharma et al. 1994). Other control options 
include crop management practices such as date of 
sowing and intercropping sorghum with 
legune crops (ICRISAT Sahelian Center 1990, p. 117; 
ICRISAr Sahelian Center 1992, p. 103; ICRISAT Sahe
lian Center 1993, p. 52; Ratnadass 1993). 

Secondary Pests 

Head caterpillars 

Species of lepidopterous head caterpillars (Noc
tuidae, Momphidae, Gelechiidae, Pyralidac, Nolidae, 
Stathmopodidae and Tortricidae) are widely distrib
uted in West Africa (Descamps 1954, Nonveiller 
1969). Their larvae feed on the soft sorghum grains. 

Brenibre (1970) mentioned Eublemma gayneri 
Rothschild and Pyroderces hemizopa Meyrick as the 
most important sorghum head caterpillars in West 
Africa. Pyroderces lieinzopa was reported on sor
ghum panicles from northern Cameroon (Descamps 
1954), while P. simplex (Walsingham) was reported 
from Senegal (Appert 1957). The sorghum head cat
erpillar complex was studied in Cameroon by Non
veiller (1969), who reported Salebria mesozonella 
Bradley in addition to P.hemizopa and E. gayneri. He 
stressed the correlation between panicle compactness 
and infestation by head caterpillars. From Mali, 
Sharma (1985) reported itelicoverpa arinigera 
(Iltfibner) and Pyrcderccs sp, while Doutmbia and 
Bonzi (1989) reported E. gayneri i;nd 11.armigera on 
sorghum panicles. The major sorghum head caterpil
lars at Kaniboinsd (Burkina Faso) in 1986 were 
11.armigera, E. gavneri, . simplex, and Aythiimna sp 
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(Sharma 1986). Nibouche (1993) reported that in 
western Burkina Faso, no attack of H. arnigera was 
recorded on sorghum, an observation which he linked 
to the loose planicles of local varieties grown in the 
area. Viguier (1947) reported that in Senegal and 
French Sudan (Mali) some stem borer caterpillars 
(Eldana saccharina Walker) and defoliators IMyth-
inna lorevi (Duponchel)] can occasionally attack the 
grains. Sitotroga cerealella (Olivier) and Stathmno-
poda aurif'rclla Walker attack sorghum in the field 
and sorghum stored in the head (Prevett 1963). They 
were reported on sorghum panicles in northern Cam-
croon (Nonveiller 1969). 

Head beetles 

In Mali and Senegal, blister beetles (Coleoptera: Mel-
oidae) were reported from both sorghum and millet 
(with greater damage on the former), although no 
information was provided on their actual impact 
(Gahukar et al. 1989b, Doumbia and Bonzi 1989). The 
adult beetles feed mainly on floral parts (anthers, 
stigmas, and petals), preventing grain formation. The 
main genera represented were Mylabris (Al. holo-
sericea Klug and M. nigriplantis Klug) and Psaly-
dolytta IP.fsca (Olivier) and P. vestita (l)ufour)l. 

Descamps (1954) and Nonveiller (1984) reported 
several meloid beetles from sorghum panicles in 
northern Cameroon that they found were responsible 
for only negligible loss. A small number of chafer 
beetles (Coleoptera, Scarabeidae, Cetoniinae), al-
though more frequently associated with millet, were 
also found feeding on sorghum heads. l'achnoda spp 
[1'. cordala (Olivier) and 1'. interrupta (Olivier)] were 
reported from Senegal and Mali (Risbec 1950, Appert 
1957, Doumbia and Bonzi 1985 and 1989). In north-
ern Cameroon, P. interrupta was occasionally abun-
dant and reported to cause severe damage (Descamps 
1954). 

Other minor pests 

Ileteroptera other than mirids also attack sorghum, 
although they are more common on millet. Families 
represented are Coreidae [Mirperus jaculs (Thun-
berg) and C'hivigralha (= Acantthonia)tome'ntosicollis 
(St l, I.ygaidae (Spiloslethus spp and Lygcu's 
spp). Icntatoinidae IPcntatominae: Agonoscelis spp, 
Asp.via arnmigera (Fabricius), Nvezar viridola (Liin-
nacus) and Acrosternim spp; Scutellerinae: Calidea 
sppl, Pyrrhocoridae (Dysderc.s voelkeri Schmidt) 

and Rhopalidae (Lior/tyssus spp and Agrophobus 
spp). 

Other minor pests include earwigs (Dermaptera: 
Forliculidac), such as Forficola senegalensis Serville 
and Diasperasticuserythrocephalus Olivier in Mali, 
thrips (Thysanoptera), such as Ilaplothripssp in Mali, 
and Carpophilus spp [C. fiinalus Boheman in Mali: 
Doumbia and Bonzi (1989); and C. hemtipterous (Lin
naeus) in Cameroon: Nonveiller (1984)1, which are 
secondary pests; the damage they cause to sorghum is 
unknown. 

Earwigs are still controversial pests, since in spite 
of their abundance in certain areas, as in Senegal 
(Ratnadass 1992a), they seem to be more of a nui
sance to humans than to the crop (Nwanze 1985); 
earwigs can also be considered as beneficiary insects, 
particularly as head bug predators (Sharma 1989, 
Ratnadass 1993). 

Conclusion 

Sorghum panicles are infested by a wide range of 
insect pests from anthesis to grain maturity, of which 
only a few species cause severe damage. Contrary to 
shoot pest damage, panicle pests can cause both quan
titative and qualitative losses, which generally cannot 
be compensated by furtt .:r plant growth and recovery. 
Although fr:gmcntary data are available on pest inci
dence, information is lacking on the actual crop 
losses sustained in farmers' fields. Therefore, there is 
a real need for extensive monitoring and mapping of 
the occurrence of these pests, and a critical assess
ment of losses incurred, particularly as they relate to 
different levels and types of attack. This kind of infor
mation is aprerequisite for the definition of manage
ment strategies, especially if they involve costly 
inputs, like insecticides. The understanding of pest 
distribution and seasonal abundance could also result 
in recommendations in terms of cultural practices and 
biological control methods. The introduction of im
proved varieties and changes in farming practices is 
also likely to result in new pest problems, as is the 
case with head bugs, which thrive on cultivars with 
compact heads. 

There is still scope for improvement of existing 
knowledge on the species complex of these insect 
pests. For instance, confusion persists although most 
Eurvstvhs species have been described by Odhiambo 
(1958); there might be a need for a revision of the 
genus. 

With regard to control methods, the use of resis
tant cultivars holds promise, but it should be men
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tioned that plant characters that confer resistance to 
one insect could result in susceptibility to another. 
For example, quicker glume opening provides midge 
resistance in ICSV 197 by exposing Ihemaggot to 
adverse biotic and abiotic factors. lit it also makes 
the same variety highly susceptible to head bugs, by 
exposing tbe grains to bug punctures at an early stage. 
Also, Malisor 84-7, the only compact-headed variety 
identiied so far with high arid stable head hug resis-
tarice, can be lcavily damaged by head caterpillars 
which are better protected from predators due to the 
variety's compact panicles. Further, the use of hosl-
plant resistanrce alone should not be considered as a 
panacea, particularly when sources have a narrow ge-
netic base. A good example is offered by the first 
generation of nidge-resisant varieties developed by 
ICRISAr, derived fron DJ 6514. Derivatives ICSV 
197 and ICSV 745 of this cultivar have been reported 
to show high levels of tidge damage in Kenya, and it 
is not known if this is the result of genotype x envi-
ronnient interaction or the presence of new strains of 
the sorghum midge (11C Sharma, ICRISAT, personal 
comumunication 1992). 

The overall approach in pest control should there-
fore focus otnthe integration of different control 
methods, taking into account the insect pest species 
involved as well as the agroecosysteon isa whole. 

Synth se 

Les insectes paniculairesravageurs dt sorgho en 
Afrique de l'Ouest. Bien tiue boo nonibre d'insectes 
soient associds aux panicules de sorgho, seuls quel-

ques-ulrs soot consid6rds comme des ravageurs irlr-
portanlts en Afrique de I'Onest, i savoir lac6cidoriiyie 
do sorgho, Contarinia sorghicola, etun coriplexe de 
punaises riirides, notarnllent du genre E[rrvsly"us, tiui 
ont 61 signal6cs tans sept pays de hr r6gion, partic
uli?'reniilrt a Blurkina Faso, an Mali, au Niger et an 
Nig&ia, obi elles sont tout r6cenmient devenues des 
ravageurs-cl6s. 

Parnii les autres esptces d'insectes panilnaires, 
qui sont des ravageurs soit d'irnportance secondaire, 
soit occasionncls, on coriipte des h6liropteres itres 
file les mirides, ctsurloul toute une garnme de chie-
nilles de 16pidopleres (apparlenant pisieurs fami-
lies), et des colt~opltres (principaleneit i6lo'des et 
c6toinies). 

La cdcidomyie et les pirnaises sot g6n6ralennent 
plus abondainles dans les stations de recherche qie 
dans les champs paysans, mais lac6cidoinyie petit 
constituer une conlrainte endinique etimportante r la 

prodoiction tie sorgho en cerlains endroits. Ainsi, cc 
ravageur a 616 responsahle ces derlires arln6es d'in
festations parrois s6v&res etde grande ampleur stir 
des varit16s locales de sorgho an linin, anuBurkina 
Faso. an Ca -roui Tchad etan Niger, au Nigiria, an 
an o'go. 

ILes punaises elles cheriilles des pal'iles (notarl
nuent Ihlicoverpa £rtnig'ra) sont essentielclenet as
soci6cs aux varicres de sorglio anl1ior~es ,panicule 
cortipacte, de type caudatunl (stir Iesqtuelles les pre
inicres notatnmeni sont responsables d'iiportantes 
pertes qluantitalives et qualitatives) alors que les vari
61ts guinea locales 'tpanicults Ihcles sont gh6rale
merit pen attaqtute5s. 

Ulne meilleure coinissancc des esp&es de ray
agcurs inipliqu6es (notamment en cc qui concerne le 
coorplexe de punaises des panicules) serait n6ces
saire, ainsii que davantage de dolln6es stir lar6parti
lion el l'inipact ties dilf6rents ravageurs en milieu 

r6cl.
 
ILa hitte coltre lac6ecidoityie failappel aux pratt

ques culturales coiniie ladestruction ies panicules 
incst6cs, on les senis pr6coces et synchronisds, ,Ila 

protection chimique ct ht I 'tilisalion de varit6s r6sis
tMules, dont labase gh66tiuc est pour I'instant trs 
6troite. Les nles m6thodcs (Ielotte pcrveit Ctre 
envisagees pour les puiaises. Bien qie prometteirse, 
lardsistance varitale setnle ne sanrait tre consid6r6e 
conimeline panIace, nolanielit lorsqt i 'on est en 
pr6sence de plusietirs gronpes de ravageurs conlre 
lesquels on ne peut envisagcr line resistance nmltiple, 
du fait de l'atagonisme des m6canisrnes de rtsis
[ance iripliqus. 

Les stratlgies tie litte dcvraienl favoriser l'appro

cie consislant . int6grer plusieurs n6thodes tIe lutte, 
en tenant compte des esp'ces de ravageurs iipli
tiu6es, et des autrcs particuiarit6s de chaque 
agro6cosysteme consid&r. 
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Les insectes de l' pi de mil en Afrique de I'Ouest 

K Toure' and A Yehou~nou 2 

Risumi 

Le mil esi une culture qui est sujette o d'importantsdegats dus aux insectes qui sont communs dans 
!e Sahel. Parrio les insectes scissant sur le mil, les insectes des ipis occupent une place 
pripondirante. 

Les effets destructeurs des insecies sont presque toujours notables meme en cas d'attaques 
faibles. // apparaitainsi que les especes les plus dangereusesappJrtiennent gneralement atr 
ordres des Lpidoptires /cliocheilus albipunctella (de Joannis)], des Dipt'res /Geromyia pen
niseti (Felt)] et des Coolop t res /Psalydolytta fusca (Olivier), Psalydolytta vestita (Dufour), 
Pachnoda interrupta (Olivier)]. En neihode de hate, les insecticides cormme l'endosulfan ont donni 
de bons resultatscontre la mineuse de l' pi (H. albipunctella). Les vari&tsSouna et IBV 8001 sont 
rnsistanteso H. albipunctella. Le carbarylet le carbosulfanont rduit les populationsde mnloides 
du genre Psalydotytta. 

Introduction 

L'agriculture en Afrique de I'Ouest est essentielle-
ment unv agriculture de subsistance de type tradition-
nel, fortemeit soumise aux aldas abiotiques e 
biotiques. 

Dans les zones sub-sahdliennes ayant une plu-
viomndtrie comprise entre 500 et 800 mm, le mil [Pen-
nisetunm glaucun (L.) R. Br.] constitue ]a principale 
culture vivri~re. En Afrique de I'Ouest, la culture du 
mil couvre 5 pcu pros 13 millions d'hectares (Nwanze 
1988). Malgr6 cette grande surface cmblavde en mil, 
les rendements restent tr s faibles en moyenne 200

-4W0 kg ha' (Gahukar 1988, Nwanze 1985) ? cause 
des ddgfits duis aux infestations ie diffdrents enncmis 
dont les insectes. Les pertes ddrivant des effets con
binds des diff6rents ravageurs sur cette culture i fa-
ibie investissement sont variables mais gdn6raletncnt 
importantes; representant regliirencmtt 50 A 80% 
des rendemcnts de mil. Les trs mauvaises annies, ils 
peuvent inme dicimer des champs entiers causant la 
pertc totale de la rcolte. Les diffrrents ennemis sont 
rdpartis en phtsicurs groupes dl'apr~s tes dr~g,'s qu'ils 
occasionne t sur Ic mil. I1 s'agit essentiellenient du 
groupe Lies ldpidopteres (chenilles mincuses de I'dpi), 
du groupe des diptres (cdcidoniyie), du groupe des 

hdttropt res (piqueurs suceurs) et du groupe des col
doptres (mdloYdes et Scarabacidae). 

La prdsente synthse fail le point des principaux 
ravageurs de I'dpi de milet leur importance en I'Afri
que de I'Oucst. Dans le rapport, la biologic ne sera 
que bri vemcnt ddtaillke. Par contre on ddveloppera 
pour chaque insecte t'importance des d6gfts et les 
problmcs qui sont posds i la recherche pour aboutir 
i Ia mise au point et as l'application de mcthodes 
rationnelles de lutte qui sont des moyens d'accroisse
ment de la productivit6. 

Entomofaune de l'epi de mil 

Les insectes des 6pis se manifestant gdndralement 
plus lard pendant la campagne r6duisent la production 
dans de graves proportions car la croissance du mil A 
cc stade ne dtpend plus que d'n nombre rdduit de 
facteurs. ils attaquent directement tes grains ou les 
tissus qui servent A la formation des grains. Le mil 
comme les autres plantes cttltiv es pour Ieurs fruits 
ou teUrs graines supporte nieux au point de vue con
sdquence pour la rdcolte, les dommages taits ses 
parties v6g6tatives qi'A ses parties reproduetrices. 

I. Inuitul dT'cononie Rurale (I1[R), Station de Recherche Agronomique de Sotua, 1i1' 258. Itamnko. Mali. 
2. Institut Natiomnl Agronomique. Station de Rechlrdics stir IcSCultures Vivrires, 11) 3, N'Dali, Btenin. 

Tour, K. and Yehuutnou, A. 1995. Los insectes de Ipi de mil en Afrique de I'Ouest. Pages 39-47 in t'anicle insect pests of sorghum and pearl
millet: proceedings of Ln International Consultative Workshop. 4-7 Oct 1993, ICISAT Sahelian Center, Niamey, Niger (Nwane., K.F., and 
Youn, 0., eds.. Pctancheru 502 324, Andhra Prade,,h. India: International Crops Research Institute for the Semi-Arid Tropics. 
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Les ddgdits imputables aux insectes sur 1'Hpi de mil 
varient scion les zones dcologiques, les anndes, les 
varidtds etles techniques culturales. 

La mineuse de I'pi 

Repartition g~ographique, biologic et
 
d~gfits 


La mineuse de 1'dpi Heliocheilus albipunciella (de 
Joannis) (Lepidoptera, Noctuidac), depuis son inva-
sion soudaine apr~s lagrande s6cheresse de 1972-74, 
s'est r6v616e 6tre l'esp ce laplus importante dans le 
complexe des mincuses de l'6pi de mil. Sa rdparhition 
gdographique s'6tend stir toute lazone sous-sah6-
lienne de I'Afrique de I'Ouest (Stndgal, Gambie, 
Mauritanic, Mali, Niger, Burkina Faso, Nig ria, 
Tchad). 

Les premircs dtudcs sur cc ravageur ont dt6 effec-
tu6cs au S6ndgal par Vercambre (1978), ensuite par 
Cahukar (1982, 1983 ct 1984), Pierrard (1983) ct 
Blhatnagar (1984), en Mauritanie par Magenta (1984), 
etau Mali par Doumbia ctSidib (1983), et Doumbia 
et al. (1984), et au Niger par Guevremont (1981, 1982 
et 1983). 

En ddbut de saison les chrysalides diapausantes 
achvent leur ddveloppement. Aprbs I'dmergence les 
femelles d6posent des oeuf's sur lesp6da ncules 
floraux. De ces oeufs sortent des larves qui se 
nourrissent des organes floraux etcompiktent leur 
ddveloppemcnt l'intdrieur de l'6pi. Les signes pr6-
coces de l'attaque de lamineuse se ddtectent par la 
prdsence des d6jections blanchuitres laiss6es autour 
des fleurs. Les larves agdes creusent des galeries cn 
forme de spirales dans lerachis. La prdscnce de ces 
mines est un symptime caractdristique d'attaque tar-
dive. Les larves coupent les pdoncules floraux inhib-
ant ainsi laformation des grains ou provoquant leur 
chute. 

L'incidence de lamineuse t1. albipunciello varie 
considdrablement scion les anndes et elle dpend sur-
tout du cycle des varidt6s ctde ladensit. larvaire. Les 
pertes de rendement causdes par les chenilles de H. 
albipunctella ont dt6 chiffr6es entre 13 et 85% en 
1974-76 au Sdn6gal sur lavaridt Sotna (Vercambre 
1978). Au Niger, sur la varidtd IVSP 78 Ics pertes sont 
de l'ordre de 6% (Guevremont 1982) et 14,9% sur la 
varidtd CIVT (Nwanze 1988). Au Mali, les pertes de 
rdcolte dues ,Alamincuse sont estim6es plus de 50% 
dans les anndes de tr~s forte pullulation (Doumbia et 
al. 1984, Doumbia etBonzi 1985). Actuellement, au 
Mali, lapopulation de H.albipunctellaconnait une 

recrudescence, les pertes de rendement sont faibles 
(5%) voire nulles (Doumbia etal.1989, Doumbia 
1992, Tourd 1993). Au Nigeria ila dttenregistrd A 
Azare des pertes de l'ordrc de 5,1% (Ajayi 1988). 

Mthodes de lutte 

Plusicurs 6tudes ont dtd mences alin de ddvelopper 
des strat6gies de lutteintdgrde fiables, cfficaces, prati
ques, 6conomiques etAlaport6e des paysans. 

La lutte biologique offre de bonnes possibilit6s 
mais les informations sur ler(le des ennemis naturels 
de II. albipunctella sont insuffisantes. DL 1982 a 1985 
des 6bauches de recherche concernant les antago
nistes sont orientces stir lalutte contre lamineuse H. 
albipunctellaau Sdndgal. Des rdsutats obtenus, ilre
ssort que lebraconidac Bracon hebetor Say est effi
cace contre IH.albipuictella (lihatnagar 1987) etle 
taux de parasitisme des larves est de 64%. Au Niger, 
I'ectoparasite B.hebetor est responsable de 95% de 
parasitisme des larves de IH.albipunctella (Guevre
mnont 1983). D'autres ennemis naturels ont 616 re
cens6s tels que des hyperparasites Euwomna sp et 
I'ediobius sp (Guevremont 1983). Litomatix sp para
site Ics larves en diapause (CNRA 1977, Vercambre 
1978); Cardiocheles sp parasite dgalement les larves 
de 11. albipunciella mais letaux de parasitisme est 
faible (13hatnagar 1984). 

II existe des insecticides cfticaces mais leur utilisa
tion n'est pas toujours profitable car lecontact de Fin
secticide avec lalarve s'avre difficile cause de ]a 
biologic du ravageur qui pond ses oeufs dans lesfleurs, 
les jeunes larves qui s'abritcnt dans Ics dpillets et les 
chenilles 5g6es qui quittent lespanicules pour chrys
alider dans lesol. La hauteur des plants des varidt6s 
traditionnelles etles modes de semis rendent tr~s diffi
cile, par aillcurs, le traitemcnt avcc des appareils. Les 
insecticides comme l'endosulfan A525-700 g ha-' de 
mati~re active (m.a.) (Gahukar 1986, Vercambre 1982), 
lem6lange Dipterex etSIR 8514 AI kg m.a. ha-' ont 
6td efficaces mais il a dttconstat6 qu'il y a cu r6duction 
de rendement (Gucvremont 1982). 

Les labours prolf'nds effectuds apr~s lar6colte et 
en debut de campagne r6duisent de fagon significative 
lapopulation rdsiduelle des larves diapausantes (Ver
cambre 1978). II a 66 remarqud que lesemis des 
vari6tds Acycle court etmoyen avec deux semaines 
de retard dvite lacoincidence du pic de vol des pa
pillons et I'dpiaison du mil (Gahukar 1988). L'appli
cation de I'urde ou du superphosphate rdduit la 
population infestante de lamineuse sur les dpis (Gah
ukar 1992). 
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II n'y a pas actuellement de rnithodes de criblage 
normalisdes disponibles. Los vari6tds . comparer sont 
testdes sous conditions d'infcstation naturclles. Du-
rant ces derni&es anntcs un certain nombre de vari-
dts se sont montrces rsistantes I'attaque des 
chcnillcs de t1. albipunctella. 

Au Sdngal Ics varidtds Souna, 3/4 I-K-78, IBV 
8001 ct ICMS 7819 ont did class6es comme des vari
dtds rdsistantes (Gahiukar 1983 ct 1984). 

Au Burkina Faso, il a 6t constat6 (luc les variktds 
locales sont moins attaqudes par It. albipunctella 
(ICltSAT 1980). 

Au Mali I'601LItC du comportement de scpt lignfcs 
de nil a rdv&l1 que la varidt6 Souna est rdsistante A 
I'attaquc IClIainincuse de 1'6pi (Dounibia et al. 1989). 

La c cidonyie du mil 

Ripartition et importance des d~gfits 

Gerom via penniseti (E7lI) (Diptera, Cccidomyiidac) 
cst une esp ce multiVOltine dont les adultcs dimergcnt 
au moment de la floraison (ics varidtds de rail prd-
CoCCs. Lcs culs sont depos6s sur les soics (iel'invo-
lucrc ou ls glumes des lOCurs. A l'dclosion les larves 
se nourrissent de I'int&icur Lies Ilcurs provoquant ]cur 
avortement. Les larves Lie la dernirc gn&ation en 
tin ie saison entrent en diapause i l'intdrieur (ies 
opillets. 

Gerom via penniseli est I'esp ce la plus r6pandue 
et lt plus abondante quc l'on rencontre dans toutes les 
zones dc culture de rit. En plus du mil, G. peooiscti 
vit sur plusieurs autres adventiccs (Doumbia ct al. 
1984). Lincidcnce cst plus importantc sur les varits 
•.cycle long car l',talement ie la p6riode dC loraison 
favorise le (lveloppenlent de I'insecte. Lia larve se 
developpe ;i l'intdiicur de l'ovaire (Itullc dvore 
completcmcnt provoquant ainsi I'avortcment de 1'6pi. 
Lcs dlgits occasionnes par ]a cdcidomyic sont des 
d~gits directs. 

La pr6sence des c~cidoiyics cst dftect6e par des 
exsuvies nymphales accrochdes , I'extr6imitd des 
glumes. Lcs donndes stir G. penniseti sont insufli-
santes pour pcrmettre de prdciser Ic niveau de ses 
populations ct des pertes occasionndes. 

Mthodes de lutte 

A I'hcurc actuelle, clIes se limitent ) la destruction 
des apis de mil Ct d'adventices infcsts qui abritent les 
larves diapausantes a la fin de la saison; il faut dviter 

les varidtds i cycle long dans les zone de tr.s forte 
pullulation. 

Six parasites ont dt6 trouvds sur les larves et les 
pupes de G. penniseti: Tetrastichus diplosidis, Platy
gaster sp, Aphanogmos sp, Eupelnus popa, Eupelnus 
sp et Teirastichus sp. Lc plus important est Tetra
stichus sp (Eulophidae) (Coutin et Harris 1968). 

Les mdIo'des 

Repartition g~ographique, biologic et 
importance des d~gfits 

Au cours des dix derni~res annfes les nio'ides sont 
devenus importants par ]a diversitd des espces et 
leurs ddgfits; les pertes de rdcoltcs dont ils sont res
ponsables sont trzs importantes. lls sont pr6scnts par
tout dans IcSahel. Parrni les esp.ces inventorides sur 
le mil on reticndra lcs genres Psalydotytta, Mylabris, 

Decapototoa,Corynaet Cylindrothorax. 
Les indIoYdes du genre Psalydolvta comrnund

ment appels Cantharides [P. vestita (Dufour), P.fiis
ca (Olivier) et P.flavicornis Miiklin] sont les espces 
d'importance 6conomique (Doumbia et Bonzi 1986, 
Sclander ct Laurense 1987, Magenta 1987, Zcthner et 
Laurense 1988). 

Parmi les 97 espccs reccnsees sur les plantes cul
tivdes et lcs adventiccs (Gahukar 1991) les plus impor
tants nuindriqucenint en plus du genre P'salydolvtta 
sont les genres A/vlabris et Corvna. Ils sont puly
phages, [cur rdpartition ct leur abondance ddpendent 
de la culture et de lIt zone dcologique. 

En Gambie, Ic mdloides les plus importants sur lc 
mil sont P. fusca et Mylabris holosericae Klug 
(Zethncr et Olivier 1984). 

Au Mali les esp& s Its plus abondantes et danger
euses sont P.vestita ct P.fisca. En plus de ces espces 
on rencontre 6galerent, Coryna argenteata Fabricius 
et Mvlabris nigriplantis Klug qui provoquent parfois 
des dfgfits sur le ii (Doumbia 1992). 

Au Sdndgal Ics esp&ccs dominantes sont P.fisca et 
P. vestita. En Mauritanie les principales esp ccs sont 
P.vestita Ct P.fiisca. 

Dans Ic Nord du idnin P. fiisca ct P. vestita atta
quent sv&crcmncnt le ril. 

En Gamibie, les 6tudcs niends pour dvaluer les 
d6gifts par Zcthner et Laurense (1988) ont montrd que 
les d~gfits sont tr~s importants en cas d'attaque de 
n6loidc!; du genre Psalvdoly ta. Cinq m6iodes par 
poquet pendant lIt Iloraison provoquent 1(10% de perte 
de rdcolte. En Gambie, entrc 1981 et 1984 les pertes 

41 



de r-colte enregistrdes sont de 4 A 48% (Zcthner et 
Laurense 1988). Des pertes de 100% ont dtd ogale
ment constat-es (Bridge et al. 1978). 

En Mauritanie, les niveaux d'infestation par lts 
mo-loides Psalydoltva spp, sont de 60% en 1983, 8,5 . 
15% en 1984. 2 80% en 1985 et 0,5 a 50% en 1986, 

et ils ont occasionn des pcrtes de r-coltes de I(X% 
(Magema et Delhove 1985 et 1986, Magerna et Beye 
1987). 

Au Mali les pertes sont de l'ordrc de 92 i 100% 
sur les vari-t-s 11V 8001, IBV 8(X)4 et IRATP i 
Samd. Dans les zones de Kolokani et de Banamba en 
1991 et 1992 Ics champs entiers ont W d~vastds 

(100% de perlos) par Psalydolytta sp. Dans ces zones 
endo-miqucs les paysans abandonnent la culture du 
mil au profit te celle du sorgho. 

Au Niger les (tlgAts sont importants mais ils ne 
sont pas chil'frri (Gucvremont 1982). 

Au S6ndgal les d6gflts sont tris irnportants surtout 
dans le Sud oi ius peuvcnt atteindre 1001% de pertes. 

En Mauritanie en plus du genre Psalyudolvta on 
rencontre C. argenteata et Coryna nibica Marseul 
(Magema 1987). 

Les mo-lo'dcs sont 6galemcnt pr~scnts au Niger ct 
au Tchad (Gahukar 1991). 

En plus du mil, ils ont comme hbtes secondaires 
d'autres plantes cultiv6cs tcllcs que Iesorgho, le mais, 
l'arachide, le niibL, le gombo, le pois d'angole et des 
adventices comnc Tephrosiasp, Sesbania scsban, Ac-
acia sp, Ichinochloa sp, l)acylocteni n aegyptihul ct 
Pennisetum sp (Gahukar ct al. 1989, Magema 1987). 

Ls m6loides se nourrissent de pollen et de stig-
mates ou des fleurs. La r~colte est directement af-
fectde car Ics grains qui ne sont pas lorms. Selon 
Zethner et Laurense (1988) Ics mii-lofdcs s'attaquent 
aux grains de ril au stade laitcux ct ils vident le 
contenu. 

Les mdloidcs sont actifs le matin et au crdpuscule, 
]a femelle aprs accouplement creuse des Irous dans 
lesquels seront dtposds les oeut's. Une femelle pond 
en moyenne 83-135 ocufs (Doumbia ct Bonzi 1986), 
l'incubation dure 10 t 13 jours pour les Psalydolyttua 
ct 15 jours pour Al. holosericae (Doumbia et Bonzi 
1986). Les larves i Icclosion se nourrissent d'oeufs 
d'acridiens pour entarner lcur cycle de dveloppe-
ment qui sera interrolnpu pendant l'intersaison. La 
reprise dv ddveloppcicnt a licu ds Its prernires 
pluies. L'abondance des m6loides est associde gdndr-
alement b la Iloraison des cultures. 

Mthodes de itte 

La premiere pratique utilis-e pour combattre les mnil
oides est leur ramassage ct leur destruction par le feu. 
La seconde m-thode consiste t attirer les idrdides 
avec les Fruits du baobab (Adansonia digitata) et i les 
brfler dans le champ. Les experimentations ecTec
tudcs en Gambie ont montre que l'efclt est trbs limitd 
(7Zthncr et al. 1986). 

La troisicme mthodc est bas~e sur I'utilisation du 
fcu. Au Mali et au BWnin ita6-6 constato-quc Iatume 
issue du brfilagc de pneus ou des cantharides 
ranass~s ont un cffct rdpulsif stir les indides. En 
Gambie I'utilisat;on du l1eu durant une nuit arduit la 
population de t'. fusca de moitic (Zethner et Laurense 
1988, Mbcnga 1992). 

Ces ditf6renles pratiques utilisdcs par les paysans 
ne sont pas quantii6ces pour connaitre leur eflicacit6 
dans le contr6lc des miloides. 

Dans les pays du Sahel, les varitos de mil pr-
coces semnis en retard soutfrent de I'attaque des ray
ageurs (Zethner et Laurense 1988). Les varitds a 
cycle long, par contre, sont moins attaquces car leur 
tloraison coincide avcc le moment ou Ia population de 
mi6loides decline. Ls nidloides ayant comme plantes 
hctes secondaires des adventices, il est important de 
procoder au nettoyage des alcntours du champ. 
Zethner et Laurense (1988) ont constat6 que Ies vari
tds arist6es sont moins attaquies que les varits non 

arist6es. Ceci n'est pas toujours vdrifid car au Mali il 
a Otd constatd que mrnme les vari61fs aristdcs ne sont 
pas 6pargnes ors dc I'attaque des rn6loides (Doum
bia et Bonzi 1986, Tourd 1993). 

La lutte chimique reste une voie essentielle, la 
seulc utilisable Z court terme, mais clle est non rent
able dans le cas de la culture du mil de productivitd 
faible. Plusicurs insecticides sont apparus efticaces 
dans le traitement du rmil contre les mnloYdes. 

En Gambie il a dt- constat que l'utilisation du 
carbaryl A 1275 g m.a. hal , du trichlorphon h 400
1200 g m.a. ha-t et du nalathion A500-750 g m.a. 

-ha I a rdduit la population de P.futsca de 72% sur le 
rnil prdcoce (Zethncr ct l.atlrense 1988). 

Au Mali, la deltaminthrine A 12 g m.a. hal , le 
carbosulfan A500 g m.a. ha' et le diazinon 250 g 
m.a. ha-' ont donnO de trbs bons rdsultats dans la lutte 
contre les mloides (Doumbia et al. 1989). En 
Mauritanie, le traitement du mil avec le propoxur 2% 
i 12 kg ha- I et le fdnitrothion 2%(8 kg h,') a rdduit 
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les pertes de rendement ducs i P. vestita i 14% (Ma-
gcma in Doumbia 1992). 

Des parasites diptres du genre Ileliocobia sont 
rdcoltds stir les adultes de Mylabrisholosericea(Dou
mbia etBonzi 1985). 

Les Scarabaeidae 
Pachnoda inferrtupla (Olivier) 


(Cetoniinae) 

Lock ctMahinoud (1989), etLock ctal. (1988) ont 
indiqud qu'il y a one espbce de lasous-famille des 
Cctoniinac du genre Iachnoda qui est incluse dans le 
coniplexe des colcopt6res ravageurs du ril. Le genre 
I'achnoda contient 13) espbccs (Krikkcn 1984) mais 
I'espice nuisible aul ian Mali est Pachnoda inter-
rupta (Olivier). 

Pachnoda interrupta est tine espce univoltine, les 
adultes passent !a saison siche dhis les sols. [Isrdap-
paraissent avec les pcrmircs pluies. Les femelles 
pondent lesoeufs dans lcsol. Une femelle pond en 
moyenne 24 oeufs etI'incubation dure 5 i 9 jours. 
Les larves passent par 3 stades. La nymphose dure 
environ 12 jours. Le cycle de dfveloppemrent de I'ocuf 
ii lanymphose dure 45 jours. Les itudes ont montr6 
que Pachnoda int#errupla, en plus du mil, sdvit stir 
d'autres plantes: Alangifera indica (Anacardiaceae), 
Balanite aegyptiaca (Zygopliyllaceae), Guiera 
senegalensis (Combretaceae) et Ziziphus inucronata 
(Rhamaceac). 

Au Mali des 6tudes ont montr6 que les ddgfits 
causes par Pachnoda interrupta sont plus importants 
que ceux occasionnSs par les sautdriaux. En cas de 
forte pullulation, par exemple, 10 individus par dpi 
occasionnent 50% de pertes de rdcolte (Lock et a]. 
1988). Pachnoda interrupta attaquant lemil au stade 
grains laiteux (Schmutterer 1969), les raisons de sa 
pullulation ne sont pas connues. 

Rhzinyptia infuscata Burmeister 
(Rutelinae) 

Les adultes de R.infuscata sont trouvds en abondance 
lanuit aii stade de floraison mfile sur les dpis du mil 
dont ilsd6vorent lesanth&es. Le niveau de popula
tion varie untre 15 et 25 par chandelle. Cc ddprddateur 
a sdvi durant toute lapdriode de floraison du mil. Ce 
ruteline est responsable des cas d'avortement de 
fleurs, mais il y a pas eu d'dvaluation des ddgiits. 

Rhinyptia infuscata est prdsent au Niger, au Mali 
(dans lazone de Koporo) ctau B3nin ilcommence A 
prendre une importance particulire. 

Les heteropt6res piqueurs suceurs 

Ilssont trbs rfpandus etpr6sents partout en Afrique 
de l'Ouest. Ilssont laplupart du temps polyphages et 
piquent les grains au stade laiteux qui se ridenl etse 
couvrent de petites taches noires. La qualitd des 

grains etles rendenients sont ddprdcids. Les grains 
attaquis sont parfois couverts de champignons. Les 
d6gits peuvent Etre tr.s importants. Les principales 
families nuisibles au mil sont les suivantes: 

Les Pentatomidae. Dans cette famille les genres 
rev~tant tine importance sont: Aspavia. Agonoscelis, 
Nezara etDiploxvs. 

Les Coreidae. Les cordides qui sdvissent sur lemil 
sont des especes polyphages, les plus courantes sont 
Acanthotnia horrida (Germar), Mirperus jaculus 
(Thunberg) etRiptortus dentipes F. 

Les Pyrrhocoridae. Dans cette famille Dysdercus 
voelkeri Schmidt est laseule esp&ce qui attaque le 
mil. !1est present partout oi le mil est cultivd. Son 
impact 6conomique sur laculture du mil n'a jamais 
t6dtudid. 

Les Miridae. L'esp&ce Creontiades paltidus Ram
bur est laseule que I'on rencontre sur lemil. 

Les acridiens 

Plusieurs esp&es de sautdriaux etde criquets tels que 
Oedaleus senegalensis Krauss s'attaquent aux grains 
de mil tous les stades de Ia maturation. A un stade 
tris prdcoce 1'6pi est mangd jusqu'au fuscau. Au 

stade laiteux on observe des ddgfits en profondeur, les 
glumes sont dpargndes. Les pertes 6conorniques occa
sionnfes par les sauttriaux ne sont pas ddtermindes. 
D'importants ddgits de 0. nigeriensis stir lemil ont 
dtd remarquds en Mauritanie el au Niger (Mbaye 
1992). 

Autres insectes de I'epi de muil 

Les chenilles de Eublemma gayneri Rothschild (Lep
idoptera, Noctuidae) sont plus petites quc celles de 
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H. albipunctella. Elles vivent dans I'6pi. La r6parti-
tion dc cette esp&c West pas connue et ses ddgdts 
peuvent itre importants mais moins caract6ristiques. 

Les larves se nourrissent des graines tendres et 
elles prdl rent los dpis compacts qu'elles souillent de 
leurs excr6ments. Les dpis ainsi souillds sont couverts 
de champignons. Les eflfts combinds de I'attaque des 
chenilles ct des champignons contribucnit ? la d6prd-
ciation des grains, 

les chenilles de Ilelicoverpa armigera Il ibner 
(Lepidoptera, Noctuidac) sont tr s proches de celles 
de 11. albipunctella. Elles sont polyphages; sur Ic mil 
les chenilles s'attaquent aux Ilcurs, aux graines ten
dres qu'elles dtruisent. Str les ipillets on retrouve 
les dijections des larves. Les dgits peuvent tre 
importants. 

La chenille poilue Amsacta tnolonecvi (Druce) 
(Lepidoptera, Arctiidae) plus connuc stir l'arachide et 
le ni6be a cornnienc i s'att1lLjlier 'I la culture dII Iil I 
la suite des longues annces de s6cheresse qui sont 
intervenucs dans le Sahel. Elle s'attaque aux jeurnes 
plants et aux dpis en fin de cycle. D'importants dg5ts 
imputables i cette esp~ce ont dt constates au S~ncgal 
ct dans pLsieurs autres pays do Sahel (Mbaye 1992). 

tForficolasengah'nsis Serville (l)ermaptera, For-
liculidae) est cosmopolite et on le rencontre dans 
toutes zones de culture du rmil. Des oeufs pondus dans 
le sol ou dans les cornets sortent des larves qui restent 
gr6gaires. Ls forlicules se cachent dans les tpis en 
rongeant les itamines et grattent les grains mais leur 
importance dconotnique nest pas dMtcrminde. 

Conclusion 

Les insectes des dpis les plus susceptibles de causer 
des dommages et d'affecter Ia productivitd du mil 
sont surtout Ics Colkoptres du genre Psalvdolytta 
parce qu'ils attaquent g~ndralcment les grains. A 
I'heure actuelle aucune varitd nest ni toldrante ni 
rdsistante il lcur attaque. Seule la lutte chimiquc vient 
a bout ce ravageur. Dans certains pays dII Sahel les 
paysans ont di6 abandonner la culture du imil cause 
de ce midloYde. 

La chenille mineuse de I'pi, 11. albipinctella 
vient en deuxi~me position duIpoint de vue des dd-
gilts. D'autres insectes ont fait cur apparition et pren-
nent de plus en plus le statul de sdricux ravageurs du 
mail tels que R. infuscata et P.inferrupa. 

En dehors de la chenille mincuse stir laquclle un 
certain nombre de travaux ont dtd effectuds, tres peu 
d'informations exkicnt sur ces ravageurs. II est done 

n6cessaire, voire capital que des dItILes plus pro
fondes soient entreprises sur la biologic et l'dcologie 
de ces pr6dateurs en vue d'unc meillcure compr hen
sion de la dyiamique des populations, et de ]a ddlini
tion precise du nivcau de d6gfits dconomiques. il est 
aussi important de mettre au point des m6thodologies 
normalises tie criblage ties vari~tds tie mil toldrantes 
ou rtsistantes 'i ces ravageurs, di'tudier les interac
tions avec les ennemis naturels. Actuellement, ce dont 
on a surtout besoin, c'est unc combinaison des diffdr
entes mithodes de lutte eflicaces et peu coOteuses 
mnettre I la portt5e du paysan. 

Extended sunnary 

Panicle insect pests of pearl millet in West 
Africa. Pearl millet, a staple food in West Africa, is 
attacked by acomplex of insect pests. Yields remain 
low, 200 to 400 kg ha- I on average, due to damage by 
various pests, including insects. The combined effects 
of the different millet pests result in about 50 to 80% 
yield loss. 

Panicle pests generally appear late in the cropping 
season, anuLddirectly attack grains or plant tissues in
volved in grain formation. They are divided into four 
main groups based on the damage they cause: head 
mining caterpillars, Diptcran species, beetles, and 
sucking insects. 

The millet head miner (MltM) !Ieliocheilus albi
punctella (de Joannis) is the most damaging species 
in a complex of a dozen mining caterpillars. It was 
responsible for yield losses ranging from 13 to 85% in 
1974-76 in Senegal. it causes about 6%loss in Niger, 
and over 501%Tin Mali. 

Biological control is promising, although there is 
aneed for more information on natural enemies. The 
braconid microwasp Bracon hebctor Say is an effec
live parasitoid of MIIN.Chemical protection with in
secticides such as endosulfan are also effective, 
although they are generally neither economical nor 
practical. Deep plowing and urea or superphosphate 
application reduce infesting populations. Millet culti
vars Souna, 3/4 IIK-78, IBV 8001, and ICSM 7819 
are resistant to MIIM attacks. 

Millet midge Geromvia penniseti (Felt) is the most 
common and abundant species of Diptera pests and is 
to be found across all millet-growing areas. It occurs 
nvinly on long-duration cultivars. Destruction of the 
infested panicles of millet and weeds is the main 
metho)d of conzrolling the midge. 
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Several beetles (Coleoptera) attack millet, the 
most important belonging to the genera Psalydolya, 
Pachnoda and Rhinyuia. 

Psalydolytta blister beetles (Meloidae) are of eco-
nomic importance. In the Gambia, they cause losses 
of' about 4 to 48%: losses can be as high as 92 to 
100% in Mali, Mauritania, and Senegal. A control 
method consists in collecting and burning blister bee-
ties. Long-duration cultivars are less attacked. Good 
results were also oblaincd with insecticide applica-
lion, especially carbaryl (1275 g a.i. ha-n ) and mial
athion (500 g a.i. han). 

Among scarabeid beetles, Pachnoda interrupta 
Olivier is the most damaging of chafer beetles (Ceto-
niinae). They can cause tip to 50% loss in case of 
heavy infestation. Rhinypiia infscata Burm. 
(Rutelinac) is reported to cause Iloret abortions, but 
no data on yield loss are available, 

The major millet lleteropteran head bug species 
which cause considerable damiage, belong to Penta-
tomidae, Coreidae, Pyrrhocoridae, and Miridae. 

Other panicle insect pests of millet include differ
ent grasshopper species such as Oedah'us scnega-
lensis Krauss, and locusts which attack millet grains 
at all stages of its development. 

Lepidopteran caterpillars of' Eublemina ga neri 
Rothschild, fclicoverpa armoii'era ( llbner), AmciAC 
sioloneyi (Druce) fed on soft millet grain that they 
soilcontre 

Forficida senegatensis Serville (Dermaptera: For
ficulidae) leeds on anthers and on the surface of the 
grains, but its actual economic impact is unknown. 
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Insect Pests of Sorghum Panicles 

in Eastern and Southern Africa 

K Leuschnerl 

Abstract 

This paper gives an overview of the panicle insect pest situation in southern and eastern Africa. 
Sorghum panicle insect pests were of little importance in long-duration African landrace sorghums 
in southern and eastern Africa, but this situation could change with the development of new high
yielding, short-duration cultivars with more compact panicles, and the changing agronomic prac
tices. Ihad bugs, I lelicoverpa, and the armoured cricket have recently become important. This 
paperdiscusses pest biology, wherever known, the effect of agronoinic practices on pest populations, 
and possibilities fir control under farmers' field conditions. Some recommendations for future 
research are also presented. 

Introduction 

Panicle insect pests of sorghum are an important 
group in the total insect complex attacking sorghum 
in Asia, the Americas, and West Africa. In eastern 
and southern Africa, this group of inects, mainly 
bollworm, head bugs, sorghum midge, and aphids, 
occur to a much lesser cxtent than they do in Asia, the 
Americas, and West Africa. 

Very little attention has been paid to this group of 
insects since they were not economically important in 
traditional landrace sorghums grown by farmers. 
Moreover, entomological research in southern Africa 
has been mainly directed to commercial crops. Until 
recently, subsistence crops like sorghum have re-
ceived little attention. 11owever, the armoured cricket 
(Acanthoplus speiseri) is a pest of considerable im-
portance in some parts of southern Africa, and pani-
cle insects are important in the commercial farm 
sector in Botswana, South Africa, and Zimbabwe. 

From experiences in West Africa and Asia, the 
change from traditional to new, high-yielding sor-
ghum cultivars with shorter crop maturity cycles and 
mrre compact head types may, in the near future, 
increase panicle insect problems in eastern and south-
ern Africa. This is already evident in some farm see-

t. SA1)C/ICRISAT Regional Sorghum and Millet Inprovement Program, I) 

ICRISAT Conference Paper no. CP 974. 

tors in Botswana, Tanzania, and Zambia where im
proved cultivars have been used. 

Sorghum Panicle Insects in 

Eastern and Southern Africa 

From reports (Leuschner 1988, Guiragossian 1986, 
Sithole et al. 1987), field handbooks, and personal 
communication with national scientists in eastern and 
southern Africa, the following sorghum panicle insect 
species have been identified in the region (Table I). 
This list is by no means exhaustive and also does not 
include the group of storage insects where infestation 
of sorghum grain begins in the field. 

Relative importance of panicle insect 
pests in eastern and southern Africa 

Efforts have been made by Sithole et al. (1987), 
Leuschner (1988) and Guiragossian (1986) to rate sor
ghum insect pests in southern and eastern Africa 
based on their reported importance in each country 
('Fables 2 and 3). This information still needs to be 
verified under farmers' field conditions since it was 
compiled mostly from research station observations. 

Box 776. Btulawayo, Zimbabwe. 

Luschner, K. 1995. Insect pests of sorghum panicles in Eastern and Southern Africa. Pages 49-56 in Panicle insect pests of sorghum and pearl 
millet: proceedings of an International Consultative Workshop, 4-7 Oct 1993, ICRISAT Sahelian Center, Niamey, Niger (Nwanze, K.Y., and 
Youm, 0., cds.). Patancheru 512 324, Andhra Pradesh, India: tntcrnational Crops Research Institute for the Semi-Arid Tropics. 



Table 1. Sorghum panicle insects identified in eastern and southern Africa. 

Species Common name Countries 

Acanthoplis speiseri Armoured cricket Malawi, Namibia, Tanzania, Zambia, 
Zimbabwe 

IDysdvrcusfinciatus Cotton slainer Botswana, Zambia 
Nezara viridula Green stink-bug Botswana, Malawi. 'ltnzania, Zimbabwe 
Calideadregii Blue-green cotton bug Botswana, Malawi, 'lanzania 
Lygaeus e'legans Red and black bug Botswana 

Eurystylus spp Mirid bug lotswana, Zimbabwe 
Taylorilygus spp Botswana, Ithiopia 

Rhopalosiphum maidis Corn leaf aphid All SAI)C countricst 

Melanaphissacchari Sugarcane aphid Botswana. South Africa, Zambia, Zimbabwe 
Contariniasorghicola Sorghum midge All SAlt( countries 
thlicoverpaarmigera Bollworm All SADI" countries 
Fubhmma brachvgonia Seed head caterpillar lotswatta 

A tylus atronaculatus Spotted maize beetle Lesotho, South Africa 

1. Angola, Botswana, LesAotho, Malawi, Mozanhique, Nantihia, Swaziland, Tanzania, Zamlia. and Zintlxabte. 

Table 2. Relative importance of sorghum panicle insect problems in eastern African countries.' 

Burundi Ethiopi., Kenya Rwanda Somalia Uganda 

Insects 112 I L II I 1. II I I. II I I. II I 1.I L 

Ilead bugs 63 6 6 8 5 5 8 I0 9 9 9 8 8 7 4 

Aphids 5 10 10 5 5 5 8 3 8 8 8 5 5 5 5 

Midge 10 10 I0 I0 6 I0 2 8 9 9 9 I0 2 10 2 

Bollworm 10 8 2 5 5 5 8 10 9 7 6 - 3 6 5 

t. Adapted from Silholeal. and Guiragossian 1986.el 1987. 1tuschner 1988, 
2. I Itighland (18(X-25M1 = Intermediate (14t(1-171X) lowland (0-13(Xlm). t m),t. = m) 
3. On ascale oft-1. where I=highpriority for research. and 10= low priurity for research. 

Table 3. Relative importance of sorghum panicle insect problems in southern African countries.' 

Insects Botswana Namibia Malawi Mozambique Lesotho Zambia "Tanzania Zimbabwe 

Armoured 
cricket 42 5 1 - 4 I 4 

Ilead bugs 4 1 I I I 2 2 2 

Aphids 4 2 4 2 3 3 3 3 

Midge I I 2 3 - I 2 1 

Bollworm 4 1 I I 2 2 3 

1987, Ieuschner 19X8, tuiragossian 1986.I. Adapted front Sittle elal. and 
2. On a scale of 1-5, where I= low importance, and 5= highimportance. 
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Biology, Ecology, and Yield Loss 

Armoured cricket 

The armoured cricket is a pest of lower-altitude areas 
(400-800 in) of southern Africa, where there is rain-
fallup to 7t) minand a long, distim t, iniially cool 
and later hot, season (7-8 months). Extenlded rains in 
Apr/May reduce egg populalions in IhL soil and ex-
cessive rains in Jan rc'duce first instar nymphal popu-
lations. Cricket populations are high incultivated 
areas, but low inbushland and forest areas. 

Nyrmphs develop on the generative parts of grasses 
and broad-leaf weed species. The last nymphal and 
adult stages attack sorghur from anithesis to dough 
grain stage (Musonda and LeusctiCr 19t()), during 
which period they feed on flowers and developing 
grain until physiological maturity. 

The population densities of crickets vary within 
infested regions. Availability of food during nymphal 
development is an important fctor. Usually weed-
free fields are free of infestation as long as food is 
available inthe surrounding areas. Flowering in sor-
ghuni coincides with the maturity of weed seeds, 
which are not preferred by the cricket, thus resulting 
in their migration into sorgliur fields. 

Yield losses in soughuni and pearl millet are esti- 
mated to be between 10 and 80%, depending on tire 
population densities of crickets. Overall yield loss in 
Zambia and Namibia is estimated at 20% (K l.eusch-
ner, unpublished). There are few recorded natural en- 
enies, the main ones being storks and praybirds. The 
potential of the armoured cricket as a major pest has 
been aggravated by the increase in the bushland that 
is being cultivated. The situation in Ovanboland in 
Namibia is a good example. 

Head bugs 

The complex of head bug species is presently of lini-
ited importance in eastern and southern Africa. 
Adults and nymphs suck sap from the developing 
grain. Nymphal development depends on tile avail-
ability of immature grain with high free-water 
content. 

Traditional landrace sorghums in eastern and 
southern Africa flower in 150 days or more. Anthesis 
occurs after the peak of the rains, and since the grain 
matures under declining rainfalt aind humidity, these 
conditions do not ftavor head bug development. Lower 
head bug populations are also associated with loose-
panicled types (traditional landrace sorghums) 

(Nwanze 1985), which allow for good aeration, low 
humidity within tile of naturalhead, and easy access 
enemies to adults and developing nymphs. However, 
in West Africa, traditional varieties with tese plant 
characteristics were nometimes heavily infested and 
damaged (Teetes idd Gilstrap 1990). Outbreaks of 
head bugs in southern and eastern Africa are mainly 
associated with newly developed compact-panicled, 
short-duration cultivars (120-130 days). Poor agron
omic' practices such as staggered sowing have also 
been associated With severe head bug damage. 

Outbreaks have been observed on research sta
tions sich as Matopos (Zimbabwe), Kasinthula (Mal
awi), Dakala and Didesa (Ithiopia), and in com
inercial and seni-cornmercial production fields in 
Pandarnatenga (Botswana), and the Kilimo/Sasa
kawa-Global 2(X) management training plots in Tan
zania. Actual yield losses caused by head bugs in 
eastern and southern Africa are not well defined. 
Over I0)adults and nymphs per panicle (several head 
bug species) were observed during a survey in Panda
matenga, and in Tanzania, more than 20 Calidia 
nymphs per sorghum head (Tegameo) were recorded 
during another survey. From research in West Africa, 
there is evidence that Eurystylus sp causes yield, ger
ruination and quality loss (Sharia et al. 1992, Teetes 
and Gilstrap 1990). At Pandamatenga, farmers claim 
that head bugs reduce yield and germination, and 
consequently, at least one insecticide spray is applied 
to tilecrop. 

The lesson to be learned from the present situation 
is that head bugs are a potential threat to sorghum 
production, especially when new high-yielding, corn
pact-panicled varieties are grown on a large scale, 
both by small and commercial farmers. 

Aphids 

lhe corn leaf aphid Rhopalosiphum maidis and the 
sugarcane aphid Melanaphissacchariare mainly leaf 
feeders, but are known to infest sorghum heads also. 
Both aphids suck sap from sorghum leaves and head 
parts. The importance of tilecorn leaf aphid is ques
tionable especially during the seedling-to-whorl 
stage. No clear yield reduction har, been observed. 

Population buildup of the sugarcane aphid begins 
3 weeks after crop germination (van Rensburg 1973) 
and inSouth Africa, very high populations have been 
observed after the flag leaf stage. As many as 30 000 
aphids per plant have been reported. lhe main impact 
on yield loss occurs front the flag leaf stage (van 
Rensburg 1973) and panicle infestation is probably of 
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less importance in grain yield reduction, although it 
increases threshing difficulties, 

Aphid densities rapidly decline 2-3 weeks after 
peak abundance. This has been attributed to high 
aphid densities, poor host conditions (van Rensburg 
1973), and increased natural enemy populations. In 
southern Afiica, the important predator species are 
ladybird beetles, Cheilonmenes propinqua, C. hnata, 
C. su phurea, and a syrphid ly, Xanthogranoma ae
gyptiwm (van Rensburg 1973, Bohlen 1973, Schmut
tercr 1969). Several parasitoids are associated with 
aphid populations, but they are generally less impor
tant (van Rensburg 1973). 

Drought stress conditions such as thoe that occur 
between the short and long rains in Ethiopia (Tadesse 
1986) and in Jan in Zimbabwe are favorable to the 
sugarcane aphid. ligh plant density promotes low 
plant vigor but reduces aphid population buildup 
(Flattery 1982, van Rensburg 1979). Based on surveys 
conducted during 1989-82 in Pandamatenga (13ot-
swana) and observations in Tanzania, Zambia, and 
Zimbabwe, staggered sowing leads to very high aphid 
populations in late Feb to Apr, which may require 
chemical protection against the sugarcane aphid. A 
similar situation was observed in the Zambezi Valley 
of Zambia. I ligh populations frequently occur in re-
search stations in Ialawi (Kasinthula) and Zimbabwe 
(NIiti pos). Yield loss estimates in Botswana (Flattery 
1982) and Zimbabwe (Page et al. 1985) range between 
46 and 781. ; a annually Without inlsecticide control. No 
yield loss reports are available from eastern Africa. 
The potential incrcease of the sugarcane aphid is high 
in newly released sorghum cultivars which, in most 
cases, are susceptible to this insect pest. 

Sorghum Midge 

Sorghum Midge (Contarinia sorghicok) is currently 
a minor sorghum panicle pest in eastern and southern 
Africa, and no severe outbreaks have been reported in 
farmers' fields, even on long-duration traditional 
landraces. Midge outbreaks have been reported from 
the following research stations: Kasinthula (Malawi), 
Chokwc (Mozambique), Matopos (Zinibabwe), Horn-
bolo (Tanzania), Alupe (Kenya) (Ochanda 1986); 
Serere (Uganda) (Esele 1986); and in Sudan 
(Scimnuttcrer 1969) and Ethiopia (Tadesse 1986). 
These midge outbreaks were associated with late 
sowing of improved short-duration sorghums. In 
Maharashtra, India, midge populations and damage 
increased dramatically on local landraces when farmers 

grew short-duration, high-yielding sorghum cultivars 
alongside local cultivars. Regions of potential midge 
outbreaks include the Caprivi area of Namibia; north 
Botswana; the Zarnbezi Valley of Zambia; coastal 
areas of Mozambique, Tanzania, and Kenya; the Vic
toria Lake districts in Tanzania and Kenya; and the 
southern Sudan. 

Bollworm 

Although ltelicoverpa is considered an important 
panicle insect pest in eastern and southern Africa 
(Dennis 1983), it is still of low importance in small
scale farmers' fields. However, this is no the case 
with large- and medium-scale comercial sorghum 
producers who grow newly developed, high-yielding 
cultivars. Severe outbreaks have been observed in 
Botswana and Zambia (K Leuschner. unpublished) 
and reported from Ethiopia (Tadesse 1986) and Tan
zania (liohlen 1973). There are no dcumCtnnenLed re
ports on sorghum yield losses ineastern and southern 
Africa. 

The bollworm has a wide range of host plants 
which include dry-season irrigated vegetables (to
inato, okra, capsicum) and rainfed crops (maize, cow
pea, pearl millet, sorghum, sunflower, and cotion) 
(Dennis 1983). This cropping pattern ensures that the 
insect is present all year round. In Pandamliatenga, 
Botswana, light trap catches indicate that poptlation 
buildup is slow from May until Nov, increases during 
Dec to Jan and peaks in Feb, Apr, and May 
(SADC/CRISAT', unpublished). Sorghum sown in Dec 
and Jan can be heavily attacked and tip to 15 larvae 
per head have been recorded. Staggered sowing of 
sorghum favors pest population buildup since pani
cles al the susceptible stages provide a continuous 
food source, as was noticed at Pandainatenga in 1ot
swana. Denser heads harbor more larvae than do open 
heads (Tadesse 1986). All "stagesof the bollworm are 
attacked by natural eneniies (Roome 1975). These are 
mainly parasitoids and include the egg parasitoid Tri
chograntna spp, and the larva parasitoid Apanteles 
sp. Levels of egg parasitism as high as 50% have been 
recorded in farmers' fields in Botswana. Up to 60% 
mortality of full grown larvae due to unidentilied mi
crobial organisms has been observed. As with head 
bugs, our observations indicate that Ilelicoverpa is a 
pest of potential economic importance in eastern and 
southern Africa, especially with the large-scale intro
duction of new cultivars. 
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Control 

Current control methods in small-scale 

sorghum production 


Traditional small-scale farming in eastern and south-
ern Africa includes low-input systems with low yields 
(6(1 kg lial), but stable produclion. Mostly tradi-
tional landraces are grown, and crop protection mea-
sures against sorghum insects are seldom or never 
practiced. Except for occasional outbreaks, due some-
times to an unusually prolonged rainy season, sor-
ghum panicle insect pests are of low economic 
importance for the following reasons: 

• Traditional cultivars are long-duration types (150 
days to maturity) and flower and set seed late in 
the season under declining rainfall conditions, 
Such conditions are not favorable for the buildup 
of head bugs, aphids, midge, and bollworm. In 
outbreak areas in southern Africa, the armoured 
cricket is the only panicle pest of significance, 
since it is still present when traditional cultivars 
flower and set seed. 

" 	 Loose heads of traditional cultivars harbor fewer 
head bugs, aphids, Inidge, and bollworm (Tdesse 
1986). 

" 	 Although sowing dales are staggered around the 
equator, farniers in Kenya and 'Tnzania grow 
photoperiod-sensitive cultivars which flower ui-
fornily late in the rainy season in Kenya and 'ran-
zania. In other countries where photoperiod-
nonsensitive cultivars are grown, the best sowing 
dates are practiced, e.g., end Nov to early Jan in 
southern Africa, Jul in Sudan, and Oct in Somalia, 
which ensures that long-duration cultivars flower 
after the peak of the rainy season. 

" 	 In traditional farming in eastern and southern 
Africa, sorghum is usually intercropped with 
legumes. These include cowpea (Botswana), 
groundnut (Sudan), and pigeonpea in Kenya 
(Geddis 1990). It is believed that intercropping 
legumes with cereal crops enhances the popula-
tion of natural enenies (Matteson et al. 1984). 

Currentcontrol methods in commercial 
sorghum production 

With the introduction of improved, high-yielding sor-
ghum hybrids and varieties, plant characteristics as-
sociated with reducing panicle pest damage may have 

become modified. For example, the newly developed 
sorghum cultivars are of short duration (120-130
days) in order to avoid terminal drought. They pos
sess compact panicles for increased yield potential 
and shorter glumes for ease of threshing. 

Cc..mercial farming is characterized by mono
cropping for ease of mechanization, but this simplifies 
the agroccological environment in terms of insect di
versity. Under staggered sowing conditions, flower
ing and seed development occur over a long period 
during high rainfall conditions which favor popula
tion buildup of head bugs, midge, and bollworms. 
This situation already e:ists in Pandaniatenga, Bot
swana, where farmers now need to spray up to two 
times against head bugs, bollwovns, and the sugar
cane aphid. Other examples arc of the Zanibezi Val-
Icy qf Zambia, where a new sorghum cultivar was 
sprayed against the sugarcane aphid and bollworm 
(luring the 1992/93 season; sorghum and pearl millet 
crops in Matopos, Zimbabwe, were sprayed against 
bollworms, and in South Africa, sorghum is regularly 
sprayed against bollworms and aphids. 

Suggested Research on Future 

Control Strategies 

The following suggested areas of research on the con
trol of sorghum panicle pests are based on research in 
West Africa, India, and USA: 

Cultural Control 

* 	 Early sown, shorter-duration cultivars will flower 
and set seed at a time when head bug, bollworm, 
midge, and armoured cricket populations are low. 
Uniform sowing of similar-duration cultivars will 
reduce the susceptible period in sorghum. Hybrids 
may be excellent candidates for this type of con
trol because they flower uniformly. 

* 	 Various intercropping systems should be studied 
for their value to increase insect diversity and en
hance natural enemy populations. 

* 	 Field sanitation by burning, crop residue removal, 
and early plowing can reduce insect carry-over 
populations. In southern Africa, regrowth from 
crop stubble flower and set seed in Jan. These 
volunteer crops encourage the buildup of head 
bugs, aphids, midge, and bollworm, and could be 
carried over to the next major crop. 
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Resistance 

The development of resistant cultivars holds good 
possibilities. Midge-resistant cultivars are already 
available in India and USA. For the sugarcane aphid, 
sources of resistance have been identified in Bot-
swana (Manthe 1992). Inthe absence of sorghum ge-
notypc': with high levels of resistance against most 
insect pests, cultivars that support lower population 
levels should be encouraged. Tectes and Gilstrap 
(1990) reported the availability of sorghum cultivars 
which suffer less than 10% damage under Euw-'styhs 
infestation in West Africa. The development of less 
compact-panicled sorghums in commercil sorghum 
production for the reduction of bollworm, head 
bug, and aphid populations should receive added 
emphasis. 

Biological control 

Research on biological control should endeavor ini
tially to identify indigenous beneficial species associ-
ated with the main panicle insect pests. Methods to 
augment the most effective ones should be investi-
gated. For ttelicoverpa, lessons should be taken from 
India and Australia, and if necessary, the introduction 
of exotic species should be considered. 

Insecticides 

Insecticides are currently being used against panicle 
pests in eastern and southern Africa. Economic 
threshold levels (ETls) on which farmers should base 
their decision to spray are not available for any of the 
sorghum panicle pests. Therefore, first priority should 
be placed on the determination of ETI.s for the major 
panicle insect pests. For the armoured cricket, baiting 
methods for control should be developed to reduce 
usage of insecticide. 

Integrated pest management 

'liere is a real potential danger in eastern and south-
ern Africa that insecticides alone could be used for 
panicle insect pest control as soon as these become 
more important in small- and large-scale commercial 
farming. This will be very costly for the farmers and 
disastrous for the environment. The development of 
integrated pest management (111M)systems will help 
to reduce this danger. 

The various control options discussed above 
should, whenever possible, be used as components of 
pest management strategies. Specilically, for panicle 
insects that would usually attack sorghum florets and 
developing grain over a period of 4-5 weeks (ar
mourcd cricket, bollworm: 4-5 weeks; head bugs: 4 
weeks; midge: I week), HPM offers a good possibility 
for control with minimum insecticide use. Research 
on the development of an tPM system for the control 
of the armoured cricket is being done in Namibia in 
the SAI)C!ICRISAT program. Good field hygiene after 
harvest and early and uniform sowing can reduce the 
susceptible wmdew for attack and insect develop
ment. Resistant and less compact-headed types could 
help to further reducc the population. 

Augmentation of natural enemies through crop di
versity and intercropping systems can also contribute 
to stabilizing the sorghum production system. 

Synth'se 

Les insectes nuisibles des panicules de sorgho en 
Afrique orientate et australe. les insectes nuisibles 
aux panicules de sorgho sont actuellement peu impor
tants en Afriquf orientale ctaustrale oi ies varidtds 
locales de sorgho sont largemcnt cultivdes par des 
paysans. Cependant, cette situation pourrait changer 
avec l'introduction grande dchelle des cultivars 
amlior6s iAhaut rcndement. Des enqutes sur la 
dynamique des peupletnents ies ravagz!,rs conduites 
aux stations de recherche ainsi qu'aux champs pay
sans commerciaux et .petite 6chelle indiquent que la 
pullulation est forte sur les nouveaux cultivars de sor
gho. Les principaux insectes nuisibles associ6s ce 
changement sont legrillon (Acanthol)h" speiseri), les 
punaises des panicules, les puccrons etles vcrs de la 
capsule du cotonnier. Pour chacune de ces esp ces, de 
br,vcs descriptions de Ia biologic, I'dcologic et la 
relation plante-hte assocides avec le dveloppement 
des populations sont prdsentdcs. 

Lc nlus important facteur li h 1'accrois, enncnt des 
populations est lesemis synchronis6 des cultivars 
prdcoces (nouveaux) et tardifs (varidtds locales). En 
outre, de nouveaux cultivars i forte productivit6 pos
s6dant Les panicules compactes favorisent des pull
ulalions des insectes paniculkiies tels (Iue ls 
punaiscs, les pucerons et les vers de Ia capsule di 
coennier. Les pertes occasionnecs par ccs ravageurs 
sont neial connues. Des pertes de 20%, de re-idement 
cn grain dO au grillon ont & signal6es en Namibie et 
en Zambie. En Afrique du Sud et au Botswana, des 
ddgits caus6s par des puceronc sont le 46-78%. 
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L'infestation du ver de lacapsule du cotonnier au 
Botswana peut atteindre jusqu'. 12 larves par plante. 
Tous ces ddgaits ont 6t6 signal6s sur les nouveaux 
cultivars Ahaut rendement. 

Des muures de lutte sont peu utilis6cs dans des 
champs paysans aipetite 6chelle ou des varidt6s tradi- 
tionnelles sont cultivdes. Ces varidt6s ayant un cycle 
long et des panicules liches difavorisent l'attaque des 
insectcs paniculaires. En plus, leur maturitd coinci-
dant avec la fin de Ia saison des pluics ctdes condi-
tions de l'humidit6 r6duite limitent un dveloppement 
important des ravageurs. La culture associ6e, g6ndr-
alement avcc des 1dgumineuses, peut entrainer un ac-
croissement des ennemis naturels. 

Par contre, dans des champs commerciaux, la 
monoculture ies cultivars prtcoces et perforrmants A 
panicules ichcs est g6ndralise. Ce facteur li6 aux 
sernis 6chelonnds ctdes champs peu propres favorise 
un pic d'infestation. Des insecticides contre les in-
sectes paniculaires sont souvent utilisds au Botswana 
et en Afrique du Sud. Dans les cas d'une sivere infes-
tation, comme a Illotswana, laculture de sorgho peut 
tre pulv6risc jusqu'i quatre fois don deux pul

v6risations sont diriges contre les puccrons et les 
vers de lacapsule du cotonnier. Alin ierduire I'util-
isat on excessive ies insecticides, ]a recherche doit 
tre axe sur Ia nise au point des stratigics culturales 

amidliorcs ctdes Ctltivars rdsistants. La participation 
Les agriculteurs dtlns 1'ivaluation Lies methoCdCs Ie 
lutte estindispensable a Icur adoption. Scion notre 
exp6rience dans l r6gion, une mtliode associant la 
proprct6 ies ,'I semis etchamps un precoce syn-
chronisi des cultivars moins sensibles ert d'une base 
promettcusc pour 'a fise en place d'une strat6gie de 
lutte intdgre, 
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Insect Pests of Sorghum and Pearl Millet Panicles in Asia
 

B S Rana and B U Singh' 

Abstract 

In Asia, several species ofmidges, head bugs, head worns, and head beetles are associated with 
panicle damage in sorghun andpearl millet. Among them, Contarinia sorghicola Coquillett in the 
Asia region; Geromyia penniseti Felt in southern India; Calncoris angustatus Lethiery in India, 
Myanmar, and Pakistan; Nezara viridula Linnaeus in Thailand; Nysius plebejus Distantin China; 
I-lelicoverpa armigera Hiibner,Euproctis subnotata Walker and Stcnachroia elongella in India and 
Thailand, assun greater importance than the others. In this paper, the distribution, economic 
importance, seasonal occurrence, nature of damage, and biology of important species are briefly 
described. The statls of panicle pest spectrumn has changed due to the introduction of medium
duration high-yielding cudtivars to replace the long-duration traditional cultivars. The extent of 
avoidable grain yield losses and economic injury levels for sorghum midge and head bugs are also 
discussed. Culturalstrategies which ensure escape fron peak period of panicle pest occurrence are 
described. Although a few biological control agents have been identified, their effective role and 
establishment under field conditions remain unexplored. Chemical strategies are uneconomical anid 
destabilize the environment. Cia ret research efforts are fo utsed on host-plant resistance to midge 
and head bug on sorghun, anid to midge and head worms in pearl millet. These studies have led to 
the development of midge-resistant cultivars in sorghum. However, resistance to head worms in 
sor-hmn arid to other paniclepests in pearl millet have not been as successful. 

Introduction 

In Asia, sorghum is grown on 17.7 million ha with a 
total production of 17.1 t, and millcts arc grown on 
18.4 million ha, with a total production of 14.2 t (FAO 
1992). Countrywise, sorghum is grown on over 15 
million ha in India, 1.6 million ha in China, and less 
than 0.5 million ha each in Pakistan, Thailand, Ye. 
men, Iran, and Saudi Arabia. Bangladesh, Philip-
pines, Sri Lanka, and Taiwan al;o produce sorghum. 
The major millet-gro.s ing countries include India (15 
million ha) and China (2.23 million ha), and very 
little area is cropped to pearl millet in Pakistan, 
Nepal, and Myanmar (FAO 1992). 

Economic Importance 

In subsistence systems, long-duration cultivars were 
cultivated, which flower and mature when panicle 

pest populations are low. However, with the introduc
tion of early-to-medium maturity, high-yielding vari
eties and hybrids, and changes in cultural practices, 
panicle pests have become a key limiting factor in 
sorghum and pearl millet production. A wide array of 
insect species attack sorghum and pearl millet from 
panicle exertion up to harvest, often with a direct 
effect on yields. The major panicle pests of sorghum 
and pearl millet are grain midges, head bugs, head 
worms, and head beetles (Seshu Reddy and Davies 
1979, Gahukar and Jotwani 1980, Verma 1980, Sri
vastava 1985, Sharma and Davies 1987). The ecologi
cal distribution of economically important pests in 
Asia are listed in Table 1. Similar information is not 
available for pearl millet, although it is generally be
lieved that infestations by panicle pests can result in 
severe crop damage. 

In India, the estimated overall grain yield losses 
due to sorghum panicle pests average 4.6% (Lcusch
ner and Sharma 1983). However, this figure varies 

t. 	 All India Cxrdinated Sorghum Improvemenit Project, National Research Centre for Sorghum. Rajendranagar. lyderabad 500 030, Andhra 
Pradesh, India. 

Rana, I.S. and Singh, I.U. 1995. Insect pests of sorghum and pearl millet panicles in Asia. F'ages 57-67 in Panicle insect pests of sorghum and 
pearl millet: proceedings of an International Consultative Workshop, 47 Oct 1993, ICRISAT Sahelian Center. Niamey, Niger (Nwanze. K.F.. and 
Youm,0., eds.). Palancheru 502 324, Andhra Pradesh, India: international Crops Research Institute for theSemi-Arid Tropics. 
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Table 1. Distribution of economically important sorghum and pearl millet panicle pests in Asia. 

Country Midges Head bugs Head worms 

Sorghum 

China Nysius plebejas 

India Contariniasorghicola Calocoris angustatus Jielicoverpa armigera 
Nezara viridula Euproctis subnotata 

Mythimna separata 

Japan Contariniasorghicola 

Myanmar Calocorisangustatus 

Pakistan Contariniasorghicola Calocoris angusabus 

Philippines Contarinia sorghicola 

Taiwan Contariniasorghicola 

Thailand Nezara viridula Itelicoverpa armnigera 
Stetachroia elongella 

Pearl millet 

India Contariniasorghicola Calocorisangustatus Helicoverpa armigera 
Gerom via penniseti Nezara viridula Euproctis spp 

Bagradacruciferaruin 
Leptocorisaacuta 

considerably over years. Losses due to midge and 
head bug in south India range from 15 to 30% for 
local sorghums (Ballard 1916), to 75% (Puttarudriah 
1947), while in commercial cultivars, the losses range 
from 5.8 to 84.3% (Rao and Azam 1987) to 43-93% 
for head bugs alone in south India (AtCStt' 1975-92, 
Sharma and Lopez 1989). Avoidable losses caused by 
head bugs were estimated at 894 for the commercial 
sorghum cultivar CSV 10, 70% for CSII I, 40-55% 
for CSII 5, and 23-1(W)(?. for CSI1 9 (Leuschner and 
Sharma 1983). Panicle caterpillars have recently e-
come important pests in India with grain yield losses 
of' I (Rawat et al. 1970) to 34.8%4, in Madhya Prad-
esh (AICSII' 1975-92), and 44.3' in Delhi (Kishore 
and Jotwani 1982). lelicoverpa armigera lI-ibner 
alone causes 18-20% grain yield loss, corresponding 
to 717 kg ha I (Ravat et ai. 1970). Avoidable losses of 
12.83'," and 14.16% have been reported in hybrids 
CSII 5 and CSII 9, which correspond to 518 and 665 
kv- ha I (Mote ct al. 1986, Mote and Murty 1990). 
Data on economic injury levels (1:11,s) are available 
f(r midge and head bug (Table 2). Although this in-
formation is primarily foi India, it shows that there 
are differences in Ett.s for ditfrent cuhivars. 

Panicle Pests 

Grain midges 

The sorghum midge, Contarinia sorghicola Coquillett 
is an economically important pest in India, China, 
Japan, Pakistan, and the Philippines. It was reported 
from India as early as 1914 (Fletcher 1914), and from 
the Philippines in 1918 (Felt 1919). Among the pearl 
millet midges, Geromyia penniseti Felt described by 
Feit (1920) is potentially an important pest on long
duration millets grown in southern India (Coutin and 
IHarris 1968). The s,cLonal incidence of sorghum 
midge ill India difter, according to climatic condi
tions (Patel and Jots, ani 1986), but generally appears 
in August, with population peaks in mid or late Sep
temher, coinciding w%ith the lowering of local photo
period-sensitive cultivars (AICStI' 1965-92). In Tamil 
Nadu. four peak., of infelstation occur in April, June, 
Aut'hi,l. and October (AICStIP 1980 -92, Natarajan and 
clelih 1985). Certain wild alld Uncultivated grasses, 

Sudangrass, IBroom corn, pearl millet, sweet sorghum, 
Sorgihutn ahntn Parodi, and Sorghun halepense 
serve as alternate hosts. No detailed studies have been 
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Table 2. Economic injury levels (EIls) for sorghum midge and head bug in sorghum. 

Pest Insecticide 
Economic injury 
level (per panicle) 

Midge 
Midge 
Head bug 

131ICor endosulfan 

Ilexachorocyclohexane 

0.7-2.7 adults (x 1.0) 
0.6 ovipositing adults 
7.4 nymphs 

Head bug ilexachlorocyclohexane 5.4 feedbug adults 

[lead bug Ilexachlorocyclohexane 0.06 ovipositing adults 

Head bug Malathion 15.1 nymphs 

Head bug Malathion 10.5 feeding adults 

Head bug Malathion 0.12 ovipxositing adults 

Head bug Methyl-S-demeton 1.3-1.4 bugs 
Ilead bug Methyli-S-demeton 0.2-0.4 bugs 

0.4-0.6 bugs 
lead bug Methyl-S-demeton 0.2-0.9 bugs 
Ilead bug Melhyl-S-demclon 0.8-4.2 bugs 
Head bug MethyI-S-dcmeton 10-50 bugs 
Head bug MethyI-S-deroeton 0.5-1.3 bugs 

reported on the seasonal abundance of the pearl millet 
midge. 

There are similarities in the biology of midges 
and their damage to sorghum and pearl millet. Dam-
age is caused by larval feeding on the contents of the 
developing ovary leading to grain abortion. Glumes 
of infested florets retain their flat shape. The period of 
susceptibility varies from 5 to 8 days for individual 
paniclcs (from preflowering to complete flowering) to 
several weeks in fields depending on the variability in 
flowering. Under severe infestations, the entixe pani-
tie becomes blasted. 

During the rainy season, the life cy. i,- ,.es 2 
weeks allowing 4-5 overlapping gcncr; .;, But 
higher temperatures at flowering reduce pcpulation 
buildup (Pati and Jotwani 1986). At crop maturity, 
sorghum midge populations decline rapidly due to 
larval parasitizaon, and agood proportion of larvae 
also undergo facultative diapause. 

Until the 1960s, the sorghunt midge was a minor 
pest but gradually attained major pest status causing 
grain damage of 15.11;,' in 1966 and 19.81,4 in 1967 in 
Maharashtra (AICSIP 1965-68, Jotwani 1982). The 
first report of an epidemic outbreak catte from 

Genotype Country Reference 

CSH 5 India 
China Shie-Cheng Hong (1987) 

CSH 5 India Natarajan and Sundara Babu 
(1988a) 

CSH 5 India Natarajan and Sundara Babu 
(1988a) 

CSH 5 India Natarajan and Sundara Babu 
(1988a) 

CSH 5 India Natarajan and Sundara Babu 
(1988a) 

CSH 5 India Natarajan and Sundara Babu 
(1988a) 

CSH 5 India Natarajan and Sundara Babu 
(1988a) 

CSH I India Sharma and Lopez (1989) 
CSHl 5 India Sharma and Lopez (1989) 
CSH 5 India Sharma and I opez (1989) 
CSH I I India Sharma and Lopez (1993) 
IS9692 India Sharma and Lopez (1993) 
IS 17610 India Sharma and Lopez (1993) 
IS21443 India Sharma and Lopez (1993) 

Maharashtra in 1970 where high-yielding, short-dura
tion cultivars had been introduced and resulted in 
40-60% grain loss on local sorghums. 

The primary component of midge control is iden
tification of resistance sources, determining the com
ponents of resistance, and their potential use as 
resistance donors in improved high-yielding culti
vars. Numerous geromplasm accessions and elite 
breeding lines have been evaluated and resistant 
sources have been identilied and utilized in AICSIP 
and ICRISAT programs (AICSII' 1969-92, Singh 1987, 
Agrawal and Abraham 1985). Among the identified 
resistant sources, the genotypes AF 28, DJ 6514, 
TAM 2566, SGIRL MR-I, ICSV 197, and DSV 3 
(ICSV 745) have shown stability of resistance across 
different geographical locations (Rae, et al. 1978, AIC-
SIP 1980-92, Agrawal and Abraham 1985, Table 3). 
In Japan, the stability of resistance was not consistent 
in SGIRL MR-I and TAM 2566 (flagio et al. 1985). 
llese resistant sources showed the presence of ovi
positional antixenosis and antibiosis components and 
recorded low grain damage (Natarajan and Chelliah 
1986). Sharma (1985) reported that the interaction of 
componental characters such as short and compact 
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Table 3. Promising sources of resistance to panicle pests of sorghum and pearl millet. 

Crop Midge 

Sorghum AF 28 
DJ 6514 
DSV 3 (ICSV 745) 
ICSV 197 
SGIRL MR-I 
TAM 2566 

Pearl millet 11113II1 
N 74 
PHB 12 
PHtB 37 

glumes, initial faster rate of ovary development and 
tannin content in the ripening grain contributed to the 
expression of resistance. Among the identified resis-
tant sources, DJ 6514 was released in 1978 and DSV 3 
in 1993 by the University of Agricultural Sciences. 
Dharwad, India, for cultivation in midge-endemic 
areas of Karnataka and parts of Tamil Nadu. In pearl 
millet, a high degree of multiple resistance to midge 
and head worms has been reported in four experi
mental hybrids, 11113 N 74,I11, 1lB 12, and PIIB 37 
(Prem Kishore 1991). 

Under field conditions, three important larval 
parasitoids have been reported from India (AICSIIP 
1980-92) and the Philippines (Barrion and l.itsinger 
1982). Among them, Tetrastichus diplosidis Crawford 
is predominant during June-August, Eupelous popa 
Girault appeared from August to November, and 
Aprostocettus gala Walker suppressed midge popula-
tions considerably from November to January. The 
former two parasites had a potential impact in lower-
ing the sorghum midge populations, especially in 
western Maharashtra. As a supplement, Garg and 
Taley (1977) suggested using phosalone or endosulfan 
against midge to prevent their deleterious effect on 
parasitoid populations. Effective control of sorghum 
midge has also been achieved with the application of 
carbaryl, endosulfan, nalathion and phosalone first at 
90% panicle emergence and the second 4-5 days 
later. 

Limited information is available on predators 
which include spiders, ants, anthocorids, mirids, 
mites, lacewings, and coccinellids. Among them, an 
anthocorid (Orius maxidentex Ghauri), and sorghum 
head bug (Calocoris anguslatus Lethiery) were found 

Panicle pests 

Ilead bug Ilead worms 

IS 2761 
IS9392 
IS 17610 
IS 17618 
IS 17645 
IS21444 

Chencholam 
IS2177C 
IS 12537C 

11113II 
N 74 
PilB 12 
PHIB 37 

predating on ovipositing midges of sorghum and 
pearl millet in India (1liremath and Thontadarya 
1983). The biology of 0. tnaxidentex revealed that 
each bug consumes 16--24 midges during its life span 
of 22-42 days (Thontadarya and Rao 1987). 

Head bugs 

Several heinipterous bugs suck the sap of developing 
grain, causing serious losses to sorghum and pearl 
millet (Table I). Among them, Calo'orisangistaltus 
is distributed widely in southern India (Ballard 1916, 
Cherian et al. 1941, Ilircmath and Thontadarya 1984, 
Natarajan et al. 1989, Sharua and Lopez 1990). It has 
also become a serious pest in Maharashtra (Mote and 
Kadam 1984), and is reported to be spreading north
wards. Its occurrence is higher on sorghum grown on 
Vertisols than that grown on Allisols (Sharma and 
Lopez 1990). hlie seasonal abundance of sorghum 
head bug reaches peak levels from mid-September to 
October in Andhra Pradesh, Karnataka, and Tamil 
Nadu. In Karnataka, it occurs throughout the year 
except from March to May (Iliremath and Thon
tadarya 1984), but in Tamil Nadu, severe infestations 
occur in Apr and Jul sowings than in sorghum sown 
in early Jun or Sep. I ligher populations have been 
recorded on ratoon crops than on the main crops in all 
sowings (Natarajan et al.1989). 

The sorghum head bug feeds primarily on the de
veloping grain. The extent of damage depends on the 
bug population per panicle, duration of infestation, 
and panicle development stage. Infestation during 
early grain development results in more severe dam
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age than at the hard dough stage. Both adults and 
nymphs cause reduction in mass, quality, and 30-
100% loss in the germination of seeds (Cherian et al. 
1941, Mote and Jadhav 1990). The dry matter produc-
tion of seedlings from infested seed (45.4 mg) was 
significantly lower than that from healthy seeds (86.2 
mag) (Natarajan and Sundara Bttbu 1988b). Moreover, 
the damaged grain show red-brown feeding punctures 
and are predisposed to iold infections, 

The biology of C. angustalus was lirst described 
by Ballard (1916), and detailed investigations fol
lowed subsequently in other southern Indian States 
(Cherian et al. 1941, Natarajan and Sundara Babu 
1987, Sharma and LoxpeZ 1990, Ilircmath and Virak-
tamath 1992). Adults are attracted at the pre-anthesis 
stage, and eggs arc laid between the glumcs of a 
Iloret. Among the live nymphal stages, the fourth in-
star consumes the maximum food from the develop-
ing grain (Natarajan and Sundara Babu 1988a), while 
adults consume thrice the quantity consumed by 
fourth instar nymphs. Two to three overlapping gen-
erations may occur on the same crop. Calocoris an-
gustatus also feeds on pearl millet and naize foliage 
and inflorescence, both during the rainy and postrainy 
seasons, and in summer, it survives on the sorghum 
crop (Sharma and Lopc 1990). 

Few sources of resistance with consistently low 
panicle danage rating have been identilied (AICSI' 
1983-92, Table 3). Resistant genotypes have long 
glumes and cover the grain over a period of 20 days 
after flowcring, compared with 6-8 days in the sus-
ceptible controls CSlI I, CSII 5, and CSII 9 (Sharma 
and l-opeZ 1992). This may possibly restrict the effec-
tive feeding period of bugs on the exposed grain. 
In general, it has been observed that loose-panicled 
genot. pes harbor greater bug numbers (Bala-
subramaniam et al. 1979). 

About 23 species of natural enemies comprising of 
4 predators, 16 predatory spiders, I parasitic mite, and 
I fungal pathogen have been identilied (Iliremath and 
Thontadarya 1983). Also, cannibalism (2-5%) has 
been reported under field conditions (Iliremath et al. 
1984). Application of carbaryl or malathion is highly 
effcctive (AICSIP 1980--92, David et al. 1969) in the 
control of C. angustatus. Deneton-S-mcthyl, a sys-
temic insccti.:ide, is also very effective against 
C. angustatus and other panicle-infesting bugs such 
as Cainpylomna sp and I'irystvlus bellevoyei Reuter 
(Sharma and Leuschncr 1987). 

The southern green stink bug (Nezara viridula 
Linnacus) preferentially infests developing sorghum 
grain From the milk stage, and the smaller false 
chinch bug (Nysius plebejus Distant) infests sorghum 

from the soft dough stage, causing unfilled and 
shriveled spotted grains. Grain quality is also af
fected. Infestation continues till the grain ripening 
stage followed by adecline in population. There are 
several generations of southern green stink bug in a 
year. On pearl millet, Leplocorisa acuta Thunberg 
and Bagrada cruciferarwam Kirkaldy occasionally 
feed on the developing grain, and the infested grains 
become yellowish-brown and shriveled. 

Head worms 

Several lepidopteran species of head worms feed on 
developing sorghum grain, and are assuming major 
status in areas where compact-panicled sorghum and 
pearl millet cultivars have been introduced. Among 
them, Ihlicoverpa armigera feeds predominantly on 
sorghum in Thailand, anti on pearl millet in India. 
Other important panicle caterpillars include hairy cat
crpillars and webworms in India and Thailand (Table 
1). 

Being a cosmopolitan and polyphagous pest, 
tH. armigera has a range of 41 host-plant species 
(Singh and Balan 1986). Early larval instars feed on 
the anthers, while late stadia destroy the ovaries of 
maturing grain. The frass and webs produced by the 
larvae help in retaining dew and raindrops over 
longer periods, thus promoting mold growth and loss 
in grain quality. Non-uniform crop growth is favor
able for the increased incidence of H. armigera, and 
since the newly released sorghum and pearl millet 
cultivars flower early, and grain ripening occurs un
der high humidity conditions, pest development and 
infestation are greatly favored. 

The oriental armyworm, Alvthinina separata 
Walker occurs sporadically in northern India, causing 
both panicle and foliar damage. It is also now estab
lished in the southern state of Karnataka (AICSIP 
1975-92). 

Patel et al. (1986) reported a few sources of rcsis
tance to II. arntigera insorghum such as IS 2177C, IS 
12537C, and Chcncholam. Ilowever. in pearl millet, it 
was found that genotypes with a thick cover of an
thers arc susceptible to II. armigera (Sharma 1987), 
the presence of long awns oil the spike and lack of 
covering by the flag leaf are associated with reduced 
oviposition and feeding by P'vroilcrces simph. Wal
singham (Sandhu et al. 1977). Cannibalism of f/. arm
igera larvae is an important population-litniting 
factor, and coupled with natural enemies, is often suf
ficient to keep this pest below economic threshold 
levels. Several active parasitoids have been reported 
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from Thailand on eggs (Trichogranmna confusum 
Viggiani and T. bacirae Nagaraja), and larvae (Car-
celia sp nr rutilla Rondani, Tachina sorbillans Wied-
emann and Eriborus argentiopilosus Cameron) 
(Meksongsee and Chawanapong 1985), and from In-
dia on larvae (Apanteles sp, Bracon sp, Microbracon 
hebetor Say, Campoletis chlorideae Uchida and Eu
plectrus euplexiae Roh.) (Singh and Balan 1986). 
Among them, C. chlotideae was found to be poten
tially promising in southwest India (Pawar et al. 1986 
1989). Further, spraying of an entomogenous nema
tode, Steinernema feltiae Filipjev suspension on sor-
ghum panicles during grain formation stage showed 
promising results in controlling Ii. armigera and 
Al. separata (AICS111 1989). A poison bait consisting 
of a mixture of monocrotophos (250 mL), wheat bran 
(50 kg), and jaggery (4 kg), diluted in6-8 L of water, 
when stored for 2 days and applied at 50 kg hal on 
sorghum panicles effectively killed 98% of larvae and 
and 70% of adults (Iliremath et al. 1990). 

Pheromones in adry-white funnel trap placed just 
above the crop canopy was effective in reducing moth 
populations (Pawar et al. 1988). A single spray of 
carbaryl, chlorpyriphos (Mote and Kadam 1984), and 
endosulfan at 100% flowering also effectively con
trolled H. armigera and increased sorghum grain 
yields (Mote and Murty 1990). 

Though considered to be a minor pest, Euproctis 
subnotata Walker feeding on maturing sorghum grain 
is common in Andhra Pradesh, Karnataka, and Ma-
harashtra. Eublenuna siliculana Swinhoe has been re-
ported on pearl millet in these states as well as in 
northern and central India. Occasionally, infestations 
of Eublenia gayneri Rothschild and Pyroderces sir-
plex Walsingham also attain serious levels on pearl 
millet. In northern India, the larval parasitism of M. 
separata by Apanteles sp ranged between 41.2% in 
September to 0.6% in February (Ram Singh et al. 
1987). Effective control on sorghum was also 
achieved within 24 h after the application of mal-
athion or chlorpyriphos, followed by BIIC and car-
baryl dusts (Kishore and Jotwani 1982, Mittal et al. 
1978, Mote and Kadam 1984). 

Panicle webworms primarily occur in the humid 
regions ofnorthern India and Thailand. Among them, 
Stenachroia elongella, Cryptoblabes gnidiella Milli-

cr,Celama analis Wileman and West, and Dichoc-
rosis punctiferalis Guence assume greater importance 
than the others on sorghum and cause significant 
grain yield losses. They feed primarily on the inflo-
rescence and subsequently on the starchy contents of 
the developing seed of sorghum and pearl millet. The 
neonate larva begin feeding within a single seed, but 

as it bccomcs larger, aprotective webbing is produced 
which binds the panicle together and protects the lar
vae from predators. There may be up to six genera
tions annually. The incidence of webworms can be 
effectively controlled by spraying endosulfan or 
monocrotophos (Srivastava and Singh 1976). 

Panicle beetles 

The distribution and relative importance of panicle 
beetles is not well known. Heavy infestation of head 
beetles at flowering on sorghum and pearl millet can 
cause considerable damage. Adults devour the pollen 
and stigma, and are responsible for grain abortion and 
panicle sterility. Peak population buildup varies with 
location and year, but they occur most frequently in 
Septemaber. Among them, Mvlabris pustulata Thun
berg and Chiloba acuta Wiedemann on sorghum in 
Uttar Pradesh, and Oxycetonia versicolor Fabricius on 
pearl millet in Rajasthan assume greater importance 
than the others. Adults feed on the flowers and cause 
poor seed set. 

Integrated Pest Management 

The Indian experience of the introduction of high
yielding short-duration sorghum cultivars to replace 
long-duration local cultivars is an important lesson in 
the context of integrated pest management (1PM). Pan
iclepests were not known to be a serious problem 
with long-duration traditional cultivars. But mixed 
sowing of short- and long-duration cultivars led to 
increased susceptibility of the locals to midge. With a 
better knowledge of the bioccology of sorghum midge 
which followed the development of short-duration 
cultivars, early and synchronous sowing over large 
areas, and the introduction of cultivars with similar 
flowering duration have resulted in effective IPM of 
midge. However, late sowing in dry areas where irri
gation facilities are available may continue to favor 
increased susceptibility to major panicle and shoot 
pests. Selection of short-duration shoot pest-resistant 
cultivars for late sowing so as to synchronize their 
flowering with early-sown medium-duration cultivars 
would ensure escape from midge infestation. Further, 
some cultural practices such as destruction of chaffy 
panicles and their residues, and removal of alternate 
hosts which minimize infestation should be consid
ered in IPM. 
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Future Outlook 

Knowledge of the factors influencing panicle pest bi-
ology should facilitate the development of strategies 
to reduce their potential impact on pearl millet and 
sorghum production. Knowledge about the influence 
of biotic and abiotic factors on the life cycle of many 
paniclc-feeding insect pests is still incomplete. Of 
special interest is the integration of various compo-
nents of resistance to individual pests, and cross resis-
tance to major pests by crops that are high-yielding, 
have early maturity, and have seed and particle char-
acteristics which illuence the host-plant interaction 
to midges, head bugs, and lepidopterous larval feed-
ing species. Since many of the lepidoplerous caterpil-
lars are occasional pests, low levels of resistance, 
coupled with cultural and biological components 
could provide effective control. In addition, factor:; 
influencing the behavior of key natural enemies over a 
wider host range and increased eflicacy on panicle 
pests in relation to ditferent ecological niches need to 
be investigated. There is also a basic need to exploit 
the potential and economic value of botanical insec-
ticiles such ts neem and its comp.nents, which may 
act as deterrents and/or antifeedants. 

)evelopment of effective cultural management 
practices and idcntilication of potential insecticides 
effective against a wide spectrum of panicle pest spe-
cies on sorghum and pearl millet, but less toxic to 
natural enemies need to be explored. There is clearly 
a need to develop an effective tt'M, with approaches 
under particular geographic locations or situations to 
transrrm subsisttrnce agriculture into amore produc-
tive system. 

Synthese 

Les insectes nuisibles des panicules de sorgho et de 
rilen Asie. En Asic, le sorgho est cultivd sur prs 

de 17,7 millions d'hectares (production totale de 17,1 
millions de tonnes) et le mil sur 18,4 millions d'hec-
tares (production totale de 14,2 millions de tonnes). 
Avec l'introduction des varitts et des hydrides per-
formants it cycle prdcoce et intermdiairc et des 
changements dans des pratiques culturales, des in-
scctcs paniculaires telles que les c6cidomyies, les 
punaises, lcs chenilles et les cantharides sont de-
venues ('importantes contraintes i Ia production du 
sorgho ct du ril. 

En Ide, les pertes de rendement en grain causdes 
par les insecces paniculaires de sorgho s'dlivcnt Li 
4,6% Cn moyenne (Lcuschncr et Sharma 1983). Des 

cdcidomyies (Contarinia sorglicola chez le sorgho et 
Gerom iiapenniseli chez le mil) apparaissent en g&1
6ral en aot ct la pointe d'activitd a lieu en sep
tembre/octobre. Les larvcs provoquent des d6g.ts en 
se nourrissant des ovaires en formation ct entrainent 
ainsi I'avortement de toute la panicule. Au cours de la 
saison des pluies, le cycle biologique dure dcux sem
aines ct on peut ddnonibrer 4 i 5 gdndrations che
vauchantes. Lit resistance des plantes tient une grande 
place (ans la lutte contre la c6cidornyie. Parmi les 
sources de r6sistance identilides chez le sorgho, AF 
28, DJ 6514, TAM 2566, SGIRL MR-I, ICSV 197 ct 
DSV 3 ont manifestd une rdsistance durable tra,,-rs 
diff6rcntes regions. Chez le tmil, cluatre hybrides ex
p6riientaux-l113 111, N 74, P1113 12 et 11II1 37
se sont distingu6s par Icur rdsistance multiple d1evdc 
aux cdcidoniyies et aux chenilles des panicules (Prem 
Kishore 1991). Des parasitoides larvaires tels que Tet
rastichusdiplosidis Crawlord, Eupelnus popa Girault 
et Aprostocets gala Walker rtduisent les populations 
de la cdcidomyie du sorgho. Mais, les informations 
sur les prddateurs sont insuflisantes. 

Pari les punaises hemiptres, Calocoris an
gustatus Lcthiery est responsable dinfestations s6
v&cs sur Ics panicules de sorgho et de mil. Le 
ravageur suce la sve du grain en formation. La den
sit6 de peuplement la plus 61evde de cc ravageur est 
atteinte de lia mi-septembre jusqu'au mois d'octobre 
dans les dtats indiens d'Andhra Pradesh, de Kar
nataka et de Tamil Nadu. L'infestation apour effet la 
diminution du poids, de lIa ual 't6 ct du pouvoir ger
mtinatif des grains et les prddispose aux moisissures. 
II peut y avoir deux ou trois gdnerations che
vauchantes sur Ia rnome culture. Quclques genotypes 
ayant de longues glumes qui couvrent les grains pour 
20 jours apris la Iloraison ont des d6gfits faibles sur 
des panicules. Ce caract&e limite la p6riode d'ali
mentation des punaises sur Ics grains exposds 
(Sharma et Lopez 1992). Environ 23 esp&es d'en
nemis naturels dont 4 pr6dateurs, 16 araignes prdda
trices, un insecte parasite et un pathogne fongique 
s'attaquent aicc ravageur (Iliremath et Thontadarya 
1983). Des applications de carbaryl, de malathion ou 
de l'insecticide systdmique ddmnton-S-mdthyl se sont 
avdrtcs efficaces contre les punaises des panicules. 
Plusicurs espices 1kpidoptires de chenilles des pan
icules, surtout tlelicoverpa armigera, sont devenues 
des ravageurs-cl6 dans des r~gions oil des sorghos et 
des imils 5 panicules compactes ont t6 introduites. 
Des ligneds de sorgho IS 2177-C, IS 12537-C et 
Chencholam on: man,festd lne resistance modrde i 
cet important ravagcur. LL cannibalisme des larves 
ainsi que des parasito'des affectant des oeufs ct des 
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larves permettent de limiter la population de cette 
esp& e. Des appfitages A poison avec du mono-
crotophos et des phfromones places atu-dessus de la 
canopie vdgftale sont d'autres mesures de lutte. Des 
cantharides (Mylabris pustulata Thunberg, Chiloba 
acuta Wiedemann, O.,cetonia versicolor Fabricius) 
se nourrissent des Ileurs et empchent la formation 
des grains. Cependant, la distribution et l'importance 
relative de ces esp&es sont peu connues. 

Bien que Ia rdsistance des plantes ait particuliere-
ment retenu l'attention, tine meilleurs connaissance 
de la bio Sologie de la c6cidonyie du sorgho, des 
semis pr6coces et synchroniques ii grande 6chelle et 
l'introduclion des cultivars it maturit6 uniforme per-
mettront de maitriser cc ravageur. Los mi6thodcs ICUl-
turales de lutte compreiant la destruction des risidus 
de culture et I'61imination des plantes-h6ltes sec-
ond'ures r6duiraient la possibilit6 de I 'infestation ini
tiale et la pullulation. Le potentiel el la valeur 
6conoinique des insecticides botaniques tels que le 
neem ct ses composantes qui serviraient de prdventifs 
doivent 6tre exploits. 
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Caterpillar Pests of Sorghum Panicles 

in the Western Hemisphere 

H N Pitre' 

Abstract 

Panicle-feeding caterpillarpests on sorghtum in the Americas are discussed, with emphasis on 
geographic and seasonal occurrence, aspects of biology, behavior, and ecology in relation to 
population dynamics. The impact of pest populationson yield, control tactics,insect pest manage
ment (IPM) strategies,andsustainabilityof 1PM systems are discussed. 

Introduction 

on small subsistence farms, andSorghum is grown 
over large nmonoc tllttrc areas in tihe Americas. In 
many areas of Central and South America, local, muil-
tipurpose sorghuni i'; intercropped with maize; in 
North America, grain sorghun hybrids are grown in 
nionocttlturc. Most of the insects that attack maize 
also attack sorghum. 

Insects of econonic importance to sorghun have 
been reviewed by Tectes (1976), Young and Tectes 
(1977), 'lectcs et al. (1979), and Pitre (1985). Most of 
these are occasional pests; sonic are secondary pests. 
Few of the sorghumt pests are key pests in the Amer-
icas (Tlectes 1976, Pitre 1985). 1lowever, insect pest 
problens and pesticide use on sorghum have inten-
silied with the intriduction of sorghun hybrids in the 
1950s (Young tid Tectes 1977). 

(etug:ipli, distribution, pest status, crop danage 
and economic threshold levels for anumber of insects 
attacking sorghuni were discussed by Young and 
Tectes (1977). In this paper the lepidopterous catcpil-
lars that attack sorghum panicles ii the Americas are 
addressed. Aspects of the life cycle, ecology, behav-
ior, and population dynamics are considered. Some 
specific crop pLant-insect relationships that are known 
to influence insect biology and pest suppression strat-
egies are also discussed, 

Distribution of Panicle 
Caterpillars 

lnse,.t pest problems on sorghum in Brazil (Viana 
1985), Central America (Reyes 1985). Mexico (Castro 
1985), and USA (Pitre 1985) were discussed at the 
International Sorghun Entomology Workshop held at 
Texas A&M University in 1984. The sorghum web
worn (SWW), Celama sorghiella Riley, fall army
worm (FAW), SpodopterafrugiperdaJ.E. Smill, and 
corn earworin (CEW), Ilelicoverpa zea B~oddie, were 
recognized a3 the principal lepidopterous caterpillars 
attacking sorghum panicles in these regio, .. These 
pests can occur in mixed populations, thus causing 
extensive damage to the sorghum crop. 

The FAW, CEW, and SWW appear to be widely 
distributed throughout the Americas, bul as Young 
and Tcctes (1977) point out, some insect pests on 
sorghun are identified niore closely with specific 
geographical areas than others. The CEW appears to 
be more of a pest on sorghun in western lISA, while 
the SWW, FAW, and CEW can be of econonic imupor
lance in eastern LISA (Pitre 1985). Viana (1985) 
reported that the Christmas berry webworn, (.'rypto
blabes gnidiella Millire arid the Indian meal moth, 
Ilodia interpunctella Iilibner are secondary pests on 
grain sorghum panicles in Brazil. The arinyworni, 

t. tmcpartment of EIntomology, Nissisippi Sate Universiy. Mississippi State, MS 39762. LISA. 

Pii.' I.N. 1995. Caterpillar pcis of sorghum paniclcs in the Wcstern tHemisphere. Itiges 69-76 in Panice insect pests of sorghum and parl 
millet: proceedings of an International Conultative Workshop. 4-7 Oct 1993, ICRISAT Sahelian Center. Niamey. Niger (Nwanrze, K... and 
Youm, 0.. cds.). Patanchcru 502 124. Andtira Pradesh. tndia: International Crops Research Institute for the Semi-Arid Tropics. 
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Pseudaletia unilmrncta Haworth is a pest in Mexico 
(Castro 1985). Some indication of sorghum yield 
losses attributed to the major sorghum pests may be 
obtained from papers presented at the above work-
shop. 

Major Pests 

Fall armyworm (Spodopterafrugiperda) 

The FAW is reported to have its origin in the tropical-
subtropical Western Hemisphere (Luginbill 1928). In 
Central and South America, its distribution extends 
from Mexico, southward to northern Argentina and 
northern Chile (Andrews 1980). It has no diapause 
mechanism, thus it does not overwinter in temperate 
North America, instead migrating northward from 
overwintering sites. Females lay eggs in clusters (aver-
age 140 per mass, Vickery 1929). The eggs are covered 
with adense layer of gray body scales and are gener-
ally laid on the underside of plant leaves, but when 
insect density is extremely high, eggs are laid on al-
most any surface, plant oi otherwise. Oti sorghum they 
are laid on panicles at the flowering stage. Newly 
hatched larvae (neonates) fccd in a group, but soon 
begin to move away from the mass apparently due to 
competition. The larvae spin threads and descend from 
upper to lower locations on the plant in order to dis 
perse. They may be carried by the wind for some 
distance. The descent by the larvae appears to be adap
tive for dispersal, limiting competition. 

Larvae are characterized by adark head capsule. 
The body can vary in color, but most larvae are dark 
brown to greenish, with wide, pale stripes on the 
sides. Thcy develop through six instars, the first three 
consuming less than 5% of the total foliage required 
for larval development to pupae. Larvae that are pre- 
sent on the plant when the panicle emerges are car-
ried upward, where they feed on the reproductive 
stages. Since moths lay eggs on the panicle mostly 
during preflowering :d flowcring stages, larvae at 
all stages of development can be fouttnd infesting the 
panicle. Larvae fceding in the panicle cause extcnsive 
danage to tie grain: thresholds are 2 larvae less than 
1.27 cm or I larva reater than 1.27 cm per panicle 
(Young and Tectes 1977, Teetes and Wiseian 1979). 

L.arvae drop to the ground at maturity and pupate 
in the soil (about 2.5-7.5 cm below the surface). 
Moths emcrge from the soil and virgin females emit a 
sex pheromone and initiate calling from the upper 
plant structures. Successfully mated nmoths begin lay-
ing eggs thcreafter. 
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Corn earworin (Helicoverpa zea) 

The CEW is similar ,,)the FAW in its attack on the 
sorghum p' it. Althoilgh both insects attack sorghum 
at the whorl stage, the CEW may not show the same 
degree of foliage fceding preference as FAW. The two 
insects cause similar feeding damage to the panicle. 

The CTW moth isgenerally brown but can be ligl't 
olive green to dark reddish brown (Wiseman 1985). 
The front wings have a brown spot, roughly in the 
middle of the upper wing. Moths are active in the 
evening, initiating feeding and oviposition. 1iis be
havior generally begins one hour after sundown under 
normal weather conditions (Lingren et al. 1982). Eggs 
are white and are laid sngly (average 1000 per fe
male). Moths show some preference for (he flowering 
stages of sorghum. On cmergeice, larvae are creamy
white with a black head capsule but may turn red, 
brown, gray or cream with stripes as they develop. 
They consume the developing seed and although can
nibalism has some influence on infestation levels, this 
behavior appears to be limited in the panicle. A single 
larva damages an average of 166 grains (Buckley and 
Burkhardt 1962). Larvae generally develop through 
six instars, and at maturity drop to the vround to 
pupate in the soil. The life cycle may be 20 to 30 
days. There can be several generations a year, de
pending -n the geographical location. Threshold 
levels are the same as for FAW. 

Sorghum webworm (Celama sorghiella) 

The SWW is a pest on sorghum mainly during wet 
growing seasons (Reinhard 1937), when environmen
tal conditions are favorable for rapid increase of the 
population. 

The SWW moth is small and whitish, with tufts of 
scales oil its front wings. The white eggs have a pale 
greenish to yellow tinge, change to a straw color, and 
are deposited on the panicle during pollination or 
soon after. A moth may deposit 1()-300 eqgs singly 
on the glunes, flowers, or grain. The klrva, have a 
woolly, pale greenish appcarance a: first, but change 
to creamy brown or yellowish brown. They are some
what flattened with longitudinal brown or reddish 
stripes and have long hairs on their slender body 
(about 1.27 cm at maturity). The larvae feed on the 
developing grain, causing routd holes in the kernels; 
they may consume the whole grain. A single larva 
may feed on as many as 12 grains per day (Randolph 
et al. 1960). They form a webbing within the panicle 
and develop through five instars. Pupation occurs 



within the panicle. Pupae are enclosed in a white, 
silken cocoon. The life cycle may range from 18 to 30 
days depending upon the temperature (Reinhard 
1938). They overwinter as larvae on food plants and 
there may be up to six generations per year. 

Compact-headed sorghum provides a favorable 
microenvironment in the panicle for SWW to develop 
large infestations and cause extensive damage to the 
crop. Infestations greater than l00 larvae per panicle 
have been observed by the author on compact-headed 
sorghum. The SWW can be found feeding on grain at 
the hard dough stage, whereas this may not be gener-
ally characteristic of FAW or CFW. The amount of 
damage by v_,, SWW to sorghum panicles may be 
compared to that of one CEW. An established thresh-
old for SWW is five larvae per panicle (Young and 
Tectes 1977). 

Migraf ion 

Movement of insect pests from source areas into areas 
not previously infested is a key factor in outbreaks of 
some pests, such as the FAW. Favorable conditions 
allowing the pest to build up to high populations in 
the source area and certain weather patterns (atmo- 
spheric trajvctories) have been associated with the 
initiation of long range movement of adults in south- 
ern USA (Westbrook and Sparks 1986). Movement 
from one region to another or from crop to crop can 
be an important factor in the population dynamics of 
an insect pest. Knowledge of pest movement, time of 
initial infestation, infestation levels, and pest popula-
tion dynamics are critical to developing management 
recomtnendations, such as sowing date and timely 
application of insecticides again:;t insect pests like 
FAW (Ilogg et al. 1982). The CI-W shows both short-
range dispersal and long-range migration behavior, 
Sorghum webworm moths move from field to field, 
but do not appear to move lng distances (Reinhard 
1938). 

Investigations to determine the relationship of 
PAW in different geographical regions have shown 
little commonality among the test insects. Biological 
comparisons between the fall armywormn from areas 
in Central and North America did not reveal relation-
ship: between insects collected in the distinct geo-
graphical regions (Castro and Pitre 1988). No 
relationshps were observed among FAW from North 
and Central America, or the Caribbean when evalu-
ated using insecticide bioassay tests (7itre 1988). Sex 
pheromone studies with strains from Central and 
North America indicated dissimilar calling rhythms 

between insects from different regions (Ramaswamy 
et al. 1988). Further studies are needed to provide 
information on source areas of this migratory insect 
pest. 

Sampling Methods 

Frquent monitoring of the sorghum crop for pest 
infestation is essential to establish pest suppression 
tactics and reduce reliance on insecticides. Sampling 
to determine infestation levels can be time consuming 
and may be less than adequate for making pest man
agement decisions if not done properly. However, 
since economic thresholds for sorghum panicle-feed
ing caterpillars are based on density of larvae in size 
classes, sampling procedures are not difficult. Cater
pillars can be dislodged from panicles by shaking the 
panicle over a container, identifying and counting the 
insects, and recording the infestation level (Merchant 
and Tectes 1992). 

The duration of crop sampling for insect pests de
pends on the insect species and the developmental 
stage(s) of the crop attacked. Sampling for panicle
feeding l.AW, CI-W, and SWW should extend from 
shortly before flowering through the hard dough 
stage. 

Kring et al. (1989) determined that SWW and CEW 
have no oviposition preference for any particular por
tion (upper, middle, or lower) or flowering stage (1/2, 
2/3, or full bloom) of the sorghum panicle. This infor
mation is useful in establishing accurate sampling 
techniques to determine relative estimates of pest 
infestations. 

Indicator fields of corn and bermuda grass were 
used as an early warning of potential P:A infestation 
(HI-nt 1980). However, Barfield et al. (1980) indicate 
that polyphagy and mobility of PAW make prediction 
of infestations difficult. 

Pest Suppression 

Although pest suppression measures are not required 
for insect pests (e.g, sorghum midge) during the 
flowering period, lepidopterous caterpillars can es
tablish high infestations in the panicles. The success 
of suppression measures often depends upon sam
pling efficiency to detect pest infestation levels at crit
ical stages of panicle development. However, some 
pests like the PAW and CEW are difficult to control 
due in part to the large number of host plants avail
able during the crop-growing season. The PAW is re
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ported to have numerous host plants (68 genera re-
ported by Tictz, 1972), many of which are grasses. 
The insects, developing on host plants throughout the 
agroecosystem, are attracted to sorghum at various 
stages of plant development. The FAW may infest sor-
ghum panicles throughout grain development. Conse
quently, insecticides, because of their low cost and 
fast action, are relied upon for control of pest caterpil-
lars. The length of residual efficacy of particular in-
secticides will determine the number of spray 
applications that may be required to protect the pani-
ties during grain development. 

Cultural Practices 

Early sowing and good tillage practices (e.g., grass-
free fields) have been reported to minimize FAW infes-
tations (Luginbill 1928). Fall armyworms are reported 
to cause more damage to the second sowing (Aug) of 
sorghum in Nicaragua and El Salvador in Centra! 
America than to the first sowing (May-Jun) (Sequcira 
et al. 1976). Early sowings escape damage by the high 
populations of 1.AW and SWW that build up during the 
growing season (Rcinhard 1938). This management 
practice does not increase the farmer's costs. 

Tillage, involving plowing the stubbk after har-
vest to destroy immatures preparing to ov:rwinter, is 
recommended for suppression of SWW. Recently the 
effects of different weed control p:actices on FAW 
infestations have been investigated (Carbillo et al. 
1980, Castro et al. 1989, Fortillo et al. 1991). Infesta-
tions of FAW werc higher in plots without weed, than 
those with weeds (Portillo et al. 1991). The grass 
weeds served as an additional source of food for the 
FAW, giving some relief to the crop plants. 

Biological Control 

Many naturally occurring beneficial organisms, in-
cluding predators, parasitoids (Ashley 1979), ento-
mopathogens (Gardner and '-uxa 1980, Gardner et al. 
1984) attack the complex of Ikpidopterous caterpillars 
(FAW,CFiW, and SWW) feeding on the sorghum pani-
cle. The role of insect predators and parasitoids, as 
well as microbial agents in suppressing these pest 
populations below threshold levels must consider the 
reproductive rate of the beneficial organism within 
the microenvironment of the panicle in the specific 
cropping system, as well as the impact of the pest 
feeding damage on the panicle, insecticide use pat-
terns, and impact (e.g., decimation of predator. and 

parasitoids), and cost effcctiveness of !he pest sup
pression tactics (Bell 1982, Kring et al. 1989). 

Host-Plant Resistance 

[lost-plant resistance in crops has long been recog
nized as a viable component in integrated insect pest 
management (Wiseman and Morrison 1981). This in
sect suppression tactic is compatible with other pest 
management tactics for use in integrated pest manage
ment (IPM) systems. However, information on 
agronomically acceptable sorghum types with suita
ble levels of resistance to panicle-feeding caterpillars 
for use by the farmer has been slow in developing. 
Nevertheless, open-headed sorghum types are recom
mended for use where FAW, CW, and SWW are con
straints to sorghum production (Young and Teetes 
1977, Teetes and Wiseman 1979, Wiseman and Mor
rison 1981, Wiseman 1985). Biological and chemical 
measures can be more efficient on open-headed than 
on compact-headed sorghum. 

The use of resistant genotypes is an alternative :o 
the use of insecticides for pest suppression because of 
the low cash value of the crop. The occasional pest 
status of panicle-feeding caterpillars may allow the 
use of sorghum types with low levels of resistance in 
an integrated pest management system. 

Research on sorghum host-plant resistance to in
sect pests over the past two decades was reviewed by 
Wiseman (1985). Host-plant resistance to panicle 
feediug insects in sorghum is discussed in detail in 
another paper in this workshop. 

Insecticide Sprays 

Application of insecticide for suppression of pests on 
grain sorghum, including ground, aerial, and irriga
tion techniques was discussed by Young (1979) and 
Gardner et al. (1981). FAW control using chemicals 
was reviewed by Pitre (1986). 

Chemicals applied through the center pivot irriga
tion system (Young 1980) is an advancement in appli
cation technology. This approach is less expensive 
than applying insecticide using ground equipment 
(Young 1981). 

Insecticides might be expected to be more effec
tive when applied to open-headed than compact
headed sorghum types, as the insecticide should have 
greater penetration into the open-headed sorghum 
panicle. This could be especially significant when ap
plying the insecticide in low volume from an airplane. 
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Integrated Pest Management 

Kendricks (1978) emphasized that information on in-
sect biology and population dynamics, and plant phe- 
nology are kcys to successful application of IPM 
practices. Knowledge of certain sorghum plant-insect 
pest relationships for FAW, CEW, and SWW have been 
addressed here, and are basic to the successful implc-
mnemation of pest suppression tactics in IM systems 
designed for panicle-feeding insect pests. The pest 
suppression tactics must be cost-effective and profita-
ble to the farmer (Lathan 1976) and should be sustain-
able. Although early sowing of compact-headed 
sorghuin and insecticide sprays have been routinely 
recommended, other measures should be considered 
for suppression of the complex of caterpillars attack-
ing sorghum panicles. 

Synthe'se 

Les chenilles des panicules de sorgho dans 1'himi-
sphire occidentale. En Am6rique centrale et du Sud, 
des agriculteurs de sUbsistance cultivcnt parfois des 
sorghos polyvalents en associalion avec le mais, tandis 
qu'en Atneriquc du Nord, des sorghos hybrides sont 
cultivcs cn nionxUilture. Bicn que la plupart des in-
sectes nuisibles au sorgho soient dimportance sec-
ondaire ou occasionnelle, (luelques-uns sont des 
ravageurs importants. Le ver -Isoie (Iusorgho (Celama 
sorghiella Riley), la chenille 1lgionnaire (Spodoplera 
friigiperdaJ.E. Smith) ct le ver arnicain de la capsule 
du cotonnicr (Ilelicoverpa zca Boddie) sont les princi-
pales chenilles l6pidoptires qui affectent les panicules 
de sorgho dans les Aminriques et sont susceptibles de 
prriv quer de s&icux d-g'its, Hien (lu'cles n'y soicnt 
c ,sid6r6es comme des ravageurs-cI,. 

Comme aucune diapause n'a & signale pour la 
c enille 16gionnaire, elle nhiverne pas en Amrique 
dit Nord tempr6e. l-Ile migre vers le nord . partir des 
r6gions favorables kison hivernagc. Les papillons dd-
posent ies oeuts sur les panicules et I-s larves causent 
de graves dommIgcs au grain. Le scuil a itd d6tcrmine 
A2 petites hirves (moins de 1,27 cr., ou I grande larve 
(plus de 1,27 cm) par panicule. Le ver ani6ricain de la 
capsule dIUcotonnier pretre de pondre aux stades flo
raux ct les larves provoquent autant de ddgits que celles 
ie la chenille lhgionnaire. Ce ravageur peut entrer en 

diapaLse et a des capacits de disperser sur de courtes 
et de longues distances. Le scuil ddtermind est le mrme 
quc pour la chenille Idgionnaire. Le ver soie du sor-
gho s'attaquc au sorgho au cours des saisons humides 
de croissance. II peut causer des ddgats importants sur 

les panicules et une larve peut consominer jusqu'% 12 
grains par jour. Lc ver iisoic du sorgho, tout conine la 
chenille legionnairc et le vcr amricairi de la capsule du 
cotonnier, hiverne sous la forme de pupe. Mais, I'hiver
nage a lieu dans [a panicule ct non pas dans le sol. tin 
scuil de cinq larves par panicule a 6td 6tabli. 

Une bonne connaissance des ddplacements de I'in
secte I travers des r6gions ou des cultures, l'cpoxlue de 
I infestation initiale, les taux d'infestation et la dynami
que des peuplements est indispensable i ]a formulation 
des recommandations des nisues de lutte telles que la 
(late de semis et l'application des insecticides en temps 
opportun. 

I1importe de conduire souvent des dchantillonnages 
des cultures pour determiner le taux d'infestation afin 
de mettre au point des stratdgies de lutte et de rdduire le 
recours syst~matiquc aux insecticides. Cos mesures au
ront pour cffet de inimiser des effets nfastes sur 
l'environnement, d'abaisscr le coot de pnluction et 
d'dviter la resistance aux insecticides. L'i&chantillon
nage de ces ravageurs doit tre fait justc avant Ia flb
raison jusqu'au stade p:teux dfr. On peut d6placer les 
chenilles I partir des panicules dc sorgho en secouant 
]a panicule au-dcssus d'un r6cipient. 

Si des insecticides ne sont pas appliquds pendant 
la Iloraison (par exemple, dans la lutte contre la 
c&idomyie du sorgho), les infestations des clienilles 
pourraient dcvenir sv res sur les panicules. Alors, 
on est obligd d'employer des insecticides pour les 
maitriser. Les mdthodes de lutte prdconisces com
prennent le semis pr6coce, la destruction ies larves 
et des pupcs et 1'l1imination des plantcs-h10tes see
ondaires au moyen de labour, la prdservation des 
insectes auxiliaires, la rdsistance des plantes (par 
exemple, le sorgho Apanicules compactes) et I'usage 
raisonnd des insecticides. Ces stratgies doivent 8tre 
A la fois efficaces, 6conomniques et n'auront pas 
d'impact ndgatif sur I'environnement. 
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Summary of Discussion 

Session I 

Concerns over current research emphasis on head 
bugs underpin the need for a rigorous assessment of 
on-farm pest situations, since it has been reported that 
this pest is a problem only on research stations and 
not on farmers' fields. Howcvcr, valid and disturbing 
concerns were raised on the potential danger if the 
I'ocus in breeding for high-yielding compact-panicled 
sorghums was pursued in West Africa. The products 
of research should be farmer-oriented. 

The overall effectiveness of chemical insecticides 
remains questionable. If properly employed, chemical 
insecticides can be effective and economical under 
high-input agriculture. Ilowever, their misuse and 
consequent effc,:t on human health and the environ-
ment are amajor concern. Particular attention should 
be given to naturally occurring plant-derived 
pesticides such as neem extracts. 

Farmers have evolved individual and collective 
cultural management practices which research should 
take into consideration. Although some farmers' 
technologies (often referred to as 'cultural practices') 
may appear unscientilic, they constitute simple but 
effective alternative management tactics that are of 
particular relevance to low income earners. . system-
atic attempt should be made to inventory t: ,;e tech-
nologies, and evaluate and incorporate them into pest 
management systems. 

Synth se de discussion 

Session I 

L'attention donnde 4 la recherche sur les punaises des 
panicules souligne la ndcessitd de faire une analyse 
rigoureuse de la situation de ces ravageurs sur les 
stations de recherche puisqu'il est signald qu'ils y 
posent un probleme et non pas en champs paysans. 
Les participants se sont inquidtds, avec raison, au dan
ger potentiel si la sdlection pour des sorghos perfor
mants ii paniculcs compactes est poursuivie en 
Afrique de l'Ouest. Les produits de la recherche de
vront tre destinds aux paysans. 

L'eflicacitd globale des insecticides chimiques est 
rcmise en question. Dans Ics conditions de I'agricul
ture intensive i intrants 6levds, des insecticides chimi
ques peuvent Wtre eflicaces et dconomiques, pourvu 
qu'ils soient utilisds judicieusement. Cependant, une 
utilisation excessive et irraisonnde des produits phy
tosanitaires et leur elTct sur la sant6 humaine ainsi que 
sur I'environnement continuent d'tre des soucis ma
jeurs. L'attention doit se porter tout particulibrement 
sur l'exploitation des biopesticides tel que I'extrait de 
neem. 

Au fil des ans, des agriculteurs ont dlabord des 
pratiques culturales individuelles et collectives que 
les chercheurs doivent prendre en compte. Bien que 
certaines de ces pratiques paysannes semblent non 
scientiliques, elles reprdsentent des mdthodes de sub
stitution simples et efficaces qui sont d'intdr& partic
ulier aux agriculteurs faible revenu. On doit 
s'efforcer d'inventorier systdmatiquement ces tech
nologies et les incorporer aprs leur dvaluation dans 
les stratdgies de lutte contre les insectes nuisibles. 
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Biology and Population Dynamics of 

Sorghum Head Bug Calocorisangustatusin India 

I G Hirematht 

Abstract 

The head bug Calocoris angustatus is a key pest of sorghum in parts of India. Nymphs and adults 

suck the juicefrom milk grainand reduce the qualityandquantity of grain.The durationof egg and 

nymphal stages is 4.2-11.0 and 9.5-12.5 days. Adult longevity is 11.2-17.2 days (male) and 12.2

23.5 days (female). The insect completes 16 generationsin a year. Temperature adverselyaffects the 

nymphal period(r = -0.97) and adult longevity (r = -0.98) but notsurvival of nymphs (r = -0.29). 

The optimum temperaturefor development rangesfrom 25' to 30'C. Fecundity varies from 65 to 

276 eggs. Cannibalisticandpredatory behaviorof the head bug andits preferencefor various hosts 

is discussed. 
The sorghum headbug is active throughoutthe yearexceptfor afew weeks in summer, although 

the computed seasonal indices are higher in Aug (190-230), Sep (220-240), and Oct (230-250) 
during the rainy season, and in Jan (200-220)during the postrainyseason which coincides with 
the milk stage of the crop. Among abiotic factors, temperatureexerts negative pressure(r = -0.35) 

whereas relative humidity favors population buildup (r = 0.45). Late sowing (15 Jul-15 Aug) also 

favors population buildup. Biotic factors that reduce population levels include spiders, reduviid 
bugs, ants, ntantids, ery.'t raeid mites, andan entomogenousfimgus, Cephalosporium sp. Their role 

in the population dynamics of this insect pest is discussed. 

Introduction Systematics 

The head bug, CalocorisangustatusLethiery, is one The genus CalocorisFieber belongs to the tribe Mir
of the major insect pests of sorghum in India (Sheshu ini, subfamily Mirinac of the family Miridae. Cal-

Reddy and Davies 1979, Hiremath 1981), and has be- ocoris angustatus was first described by Lethiery 
come a key limiting factor in sorghum production (1893) from the former state of Madras (now Tamil 
(Sharma and U)pez 1990). Young and Tectes (1977) Nadu). In India, this bug has many local names: navai 

also categorized this bug as a key pest of sorghum in puchi (Tamil), patcha purugu (Telugu), aaru kalin 

southern India. Although the pest is confined primar- chitte and tene tigane (Kannada), and jowar earhead 
ily to India, its occurrence has been reported from bug or sorghum earhead bug (English). 
Kenya and Rwanda in eastern Africa (Sheshu Reddy 
and Omolo 1985). The nymphs and adults suck the 
juice from developing grains, and continual feeding at Distribution 
the milk stage causes the grain to shrivel, reducing 
both yield and quality. Leuschner and Sharma (1983) The head bug is essentially a pest of sorghum 
recorded losses as high as 43.9% compared with in southern India (Lethiery 1893, Fletcher 1914, 
43.2%'( and 28% due to midge and head caterpillars. Ballard 1916, Puttarudriah 1947, Thimmaiah et al. 

I. Department of Agrobiotlogy. Seoul National University. Suwon 441744, South Korea. 

Itlremath, I.G. 1995. Iliology and lmpulation dynamics of sorghum head bug Calocorisangustatus in India. Pages 81-90 in Panicle inscct pests 

of %,oig.,um and pearl millet: proccedings of an International Consultative Workshop, 4-7 Wct1993, ICRISAT Sahelian Center. Niamey, Niger 

(Nwanz.e K.F. and Yourn. 0., eds.). tatancheru 502 324, Andhra Pradesh, India: International Crops Research Institute for the Semi-Arid 
"rropics. 
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1972, Mani and Venugopal 1976). It has also been 
reported from Andhra Pradesh (Paul 1976) and Ra-
jasthan (Anonymous 1979). However, the distribution 
and status of the bug in India during the last 10 years 
(1983-92) indicate its severe occurrence in Ma-
harashtra, Andhra Pradesh, and Tamil Nadu (Table 1). 
Its occurrence in New Delhi (1984/85), Rajasthan 
(1984/85). Gujarat (1985/86), and Madhya Pradesh 
(1992/93) is also worthy of note (Fig. 1). 

The economic threshold level (m-Tt)of the hug on 
-orgirn varies from four (I liremath 1981) to 15 bugs 
panicle l' (Nalarajan and Sundarbabu 1988). 1lowever, 
incidence as high as 20() bugs panicle I has been re-
ported (Table 1),especially on a late-sown crop. This 
is particularly the case in Karnataka and Ma-
harashtra, where the distribution of the southwest 

monsoon is very erratic and could become a limiting 

factor for sowing sorghum, 


Biology 

The biology of this bug was first discussed by Ballard 
in 1916. Subsequent studies in India by Cherian et al. 
(1941), Natarajan and Edwards (1959), Ilirenath 

(1981), Natarajan and Sundarbabu (1987), Slarma
 
and Lopez (1990), and I lirenatli and Viraktariath 

(1992) are well documerted. Thlese have also been 

reviewed and summarized by Ayyar (1963). Pant and 

Kalode (1964). Pradhan (1969), lleinrichs (1972).
 
Nayar et al.(1976), and Young and Teutes (1977). 


hlie feriale adult bug lays 2-10 eggs inside the 

floral glunies or in the middle of the floret. Nearly 

97% of the eggs are laid in sessile (ertile) spikelcts, 

and dhe rest in pedicellate (unfertile) spikelets. Fectn-
dity depends greatly on the season, variety, host, etc., 
and varies from 65 to 276 eggs per female. The incu-
bation period also varies from 4.2 to 11.0 days de-
pending on tire location and climatic conditions. The 
egg is cigar-shaped, tapering towards the posterior 
end, withi an operculum at the anterior end. Freshly 
laid eggs are light blue to hyaline but change to or- 
ange-red before Iialching. Unfertilized eggs remain 
blue or hyaline and ultimately shrivel after 8 days. 

Nymphs displace the operculri to emerge froni 
the egg shelI. Five nympial instars have berr ob
served andltle total nymphal period varies froir 9.5 
to 12.5 days. Nymphs in their first two instars i:rcred 
in color and I-2 mn inlength. Wing pads apea r 
during the third instar; sex dterrnination can als .-

done at this stage. 
Adult longevity at Coirinatore is much lower than 

at Dharwad and Ilydvrab,id, probably due to weather 

parameters. Females outnumber males by 2{W)%. The 
males are green yellow with dark markings and are 
5.0-5.1 mm long, whereas females are stouter and 
paler and measure 5.6-5.8 mm. The pre-oviposition 
period varies from 1.2 to 3.0 days with an average of 
2.1 days. An oviposition period of 7.2--15.0 days has 
been recorded at DIarwad. 

Continuous rearing of' bugs on caged sorghum 
panicles in the field resulted in1 generations at 
Dharwad, when the eggs laid on the first day by a pair 
of experimental bugs were used to rear subsequent 
generations. A period of 19.3 days was required for 
one generation during sunmer (Apr-May), and 30.1 
days in winter (I)ec-Jan). A significant negative (r = 
0.92) relationship has been recorded between the gen
cration period aIIdImininiuu temperature. 

Among several weather prralrcters, temperature 
excrts negative pressure on tie biology of head bugs 
(Table 2). Tenperaures varying between 25 and 
30'C are optimum or the survival of nymphs (8
877( ), nymphal developnct (9.3-13.4 days), an(d 
adult longevity (19.9. 28.4 days). Iligh teriperatures
adversely affect nymphal period (r = -0.97) and adult 
longevity (1= - 0.98), but it tIhe survival of iymphs 
(r = -0.21)) 

Ci 
Cannibalistic and Predatory
Behavior 

Under field condition., adult males and fermales are 
known to probe in the third and fourth abdominal 
sternites and sock the haemolymnp of adults of both 
sexes. As a result, tie body color of the dead bug 
changes to pale. The proportion of dead bugs due to 
cannibalisin ranges from 2 to 5% inboth field aind 
laboratory conditions under high population density. 
!lead bugs have also been observed to predate on tie 
sorglm midge. ('otrarinia sorghicola Coq. Both 
nymphs and aduIts extend their proboscis and punc
lure the abdomen of ovipositing midges on sorghlm 
panicles. Feedirg lasts for 2-3 minutes during which 
the abdominal contents of the midge fly are con
pletely sucked out (I lirenati et al. 1984). 

Host Preference 

Ilcad bugs are known to attack 16 plant species 
tlirerah 1981). Among six important host plants 
.,tudied [grain sorghum, fodder sorghum, finger mil
let. pearl millet, small millet, and hariyali (L'ynodon 
hcAylon, Bermuda grass)) grain sorghum was the 
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Table 1.Pest status of tie sorghum head bug in India between 1983 and 1993. 

Year Location 

1983/84 Rahuri 
Surat 
Palem 
ICRISAT Asia 
Center 

1984/F' Dharwad 
Mysore 
New Delhi 
Udaipur 
ICRISAT 

1985/86 Rahuri 
Jalagaon 
Coimbatore 
Surat 
ICRISAT 

1986/87 Parbhani 
Jalagaon 
Dhule 
Rahuri 
Dharwad 
ICRISAT 

1987/88 Parbhani 
Rahuri 
Dhule 
Dharwad 
Palem 
Coimbatore 
Surat 

1988/89 Dharwad 
Coimbatore 

1989/90 Dharwad 
Bijapur 
Coimbatore 
Parbhani 

1990/91 Udaipur 
Dharwad 
Indore 

1991/92 Dharwad 
Coimbatore 
Parbhani 

1992/93 Dharwad 
Parbhani 

Coimbatore 
Salem 
Dharapuri 
Indore 


I. + - minor. ++- less severe. +++ -

State 

Maharashtra 
Gujarat 
Andhra Pradesh 
Andhra Pradesh 

Karnataka 
Karnataka 
New Delhi 
Rajasthan 
Andhra Pradesh 
Maharashtra 
Maharashtra 
Tamil Nadu 
Gujarat 
Andhra Pradesh 
Maharastra 
Maharashtra 
Maharashtra 
Maharashtra 
Karnataka 
Andhra Pradesh 
Maharashtra 
Maharashtra 
Maharashtra 
Karnataka 
Andhra Pradesh 
Tamil Nadu 
Gujarat 
Karnataka 
Tamil Nadu 
Karnataka 
Karnataka 
Tamil Nadi 
Rajasthan 

Rajasthan 
Karnataka 
Madhya Pradesh 
Karnataka 
Tamil Nadu 
Maharashtra 
Karnataka 
Maharashtra 
Tamil Nadu 
Tamil Nadu 
Tamil Nadu 
Madhya Pradesh 

severe. ++++ - very severe. 

Incidence 

Very high 
High 
High 
High 

High 
High 
High 
High 
High 
High 
High 
High 
High 
Medium 
High 

High 
High 
High 
High 
Medium 
Very high 
High 
High 
Very high 
Very high 
High 
Medium 
Very high 
High 

Very high 
Low 
Medium 
Very high 

Low 
Very high 
Medium 
Very high 
High 
High 

Very high 
High 

High 
High 
High 
Low 

Number of Pest 
bugs panicle I status' 

30-120 + + + + 
3.1 on a0-9 scale2 ++ + 
4.0 on a0-9 scale ++ + 
40 + ++ 

30-40 + + + 
30-35 ++ + 
- + + + 
- +++ 
8-45 ++ + 

- +++ 
- +++ 
- + + + 
- +++ 
5-25 + + 
37-40 ++ + 
25 ++ + 
25 ++ + 

25 ++ + 
25-35 ++ + 
5-25 + + 
100-130 + + + + 

12-38 ++ + 
12-38 + ++ 
100-150 + ++ + 

60-100 ++ + + 
32-35 ++ + 
- + + 
110 . .. . 
- +++ 
158 ++ + + 
2-10 + 
17 + + 
100% damage ++ + + 
(late season crop) 

5-8 + 
72-93 ++ + + 
- + + 
50-126 + + + + 
- +++ 
- +++ 

150-200 + ++ + 
22-33 ++ + 
50 ++ + 
50 ++ + 
50 + + + 
6 + 

2. Damage severity scored on a 0-9 scale, where 0 - no damage, and 9 - very high damage. 
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Figure 1. Sorghum head bug distribution in India. 
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Table 2. Effect ot constant temperature on the 
nymphal period, nymphal t;urvival, and adult 

longevity of the sorghum head hug, (alocoris an-
gustalus Lethiery. 

Nymphal Adult 
period Survival of longev ity 

Temperature (days)' nymphs (%)2 (days) 

200C 4.34 22.5 43.15 
(17.85) 3 (15) 

250C 3.78 64.33 28.45 
(13.45) (8(t) 

(9C320 69.53 1(Fig. 
(9.3) (87.5) 

350C 2.94 35.48 8.95 
(7.65) (35) 

(0) (0) 

SEM ±0.05 ±0.74 ±0.76 

r -0.9758 -0.2949 -0.988 
r__-0.9758_ -0.2949___ 0.9___ 
- 1_ %alues. 

2. - Arcsinv"pcrcentagC values. 
3. Fgur e inpar ethesear e riginal vu e%.. 

most preferred and resulted in the highest survival(9 ),autwihansicIlrmh186.S
(92%), adult weight, and size (llireniath 1986). Sir
ilarly, oviposition occurred only on sorghum pani
cles. Compact-panicled sorghum genotypes are most 
preferred by bugs. DBR-1 (from Dharwad) with an 

open-type panicle is resistant to head bugs. 

Seasonal incidence 

Systematic studies on the seaisonal incidence of head 

bugs in sorghum (CSI! 1) sown at 10-day intervals 
throughout the year revealed that this pest can occur 
all the year round except for a few weeks in summer 

2). The most preferred panicle stage was milk 
grain. liremath and Thontadarya (1984) reported 

high populations of bugs on sorghum during Aug 
(18-27 bugs panicle'), Sep (26-48), Oct (26-66), 
and Jan (16-23). The corresponding seasonal indices 
computed through time series analysis (Croxton and 
Cowden 1964) were 230, 222, 264, and 215, respcc

tively. lowever, the range of indices in recent years 
varied from 190-230 during Aug, 220-240 during
Sep, 230-250 during Oct, and 200-220 during Jan,
which coincided with the milk stage of the crop dur
ing tile at l)harwad. Therainy and postrainy seasons 
indings of Sharma and Lopez (1990, 1992) also re

veal the presence of large num bers of bugs from Aug 

Table 3. Incidence of head bug in relation to time of sowing. 

Time of 

sowing 1987 198, 

1 Jun -

15 Jun 10.2 5.7 
1Jul 10.6 7.6 

15 Jul 106.5 59.5 
1 Aug 110.7 72.6 

15 Aug 112 96.3 
1Sep 96 89 

15 Sep 62 22.6 
I Oct 58 18.6 

15 Oct 15 20.8 
I Nov 89.2 59.2 
SEM ±4.2 ±2.9 
CD at 5% 11.9 9 

Number of bugs panicle-

Dharwad 

1989 

-

15.2 
62.6 

110.7 
125.1 
129.3 
89.4 
86 

1.9 
0.6 
5.2 

±:.3 
15.6 

Parbhani 

Mean 1989 

-

12.9 
34.4 
94.3 

103.4 
113.4 
82.6 
57.2 
29.6 
16.4 
43.1 
-

43.9 
124.4 

22.3 
29.5 
49 
33.6 
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Figure 2. Sorghum head bug incidence at different stages of the sorghum panicle (CSI '), Dharwad, 
Karnataka, India, 1978. 
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to Nov and low numbers between Nov and Apr in 
studies conductedclbetween 1982 and 1986 at Patan-
cheru, near Ilyderabad. 

The seasonal incidence of the bug in relation to 
the date of sowing at Parbhiani during the rainy season 
of 1989 tAnonymous 1990) indicated up to 124.4 in-
sects panicle Iduring the !ast week of Sep on the crop 
sown on 15 Jun ([able 3). The decline in maximum 
telnperat 	 ire (<30C) and increase in relative humid-
ily (RII) 	 (>801%) 2 weeks prior to observation might 
be responsible f;or this peak. Similarly, studies at 
Dhmrwad between 1987 and 1989 showed high popu-
Ilations varying from 94.3 to 113.4 bugs panicleI on 
the crop 	 sown fron 15 Jul to 15 Aug. Variations in 
peak incidence may be attrilbted to changes in tile 
rainfall pattern and sowing datles. Coisite, ing the bug 
population density, sowing of sorghum should be 
completed before 15 Mar in Tainil Nadu (Ayyar 
1963), by the beginning of Apr in southern Karnataka 
I(Puttarudriah 1947) and during Jun in northern Kar
nataka (I ireniali and "'hontladarya 1984). At Coiin-
batore, tie nlain crop sown in Apr is more prone to 
bug attack than the ratoon crop (Natarajan et al. 

1989). Detailed studies are needed at other locations 
where the bug is found to be i limiting factor in 
sorghum production. 

Abiotic Factors 

Temperature exerts a negative and RiH a positive ef-
fect on bug population. The bug population declines 
sharply in sumnmer (Apr-May) since the maximum 
and minitum temperatures increase above 32"C and 
20'C, and mlaximum and minimum RII fall below 
70% and 30%. Nornlly, internittent rains increase 
the RIf and lower the temperature, producing a favor-
able effect on bug population. Increase in maxinaLm 

and minimum tenmperaitures above 32*C and 18*C 

and RIH less than 30% adversely affect bug popula-

tions (Sharnia and Lopez 1990). Moisture deliciency 
and wind sp,+ed are rnilally negatively associated 
%% analyzed theith bug population. Dubcy et al. (1988) 

field dalta for bug incidence at Dharwad (1974-80) 

and Coinmbatore (1955-67) and arrived at the follow-
ig nmultiple linear regression equations to estimate 

infestation: 

I) Y = 	 -914.41685 + 27.976 X I + 7.333 X 2 

- 0.1138 X. - 0.868 X., + 1.053 X5 

2) Y = -81.0650- 1.947 Xi - 1.270 X, +0.57 Xj 

0.016 X, + 0.559 X, + (0.173 X. 

where Y is the estimated value of percentage inci
dence of head hugs on sorgluni; Xp, X, X.,, X., X , 
are the weekly means of maximuin temperature, min
inum temperature, RI!-I, RI1-2, and sunshine hours, 
and X 5 is the weekly total of rainfall in the standard 
weeks of' highest correlation coefficients. 

F-quations I and 2 correspond to Dharwad and 
Coinibatore. The optimnm value of maxinum tcrn
pcrature at Dharwad is 28'C in the third week of Nov, 
anid at Coinlatore, 31C during the second week of 
Aug. Morning RI,t and rainfall are positively cor
related witi hug numbers at both locations. Infesta
tion decreases suddenly when the iniimum 
tliperat Lre increases beyond 17-18'C. Bright sun
shine at Coinibatore for more than 8 Ii in Dec in
creases the activity of the bugs, resulting in more 
grain dainage. Siumilar observations have also been 
made by Sharnla and Lopez (1990). 

Biotic 	Factors 

Biotic factors such as parasitoids, predators, and 
pathogens play an important role in bug population. A 
pathogen similar to 'pebrine' in silkworm (Ballard 
1916), reduviid bugs Geocoris tricolor (F.) and Re
duviolus sp (Nayar et al. 1976), and in unidentified 

parasite (Anonymous 1978) were the only biotic 
fauna reported on the hug-. till i systematic survey 
was undertaken in sorghun-growing tracts in 

Karnataka (IHiremath 1989). This survey revealed 
the occurrence of 24 natural enemies ('Table 4). 
The population of insect predators and erythraeid 
mites was usually much lower than that of spiders. 

-

Table 4. Occurrence of Calocoris angustatus and 

its natural enemies in Karnataka in different sea
sons during 1977-80. 

Population 10 panicles-I 

Rainy 

season Postrainy Surnicr 

(17)1 season (17) (14) 

Calocorisangustatus 24.7 11.5 8.7 
Camponottis sp 0.63 (.44 0.93 

Reduviolusfitscipes 
Geocoris tricolor 

0. I 
0.09 

0.1)6 
0.08 

0.17 
(.01 

Erythracid mites 0.2 0.77 0.33 

Spiders 1.72 1.3 1.3 

1. Figures iniparentheses reprcscr niher of surveys. 
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A maximum of 6.5 spiders per 10 panicles were ob-
served at Mysore, although the corresponding figures 
for the whole of Karnataka were 1.72, 1.30, and 1.30 
during the rainy, postrainy, and summer seasons. 
Among 16 species of spiders, Neoscana runipfi 
(Threll), N. achine, Chlbiona sp, Chiracanihium sp, 
Plexippus paykulli (Aud.), Rhcna sp, Alarpissa sp, 
and Thotnists dhakuriensis Tikar were relatively 
more abundant. Neoscana achinc, T. dhakuricnsis, N. 
runpfi, Chiracanlihon sp and 7 shilongensis have 
the potential to consume more than four bugs per day. 
An entornogenous fungus, Cephalosporihta sp, was 
also observed to infect bugs both in the field and in 
the laboratory. Infection resulted in the death of the 
bug within 2 days. 
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Synthe'se 

La biologie et la dynanique des populations de la 
punaise des panicules de sorgho en lnde. La punaise 
des panicules, Calocorisanguslals, est un important 
ennemi du sorgho en Inde. Des larves et des adultes 
sucent la sbve des grains en formation. En se nourris-
sant des grains au stade laiteux, le ravageur rdduit le 
poids de la r6colte ct en ddpr6cie la qualitd. Leusc-
hner et Sharma (1983) ont signa!d des pertes de 
43,9% dues Ala pnnaise des panicules contre 43,2% 
dues A Ia c6cidomyie et 28% dues I.a chenille des 
panicules. Bicn que la punaise soit largement rdpan-
due dans plusieurs parties du nord et du sud de l'lnde, 
des infestations sdvbres ont eu lieu dans les dtats in-
dicns de Maharashtra, d'Andhra Pradesh et de Tamil 
Nadu au cours de la derni re d6cennie. La distribu
tion aldatoire de Ia mousson du sud-oucst qui ddter-
mine h. semis du sorgho est un important facteur de 
l'incidcnce dleve des punaises des panicules. 

La ,cmelle adulte pond des ocufs dans les glumes 
florales ou entre les anth~res des leurs du sorgho. En 
gdndrale, la f6conditd varie de 65 Am276 oeufs par 
femelle. Les oeufs sont en forme de cigare avec on 
opercule Ala partie antfricure. La pdriode d'incuba-
tion se situe entre 4,2 et II jours en fonction de la 

rdgion ct des conditions climatiques. Cinq stades lar
vaires de 9,5 , 12,5 jours ont dit observds. Les fern
ellcs sont Idg&rement plus grandes que les ImalC.; et les 
surpassent en nombre jusqu'A 2(X)i. Une g6ndration 
peut s'accomplir en 19,3 jours en did et 30,1 jours en 
hiver et on a observd 16 g6n6rations par an. Des tem
p6ratures de 25-30'C sont optiniales pour le ddvelop
pement nymphal ainsi quc Ia longdvitd des adultes. 
Des telplratures 61leves affectent la pdriode nym
phale (r = -0,97) et la longdvitd des adultes (r = 

-0,29) mais non pas la survie nymphale (-0,29). 
Le cannibalisine (2-5%) a lieu sous des pressions 

lev~es de population. Des fenielles en oviposition de 
Contarinia sorghicola Coquitlett sont attaqudes par 
des prddateurs. 

La punaise des panictiles infeste 16 csp&es vdg6
tales (Hireniath 1981), surtout le sorgho i grain. Lc 
ravageur est actif toute l'ann6e sauf quclques sem
aines en dtd. La densit6 de peuplernent est li" pis 
d1ev6e entre les mois d'aollt et de novembre 
(Iliremath et Thontadarya 1984, Sharma ct Lopez 
1990, 1992) ct varic en lnction des rdgions. Des 
enqu+tes sur le ravageur sont indispensables dans les 
r6gions ou Ia punaise est one importante contrainte A 
la production do sorgho. 

La tcmperature a on cffct n6gatif (r = -0,35) 
tandis que I'humiditd relative (RII) a un effet positif 
sur fIt population du ravageur. Des temp6ratures au
dessus de 320C et audessous de 18+C et one RII de 
<30%, sont prdjudiciables ii ce ravageur (Sharma et 
Lopez 1990). Une cnqutc systdmatique conduite par 
I lircmnath (1989) sur des ennemis naturels associ~s a 
la punaise des panicules dans les regions sorghicoles 
Lie Karnataka ont rdv6l6 la prdsence de 24 csp~ces 
dont les araign~es prdscntent one irnport:nce partic
ulibre. Parmi les 16 araigndes repdrdes, Neoscana 
runpfi (Threll), N. achine, Clubiona sp, Chira
canthitum sp, Plexipplts paykulli (Aud.) Rhicna sp, 
Marpissa sp et Thomisus dhakuriensis Tikar ont did 
relativernent plus abondantes. Un champignon ento
mog/c Cephalosporiomsp aussi affecte la punaise et 
]a tue en 2 jours. 
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Bioecology of Sorghum Head Bug Eurystylus immaculatus,
 

and Crop Losses in West Africa 

A Ratnadass', Y 0 Doumbia 2, and 0 Ajayi 3 

Abstract 

The life cycle (pre-oviposition, egg incubation, and nn/phal developmwnt periods) and ether 
biological parameters (nvmphal survival, sex ratio, adult longevity, femah, fe'cundi.y, and hatching 
rate) of the sorghum head hug Euryslylus iinaculatus, were determined in the laboratory at 
Sanranko, Mali, ill 1991/92 and 199.3. and at Bagauda, Nigeria, in 1992/93. Ihead bug population 
dynamics surveys conducted at Soluoa, Mali. showed two peaks of infestation, in late Sep and late 
Oct hoth ill /989 and 1990. At Sananko, there were four head bug generations it 1991, and three in 
/992. In 1989 at lhagauda, t highest F. irninaculatus population occurred at the soft dough stage. 
'he contributions of head bug fieding and egg-laving punctures in the overall damage to sorghum 
grains, were studied in 1991 at IFarako-lh, Bhrkina I-aso. At Sotuba, correlation between bug 
damnage and grain mold infection was low in 1990. and very, high in 1991, this was drue to difi'renees 
in htnidity levels. Bug attack alone acounttedfor most of the overall danage to sorghum. Using 
cypermethrin protection at fhagauda, avoidable sorghtum grain yield Iosses due to head bugs were 
83% in 1989 and 21% in 1990, the difference being dti' to differences in infestation levels. The 
economic injury level was 2.52 E. inimaculatus per panicle in /989 and 0.97 in /990. 

Introduction Burkina Faso (Nwmnze 1985), and E. marginatus 
Odhiambo froin Mali (Dounihia and Bonzi 1985) and 

Ilead bugs (Oletcroplera, Miridae) have recently be- Niger (Sleck et al. 1989). it is, however, likely that 
come key pests of sorghum in western Africa. Their only one species is actually involved, or at least 
feeding and oviposition punctures on developing largely dominant. Earlier papers referring to E. mar
grains result in severe quantitative and qumlitative ginatus are probably hased on E. imnmnaculatus Odhi
losses, including higher grain mold incidence, partic- ainbo (Sharnra 1989). Some inlormati on E. im
tiIarly oni improved compact -p;iiclcd types (Domrmbia maculatus bioccology and danuage to sorghurm is 
and Bor,zi 1985, Steck et al. 1989, Ratnadass et al. 4vailable from earlier reports (MacFarlane 1989, 
1991, Sharnia el al. 1992, Sliarmnra el all. 1994). flow- Sleek el al. 1989, Sliarmna 1989, Dounibia 1992a,b). 
ever, opinions differ on the relative effects of the two I lowever, inorder to furlth r improve our knowl
types of purctrres orr overall darrage (Sharma 1986, edge of this head bug, in view of its increasing inpor-
Steck et al. 1989). lance, the studies reported here were conducted, as a 

The head bug complex is; dominated by fle genus prelude to its na nagenient, duiring 1989-93 in Mali, 
Eur\'stvl'us StI, of which several species have been Nigeria, and Burkina Faso, by IcRISAT's West Afri
reported, notably E. rufocieialis (Poppius) fron can Sorghum Improvement Program (WASIP) and the 
Nigeria (NMiacFarlarc 1989), E. bellevoyei Reuter fromn Institut d'Fconoriie Rurale (It-R), the Malian natioral 

. (Centre ic ('oopiaratioii co Rcchcrche Agro riiqticu ini Ic l)2icholpcnicni/l),rxiaicnuini de% Cuilturc% AiiucllcN ((I[RAiu/rA.l I(RISAr West 
African Srglitini liijrowic cnt Program (WASIi'J-Mali, Saiiankoi. Il' 321). tiai to. Mali. 

2 tii liiii t' itisnoiiuic ,urtale(II:r). Statio de , eclicrche Agrioniaiijiic reSoliba. liP 438. Sortlia, Mali. 
3. I('RIsAI Wc Irican S(rhiriillriiproicliem t tograni (WA'Sl1)--Nigeria, I1IA (lice. Sabti ttakin Ztvo tRoad.t'MrI 3491. Kanoii. Nigeria. 

W(RISAI('0111CI.rLtCRp efr Fit). ('11 975. 

Ralnada.s. A., otinlllila, Y.O.. and Ajai, 0. I))5, IMioccology ofi sirghli hca, bug Lury.ith. ininifttilut , and crop lov.e% in West Africa. 

tages )1- 102in Ihaniclc insect pcis of %,orghimand pea I millet: proceedings o( an International Con illative Workshop. 4-7 (km')1993. t'RISAr 
Safician (chnier. Niamcy, Niger INwanic. K,|., and Youin. 0., eds.). i'alanciic 5012324. Andhira Pradcsh. India: International Crops Research 
Instilile for Ic Seni-Arid Tropics. 
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agricultural research system (NARS). Some of these 
studies have been partly reported elsewhere (Doun-
bia and Thetes 1991, ICRISAT 1991, 1992, 1993, INTSO-
RNIIL 1991). 

Biology of Eurystylus imnmnaculatus 

Laboratory studies on the biology of Eury*vyhivl ira-

maculatsLv were carried out between Nov 1991 and 
Mar 1992, and between Jan and Apr 1993 at Sam-
anko, Mali, and between Oct 1992 and Jan 1993 at 
Bagauda, Nigeria (ICRISx' Sahelian Center 1992, p. 
112, and 1993, p. 52, Mall6 1993). Insect cultures 
were started from field-collected insects. For hug ovi-
position and feeding studies, panicles at the milk 
stage were used. This involved variois head hug sis-
ceptible caudattim sorghum ctilivars at Samanko, 
and only one cultivar, ICSV 247, at Bagauda. 

At Samanko, one pair of newly emerged adults 
was confined on fresh sorgllum rachis with four to six 

transparent plastic cages. The bases of the sprigs were 
wrapped in cotton wool and kept in water. Grains 
were examined daily at 0900 and those with eggs 
were removed and placed individually on a moistened 
filter paper in petri dishes. They were checked twice 
daily at 09() and 14(H). First instar nynphs were 
transferred carefully onto new sprigs in the cages and 
monitored until they died as nymphs or developed 
into adults. Sprigs were replaced with fresh ones cv
cry other day. One male and one female adult, emerg
ing from these sprigs, were paired on a fresh sprig 
inside a cage and records were kept of the following: 
pre oviposition period, number of eggs laid per fe
male, duration of egg and nymphal stages, and adult 
longevity. Three pairs were successfully studied in 
this way. Results showed that eggs were laid inside 
sorghum grains at the milk slage, on the portion ex
posed outside the glunics. Eggs were delectable by 
their'protroding tip(opercuhlUo). 

At Sainanko, tie innbcr of eggs laid in a single 
grain varied from I to 7. Ilatching took place after an 

sprigs, held inan upright position in a glass vial filled incubation period of"4--6 days in1991/92. There were 
with water. This was then held in a 1.25-1. transparent 
plastic container with mesh-covered perforations to 
provide aeration. Sorghum rachis were changed daily, 
and observed under the microscope for egg counts 
and hatching records. Freshly emerged first inst:ir 
nymphs were transferred individually to 0.25 I. plas-
tic containers, where sorghum sprigs, with the base 
wrapped in wet cotton wool covered with Paralilm " ,  

were provided as food. The sprigs were changed ev-
cry second day: containers were checked daily to 
record molting and nyntphal mortality. 

At tiagauda, adult females, assumed to have mated 
in the ield, were conlined to sorghum sprigs, using 

live nymphal instars. Total nymphal period was 6--I 
days. Detailed results on nymphal instar development 
periods are presented in Table I. In 1991, nymphal 
survival Lntil adult was 8).8 ±4.7%. In both study 
periods, sex ratio was 1:1. PIre-oviposition period was 
2-3 days in 1992, and 3.0 ±1.7 days in 199)3. In 1992, 
maximum longevity observed foramated female was 
18 days, during which 181 live nymphs were pro
duced. In 1993, mean adult longevity was 13.5 ±7.3 
days for mated males (maximum 26 days), and 7.6 
±3.5 days for mated females (maximum II days). 
Mean number of live progeny for live mated females 
was 80.4 ±56.3. 

Table 1. Duration of nymphal development of Eurystylus immaculatus on maturing caudatum sorghum 
grains under laboratory conditions at Samanko, Mali, 1991-93. 

Duration of nymuphal instars (days) 

Dates Sex 
Number of' 

observations 1 11 I11 IV V 
Total p

riod 

Nov 91-Mar 92 M 
F 

12 
15 

2.1 ±0.3 
2.3 ±0.6 

1.4 ±l).5 
1.3 ±0).5 

1.5 ±0.5 
1.6 ±0.5 

1.9 ±0.5 
1.5 ±0.5 

2.3 ±0.6 
2.5 ±0.5 

9.2 ±0.6 
9.2 ±0.6 

Jan-Apr 93 M 
F 

13 
14 

1.7 ±0.5 
1.8 ±0.4 

1.2 ±0.4 
1.2 ±0.4 

1.2 ±0.4 
1.1 ±0.3 

1.6 ±0.5 
1.3 ±0.5 

2.2 ±0.4 
2.3 ±0.6 

7.9 ±0.5 
7.7 ±0.6 

Laboratory conditions: Nov 1991-Mar 1992: temperature 25 ±2°C, relative humidity 80 ± 10%, natural 
photoperiod: daylength II Ih15 min to 12 It 05 oain. 

Jan-Apr 1993: temperature 27 ±I'C,relative humidity 67 ± 10%, natural 
photoperiod: daylength II h 20 min to 12 h 20 min. 
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At Bagauda, the mean pre-oviposition period was 
3.67 ±0.58 days; the eggs hatched in 6.84 ±1.29 days, 
with peak hatching in 6 days; the nymphal period (5 
instars) lasted for 8.07 ±0.26 days; the maximum 
adult longevity observed was 40 days; the number of 
eggs laid per female was 667 with ahatching percent-
age of 24-61%. 

Population Dynamics of 

E. immaculatuson Sorghum 

A study was carried out at Bagauda in 1989 to deter-
mine the population density of* E. inunaculatus in 
relation to the phenology of the sorghum plant (ICRI-
SAT Sahelian Center 1990, pp. 114-115). Five pani-
tces of ICSV 247 were randomly sampled at live 
stages of grain development, in a randomized coin-
plcte block design (RCt31)) with three replications, 
Each head was first covered with apolythene bag and 
then excised at the peduncle. The bag and its contents 
were kept in a deep freeer for 5 rainto immobilize 
the insects, which were then sorted and counted in 
the laboratory. 

The number of' E. inunacults increased from 
pre-anthesis (0.7 bugs per live panicles) through the 
other stages (2.0 bugs at half-anthesis, 8.7 at complete 
anthesis, and 12.0 at milk stage), and peaked at the 
dough stage (53.3 bugs per ive panicles) (ICRISA' 
Sahelian Center 1990, pp. 114-115). 

Head bug adult and nymphal population dynamics 
were studied in 1989/90 at Sotuba (Doumbia and 
Teetes 1991). Ten samples of live panicles each were 
chosen randomly, on an assortment of sorghum culti-
vats, all sown on the same date, and covering a range 
of maturity cycles. Sampling was done as described 
above, once every 10 days. After all the rainfed sor-
ghum had been harvested, panicles from ratoons and 
off-season sorghum plants were sampled. 

The first Eurysiylus adults were observed in mid-
Sep in 1989, and a week earlier in 1990. Ilead bug 
population dynamics showed two peaks of infestation 
each year, in late Sep and late Oct. The second peak 
in 1990 was much lower than the first peak of the 
same year, and lower than the second peak in 1989, 
and this was attributed to differences in weather con-
ditions, notably rainfall pattern (Doumbia and Teetes 
1991). 

In both surveys, the last adult bugs were recorded 
on sorghum panicles in off-season plots, in Jan and 
Feb (Doumbia and Teetes 1991). 

During the 1991 and 1992 rainy seasons, head bug 
population dynamics was studied at Samanko, on sor
ghum cultivar ICSV 197, sown on eight different 
dates (DOS) at weekly intervals, from mid-Jun to early 
Jul, in a RCBI) with six replications per t)OS. Twice a 
week, from flowering to grain maturity, three pani
cles per plot were sampled as described above. Mirid 
eggs were counted under the microscope on 100 
grains, randomly selected from the top, the middle, 
and the bottom of the panicle. 
iThe first three tX)S in 1991, and the last three DOS 
in1992, suffered from poor plant stand and staggered 
flowering, and therefore were not taken into account. 
In 1991, when they were first sampled on 9 Oct, pani
tces of DOS 4 and DO)S 5 were already at the milk 
stage, and bug adult populations were at their highest 
(Fig. la). For each IDS, there was only one peak of 
adult population, at the milk stage, followed 5-17 
days later by a peak in nymphal population, at the 
dough stage (Fig. Ib). Numbers of minrid eggs per 100 
grains recorded on the last four 1×)S ranged from 2.17 
±0.71 on IX)S 5 to 4.83 ±1.66 on 8. EIurystyhsWX)S 
innactalts was the dominant species, responsible 
for most of the oviposition observed during the sur
vey period. 

On tX)S I in 1992, the first E.inaculatus adults 
were observed on 11Sep, at the complete anthesis 
stage (Fig. 2a). This colonization by first generation 
adults continued over aperiod of more than 2 weeks. 
The first nymphs were observed for IDOS I on 17 Sep, 
at the milk stage, and their population peaked on 24 
Sep, at the soft dough stage (Fig. 2b). This was fol
lowed by a peak in adult infestation on 5 Oct, at the 
hard dough stage, which coincided with a second 
peak in nymphal infestation. Adults of the second 
generation left the panicles of DOS I on which they 
had developed and moved onto panicles of other later 
maturing IX)S as the panicles developed through vul
nerable stages. 

In both years, there was a peak in adult popula
tions at the milk stage of sorghum panicles, corres
ponding to maximum attractiveness. It is probably 
then that maximum oviposition took place, which re
suited in apeak in nymphal population at the dough 
stage. In all cases, only one generation developed on a 
particular panicle. The population trend in the two 
years showed some differences, which may be related 
to the difference in the rainfall patterns (Figs. Ic and 
2c). As aconsequence, there were probably four suc
ceeding generations in 1991, as compared to only 
three in 1992: the last peaks in adult and nymphal 
populations that were observed in early Nov in 1991, 
did not occur in 1992. 

93 



40 a Adults .-.. DOS4 

................ DOS5 
1--0 O6 

*7a. 
"E \ ....... DOS7DOS 8 

CL 
E

if 
-~20 

.0 
o! 

E 
z to 

.. , .... 

0 ! I I I I I *. ". 
12 Sep 9 Oct 17 Oct 24 Oct 31 Oct 7 Nov 14 Nov 26 Nov 91 

Sampling date 

25- b Nymphs 

'a) 
7 20 
"" Cp I \ 

En 15-

E 
-6 10 \.
IE 5 

0 

z 

0 
12Sp9 Oct 14 Oct 21 Oct 31 Oct 11Nov 26 Nov 91 

Sampling date 

80 " C Rainfall 

S60-
E 

S40-
CI 
ar 20

0 	 .1 • 
12Sep 19 Sep 24Sep 5Oct 18Oct 26 Nov 91 

Date 
(Cumulative rainfall on 12 Sep 1991 776 im) 

Figure 1. Seasonal population fluctuation of Eurystylus inmaculazus on sorghum variety ICSV 197 at 
WASh', Sanianko, Mali, rainy season 1991. 
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Grain Damage Due to Head Bug 
Feeding and Oviposition 
In a trial conducted at the research station of the Insti-
tut d Etudes el de Recherches Agricoles (INFRA) at 
Farako-3., Burkina Faso, during the 1991 rainy se;-
son, sorghum panicles were artificially infested with 
adult bugs at complete anthesis, using the head cage 
technique (Sharnia et ai. I1992). At maturity, grains of 
the panicles of four varieties (ISIAP Dorado, S 34, 
Malisor 84-7, and (;noting) were divided into three 
categories: undamaged; damaged with feeding print-
lures only; damaged with both feeding and oviposition 
purctures. There were no cases in which grains 
showed only oviposition punctures. On each fraction, 
tie following grain qualily ireasnrcs were taken: 10)0-
grain iass, proportion of light grains, grain vitrosity, 
and gerrination rate (Ratinadass cl aI. 1991). 

Rcstlts show that acombination of egg-laying and 
feeding C;iiote destructive to tIhe grainIhan feeding 
alone (Fig. 3). Ilowcvcr, oviposition plus feeding, 
coinpared with ceeding alote, did not result in a 
marked reduetion of IX1(-grain n ass (notably in Io-
cal cultivar Gnoling aind head hug resistant cultivar 
Malisor 84-7), whereas it resuldte in a distinct loss of' 
vitrosity of all four culivars, ain increase in the pro-
portion of low-density grains (cxcept in ;noting), anti 
lower gerlialion (except in NIalisor 84-7). 

Interaction Between Bug Damage 
and Grain Mold Infection 
An experiment was conducted in 1990 and 1991 at 
Sotuba, to determine the relationship between head 

bug damage to sorghurn grain and the degree of infec
tion by grain molds. The sorglum cultivar used was 
ICSV 1002. There were four treatments, in a R('1) 
with four replications: protection of panicles by appli
cation of a fungicide (benoinyl); protection uisingi a 
plastic bag; protection with a plastic bag plus fun
gicide; and control (natural infestation wilout any 
protection). Fungicide was applied three tnies. Bug 
abundance was determined from a sample of live ran
doinly selected panicles per plot, 14 days after an
tIhesis. At grain inaturity, bug daniage was visually 
scored on a I- 5 rating scale (1)ounbia and Teetes 
1991), and grain niold infection on a 1-5 scale (where 
I = no grain inoltl, ntd 5 = >5(011 of the grains 
moldy). Thotusand-graiii mass anid grain yield were 
also determined after harvest (INISORMtI, 1992, pp. 
28 antd 199). 

Results are presented ii lable 2. Levels of bug 
infestation were miucli higher in 1991 (ntean 15(1 bugs 
per 5 panicles) than in 1990t 133 hiugs per 5 panicles). 
)ifferences in the nunber of bugs per 5 panicles 

betwcen fnngicide-protected (21 anid 213 in 1990 antl 
1991) and unprotectcd panicles (37 an 13(1) were not 
apparent. Fuingicide application only slightly affected 
brg danmage, whereas in both years. grain mItd infcc
tion was greater on unnprotected than on fungicide
protected panicles (Table 2). On the other hand. pani
cles protected front hugs alone with a plastic bag had 
io imore pathogen infeclion than panicles protected 
either by furgicide alone, or both by ftngicide and 
plastic bag. In1990, neither head bg nor grain mold 
d(image resulted in any loss in l0()-grain mass or 
grain yield (INTSORMIt 1992, pp. 28 and 199), 
whereas in 19091, a sighead bug darnage resulted in 

Table 2. nead bug danage and grain mold infection, and their effect on i(100-grain mass and grain yield 
of sorghum cultivar ICSV 1002 at Sotuba, Mali, rainy seasons 1990 and 1991.1 

Treatment 

Fungicide protection 
Plastic bag protection 
Ftigicide + plastic bag 
Control 

SE 
Mean 
CV (%) 

Ilead bug Grain mold I (00-grain Grain yield 
damage2 infection' imass (g) (t Ia I) 

1990 1991 1990 1991 1990 1991 199(0 1991 

2.5 3.9 1.9 2 21.1 25.7 1.41 2.23 
I I 1.1 2.1 22.3 33.7 1.83 2.57 
I I 1.1 2 22 36.7 1.71 2.54 
2.9 4.6 2.7 3.5 20.7 25.4 1.6 1.71 

±0.1 ±0.07 ±0.16 ±0.31 ±1.78 ±0.73 ±0.37 ±0. I 
1.8 2.6 1.7 2.5 21.5 30.4 1.64 2.26 

11 6 19 25 17 5 3(1 6 

1. Ra hdotmied complete hock design with 4 replications. t'lot size 15m2. 

2. Damage visually scored on a 1-5 scale. where I =<1%, and 5= >60'3 grains showing head bug damage. 
3. Infection visually scored on a 1-5 scale. where I = <10%, and 5 >50% grains moldy. 
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nificant reduction of both quantitalive loss paramne-
ters, and mold damage in a reduction (f only grain 
yield. lead bugs caused much iore loss than did 
grain mold. 

In 1991, correlation coel'licients of bug (tam age to 
10(X-grain weight and to grain yield were 0.93.1 and 
-0.842, both highly signilicant (P<0.001). The cor-
relation coeflicient of bug daiage to pathogen infec-
lion (grain mold rating) was not significant in 1991 (r 
= 0.313), while it was significant in 1991 (r = 0.653: 
t I<0.(1).
These differences were attributed to varia-
.sinhumidity levels. 

Grain Yield Loss and Economic 

Threshold Levels 

Studies were conducted in 1989/90 at IIagauda to 
estimate fhe avoidable losses due to head bugs, and to 
obtain an estimate ofeconomic injury levels (ICRISAT 
Sahltian ('Center 1990, pp. 114- 116, and 1991, pp. 113-
114). Four concentration,; of cypericthrin C were 
sprayed at half-anthes, of sorghtun CUltivar ICSV 
217, to create different levels (If head bug inifestatioil. 
In 1989, head bug populations were estimated o1 live 
randomly selected panicles 2.1 I before and aflter 
spraying. The insecticide application was repeated the 
bllowing day to achieve a ;radient of head bug infes-
tation at the complee-anto sis stage. In 1990, tile 

same concentrations of cypermet hrin were sprayed 
three times at weekly intervals, beginning from h.,f
antliesis. In each year, head bug populations were 
estimated as above On live randOmly selected paniCles 
2.1 I before and alter spraying. 'lie econoiiic injury 
level was calculated using tie method of Michels and 
lurkhardt (1981). 

In both years, 0.02'. cypermelirin gave tile best 
control (if E. immacnlatms. For example, in 1989, it 
reduced tie popul tlion of bugs front 39 per live pani
ties bel'ore tilelirsl ,pray to 4 after the second spray 
when there were -18 ointhe control panicles ('ible 3); 
spraying w\ith 0.012'; cypcrnicthrin improved grain 
yield by 83', and grain nas by 65% while reducing 
tileproportion off floaters by 59'" compared to the 
control (tCRISAI Sahclian Ccnt:r 1990, pp. 114-116). 
In 1990, this treatment increased grain yield by 211% 
and grain mass by 51:(, while tie proportii in of 
floaters was reduced by 25 ' (IS(M'AT Sahielian Cen
ter 1991, pp. 113-114). The differences between the 
two years were because bug populations decreased 
fronl1989 to 1990. 'The ccontomic threshold level was 
2.52 bugs per panicle in 1989 and (.97 in 1990. 

Discussion 

This is the firstdetailed report on the life history of 
E. imnacilatus. Egg incubation and total ny:nphal 

Table 3. Effect ofcypermethrin on E. inmaculatus numbers on sorghum (ICSV 247) at Bagauda, Nigeria, 
rainy season 1989.1 

Number ofheadbugs2 

Cyperniethrin After 
concentration Before first 
(%) spray spray 

0.001 36(6.0)- 46(6.7) 
0.005 34(5.7) 19(1.2) 
0.01 49(6.9) 18k4.2) 
0.02 39(6.2) 16(3.7) 

Nontreated 
control 40(6.3) 38(5.7) 

SE (0.65) (1.05) 
Mean 40(,5.2) 27(4.9) 
CV(%) (18) (37) 

1.Randomized complele blockdesign with3 replicalions. 
2. Counted per 5 randomly selectedpanicles. 
3. Figures inpauenih:ses aresquare-rosl values. 

Ater 
second 
spray 

10 days 
after second 

spray 

Grain 
yield 
(thal ) 

1000
grain 

mass (g) Floaters (%) 

8(5.7) 
7(4.6) 
7(3.6) 
4(3.1) 

33(1.1) 
22(1.1) 
13(1.2) 
10(1.2) 

3.7 
4.0 
4.8 
5.3 

29.0 
27.9 
32.7 
35.7 

70.5(8.40) 
54.3(7.37) 
42.8(6.54) 
31.0(5.57) 

48(6.1) 39(1.1) 2.9 21.7 76.2(8.73) 

(0.51) 
5(4.6) 
(16) 

(0.45) 
23(1.1) 

(9) 

0.35 
4.1 
15 

0.66 
29.4 
4 

(0.032) 
55.0(7.32) 
(I) 
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periods of this species were slightly longer thin those 

reported from India by Sharnla arid Lopei (199) foir 
h. he'll' 'vo'ii (7 arid 7.3 ±M.)7 days)., and shorter thall 

oni,' Iuthbiery 

the same atthors (7-8 alld 9).j 4(.l( daNs). They 

were also rmuch shorter than those reported for ( 

angiwamlus by Iliremath arid Virakamath 11992) 

(5.0-11.11 aind I0.0) 17.0 davs,. llo,,e,,er,there ssas 
soie variation 1Iween data front Slinranko and 

iBagauda. hich ':oild he due to dtfillerences ii 

",eather condition, ,and sorphui cultiv,,rs usecd. liv-
ever. data from both locations indicale that the total 

life cycle is 2 3 Aseeks. On ile other hand. data ott 

fertale fecundits and egg fertlitl ssre ighhy s ra-
able, and ifrmthr iti on illorralits dillelrt stges 

those reported for ('Cah/rori l hv 

r)tI Or1 
is larcking. lhere is tirelelore a nced for iiitiier 

studie., if] viesw of tile establihllet of litetile table 

,,tillspest. 
)ata irtAITIedit ot ll prrihc v.agarda Offrgrurirt 

as it relates tin head bug inle',tant i. cnable a more 

precise deterrmintir of tile bcst lite to atteipt con1-

trA ricasurs. i.e.. before tie- peak Ippildatioi is 
reachedi. In a,similar studs CMIrdi"rehd illMall ill 

1984/8S. i)ournhia ( 1992a) repoirted itlat hoth adult 

niitrniyrnph populatints vere higher it tlatrUlity lu1rm) 
at tlftmilk stage. Ill'Aieer. sarplirng %its not allied 

out, either it rile ill or at tiedotiih stage tfiat1tdy, 

iraturiy stage innfilework reported here. (Oh(erva-
timis b,Starma et ;iI. 1,1992h. ott the effect on head 

blig iltiltibers of tillstage of paui,.le deveplnrptellt rt 

tine ttle of itfcstatior, also results of bothsupport tile 
stidies. 

In studies cotdiucted it I983/8-4 iii iortnerir 
Nigeria. %facirlatie (198)) repr rtel that rrly one 

genreration rf head brgs , r:uld be compleed ir a 

particular panicle. Iii 1980n iii Niger, Steck clal. (1989) 
reported three gmeirations of head hugs uiluur assort-

ierit if srrrghtrn varieties .itihut 'larna. affirst pipit-
latiirn delsily peak illearly Sep. The adult arid 

yrtmphal uriyes oibtainied at Salllaluko il 1i)l and 

.992,siow a h tridal patterr., as ,t Sirtuba. s ith 

peaks iii late Sep/early Oct. rnd tite Oct/earls Nir'. 
First generation cooiizing adulls presunmbly ifiuecd 
from an alterntate horst plant. unkno'n so far,on 

wMtich they had undergone diapause it sirore stage of 
their development (Steck et il. l )89). Ilruriler rhser-
vitioirrs at Samanko fii both 1991 ;rd I)12. the first 
adults o1 F. iirnrlrhmu were oubserved itt lite Aug 

Ott earl' flotwcrittg sorghrrr panicles and tie last 

adults were collected ii early Dec onllate-flis cring 

paniclIcs. notably front raloons. lkurt'%%i'Iu ira-

ntoeiultas was seldomr observed on si irgiurn grown in 
tie off-season. and never beyond Feb. 

)ata froni Salnarlko ott Ile numnber of generations 

hered in tire field. ,ire consisternt with lise ofl 

laboratory 'tudies latterOn the life-ccle, although tile 

,,,ere cariricd Otot duiring tile Off-season. IIOwe.Cr, 
staggered Ilhokring situations as achieved in our 

stridies favo head big population buildup, and are 

t cmnrlntotnly foiund in atrners' fields. Nunbers of 

egps recorded, althouh low, in ,ew of fermale fecu
dfit, ie con,,istet wkilhtie numtllber (it oflspring (as 

number of ,rains per panicle is above 3XX) inI('SV 

I97). ('omparisonis betsseen nilpih anid adult popula

rno pecaks, suggest that rlynlpial survival is much 
fov.cr illthe wild than in tire laboratory. This high 

mortality canbe die to ad,,erse seauhter coiditirns, or 

It'crlrtiol bs, natulial cleellics. ilst Ipaks it ny tpial 
populatiois that occurred itI Sep. were thus higher, 
prohahly becaurise of IigIer itrtllidity. ()n tileitiler 
uarid. I)unibia arid Holn/Itr 5t itt Mali. and Mae-

Fariiane I 989 iii Nigeria. stresserd tire inporlance of 

.,pirier'. les.cr predatory bugs, irotablyand to a .,.tett 

tire antlitcorid Oriur spp Iwhich were alsitcollected 

iii lir irntbers Steck etall. (1989) iii Nigerl.rirc by 
v.hile Sharmi 0989)} irrcitioned earwigs (l)eriap

tera. Forliculidae as potential predators ofiead bugs. 
Results niirlairako-Bi'i support oservatiots by 

Steck elal. (1989), ti;'feeding activity is ,,destruc

ri a osipositiitll, ill ltthose bs lts Coliltrast Sirarma 
I 1980). thit tile Inaint icad bug udariage is due to iri
pirsitiliti. tlie prrpnrtion of grains directlIy affected 1y 

egg-aal ig rarely exceeds 5"(, whereas iitost grains 

are gelrernill affected by it liefeeding (over 51)'., 
Ihird level ointie I 9)scale used for visrtnlly sciring 

head hug darniage (Ratltadass et al.V)')) [lieeelcts 

itf head bug feedinig are tire physical reuoval of nutri
et, and water (leading to shrivelled grains and 

\Weight lorss aid the action if salivary enzymes 

1which results ittire break doirw of endotspermn lex
lure. leading Itofloury texture for Iss of vitrnrsity)]. 
Follurwing ovipositio, tile eridosperirt adjacent to the 

egg frCquently beci rte.s nfiscolorrrd aird floury, anrd 
may detrirnale completely. (ure tit tle inlroduction of' 

nolds. which also results in,ireducliot Of' lite ger

inrlitur rate (Steck et al.1989, INIS,)RtII 1)92, pp. 
172 i77). 

Although Steck et ;i. (1989) and Sharra etal. 
(1992) had reported earier thathug-damaged grains 
sfihrs'cd greater severity of nitld incidence, data oh

tained ,,tSotuba rie tie first fi clealy denronsirate 
the strong iclationship betwecn fiead hugs and grain 

molds. 
Results from Iagauda clearly show that severe 

reductions in grain mass, liti grain yield, aid quality 
can be caused by E.inrmiwulobs, but Ihat tie magni
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tude of losses increases with an increase in levels of 
infestation. This underscores its importance as a pest 
of sorghum. The economic threshold levels calculated 
fo; Calocorisangustatus were 9.7 nymphs, 5.4 feed-
ing adults, or 0.06 ovipositing adults when 11(11 was 
used; 15.1 nymphs, 10.5 feeding adults, and 0.12 ov 
positing adtlts when malathion was used (Natarajan 
and Sundara Babu 1988); 1.3-1.4 insects per panicle 
for CSII 1, 0.4 for ICSV I and 0.2-0.6 for CSII 5 
(Sharma and Lopez 1989). Studies on C. angiustattL 
demonstrate the variability of the economic injury 
levels depending on crop variety and plant growth 
stage (Sharma and Lopez 1989 and 1993), and the 
insecticide used (Natarajan and Sundara Babu 1988). 
The results presented here for E. immaculatus should 
be considered against that background. 
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Synthse 

Bioicologie de la punaise miride des panicules Eu-
rystylus immaculatus en Afrique de I'Ouest et dg-
gds occasionnis au sorgho. La biologie de la 
punaise miride des panicules de sorgho (Eurvsty ts 
iminarulals)a 6t6 6tudi6e au laboratoire pour la pre-
nniere fois, ,i Samanko (Mali) en 1991/92 el 1993, et 'i 
Bagauda (Nigeria) en 1992/c " 

La dur6e d'incubation des ocufs a616 de 4-6joiirs 
Samanko, ct de 6.8 ±1.3 I "AIBagauda. A Sananko, 

Ilamortalit6 larvaire 6tail inf6ricurc ,i 2('7, cl le sex 
ratio de 1:1. La dcscendance moycnne par felnclle y 
6tait de 80±56 larves, compar6 it 667 oct'ts pondus 
par femelle i Bagauda, avec un taux d 'closion dC 24 
i 61%. 

l.a dynanirue des populatiots de punaises a 6if 
suivie i Sotiba (Mali) cn 1989 cl 1990, sur des vari-
6i6s de sorgho couvrant une large gamine de cycles, 
et i Samanko, en 1991 ct 1992, dans tin essai oi nine 
minc varidt6 (ICSV 197) 6tait scm6e en six dates 
diff6rcntes. 

Les quatres ann6es, on a obscrv6 deux principaux 
pics d'infestation, l'un en scpiembre, l'autre en octo
bre. A Samanko, ces pies ont correspondu i quatre 
g~ndiations de punaises en 1991, et trois en 1992, du 
fait de diffLrences climatiqucs entre Its deux ann6cs. 
Les dcux ann6es, il y cu un pic d'infestation par les 
adultes au stade laiteux, et un pic des populations de 
larves au stade pfteuix, chaquc panicule n'autorisant 
le d6veloppement que d'unc seule gnration. 

Dans un essai conduit a Bagauda en 1989, cl visant 
"a d6terminer le niveau de population de E. im
maculals en relation avec la phrnologie de la pan-
Jcule de sorgho (varidt6 ICSV 247), Ila population la 
plus &v&e a 16 rclcve au siade ptncix du grain. 

La part des pitlfircs d'alimcntation d'une part, et 
d'oviposition d'autrc part, dans Ic dgft global occa
sionn6 aux grains par les punaises, a W6itidi6 ,i 
Farako-BLa (IBurkina Faso) sil ti uatre vari~tts dre sor
gho. Iien lile Ics grains ayani stibi les deux types Ie 

piqIires soient plus dograd.s tie cc[is ayant subi 
seulement les piqfires d alinienaiion. ia difference 
n'iitait trs nenle que pour la viirotsil, ci peu iarque 
pour Ie poids ic grains.lIW}(O 

l.a relation entre Ies d6gfits des punaises ct ceux 
des ioisissurcs des grains a tr rtIudi& 'i Sotuba 
(Mali) en 1990 ci 1991. l.a correlatin enire Its denx 
d6gfits a 61t faible en 199), et trs 61ev6e en 1991, di 
fait de diff6renccs climaliques entre les dcx annees. 
En 1991, Its punaises 6taient responsables de I'cssen
tiel des d6gaits, Icur altaqtu rtdrisant de faqon signiti
cative le poids de I()( ) grains ct le rendcncnt. 

Dans on essai conduit eni 1989/90 i t3agauda, O 

les panicules de la variat6 de sorglio ICSV 247 6taient 
pro6ges dies punaises par traitement insecticide i Ia 
cypermthrine, les pertes 6vitables de reldenent en 
grain dues arts punaises e les scuils conoiniques de 
nuisibilit6 ont 6it respectivenent de 83% et 2.5 pun
aises par paniculc cn 1989, et (ie 21'7 ct 1.0 punaise 
par panicule en 1990. 

Ccs r6sultats et leurs implications sont discuis L 
lu luiifiire d'61udes ant6rieures, et dans l'optique de la 
lutte contre ces ravageurs. 
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Population Monitoring and Crop Loss Assessment 
in Integrated Pest Management of Panicle Pests 

of Sorghum and Pearl Millet 

N D Jagol 

A bstract 

The main panicle pests ofpearl millet recorded during aNaturalResources Institute, (UK), project 
in North West Mali (1985-91) are listed,. The importanc' ofoperational crop loss assessment, crop 
damage, and pest monitoring is emphasized as a mneans of interpreting pest dynatmics, detecting 
population trends, atd forecasting ahead of the nevtseason. Somte pearl tiille't varieties show 
pseudo-resistance to grassho)fpers, panicle-j'edcing beetles, and other pests. Sorghum varieties, 
however, combine this factor with intrinsic chemical denses, making it possible to reduce pest 
damnage to pearl millet by intercroppin the two cereal.s. 7he importance of rainfall records is 
cvplained. RainJfll data tniav indicate when it is unecotonolic to aplyh chemical insecticidcs for 
certain pests such as the millet head miner caterpillar. The difficulties inherent in tioitoring 
concealed anilovert lamage to millet are discu.ssed. Pt, 'osals are tiatlfirpracticalII'A terveti
tions against panicle pests.Long-term research into genetic e'ngineering inpearl millet is :mntatively 
proposecdas the most effi'ctivc way of improving I'At ofpanicle at foliage pests. 

Introduction 

Crop loss assessment (CIA) plays a key role in any 
pest control measure and it is the first justiication for 
inputs into 1t'm practice. Unlortunately millet CIA is 
in its infancy. Bullen (1966) made a pioneer attempt 
to assess crop losses due to locusts and grasshoppers. 
l)ecming (1978) refers to surveys of millet in Nigeria, 
where crop losses of 7-51F;t due to th'liochc'ilusalbi-
punctella were recorded. Dively (1984, 1985) was the 
first to focus oi crop loss dIe to grasshopper attack on 
pearl millet and to formulate aCIA methodology suit-
able for fLarcer-level surveys. Our own work and that 
)f" havesuch others as Nwanze and SiVakuiar (1990) 
followed. Such assessments need to be im.Jc over 
several years aid over a large area. "'They are not yet 
universally part of routine operations by extension 
services or crop protection agencies. 

The Natural RcSOurces Institute (NRI) of the Over-
seas l)cvelopuent Administration (e)A) Mali Millet 

Pest Control Project (Lc Projet Pilote liritannique) 
operated in North West Mali in close col.aberation 
with the Service dc laProtection des Vce ux, Mali, 
from 1985 to 1991. Various pest contr measures 
were attempted (Jago et al. 1993). Studic., were made 
of the financial and sociocconorinic structures of the 
farming community, the effectiveness of control inea
sures, and the economic viability of pest management 
practices set against the cyclical market value of 
small grain cereals. Volunteer or 'pilot' farmers even
tually reached a totalof 328 in 1990 (Table 1).The 
noirthern Iow-rainfal I zone mm annual(300u mean 
rainfall) was represented by village clusters centered 
upon l)illi and Nara, the southern low-rairfall zone 
(500 nm) being represented by three village clusters 
centered upon Mourdiah with a subsidiary group at 
IFallou. The term 'pilot l'arnicrs' is widely accepted in 
Mali as reI'erring ifarmers in a pilot agricultural 

elci'clopment scheme wNhich predicates a larger pro
gram of adoptinn and dissemination. 

Ikce.ource, tN Central Kent,NMt4 4TIt.Naitural tnstituteDii. Aenue. Chatham Ntatitie. UK. 

Jcgo, N.ti. 1995. monitoering and crop ho'. assessmrent inintegrated of panicle pesi millet.POclaliee pcst managemen of sorghum and pearl 
Page, (1313 ii Ptanicle insect pess of segt proceedings of Internationalhutnendpearl mille aen Consultatise Workshop. 4 7 ci1993. icRiSAT 
Sahelian Ceoer, Niaemey, Nitee fN esa', K.. and Yourn. O., cd,.).Patancheru 502 324. Andhra Pradesh. India: International Crops Rescarch 
Insujiceti Setni-Arid "'rri,,feerthe . 
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'Fable 1. Numbers of volunteer peat frrnie; s offering paired subplots, NRI Mali Millet Pet Project, North 
West Mali, 1985-90. 

Geographical zones 1985 

Northern Dilli 

Southern 

Dilli 
Nara 
Mourdiah 
(with 3 subsectors) 

Fallou 

4 

Total 4 

Methodology 

Pilot farmers offered paired 0.5 ha plots (one control, 
one treatment plot). The project focused on pearl mil
let, Penniseiuw glauctan, since this was the predomi-
nant crop and was subject to greater crop loss than 
sorghum, Sofrqhon bicolor (L.) Moench. Two main 
varieties of pearl millet were grown, the short-dura-
tion 70-day SoUna variety and the long-duration 120-
day Sanyo variety. While the latter was invariably 
grown in monoculture, the fbrmer was often inter-
cropped with sorghum. Field layout in the intercrop 
was studied to determine the benefits to be gained 
against pest attack. The plant density and the number 
of plants per hole (locally called 'pockets', and re-
ferred to as such here), was found to differ consis-
tently in the high- and low-rainfall zones. Insect pests 
were monitored in the paired plots roughly once 
every 5 days, while mobile adult stages were mon-
itored every night at light traps (Jago i993b). There 
was amajor trap at each of the four bases, Dilli, Nara, 
Mourdiah, and Fallou. Eatch was located next to the 
millet crop. For practical reasons, traps were only 
operated between 1830 and 2030. Graphs of pest 
levels provided below represent insects counted at 
light. Although weeds affect the panicle indirectly 
and weeding schedules play a major part in the Hl'M of 
pests such as grasshoppers, they will not be covered 
here. Likewise, although Coniesia ignefiisalis (l1am-
pson) (Lepidoptera, Pyralidae), the millet stemi borer, 
has an indirect effect on the millet panicle. it is omit-
ted here. Crop loss monitoring took place mainly dur-
ing late Jun and Jul (to estimate loss of seedlings and 
area requiring resowing) and from Sep to Nov (to 
estimate panicle damage from emergence to harvest), 
Crop loss assessment methods are delineated in Jago 
(1993c). 

1986 9, 7 1988 1989 1990 

20 
20 
20 
40 

40 
40 
43 
84 

62 
62 
60 

140 

68 
68 
69 

151 

68 
68 
69 

159 

30 32 
80 167 262 318 328 

Results and Discussion 

Major insect pest species 

The main pests of millet panicles in the region during 
1985-90 were: 
a The millet head miner, Fheliocheilus albiplnciella 

de Joannis (Lepidoptera, Noctuidae). 
e 	 Six major grasshopper species (Orthoptera, Acri

didae): 0edalens senegalensis Krauss, Kraussa: ia 
angulifcra Krauss, Ilicrogloyphus daganensis 
Krauss, Cataloilms cvinbiferus Krauss, Diaboloca
tantops axillaris Thunberg, and Kraussella ani
abih,Krauss. 

o 	 Two major genera of ower-feeding beetles 
(Coleoptera): Pachnoda inirrupta Olivier (Scar
abaeidae), chafer beetles, and three species of 
Psalydolyita (Meloida), blister or oil beetles of
ten referred to as 'cantharides' in francophone 
West Africa. 
Iachnlda interraptaand K. amnabile are diurnally 

active and not attracted to light. Their populations 
were in the lields during daylight. 

Pest population, crop damage, and crop 
loss survey of pests in IPM of millet 

Suggestions for frequency of sampling to monitor 
panicle insect pests have been given by Jago (1993b). 
Daytime sampling every 3 or 4 days may be sufficient 
during the hopper stages of grasshopper pests, but 
daily observation may be required during periods of 
adult migration. Daytime sampling of Pachnoda bee
ties on panicles will indicate local population build
up quite accurately, but mcloids are also active at 
night and many of these insects hide among the 
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foliage during the daytime. Day counts of mcloids on 
the panicles are, on their own, likely to lead to under-
estimation of numbers, though peak numbers of 
Psalydolyvta spp at light traps correspond to peak 
incursion into lields. With some pests such as C. igne-
fiisalis there is a good correspondence between peaks 
of the adult insects at light and incidence of associa-
tion with the host plants in the field (e.g., oviposition, 
(Ilarris 1962, Gahukar 1990). t'liocheilhs albi-
Innctella (millet head miner) adults are sexually ac-
tive in the fields well before they stari appearing in 
large numbers at light (Fig. I). Grasshopper light-trap 
data must also be carefully irterpreted. Grasshopper 
maturing eggs never come to light, hence a large 
proportion of the insects capable of causing major 
crop damage are not represented in the night sample. 
l'aclinoda species never come to light. Table 2 shows 
crop losses due to the major pest groups. 

Trends in pest complex attacking pearl 
millet at different stages 

Pest damlage and pest numbers varied considerably 
from year to yeair (Table 3). The heavy early-season 
crop loss (category A) in 1985 and 1986, for example, 
was caused mainl) by 0..wm'igal'nsis and occurred 
following years when the Inter-'Tropical Wind Con-
vergence Zone (l[ClZ) had mov0ed southward pre
maturely in early Sep. This caried large populations 
of immature, lItte-season adults deeply southward, 
Their dense egg fields, located at 12-13'N latitude 
,south of the Project area) produced ahighly success-
fu first generation on the next rains (1986 

2
hopper density 5 im over 1() 000 ha). flylate Jun 
they were adult, and following the Lunois model 
(Launois 1979), added their eggs to the local egg 
fields at Mourdiah. This hatching coincided with the 
germination of pearl millet, hence the enormous loss 
insowing area (calculated at 25% over a cultivated 
area of 325 kin2). The enormous mid-season (foliage) 
and late-season (panicle) damage (category B) caused 
by an upsirge of grasshoppers in 1989 (all species 
except O.. %cngalensis)followed the well-distributed 
rains of 1988 (Table 4).The years 1988 and 1989 were 
notable for the absence of an end-of-season south
ward descent by 0. sen'galensis, the ITCZ remaining 
strongly northwards till late in the year. TFhc more 
favorable rains of 1988-90 were associated with se
rious mid-season attacks by t.interrup a, while 1989 
(the year of major grasshopper numbers) was fol
lowed by a year of massive mcloid beetle (Psaly
dolvita spp) attack (see Table 2 for crop losses). The 
great instability of the component populations of the 
panicle pest complex means that a standard pro
phylactic approach to PMIfrom year to year is not 
effcctive. tPM tactics must adapt flexibly cach year to 
different pest levels. 

Trends in pest population levels and 
attack on millet panicles 

During the project, the percentage of millet panicles 
attacked by It.albipunciella declined (Table 5). From 
1988 onwards the northern Nara and Dilli subzones 
maintained higher levels of tH. albipunctella infesta
tion than the southern zone. The causes of these 

Table 2. Millet grain loss due to major pest groups in nontreated plots, North West Mali, 1990. 

Mean grain loss (kg ha-1) 

Grasshoppers Psal'dolvita Millet Total Potential Estimated 
and or drought head grain loss yield grain loss 

Zone Pachnoda sterility Birds Fungi miner (kg ha- ) (kg ha') (%) 

South 
Mourdiah I 51 195 26 8 52 332 714 47 
Mourdiah 2 41 161 28 I 46 277 461 61 
Mourdiah 3 120 304 17 0 88 529 847 63 
Fallou 22 43 2 1 62 130 216 60 

North 
Nara 51 26 17 9 31 134 440 31 
Dilli 37 51 16 I 93 198 404 49 

105 



1000 -- :: ................. . 

....... :---: ... 
................................................................ ..................... ............................................................ ..................................... 
................................................................................................... 

..... . - - ae
Males 

:F 

Females 
.......................................................... ..... .................................. Rainfall (mm) 
................................................................................................................ 

.......................................................
........ ......................................................... 


.............................................................. ... ... .........................................................
 

...... .......................................... ....... ............. .......................................................
 

....... .......................................... ....... ...... ...... .......................................................
 
0~...... ................................... ...... ............. ........ .......................................................
 

........................................... 
 .. .. ...............
 
U0 

E 
o 0 

.................. : .. . . . . . . . . . . . . . . . . . . . . .*........ . . .*... . .
U.. . . . . . . . . .... - ... .................... ............. ...... .... *....... ...... ....
..... . . ..
 
..
.... 

........... 


......................
 

0.. . ................................. 
 .................................... 
 ...... .....................
 

................................-.................... ..................................
 

. . . ...................................................................................
 

. . . ...................................................................................
 

. . . ...................................................................................
 

Day of observation: 1 Aug sat at 1 

Figure 1. Light trap counts ofHeliocheilusalbipunctella in Mourdiah, North Wes' Mali, 1985. 



Table 3. Schematic representation of damage' by major pests of pearl millet in Nara circle, North West 
Mali, 1985-91. 

Northern Zone2 Southern Zone3 

Year A B C 1) E F A B C D E F4 

1985 2 0 3 1 0 2 ) 2 3 (I 0 0 
1986 2 2 3 0 0 2 3 0 3 0 0 0 
1987 2 2 3 ) ( 2 0 0 3 ) 0 0 
1988 2 (1 3 0 2 0 0 0 2 ( 2 0 
1989 2 3 2 0 2 3 2 3 1 0 2 3 
1990 0 2 2 2 2 2 2 2 0 2 I 2 
1991 1I 2 0 0 ) 0 0 0 0 

I. ariage level on ascale of 0-3, where 11= nil. and 3= %cere. 
2. 	Mean annual iainfall 3(W) un: latitude 15N. 

. lean annual rainlall SIXW111,11:latitude 1430' N 

4. 	 Key to daiiage t) IV : 

A = c;eriiiinaling plani% desiyoaed by graviopper indtars; 

iB = Nid ;et on deliation by acridid grashlipper, and young adult,; 

U = Iarae of indlt hCadminer: inires .ioiing grain oss: 
D = Sterdiation of Ilorets h, rneloid l .ellcs (I'nliailli4t ip); 

Ii = Young grais destroycd by>chafer t'ctele% aIi'hinhl/a interriqnt); 

I: 	 = Ripening grain dc'rtrod by adult grasshoppers end if ,,eason. 

Table 4. Mean monthly rainfall (ram), 1984-91, and 25-year mean for Mourdiah base, North West Mali. 

Year May Jun Jul Aug Sep Oct Nov 

1984 - 16.7 155.9 76.4 27.4 63 15 
1985 - 20.7 133 124.4 77.2 - 

1986 4.4 38.3 104.7 4(0 133.5 12.3 
1987 - 65 102 92 95 52 

1988 - 61 171.8 232.7 138.6 4 

1989 7.9 73.1 177.7 307.2 60.2 10.5 
1990 - 32.9 247.6 68.8 92.1 11.8 

1991 - 51.9 115.5 117.1 88.3 10 -

Mean 16.5 62 151 194 92 24 3 

trends are unknown. They do not relate in any simple Consistent monitoring of panicle pests and associ
fashion to rainfall. Predator and parasite pressures ated crop loss in the Sahel, will be required to provide 
may be a major factor, the data necessary to understand pest population dy-

The sudden upsurge of 'salvdolt'ablister beetles nanics. Lack of such data is inhibiting the develop
in 1990, however, was probably the result of a super- nient of predictive models to feed into HPM strategies. 
abundance of grasshopper host egg-pods in 1989. One Close inspection of thr. seasonal pearl millet phe
of its favored hosts, ('ataloilius cynhifrrus, was par- nology (Fig. 2) shows that the apparent resistance of 
ticularly conmtlon in 1989. Likewise, the importance pearl- nillet varieties to panicle pests is due to the 
of I'. interrupla in 1988 and 1989 was associated with timing of the vulnerable crop stages rather than to 
favorable Aug rains and high levels of animal manure plant resistance. In the case of II. albipunctella, the 
on which the larvae feed (Grunshaw 1992). maximum female flight activity coincides (Fig. I) 
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Figure 2.Whole-plot pearl millet phenology, Mourdiah, North West Mali, 1985. 

108 



Table 5.Mean percentage of panicles attacked by3 

Heliocheilus albipunctella, North West Mali, 1987-

90.
9 __,_characterized 

Zone 1990 1989 1988 1987 

South 
Mourdiah 1 14.3 46.6 53.1 57.2 
Mourdiah 2 11.7 64.6 52.0 59.9 
Mourdiah 3 19.5 56.9 42.8 80.3 
Fallou 25.7 49.7 1 _ 

North 

Nara 25.9 77.0 64.5 60.2 
Dilli 45.5 70.3 63.0 70.0 

1.-- r) dala. 

with the major flush of female flowering in the 70-day 
variety, whereas in the 120-day variety, the female 
flowering occurs over an extended period both before 
and after the moths are active. The female moths lay 
selectively on the cmerging panicles prior to male 
anthesis (Vercambre 1982). Observations were made 
in 1985 on 100 marked pockets in each of 8 pairs of 
treated (cypermethrin ULV 3 g a.i. L- 1) against millet 
head miner larvae) and untreated 0.5 ha plots on four 
pilot farms at Mourdiah. The three principal panicles 
in each pocket were followed from tiller stage to har-
vest. A careful analysis of those of the 70-day variety 
infested by 1i. albipnctellaat harvest, showed that 
they had reached panicle emergence in the period of 
peak flight by the pest. Fewer of these stages were 
available to II. albipnc'tella at this critical time, in 
adjacent fields of the long-duration millet, 

1PIMin millet may be made more effective by the 
introduction of millet varieties that flower outside the 
periods of maximum pest activity. Alternatively, 
those like the Souna millet which are very vulnerable 
at mid-scason could be more effectively protected by 
minimal use of UI.V pesticide if their flowering period 
were synchronous and greatly shortened. Due to eco
nomic constraints, the NRI project applied only one 
UIV treatment at the point when 50% of the millet 
panicles were at anthesis or older. This time of appli-
cation was chosen because it seemed to correspond to 
the moment when as many as possible of the newly 
emerged and vulnerable panicles would be protected, 
Even so, this would represent only about 10% of this 
category of panicles at the time of treatment. Since 3 
ga.i. L of cypermethrin has an active persistence of 
only 5-7 days, only a fraction of the emergent pani-

cles will be protected. This partly explains the limited 
success of ULV 	pesticide ag'ainst this pest.
 

p g
 

During the project (1985-91), the rainfall was 
by its late start and early cessation 

(compare with mean monthly long-term values, Table 

4). The 'normal' rainfall pattern gives a peak of rain
fall in Aug. In rain-deficit years, Jul rainfall (1984-87
and 1990) exceeded that of Aug (1988, 1989). In years 
with an Aug rains failure, short-duration millet is 
badly stressed and may produce many sterile panicles 
due to terminal drought. Under such circumstances, 

providing late-season rain is adequate; long-duration 
millet actually produces a better crop.

Another major consequence of near-normal Aug 
rains was dramatically demonstrated in 1988 (Table 

4), which followed a series of years with low Aig 
rains. Fortunately crop loss due to grasshopper attack 
was very low. The mean grain mass per panicle 
throughout the region in 1988 was double that in 1987 
(Table 6). Factors such as sowing density were statis
tically the same in 1988 as in 1987, though the range 
of stem density ha-I was very wide (1987, 5 880-55 
323; 1988, 3 552-60 991 stems plor'). Likewise, the 
intensity of 11. albipunctella attack (perccntage of 
panicles attacked per plot) remained the same statis
tically or fellonly slightly. The doubled grain mass in 
1988 meant that the enlarged grains sealed the mines 
caused by the millet head miner. Consequently UI.V 
treatment was less effective in 1988 (percentage re
duction in damage much less in the Mourdiah sectors 
in 1988) and the reduction in grain loss so small that 
the treatment was uneconomical in the Mourdiah 
region. 

The conclusion must be that in the 500 tum mean 
annual rainfall belt, in years with Aug rains higher 
than those of Jul, the use of UhV pesticide directed 
solely against Il.albipunciellawill be uneconomical. 
Minimal use of ULV treatments in IM strategies 
against this pest will be more economically viable, 
whatever the rainfall pattern, in the 300 mm mean 
annual rainfall belt. 

Conclusions 

Some high-yielding sorghum varieties are said to be 
clearly resistant to foliage pests and the form of both 
tlowers and panicles made them less prone to damage 
by sorghum midge, birds, and mueloids (JF Scheur
ing, ICRISAT, personal communication). The use of 
sorghum intercropping and as part of the layout of 
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Table 6. Millet yield, sowing characteristics, and head miner attack, North West Mali, 1987 and 1988. 

Project zone 
Observations Year Mourdiah 2 Nlourdiah 2 Mourdiah 3 Dilli Nara 
Sample size 1987:1988 1988 29:44 25:46 30:37 40:59 43:57 

Mean stem density 0.5 ha-' 1987 20755 ± 3068 27589 ± 3423 29063 - 3099 16110 ± 2162 28438 ± 3684 
1988 27050 ±1312 29812 ±1283 25292 ±1430 13542± 1133 18784 +1152 

Mean yield 2 (kgha -1) 1987 349 ± 88.7 471.2 ± 114.3 529.8 + 118.8 306.8 ± 56.4 347 ± 60.2 
1988 921.1 ±54.5 942.1 ±52.6 770.7 ±58.8 310.1 ±49.1 460.2 ±47.4 

Average grain mass panicle - I (g) 1987 6.9 ± 0.6 6.6 ± 0.4 7.5 ± 0.9 5.4 ± 0.5 9.5 ± 0.9 
1988 17.7 ±1.2 17.2 ±1.1 16.1 ± 1.2 11.9± 1 16± 1 

Mean percentage attack 2 
1987 80.3 ± 4.8 57.2 ± 7.3 59.9 ± 4.1 70 ± 4.3 60.2 ± 6.3 
1988 53.1 ±3.1 52 ± 1.9 42.8 ±3.4 63 ±2.5 64.5 ±2.5 

Mean percentage damage reduction 3 
1987 33.7 39.3 52.4 29.8 31.1 
1988 19 20 22.9 29.1 27.3 

Mean percentage yield improvement 3 
1987 45.4 16.7 26.3 46.8 69.4 
1988 3.34 12.54 12.74 49 30.2 

I. Standard error of mean (SEI) 
2. For untreated plots. 
3. After insecticide treatment. 
4. Statistically no improvement. 



field margins to deter entry by grasshopper pests in extent for the following season. This will improve 
North West Mali was noted (Jago 1993b). tile value of advisory and early warning services. 

There is a tendency to monitor the most obvious It will also put logistical deployment of limited 
and direct panicle danIage such as that due to mining resources on a sounder technical basis and reduce 
beneath or destruction of Ihlrets, or dam age to ripeti- political pressures oil overextended extension and 
ing grains. Some panicle damage is indirect, however, plant protection services; 
and more diflicult to observe. l'Aamples include that To" build up a database on pest/cultivar associa
caused by Conit iltl/itlis which not only clim- tion. This will enable correlations to be clarilied, 
nates whole panile s hy destruction of the growing cause and ci tet conftirrmed, and economilic thres
point (deadheart) (Niatnze 198)), but also causes loss holIs for interventions to be more accurately 
of grain mllass in paticles on stins containinig the determined; 
larsac. The latter case is suillitr to grain mass loss eTo cllnable farmers and local government to collect 
duC to in adequate ssater supply. NIZ Project studies the data required to demonstrate the economic 
httve shown that grain ntass loss it millet panicles efticacy of a particular set of irtierventions. This 
ssith infested .terns is of tie order it 3 to 8 g. ield will be measured in tie linal analysis by the 
trials in 19'uM showsed that 13 and- -- Jcaltearts in 600 degree to which the methods invested have re
millet t-,ockCts pitohably represent a loss of 4 aidl 8 duced the shortfall in cereal self-sufficiency. The 
panichI's respectively at Iarsv st cost of intervent ions must relate to tie local value 

Practical ielhods iuSt " des isCld to tinitr iin- of the cereal crop. This has been a factor inhibi
direct crop los es effectively; suIch as those caused by ring adoption of pesticide mecthodology by the 
foliage pests (gra:,s,htppers. lepidopterous larvae) faners. 
which restrict nutrients to the patnicle. Legg and 
Togoit (I)3)sll ted thtt 50 of the lowet leaves of Interventions likely to be effective against panicle 
peal I milct could he destroyed %% insect pests include:itiout detectable ef-
fet tln the Millet head. Sasrcy of key pests is seldom 0 Better field layout designed to inhibit entry of 
carried out routinely by governncnt services or pests, e.g., grasshoppers in the hopper stage; 
farner.s. Norrttall) , monitoring begins if respoCnse to * Gooc weeding practice, reducing plant competi
atn eXpliosio f t e pest:, or even later, whenCalaiage tiin, but also reducing tlie shelter for pests like 
has ,occturrecd. Since ,t,,,cssncnts involve redirection grasshoppers and neloids; 
of little and trnapoev vr to collect dat a, they intust pro- • Tightly controlled pesticide application, including 
vide clear bcrIcits. The mair benefits will be: ctust formulations used as barriers or for dusting 
" To tbtain an early warning of peak nuttbers of the young seedlings (latter very effective with Mous

riost vulnerable stages of a pest, e.g., eggs of the kouari sorghums), andI I.V liquid pesticides, in
millet head miner, hijtchlings of grasshoppers; eluding insect growth regulators (](;Rs) and the 

" To time an applic:'ation to give iniaxinurn protec- classical nerve toxins such as pyrethroids; 
tion to the millet or sorgium crop. 'l'his will re- * Deterrent compounds and anti'ecdants (including
 
quire monitoring of tile vulnerable crop stages, so neern extract);
 
that the maxiritLI numbers of particles are pro- * Pest trapping techniques, including light traps and
 
tectecd against pests whose nurbers in the crop are pheromone traps;
 
reachirg economic thresholds. The more pests are * Biolcogical control, including fungal pathogens, vi
targeted by a single treatment, the more econioni- ral pathogens, and protozoan parasites.
 
cally effective it is likely to be. Tinting of applica- Of the interventions listed, the first three have
 
tion will be att least as critical when bological been most consistently used by the better farmers.
 
control is attempted; Control of pesticide application and the use of deter

* 	 To indicate when available methods of interven- rent compounds have been shown to be effective 
tion are inappropriate. This may often occur if a where attacks are of moderate intensity. Used un
pest upsurge is so great that treatrient with biolog- wisely in the face of very heavy infestations, they will 
ical control agents or chemicals is likely to be be ineffective. 
ineffective. The sensible response will then be to Insect growth regulators have shown extraordin
guard stocks and recommend other tactics to re- ary pronmise in recent trials against grasshoppers (Sis
duce crop loss, such as premature harvest; soko arid Dobson, personal communication), but the 

* 	 To cnablc farmers and local government to esti- high cost of the application equipment and active in
mate pest risk within the short term and to a lesser gredient for use against millet and sorghum pests is 
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worr) ing. For reasons not yet fully understood, they 
show remarkable persistence and with careful formu-
latton can be targeted at specitic grasshopper or col-
eopterous pests. Used in baits tile)' will be Most 
effective against geophiOts grasshopper pests, rather 
than foliage-inhabiting species. "llierenviron mental 
impact has also to be assessed, 

The use of azadirachtin from crude aqueous neeill 
extracts produced Ittal! ,it illage level warrants Ir-
ther trials (Passcrini and I [ill 1993). Again, neetit C\ 
traet is likely to be effective only when pest 
populations ,ire motderale. A useful feIature that it has 
in ctmnon ,%ith pyrcthrOids, is their deterrent and 
antifecdant effect. This may be it key factor against 
meltids, hich ate particularly sensit Re to deterrent 
odors. 

titlttgical control agents ihve had a mixed recep-
tton.NO'tno /oIot .sit seeios tO ha'Ve bleen effect ye 

with nonirirattr orthopteran pests ill us',\. The Iunt
ga! and viral patlmogeni are still at the trials stave and 

lI under lahoratury conditiols.soitie hlve worked %C 

The practicality of applyin.,tieim Under villace condi-

[10nS iMst 01 be LundCrestillited. ('list h:s to1tyet
i 

SvaNlse 

La surveillance des populations et lcvaluation ties 

p(rt('.v de rendeuunt dans la tule inligr&'contre k' 
inseetes nuisibhles des panicuesde sorgho et de ail. 

Des cnquttes stir les pertes Lie rendetnent dI illil dues 

aux insectes paniculaires ont et rtalisees uticours ie 
tltits ieuirs alontie s pat I Inlstitult des ressources 
nature!les RtwOauinle-1 Ili) din s le cadre io son Projet 

LIL0)MaiDe19 v5'ri~~nSLi l'~l~d~CC iedii Ma!lilt)595 t)0). Ihes variations de I'incidence des 

rav aeirs (Tabieau 3) ont ilontle title Ilatiise antpoint 
dLestltodles prdtliti tic srait pas possible sais 
surveillance pralabl ,. 13 J) iatilitlu tiCes pCUple-
ilents tlns utie rogion d itiIe tIllS ahel aI coUrs tie 

pilusicurs annitiees. \i ces Iarges variations dains I'inci-
dence ties ravagetirs. il ii'ttait pas possible tie recom-
iianler ties itosutircs prophylactiques habituelles tie 
luite. II importait i'abturd tie collecter ties tlorntCs 
(]'incidence des ravaqcurs do I'Minti courante plr 
rapport ,a celle tie I'anne prtcdente, lIaplviomtrie 
itiensuelIC te I'aunnie ciOUrante, etc.), alin d'laborer 
ties strattgies susceptibles t'ttre ajust&es tt'unrc atint1e 
a I'autre. Des Loni11cs socio-Oconiom ilues jOueit 
aussi tin gra,-a rcle thins l prise des decisions sur les 
niesurcs dc utte raisonrtes. 

Le Projet a couvert uie strie t'anncs; Itpluvio-
mdtrie fiaible en aoOt L 2 annics . pluvionit~trie 

1'afJt prs ie la moyenne (Tableau 4). Ccci apermis 
au I'rojet ie faire ties correlations entre l'incidence 
Lies ravageurs et Ia pluv ioietrie. Iln otre, il taiit 
facile ie classifier selon ]a pluvioniitrie les villages 
qu i ont Iait I'objet d'vtude en deu.x groupes: (I) zone a 
pluvionlttrie tr, faiblc tpluviom6trie annuelle 
monine tie 3W1 rm), (2) /one upluvioncttrie iod
trte (pltivitItetrie annuelle monenne ie 5M0 nm). 
On a tile Lies cotclusions sur les contiastes qui exis
raient dans lCs tayons culturales des deux zones (den
si te ie ptO par heclaie ctqtnet densil, tLie plantes par 
piotluetI) (Tableau 6), le potetiel tie Ilarecolle cl la 
viabdiiite tcononique des mesures ie lutte inttgrde 
cintre les inseCtes paniculaircs pour ies an ies ayant 
ties pltuvionittries d'aoI0t dillrentes. 

Les priticipaux inseteC, nlUisibles aux panriCules ie 
rmil reprs (il ct2: 
Sl.a ilinCtSC de I'epi die inil, tlhliocheilus albi

t)I'iillatie Joannis (lLepidoptera: NoctuidaC) 
tont I ittiportance a diitinue anl cours dechi durde 

du rojiTabeau5) l~ icisance app:.reii, kies
di prtiie (Tableau 5). La i csista 
vaittos tie iil Ia clcle long (120 jours) i cette 
espdce s'est awrce fauLssC (pseudo resistance); elleest dile IU fait tIe I ponte et les stades vulndr

ables de la paniCUici'0l tn 1 as coltc idc (Figures I 
et 	2). 

* 	 Six principalcs csp ces tie sauteriaux ravaCeurs,
dIont ciinq espcces sttnt itigratrices. II y a en de

itiliItsde s itr cii 118y t It) 

for(es iite ltiot ttidie ux 1988s sauteri en et 1989 

* Des catitl r ides (l'.uylydolytti spp) tutt en 

d'entriies accrtiSSCIiits de hi densitL de peuple
iplent a li suite ie I'explosion ie h popilattion iessuerinxteI99 
sctti tie t98l i 

Des ctoines (PachilodaiIII(h'l'l a Olivier) oril CUd tre eriocne uatlsinsl18e
tde fortes recrudescences durant les annt~s 19F.8 et 

Ia199 ,t catse tes ph is [
1
hus clevtes. 

L-a surveillance ties ppulitiins tie I1. albi
ploitl'ltu i 'aite ties pitges IhtiiitleUx selt.it utile 

pour tIterinter, selon le noibre ies ravageurs ob
servtis Lais le chanip. I'application ties insecticides 
par tics puh risatctirs "Itiltra-bas volune. Cependant, 
ces mesures n'titaient cflicaccs qtle les annees ot la 
plulvitnttrie d'aoit ttait plus Laible que celle die 
juillet. 

La poursuite tie la surveillance ties insectes pan
iculaires ct ties pertes tie rendcnents rcvtt done une 
graniC imiportance dans la planification etla prise tie 
dicisions sur la ndcessit6 de recourir aux insecticides 
Lins le cadre de la lutte intdgri~c. Six avantages rtsul
tant tie I'adoption rdgulire de ces mesures sont 
soulignds. 

112 



Refere",res 

Bullen, F.T. 1966. Locusts and grasshoppers as pests 

of crops and pasture---a preliminary economic ap

proach. Journal of Applied E-cology 3:147-168. 

Deeming. J. 1978. The millet head-worin, Rughiuva 

alhipuncitli de Joannis. NOMA 1(2):l 1-13. 

liely, (;.P. 1984. Millet crop-loss assessment pro-

ject; Regional Fond (Crop Protection. Senegal. IUSAID 
Report on 1983 actl ities. 

l)isel., (;.. 19S5. Millet crop-loss assessment pro-

jcct: Rcgional oIhst (Clp Protectio i. (Gambia. 

(ahukar, R.T. 19M,1 'pulition ccology of .- c,L*ona 

Iq,,'fwohi II cpniptc: I r:ditatae in Senegal. I-nvi-

roninital tiiiii _".I-9558 564. 

6;runshas. .1.P. 1992. Field studies on the biology 

an(d cto llnic i1p rtamce of PInchnoda interrupta 
('olcoplcri . ehacidac in Mali. Wcst Africa. Bul-

1-lin of Inn it be1llResearch 82:19 27.Ce -

Ilarris, K.M. 1902. lepidopterous stem borers of 

cereals in Nigeria. Bulletin of Entoniological Re-

search (X:139- 172. 

,Jago. N.I). 1993a. Millet pests of the Sahel: an identi-

fic.,tion guide. Chatihan. UK: Natural Resources Insti-

tutc. 81 pp. 

Jago, N.I). 1993b. Millet pests of the Sahel; biology, 

monitoring and control. Chatham, UK: Natural Re

sources Institute. 66 pp. 

Jago, N.I). (ed.). 1993c. Millet crop-loss assessment 

methods. Natural Resources Institute Bulletin no. 62. 
Chatham, UK: Natural Resources Institute. 63 pp. 

Jago, N.)., Kremer. A.R., and West, C. 1993. 
Pesticides on millet in Mali. Natural Resources Insti

tute lulletin no. 50. Chatham, UK: Natural Resources 

Institute. 45 pp. 

Launois, M. 1979. An ecological model for the study 
of the grasshopper (hedaheos s'o'i,ah'o.v in \Vest Af

rica. Philosophical Transactions of the Royal Society, 

london. H, 287:345-355. 

Legg, J.P., and Togola, A. 1993. Practical assessment 

of pearl millet (lennis'fm .,Iucttni) crop loss caused 

by grasshopper pests (()rthoptera: Acrididac)- , ma-

Jor outbreak in North-West Mali. Buletin of Ento

mological Research 83:395- 40)3. 

Nwanze, K.F. 1989. Insect pests of pearl millet in 

Sahelian West Africa-- I. ,ciio,, ignifhsali (Pyra

lidae, Lepidopterat; distribution, population dy

n:miCs and assessment of crop damage. Tropical Pest 

Management 35(2):137 142. 

Nwanze, K.F., and Sikakumar. NI.V.K. 19901. Insect 

pests of pearl millet in Saliclian West Africa-Il. 
Roghva alhiptnctelli dc Joa nis (Noctuidae. ILep
idoptera); distribution. population dynamics and as

sessrcni of crop laiage. Tropical Pest Management 

3611):59-65. 

Pass-rini, J., and Ilill, S.B. 1993. Field and labora

tory trials using a locally produced neem insecticide 

against the Saielian grasshopper Krausaria an
gulife'ra (Orthoptera, Acrididae) on millet in Mali. 

Bulletin of Entomological Research (1993)83:121

126. 

Vercambre, 13. 1982. Les chenilles des chandelles 
(Raghuva spp, Masalio nuhila I Ips., I epidoptera, 

Noctuidae) importants ravageurs (L rInil en zone 

sahlIiennne. Thesis, tUniversit6 de Paris SUd, Centre 

d'Orsay, France. 186 pp. 

113 



Bioecology of scarab beetle Rhinyptia infuscata 

and millet head miner Heliocheilusalbipunctella 

0 Yourin 

Abstract
 

7Te scarab beelt, Rhinyptia infutiscaa IBurtmejvler (( olholte : Snrablaeidae) and tit, millet /en'd
 
iller [cliocciltus alhipt:'nctella tie J(ittttli.s (Ltpid prra"Atluidte I are 

of petrl millet. ftditc wire contlt td to bt'tuer Untdrititnd pt'l ibiot 
Irt'retlltiet' tih/' dftli'qt, unItll imilpr 'ed reraliile 'l I/co"'niqutthei 
aIhtr.' aritn .iNigerantd tni,%' sltitlti'lftild',ta.i' to millh'l ilntioia tAtrv 
I/11t fji't'dintg ,,,d nllin iatita i 4 I/ t' 'trnti Ii,'('ii' tit'oiihel' f,iptrtnunced 

inirt int itni'h, pe'sts 
.ies taid ielrt'ior ais 

'ibli' i i dtriitlt'din1 
'%treti Ie avtllAitdwed 

bel ti'ten 200) tid 
2400. itithI 'wtk uctittilv eortind 2300 L rvail bltair rof Iiu inillet /teiti ininer wi-ith reicaord to 

'trtilltt s itl.o Sludietd i' stlts shwi'd tl Ittittl inniittir n oittitrtel tt Iv bletween 2400 
til (000. 7t,'r'h-vnce a l/uese ]ihdis to thc manttcllitil)tJ) h ' kg''/m11I/t /ii'AIN i tiitC.'t il. 

Introduction 

Pearl millet. I'nnr'it,,u 4lotetnz (I) R. ir., is amajor 
cereal t'tod crop in the Sahelian zincs of' West Africa. 
Its prt tciiin is cOirrStairCd by a number of biotic and 
aliiotic lactors. Insect pests represent a signilficant pro-
portiol of' the oscr il rdUtctiin in millet grain produt-
titet. I lie nun:bcr ofI ilsc.t pests associated t%ith pearl 
millet is sariahle. Iut a recent review ti insect pests it 
pearl millet in \Vest Africa. te rinumber of species 
knioi., to ;tatck millet varie from 81 tIo over 150 spe-

iCs depenIdiig oin tIre ctUnt,'i and location (Nwanc 
antt IHarris 1992). )cpitc tie ,t iif tiany species re-
p, red ", p'tss or potentia Ipest'.i,c numher of species 
classitied ,s major pest, of economic importance is 
apparcrl less titan a dozen (Nwanie and Harris 
1992). The tlelinite pest status of frally iilst'ts associ-
atei with pearl millet has not hecn determined, and that 
information, irr addition to a descript;,n of insect hio-
ecology. is 'recial fir the deselopient ef sound inc-
grated management strategies. Knowledge of insect 
hioccolOgy and dtaragc idenliicatiun is a first step, and 
Ihe ttaitif cation of- sses fron insect darnage contrib-
ute s tae the otrmination of pest status. 

RRIst S hcliiii (Cnitcilit' I 4iLt, Niamncy. Nlirc. 

Il '%.,%I('tnlcrCt'nC 1taier ntO ('1P 97 6 . 

YouR (;. I0t5 t95tiiohigr 'a if t I c Rhtniptit tnjttiitltiani 

The millet head inirer Ieliaehu'ilhts albijinitell 
tic Joarinis (I epidoplera: Noctiidac), is a major inl
sect pest of pearl millet. The confusion on its tax
onltinic status s.x, rccently cleared (Matthews 1)87) 
a:nd the incct tccounlts flot t5 t98(/r of /h'litih'ilus 
spcics c ilicctCd Itill light taps itt Senegal (Ver
cutriheC 1978. N'doyc l97) and ill Niger ((;uevre
ttointt 192) [ill Nwaz and Ilarris I9921. Daniage to 
millet heads caut,cd by the devcloping lucid miner 
larvae is very' typical and is characteri/'cd by the 
presence of spiral mines developed hy larvae during 
leeding (Vcrcajnhrc 1978). ii nines catusetd by ftill 
gown larvae, there is a typical presence of white 
fecal pellets. D~amage dtec to young larvae restlts 
from their feeding il the tlhrcts (loiral glurmes) ini
tially, anti tthis type of damage is [rot easy to detect 
unlcs the devhelping panicle is very caretully exam
ined. The lamage tuc to late instars can he easily 
detected because they fccd on the hase of the Ilowers 
or florets which fall out, leaving the mines open. The 
earl) phase of this dainage call be detected hy the 
uiievent sUrface of the millet head as the developing 
larvae push hlorels/secd from the rachis (Vercambre 
1978). 

millet head t I tiner/hieh'it.atlipieefttlht. Pagest115-124 in t'anicle 
iwc ics is -rghuti and I';tl il let1 : piikccttings of anIntcrnational Contsttiive Work,,top. 4-7 O t 1993. ( ISAT Sahelian (Center, 

N Tims, N i (Na, anze, K.F. and Y,,otur. .., c,ls. I'ancherti 502 32.1.Anthra t'radch. India: Internaional ('rop%Research Intilule fir '"c 
Senin Ar id troit. 
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In contrast, the bioccology of the scarab beetle 
Rhinyptia infuscata 1Burmeister (Coleoptera: Scar-
abacidae), until recently, was poorly documented due 
to the nocturnal feeding habits of this insect. Rhinv% . 
tia infuscata has been reported to attack millet in 
Niger (Guevremont 1981), and Senegal (Gahukar and 
Pierrard 1983). Although R. infuscata has been re-
ported to attack sorghum and millet (Gahukar and 
Pierrard 1983) or as an occasional pest of pearl millet 
(N'doye and Gahukar 1987), it was not until recently 
that its pest status was recognized. Lukcfahr and 
Mamalo (1989) reported this insect as a serious pest 
of pearl millet, with population densities as high as 
500(000 adults ha'. TFhe damage due to R. infuscala 
is more diflicult to describe due to its nocturnal feed-
ing habits and similarities with the damage caused by 
other panicle-feeding insects. The beetle is reported 
to feed on the stigmas of millet, resulting in empty 
spikelets (ICRISAI 1990, p. 57). Gahukar and Pierrard 
(1983) reported that R. itfuscata feeds on flowers,
often resulting in empty glutcs, 

Although the biology of the millet head miner is 
described in more detail than that of the scarab, infor-
mation is lacking on both adult and larval movements. 
These two aspects are important in the development 
of sound 1P)Mstrategies. Reports on R. infuscata feed-
ing and damage were mainly based on observations 
made at the research station level, and information 
was lacking on its importance in farmers' fields, 
Therefore, the objectives of the studies reported here 
are (a) to develop a better understanding of scarab 
bioccology, feeding behavior, distribution, and im-
portance in farmers' fields; (b) to determine move-
ments of mature head miner larvae from millet to the 
soil, and the mechanisms involved. 

Materials and Methods 

Fields surveys: distribution and 
importance of R. infuscata 

Surveys were conducted in farmers' fields in Niger 
along 5-6 transects in 1991 and 1992 including 
Niamey-Say, Niamey-Makalondi, Niamey-Tillabery, 
Niamey-Filingud, Niamey-Birni, and Birni-Dosso-
Gaya. The Birni-Dosso-Gaya transect was only sam-
pled in 1992. Along each transect, millet heads in 
farmers' fields at three to six sites were sampled for 
adult. of R. infuscala. Sampling usually started 
around 1900 and ended around 0600 the following 

morning. For sampling of adult beetles, millet plants 
were illuminated by a rechargeable 4.8 volt battery
powered light source. Sample size varied from 100 to 
300 heads per site and each site was sampled twice. 
Sampling was done in 1991 from 21 Aug to 7Sep at 19 
sites, and in 1992, from 8 Aug to 19 Sep at 27 sites. 
Adult numbers were recorded against time of sam
pling in order to obtain the period of peak activity 
under natural larmers' field conditions. 

Millet head miner: larval migration 

Studies on the larval migration of the millet head 
miner were conducted at Sador in Sep 1990, Aug-
Sep 1991, and Sep 1992 during the growing seasons, 
in millet plots previously infested with this insect. 
Experimental plots were sown with the variety 3/4 
IlK after the first normal rain. Normal cultural prac
tices such as weeding, thinning, and fertilizer were 

applied. At the milk stage, heads were examined for 
larval infestation. To collect migrating larvae, 
50 x 50 x 15 cm box-type traps made from Sty
rofoamn-t were securely attached around millet stems. 
All openings around tile stem were closed to prevent 
larvae from escaping. The bottom of each trap was 
then covered with a film of non-drying sticky insect 
glue (Agrisense 13CS Ltd., UK). Hourly observations 
were made and the number of larvae trapped were 
recorded against time of observation to obtain peak 
migration time. The position of the trapped larvae 
relative to the stem was also measured to determine 
the migration pattern. Daily rainfall and hourly tem
perature and relative humidity were recorded. 

An additional experiment was conducted in 1992 
to study the role of environmental factors such as 
light in the migration of mature larvae of the head 
miner. Whole plant hills with infested millet heads 
were carefully uprooted and placed in large plastic 
buckets. Box-type traps as described above were 
placed around the stems. Plants were divided into two 
groups. One group was illuminated with diffused 
light (100 W) at night and left in the shade during the 
day, while the other group was kept in complete dark
ness at night and under partial darkness during the 
day. A third set of traps were secured around infeste0 
millet plants in the field under natural conditions as 
described earlier. Temperature and humidity were re
corded. Hourly observations of trapped larvae were 
recorded. 
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Results and Discussion the locations, was sampled only in 1992 and sampling 
was done about 3 weeks earlier than at other loca-

Distribution and importance of tions. It ispossible that R.infuscata peak emergence 

R. infuscata in farmers' fields 	 could have occurred before or after the samples were 
taken. 

Population densities of R. infuscata at different loca- Our results represent the first quantified large
tions are shown in Tables I and 2. In 1991, population scale sampling and population assessment in farmers' 
densities of the Rhinyptia beetle were high at most fields in Niger. In Senegal, Gahukar and Pierrard 
locations along the live survey transects. The greatest (1983) recorded population densities of 0.8 beetles 
mean number of beetles head -' (21.2) occurred in head' in 40-60% of farmers' millet fields during 
Lontuabery on the Niamey-Say transect and the low- small-scale surveys, and amean of 1.4 and 15 beetles 
est densities head ' (3.5) occurred at Lanfogou along head' in 1980 and 1981 on the research station. In 
the Niamey-Makalondi transect (Table I). Except for Niger, mean population densities ranging from 5 to 
Lanfogou, the mean number of beetles at each loca- 25 beetles head-' have been reported (Guevremont 
tion was > 5 head -' at all 19 sites. In 1992, the overall 1981, 1983). During the 1989 rainy season, population 
population densities were slightly lower than in 1991. densities of R. irifuscata were estimated at 800 000 
The greatest mean densities of beetles head-' oc- adults ha-' with an estimated grain yield los, of 42% 
curred in T"ombobaley (14.2) and Kahe (13.4) along (ICRISAT Sahelian Center 1990). These differences in 
the Birni-Dos ;o-Gaya and Nianicy-Say transects (Ta- density may reflect differences in sampling dates and 
ble 2). In 1991, R.infuscata was collected from all 19 emphasize the need for amore comprehensive survey 
locations sampled, whereas in 1991, this was the case duriog the cropping season. The relationship between 
in only 19 of the 27 locations. The Birni-Dosso-Gaya population densities in farmers' fields and yield 
transect, where no beetles were recovered in 50% of losses is a logical follow-up to determine the pest 

Table 1. Surveys on distribution and infestation by Rhinyptia infuscata in farmers' millet fields in Niger, 
rainy season 1991. 

Sampling Location Number of heads Mean ± SE 
transect sampled head-I 

Niamey-Say 	 Lelehi 200 5.7 ± 0.3 
Kahe 300 13.4 ± 0.4 
Lontuabery 200 21.2 ± 0.9 

Niamey-Makalondi 	 Gorouwa 300 16.4 ± 0.4 
Kabadie 199 14.6 ± 0.5 
Gnaktire 200 6.5 ± 0.3 
Lanfogou 100 3.5 ± 0.3 

Niamey-Tillabdry 	 Bangawi 299 8.8 ± 0.2 
Zamakourma 200 6.3 ± 0.2 
Lossa 200 6.4 ± 0.3 
Dia-Dia 100 10.8 ± 0.5 

Niamey-Filingu6 	 Hamdallaye 300 5.9 ± 0.3 
Wankama 199 6.7 ± 0.4 
Agarous 199 5.9 ± 0.4 
Balleyara 100 8.7 ± 0.3 

Niamcy-Birni 	 Kokoarey 304 5.7 ± 0.3 
N'Gaourd 	 Tioubi 198 7.9 ± 0.4 

Goumibi 201 5.4 ±0.3 
Birni N'Gaour6 100 7.1 ± 0.3 
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Table 2. Surveys on distribution and infestation by Rhinyptia infuscata in farmers' millet fields in Niger, 
rainy season 1992. 

Sampling 

transect Location 


Niamey-Say 	 Lelehi 
Kahe 
Lontuabery 

Niamey-Makalondi 	 Gorouwa 

Kabadie 

Gnaktire 

Lanfogou 

Niamey-Tillabdry 	 Bangawi 
Zamakourma 
Lossa 
Dia-Dia 

Niamey-Filingud 	 Handallaye 
Wankama 
Agarous 
Balleyara 

Niamey-Birni 	 Kokoarey 
N'Gaourd 	 Tioubi 

Goumibi 
Birni N'gaourd 

Birni-Dosso-Gaya 	 Tombobaley 
Tombo-Kaina 
Dosso-Kigoudou-K. 
Guitodo 
Bella-2 
Malgorou 
Kotd-Kotd 
Gaya 

status of R. infuscata across a wider range of locations 
and climatic conditions. 

Peak nocturnal activities of R. infuscata were de-
termined from recorded observations in farmers' mil-
let fields. In 1991, it was observed between 2200 and 
2400, with the lowest activity occurring between 
0400 and 0600 (Fig. la). Trends were similar in 1992 
(Fig. Ib). These results are in agreement with pre-
vious reports by L.ukefahr and Manalo (1989) and 
Gahukar and Pierrard (i983). These results and cur-
rent studies suggest that control measures that target 
adults would be most eflTctive if applied between 
2000 and 24W0, and primarily around 2300 when 
most adults would have emerged from the soil to fecd 
on millet heads. 

Number of heads Mean ± SE 
sampled head-' 

200 5.8 ± 0.4 
200 13.4 ± 0.9 
200 9.4 ± 0.5 

200 0.0 ± 0.0 
199 2.9 ± 0.2 
200 0.0 ± 0.0 
200 0.0 ± 0.0 

200 3.5 ± 0.2 
199 3.9 ± 0.3 
199 1.3 ± 0.1 
199 9.0 ± 0.6 

200 	 5.9 + 0.5 
199 4.3 ± 0.3 
200 8.8 ± 0.6 
196 1.9 ± 0.1 

198 3.0 ± 0.2 
199 7.0 ± 0.3 
200 7.7 ± 0.5 
200 0.0 ± 0.0 

200 14.2 ± 0.9 
300 10.4 ± 0.4 
300 5.9 ± 0.4 
200 0.0 ± 0.0 
200 0.0 ± 0.0 
200 0.0 ± 0.0 
200 1.0 ± 0.1 
200 0.0 ± 0.0 

Millet head miner: larval migration 

I-lead miner larval migration was 	 more intense bet
ween midnight and 0600 with peak activity during 
0400-0500 (Fig. 2a, b, and c). Peak activities also 
coincided with the timne of lowest ambient tempera
ture and highest relative humidity. There are no pre
vious reports on the migration of 	 the head miner. 
Continuous exposure to light or partial darkness did 
not affect the pattern of migration (Fig. 3). lowever, 
atmospheric moisture and rainfall muay be important 
factors. Most mature larval migration occurred 1l
lowing a heavy rain in 1990 (Fig. 4a), but the pattern 
was less clear in 1991 and 1992 	 (Figs. 4b and c). 
Therefore, it is possible that larvae not only migrate 
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Figure 1. Peak nocturnal activity of Rhinyptia in-
fuscata in farmers' fields in 1991 and 1992, Niger. 

during the early morning hours but also following
substantial rains so that on reaching the soil, they can 
penetrate without much difficulty for subsequent 
pupation. The synchronization of larval migration 
with high humidity, low temperature, and rains pro
vides a clue to the factors involved in head miner 
larval movement. 

The results from the study on head miner larval 
migration pattern from the millet head to the soil were 
inconclusive. L.'krge and mature prepupal larvae ap
pear to randomly drop down from millet heads. The 
distance from locations where larvae were trapped to 
the millet stem ranged from I to 24 cm in 1)90 and I 
to 19 cm in 1992 (Fig. 5a and b). lowever, the major
ity were found between 3 and 10 cm.It appears that 
mature larvae do not necessarily crawl from millet 
heads and along millet stems or use asilken thread as 
observed with small larvae (Youm, unpublishcd). 
Vercamubre (1978) indicated that sixth instars dislodge 
themselves from millet heads and drop to the soil. It is 
possible that during the nieration process, millet 
leaves serve to break their fall. 

Conclusions 

Surveys conducted in farmers' fields have shown thatR. infuscata occurs in large areas in all survey tran

sects in western Niger in Tillabery and Doso. Peak 
beetle feeding and mating behavior occurrc between 
2000 and 2400. Migration of mature H.al .punctella 
larvae occurs throughout the day, peaking between 
midnight and 0600. Larval migration from head to 
soil is a random process, as larvae do not necessarily 
move along millet heads or stems to the soil. Studies 

that moisture, rainfall, and temperature are 
likely important factors that influence migration. 

this information supplemented with more de
tailed studies on head miner biology, models can be 
developed to predict time of migration to the soil and 
the time to apply appropriate control measures. As a 

to [PM, the present studies show that con
measures against R. infuscata can be applied most 

effectively between 2000 and 2400. 
Future studies should (a) provide more compre

hensive regional surveys during the cropping season 
to gain information on the distribution and impor

of R. infuscata in a wider range of locations and 
climatic conditions, (b)determine the relationship be
tween beetle densities and yield losses in farmers' 
fields, (c)design more in-depth studies to determine 
the role of moisture/rainfall and light on the migra
tory pattern of the head miner. 
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Figure 2. 1lourly migration of millet head miner, Sador6, Niger, 1990-92. 
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Synth'se 50 a 1990 

La bioicologie du scarabie Rhinyptia infusc ta et 
de la mineuse de I'pi Ileliocheilus albipunctella. 40 
Lc petit ail [Pennisetian glc.ucwn (L.) R. Br.] est une 
importante culture cdrdalire de soudure dans les 
zones sahdlicnnes de I'Afriquec te'Ouest ct sa pro- M 
duction est reduite par ienombreuses contraintes tant aCL
 
biotiques qu'abiotiques. Le nombre d'insectes re- g 30 
census sur lemil varie de 81 i 150 esp&cs, ddpendant a) 
du pays et de liaIocalitd. Cependant, l'importance 
dcononiique e laimajoritd des insectes reste encore L'"6 
ddtrminer. Le scarabde Rhinvpia infuscata Bur-
meister (Coleoptera: S'arabaeidac) et lamineuse de 
I'6pi
lcliocheilus alhiilnctclla de Joannis (Lepidop-

tera: Noctuidac) sont d'importants ravageurs des dpis
 
dIo ini. Des ditudes ont 616inendes en vue de iciux
 
cerncr libiocologie ct lecomnportemfent de ces deux 

ravageurs et amnliorer les techniques (IClutte.
Pour le
 
scaratde, des 6chantillonnages ont dtimends en 1991
 
et 1992 sur six axes dont Niamey-Say, Niamey-

M kahodi. Nia ncy-Tillabcry, Nia nicy-Filingu,0 
Nianmey-Birni, Birni-Dosso-Gaya. Utilisant de sire-
pies pi~ges i colic, limigration larvaire de lhimin-

euse (iel'dpi et les mcanismes rigissant cette 
migration ont dtd dtudids. Les rdsultats ont montrd que 
lapdriode dintenses ddgats ct d'accouplement du 
scarabde se situe entre 2(X)O et 24(X)h avec tine pointe 
d'activitd aux environs Ie2300 h. L'aire de rdparti
tion du scarate estitendue au Niger, avec des digfits 
substantiels stir Ic Mil dans litplupart des zones dcha
ntillonndcs. En 1991, ]a plus importante densitd de 
scarabie par dpi (21,2) dtaitrelcve i Lontuabery stir 
I'axe Niamcy-Say, etlIamoins importante (3,5) i 
Lantogou stir I'axe Nianmey-Makaondi. Lcs densitis 
tic population LIu scarabde diaient moins dlevies en 
1992. La plus importante densit par 6pi dtait de 14,2 a 
Tombobaley sur I'axe Birni-l)osso-Gaya, Ct 13,4 i 
Katie sur I'axe Niamey-Say. 

L comportecment mineuselarvaire de li, ielI'dpi 
par rapport i migration a 6galemnent dtiddtudid. [.es 
rdsultats ont montrd que litmigration hi rvaire ditait 
plus importante entre 24M0 et 0600 I.Cette pdriode 
ci rresponidait i tine temprature ambiante moins die
,'de
ettine humiditd relative plus prononce. En 1990, 

une forte migration larvaire a coincidd avec tine forte 
pluie. Cette relation entre lIaphtviomitrie et latnigra
tion larvaire dtait moins claire en 1991 et 1992. L'util-
isation tie liluii&e diftuse continue oti I'obscurit6 
totale ou partielle n'Wavait pas delfet stir lItimigration 
larvaire. Ceci nmontre lanicessit ieniener des dtudes 
beaucoup plus approfondies ain de diterininer les 
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Figure 5. Migration pattern of millet head miner 
in 1990 and 1992, Sador6, Niger. 
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facteurs-clef rdgissart le temps de migration de la 
mincuse dc 1'dpi. 

Les etudes sur les m6canismes de la migration 
larvaire -taient moins conclusives. Les larves ,igdcs 
apparemment tombent par hasard au sol Apartir de 
I'dpi et n'utilisent pas n6cessairement la tige lors tie la 
chute. Ccpendant, les feuilles de rail pourraient 6vcn-
tuellement rdduire l'effet de Iachute. Le lieu de chute 
des larves par rapport a la tige dtait de I 'i 24 cm en 
1990, ct de I Li 19 cm en 1992. Pour les deux anndes, 
cette distance tait de 3 t 10 cm pour Iamajoritd des 
larves pidges. 

Compte tenu de ces dtudes, des recherches plus 
approfondies doivent etre mendes alin de diterminer 
(a) la distribution et l'importance du scarabee sur de 
grandes zones gdographiques et diveises conditions 
climatiques, (b) la relation entre les densitds du scar-
abe et les pertes de rendement du mil en champs 
paysans, ct (c) le rble de l'huniditd, la pluviomdtrie, 
et la lumi re sur la migration larvaire de la mineuse 
de 1'dpi. 
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Yield Loss Assessment and Economic Injury Levels
 

for Panicle-Feeding Insects of Sorghum 

H C SharmaI and G L Teetes 2 

Abstract 

Economically important panicle-infesting insect pests of sorghum include the sorghum midge, 
Contarinia sorghicola (Coquillett); head bugs such as Calocoris angustatus (Lethiery), Eurystylus 
immaculatus Odhiambo, and Oebalus pugnax (Fabricius); and caterpillars such as Ilelicoverpa zea 
(Boddie) and 14.armigera (tiibner). Annual monetary losses due to sorghum panicle-feeding 
insects have been estimated at US$ 535 million in the semi-arid tropics (SAT), USS 250 in the USA, 
and US$ 80 million in Australia. 

Economic injury levels (EILs) for the sorghum midge are 0.4-6, 2-15, and >50 midges paniclej 

on susceptible, mnoderately resistant, and highly resis;ant cultivars. I ILs for the sorghum head bugs, 
C. angustatus and E. iminaculatus are 0.5-1 and 0.97-2.52 bugs panicle-'. ElLs for head bugs are 
2 to 3 times greater on resistant cultivars than on susceptible commercial cultivars. They range from 
2 to 12 bugs panicle'Ifor 0. pugnax, 2 to 9for Nezara viridula (Linneaus), 2 to 10for Leptoglossus 
phyllopus (Linneatus), and 2 to 10for Chlorochroa ligata (Say). ElLs for i. zea larvae are 0.2-2.5 
paniclet . Plant resistance has aprofound influence on ElLs depending on the nature ofdamage and 
resistance mechanism(s). The relevance ofElIsfor decision making in integrated pest management 
for sorghum has been discussed. 

Introduction 

Approximately 150 insect species have been reported 
to infest sorghum in different parts of the world (Jot-
wani et al. 1980). The major insect pests include the 
shoot fly, Atherigona soccata (Rondani); stem borers, 
Chilo partellus (Swinhoe), Busseola fisca (Fuller), 
and Eldana sacctarina (Walker); armyworms, Myth-
imna separata (Walker), Spodopterafrugiperda (J.E. 
Smith), and S. exempta (Walker); aphids, Schizaphi.; 
graminum (Rondani), Sipha flava (Forbes), and 
Melanaphis sacchari (Zchntner); the chinch bug, 
Blissus leucopterus leucopterus (Say); the sorghum 
midge, Contariniasorghicola (Coquillett); head bugs, 
Calocoris angustatus (Lcthiery), Eurystylus iia-
maculatus Odhiambo, Nezara viridula (Linneaus), 
Oebalus pugnax (Fabriciuns), and head caterpillars, 
Ieliothis and thelicoverpa (Sharma 1993). 

Yield Loss Assessment 

Assessments of sorghum grain yield losses due to 
insect pests are scarce and difficult to obtain. Mone
tary losses caused by insects can be measured in two 
ways: actual loss in yield due to insect pest damage, 
or losses due to the costs involved in controlling in
sect pests, usually the expenses associated with insec
ticide use. Insecticides do not increase yield, but only 
protect the potential yield of the crop. Insecticide use 
isconsidered to be justilied when the yield isof equal 
or greater value than the cost of the insecticide and its 
application. Unwarranted insecticide use is not apro
du..'tion cost, but a loss in profit. 

Annual losses due primarily to panicle-infesting 
insect pests differ in intensity on a regional basis. 
They have been estimated to te US$ 550 million in the 
semi-arid tropics (ST), US$ 250 million in USA, and 

I. IWRISATAsia Center, It'aancheru 502 324. Andhra Pradesh. India. 
2. Dcpartnent oftntomology. Tekas A&M University, Cotllege Station, Texas 77843-2475, USA. 

'RISATConference Paper no. Cl) 977. 

Sharma, II.C., and Teetes, G.L. 1995. Yield loss ssessment and economic injury levels for panicle-feeding insects of sorghum. Pages 125-134 
in Panicleinsect pests of sorghum and pearl millet: proceedings of an tnternational Consultative Workshop, 4-7 (Mi 1993, ICRISAT Sahelian 
Center. Niamey. Niger (Nwanze, K.F.,and Youm, 0., eds.). Patanchcru 502 324, Andhra Pradesh, India: International Crops Research Institute 
for the Semi-Arid Tropics. 

125 

http:0.97-2.52


US$ 80 million in Australia (ICRISAT 1992). In India, were destroyed by the progeny produced by one fe
4-84% of sorghum grain is lost to panicle-fccding male per panicle. Each insect infesting resistant ser
insect pests. Annual grain yield losses at the mini- ghum destroyed 0.32 gof grain (9 kernels). Grain loss 

" inuni level of 4.61% are equivalent to US, I(X) million is therelore much higher in susceptible cultivars than 
(Leuschner and Sharma 1983). In Tamil Nadu, India, in resistant ones at the same level of insect densily. 
sorghuminmidge and earhead bug cause an estimated 
crop loss of 3V(Xvalued at USS I) million (I1.C. 
Sharma, unpublished). The incidence and extent of Head bugs 
losses reported from different parts of the word are 
discussed belov. Grain losses of 18- 57% due to Calocoris angustatus 

have been recorded in Karnataka, India (Kulkarni and
 
llhuti 1983). 1nder experimental conditions, C. an-


Sorghum midge guslants can cause 55-88% grain loss in commercial
 
celtivars (Table 1),and 8-30) in bug-resistant cult,-


The sorghum midge is the most ubiquitous and vars (Sharnia and LopeZ 1989, 1993). In Maharashtra,
 
serious insect pest of sorghumn worldwide. Annually, India, loss of grain ranged ftYim 23 to 1f)0%depend
it destroys about t0- 15% of the world sorghum crop. abundance of hcald
ing on tile UgS (Note and Jadhav 
Sorghum sown early in a growing season usually es- 1990). Panicle-leeding bugs in Texas cause grain 
capes infIestation, while late-sown sorg hum is se- losses worth USS 1.9million per year (Cronhol i etal. 
vcrely damagcd. 1993). 

itIexas, USA, losses (ftle to sorgIium midge vary In Wst Africa, I', 'vstvusimmoc ams has be
over seasons and locations, but cointon ly exceed US$s comei a serious pest of sorghum. It is one of the most 
28 million each year. In comparison, control of the important constraints to the introduction of' high
greenbug, Schicap/is grantinum (Roidan i), costs yielding cultivars, which stfter more than 80(.,( loss 
about USS 21 million. In tile Svr, sorghum midge inlgrain yield. Stec k et al.(1989) observed that the 
occasionally becomes when loss inlepidemic, especially local cultivar, Mota Gami, suffered I.4;, yield 
sowing is staggered in a given area or when cuivars under iiatnral infestation inNiger. The proportion of 
with different durations are sown together. Inadequate light-weight grain (damaged by E. ioinnaculatus) is 
and uneven rainfill can delay sowing, or iiake rco.w- greater in panicles infested at the conil'lete-atlies is 
ing necessary. Landrace varieties most otten flower stage (421: ) than those intested at the dough stage 
uniformly, while high-yiclding, early flowering Culti- (171:) (Sharna 1986, Sharma et al . 1992). 
vars often do not. Sorghtim sown and lowering later 
than normal is exposed to sorglutm midge for a longer 
period of time, and can suffer severe dtainage. Severe 
midge iifestations were recorded between 1965 and Table 1.Avoidable losses caused b)y head bugs in 
1975 in India when sorghui hybrids were first intro- three cultivars, ICRISAT Asia Center, rainy seasons 
duced. During the 1991/92 season, severe midge in- 1985-87. 
l'stati(is occurred in Nigeria anti Niger, in West 
Africa (K.F.Nwanze, CRISAT, personal communica- Grain yield (t ha Avoidable 
tion). Sorghum midge is especially abundant in tlie Cultivar Protected' Unprotected losses (%) 
Gambella region inEt hiopia, Busia region in Kenya, 
Illonga in Tanzania, Yeien, and inthe states of Kar- CSi! I 

nataka, Maharashtra, and Tamil Nadu in India.Nearly (1985) 1.677 0.505 69.89 

30% of sorglium grain vaIuned at US.$ 7 million was ICSV I 
damaged by the midge inlwestern Kenyai in 1990 (1985) 2.599 0.296 88.61 
(II.C. Sharma, tin pt bhlihed). The pest damages al
most 251,( ol' sorgli1ii grain iil southern Africa (l.eu- CSII 5 

schncr and Pande lV92). In the Americas, Australia, (1986) 2.903 1.339 53.88 
and South Africa, midge damage is often extensive, CSIl 5 
and the crop is usually sprayed with insecticides at (1987) 2.388 1.075 54.98 
flowering to maintain tilegrain yield potential.
 

IHallman ctal.(1984) deteriined that for a suscep- t'i'N piyed doih st.
lihcLi. dhoughmilk, anod ',ag, 

tible sorghum hybrid, 1.5 g of gratin (42-48 kernels) 
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Head bug damage decreases grain hardness, l(X)0-
grain mass, and seed germination (Sharma 1986, 
Steck et al. 1989, Shairma et al. 1992). Under cage 
screening, the percentage of light-weight grain varied 
from 40.3% in IS 14334 to 75.8% in 83F6-1 11. Ilead 
bug damaged light-weight grain is unfit for human 
consumption (Sharnia et al. 1994). Bugs not only re-
duee the grain yield, but also spoil the quality of the 
grain, and render it unfit for human consumption 
(Sh arma and Lopez 1989, Sharma et aI. 1992). An 
increase in bug daniage rating by I (on a I -5 scale) is 
equivalent to a loss of 12.6 g of grain per panicle, 4.4 
g in I(X)0-grain mass, and 15.5'( in seed germination. 
A I-g decrease in MO0-grain mass resutlts i 15.51; 
less seed germination. BIug-dainaged grain is of poor 
nutritional quality, has greater amounts of tannins, 
and results in poor seedling establishment and vigor 
(Natarajan and Sundara Babu 1988a, Sharlma et al. In 
press). Thus, while evaluating bt'g damage and co1-
piting 1lt1.s, loss of grain quality also should be 
considered, 

Hlead caterpillars 

Rawat et al. (1970) estimniated 18-20% grain loss due 
to caterpillars infesting panicles of sorghum hybrid 
CSI I in Madhya Pradesh, India. The caterpillars, 
II. arnigc'ra, Dichocrocis pionctifi,rais (Walker), 
C- ptoblabes gnidiella (Milliere), Illproctis Xanllhor-
rhoea (Coll.), hl'phstia caut'lta (Walker), and Sito 
troga cereailela (Oliver) have been reported t0 cause 
grain ilos.ies of 44.4.; at New )elhi (Kishore and 
Jotwani 1982). Sorghum hybrids CSII 9 and CS!! 5 
stiffered grain yield losses of 14.5 and I2.9 ,i in Ma-
harashtra (Mote and Murty 1990), and 21.9-51.8% in 
Gujarat (Patel and Mittal 1986). In southern Africa, 
Ht. arnigera catises 10-20.( hiss in grain yield annu-
ally (LcusChier arid Paride 1992). 

For each additional It. arnigera larva per panicle, 
grain darilage increased by 4.9'i , and grain yield de-
creased by 3 g panicle I (Mote and Murty 1989). 
With a I1, increase in grain damage, grain yield de-
creased by 0.78 g panicle I (Mote and Murty 1989). 
Wilson (1976) reported that each 11. arnrig -ra larva 
reduced grain yield by 5.4 g on RS 610 sorghum and 
8.4 g oi Pickett. In Queensland, Twine and Kay 
(1982) recorded aIloss of 1.6 g of grain larva' pani-
cle-'. One larva caused grain losses of 22.1, 20.5, and 
15.6% when released at the half-anthesis, milk, and 
dough stages, respectively (Mote and Murty 1989). 

Kinzer and Henderson (1968) found that one 
11. zea larva per panicle decreased grain yield by 3.9 g 

at harvest. Infestations by I-- 16 larvae of varying 
sizes per panicle damlaged 10-60% of the grain 
(Burkhardt and Brc ithaupt 1955, DePew 1957). Based 
on artificial infestation, a regression equation has 
been developed to predict tlhe number of grains a 
known number of larvae woti ld destroy (Buckley and 
Burkhardt 1962). Sorghum grain losses caused by 
corn earwornis can be estimated by using the equa
tion: Y = 71 + 102X, where X = nuiImber of larvae per 
panicle (Teetes and Wiseman 1979). 

Economic Injury Levels (EILs) 

The ilti is delined as the insect pest abundance, or 
aniount of damage that results in economic yield loss. 
1ll. is an objective aind a determinable value. In con
trast, the economic threshold level (H'I.), is subjec
tive. 1;'1. i:; the insect abundance level at which 
remedial control is required to prevent an insect pest 
that is increasing in abundance fron reaching the 1lt. 
(Stern 1973). In most cases, the economic threshold, 
action threshold, or treatment threshold is lower than 
the economic injury level to allow itite for curative 
action. If insect pest abundance does not increase, the 
econon ic injury and threshold levels are the same. 
Currently, synthetic insecticides are almost always 
the curative action. liL.s are a dynamic phenomenon, 
and they vary with the cultivar grown, cost of control, 
expected value of the crop, oroductivity potential, and 
socioeconomic factors. 

The methodology used in determining FlL.s is im
portant to adjusting crop management recommenda
tions. Assessment of the lit. requires determination of 
the relationship between yield loss and insect pest 
abundance, or level of dam age. This includes: 1)ob
servalions of natural insect pest infestations which are 
then related to yield loss, 2) modifying insect pest 
abundances and relating them to yield loss, 3) using 
artificial infestation levels and relating insect pest 
abundance to yield loss, and 4) simulating damage by 
mechanical means and computer mxleling. 

Factors that need to be considered in determining 
density-to-damage relationships include: 1) time of 
injury with respect to plant growth, 2) part of the 
plant injured, 3) type of injury (direct or indirect), 4) 
intensity of the injury, and 5) environmental effects 
on the plant's ability to withstand injury. Adding an 
insect-resistant cultivar to this agenda doubles the 
amount of work. Information available on ElLs (or 
panicle-feeding insects of sorghum is discusfed 
below, 
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T[able 2. Economic injury levels for sorghum midge susceptible and resistant hybrids, College Station, 

Texas, USA, 1984. 

Market ,alu,: of crop (US1 haControl cost 

(USS) ha 250 3(X) 350 400 450 5X) 550 6(X) 650 700 750 

Susceptible hybrids 

0.47.5 1.21 1.0 0.9 0.8 0.7 0.6 0.6 0.5 0.5 0.4 

10 1.6 1.3 1.I 1.0 0.9 0.5 0.7 0.7 0.6 0.6 0.5 

12.5 2.0 1.7 14 1.3 1.1 I) 0.' 0.8 0.8 0.7 0.7 

15 2.4 2.0 1.8 1.5 1.3 1.2 1.1 1.0 0.9 0.9 0.8 

17.5 2.7 2.3 2.0 1.8 1.6 1.4 1.3 1.2 1.1 1.0 0.9 

20 3.0 2.7 2.3 2.0 1.8 1.6 1.5 1.3 1.2 1.1 1.1 

Resistant hybrids 

7.5 
10 
12.5 
15 
17.5 
20 

61 
8 

10 
12 
14 
15 

5 
7 
9 
0 

12 
14 

5 
6 
7 
9 

10 
12 

4 
5 
7 
8 
9 

10 

4 
5 
6 
7 
8 
9 

I Number ,I p, tIm ,r hum midges piri le 

Sorghuni midge 

IlsIfor sorghu llluithze havc been estimated to be 0.6 

adult ,orIhUm inIdg1 es panicle ' in lai. kan ([long 

1987). 0.4 3.0) paicle I in Texas (('ronholm ct al. 

19931, I.)) in India and Argentina (l.imonti and Villata 

19X0, Karanjkar and (harldur,.%sar 1978), 2 3 in Mis-

sissippi IPitre et al. 1975). and mtore than 6 midges 

panicle in Australia (Was,,Iov. 1973). :l .s for the 

midge oin resistant sor'Ilum hybrid, in ITexas hase 

bcen estimated to be 2 15 midges panicle I depend-

ini on tihe expected .alue of tile crop and the cost 0f 

insctic(e (IIlalhan ct al. 1984; Table 2). 

3 3 3 3 2 2 

4 4 4 3 3 3 

5 5 4 4 4 4 

6 6 5 5 5 4 

7 7 6 6 5 5 

8 8 7 6 6 6 

Head bugs 

1-.11.sfor panicle-feeding bugs differ by cultivar and 

the stage of panicle development when infestation oc

curs ( lall and Teeces 1982a,b; Natarajan and Sundara 

Iahb 1998b, Sharma and Lopez 1989, 1993). tl-.s for 

C. aogIusa,u at the half-anthesis stage vary between 

0.2 and 1.4 adults panicle I on commercial cultivars 

(Table 3). At the milk stage, when maximum bug 

abundance and damage occur, li.s vary from 2.3 to 

2.4 bugs panicle I (Sharma and Lopez 1993). Natara

jan and Sundara Babu (1988b) reported l-tl.s for 

C. angustauts to be 0.06-0.12 adults at tile half-

Table 3. Economic injury levels (IKIl.s) 1 for Calocori.s angustatus, ICRISAT Asia Center, rainy season 
1985-87. 

I. iss in grain yield t ha ) 

One insect Following Ill. (one insect Ell. (based on Ilt. 

Cultiv:ar ' car per panicle atural increase across stages) natural increase) (Norton 1976) 

('SI 1 1985 0.022 0.077 4.5 1.3 1.4 

I('SV I 1985 0.209 (.251 0.5 0.4 0.4 

(SII 5 1986 0.154 0.548 0.6 0.4 0.5 

('11 5 1987 0.2K6 0.232 0.4 0.2 0.2 

1.N u m b r Il d ult h utlg p .1 1 l C I it th e hmki -nthc i, ",t p . 
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anthesis stage and 5.4-10.5 adults at the milk stage, or resistance of a newly released crop cultivar is critical. 

I-or E. ir- Insect-resistant cultivars decrease insect pest abun7.9-15.0 nymphs at the milk stage. 

have been estimated to be 0.97-2.52 dance or delay the time requir,.3 by tileinsect pest to 

bugs panicle at the milk stage (0. Ajayi, ICRISAT, attain the 1I1., or increase the depending 
maculatus, tll.s 


II1., on the 

mechanisin of resistance and the criterion on whichpersonal conintication). 

flall and Tectes (1982a) studied the insect density- the HI. is bscd (Tectes 1985, Sharma 1993). If the 

to-yield loss relationships for four species of panicle- 1:1. is based on damage, then the till.will be the same 

feeding bugs: Oebalu. pgnam, Chlorochroa ligata, lor an insect-resistant cultivar as it would be for a 

la)(Sharnia 1993). If theLUptoglhssus phllopts, and NeTzara viridula. Largest susceptible cultivar (Fig. 

reductions in grain yield occurred v,hcn oanicles 

,cre infeted at the milk-to-maturity stage of grain 

development. Percentage yield reductions ii reased 

qjuadratically with an increase in bug abundance. At 

the milk stage, the il.s were 2-6 bugs panicle I for 80 
"

N. viridoo. C'.Iigata. and L. pIlhvlo. , and 3- 8 for ).
 

)iinahS (I tall ctal. 1983; Table 4). u> 60
 
Q)

"J 40 
- - Blead caterpillars 

................
t: 

Insect detmlity-to-damage relationships for sorghum 1) -

head caterpillars have been computCd in Australia L - - .. ... .. C 
0 J A

(Wilson 1976, Twine and Kay 1982), Irdia (Mote and S 
1968;elndersonUSA (Kinzer and

1989), and,trty 


"ectCs and Wiscnman 1976). These relationships can 60 .b.c 
be ucd to determ ine lil.s for different cultivars and ........... ..........................
 

recions. Cronholm ci al. (1993) reported til.s for a 
C m 

I 

range of p,.ticin levels and control costs for tile m 40L 
B 

corn car orbm in sorehO n (Thble 5). For example, . 

is USS 650, the ilt. is I E .....................when the value of the crop 
o 

larvae panicle t 2 

E A 
z 

0 I I 

Effect of Plant Resistance on Aug Sep Oct Nov 

Economic Injury Levels 20 
A
C 

One of the first and nlost important adjustments to aC. 15 
crop mianagemnent reconimendat ions that must be M. 

ma.de relates to ecoronlic threshold or action thresh

old in relation to host-plant resistance. I'his approach 5 10. 

is in concert with the integrated pest managenment ." 

adds to the security the farmers de- E 5 ............. approach and 
nand. In some cases, there are several different resis- z ........

tant ct,ltivars o'f a crop that have different resistance 0 

levels. Ilove;er, general or common resistance levels Aug Sep Oct Nov 

Monthsusually occur for which relative differences between 

resistant and susceptible cultivars cart be determined. Figure 1. Effect of plant resistance on economic 

injury level (Ell,). i. based on a) damage, b) non-Fxperitnental and empirical data are very valuable in 
damaging adult stage, and c) damaging adults ondetermining the level of resistance of a cultivar. 

'resistance' conveys different genotypes with nonpreference and antibiosisBecause the term 
mechanisms of resistance. A, B, and C are susceptexpectations to different people and fariers desire no 
ihle, moderately resistant, and resistant genotypes.additional risk, the use Of I.s to dcline the level of 
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Table 4. Economic injury levels for rice stink bug, southern green stink hug, Conchuela stink bug, and 
leaf-footed bug, College Station, Texas, USA, 1984. 

Control c)st Market value (US$) of crop ha- I 
(US$) ha' 250 275 300 325 350 375 400 425 450 475 5(X, 525 550 

Rice stink bug 

5 
7.5 

10 
12.5 
15 
17.5 
20 
22.5 
25 

4' 
5 
5 
6 
7 
7 
8 
8 
8 

4 
5 
5 
6 
6 
7 
7 
8 
8 

4 
4 
5 
6 
6 
7 
7 
7 
8 

4 
4 
5 
5 
6 
6 
7 
7 
7 

3 
4 
5 
5 
6 
6 
6 
7 
7 

3 
4 
5 
5 
6 
6 
6 
7 
7 

3 
4 
4 
5 
5 
6 
6 
6 
7 

3 
4 
4 
5 
5 
6 
6 
6 
7 

3 
4 
4 
5 
5 
5 
6 
6 
6 

3 
4 
4 
5 
5 
5 
6 
6 
6 

3 
4 
4 
4 
5 
5 
6 
6 
6 

3 
3 
4 
4 
5 
5 
5 
5 

3 
3 
4 
4 
5 
5 
5 
5 
6 

Southern green stink bug 
5 3 3 3 3 3 3 2 2 2 2 2 2 2 
7.5 

10 
12.5 

4 
4 
4 

3 
4 
4 

3 
4 
4 

3 
4 
4 

3 
3 
4 

3 
3 
4 

3 
3 
4 

3 
3 
4 

3 
3 
3 

3 
3 
3 

3 
3 
3 

3 
3 
3 

3 
3 
3 

15 
17.5 
20 
22.5 

5 
5 
5 
6 

5 
5 
5 
6 

4 
5 
5 
5 

4 
5 
5 
5 

4 
5 
5 
5 

4 
4 
5 
5 

4 
4 
4 
5 

4 
4 
4 
5 

4 
4 
4 
4 

4 
4 
4 
4 

4 
4 
4 
4 

3 
4 
4 
4 

3 
4 
4 
4 

25 6 6 6 5 5 5 5 5 5 5 4 4 4 

Conchucla stink bug 
5 
7.5 

3 
3 

3 
3 

3 
3 

3 
3 

3 
3 

2 
3 

2 
3 

2 
3 

2 
3 

2 
2 

2 
3 

2 
3 

2 
2 

10 
12.5 
15 
17.5 
20 
22.5 

4 
4 
5 
5 
5 
6 

4 
4 
4 
5 
5 
5 

4 
4 
4 
5 
5 
5 

3 
4 
4 
4 
5 
5 

3 
4 
4 
4 
5 
5 

3 
4 
4 
4 
4 
5 

3 
3 
4 
4 
4 
5 

3 
3 
4 
4 
4 
4 

3 
3 
4 
4 
4 
4 

3 
3 
4 
4 
4 
4 

3 
3 
3 
4 
4 
4 

3 
3 
3 
4 
4 
4 

3 
3 
3 
4 
4 
4 

25 6 6 5 5 5 5 5 5 4 4 4 4 4 

Leaf-footed bug 
5 3 3 3 3 3 3 3 2 2 2 2 2 2 
7.5 

10 
12.5 

4 
4 
5 

4 
4 
4 

3 
4 
4 

3 
4 
4 

3 
4 
4 

3 
3 
4 

3 
3 
4 

3 
3 
4 

3 
3 
4 

3 
3 
3 

3 
3 
3 

3 
3 
3 

3 
3 
3 

15 
17.5 
20 
22.5 
25 

5 
5 
6 
6 
6 

5 
5 
5 
6 
6 

5 
5 
5 
5 
6 

4 
5 
5 
5 
6 

4 
5 
5 
5 
5 

4 
4 
5 
5 
5 

4 
4 
5 
5 
5 

4 
4 
4 
5 
5 

4 
4 
4 
5 
5 

4 
4 
4 
4 
5 

3 
4 
4 
4 
5 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

I. Number of bugs panicle 
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Table 5. Economic injury levels' ror corn earworm larvae in sorghum, College Statin, Texas, USA, 1979. 

Crop vlue (Iss) ol crop lIhControl cost. . ... . ... . 

(US$) hil 250 300 350 4(X) 

5 0.5 0.4 (0.3 0.3 
7.5 0.8 0.6 0.5 0(.5 

10 1.0 0.8 0.7 0.6 
12.5 1.2 1.0 0.9 ((.8 
15 1.5 1.2 1.1 (.9 
17.5 1.7 1.4 1.2 1.1 
20 2.0 1.7 1.4 1.2 
22.5 2.2 I.9 1.6 1.4 
25 2.5 2.1 1.8 1.6 

I.Nurntii r 0d larve'pdilict' I, 

[tt. is based on the number ol insects at a nondamag-
ing stage ol the insect (e.g., number of adult sorghuti 
midges r.er panicle or rrumh,'r ol adult insects catught 

in pheroitone or light traps), the 1it11.will increase 
with an increase in the level of phlnt resistance. i the 
case of sorght:l midge, the tlt. is ((.4-3.(1 adult 

midges panicle I of su.,,ceptible sorghin, 2 15 

midges parricle I for atmoderately resistant cultivar, 

and >50 midges panicle I for a highly resistant culti-
var (Fig. Ib). If the ril.is hased on adults which also 

cause damage (e.g., paniclc-Ieeding bigs), and the 

incchanisrn of resistanice is aririhiosis (which de-
creases the rat of increase in insect aburdance), then 

the time taken by tIre insect to attain the t:Il, will be 
lengthrented by the resistant cultivar (Fig. Ic). 

For sorghltin mridge., tire 1tt. iicreases with an 
increase intire level of resistance to this insect.I all-

tian elal. (11)84) studied soirglmi nidge density-to-

plant daniage relationships for resistant anid suscept-
ible hybrids. I.s for nidge-resistaint sorghun 

450 5(X) 550 600 650 

0.3 0.2 0.2 0.2 0.2 
0. O.4 0.3 0.3 0.3 
0.6 0.5 0.3 0.3 0.3 
0.7 0.6 0.6 0.5 0.5 
0.8 0.8 0.7 0.6 0.6 
1.) 0.9 0.8 0.7 0.7 
1.1 1.) 0.9 0.8 0.8 
1.2 1.1 1. 0.9) 0.9 
1.4 1.2 I.1 0.9 1.0 

hyhrids are ive times higher than for susceptible hy
brids ('ronhohl et al. 1993; lahle 2). Sharia et al. 

(I(93) estimated ItI.s fort~vo ridge-resislant experi
menrtal cultivars (ICSV 197 and I('SV 745) and four 

commercial cuhivars (('SII 1,(SII 5, ICSV I and 
ICSV 112). "'Ihlce was a linear relationship between 

midge abundance and perceIttage grain loss tor the 
susceptih!, cultivars CSII 1,('SII 5,and [('SV 112. 
I lowever, with an increase in midge abundance, there 
was only a marginal increase in darrage trtie resis
taut cultivars. l)amage to I gSVI mroderately in
creased with ainincrease in iridgc abundance. Ilsect 

denisity-to-datnage relatiornships were betier cor

related when cultivars were inlrfsted 4I 5 tintes with a 
range of insect delsities (5- 8(1 nidges panicle I 
day I) than withia single irtestation. 1:1t.s using 40 

midges panicle I arid across four infestalions were 

0.2-0.3 midges panicle I :or ICSV I,I("-V 112, and 

CSII 1,Conipared with 4.4 nmidges for ICSV 745 and 
88.1 midges for ICSV 197 (']able 6). 

Table 6. Economic injury levelsi for sorghum midge for different number of infestations and Four insect 
densities on five sorghum genotypes, t('RISAT Asia ('enter, postrainy season 1989/90. 

Number of infcstations Intfestation levels 

Cultivar I 2 3 4 5 1(1 20 40 

ICSV 197 3.1 1.6 2.0 33.3 333.3 2.9 12.5 100.0 
ICSV 745 20.0 7.7 4.8 25.0 12.2 2.2 3.3 6.7 
I('SV I (1.8 (1.6 0.3 0.2 2.2 2.3 0.6 0.2 

ICSV 112 (.6 0.4 0.2 0.2 2.9 (.8 (.6 0.2 
CSIl 1 (.3 0.3 0.3 0.1 0).5 0.5 1.3 0.2 

1.Numhr of midges panricli 
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EilLs for C. angustatus have bec determined to be 
0.2-0.9 bugs panicle-" on CSHI 11,a highly suscept-
ible sorghum; 0.8-4.2 bugs on IS 9692, a susceptible 
sorghum; 0.5 to 1.3 bugs on IS 21443, a moderately 
resistant sorghum; and 10-15 bugs on IS 17610, a 
bug-resistant sorghum. Based on multiple regression, 
the L-ILs ofvaried from 0.04 to 0.30 bugs panicle' 

CSH I1,
0.9 to 6.6 bugs on IS9692, 0.3 to 5.1 bugs on 
IS 21443, and 2.7 bugs on IS 17610 at the half-an-
thesis stage (Sharma and Lopez 1993). 

Future Research Needs 

" 	 Survey the major sorghum-growing areas in the 
SAT to estimate insect-associated losses in 
farmers' fields and determine research priorities
Establish Elds ar economically important insect 
pestablishurrentlyforecono dicallymporta nect 
cultivars 


* 	 Determine insect density-to-yield loss relation-
ships for important panicle-feeding insect pests of 

sorghum 
* 	 Assess the effects of natural enemies and crop 

combinations on panicle-feeding insect pests of 

sorghum and on EIl.s 

Synthse 

L'dvaluation des pertes de rendement et des seuils 
iconomiques de nuisibilitides insectespaniculaires 
du sorgho. A peu pres 150 ravageurs s'attaquent au 
sorgho dans les diffdrentes parties du monde. La cd-
cidomyie du sorgho, Contarinia sorghicola Co-
quillett; les punaises des panicules, Calocoris 
angustaus (Lethiery), Eurystylus immaculatus Odh-
iambo, Nezara viridula (L.), Oebalus pignav (Fabri-
cius); et les chenilles des panicules, th,'iothis et 
tlelicoverpa sont les plus importants insectes nuis-
ibles au sorgho A.grain dans le monde. 

Le niveau des pertes annuelles dues aux insectes 
paniculaires varie en fonction des regions. Des pcrtes 
ont dtd estim6es 550 millions de dollars dans les 
tropiques semi-arides, 250 millions de dollars aux 
Etats-Unis et 80 millions de dollars en Australie. 

Les seuils dconomiques etablis pour lacecidomyie 
du sorgho sont de 0,6 adulte par panicule au Ta'iwan, 
0,4 A3 i Texas, I cn Inde et en Argentine, 2 it 3 A 
Mississippi et plus de 6 en Australie. 

Des scuils pour des punaises des panicules varient 
scion des cultivars et des stades de developpement 
paniculaire lorsque I'infestation alieu. En cc qui con
cerne C. angustatus, au stadc Iedcmi-anthse, les 
sculls se situent entre 0,2 ct 1,4 adultes par panicule 
des cultivars commerciaux et entre 2,3 et 2,4 au stade 
laiteux Iorsque ladensit6 de peuplemcnt de l'insecte 
est laplus leve et les ddgits sont les plus sdv:rcs. 
Au 	stade laitcux, les scuils ont estimns A0,97 it 
2,52 punaises par panicule pour E. ininaculatus, 2A6 
punaises pour N. viridula,C. ligala, et L. phyllosus, et 
3A 8punaises pour 0. pugnax. Le seuil pour Heli
coverpa est d'une larve par panicule. 

L'unc des plus importantes modifications qu'on 
doit faire aux recommandations sur lagestion cultur
ale concerne le scuil 6conolnique ou le seuil dintervention par rapport A laresistance des plantes. Des 
cultivars rdsistants rdduisent I'abondance des insectes 
ravageurs ou retardent le temps necessaire par le 

ravageur pour atteindre le seuil dconomique de
nuisibilitd ou bien augmentent Icseuil en fonction du 

nisme de anceetd e su e Ic 
mdcanisme de resistance etdu critre sur lequel le
seuil est base. Si le scuil est base sur Ia s~vdritd des
d st ar il s il esm tant pur das cultivars 
ddgts,alors ilserait le mme tant pour des cultivars 

rdsistants que sensibles. Par tontre,si le seuil estbase
 
sur lenombre d'insectes au stade non nuisible du 
ravageur (par exemple, le nombre de cdcidotnyies 
adultes par panicule ou le nombre d'adultes attrapds 
dans des pibges lumincux ou Apheromones), ilaug
menterait avec leniveau de laresistance des plantes. 
En revanche, si lescuil est base sur le nombre 
d'adultes nuisibles (par exemple, les punaises des 
panicules) et le mdcanisme de resistance est l'anti
biose (qui rdduit letaux d'augmentation de l'abon
dance des ravageurs), alors letemps ndcessaire par le 
ravageur pour atleindre le seuil dconomique de 
nuisibilit6 serait prolongd par les cultivars rdsistants. 
Le scuil pour des sorghos hybride rdsistants i lacd
cidomyie est cinq fois plus dlevd que pour des hy
brides sensibles. Les scuils A 40 cdcidomyies par 
panicule, et Atravers quatre infestations sont de 0,2 1 
0,3 cecidomyies par panicule pour ICSV I, ICSV 112 
et CSH I contre 4,4 pour ICSV 745 et 88,1 pour ICSV 
197. Les scuils pour C. anguslatus ont drd ddtcrmins 
i 0,2 A0,9 punaises par panicule chez CSH! 11,un 
sorgho trs sensible; 0,8 A4,2 punaises chez IS9692, 
un sorgho sensible; 0,5 At1,3 punaises chez IS 21443, 
un sorgho A.resistance moddrde; et 10 A15 punaises 
chez IS17610, un sorgho resistant. 
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Panicle Insect Pest Damage and Yield Loss in Pearl Millet
 

S Krall1, 0 Youm 2, and S A Kogo 3 

Abstract 

Itis often difficult to identify paniclepest damageand estimate yield losses due to the presence of 
multiple pests and other biotic and abioticfactors. In addition,the technology used to assess insect
related crop losses in pearl millet /Pennisetum glaucum (L.) R. Brown/ is limited. This paper 
provides a description of the basicprinciplesfor identifyingpest damage and covers the techniques 
availablefor evaluating losses resulting front such damage. Examples of crop loss assessment 
methods are given, with estimates of lossesfrom selected pearlmillet insect pests. 

Introduction 

Biologically intensive integrated pest management 
has received wide support as being an environmen-
tally friendly approach to crop protection. Besides an 
accurate ioentification of the causative pest, other pre-
requisites for integrated crop protection measures in
clude detailed information on the extent of damage 
and the resulting yield losses. This information is 
available for a number of important crops (e.g., cot
ton), but is inadequate or completely lacking for many 
basic food crops. Pearl millet [Pennisettwn glaucum 
(L.) R. Brown)] is a major food crop in Sahelian West 
Africa and is attacked by several insect pests. One 
hundred and sixty-one species were reported in 
Nigeria (Ajayi 1987), 84 inNiger (Guevremont 
1982), and 81 in Senegal (Ndoye 1979). Knowledge of 
pest biology is available for only a few important 
species (Anonymous 1988, Gahukar 1989, Jago 
1993a, Krall and Dorow 1993, Matthews and Jago 
1993, Ndoye 1989, Sharma and Davies 1988). Many 
pearl millet insect pests, especially the panicle-feed-
ing species, have not been studied adequately, and 
information on their pest status is often not available, 
Wewetzer etal. (1993) have reviewed the mehods for 
the assessment of crop losses. Although advantages 
and drawbacks vary from one method to another, the 
overall merit of developing such methods remains 

crucial. Much work has been conducted on basic in
sect biology and on crop damage caused by a few 
insects, but relatively little on pearl millet pests. In 
this paper, an overview of the current state of knowl
edge ispresented, and areas in which further research 
is needed are highlighted and discussed. 

Damage Caused by Panicle Insect
 

Pests 

Pantenius and Krall (1993) listed 15 insect species in 
six genera as the major pests (in addition to other 
diseases and birds) of pearl millet (Table I). The im
portance of these pests varies from region to region, 
as well as within a particular country. 

Millet head miner 

The millet head miner (Heliocheilus albipunctellade 
Joannis) is widely distributed and is one of the most 
serious pests of pearl millet (Nwanze and Sivakumar 
1990, Nwanze 1991, Bal 1992). The larvae mine into 
the panicle in a spiral path, and depending on larval 
and panicle stage, they destroy either the florets or the 
grain. In certain cases the damage can be serious. 

I. Deutsche Gesellschaft fur Technische Zuswmrmenarbeit (M-7.) GmbH, P[Nstfach 5180,65 726 Eschhorn, Germany. 
2. ICRiSAT Sahelian Center, IIP12404, Niamey, Niger. 
3. Direction de laProtection des Wgdtaux. BP 323, Niamey. Niger. 

ICRISAT Conference apcr no. CP 978. 

Krall, S., Youm, 0., and Kogo, S.A. 1995. Panicle insect pestdamage and yield Ioss in pearl millet. Pages 135-145 in Panicl: insect pests of 
sorghum and pearl millet: proceedings of an International Consultative Workshop. 4-7 Oct 1993. ICRISAT Sahelian Center. Niamey, Niger 
(Nwanze, K.F., Yourn, 0., eds.). Paiancheru 502 324, Andhra Pradesh. India: International Crops Research nsiituieand for theSemi-Arid 
Tropics. 
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and shriveled. Damage to mature grain is usually su-
Table 1. Pests and dieases or pearl millet (adapted perficial. These beetles are widely distributed, but are 
from Pantenius and Krall 1993). rarely observed in large numbers. Consequently, their 

Insects pest status is often not considered important. Apart 

Lepidoptera from P. interrupta, other cetonid beetles are associ-

Spodoptera spp (I)' ated with panicle damage of pearl millet, but are not 

Coniesta ignefusalis (Hampson) (2) considered to be serious pests (Grunshaw 1992). 

Heliocheilus albipunctella de Joannis (3) 

Coleoptera Blister beetles 
Lema planifrons Weise (I) 
Pseudocalaspsis setulosa Lelbvre (3) The species complex of blister beetles [Psalydolytta 
Rhinyptia infuscata Burmeister (3) spp, Cylindrothorax spp, Mylabris (= Decapotoma) 
Pachnoda interrupta (Olivier) (3) affinis] that feed on pearl millet panicles as adults, is 

Mylabris (= Decapotorna) affinis (Olivier) (3) quite heterogeneous and varies with region (Doumbia 

Psalydolytta spp (3) 1992). For example, while Psalydolylta futsca (O-

Cylindrothorairspp (3) ivier) is designated as a major pest in Mali and Gam
bia (Coop and Croft 1992, Zethner and Laurense 

Diptera 1988), and P. vestita (Dufour) is often reported as an 

Geromyia pennisehi (Felt.) (3) important pest in Mali and Senegal (Doumbia 1992) 
these two species are of negligible importance in 

Orthoptera Niger (Krall and Dorow 1993). The pest status of 
Oedaleus senegalensis (Krauss) (,3) Cylindrothorav dussaulti (Dufour) and C. wesler

manni Maklin, which occur locally in Niger, have 

Heteroptera been poorly investigated. Observations in field cage 

Dysdercus vo1keri Schmidt (3) trials in Niger in 1992 and 1993 showed their feeding 

Spilostethus spp (3) preference for stari ..s (S Krall, unpublished). flow
ever, since pearl millet is cross-pollinated, the con-

Dermaptera sumption of all the stamens on a panicle has not been 

Forficula senegalensis Serville (3) associated with yield loss and the presence of several 
individuals on a panicle did not affect grain forma

tion. Serious damage, however, could arise when 
Birdsrds L.(these insects are present during the very early stages

Quela quelea L. (3) of panicle development. This is rarely the case in 
Passerluteus Lichtenstein (3) farmers' fields due to the differential development of 

panicles and because these insects are often localizcd. 

Diseases Mylabris (- Decapotomna) affinis (Olivier) is more 

Tolyposporiun penicillariae Bref. (3) widely distributed, prefers to feed on stamens like 
Sclerosporagramninicola (Sacc.) (1,3) C. dussauili and C.westermanni, and is unlikely to be 
Clavicepsfisiformis Loveless (3) a serious pest. 

1. (1) - damage to leaves. (2) - damage it) stems, and (3) - damage 
t,) panicles. Rhinyptia infuscata 

Adult Rhinyptia infuscata Burmeister beetles are noc-
Pachnodainterrupta turnal, with a peak in activity between 2200 and 2400 

(ICRISAT 1992). Studies at the ICRISAT Sahelian 
The life cycle of the beetle Pachnoda interrupta (O1- Center and at other locations in Niger, have shown 
ivier) is well adapted to pearl millet and the appear- that these insects feed on both florets and sta
ance of adults is closely associated with the different mens, resulting in the formation of empty spikelets. 
stages of grain development. Grain damage can be Farmers recognize these beetles as serious pests and 
severe if feeding occurs during the milky and dough often set night fires to lure them to be burned. Their 
stage, in which case the grain is completely destroyed precise status as pests, however, remains uncertain. 
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The local occurrence of this species is quite variable 
and in some regions, epidemics may result in severe 
damage and crop loss. 

Pseudocolaspsissetulosa 

The beetle Pseudocolaspsis setulosa Lefvre has not 
been adequately studied. Adult activity begins at dusk 
and continues through the night, when the insects 
feed on the flowers and can be found locally in large 
numbers on the panicles. Adults are only a few milli
meters long. Their damage is assumed to be of mini-
ral importance. 

Millet grain midge 

The larvae of this tiny midge [Geromyia penniseti 
(Felt)) develop inside the flowers. When the adults 
emerge, the white exuviae remain on the panicle and 
can be seen hanging on the shriveled spikelets. The 

extent of the damage caused by G. penniseti is still 
unknown and is also difficult to determine (Coutin 
and I larris 1968). 

Grasshoppers and locusts 

Various species of grasshoppers (both adults and 
nymphs) can damage millet panicles. When an attack 
occurs during flowering or early seed development, 
the panicles can be severely damaged, depending on 
the density of grasshoppers. With fully mature grain, 
only a part of the grain is eaten away. The more 
common species include Oedaleus senegalensis 
(Krauss) and Oedaleusnigeriensis (Uvarov) (Nwanze 
and Harris 1992). Grasshoppers are certainly more 
serious during early vegetative growth than at the 
grain development stage. Nonetheless, they are major 
pests, as they occur widely in most countries (Coop 
and Croft 1993). Thie desert locust, Schisiocercagre-
garia (Forskal), and the African migratory locust, 
Locusta igratoria(L.), often occur in swarms, de
vouring all vegetation (Nwanze and Harris 1992). 
Concerted international efforts are often required for 
their control. 

Head bugs 

Adult bugs and their larvae, primarily Dysdercus v61-
keri Schmidt and Spilostethus spp, are regarded as 

important pests. Field observations in Niger have 
shown that the most widely prevalent species, D. vI,
keri, attacks newly exserted panicles and feeds on the 
young, tender Ilorets. Such florets dry out and can 
later be recognized as light brown patches between 
undamaged grains. Feeding continues into the milk 
and dough stages. Damage is greatest at the milk 
stage. Other species of head bugs occurring on pearl 
millet are not known to cause any significant damage 
to grain. 

Earwigs 

Earwigs (Forficula senegalensis Serville) sometimes 
appear in high densities on pearl millet panicles, but 
their incidence isoften localized and highly aseason
al. Nymphs and adults feed on all parts of the spikelet 
and are primarily active in the evening and at night. 
The damage they cause to grain is negligible. 

Crop Loss Assessment Techniques 

Most of the information provided here on the assess
ment of panicle and crop yield losses is derived from 
practical field work in West Africa. There are several 
approaches for estimating damage and yield losses. 
One method involves the caging of individual pani
cles (Grunshaw 1992, Coop and Croft 1992), or whole 
plant stands (S Krall, unpublished) into which a 
known number of insects are introduced. Apart from 
providing direct quantitative information oil pest 
damage, this method can also be used to study pest 
activity. However, field trials and extensive surveys 
are necessary to obtain data on the extent of crop 
damage and yield losses. Nwanze (1988) classified 
crop loss assessment methods as follows: 
9 incidence ratio 
e visual score paired analysis 
a damage density loss ratio 
* quantitative assessment (insecticide trials). 

Cage Experiments 

Single panicles 

Grasshoppers and blister beetles. In experiments 
by Coop and Croft (1992) in Mali, five grasshopper 
species [Hieroglyphus daganensis Krauss, Kraussaria 
angulifera (Krauss), Kraussella amabile (Krauss), 
Cataloipus cymbiferus (Krauss), and Oedaleus 
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senegalensis (Krauss)] and two blister beetle species 
(Psalydolytta pilipes Maklin and P.fisca) were intro-
duced into plastic gauze cages containing individual 
panicles and allowed to feed for 4 days. Each treat-
ment included 12 individually caged panicles. For 
grasshopper treatments, two females of each species 
were used per panicle, except for C. cymbiferus (one 
female per cage (fue to cannibalism). Beetle treat-
ments were based on a ratio of 1.24:1 female:male. 
There were 12 repetitions for each species. Dead in
sects were routinely replaced in each cage. After 4 
days, the damaged surface area of the panicle was 
measured and related to the number and dry weight of 
the insects introduced into the cages. 

Pachnoda interrupla. In Mali, P. interrupta was in-
vestigated by introducing different densities in cages 
which enclosed individual panicles. The number of 
insects per panicle was 0 (in the controls), 1, 2, 3, 5, 
and 10. The duration of the experiment was from 7 to 
9 days. The number of replications was 30. The losses 
were calculated from the yield of the infested panicles 
relative to that of uninfested ones. lere the surface 
area of the panicles was included in the calculation of 
losses (Grunshaw 1992). 

Dysdercus iilkeri. In Burkina Faso experiments 
were carried out with D. v6lkeri in a project spon
sored by the Canadian International Development 
Agency (CIDA), but no concrete data are available 
(Anonymous 1991). 

Whole plants 

Flower-feeding insects. In Niger, in the framework 
of a G'IZ project, experiments were undertaken (S 
Krall, unpublished) to determine the damage potential 
of different insect species including D. v%61keri, Spilo-
stethus spp, F. senegalensis, P setulosa, R. infuscata, 
At. affinis, Cylindrothoraxspp, and 1. interrupta. The 
pest species was introduced on 1-2 plant stands en-
closed in cages (1.3 x 1.3 x 2 mi). Observations were 
made primarily on the behavior of the insects, as well 
as on their damage potential and feeding pattern. 
Losses here were only estimated semi-quantitatively. 

Rhinyptia infuscala. Experiments were carried out 
in 3 x 3 x 9 m cages to determine losses due to this 
insect. Six different adult populations were main-
tained in cages for 15 consecutive days in Aug to 
simulate damage under natural conditions. At harvest, 
plants were divided in five groups: 0, 1-25%, 25-

50%, 51-75%, and 76-100% damage. Ibis method 
was compared with an open field assessment of yield 
loss due to Rhinyptia beetles. In this case 400 pani
cles were collected from the field at harvest and clas
sified into five groups as described above. Losses in 
grain yield based on level of damage were recorded. 
The losses from the harvested panicles were deter
mined (ICRISA'I' 1990). 

Paired Plant or Plot Analysis 

The paired plot analysis (comparing treated 
plants/plots with untreated controls) i, !he oldest and 
most frequently used applied experimental method. In 
some cases, the extent of damage by different insects 
was also determined, with the control kept more or 
less damage-free by very frequent spraying with 
pesticide (more than once week-') or by enclosing the 
individual panicles before damage could occur. The 
pests most frequently investigated with this method 
were C. ignefusalis and H. albipunctella (Bal 1992). 

In Senegal, Guinea Bissau, and Gambia, experi
ments were carried out in 1980-82 in which plots 
were kept pest free and compared with untreated ones 
(Settle 1981, 1982, 1983). In this way the total damage 
attributable to pests was determined. 

Surveys and Field Studies 

Crop loss estimation in Niger 

In Niger, a method to assess crop losses using the 
damage pattern of different insect species has been 
developed. The damaged area on the panicles was 
estimated for each pest (insects, birds, diseases) with 
the help of damage rating keys. Later, on the basis of 
standard values in cm 2-weight per panicle surface, 
these were recalculated as yield loss. Since 1989, 
wide scale investigations have been carried out in 
Niger using this method; about 300 fields have been 
studied during the past 2 years (Pantenius and Krall 
1993). 

Millet head miner 

Assessment of crop loss due to the millet head miner 
(Heliocheilus albipunctella) was conducted in 1987 at 
Sadord (ICRISAT Sahelian Center). The method 
consisted of randomly sampling 1000 panicles which 
were stored in paper bags. The number of larvae 
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which had completed their development were counted 
and recorded. Panicles were then weighed and 
threshed. Yield losses resulting from different levels 
of panicle infestation were estimated. 

Crop loss assessment in Mali 

In Mali, a5-year project was carried out to establish an 
approach for integrated pest management for pearl rnil-
let. It began with insecticide experiments but was then 
expanded to include observations on individual pests 
its well as socioeconomic studies (Jago et al. 1993). 

Adjusted length method 

Based on the work of Settle and Dively in West Africa 
from 1981-84, the adjusted length method was devel-
opcd (Dively and Coop 1993). Pearl millet panicles 
were evaluated with respect to various kinds of darn-
age, and the damaged area was measured by hypo-
thetically projecting the affected area onto an enclosing 
cylinder. Yield loss was also calculated on the basis of 
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damaged area. Since this method is very similar to that 
of Pantenius and Krall (1993), a direct comparison of 
the methods was undertaken in Mali (SidibW 1992). 

Results and Discussion 

Cage experiments 

a)Single panicles 

Grasshoppers and blister beetles. Results showed 
that the two species of Psalydolytta were potentially 
more damaging than the grasshopper species. They 

-consumed 10.3 cm2 of pearl millet panicle day I com
pared with 1.3-4.3 cm 2 dayl by the grasshopper spe
cies (Coop and Craft 1992). 

Pachnoda interrupla. For P. interrupta investigated 
by Grunshaw (1992) in Mali, losses ranged from 
9.7% for an infestation level of one insect panicle-I to 
48.7% (10 individuals panicle-1). A regression curve 
for the damage threshold at various millet prices based 
on known levels of beetle densities was presented. 
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1. 2.2 2.31. 
Stern Grass- Head Flower- Birds Diseases Others Total 
borers hoppers miners feedingI insects 

Pests and disoases 

Figure 1. Pearl millet yield losses due to different pests and diseases, rainy seasons 1991 and 1992, Niger. 
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b) Whole plants 	 level of the individual small farner in the Sahel zone 

Flower-feeding insects in Niger. Krall (unpub
lished) studied the pest status of the insect species 
listed above and the damage potential and feeding 
pattern. Yield losses due to flower-fieding insects 
were 3.5 in 1991 and 4% in 1992 (Fig. I). 

Potential yield losses due to R. infuscata are 
shown in Table 2. Yield losses inthe cage studies 
were lower than in the field samples, but in both 
cases, major losses occurred with 21 and 54% in 
cages and field experiments, respectively, at damage 
levels greater than 25%. Mean yield losses on the 

field samples ranged front 37 to 57%. 

Field studies on the use of insecticides in 
pearl millet in Mali 

Investigations in Mali showed that insecticide treat-
merts were economically beneficial only in dry years, 
if at all, and only with inexpensive or subsidized 
products; instead, integrated pest management has 
been recommended fir millet. Generally speaking, 
insecticide treatmnnt cannot be recommended at the 

(Matthews and Jago 1993). 

Adjusted length method 

Results of investigations carried out between 1983 
and 199(0 (Dively and Coop 1993) are summarized in 
Figure 2. The adjusted length method and the CTZ 
method have their own advantages and disadvantages, 
but both are suitable fbr large-scale use (SidibM 1992). 

Crop loss estimation in Niger 

Pantenius and Krall (1993) continuously recorded 
data on the level of damage by individual pests. Both 
the methodology as well as the training of the field 
observers have been constantly improved. As repre
sentative data, the yield losses measured for the years 
1991 and 1992 are presented in Figure 1.Based on a 
country-wide survey, results showed some variability 
inpest incidence. Incomparison with Table 2, losses 
seen to be much lower and suggest that mnore accu
rate information on losses can be secured when better 
and improved methods are developed. 

Table 2. Reported losses in pearl millet yields due to Ileliocheilus albipunctellaand Rhinyptia infuscala. 

loss (percentage of grainimass) 

Jleliocheilus albipunctella 
13-35 
29-82 

8-41 

3.5-44.81 

8-47 


3-82 and 15-20 

16-85 

0.8-14.9 
7-20 

Rhinyptia infuscata 
38-972 (field, ranges) 
(37-57, field means) 
1-70 

L.ocation 

Senegal 


Senegal 
Niger 
Niger 
Niger 
Niger 
Senegal 

Burkina Faso 
Gambia, Mali 
Senegal 
Niger 
Senegal 


Niger 

Niger 

Author
 

Vercanibre 1978 (in Bernardi et al. 1989)
 
Gahukar 1982, 1983 (inBerrardi et al. 1989)
 
Nwanze 1988
 
ICRISAT Sahelian Center 1988
 
ICRISAT Salelian Center 1990
 
Breni&e 1974 (in Nwanze 1988)
 
Gahukar et al. 1986 ( in Nwanze 1988)
 

Anonymous 1990 (Sahel PV Info 1990)
 
Nwanze and Sivakuniar 1990
 
Bal 1992
 

ICRISAT 1990
 

ICRISAT 1990 
(cages, ranges front main sterns) 

1. 1-2 larv-.used 3.5% grain yield 	 34.5'/. and >5 larvae caused 44.8/, grain yield toss.loss. 3-4 larvac caused 20.7'4, 5 larvac caused 
2. 	 I)amu j-257 resulted in 38% grain yield loss, 26-50% resulled in 4T grain yield loss, 51-7)% resulied in 80%.and 76-1(1% damage 

reutlle in9T7.,yieid toss. 
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GrasshoppersSenegal 1983 
Blister beetles 

Actual yield: 800 Smut 

Birds 

Mildew 
Direct pest 
losses: 200 

Head borers 

Stand reduction losses: V8
 
Survey of 42 fields in 8 villages inthe Sine-Saloum region
 

Chad 1987 	 Smut
 
Birds


Actual yield: 172 

Grasshoppers 

Direct pest .. losses: 97 

Aborted Head borers
 
plant and Stand reduction'losseq: 65
 
panicle losses: 462
 

Survey of 10 fields in 10 villages inthe Ati region 

Blister beetles 
Grasshoppers 

Actual yield: 1083 Smut 

The Gambia 1984 

Head borers 

Direct pest 	 Birds 
•losses: 131 

Mildew 

Stand reduction losseS: .1.46 

Survey of 88 fields in15 villages in the MacCarthy and North Bank regions 

SmutMall 1990 Head borers 
..... Birds 

Actual yield: 556 	 Birds
Pachnoda beetles 

Meloid beetles
 
.Direct pest
 

losses: 264
 
Aborted... ...
 
plant and ....	 Grasshoppers 
panicle losses: 123 	 Stand reduction losses: 158 

Survey of 39 fields in 14 villages inthe Koulikoro region 

Figure 2. Yield loss profiles from loss assessment surveys in West Africa (Yield and losses are in kg ha'. 
Source: Dively and Coop 1993). 
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Investigations on the millet head miner 

Tie head miner is considered one of the most serious 
pests of pearl millet, anrd has been extensively studied. 
A suninary of these results on Ih'liochi'lu. albi-
'punctuolh is given in Table 2. It is obvious that high 

variability exists here in both results and mteh-
odologies. For exanuple, results on yield loss estima, 
tion due to millet head iniier was 3.5%4 for I 2 larvae 
panicle 1, 20.7 for 3- 4 larvae panicle i, 34.5", for 5 
larvae panicle , and 44.8X% for >5 larvae panicle I 
(iCRISAT Sahcliav (*enter 1988). lstimation of losses 
due to the millet head itiner was based a variely (if 

titethods. Results (Table 2) call for simple start-
dardized ietliods so that data can be cotrpared 
across icgions and locations. 

Advantages and limitations of 

techniques 


Experiments on individual particles alter natural con-
ditions so much dial reliable conclisiotis about the 
behavicr of the pest in tlie field are difficullt to make. 
Since the: initroduced insects cannot behave according 
to their biology, their feeding behavior can be dis-
turbed. II addition, the test insect on atn isolated pani-
tie has no choice bit to iced, arid feed on that panicle, 
Nevertheless, these experimients do provide interest-
ing results in some cases, 

Lxpcriients with cages in which at least one plant 
stand is present are more accurate tIan those involv-
ing individuial paniccs, beauit se tlie cliiiatic condi-
lions are almost identical inside ard outside the cage 
and panicles in different developmental stages arc 
available. Ilowever, a purely qu:antitative evaluatioi is 
alreadv made iip-ssible by the fact that standard 
conditions are not involved. Moreover. in such cages 
undesirable pests can be present but remain unnoticed 
at the start of the trial. Field-cage studies are, how-
ever, well suited for detailed observations and photo-
graphy or filiing of individual pests and semni-
qiiantitative evaIuations. 

Experiments basei] on paired plot analysis have a 
number of disadvantages (Settle 1983): (a) distinction 
between different pests is not possible, (b) loss esti
tnation is inexact, since ill insect species are not coni-
pletely controlled (e.g., stern borers), (d) errors occuir, 
e.g., when insecticides drift onto the untreated plots, 
(c) there is possibly an influence of the insecticide oi 
plant growth, (t) fungal diseases are not prevented, 
since only insecticides are applied, (g) the procedure 
is very expensive, time-consuming, and laborious. In 
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addition, it has beef] folund thal evetI weekly insec

ticide treattmrents are soictihnes insufficien to keep 
the control plots pes;t-ftree (Settle I981 ). 

Field studies or surveys suIch as those in Nali and 
Ni .:cr. can lose p ccision when conduclcd on a large 
scale. I losve'r. they lxconle 1110re interesting due to 
grea;,'i represeitation as countrv-wide sitiles. li this 
case one is dealing with a tirriber of fiactors. For 
exanuple, accurate observtlions require scientilically 
IraiItCed personnel. wkhich ik ahnostl always a resitourCe 
of liutited ivailabilitv. Tus one cai otily evaluate a 
siiall iuntber oh sanples. III couitry-wvide siurveys as 
in Nigur. icliancc s inrade oii ordinar, field obscrvers. 
Accordingly. irte level of accuray cat depetnd otlthe 
person, but the advautage is that the trtber of fields 
evaluated is large. 

Implications and
 
Recommendations for
 

Future Research 

Tech ii ties for investigalting losses dtuc to paticle 
pests are available in principle but need to be refined 
and in some cases standardized. For some pests. iil
vestigation:; are very difficult and remain coHitpletely 
lacking (e.g., G. penniseti). Prograins which are cLOl
nornical and cun be carried out region- or eveii COuih
try-wide have been developed and condLuctCd inNiger 
and Mali. IHowever, they iust be tested under difler
cit conditions and in different countries before they 
can be regarded as standard methods. Most iiipor
tantly. identification of pests remains critical. Accu
rate description of pest daiage and estimation of the 
resulting losses is parantotnit. Future studies should 
(a)develop tirhodologies for accurate pest and darn
age identiication, (b) provide efficient and rapid stan
dardized methods for pearl millet yield loss 
assessment, and (c) compare and further refine exist
ing crop loss estimation techniques. Fi:lly, training 
on techniques in field surveys and yield loss assess
ment remains a high priority. 

Synthse 

DWgdts et pertes de rendements causis par les 
insectes des panicules du mil (Pennisetum glau
cum). Le mil, I'ennisetumn g/aucont (L) R. Br., tine 
importante culture de soudure dans la zone sahlienne 
de I'Afrique de l'Oiest, est attaqud par plusieurs in



sectes nuisibles. Au Nigtria, 161 cspces ont l6t6 re-
censdes (Ajayi 1987), au Niger 84 (Guevremont 1982) 
et au S~n6gai 81 (Ndoye 1979). La majorit6 des in-
sectes attaquant le rail, en particulier ceux qui sC 
nourrissent ies panicules, ont t. insuffisamment 
ctudies dans bon nonbre Lie cas. Par consctiLuCen, ]'in-
formation sur certains tie ces insectes n'Cst pas sulli-
sante pour termincr Icur importance &conemique. 

IUn bon nombre tie in0thbodes destiniation Lies 
pertes tic rendement a fnit I'objet d'une r5eente revue 
critique (Wewetzer ct ai. 1903). Bien qu Ies avant-
ages et its inconvnients varient d'une mithode it 
I'autre, il est .-vident (lie le dveloppement de telies 
inithodes revt tine importance primortiale. 

L'objet tie cette communication Cst tie donner on 
aper:u gcnral sir I'6tat ties connaissances concer-
nant I'identification ties dLgfits ct les pertes tie rende-
ments causs par ls insectes nuisibles aux panicuics 
tie mil. Cette communication decrit los dgiits caus s 
par Iamineuse de i'6pi (tfeliocheilus alhilninctlia tie 
Joannis), 'achnoda interrnpti (Olivier), los nitloidcs 
[l'salydol/ynha spp; Cvlindrothora.x spp, Mylabris 
(=lh)cl(otoma)a'inis (Olivicr], Rhin"pia infuscata 
Burmeister, le ioucheron iu inil, les sauteriaux, Ics 
pnaises tics tpis, et Its for ticles. Les tgiits causOs 
par ces insectcs sont suvcres pour certains (ecciple 
la mincuse dce 1'6pi) et ndgligeables pour ti'autres 
(excmiple Pse docolaspsis setndosa LelZvrc). 

Les techniques d'estimation des pertes peuvent se 
faire par les mithndes de mise en cage, (des paniculcs 
individuclles, ou ties plantes entieres); par it mthode 
d',&hantillonnage des plantes dans Its champs, par 
comparaison de plantes ou de parcclles protgds 
avec celles non proteges. Bien ,cue ces techniques tic 
soicnt pas toujours parfaites, ciles prmerttent ntuan-
moins de dterminer Ics pcrtes de rendements causees 
par certains insectes de panicules. Par exemple, Ics 
pertcs dues 11P. interrupla &taicnt pass6es de 9,74, 
avec un niveau d'infestation d'un insecte par paniculc 
it 48,7%'r si le niveau d'infestation est de 10 insectes 
par dpi. les d6gits causs par les insectes floric'-Ies 
6taient de 3,5 it4% scion li saison. 

Pour la mineuse tie I',pi, les pertes 6taient ie 
3,5%,4, aveC on niveau ti'infestation de 1-2 larves par 
panicule, 20,71', pour 3-4 larves, 34,5,' pour 5 larves 
par paniculc, ct 40,V( pour >5 larves par panicule. 
D'apr,s Is risultats prdsents dans cette conuunica
tion, if ressort one variabilitIL aussi bien au niveau des 
rdsultats que des mmhodologics d'estimation ties 
pertcs. 

Ces techniques comportent aussi bien des avant
ages que des inconvdnicnts. Les essais de mise en 
cage des panicules modifient les conditions naturelles 

si bien qtie les conclusions sur le comportenent de 
l'insecte au champ devicnnent difliciles d1 fair d'une 
6vcntuelle perturbation de [cur comporternent dans cc 
microenvironnement. Par contre, its essais mends en 
cages contenant ies plantcs entieres semblent convenir 
ICincliux. CCpCnlant, dalls etC Idles siltlOat in d'autres 

insectes pourraient tleji trc dans les cages avant les 
exptiriences, ct tie CC fait pcuvcnt influencer les 
rultats. 

Los inconvnients des inlltliodes comparant Ics 
parcelles proteges (par insecticide) et non protegees 
pour eslirner les pertes sont multiples. On peut citer 
entre autres (a) li difficuti( de distinguer ics differ
cnts ravage urs, (b) Ia dificult, ie maitriser tous ies 
insectes presents dans les parcelles, (c) les erreurs 
dues ii li drivc ties insecticides sur ies parcelles non 
traitcs. En plus. c'est nic prOctIure cofitCuse qui 
rcquiert beaucoup ti: temps ct d'cfforts. 

A hi,suite tie cctte revue sir i'6tat ties connais
sances sur Ies mthodologics coniccrnant I',&aluation 
des pertes, los recomiandations suivantes en d&cou
lent: (a) les tcchniques disponibles sur I'estimation 
ties pertes niccs:;itcnt Line ainiioration ct une stan
dardisation; (b) ces techniques doivent ,tre ,vaIlu~s 
tlans differents pays, sous plusicurs cnvironneients; 
(c) ties efforts sur I'idientilication liable ties ravageurs 
ct Icurs tlgfits doi,,nt tre renforcus; (d) de nouvcllcs 
inetbotcs standardises, ellicaces ct rapidcs ti'estila
tion de pertes doivent ,tre mises au point; c) ct enlin 
li formation dans les techniques d'enqutes ct d'esti
mation des pertes de rendement reste un domaine 
prioritaire. 
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Summary of Discussion 

Session 2 

Good knowledge of the bioecology of a pest species is 
essential when developing crop loss assessment tech-
niques. The bioecology of Calocoris angustatus and 
Comnarinia sorghicola has been studied extensively. 
However, much remains to be known about the Eury-
stylus complex in West Africa, Rhinyptia infuscata, 
tlcliocheilus albipunctella, and various panicle-feed-
ing beetles especially meloids and Pachnoda 
interrupta. 

Yield loss assessment is necessary to determine 
the importance of each insect as a pest. Assessing 
losses due to pests of panicles is much easier than 
assessing losses due to pests that attack at an earlier 
stage of crop development, such as stem borers. 
Losses caused by the following insects have been 
measured and documented: Contarinia sorghicola, 
Calocoris angustatus, and Eurystvlus imntaculatus. 
Knowledge. of crop losses due to the following insects 
is incomplete and simple procedures are needed: Eu-
rystylus spp, lleliocheilus albipunctella, Rhinyptia in-
fiiscata, and various panicle-feeding beetles (meloids 
and Pachnoda interrupta). 

Economic injury levels (Ell.s) are useful as a 
rough guide for taking important decisions on pest 
management actions. ELs have been documented for 
Calocoris angustatus, Contarinia sorghicola, and 
Furystylus iminaculatus. Work needs to be done to 
establish lILs for Eurystyhls spp, leliocheilus albi-
punctella, Rhinyptia infuscata, and various 
panicle-feeding beetles (meloids and Pachnoda 
interruqpta). 

Integratedpest management (1PM) models need 
to be developed based on available knowledge of bio-
ecology, crop losses, 1I.s, and socioeconomic fac-
tors. In particular, there should be more interaction 
between entomologists and farmers who often have 
good perceptions of the relative importance of pests, 
but are not always correct in their interpretation of 
field observations. Also, monitoring of pest inci-
dence, rainfall patterns and other environmental fac-
tors would enhance [PM. Examples: (a) Pachnoda 
interrupta-influenceof animal manure and rainfall 
pattern; (b) grasshopper egg-pod survey-monitor-
ing of grasshopper adults and presence of parasitoids 
at the larval stage to forecast likely damage by the 
grasshopper. 

Synth se de discussion 

Session 2 

La mise au point des techniques fiables d'dvaluation des 
pertes de rendement occasionn6es par les ravageurs 
n'est pas possible sans une bonne connaissance de leur 
bioecologie. La bio6cologie de Calocoris anguslatus et 
de Contarinia sorghicola est bien connue tandis qu'il 
reste beaucoup I savoir ) propos du complexe de Eury
stylus en Afrique de I'Ouest, de Rhinyptia infuscata, de 
Ileliocheilus albipunctellaet de diverses cantharides des 
panicules, surtout les m6lides et Pachnoda interrupta. 

L'Evalualion des pertes de rendemeni est n~cessaire 
pour ddtcrminer l'importance de chaque insecte en tant 
que ravageur. II est plus facile d'6valuer lcs pertes dues 
aux insectes paniculaires que cMlles dues aux ravageurs 
qui s'attaquent a un stade plus t6t de ddveloppement de 
la plante, tels que les borers des tiges. Des pertes 
caus6cs par Contariniasorghicola, Calocorisangustalus 
et Eurystylus immaculatus ont 616 6valu6es et en
registrdcs. II faut combler le manquC de connaissances 
des pertcs dues A Eurystylus spp, Iehliocheilus albi
punctella, Rhinyptia infuscaza, et divcrscs cantharides 
des paniculcs (les miloides et tPachnoda interrupta) h 
l'aide des mdthodes d'dvaluation simples. 

Des seuils economiques de nuisibilitM servent de 
guide dans Ia prise des d&isions sur les mFnthodes de 
lutte h utiliser contre les insectes nuisibles. Des scuils 
dconom iques ont & 6tablis pour Calocorisangustaus, 
Contarinia sorghicola ct Lurystylus inunaculatus mais 
non pas pour Eurystylus spp, lleliocheilusalbipunctella, 
Rhinvpia infuscata, et diverses cantharides des pani
culcs (les mnloides et Pachnoda interrupta). 

Des modles de lutte int~gr~e contre les ravageurs 
devront 6tre mis au point sur la base des connaissances 
de la biodcologie, des pertcs de rendement, des seuils 
dconomiques de nuisibilitd et des facteurs socio-dcono
miques. II importe tout particuli.rement d'avoir davan
tage d'interactions entre les entomologistes et les 
paysans qui sont souvent bien informn6s sur l'importance 
relative des ravageurs, mais n'arrivent pas toujours A 
tirer des conclusions correctes Apartir des observations 
en milieu idel. En plus, la surveillance de la dynamique 
des peuplements des ravageurs, des r6gimes de pluies et 
d'autres facteurs climatiques permettrait d'augmenter 
l'efficacit6 de la lutte intdgrde contre les insectes nuis
ibles. Parmi les cas oO la surveillance serait utile sont: 
(a) Pachnoda interrupta-'influence de l'engrais ani
mal et des r6gimes de pluies; (b) des sauteriaux-la 
pr6sence des adultes et des parasitoldes au stade larvaire 
afin de prdvoir les d6gfits causds par des sauteriaux. 
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Breeding for Resistance to Sorghum Midge in USA 

G C Peterson' 

Abstract 

Sorghum midge, Contarinia sorghicola, is a major insectpest ofgrain sorghum in the southern USA. 
The insect is especially damaging in late-sown sorghum or in fields with delayed anthesis. The 
Texas Agricultural Experiment Station/Texas A&M University sorghum improvement program has 
identified converted exotic genotypes resistant to sorghum midge, and released many improved 
resistant germplasm lines. The conunonly used source of resistance has been TAM 2566 (SC175-9), 
and the highest level of resistance found is in Tx2782 (resistance source from AF28). The first 
midge-resistanthybrids were characterized by resistance lower than in either parent and relatively 
low yield potential. Hybrids are currently being evaluated with sorghun midge resistance at least 
equal to the nean of either parent and excellent yield potential. Recent efforts have been directed 
toward developing A-lines (females) with improved resistance and yield potential in hybrid 
combination. 

Introduction 

The sorghum midge [Contarinia sorghicola (Co-
quillett)] is probably the most cosmopolitan insect 
pest of sorghum. In USA, it was first reported as apest 
in Texas in 1908 (Iferrick 1909). Resistance sources 
have been reported from several countries (Johnson et 
al. 1973, Jotwani et al. 1971, Parodi et al. 1974, Peter
son et al. 1989, Santos and Carmo 1974, Wiseman et 
al. 1973, Wuensche et al. 1981). 

The midge is a key insect pest of sorghum 
throughout the southern sorghum-producing region of 
USA. The insect is usually most devastating in sor-
ghum which has been delayed in sowing. Increasing 
in population density in early spring on Johnson 
grass, Sorghum halepense, midges then move into 
flowering sorghum. The second and third generations 
usually have the highest population density. Numbers 
of adult midges then decrease in succeeding genera-
tions late in the year. 

The Texas Agricultural Experiment Station ('TAFS) 
sorghum improvement program has conducted re-
search on developing midge-resistant sorghum ge-
notypes fbr over 20 years. Activities of the breeding 
program include screening and evaluation of intro-
duced genotypes for resistance, development and se-
lection of breeding populations and random-mating 

populations, and testing of lines in hybrid combina
tion. Several sources of resistance have been identi
fled from the converted exotic sorghum collection. 
Many germplasm lines have been released as a result 
of the research. Principal emphasis isbeing shifted to 
the development of improved A-lines (females) in Al 
cytoplasm. 

Germplasm 

The development of sorghums resistant to sorghum 
midge, or other biotic or abiotic stresses, is contingent 
upon usable resistance sources in acceptable 
agronomic form. Because sorghum is an introduction 
to the temperate USA, many of the 20000-30000 
accessions in the World Sorghum Collection from 
tropical, short-day regions of the world are too tall, 
too late, or otherwise unadapted to the climatic zone 
of USA. American sorghum workers therefore dealt 
with a restricted germplasm base until a method was 
developed to make new germplasm available in a 
usable form. 

The sorghum conversion program, initiated in 
1963, was established to enhance the available germ
plasm base (Stephens et al. 1967) of sorghum in USA. 
The cooperative project is operated by TAES/Texas 

1. Texas Agricultural FExperiment Station, Route 3, Box 219, Lubbock, Texas 79401-9757, USA. 

Peterson, G.C. 1995. [)reeding for resistance to sorghum midge in USA. Pages149-157 in Panicle insect pests of sorghum and pearl millet: 

proceedings of an International Consultative Work! hop, 4-7 Oct 1993. ICRISAT Sahelian Center, Niamey, Niger (Nwanze. K.F.. and Youm, 0.. 

eds.). Patancheru 502 324, Andhra Pradesh, India: International Crops Research Institute for the Semi-Arid Tropics. 
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A&M University and the United States Department of 
Agriculture (USDA), Science and Education Adminis-
tration, Agricultural Research Service. Since the ini
tial release in 1969, 533 converted exotic sorghum 
genotypes have been released from the program. 

Tle conversion program has been the primary 
source of 'tropically adapted' ger mplasrn containing 
many desirable traits (resistance to insects, pathogens 
and grain molds, drought tolerance, gra inquality, i in- 
proved yield potential and adaptation) used in sor-
ghui improvencnt in] USA many other areasan11d of' 
the world. It hats provided all the sources ot resistance 
to sorghturn in idgc used in USA except for Al-28. 
('ontinucLI gcrniplasni exchinge is vital improve-to 
ment prigrains throughout the world. As long is 
gcrnoplasm isall owed to imove freely between pro-
grains ai counlrics, allscientists have cqu alaccess 
io pi icntialy useful geriiplasm. Greater progress can 
then be inmade in breeding objectives, and production 
constra ints more cficicntly addressed. Freq ucitly, 
usable traits will not bc identiiedlintil later. For ex-
ample, the midgc resistance of TAM 2566 (SC175-9), 
a partially ci nvertcd /cra zera type sorghui froim 
-thiipia was discwered by accident and rcsitcd ill 

initiation Of (le brcctliig prograir for midge resis-
lance. If gerniplasin exchange is not reciprocal or 

suited in more improvement in midge resistance than 
if the scientists had little or no interaction. 

Sources of Resistance 

Lack of temperately adapted germplasm hindered the 
identification of resistance sources and development 
of elileresistant gerniplasm, until lines from the sor
gtlurn conversion program were available. Also, 
breeding nurseries were sown at a time designed to 
escape midge dange, or were sprayed with insec
ticidcs to control Midges it' they became a problem. 
Independent observations iii 1969 by scientists at 
TAES, Lubbock, Texas, USA, and Ile USDA Federal 
Expcrinent Station in a)'ag iiicz, PLuerto Rico, sug
gestcd adifferential response toisorgiurn miiidge dam
age by lines iii the sorghi cinve'rsion program. 

Subsequent evaluatiol of lines froii tihe conver
sion progran over last 211Nears resultedtile inthe 
identilication ofseveral resistance solurces (Table 1). 
In 1973, initial evaluation t'60 converted exotic 
sorghum genotypes for resistance toisi rghom Midge 
was contucted at Lubbock (Joihnson etatl.1973). 
ISI2666C, a partially converted /cra /era rom Lthio
pia, was subsequently released as TANI 2516. This 

impossible due to governmenit regulation then little has been the major source of resistance used ii tie 
incentive to coroperate exists, \withtile result that our 
ultimate clientele, [tie consumer, hats a more expert-
sive and tower L food SiPPly.aalily 

Cooperative Research 

tile of the TAlS 
midge resistance program has been substantially 
enhanced through cooperative research between 
breeders and enitoiologists. While responsibilities 
vary, it is important to have substantial interaction 
arid exchange between scientists. Scientists view the 
nurseries together as a tearr, with the entomologist 
usually concerned primarily wih insect resistance 
and the breeder with agronomic traits. Gerriplasni 
selection, crosses lor breeding polpulations or hybrids, 
studies, and graduate student training are alldis-
cussed while viewing brecdiing material. The result is 
it well-integrated program tile in-

Progress in developmret sorghum 

where scientists 
volved know what each is doing. Multi- and inter-
disciplinary research also provides excellent training 
opportunities for graduate students and visiting scien-
tists. The TAFS sorghum improvement program is a 
cooperative effort involving scientists from several 
disciplines. This type of cooperative effort hits re-

'IAEIS sorghufm idge resistance programu. During 
1975-79, 211 lines were evaI uatCd for sorghum Midge 
resistance in more than one year and location 
(Wuensche ctal. 1981). Of this group, It lines were 
identified as possessing useful resistance. Two hun
dred and fourteen converted lines were screened for 
resistance during i983-85 (Peterson et al. 1989). Of 
this group, IS3390C (SC572-14) and IS12572C 
(SC62-14) appeared to possess the best resistance. 
ISt2572C, classified as a caudatuni-nigricans-con
spicuum, has a different plant phenotype than other 
midge-resistant lines, with :tIouse panicle and glunies 
which do not tightly clasp the seed. Additionally, the 
resistance is expressed at approxiniately tilesame 
level regardless of the Midge population density. 
Ilowever, no advanced elite lines have been produced 
from either line. During 1991/92, 55 lines were evalu
ated for resistance and 5 lines appeared to contain 
usable resistance. IS6919C (SC846-14) is a tan plant, 
white-seCded genotype which is it I3-line in Al cyto
plasm. Idcntification of a tan plant 1l-linc in A I cyto
plasi are two potentially useful traits in TAFS' 
breeding programi. I lcterosis has been restricted due 
to the presence of tilesame resistance source in both 
parents ef a hybrid. iliis litre gives us the opportunity 
to develop potentially unique resistance sources in 
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Table 1. Resistant converted exotic lines identified in Texas, USA. 

IS numberl SC number 2 Group3 Year identilied 4
 

IS12666C SC 175-9 39( 1):Zerazera 1973
 

IS2579C SC423-14E 39(l): Zcrazcra 1973
 

IS2508C SC414-14E3 38: Caudalum-Kalir 1973
 

IS12608C SC 108-1E 39(l): Zcrazera 1973
 

IS2549C SC228-14E3 39(): Zcrazera 1976-79
 

IS2862C SC655-14E3 24: Caffrorum-Birdproof 1976-79
 

IS3071C SC237-T1iE 31 (1): Dobbs 1976-79
 

IS63920 SC490- 14E3 46(I): Nandyal 
 1976-79
 

IS7064C SC420-14r, 38: Caudatum-Kalir 1976-79
 

IS7142C SC564-14E 33: Caudatum 1976-79
 

IS8231C SC645-I4E 23: Caffrorum-Darso 1976-79
 

IS8233C SC643-14E 23: Caffrorum-Darso 1976-79
 

IS8263C SC328-4E3 31(l): Dobbs 1976-79
 

IS8337C SC574-14E 39: Caudatum-Nigricans 1976-79
 

IS12593C SC84-14E 47: l)urra-Nigricans 1976-79
 

IS8232C SC642- 14E 23: Caffrorum-Darso 1983-85
 

IS8237C SC644-14E 23: Caffrorum-Darso 1983-85
 

IS8112C SC725-14- 33: Caudatum 1983-85
 

IS2740C SC708-i4r- 33: Caudatum 1983-85
 

IS3390C SC572-141E 38: Caudatum-Kalir 1983-85
 

IS7132 SC693-14E3 31(1): Dobbs 1983-85
 

IS2685C SC692-14E 31(1): Dobbs 1983-85
 

IS957C SC810-14E 40: Caudatnum-Durra 1983-85
 
1S7193C SC694-1413 31(1): )obbs 1983-85
 

IS21 44C SC741 -14E 34: Caudatum-Kaura 1983-85
 

IS12572C SC62-14E 39(3): Caudatum-Nigricans 1983--85
 
IS8179C SC752-14r. 38: Caudaltum-Kalir 1991/92
 

1S6919C SC846-14E 41: Durra 1991/92
 

IS2655C SC I13-14E 39: Caudatum-Nigricans 199 1,92
 
IS3693C SC632-14E 22: Caffrorum 1991/92
 

IS1721 IC SC1072-14E 22: Caffrorum 1991/92
 

I. IS - India %torghum number. The C foihwing thenumber indicate, theConverted ,rion. 

2. SC - Sorghum Coner ion number. The underlined number denotes the Ntage of con'.er'.ion. F - linein e.oticcytoplatm. 
(1967).3. tased on the clakmification of Murty ci al. 

one of theyears indicated.4. L.ines, %%ere evaluated in at least 

R- and 13-line germplasm. In 1992/93, an additional resistance level, with only a few advanced elite lines 

70 converted lines were screened for resistance with having been produced as derivatives of Tx2782. 
none of the lines being resistant. 

Another resistance source currently utilized is 
AF28, an introductiot from Brazil. AF28 contains the Screening Techniques 
highest level of presently identilied resistance. This 
excellent resistance is expressed in the derivative Due to the biology of sorghum midge, techniques to 

line Tx2782. Unfortunately, Tx2782 has serious artilicially rear the insect have not been developed. It 

agronomic deliciencies (tight head, seed size, height, has thus not been possible to utilize greenhouse 

etc.) which limit its usefulness as a parent in either screening. Naturally occurring infestations in field 

breeding materials or hybrids. Thiese traits have been plants have to be used. The unreliability and/or flue

very difficult to select against while maintaining the tuations of midge density levels and maturity varia
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tion of the test phnts are inherent problems associated 
with field screening. 

Damaging nidge infestltions are best achieved by 
delayed sowing, multiple sowings of tile same test 
materials, and/or earlier sowings of susceptible sor-
ghums in which dlamaging levels of midge are ob-
tained by tie time the test plants reach flowering. As 
a variation of the latter technique, a mixture of sus-
ceptible hybrids ('midge spreader') of different matu-
rities are sown around the nursory and it regular 
intervals (every 25-30 rows) within tle nursery. This 
increases midge density and allows for relative com-
parisons of maturity and damage ratings. For compar-
ison, an adequate number of resistant and susceptible 
controls should be sown at regular intervals. These 
controls should represent a range of maturities, and 
should include the earliest and latest maturing lines 
adapted to the area in which tie test is grown. This is 
especially important since the number of midges tluc
tuate on a daily and weekly basis. In the TA-S breed-
ing program, controls are s, lected to represent at 
range oFfmaruritics. Susceptible controls are Tx3042 
(early), and Tx623. Tx430 , and Tx378 (medium-me-
drum late); resistant controls are TAM 2566 and 
Tx2782 (resistance sources), Tx2755 and Tx2801 (B-
line), :and Tx2767, M111()81, Tx2878. Tx2880, and 
Tx2882 (R-tine). Tx2782 will consistently express a 
higher level of resistance over environments and is 
our 'best' resistant control. 

Midge daniage is rated as a percentage of 'blasled' 
or aborted gra in on a 1-9 rating scae, where I = 
1-It 1% blasted grain particle I, 2 = 11-20% blasted 
grain, and 9 = 81% blasted grain panicle-'. Plants 
cannot generally be rated sooner than 21 days after 
anithesis. Individual heads in a row are rated an( a 
riean damage rating calculated, or the entire row is 
rated by visual observation. 

Breeding nurseries are sown ti three locations in 
Texas to evaluate geriiplasi for resistance to sor-
ghur midge. Plots at each location are sown 3-4 
weeks later than norma l sorghiurn in tle region. The 
Corpos Christi nursery, sown in early Apr, is usually 
subjected to high population density at anthesis. 
Gerniplasin selected fur resistance it this location 
generally possesses an excellent level of resistance to 
sorghumn midge anywhere in tire world. Additiona 
traits selected for in this nursery include adaptation, 
prellowering drought tolerance, and resistance to 
some foliar stresses (insecticide phytoloxicity, dis-
cases including zonate leaf spot, caused by Gleocer-
cospora sorghi). The College Station nursery, sown 
in late Apr/early May, enables gerrrplasm evaluation 
under moderate population density. Environmental 

conditions are usually not as stressful as at Corpus 
Christi. These two locations enable materia, to be 
evaluated and selected under two midge density levels 
and two environments. The Lubbock midge nursery, 
sown in the last week of Jim, provides dlta on perfor
mance of the material in a1temperate environment, as 
wellt as seed increase and crossing based on dat a ob
tained at the other locations. A winter nursery in Iu
erlo Rico is used to grow all F-,s and increase lines or 
hybrids. Following harvest in Puerto Rico, the Fs are 
then sown at College Station. Using this system, TAI'S 
scientists are able to, in a single year, evaluate lines 
and breeding material, make crosses based on tie 
evaluation, grow Fis, and sow F,s in a field environ
mcit where midges are present. 

Breeding Methodology 

Development of improved midge-resistant germplasn 
is diflicult since aill known resistance sources ire in
heriled as a recessive quantitative trait (horizontal re
sistance). It is difficult to maint ain a high level of 
rcsistance in segregating breeding progeny, tile prog
eriy frequently exhibiting a lower resistance level than 
tie resistant parent. lb further complicate lie prob
lem, resistance has to be in both parcns of' a hybrid. 
Also, it is possible to cross two resistant lines (in 
either breeding germplasu or as a hybrid) arnd pro
duce a susceptible population. Thus as riliy corn
binat iors as possible riced to be evaluated ill the 
breeding program with advanced lines evaluated on 
specific testers consistently. 

Most of the research in the program has been in 
pedigree or modified pedigree breeding systems. 
Lines with superior resistance are crossed with non
resistant agronomically elite lines that contain favor
able traits including improved yield potential, wider 
adaptation, and resistance to diseases. Crosses of re
sistanl x susceptible parents will produce susceptible 
I.- plants. The Ft s should be grown in ain area free 
from midge, usually in an off-season nursery. Seg
regating generations beginning with large F, popula
tions are grown in areas of high midge density. 
Although selection in this generation may be done 
w it lit in idge, the presence of iiidge will enable 
lie elimination of sirsceptible phlts or populations. 

Randon-uating populations can also be used to 
develop genotypes with high levels of sorglnn midge 
resistance. With this [ireeding procedure, resistant 
lines ard elite gerrnplasn are rarrori-niated, facili
tated by using a genetic iale-sterile gcne (usually 
ms.3). Following initial randori-nating, tie poputla
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tion is selected for increased levels of sorghum midge 
resistance by selecting Sis (fertile heads) under 
midge pressure for resistance and agronomic traits, 
compositing equal amounts of seed from the selec-
tions, and growing the bulk at locations without 
midge pressure to obtain genetic recombination by 
selection of half-sibs (sterile-heads). ilual amounts 
of seed from the male-sterile selections are bulked to 
constitute a new population. The cycle is repeated as 
many times as required to accomplish the program 
objectives. Material can be selected at any cycle to 
produce a homozygous line through pedigree breed-
ing. To enhance the potential for heterosis and utiliza-
tion in hybrids, separate B-line (female) and R-line 
(male) populations should be used. 

Released Germplasm 

A number of midge-rcsistant lines have been re-
leased, primarily by TAiS. The first midge-resistant 
line released, TAM 2566, is a derivative of SC175-9 
(Johnson et al. 1982a). In 1979, Tx2754 through 
Tx2781 'were released with the rcsistamwe primarily 
tracing back to SC175-9 (Johnson et al. 1982c). ISRI, 
released in 1979 (Johnson ct al. 1982b), and Tx27X2, 
released in 1981 (Peterson et al. 1983), contain resis-
tance derived from AF28. The tirst group of released 
lines to use resistance other than SC175-9 were 
Tx2801 through Tx2815, released in 1983 (Peterson ct 
al. 1985). In 1989, lines designated Tx2869 through 
Tx2890 were released (Peterson et al. 1991). Resis-
tance in these lines is derived fron either TAM 2566 
(SC175-9), Tx2782 (AF28), or SC423-14. Five germ-
plasums, SGIRL-MR-I (\Viscman et al. 1973), SGIRL-
MR-2 (Wiseman ct al. 1984), SGIRL-MR-3 and 
SGIRL-MR-4 (Wiseman et al. 1988) and Tift MR88 
(Ilanna et al. 1989) have been developed and released 
by the USt)A-ARS and the Georgia Agricultural Ex-
perimcnt Station. rwo random-mating populations, 
TP8R (R-linc) and TP2313 (B-line) have been devel-
oped by TAES although only TIP8R has been released, 

In commercial industry, a limited amount of 
breeding for hybrids resistant to sorghum midge is 
being done. Most of the research has been conducted 
by DeKalb Plant Genetics, USA, and in the last 3 
years DeKalb has expanded its research in this area. 
As in the 'TAt;s program, DeKalb is testing hybrids 
with excellent resistance and yield when midge is 
present and yield equal to susceptible hybrids when 
the pest is absent, 

Sorghum Midge Resistant Lines
 
and flybrids
 

Several lines released by TAES can produce hybrids 
that yield well under midge infestation. Tx2767, 
Tx2880, and Tx2882 are used as restorer lines (R
lines) to evaluate new females in hybrid combination 
for midge resistance and yield potential. The lines can 
produce hybrids with excellent resistance and corn
bining ability under severe sorghum midge infesta
tion. Some hybrids in certain environments and years 
can produce grain yield equal or superior *,,) that 
,f ,usceptible hybrids in the absence of midge. 
ATx2755 can produce hybrids with excellent midge 
resistance although the yield is not as good as needed. 
Development of new females has received consider
able emphasis in the TAES program recently. 

Results of the 1993 Texas Midge Line Test are 
presented in Table 2. The midge damage rating was 
signiticantly higher at Corpus Christi than at College 
Station indicating the presence of' more adult midges 
at anthesis. Thus ratings from Corpus Christi repre
sent resistance under high population density while 
the College Station ratings represent performance un
der more modcra! population density. The suscept
ible controls were significantly more damaged than 
all entries except the resistant control Tx28Ol. Two 
lines currently being used as R-line testers, Tx2880 
and Tx2882, exhibited resistance not signiticantly 
different from that of Tx2792. Three experimental 
R-lines (MRII4-90M11, MRII2B-92M4, and 
MR127- 92M5) had resistance equal to that of the 
most resistant controls. Their resistance was signifi
cantly better than that of Tx2767, one of the first 
resistant elite R-lines. These lines have been selected 
for further evaluation, testing, and crossing in the 
breeding program. Several experimental 13-lines ex
hibited resistance equal to or better than Tx2755, the 
most resistant B-line control. Most of the lines were 
judged to be more desirable than Tx2755 based on 
general appearance. Several of the lines are currently 
being tested in hybrid combinations, and results from 
the yield trials will be used together with data from 
this test to select lines for further testing. 

Results of the 1993 Texas Midge Hybrid Test are 
presented in Table 3. Midge infestation at Corpus 
Christi was signiticantly higher than at College Sta
tion. Susceptible controls are ATx399 x Tx430, 
ATx2752 x Tx430, and ATx3042 x Tx2737; resistant 
controls are ATx2755 xTx2880, ATx2755 x Tx2767, 
ATx2801 x Tx2767, and ATx28O1 x Tx2872. A resis
tant x susceptible control is ATx2755 x Tx43O. Grain 
yield of the resistant controls in nearly all compari
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Table 2. Midge damage rating and desirability of selected entries in the 1993 Texas Midge Line Test. 

Midge damage rating' Dcsirability 2 

Pedigree x3 CC CS- x CC CS 

Tx3042 F.5 8.0 9.0 3.2 3.3 3.1
 
Tx623 f.0 8.7 7.3 2.6 2.5 2.7
 
Tx430 7.8 9.0 6.7 2.4 2.4 2.5
 
Tx378 7 2 8.7 5.7 3.0 2.8 3.2
 
Tx280I 6.3 9.0 3.7 2.5 2.5 2.5
 

TAM 2566 5.5 5.0 6.0 3.1 3.1 3.2
 
MB104-B91NF6 4.3 5.7 3.0 2.7 2.6 2.8
 
M13 1O- B92NF3 3.8 5.7 2.0 2.5 2.5 2.5
 
MB 104-l192NF7 3.8 4.0 3.7 2.7 2.6 2.7
 
MB 104-B92NF8 3.8 5.0 2.7 2.7 2.5 2.8
 

MB l04-B92NF9 3.7 4.0 3.3 2.6 2.5 2.6 
MB l04-B93NFI 3.7 5.0 2.3 2.5 2.4 2.6 
"I'x2878 3.2 5.3 1.0 2.5 2.5 2.5 
MRI14-90M I1 3.2 4.0 2.3 2.6 2.6 2.5 
MRI 112B-92M4 3.2 4.0 2.3 2.6 2.6 2.7 

Tx2882 3.0 4.7 1.3 2.4 2.4 2.3 
MR127-92M5 3.0 5.0 1.0 2.5 2.4 2.5 
Tx2782 2.8 3.3 2.3 3.1 3.2 3.1 
Tx2880 2.5 3.6 1.3 2.6 2.5 2.7 
MR I 12B-92M2 2.5 4.0 1.0 2.7 2.6 2.7 

x 4.4 2.9 6.0 2.6 2.7 2.6 
LSD 0. 5 1.1 0.2 1.0 0.2 1.1 0.3 

,
I. Rated on a I -9 scale. where 1- 0-10% bhlsted grain panicle . 2 - II -20% blasled grain panicle and 9- >81% blasted grain panicle 1. 
2. Rated on a I 5 scale, where I - most desirable, 5 - least desirable. 
3. Mean midge damage rating or desirability rating m,er two location,. 1993. 
4.CC - Corpus Christi. 
5. CS - College Station. 

sons was significantly higher than grain yield of the An important comparison is ATx2755 x Tx2767, 
susceptible controls at each location and across loca- the first midge-resistant hybrid, versus the experi
tions. At Corpus Christi, the grain yield of Alx2755 x mental hybrids with new A-lines (designated AMB). 
Tx430 was not significantly different from that of the In nearly all comparisons, grain yield of the new hy
susceptible control. This confirmed previous observa- brids was greater than grain yield of this control, with 
tions that resistant hybrids could only be produced many conlparisons being significant. Analysis and in
using two resistat parents. Ittwcver, at College Sta- terpretation of the data led to the conclusion that pro
tion, grain yield of this hybrid was greater than that of' gress is being achieved in developing A-lines 
the susceptible controls indicating that a hybrid het- (fetnales) with improved characteristics. 
erozygous for resistance can express some resistance 
under low to moderate density. Grain yield of experi
mental hybrids was significantly greater tham that of Future Research Needs 
susceptible hybrids, antd greater than that of resistant 
hybrids although the differenccs were not significant There are at a minimum three areas of research 
in all comparisons, which are being emphasized for the future. First, 

154 



Table 3. Grain yield and midge damage rating of selected hybrids in the 1993 Texas Midge ilyhrid Test. 

Grain yield' Midge damage rating2 

3 CC 1 CS5Ilybrid x x CC CS 

ATx2755 x MRI27-92M5 4818.7 3419.0 6218.4 3.2 3.7 2.7
 
ATx2755 x Tx288,3 4394.7 2380.3 6409.1 3.7 5.0 2.3
 
A9 INF8(MB 104) x Tx2767 4333.8 1663.3 7(X)4.1 3.8 6.0 1.7
 
A92NF8(MB 104) x Tx2882 4262.1 2809.1 5715.1 3.3 4.3 2.3
 
A92NF3(M II 10) x Tx2880 4255.8 2299.6 6212.0 3.0 4.7 1.3
 

A92NFS(MB 1041) x Tx288() 4206.3 2642.0 5770.6 3.5 4.7 2.3 
A9INF6(MI 1104) x Tx2767 4(41.3 1938.3 6144.2 3.5 5.0 2.0 
A92NF7(MB 104) x lx2880 4018.3 2243.7 5793.0 3.7 5.3 2.0 
A91NFS(MB 104) x "l'x2882 3803..A 2049.4 5557.3 3.5 5.0 2.0 
ATx2755 x MI, 112-92MI 3731.8 1984.4 5485.1 4.0 6.0 2.0 

A92NI3(MB I(50) x Tx28S2 3721.4 1698.8 5744.1 3.7 5.3 2.0
 
A91NF6(MB 104) x l'B288( 3696.5 2309.5 5083.6 3.5 4.3 2.7
 
ATx2755 x MR I 1211-92M4 3645.5 2681.5 46(09.6 3.5 4.0 3.0
 
A91NFS(MB 104) x '1"x2880 3624.6 2126.8 5122.4 3.8 5.0 2.7
 
A92NF6(MIB 104) x Tx2880 3613.9 1935.0 5292.8 4.2 5.7 2.7
 

ATx2755 x Tx2767 2992.9 542.4 5443.5 4.8 7.7 2.0 
A'x2801 x Tx2767 2390.2 164.6 4615.8 5.7 8.7 2.7 
Al'x399 x RTx,)3() 1243.2 592.6 1893.7 8.3 8.3 8.3 
Tl'x2755 x Rx430 1238.0 84.8 2391.1 7.6 9.0 5.5 
ATx2752 x RTx43€) 599.0 163.8 1251.9 8.2 9.0 7.0 

ATx3042 x Tx2737 3(12.8 242.8 362.8 9.0 9.0 9.0 

x 2958 142.8 4499 4.7 6.2 3.1 
LSD1115  1147 842 1727 1.4 1.6 1.3 

I. Grain yield (kg hI I. 
2. Rated on I 9 scale. where I - 0 10%blasted grain panicle , 2 - 11-20%,blased grain panicle I and 9 - >81% blated grain panicle 1. 
3. Mean grain yield or midge damage rating over two locatiomn,1993. 
4. CC - Corpu Christi. 
5. CS - College Staion. 

A-lines (females) with improved performance are hybrid combination, better adaptation, larger secd size 
critical to Success in developing midgc-resistant on resistant lines and hybrids, ;,nd better foliar traits 
hybrids. Traits needed specifically in new A-lines such as disease resistance and resistance to the phy
include improved yield potential in the presence/ totoxic reaction of insecticides (Cinsectuide burn'). 
absence of the pest, resistance which is expressed in Many crosses have been made to incorporate other su
hybrid combination, and improved seed set in hybrid perior traits into the germplasm pool, and this material 
production. PotCntially superior females were identi- is in the early segregating generations. Third, the level 
lied in 1993 which could partially alleviate these of sorghum midge resistance should be improved and 
problems, but significantly more progress needs to additional useful sources of resistance identified. To 
be made. Second, parental lines with improved increase the level of midge resistance over that cur
agronomic traits need to be developed. This is espe- rently available, different sources of resistancc need to 
cially important for B-line material. Improved traits be combined into the sare genotype, especially if they 
include better yield potential or combining ability in are to be used in each parent of ahybrid. 
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Resistance sources are being crossed with elite 
adapted resistant lines which previously have been 
developed in the resistance breeding program. This 
will eventually enable the selection of types with 
more than one resistance source in a good agronomic 
background. Techniques need to be developed which 
will enable the identilication of different resistance 
sources in a single genotype. Information is needed 
on the nature of the resistance sources, levels of resis-
tance, and corresponding morphological differences. 
We need to know the genetics of the sources of resis-
tance (number of genes controlling resistance, etc.) 
and haw the plant is able to resist the insect. We also 
need to know how flowering differs between resistant 
and susceptible lines, and what characteristics cause 
the sorghum midge not to prefer resistant lines. 

A new research activity has been initiated which 
will incorporate biotechnology into the breeding pro-
gram. Populations are being produced for analysis by 
restriction fragment length polymorphisms (RHts). 
Using probes to identify exact molecular markers for 
resistance, this activity will eventually alleviate some 
of the problems in identifying genotypes with multi-
pie sources of resistance and will facilitate studies on 
the inheritance of resistance. This research will also 
enable exotic sorghum genotypes to be evaluated be-
fore conversion to identify those which have the most 
favorable combination of genes for resistance to sor-
ghum midge. 

Synth'se 

La silection pour la risislancea la cicidomyie du 
sorgho aux Etats-Unis. La cdcidomyie du sorgho, 
Contarinia sorghicola, est un important insecte pan-
iculaire du sorgho dans le sud des Etats-Unis. Le 
ravageur est particuli&enicnt dangereux sur les sor-
ghos serds tard ou dans les champs oi I'anthbse est 
retardde. 

Des sorghos rdsistants Ala cdcidomyie ont pu 6tre 
mis au point aux Etats-Unis Ala suite de l'identifica
tion des ressources gdndtiques r6sistantes au Pro-
gramme de conversion du sorgho. L'dvaluation de 
533 gdnotypes exotiques convertis de sorgho au cours 
des deux derni~res ddcennies a ddbouchd sur l'identi
fication de plusieurs sources de rdsistance dont les 
meilleures sont TAM 2566 (SC 175-9), IS 2579 C 
(SC 423-14), IS 3390 C (SC 572-14), IS 12572 C (SC 
62-14) et IS 6919 C (SC 846-14). Bien que d'autres 
sources de rdsistance soient identifides, ties sont 
moins utilisdes. Une introduction du Brdsil, AF 28, a 
dtd remarqude pour sa rdsistance et Tx 2782 (lignde 

issue de AF 28) prdsente une excellente rdsistance. La 
source de rdsistance la plus couramment utilisde est 
TAM 2566 (SC 175-9). 

Plusicurs ligndes rdsistantes Ala cdcidoinyie dont 
TAM 2566, Tx 2782, Tx 2755, Tx 2767, Tx 2880 et 
T;: 2882 ont dtd vulgarisdes. La plupart de ces ligndes 
q.i ont confirmd leur haut niveau de rdsistance dans 
des conditions de densit6 6levde de cdcidomyies A 
l'anthse, proviennent de la Station de recherche agri
cole de Texas. Elles ont dtd retenues alin d'anidliorer 
davantage leur niveau de rdsistance A\la cdcidomyie. 
En plus Tx 2767, Tx 2880 et Tx 2882 sont suscept
ibles de produire des hybrides " rdsistance 6levde 5 la 
cdcidomyie du sorgho. 

Les premiers hybrides rdsistants Ala cdcidomyic 
du sorgho ont 6d caractdris6s par une rdsistance plus 
faible que celle des parents et un faible potentiel de 
rendement. Un effort particulier a 6 fait rdcemment 
sur l'dlaboration des lign6es A (femelles) pourvues de 
resistance et de potentiel de rendenient amnliords qui 
sont exprimds dans la combinaison hybride. L'dval
uation des hybrides ayant une resistance 1 la cd
cidomyie au moins dgale i la nioyenne des deux 
parents et un excellent potentiel de rcndernent est en 
cours. Les sdlectionneurs poursuivent egalement des 
travaux sur l'amdlioralion des caractdristiques 
agronomiques, de I'adaptation et de la rdsistance aux 
maladies des ressources gdndtiques rdsistantes ai la 
cdcidoinyie du sorgho. 
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Breeding for resistance to sorghum midge 

at ICRISAT Asia Center 

Belum V S Reddy, H C Sharma, and J W Stenhouse' 

Abstract 

Sorghum bicolor is grown widely in the semi-arid tropics primarily for food. The sorghum midge, 
Contarinia sorghicola, is one of the major pests that attack developing sorghum ovules causing 
chaffy sterile florets. Breedingfor host-plant resistance to midge is considered an integral part of 
achieving and maintaining higher yield levels. 

In this paper, we sonmarize work related to screening techniques, identification ofstable source 
lines and inechanismnsand inheritance of resistance, and breeding methods for improving restorers 
and fi'male lines for resistance, grain yield, and other agronomic traits. To a large extent, we have 
achieved the tran.Yiir of resistance into high-yielding backgrounds. Hlowever, pedigree analysis 
shows that the improved lines have mostly received resistance genes from asingle parent ()J 6514). 
Ve need to diversify resistance sources used in breeding programs is emphasized. 

Introduction 

Sorghum ISorghum bicolcr (L.) Moenchl is grown 
widely in the semi-arid tropics for food, feed, fodder, 
and forage. Although India and Africa represent the 
major sorghum-growing areas, grain yield levels are 
very low compared with those in the developed world. 

Although hybrid sorghums have become popular 
with farmers both in the developed world (e.g., USA) 
and some devcloping countries (e.g., India), their 
high grain yield potential generally renders them sus-
ceptible to insect pests. Because insect pests are a 
major factor in sustaina':le agriculture in tile semi-
arid tropics where modern agricultt~ral inputs are not 
easily accessible, breeding for host-plant resistance 
which involves no additional cost to farmers, is an 
important aspect of tile crop improvement strategy at 
ICRISAT Asia Center (IAC). The insect pest species 
targeted are shoot fly (Atherigona 'occata), stem 
borer (Chilo partellus), midge (Contarinia sorghi. 
cola), and head bug (Calocoris angustatu). 

In this paper we report the efforts and progress 
made in developing restorers and seed parents resis-

t. icRisxT Asia Center, It'aancheru 502 124, Andhra Pradesh, India. 

ICIS,Vr Conference Paper no. Ct' 979. 

tant to midge and the performance of the resulting 
hybrids for grain yield and midge resistance. 

Screening Techniques 

Efficiency in screening improves heritability esti
mates, and hence the success of breeding programs. A 
two-stage screening procedure is followed at ICRISAT. 
The first involves an infector-row method for field 
screening in hot-spot locations and seasons to evalu
ate early segregating generations. In the second 
method, a no-choice artificial infestation is used for 
screening advanced lines. This involves the no-choice 
head cage technique which was developed at IAC 
(Shatma et al. 1992). 

Identification of Resistance 

Sources 

Significant progress has been made in the identifica
tion of resistance sources at IAC in India using the 

Reddy, ttelumV.S., and Stenhouse, J.W. 1995. trceding forresistance to sorghum midge atICRISAT Asia center. Pages159-Sharna, II.C., 
169in Panicle insect pests of s rghum and pearl millet: proceedings of an International Consultative Workshop, 4-7 Oct 1993, ICRISAT Sahelian 
Center. Niamey. Niger (Nwanze. K.F., Andhra Pradesh, India: International Crops Research Instituteand Youm,O.,eds.). t'atancheru 502 324 
fot the Semi-Arid Tropics. 
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above techniques. Similar progress has been reported 
in programs in Australia, Latin America, and USA. 
Several cultivars (31 landraces, 48 varieties, and 4 
hybrids) were identified in these different programs 
(Sharma 1993). The work at IAC further showed that 
)J 6514, TAM 2566, and IS 12666C had repeatable 

levels of resistance to midge even under the no-choice 
head cage technique (Sharma et al. 1988 a.b). 

Mechanisms of Resistance 

An understanding of resistance mechanisms can en
hance progress in a breeding program since conpo-
nent traits can often be lixed more readily than the 
resistance trait itself because of less complex inheri-
tance. Resistance sources dilTer in their levels and 
types of resistance mechanisms but nonpreference 
appears to be predoniinant. The varieties TAM 2566, 
IS 12666C, l)J 6514, AF 28, and IS 15107 were not 
preferred by the midge, while S-GIRLI-MR-I was 
susceptible under no-choice conditio(ns. A conibina-
tion of (m(rethan one resistance mechanism is some-
times involved. For exaumple, TAM 2566. could have 
antibiosis (possibly due to tannins) in addition to non-
prcfcrence, as indicated by the prolonged (by 5-8 
days) lil' cycle of the insect on this host (Sharma 
1993). 

Our research further showed that several mor-
phological traits are known to contribute to resis-
tance. These include short Iloral parts (glumes, 
lenima, palea, anther, style) and rapid grain devel-
opmnent. 

Genetics of Resistance 

The inheritance of resistance also varies, depending 
on the parental source material. Resistance appears to 
be controlled by recessive genes--at least two in AF 
28, and one in Tift MR 88. In quantitative studies by 
Kukadia et al. (1985), it was shown that resistance is 
controlled by additive gene effects. Studies at ICRISAT 
have indicated the possibility of cytoplasmic effects in 
nidge resistance. For example, midge damage 
(chlffy florets) and adult emergence were signili-
,..,!, i wer on midge-resistant B-lines ('M 7061 and 
PM 706. ) than the corresponding A-lines, while the 
reverse vas true for midge-susceptible genotypes 
(29(., and ICSB 42). When infected without pollina-
tion, no significant differences were observed among 
the A-lines of susceptible and resistant genotypes. 
Sources of pollen did not influence midge emergence 
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on the highly resistant A-line, PM 7061A. Genotype x 
pollination treatments were significant for differences 
in midge damage and midge emergence (II.C. 
Sharma et al., unpublished 1993). 

It was also noted :hat the general combining abil
ity (GCA) effects were greater than specific combin
ing ability (SCA) effects for midge damage. However, 
the SCA effects were greater than (GA effects for 
nonpreference by midge flies. Further, substantial dif
ferences were observed in (GCA and SCA effects bet
ween natural infestation and head cage testing and 
over seasons (II.C. Sharma ct al., unpublished 1993). 

Breeding Resistant Restorers and 

Varieties 

Ireeding is involved improvernent of high-yielding 
inbred lines for resistance for direct u;e as varieties, 
or as restorers in developing midge-resi.;tant hybrids. 
Taking advantage of hot spot locations and the infec
tor-row technique, over 78) germplasm lines were 
screened between 198(0 and 1984 (ICRISAT 1982, 
1983, 1984, and 1985). "Tbis ,v.rk lcd to the identilica
tion of )J 6514, TAM 2566, and IS t2666C as the 
most stable midge-resistant lines. 

The breeding program at IAC invlvolvd crossing 
resistant lines in single crosses with improved lines, 
screening the F, and suibsequent generaions under 
the infector-row techniOuc inhot spot seasons or loca
tions, and selecting high-yielding lines with rcsis
tance. Further evaluation of the resulting advanced 
lines was carried out in replicated preliminary and 
advanced (multilocational) trials, and finally in no
choice head cage trials to con!irm resistance. 

Phase I (1973-83) 

Resistant source lines were initially crossed with 
high-yielding lines. Ten lines (SC 423, IS 2508C, IS 
2579C, IS 2816C, IS 3574C, IS 12573C, AF 28, 
S-GIRL-MR-I, TAM 428, and TAM 2566) originated 
from USA and one (DJ 6514) from India. Most of the 
lines (221) selected from a nursery of 1254 progenies 
in the 1980 postrainy season, were derivatives from 
crosses involving DJ 6514, IS 12573C, TAM 2566, 
AF 28, and S-GIRL-MR-I (ICRISAT 1982). By 1982, 
a breeding line (PM 7348-a derivative of the resis
tant line, IS 12573C) was identified as less susceptible 
to midge from multilocational trials. Also, 145 ad
vanced generation lines were selected for further test
ing (ICRISAT 1982). During the 1983 evaluation, 



PM 11344 (ICSV 197)-a derivative of the resistant 
parental line, DJ 6514-was identified as the most 
promising variety. It was entered in the All India 
Coordinated Sorghum Improvement Project (AICSIP) 
in !ndia and its yield performance in relation to the 
controls is given in Table I. 

Phase 11 (1983-93) 

PM 7348 and PM 11344 were further crossed with 
high-yielding lines, and the resulting populations 
were screened. This program yielded the following 
promising lines ICSVs 743, 745, 88032, 88013, 
89057, 89058, 91X)6, 91017, and 91008. The best 
entries were ICSV 743 and ICSV 745 and their grain 
yield performance is given in Table 2. ICSV 743 and 
ICSV 745 were also tested for 3 years on larmers 

fields in the state of Karnataka in India (ICRISAT 

1992), and ICSV 745 was ofticially released in 1993 
as a variety for cultivation in that state. Further, the 
midge-resistant varieties, ICSV 88013 and ICSV 
88032 were tested in the advanced trials in AICSIP, 
and ' ;V 88032 was retained for further testing in 
the h ian Program. Their performance for grain 
yield n various trials is given in Table 3. The perfor
mance of other midge-resistant lines (ICSV 89057 
and ICSV 89058) in various trials is given in Table 4. 

Population improvement 

in addition to the pedigree approach mentioned 
above, a population with the is., gene is being devel
oped. After incorporating 20 resistant source lines 
into the US/R-C 3 population, mass selection coupled 

Table 1. Performance of the midge-resistant variety, ICSV 197 developed in Phase I of the sorghum midge 
resistance breeding program. ICRISAl' Asia Center. 

Trial/ Variety/ Grain yield Time to 50% Plant height' 
Year Control (t ha-t) flowering' (days) (i) 

PVT 2 1984 ICSV 197 3.6 77 2.4 
(AICSIP) 

3 

Controls 
ICSV 1 3.8 68 2.1 
CSi 5 3.9 69 2.3 

Mean 3.1 71 1.8 
SE ±0.35 ±0.92 ±0.07 

PVT- 1-1985 ICSV 197 3.2 76 2.2 
(AICSIP) 

Controls 
CSV I1 3.3 70 1.7 
CSH 5 3.6 69 1.7 

Mean 2.9 74 1.8 
SE ±0.36 ±2.14 ±0.08 

PVT- I- 1986 ICSV 197 2.8 73 2.1 
(AICSIP) 

Controls 
CSV 10 3.2 73 1.9 
CSV II 3.6 71 1.7 

Mean 3.3 73 1.7 
SE ±0.33 ±1.73 ±0.07 

i. lmtecd on 9, 10, and 9 cations in 1984, 1985, and 1986. 
2. Preliminary Varictal Trial. 
3. All India Coordinated Sorghum tmprovemenl Project. 
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Table 2. Performance of the midge-resistant varieties ICSV 743 and ICSV 745 developed in I'hase 1I of 
the sorghum midge resistance breeding program, ICRISAT Asia Center. 

Trial/ Variety/ Grain yield Time to 50% Plant height'
 
Year Control (t hail ) flowering' (days) (111)
 

PVT-2-1987 	 ICSV 743 4.9 71 2.6 
ICSV 745 5.2 71 2.2 

Controls 
CS|I 5 4.0 68 1.9 
SPIt 221 5.5 66 1.9 

Mean 3.0 74 2.1 
SE ±0.23 ±0.5 ±0.04 

AVT-MM 2-1988 	 ICSV 743 3.8 72 2.8
 
ICSV 745 3.5 69 2.2
 

Controls 
ICSV 112 3.8 71 2.1 
ICSH 110 4.5 67 2.2 

Mean 3.6 70 
SE 	 ±0.1 ±0.3 

AVT- 1990 ICSV 745 2.8 73 1.9
 
(AICSP)

3
 

Controls 
ICSV 112 3.1 74 1.8 
CSI 5 2.8 71 1.8 

Mean 2.9 72 2.0 
SE ±0.13 ±0.58 ±0.04 

I. Btaed on 5 tocations in PVT-2-1987, 7 in AVT-NiM-198 . and 34 in AVT.1990 (AI(SIP), 
2. PIVT- Preliminary Varietal Trial; AVT-NM - Advanced Varietal Trial Nedium Maturity. 
3. All India CKwdinated Sorghun lnprovcment Project. 

with recombination is being employed to further 90010, 90011, 90015, 90016, 91002, 91003, 91014, 
advance the population. This population is now in the 91015, 91027 (ICSV 745), and 91030. Sincc these 
third selection cycle, were all derived from IS 12611C, DI 6514 or IS 

12573C, the narrow genetic base is again indicated. 
Restorer collection Pedigree breeding efforts at IAC thereforeare 

aimed at bringing the diversified resistance sources 
Most of the improved lines and varieties behaved as into the elite materials. The following sources are 
restorers on the A, male-sterile cytoplasm. The ped- included: Maliscr 84-7, IS 8671, IS 15107, IS 18563, 
igrees (Table 5) showed that to a large extent DJ 6514 IS 21871, IS 21881, IS 22806, and IS 26789. 
alone contributed to these linal selections thus indi
cating narrow genetic variability. Breeding Resistant Female 

tCRISAT's A, cytoplasm restorer collection (360 
lines) was also screened for midge resistance using Parents 
the infector-row technique (tCRISAT 1991) and the fol
lowing restorers selected: ICSRs 70, 114, 146, 154 Female parents of sorghum hybrids are cytoplasmic
(ICSV 197), 155, 89054, 89067, 89068, 89069, genetic male-sterile lines. The female-parent develop
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2.0 

Table 3. Performance of the other midge-resistant varieties developed in Phase 11of the sorghum midge 
resistance breeding program, ICRISAT Asia Center. 

Trial/ Variety/ Grain yield Time to 501,' Plant height
 
Year Control (t ha- I) flowering' (days) (III)
 

IVF-- l990 ICSV 88013 2.9 68 2.1 
3
 

(AICSII)
 
ICSV 88032 3.1 68 

Controls 
CSV 10 2.6 74 2.2 
ICSV 112 2.8 76 1.9 

Mean 2.5 74 2.2 
SE ±0.37 ±1.73 ±0.15 

199 1AVT 2- ICSV 88013 3.6 67 1.9 
(AICSIP)
 

[CSV 88032 3.4 67 1.9
 

Controls 
CSV 13 3.7 73 1.7 
CSH 5 3.3 69 1.8 

Mean 3.3 70 2.0 
SE ±0.43 

PVT 2- I-1988 ICSV 88013 4.0 66 2.1 

Controls 
ICSH 153 5.1 67 2.2 
ICSV 112 4.2 72 2.0 

Mean 3.0 
SE ±0.1 

PVT-2-1988 ICSV 88032 3.6 66 2.1 

Controls 
ICSV 197 4.2 75 2.6 
ICSV 112 4.0 71 2.0 

Mean 2.4 73 
SE ±0.2 ±0.7 

I. Btaed 0n18 lcatitn%firIVT.I-1990. 38 in AVT-199, for PVT-1-1988 and PVT-2-1988.e',..: 

2. IVT - Initial Varietal Trial; PVT - Preliminary Vari!' T,i:;AVT - Advanced Varietal Trial. 
3. All India Coordinated Sorghum Improvement Project. 

ment program cal.,e described in two parts-before The emphasis was to develop male-sterile lines with 
1990, and current (1990-93). high yield potential and white grain, and no systema

tic effort was made to incorporate resistance. Primar-
Initial phase (before 1990) ily, the A, male-sterile cytoplasm was exploited. The 

selected inbred lines of high-yielding R-line x B-line 
At IAC, male steriles were based on A, or milo cyto- crosses or selected derivatives of B-populations with 
plasms discovered by Stephens and Holland in 1954. sterility maintaining ability were converted into male
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Table 4. Performance of tle midge-resistant varieties ICSV 89057 and ICSV 89058 developed in Phase 11of the sorghum midge resistance breeding program, ICRISAT Asia Center.
Trial! 
Year 

PVT2- 1989 

(Rainy) 

Variety/ 
Control 

ICSV 89057 

Grain yield 
(t ha-') 

3.1 

Time to 50% 
flowering' (days) 

75 

Plant height' 
(m) 

2.6 

ICSV 89058 3.0 77 1.9 
Controls 
CSV 13 2.9 80 2.0 

MIR2-1989 

(Postrainy) 

Mean 
SE 

ICSV 89057 

2.2 
±0.18 

3.2 

78 
±0.7 

69 

2.1 
±0.05 

1.7 

ICSV 89058 3.1 70 1.4 
Controls
ICSV 745 2.8 81 1.7 

PVT- 1990 

Mean 
SE 

ICSV 89057 
ICSV 89058 

2.4 
±0.23 

5.2 

4.4 

77 
±1.4 

61 

70 

1.7 
±0.04 

2.0 

2.0 
Controls 
ICSV 112 
ICSV 745 

4.6 
3.6 

69 
70 

1.7 
2.1 

AVT2- 1990 

Mean 
SE 

ICSV 89057 
ICSV 89058 

4.0 
±0.3 

4.3 

4.2 

67 
±0.7 

64 

70 

2.0 
±0.07 

2.1 

1.9 
Controls
ICSV I 
ICSV 112 

4.7 
4.7 

66 
69 

1.8 
1.8 

I. Based on one location in each 

Mean 
SE 

4.2 
±0.2 

68 
±0.4 

1.8 
±0.03 

Naso'year.2. PVT - Preliminary Varietal Trial; MIR - Multiple Insect Resistance Trial; AVT - Advanced Varietal Trial. 

sterile lines by backcrossing, using CK 60A or 2077A(which contained A, cytoplasm) as the female line, and 
to improve them for resistance. It consisted in screen

the inbred/derivative as recurrent parent. This program 
ing available A, cytoplasm male-sterile lines for re-

yie!Jed 108 male-sterile lines (ICRISAT 1992). 
sistance; converting promising midge-resistant linesinto male steriles involving alternative male-sterile 
cytoplasm; and breeding high-yielding; midge-resis-Current phase (1990-93) lant A, cytoplasm male-sterile lines.

The program primarily aimed to diversify the male-sterile lines for cytoplasms and nuclear genome 
Screening available A, cytoplasm male-sterile lines.and The available male-sterile lines mentioned above 
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Table 5. Improved midge-resistant lines, their resistance source and behavior on various male-sterile 

cytoplasms, ICRISAT Asia Center. 

Origin 

P'M 7348 
PM 11344 
PM 1441)2-2-3-2 
PM 14415-1-I 
I'M 15936-1 
PM 15936-2 

PM 7068 
PM 17467 
P3M 17682 
PM 17500-2-1 
PM 19268 

ICSV 
number 

ICSV 197 
ICSV 743 
ICSV 745 
ICSV 88032 
ICSV 88013 
ICSV 89057 
ICSV 89058 
ICSV 91006 
ICSV 91017 
ICSV 91008 
ICSB 88019 
ICSB 88020 
ICSB 89002 

ICSV 89057 
ICSV 89058 

Resistance source 

IS 12573C 
DJ 6514 
DJ 6514 (ICSV 197) 
DJ 6514 (ICSV 197) 
DJ 6514 (ICSV 197) 
DJ 6514 (ICSV 197) 
DJ 6514 (ICSV 197) 
DJ 6514 (ICSV 197) 
1)J 6514 (ICSV 197) 
IS 9608 
CS 3541 iPopulation derivative 
DJ 6514 
DJ 6514 
Indian Synthetic 422 and Rs/R-20 
1) 6514 
S-GIRL-MR- I 
DJ 6514 
DJ 6514, IS 2579C 
DJ 7514 (ICSV 197) 
DJ 6514 (ICSV 197) 
DJ 6514 (ICSV 197) 

Varcity/Restorer/Maintainer 

Variety/Restorer on A, 
Variety/Restorer on A, 
Variety/Restorer on A, 
Variety/Restorer on AI 
Variety/Restorer on A, 
Variety/Restorer on A, 
Variety/Restorer on A 
Variety/Restorer on A 
Variety/Restorer on A, 
Variety/Restorer on A, 
Variety/Restorer on A 
Maintainer oil A, cytoplasm 
Maintainer on A, cytoplasm 
Maintainer on A, cytoplasm 
Maintainer on all 4 cytoplasms 
Maintainer on all 4 cytoplasms 
Maintainer on all 4 cytoplasms 
Maintainer on At, A. and A, 
Maintainier oil A, and A4 
Maintainer on A., and A., 
Maintainer on A3 and A., 

were repeatedly screenedlIIr three seasons. Based on (IIY) lines and resistant lines (RI.) in asingle cross, or 

the damage rating ()R) of Ilorets (on a I -9 scale, three-way crosses (IIN x RII. x RI., or ItIY x RI. 1 x 

where I = <fi , and 9 = >80'( chaffy florets), ICSB IIY,); selection for agronomic desirability in F, and 
88019, ICSB 88020, and ICSB 89)002 were selected, pedigree selection from F, onward (selection for 

These, too, were derived from )J 6514. lower midge damage among families, and high-yield
ing ability and agronomic desirability anong individ-

Conversion of promising resistant lines. Promising ual plants within the selected resistant lamilies); test
inbred lines were testcrossed with A,, A2, A3, and A4, crossing and evaluating the testcrosses of the selected 
(Maldandi) male-sterile cytoplasnis (Schertz and progenies for maintainer reaction from F, onward; 
Pring 1982), ald the lines converted into male steriles and converting the maintainers selected for midge 

we ),rM: 	 resistance in screening nurseries into male steriles 

A through backcrossing (Reddy and Rao 1991).
A, 	 and A., (Maldandi)
A , 	 nd (Maldandi) Studies by Rao and Rana (1982) suggested thatP 	 17500d 

19268. ICSV 89057, and SV 890)58, with hybrid per ormances correlated well with the perfor
" PM mance of the parents themselves, and that high-yield-

A3 and A4 (Maldandi) ing parents in general produced high-yielding 
TUhese were derived from DJ 6514 and IS 1261IC. Ihybrids. Therefore, the selection strategy for male 

Improving A, male-sterile lines fir resistance. The steriles at 1AC is based on the line's performance 
breeding program involved crossing high-yielding rather than combining ability. 
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Table 6. Performance of midge-resistant male-sferile lines developed during 1990-93, ICRISAT Asia 
Center. 

Grain yield' Time to 50% flow- Plant Midge 2 100-grain 
(tha-') 

R3 PR -B-line 

SPMD 2669 2.5 2 
SPMD 2679 3.2 2.8 
SPMD 2681 2.4 2 
SPMD 2631 2.1 2.1 
Controls 

29613 1.6 0.6 
ICSV 745 2.4 1.6 
Mean 1.7 1.7 
SE 4 ±0.2 ±0.34 

I. One localion in each season. 

cring (days) height (m) score mass (g) 

R PR R PR R PR R PR 

60 64 1.5 1.1 2 5 3.1 2.9 
63 65 1.5 1.2 2 4.7 2.8 2.5 
64 66 1.6 1.2 1.7 3.3 2.9 2.7 
67 66 1.5 1.2 1.7 3 3.2 2.8 

70 92 1.4 1 5.7 8 2.1 
71 82 1.8 1.4 2.7 3.7 - 2 
71 75 1.5 1.2 2.7 4.3 - 2 
±1 ±1.8 ±0.05 ±5.3 ±0.23 ±0.59 - ±0.1 

2. Midge score on 1-9scale. %here I - highly resislani, and 9 - highly ,usceptible. 
3. R - rainy season, 1992;PR - p ,Irainy season, 1992. 
4. Itased on su tre r.'t tran f'orn2d salucs. 

Two improved resistant source lines, I'M 17467 
and PM 17500-2-1, derived from DJ 6514, were 
crossed with 12 maintainer lines with diverse origins 
(Reddy and Sharma 1991). This program resulted in 
progenies at various stages ofconversion from 1?C, to 
IC4 (Reddy' and Sharma 993). These were further 
screened during ttic 1992 postrainy season, and selec-
tion for midge resistance and agronomic desirability, 
and backcrossing o' the progenies were carried out 
simultaneously. At the end of the 1992 postrainy sea-
son, we had 155 progenies of which 13 were in 13C,, 8 
in BC,, 52 in IC .31 , and 82 in [C 4. 

Some of the maintainers (30) were evaluated for 
grain yield and other traits. The selected lines, 
SPMDs 2661), 2679, 2681, and 2631 were signifi-
cantly superior to the control 29613 for grain yield and 
midge resistance levels (Table 6). 

Relationship Between Midge 
Resistance and Grain Mass Levels 

The 100-grain mass of midge resistance source DJ 
6514, and improved ICSV 197 derived from DJ 6514 
in the first cycle of improvement, is less than 2 g. This 
indicates possible linkage between resistance and low 
grain mass. The possibility of breaking this linkage in 
order to combine high grain mass and resistance 
levels was investigated. Correlation studies showed 
that resistance to midge did not correlate sig-

nificantly with grain mass in the third-cycle material 
(r - -0.01 in 130 single-cross F7s, and 0.14 in 206 
three-way-cross Fs), thus indicating that the negative 
association observed in the first-cycle material bet
ween seed mass and resistance had been broken 
(Reddy and Sharma 1993). Earlier studies by Reddy 
and Sharma (1992) also revealed a weak correlation 
between grain mass and resistance to midge (r - 0.18 
in ftour-way-cross F3s; 0.30** in three-way-cross F4s; 
and 0.01 in single-cross Fs). 

Further evaluation of' resistance levels under no
choice conditions of six selections in each of four 
groups with different grain mass but with the same 
levels of resistance (DR = 3.0 under field conditions) 
revealed that there was significant variation for midge 
resistance even in high grain mass groups, thus indi
eating the possibility of combining high grain mass 
with midge resistance. 

Breeding of Resistant Hybrids 

As indicated earlier, resistance in hybrids is mostly 
controlled by additive genes and it is therefore desir
able for both parents to be resistant. However, if one 
of the parents is highly resistant, and the other parent 
is less highly susceptible, it is possible to produce a 
hybrid with moderate levels of resistance. Such hy
brids with high grain yield and resistance to midge 
have been generated (Table 7). 
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29613 

Table 7. Performance of the parental lines and their hybrids for midge resistance, plant height, grain 

mass, and grain yield, ICRISAT Asia Center, postrainy season, 1991. 

Midge damage Plant Grain yield (t ha1 ) 

Rating 
(natural)' 

Score 
(cage) 2 

Chaffy 
florets (%) 

height 
m) 

100-grain 
mass (g) I sowing 2 sowings 

PM 70611B 
PM 7068B 
ICSB 42 

PM 15908-3R 
PM 17422-3R 
PM 17592-IR 
ICSV 745R 
MR 836 
296A x PM 15908-3 
296A x PM 17592-1 
ICSA 42 x PM 17422-3 
PM 7061A x PM 15908-3 
PM 7068A x PM 17422-3 
PM 7061A x ICSV 745 
296A x MR 836 

SE 

CV(%) 


2 1.8 8.2 
2 2.3 12.3 
7 9 82.4 
7 8.8 59.5 
2 2 15.9 
2 1.8 10.2 
2 3.1 14.9 
2 4.1 9 
4 8.7 36.9 
3 6.9 46.2 
3 8.7 44 
3 6.5 20.3 
2 1.6 14.4 
2 2.3 6.1 
3 2 12.6 
6 9 65.7 

±0.69 ±0.71 ±5.9 
34 21 34 

1. Damage rating where I - highly resistant, and 9 - highly susceptible, 

2. Under cage. 

Synthe'se 

La selection pour 2 resistance a ia ccidomyie du 

sorgho au Centre ICRISAT pour I'Asie. Les hy-
brides du sorgho sont tr.s apprdcids par les agri-
culteurs aux Etats-Unis et en lnde, mais tous les 
hybrides vulgarisds sont, en gdniral, sensibles A la 
cdcidomyie du sorgho, Contarinia sorghicola. Des 
ligndes restauratrices et des matdriels gdn6tiques r6-
sistants Ala cdcidomyie sont ntcessaires , la mise au 
point des hybridcs r6sistants. 

A l'aide d'une mdlhodc de criblage deux 
dtapes-des techniques de rangs infectants c, de cri-
blage en cage avec choix unique-des sources de 
rdsistance (31 vari6tls locales) ont t idcntifides I 

l'ICRISAT et dans les programmes nationaux aux 
Etats-Unis, en Australie et en Am6nrique latine. DJ 
6514, TAM 2566 et IS 12666 C ont confirm A 
plusicurs reprises leur haut niveau de rdsistance la 
cdcidomyie. TAM 2566, IS 12666 C, DJ 6514, AF 28 
et IS 15107 ont montrd de la non pr6frnce i la 
cdcidomyie, tandis que S-GIRL-MR-I s'est avdrde 

1.2 
1.2 
1.2 
1.1 
1.3 
1.4 
1.6 
1.3 
I 
1.2 
1.4 
1.6 
1.5 
1.6 
1.5 
1.5 

±0.03 
4 

2 2.6 5.1 
2.4 2.7 5.4 
2.2 2 4.5 
2 5 9.2 
1.8 6 8.4 
2 2.4 7.8 
2.2 4.3 7.8 
2.9 4.7 9.3 
2.9 2.3 5.1 
2.5 6.6 18.9 
2.7 6.2 10.2 
2.4 5.7 14 
2 7.6 12.3 
1.5 6.9 9.4 
2.4 5.9 6.2 
2.9 2.9 8 

±0.13 ±0.42 ±0.48 
9 36 38 

sensible au criblage en cage avec, hoix unique. TAM 
2566, part la non pr6frence peut aussi montrer 
I'antibiosc grAce Ala presence des tanins. Des parties 
florales courtes (la glume, la lemma, la palda, I'an
there et le style) et le ddveloppement rapide des grains 
pourraient dgalement contribuer Ala rdsistance. L'ap
titude gdndrale ,l la combinaison a dtd plus d1evde que 
I'aptitude spdcifique Ala combinaison pour les ddgfts 
causds par la cicidomyie, cc qui indique des effets de 
genes additifs. Nos dtudes ont aussi indiqu6 la possi
bilitd des effets cytoplasmiques dans la resistance AIa 
cdcidomyie. 

A la suite de la s6lection gdndalogique et du cri
blage des F2 et des gdndrations ultdrieures au champ 
par la technique de rangs infectants ct des ligndes 
avancies par [a technique de mise en cage avec choix 
unique dans des essais r6pdtds, PM 11344 (ICSV 197), 
une varidtd issue de ]a lign6e parentale rdsistante, DJ 
6514, s'est rdvd1ke la plus prometteuse au cours de 
I'dvaluation en 1983. Dans la deuxibme dtape, les lig
ndes rdsistantes ainliordes, PM 7348 ct PM 11344, 
ont dtd croisdcs davantage avec des ligndes perfor
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niantes ct les populations qui cn ont rdsultd ont fait 
l'objet de criblage. Cc programme aproduit des vari
dtds tr s performantcs et rdsistantes , la cdcidomyie 
telles que ICSV 743 et ICSV 745. La varidtd ICSV 
745 a dtd vulgarisde en 1993 dans l'Etat indien de 
Karnataka. 

La plupart des varidtds se comportent comme des 
restaurateurs sur les ligndcs A, cytoplasmniucs riales 
st riles. La collection de restaurateurs de l1(CRISAT 
(360 igni~es) a 6tdcribhe pour les d6gts causs pr 
Ia cidomyie. Par5i ces lig7es, ICSR 70, ICSR114, 
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Mechanisms and Inheritance of Resistance to 

Panicle-Feeding Insects in Sorghum bicolor 

H C Sharma, J W Stenhouse, and K F Nwanzel 

Abstract 

Sorghum midge (Contarinia sorghicola Coq.), head bugs (Calocoris angustatus Leth., and Eury

stylus immaculatus Odh.), andhead caterpillars (ilelicoverpa, Heliothis, Eublemma, Cryptoblabes, 

etc.) are the major pests ofsorghm worldwide. 
Nonpreference and antibiosis art' the major complonents of resistance to C. sorghicola. Evidence 

for compensation in grain nassfollowing mdge damage is not conclusive. Short, tight glun's make 

oviposition dijicult, and this is the most important factor associated with resistance to mid/ge. 

Fastergrain development and high tannin content of grain are also associated with resistance. 

Resistance to midge is governed by additive and nonadditive gene action, but largely by the former. 

Resistance to head bugs is large'ly comprised of nonpr('erence for fteding and oviposition, 

antibiosis, and tolerance,ofwhich non preference isthe major conmponent. Longer durationof glume 

covering of the grain, long glunes, panicle compactness, quicker grain hardening, and possibly 

high tannin content are associated with resistance to bugs. There is no informuation on the genetics 

of resistatce to head bugs. 
Loose-panich'di genotypes are resistant to head caterpillars, and resistance is largely governed 

by additive gene action. 

Introduction 	 Tnhis paper summarizes the information available on 
the mechanisms and inheritance of resistance to these 

Sorghum, Sorghum bicolor (L.) Moench is one of the insects, and identilies areas that need attention in the 

most important 'cereals in the seni-arid tropics. It near future to plan appropriate strategies to develop 

provides food, feed, and lbrage, but grain yields on sorghum cultivars resistant to panicle-feeding insects. 

smallholdcr farms are generally low, partly due to 
insect pest damage. Nearly 150 species of insects 
have been recorded as pests of sorghum (Sharma Sorghum Midge 
1993), of which sorghun midge (Contarinia or

ghicota Coquillett), head bugs (Calocoris angustatus Research on the identification and utilization of resis-

Lethiery, Eurystylus immaculatus &thiambo, and tance to sorghum midge has been carried out in India 

Oebalus pugnax Fabricius), and head caterpillars (Sharma et al. 1993a), USA (Peterson et al. 1985). 

(llelicoverpa arinigera I|tibner, luble'mnia, Crypto- Australia (Page 1979), and Latin America (Ro:;setto 

blabes, Pyroderces, etc.) are the most important pests 1995). Sources of resistance to midge are also being 

of grain sorghum worldwide, utilized in breeding programs in Africa, Argentina, El 

Considerable progress has been made in the iden- Salvador, etc. IS 2579C, TAM 2566, AF 28, DJ 6514, 

tilication and utilization of resistance to panicle-feed- IS 10712, Tift MR 88, IS 7(X)5, and IS 8891 are div

ing insects in sorghum over the past two decades. erse sources of resistance to sorghum midge. 

1. IctRIsAT Asia Center. t'atancheru 502 324, Andhra Pradesh. India. 

Conference Paper no. CP 980. 

Sharnua, It.C., Stenhouse, J.W., and Nwanze, K.F. 1995. Mechanisms and inheritance of resistance to panicle-feeding insects in Sorghum 

bitolor. Pages171 182 in Panicle insect pests of sorghun and pearl Unilet: proceedings of an International Consultative Workshop, 4-7 Oct 1993. 

tCRISAT Sahelian Center, Niamey. Niger tNwanze, K.F., and Youum,0., eds.). Patancheru 502 324, Andhra Pradesh, India: International Crops 

Research Institute for the Semi-Arid Tropics, 
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Mechanisms of resistance 

Nonpreference. Nonpreference isone of the com-
ponents of resistance to the sorghum midge (Wise-
man and McMillian 1968, Sharma 1985a). TAM 
2566, IS 12666C, and SGIRL-MR I are not preferred 
by midge females, and suffer less damage (5-11%r 
florets with mnidge larvae) under natural conditions, 
but SGIRL-MR-I becomes susceptible under no-
choice conditions (Sharma 1985a). Genotypic non-
preference observed under field conditions is highly 
influenced by midge density at the time of flowering. 
Cultivar nonpreference observed in ICSV 197 and 
TAM 2566 has not been confirmed under cage tests 
while DJ 6514 and AF 28 show nonprefcrence both 
under ield conditions and in cage tests (Fig. 1). 
Midge-resistant females, I'M 7061A and PM 7068A 
(Sharma et al. 19 93a), are less preferred than the 
midge-susceptible females (296A and ICSA 42). 

Nonpreference for oviposition or low oviposition 
because of short, tight gItmes is the most important 
component of resistance to the soighuin midge. Fewer 
eggs are laid in the florets of' midge-resistant ge-
notypes (<50 eggs M(XIflorets) compared with the 
Inidge-suscept ible control, CSII I (153 eggs I(X I flo-
rets) (Sharm a 1985a, Franzinarn 1993; Tfable 1). 

Antihiosis. Fewer midge flies emerge from the pan-
icles of Iiiidge-resistant culivars than from suscept-
ible cultivars (Sharma i985ia, Melton and Tcetes 
1984, Sharma et al. 1990a; Fig. 2). Post-embryonic 
developmental period (egg to adult) is prolonged by 
5-8 days when the midges are reared on midge-resis-
tant genotypes (DJ 6514, IS 3461, IS 15107, IS7005. 

etc.). Adult emergence isdelayed by 4-8 days on DJ 
6514, IS 8571, IS 10712, IS 19474, IS 19512, ICSV 
830, ICSV 197, and TAM 2566. Antibiosis to midge 
is also expressed in terms of smaller size of larvae, 
reduced fecundity, and/or low larval survival (Melton 
and Teetes 1984, Waquil et al. 1986, Sharma et al. 
1993d). 

Tolerance. There are conflicting reports on the 
compensation in grain mass due to damage by sor
ghum midge. Montoya (1965) reported slight corn
pensation for midge damage. lie observed that as the 
mean percentage spikllet damage increased from 5 to 
471;, the weight of 100) undamaged grains increased 
from 30.3 to 35.1 g. Ila-ris (1961) found no relation
ship between Midge L'.image and the mass of surviv
ing kernels. lallman et al. (1084) observed that there 
was a significant inverse relationship between tbl ex
tent of Midge damage and the mass of undanaged 
kernels in two of the three susceptible hybrids, and 
three of the seven inidge-resistant hybrids. However, 
tihe relationships were not significant at damage levels 
below 40% . They suggested that at tie economic 
threshold levels, there was no compensation for 
midge danage. 

Manual removal of up to one-third of the spikelets 
in a panicle at tihe half-anthesis stage does not resuIt 
in a significant reduction in grain yield (I lenzcll and 
Gillicron 1973). "liis indicates that there is some 
ccimpcnsation in grain yield as a result of reduction of 
number of spikelcts panicle 1i However, studies by 
Hlallman et al. (1984) indicate that partial sterility 
does not simulate midge damage. Manual removal of 
spikelets may not compare with midge damage 

Table I. Oviposition, larval numhers, adult emergence, andl grain danage in 6 sorghum cultivars under 
no-choice conditions over 4 seasons (1982-84) 

Cultivar 

D.I 6514 
AF 28 
TAM 2566 
IS 15107 
CSII 12 

2SwarnIi 

SE 

CV (%) 


I. Figures in parenhe,,s are: a 
2. Susceptible conirol. 

Eggs 
I(W florets-i 

37 (6)' l 

21 (4) 
37 (5) 
38 (6) 

153 (12) 
141 (II) 

±(0.9) 
27.6 

at ICRISAT Asia Center. 

Larvae 
I 0 florets-i 

Adults emerged 
panicle-I 

Midge damage 
(% chaffy florets) 

8 (2)' 15 (3)11 15 (22) b 

6 (7) 24 (4) 33 (34) 
41 (6) 33 (6) 30(33) 
59 (7) 71 (8) 39(38) 

142 (12) 404(19) 81 (65) 
127 (II) 318 (18) 83 (66) 

±(3.2) ±(1.2) ±(4.1) 
14.6 24.2 20.9 

square rxm transfirrned values; and h - aresin iranformed values. S- susceptibtle conirol. 
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Figure 1. Relative preference of midge females for sorghum genotypes (nine pairs) under no-choice 

conditions in cage tests (ICRISAT Asia Center, postrainy season, 1990/91). The pairs with both the bars 

designated by the same letter (a or b) are not significantly different at P <0.05. 
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Figure 2. Midge emergence in six sorghum genotypes infested with 60 midges per panicle under a 
headcage (ICRISAT Asia Cer ter, 1982-84). CSII I and Swarna were the susceptible controls. 
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because the midge larva feeds on the juices of the 
developing grain without rcmoving the plant struc-
tures. In studies conducted at ICRISAT Asia Center, 
1000-grain mass and 100-grain volume were greater 
in panicles in which 25-30% of the spikelets were 
removed, and infested with midges under aheadcage, 
than in normal noninfested panicles (Table 2). 

Increase in grain mass and volume in the infested 
panicles (over the noninfested panicles) was greater in 
hybrids based on midge-resistant females (PM 7061A 
and PM 7068A) than in hybrids based on midge-
susceptible females (ICSA 42 and 296A). Similar dif
ferences were ', observed between midge-resistant 
and midge-susceptible restorers. Thus, it appears that 
midge-resislant genotypes have a better capability for 
compensation in grain mass than do midge-suscept- 
ible genotypes. 

Factors associated with resistance 

Susceptibility to the sorghum midge is positively and 
signilicantly correlated with the length of glumes, 
1zntnia, palca, anther, and style (Sharma et al. 1990a). 
RatL of grain development between the third and sev-
enth day after anthesis is negatively associated with 
midige damage (Sharma et al. 1990a). Short, light 
glunies make oviposition difficult, and leave limited 
space betwcen glumes and the ovary for the develop-
ment of midge larvae. Componental analysis of the 
factors associated with midge resistance has shown 
that sources of resistance are diverse, and that these 
lines have different combinations of factors confer-
ring resistance (Sharma ct al. 1990b). 

Santos and Carmo (1974) suggested that the tannin 
content of grain may be one of the factors imparting 
midge resistance, but there are distinct exceptions, 
e.g., DJ 6514 (Sharma et al. 1990a). Amounts of tan
nins and proteins have been found to be greater in 
some midge-resistant lines than in susceptible ones, 
while soluble sugar content was lower in midge-resis
tant 'ines. Composition of the sorghum grain varies 
over seasons, and these changes have been linked 
with the variation in e.pression of resistance to 
midge (Sharma et al. 1993d). 

Inheritance of resistance 

Resistance to C. sorghicola is inherited quantitatively 
and is controlled by quantitative gene action, and 
some cytoplasmic effects (Widstrom et al. 1984, 
Agrawal et al. 1988). Susceptibility to midge is com
pletely "r incompletely dominant in some parents. 
Boozaya-Angoon et al. (1984) found that resistance is 
controlled by recessive gene action at two or more 
loci. Resistance is controlled by more than one gene 
in TAM 2566 (Johnson 1974). At least two pairs of 
recessive genes determine the resistance of AF 28, 
and gcnes with minor effects are also present 
(Rossetto and Igue 1983). The resistance of Tift MR 
88 has been reported to be under recessive gene con
trol (lanna ct al. 1989). SGIRL-MR-l and PI 383856 
behave differently, and the resistance of SGIRL
MR-I is lost when it is used as a female parent (Wid
strom et al. 1984). DJ 6514 and TAM 2566 are good 
general combiners for resistance to sorghum midge. 
Both general and specific combining ability of 

Table 2. Grain mass and volume of sorghum hybrids and restorers based on midge-resistant and midge
susceptible females, ICRISAT Asia Center, 1991/92 postrainy season. 

1000-grain mass (g) 100-grain volume (cm3) 

Genotype(s) Infested' Normal' Difference Infested Normal Difference 

Hybrids based on 
PM 706: A 28.9 22.9 6.0 2.4 1.8 0.6 
PM ,')68 A. 26.5 21.0 5.5 2.4 1.7 0.7 
ICSA 42 29.9 26.9 3.0 2.6 2.1 0.5 
296 A 30.0 26.3 3.7 2.6 2.5 0.1 

Midge-resistant restorers 27.5 22.2 5.3 2.3 1.8 0.5 
Midge-susceptible restorers 26.7 25.3 1.4 2.3 2.0 0.3 

SE ±1.57 ±1.2 ±0.95 ±0.1 ±0.5 ±0.37 

I. Panicles infested with 40 midges for 2 days; and normal noninfested panicles. 
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the parents is important (Patil and Thombre 1985). effects. There were considerable differences for the 
Mean performance of parents and general combining variance components, GiCA, and SCA effects under 
ability effects are highly correlated (Agrawal et al. natural and headcage screening, and over seasons, 
1988). and this may explain the different patterns of gene 

We studied the gene action for midge resistance at action observed by different workers. 
ICRISAI" Asia Center under uniform in:ect pressure The expression of resistance to sorghum midge 
using the headcage technique (Sharnia et al. in press). has not been observed in the genic-cytoplasmic male-
The results indicate that general combining ability sterile lines of midge-resistant genotypes. Midge
(GCA)effects were greater than the specific combin- resistant male-sterile lines (A-lines) are as suscept
ing ability (SCA) effects for resistance to sorglum ible as midge-susceptible A-lines. lowever, the 
midge. (;CA effects of the midge-resistant lines (PM maintaincr lines (B-lines) of midge-resistant females 
7061A and PM 7068A) were significant and negative, are signilicantly less susceptible than the correspond
and such effects for the midge-susceptible lines ing A-lines, and the B-lines of the midge-susceptible 
(ICSA 42 and 296A) were positive (Table 3). Similar females (Table 4). This suggests that the expression 
trends in (;CA effects were also observed for the of midge resistance may be controlled by both cyto
midge-resislant (ICSV 745, PM 15908-3, PM plasmic factors and nuclear genes (Sharma et al. 
17422-3, and PM 17592-1) and midge-susceptible 1993c). 

(CS 3541, MR 750, MR 836, MR 844, and MR 923) Resistance based on DJ 6514 is not expressed in 
testers. For genotypic nonpreference by the midge- western Kenya, and Yemen, while AF 28 and IS8891 
resistant females, SCA effects were greater than GCA show resistant reactions at these locations (H.C. 

Table 3. General combining ability (kcA) effects of the lines and testers for 5 parameters in sorghum for 
midge resistance, ICRISAT Asia Center, 1990/91. 

Lines/ 1990 1991 1990 1991 1990 1991 1991 1991 1991
 
Testers MD-C MD-C I)R-C I)R-C DR-N DR-N MF YLDI YLD2 

Lines
 
PM 7061 B -3.82 -13.04** -0.87** -2.42** -0.45 -I.06'* -I.67"* 0.05** -0.02 
PM 7068 13 -6.98* -11.94"* -I.42** -I.58** -I.23'* -0.72** 0.85 0.0! -0.06* 
ICSB 42 12.89'* 12.99** 1.32"* 2.44** 1.03** 0.91 * -0.63 -0.044t 0.06* 
296 13 -2.09 11.99** 0.96** 1.564* 0.66* 0.87** 1.45" -0.02 0.02 

SE(gi) 2.975 1.967 0.329 0.238 0.269 0.22) 0.630 0.013 0.023 
SEi(gi-gj) 4.208 2.783 0.466 0.337 0.381 0.323 0.892 0.018 0.032 

'Testers 
ICSV 745 -7.98 -10.39'* -l.89** -0.94* -1.15** -0.71* -2.29* -0.01 -0.01 
PM 15908-3 -3.76 -3.59 -2.26** -0.99** -l.82"* -0.88* -1.54 0.07** 0.17 
PM 17422-3 -10.84* -16.73** -2.19"* -2.46** -0.82* -1.29'* -l.95" 0.07** 0.02 
PM 17592-1 -6.33 --2.49 -0.82 -0.26 0.02 -0.05 -0.70 0.01 0.03 
CS 3541 3.83 -2.-2 0.49 0.51 0.52 0.87* 1.29 -0.05** -0.06
 
MR 750 1.62 -4.68 1.58"* -0.77* 0.69 0.45 0.79 0.01 -0.06
 

*
MR 836 7.86 17.09 ' 2.24** 1.59** 1.10'* 0.79* 0.43 -0.07** -0.13'*
 
MR 844 9.66* 14.88"* 1.87** 1.92"* 1.27 0.70* 1.79 -0.02 -0.02
 
MR 923 6.11 8.63** 0.99* 1.39'* 0.19 0.12 -2.43* -0.04* -0.08*
 

SE(gi) 4.463 2.951 0.493 0.358 0.403 0.342 0.945 0.019 0.034
 
SE(gi-gj) 6.312 4.174 0.699 0.716 0.571 0.485 1.337 0.028 0.048
 

t. MI)-C - Midge damage under headcage. t)R-C - Midge damage rating under headcage. D)R-N - t)amage rating under natural infestation. 
Yt.DI and Y.tD2 - Grain yield plant t in first 5paricles1.and sectnd %owing. 1991.M - Number of midge flies 

- Significant atI 0.05. and * - significant at/0.01.
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Sharma, unpublished). This may be because of envi- IS 17610, IS 17618, and IS 17645 are not preferred by 
ronmental influences on the factors conferring midge C. angustats (Sharma and Lopcz 1990, Fig. 3). Ovi
resistance in DJ 6514 or the prevalence of a different position nonpreference is another component of resis
biotype of midge at these locations. 	 tance. Under headcage conditions, 9 eggs 100-1 

spikelets were recorded in IS 17610 compared to 129 
egg; lO0 spikelets in CSI! 5 (Sharma and Lopez

Head Bugs 	 1990). 
Cultivar nonprelerence is also acomponent of re-

Major efforts in the identilication of resistance to sistance to Elirvstylus. IS 14332, CSM 388, Malisor 
head bugs (Calocoris angustatus Leth. and Eurvstylus 84-7, 83F6-16, and 83F6-111 have been found to har
inimaculamsOdh.) have been made in India (Sharma bor <5 females panicle -1compared to II females pani

-
and Lopez 1992). and in West Ar ica (Sharma et al. cle ' in E 35-1 under free-choice conditions in the
 
1992, 1994). IS 17610, IS 17645, IS 21443, and IS field. The nonprefercnce of CSM 388 has also been
 
17618 have moderate levels of resistance to C. an- confirmed in cage tests in the laboratory (Sharma ct
 
guslatis.CSM 388, S29, IS 14332, Malisor 84-7, and al. 1994).
 
Sak oika are good sources of resistance to E.in
ntclatiots. Most of tie sources of resistance have Antibiosis. Post-embryonic development of Caloco
either colored grain, high tannin content, or are guin- ris atngostots is prolonged by 1-2 days on IS 17610,
 
cerise sorghums fronm West Africa. Malisor 84-7, de- IS 17618, and IS 17645. Survival and establishment of
 
rived from guinecnse sorghuMs, is med iuittv dwarf, first instar nymphs is relatively lower on IS 17645
 
and has a Moderate yield potential and good grain than on the susceptible controls, CSII1 and CSII 5
 
quality. It can be cultivated in areas endemic to bugs (Sharma and Lopez 1990, 1993). Growth rate and
 
in West Africa, and utilized in resistance breeding efticicncy of conversion of ingested food into body
 
programs. 	 matter are lower on IS 6984 and IS2761 than in 

CSII 5 (Sharma and Lopez 1990). A marginal de
cre.mse has been observed in the fecundity of head bug

lechanisns of resistance 	 females when reared on head bug resistant genotypes 
IS 2761, IS 14334, IS 16357, IS20740, and IS 17610 

Nonprefrence. Feeding nonpreference is one of compared with those reared on the susceptible con
the components of resistance to head bugs. IS 2761, trol CSI II (Sharma ctal. 1993b). 

Table 4. Effect of pollination 1hymidge-resistant ().1 6514) and midge-susceptible (Swarna) restorers on 
midge emergence (number of midges emerged panicle-') on midge-resistant and midge-susceptible male
"erile lines, ICRISAr Asia Center, postrainy season, 1991/92.1 

Pollination treatments (PF) 

Swarna DJ 6514 Without 
Genotype pollen pollen pollination li-line Mean 

ICSA 42 996 (31.5)g h 617 354 1202 792 (27.3)12 (24.6)et (18.6) d (34.7) :-i 
296 A 1500 (38.6), 1564 (39.4), 1137 (33.6) hi  1182 (30.0)fg 1346 (35.4) 
PM 7068 A 1097 (32.0,h  699 (26.3)tg 407 (19.8) de 27 (4.1)a 555 (20.8) 

-PM 7061 A 84 (9.0) ,,h 168 (12.0) t 247 (15.5)cd 17 (5.1)a 132 (10.4) 
Mean 919 (28.0) 762 (25.6) 536 (22.6) 607 (18.4) 706 (23.7) 

LSD for comparing 
Genotypes (4.04) 
I11 (4.04) 
Genotypes x |rT (5.70) 

I. Figure, inparentheses ire square irmtran,f"rmed value%. 
2. Figure%flloved by thesrre lelerare not,ignificanrly different al 1<0.05. 
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100 Half-anthesis 	 Tolerance. Tolerance to head bug feeding is greater 
in IS 9692, CSH I, IS 17645, and IS 17610 than in IS 
2761, IS 6984, and CSII 9 (Sharma and Lopez 1993). 
CSH I and CSH 5,although susceptible to head bugs, 

are more tolerant of bug feeding, and also suffer80 
lower loss in grain yield, than CSII 9. Tolerance to 
head bug damage decreases with an increase in insect 
density. 

C60 

*0 

ox " 	 Factors associated with resistance 

-"4Grain damage and bug population increase are pos
itively associated with panicle compactness (Sharma 

"U 1985b, Sharma et al. 1994). However, under high bug 
.I	 -density, genotypes with loose panicles also suffer 

2heavy grain damage if other re,.istaince factors are not 
involved. Cultivars relatively less susceptible to 
C.angustats tend to have long, hard, and less hairy 
glunes (Sharma 1985b). Days to glume opening (>20 

,,days from anthesis), longer glumes (>5 mm), >50% 
of the grain surface covered by the glumes, hard cor
neous grain, and quicker grain ripening contribute 

100 Milk stage 	 towards resistance to 1. imnmaculatus (Sharina et al. 

1994; Table 5). Tourd ctal. (1992) reported that faster 
grain filling, low water :carbohydrate ratio in grain, 
grain hardness, glume length, and days to glume 

80 	 opening are the major factors contributing to the re
sistance of Malisor 84-7 to E.inniaculaats. 

60 	 Inheritance of resistance 
.0o 
V) 	 There is no documented study on the inheritance of 

resistance to head bugs. Factors that govern the inher

itance of grain and glume characteristics in Guin40 
cense sorghums also influence the inheritance of 
resistance to head bugs.N 

20 \ 
Head Caterpillars (Helicoverpa, 

\ Heliothis,and Eublemma) 

N - 0 , , Chencholam, SPV 130, SPV 69, SPV 9, RS 160, and 
(0 -K Tall have been reported to be resistant to head 

o) on C) o 0 caterpillars (Balasubramanian et al. WilsonC C) 	 1979, 
n U) ) 1976, Natarajan and Sundara Babu 1988). Genotypes 

Figure 3. Relative preftence of head bug adults 	 with loose panicles suffer little damage by head cater

for five sorghum genotypes in relation to CSH I 	 pillars, possibly because of easier access to parasites 

under double-choice conditions in cage tests (ICRI. 	 and predators (Balasubramanian et al. 1979). Resis-

SAT Asia Center, postrainy seasen, 1986/87). CSII tance to head caterpillars is largely governed by 
1 was the susceptible control. quantitative gene action (Patel et al. 1986). 
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Table 5. Correlation coefficients between head bug numbers, grain damage, and panicle and glume 
characteristics in sorghum, Sotuba, Mali, 1985. 

I lead bug numbers 	 Damage rating 

Glume/panicle Natural 
characters infestation 

Panicle compactness 0.45 
Days to glume opening -0.55 
Glume length GI -0.38 
Glume length G2 -0.52 
Glume hairiness 0.09 
Glume covering -0.83 

* ** significant it P - 0.05 and 0.01. 

Future Research Needs 

Four areas of research will need to be emphasized in 
the future: 
• 	 Relative contribution of the componental charac-

ters in imparting resistance to panicle-feeding in-
sects in sorghum. 

" 	 Causes of breakdown of resistance to midge in 
genotypes derived from DJ 6514 need to be stud-
icd in detail. A study of the nature and number of 
genes conferring midge resistance in different 
sources of resistance will help develop an appro-
priate strategy to diversify the basis and increase 
the levels of resistance to midge. 

" 	 Genetics and inheritance of resistance to head 
bugs. 

" Role of allelochemicals in host-plant resistance to 
panicle feeding. 

Synthse 

Les mdcanismes el I'hiriditf de la risistance aux 
insectes paniculaireschez Ic sorgho. La rdsistance 
des plantes-h6tes est I'une des composantes les plus 
importantes dans la lutte intgre chez le sorgho. Des 
progrbs considdrables ont did fails dans I'identilica-
tion et l'utilisation de ha resistance i la cdcidornyie du 
sorgho (Contarinia sorghicoh Coq.), aux punaises 
des panicules (Calocoris aniiusta/ts Leth. et ury'v-
stylus inonaculatus Odh.) et Li ta chenille des pan-
icules (Ifleicoverpaarmigera Ilub.). IS 2579 C, TAM 
2566, AF 28, DJ 6514, IS 10712, Tift MR 88, IS70(05 
et IS 8891 sont diverses sources de rdsistance h la 
cdcidomyie. La non prdffrence fait partie des 
m6canismes de rdsistance L la cdcidomyic. La non 

Headcage 
infestation 

Natural 
infestation 

fleadcage 
infestation 

0.72" 
-0.72" 
-0.42 
-0.35 

0.60" 
-0.82"" 
-0.60* 
-0.60" 

0.55 
-0.73"" 
-0.42 
-0.41 

0.07 
-0.56 

0.19 
-0.67" 

0.44 
-0.52 

prdfdrence dtudide en milieu rdel est fortement influ
ence par 1'dpoqlue de floraison et par la densit6 de 
c6cidomyies lors de la floraison des diffdrents gd
notypes. La non pr6fdrence varidtale dtudide sur 
ICSV 197 et TAM 2566 n'a pas d6 conlirnide aux 
essais en cage, alors que DJ 6514 et AF 28 pr6scntent 
de la non pr~fdrence tant cn milieu r6el qu'aux essais 
en cage. La non pr6fdrence pour la ponte ou un faible 
niveau de ponte griice aux giumes co:'rtes ct corm
pactes est le plus important facteur de liardsistance A 
la cdcidony ie du sorgh-o. La periode de ddveloppe
mcnt post embryonnaire (de l'ocuf i I'adulte) de la 
cdcidoinyie se prolonge de 5 L 8 jours lorsqu'elle est 
6levdc stu des ginotypes risistants tels que DJ 6514, 
IS 3461, IS 15107, IS 70(05, etc. L'antibiose Aila cd
cidomyie s'exprinie dgalement par des larves plus 
petites, une fertilitd rdduite ct/ou une faible survie des 
larves. Des rapports se contredisent sur la compensa
tion dans le poids i grain suite aux dgfts causds par 
la cdcidomyic. Dans des 6tudes effcctudes au Centre 
ICRISAr pour l'Asic, une masse de I()O grains ct un 
volume de I(X) grains dtaient plus grands pour les 
panicules dans lesquelles 25 L 30% des 6pilltts 
avaient dtd retirds et infcstds de cdcidomyies sous 
cage que dans Ies panicules non infestdes. L'augnien
tation de la masse et du volume du grain dans les 
panicules infestdcs (par rapport aux panicules non 
infestes) a drd plus accentu~c chez les hybrides basds 
sur les femelles rsistantes (PM 7061 A ct PM 7068 
A) que chez ceux basJs sur les femnelles sensibles 
(ICSA 42 ct 296 A). Des diff6rences similaires ont 
dft dgalement notdcs pour Ies restaurateurs rdsistants 
it la cdcidomyie et les restaurateurs sensibles. Ainsi, 
les gdnotypcs rdsistants ont une meilleure capacitd 
pour Ia compensation dans le poids du grain que les 
g6notypes sensibles. La sensibilitd 5 la c cidomyie du 
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sorgho a une corrdlation positive et signilicative avec 
la longueur des gluncs, de la lenmmna, de la palda, de 
I'anthtre et du style. Le taux du dveloppenlcnt du 
grain entre le 3e et le 7e jour apr s l'anthse est 
ndgativenlent associd aux ,tdgtts caus6s par li cO-
cidonyie. Les quantitds de tanins ct de protdincs se 
sont montrdes plus importantes dtlns certaines ligndes 
resistantes LiIt c&idomyie que dans les ligndes sensi-
bles, tandis que les sucres solubles sont moindres 
dans les ligndcs rdsistantes. La composition dII grain 
de sorgho varie suivant les saisons ct ces change-
nents ont dieis avec hitvariation de I'expression tie 
li rdsisiance LIlli cdcidoinyie. 

La resistance LiC. sorghicola est hrite itUan-
titativcneent, el, est controlee par I'action quantitative 
genique ct par qulCIques etffts cytoplasmiques. La 
sensibiliI6t lia c icitlomyie est iotalement ou partiellc-
inent dominante chei certains parents. Les etfCts de 
l'aptitude gtnraleit Itacomnbinaison (A(KC) des lig-
nees resistantes it li cecitonlyie (PM 7061 A ct PM 
7068 A) sont signilicaltis et ngatifs et ces elfts pour 
les ligndes sensibles (ICSA 42 ct 296 A) sont positifs. 
On a observe des tendances similaires dans Ies cffets 
de I'AGC pour les testeurs resistants (ICSV 745, PM 
15908-3, PM 17422-3 et PM 17592-1) ct sensibles (CS 
3541, MR 750, MR 836, MR 844 c MR 923). En ce 
qui concerne li non prd1*rence gdnotypiqe ties illl-

tles rdsistantes i li c(cidoinyie, tes efftes Lie I'apti
tude speciliqu Li hi cclinlbiinaisorl (AS(') sC sont rdv~ds 
sup6riCUrs aux effeis de I'A(_'. L'expression de lIa 
resistance i lhiccilOnlyic du sorgtlo n*itait pas ob-
servde dans tes lign&s ni.dies stdriles geniiqics-cyto-
plasmiques des genotypes resistants. 

IS 17610, IS 17645, IS 21443 ct IS 17618 ont non-
tr6 des niveaux niodres de resistance iI C. an-
gustatis. CSM 388, S 29, IS 14332, Matisor 84-7 ct 
Sakoika sont tie bonnes sourtces ie resistance i 
E. immaculatuts. La tn prdf&cnce pour I'alimenta-
tion et pour li pontC t0Lostituent 'importantes coiln

posantes tie li rdsistance aux punaises des panicules. 
L ddveloppenient post embryonnaire de C. an-
gusatusse prolonge d'un Lideux jours chez IS 17610, 
IS 17618 et IS 17645. La survie et l'Ntablissenlent des 
premii.rcs nylphes au stade larvaire sont relative-
ment faibles chez IS 17645 par rapport Liceux chez 
les tdinoins sensibles, CSII I et CSII 5. Le taux de 
croissance et l Iicacitd LIe conversion de Ia nourri-
ture absorbe en mati~re organiquc sont infdrieurs 
chez IS 6984 ct IS 2761 que chez CSII 5. On a ob-
serv6 une faiblc baisse de fkconditd des punaises des 
paniculs quand ellcs sont dlcvdes sur des gdnotypes 
rdsistants lhipunaise, tels quc IS 2761, IS 14334, IS 
16357, IS 20740 et IS 17610 par rapport "icelles die-
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vdcs sur le t6moin sensible, CSII 1. La toldrance 
l'aliluentation des punaises des panicules est plus 6lc
vde chez IS 9692, CSII I, IS 17645 et IS 17610 par 
rapport L IS 2761, IS 6984 et CSII 9. Les ddgits du 
grain et l'augmentation ie lIa population des punaises 
sont positivenent corrlds ,Ilia conipacit, des pan
iCules. Cependant ,i des niveaux &%cv6sLie densitd des 
punaises, les genotypes ayt de:; panicules iches 
subissent galcincnt des dt5gts de grain si d'autres 
'acieurs de rdsist:lce ne sont pas prsenis. Des vari

6tes moins sensibles 5 C. angtistatus ont tendance A 
avoir des glunes longues, dures ct inoins pilcuses. 
Une durde d'ouverturc des glumes (>20 jours LIpartir 
tie I'anth.se), ics glumcs plus longues (>5 mnm). plus 
ie 50% de la surface dI grain couverte de glumes, un 
grain corn6 dur cl one niaturation plus rapide du grain 
contribuent L lhi rdsistance LIE. imntac'uautits. 

Chencholan, SIN 130. SPV 69, SIPV 9, RS 160 ct 

K Tall se soot niontres resistants aux chenilles des 
panicules. Les gdnttypes it panicules Ilichcs subissent 
peu die dlgfits sans doute gr ice i l'acces plus facile 
pour les parasites et les predatcurs. Lia rdsistance aux 
chenilles des panicules est gouverne par I'action 
quantitative giique. 
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A Simple Method to Assess Damage and Screen Sorghums 

for Resistance to Eurystylus marginatus 

Y 0 Doumbia', K Conare', and G L TeeteS2 

Abstract 

A simple method to assess damage and screen sorghums fir resistance to a sorghum panicle bug, 
Eurystylus marginatus Odh.,using natural infestation was developed and evaluated at the Station de 
Recherche Agronomique de Sotuba, Mali, in 1989 and 1990. The tnethod consisted in comparing the 
grain damage levels in unprotected panicles and paniclesprotected fron bugs by the use of cages, 
plastic pollinating bags, and insecticide (diazinon). The efficacies of the three methods ofprotection 
were compared. Grain fron unprotected panicles was extensively damaged. Grain mass (200 
grains) was greatly reduced by bugs, and grain vitrosity changed tofloury. The rate ofgermination 
was severely lowered by bug damage, and the number offloating or poor qualily grains was huch 

higher in unprotected panicles than in grains from protected panicles. These methods allow rapid 
and easy detection of resistance in sorghum varieties. 

Introduction 	 panicle-fecding bugs in Mali and other parts of West 
Africa (Doumbia 1992a, Ratnadass et al.1991, Sharma 

Sorghum is one of the most important crops, and a et al. 1992). The identification of sources of resistance 
staple cereal, in Mali. Low sorghum yields are a re- to head bugs requires efficient and practical screening 
suit of the low productivity of local varieties, low or techniques. Using cages to artificially infest panicles 
erratic rainfall, extended drought, and damage caused with bugs is time consuming and labor intensive. Tak
by insects and other pests. Most studies undertaken on ing advantage of natural infestation while simul
sorghum insect pests during the last decade in the taneously protecting some panicles from bug 
Sahel have concentrated on the severity of bug dam- infestation would provide asimple method to assess the 
age to sorghum grain and the effects of this damage magnitude of damage and to screen genotypes in pre
on sorghum grain yield and quality. The bug problem liminary trials and large screening nurseries. This sim
has intensified as a result of the development of im- pIe method would allow sorghum breeders to quickly 
proved sorghum varieties with compact panicles .nd evaluate hundreds of sorghum genotypes. 
high yield potential (2.5 t ha'). These cultivars are 
severely attacked by panicle-feeding bugs, especially 
Eurystyhl spp (Stdil) (Doumbia and Bonzi 1985, 1989, Materials and Methods 
Gahukar et al.1989). Sorghum panicles are damaged 
when bugs oviposit in grains or puncture grains while Sharma et al. (1992) used 40 bugs inside cages placed 
feeding. Damaged grains are subsequently infected over sorghum panicles, and after 20 days evaluated 
by fungi, which exacerbate the loss in grain quality the resulting reduction in grain yield and quality. This 
(Doumbia 1992b). The magnitude of the damage to method is time consuming and labor intensive. The 
sorghum grain has not been well quantified, method we used relied on natural bug infestations and 

Research during the past 10 years has been con- allowed acomparison of bug damage in protected and 
ducted to identify sources of resistance in sorghum to unprotected grains. 

t. tnstitut d'Economie Rurale (IER). Station doRecherche Agronomique de Sotuba, liP438. Sotuba, Mali. 
2. Department of Intmology, Texas A&M University. College Station, Texas 77843-2475. USA. 

Doumbla, Y.O., Conare, K., and Teetes, GL.1995. A simple method to P.s.sess damage and screen sorghums for resistance to Eurystylus 
marginatus. Pages 183-189 in Panicle insect pests of sorghum and pearlmillet:proceedings of an International Consultative Workshop. 4-7 Oct 
1993. ICRISAT Sahelian Center, Niamey. Niger kNwanze. K.F.,and Youm, 0., eds.). Patancheru 502 324, Andhra Pradesh, India: International 
Crops Research Institute for ;heSemi-Arid Tropics. 
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Thirteen sorghum lines were used to evaluate this 
method in 1989 and 1990. A split-plot design was 
used with three replications. Sorghum was sown in 
plots of 2 rows, 5 m long with a spacing of 50 cm 
between rows and 75 cm between plots. Fertilizer 
application was the same as recommended by the 
extension service. The treatments were as follows: 
panicles protected from bug infestation using cages, 
plastic pollinating bags, insecticide (diazinon), and no 
protection. 

Cages or bags were placed over live panicles per 
plot at panicle exsertion and left till the hard dough 
stage. Insecticide was applied thrice at 7-day intervals 
beginning when panicles were at the 50% anthesis 
stage, and ending when the panicles were at the hard 
dough stage. The insecticide diazinon (600 EC), was 
applied with a Berthoud manual hand-held sprayer. 

Bug abundance 

At the completion of the milk stage of grain develop-
ment, live panicles randomly chosen for each variety 
and for each treatment, were covered with a plastic 
bag, cut, and taken to the laboratory where adult and 
immature bugs were identified to species level and 
counted, 

Damage assessment 

Damage by E.marginatus was rated on live panicles 
exposed to natural bug infestation. Also, damage to 
grain from live panicles that had been protected by 
cage, bag, or insecticide was evaluated for each plot 
of each sorghum variety. Bug damage to each variety 
was rated using a I-5 scale, where I = grains with 
few egg laying and feeding punctures, and 5 = grains 
completely withered. A visual rating of mold infec-
tion of grain was also done using a 1-5 scale, where I 
= <10% moldy grain, and 5 = >60% moldy grain, 
Grains from panicles protected with cages, pollinat-
ing bags, or insecticide were compared with un-
protected grain to assess the effect of bug infestation 
and measure damage levels in each sorghum 
genotype. 

The other parameters measured to assess the ef-
fect of bugs on grain yield and quality were 200-grain 
mass, grain vitrosity, percentage germination, and 
proportion of low-density grains (floaters). The flota-
tion test was conducted by submersing I 000 grains in 
NaNO 3 solution with a relative density of 1.205. Bug-
damaged grain floated on the top of the solution. 

Grain vitrosity was rated on a 1-5 scale, where I 
hard, vitreous grain, and 5 - tender, floury grain. 

Results and Discussion 

Bug abundance 

Eurstylus inarginatuswas the predominant species 
of head bug on sorghum at the Station de Recherche 
Agronomique de Sotuba in 1989 and 1990. Average 
infestation was 152 E.narginatus per five panicles in 
1989 and 82 in 1990 (Table I). The maximum number 
of bugs occurred on El Mota Galmi sorghum, with 
730 bugs per live panicles in 1989 and 343 in 1990. It 
was important in these experiments to assess bug 
abundance during the dough stage of grain develop
ment because there is a relationship between bug 
abundance and damage. Sharma et al. (1992) reported 
that 20 female/male pairs of bugs were required to 
cause maximum damage to grain under caged condi
tions. Also, the abundance of immature and adult 
bugs increases on panicles from the milk stage to 
maturity (Doumbia 1992a). Abundance of E.mar
ginatus is greatest during these two stages of grain 
development at Sotuba (Doumbia and Teetes 1991). 
These authors also reported data on the population 
dynamics of this insect that showed two peaks in 
abundance, the highest in Sep and alesser one inOct. 

Damage assessment 

Grain damage ratings on unprotected panicles and 
panicles protected with insecticide are presented in 
Table I. Bug damage differed among varieties and 
between years. Damage to grain from unprotected 
panicles ranged from 2 to 5 in 1989, and the average 
damage rating to all varieties that year was 3.7. Aver
age bug damage rating to all unprotected sorghum in 
1990 was 2.2. The greater level of damage in 1989 
was a reflection of the higher infestation level that 
year. 

,Sorghum varieties with damage r-' 1s lower than 
the average for all varieties in 1989 were Malisor 
84-7, R 8505, El Mota Galmi, SC 279 and Kendd. 
Varieties with damage ratings higher than the average 
were Sureno, ICSV 16-5, ICSV 1063, SC 283, S 34, 
CSM 388, Malisor 84-5, and Malisor 84-1. Bug abun
dance did not always relate well to grain damage. For 
example, bug abundance on SC 283 was low and 
damage high, while bug abundance on El Mota Galmi 
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Table 1. Abundance of bugs and visual damage ratings for 13 sorghum varieties at Sotuba, Mali, 1989 
and 1990. 

Number of bugs 

5 panicles-' 

Variety 1989 1990 

Malisor 84-7 
Sureno 
ICSV 16 
ICSV 1063 
SC 283 

69.3 
302.7 
42.7 

107.7 
24.7 

27.0 
65.' 

133.7 
29.0 
21.3 

R 8505 
El Mota Galmi 
S34 
CSM 388 
SC 279 

49.0 
730.0 
165.7 
108.3 
100.3 

40.0 
343.3 
136.0 
103.0 

8.3 

Malisor 84-5 
Malisor 84-1 
Kcndi 

126.3 
128.3 
20.0 

48.3 
100.7 

13.7 

CV (%) 
Mean 
SE 

124.3 
151.9 
_-52.4 

109.5 
82.3 

±25.0 

Naturally infested 

1989 1990 

2 1 
4 2 
4 2 
5 3 
5 3 

3 2 
2 2 
5 3 
4 -
2 2 

4 2 
5 2 
3 2 

32.0 26.6 
3.7 2.2 

±0.3 ±0.2 

I. Damage rating ,,ored on a 1 5 ,cak'. " here I - grain, with few .egg Ia)ing and feeding punciures, and 5 

was high and danlage low. Time to maturity and glain 
development stage in relation to the time of bug infes-
tation probably affected these bug density-grain dam-
age relationships. 

In 1990, most varieties had bug damage ratings 
lower than the mean for all ,,'iclies. Nialisor 84-7 
was the least damagcd, and ICSV 1063, SC 283, and 
S34 were most damaged. 

Bug danage ratings v\ere reduced by insecticide 
application, especially in 1989, when infestation was 
higher than in 1990. In all cases, insecticide applica-
tion reduced bug danage ratings by at least 5(1. 111is 
difference was smaller in 1990, when bug infestation 
was lower, 

A comparison of the effect of bug damage on 
lowering grain mass, vitrosit,, and germination rate, 
and o increasing the number or percentage of float-
ing grains, showed differences in the effect of protec-
tion (with headcages, pollinating bags, or insecticide) 
in 1989 and 1990 (Tables 1-5). These evaluations also 
showed that the severity of damage differed among 
sorghum varieties and between years. These results 
were similar to those obtained by Stcck et al. (1989) 
in Niger. 

Visual damage rating' 

Insecticide protected 

1989 1990 

I 1 
I 2 
3 2 
2 2 
2 2 

1 2 
I 2 
2 2 
2 -

I 2 

I 2 
2 2 
I 2 

42.9 15.1 
1.5 1.9 

±0.2 ±0. I 

grams comnplctely Aithered. 

In 1989, the average 200-grain mass from un
protected panicles was 3,2 g, while it was 4.0, 4.4, 
and 3.8 g from panicles protected with cages, pol
linating bags, and insecticide (Table 2). Accordingly, 
bug damage reduced grain mass by 18.4% for all 
varieties regardless of method of protecting panicles. 
Grain mass from unprotected panicles was 17.5, 23.1, 
and 14.7% lower compared to grain from panicles 
protected with cages, bags, and insecticide. Pollina
tion bags provided the best protection from bug infes
tation. 

When expressed as percentage reduction in grain 
mass from unprotected versus protected panicles, the 
lower the percentage difference, the more resistant or 
less damaged the variety. Sorghum varieties with the 
least amount of damage in 1989, measured in terms of 
protected versus unprotected grain mass, were Mal
isor 84-7, SC 283, R 8505, El Mota Galmi, and 
Kend6 (Table 2). Data on grain mass were consistent 
with bug damage ratings, except for SC 283 which 
had high damage ratings but little loss in grain mass. 

Mean grain vitrosity ratings for all varieties, 
whether protected or not, did not differ greatly in 1989 
(Table 3). Grain from unprotected panicles had a 
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Table 2. Comparison of bug damage based on grain mass from protected and unprotected panicles of 
different sorghum varieties at Sotuba, MalI, 1989 and 1990. 

1989 1990 

200-grain 200-grain 
mass (g) in mass (g) inmercentage difference with Percentage difference with
unprotected unprotected 

Variety panicles Cages Bags Insecticide panicles Cages Bags Insecticide 

Malisor 84-7 3.4 2.9 0.9 9.2 2.4 19.9 15.6 -0.4 
Sureno 2.3 26.6 36.2 33.1 2.4 14.8 12.7 7.0 
ICSV 16-5 4.0 25.1 25.0 12.1 3.4 15.2 8.3 9.3 
ICSV 1063 4.2 31.1 33.1 15.8 4.3 12.3 13.4 0.7 
SC 283 2.9 3.3 1,3 1.3 2.2 28.3 24.1 18.3 
R 8505 3.1 10.5 17.5 6.1 1.4 64.1 53.9 28.8 
El Mota Galmi 3.3 7.4 15.7 17.8 3.3 18.2 17.8 11.0 
S 34 2.9 36.1 49.2 32.4 2.9 -18.7 -8.6 13.9 
CSM 388 4.1 20.3 23.6 13.6 .... 
SC 279 4.4 -6.3 10.4 11.7 4.7 -3.3 9.3 -8.3 
Malisor 84-5 3.1 28.3 30.0 0.3 2.7 27.0 9.1 4.3 
Malisor 84-1 1.8 53.7 58.0 34.8 2.6 25.6 23.9 14.0 
Kend6 2.8 -11.3 -0.7 2.8 1.8 10.8 22.0 10.8 

CV (%) 23.0 25.0 25.0 21.2 33.4 24.1 26.4 26.3 
Mean 3.2 17.5 23.1 14.7 2.8 17.9 16.8 9.1 
SE ±0.2 ±0.3 ±0.3 ±0.2 ±0.3 ±0.2 ±0.3 ±0.2 

Table 3. Comparison of vitrosity ratings of grain from protected and unprotected panicles of different 
sorghum varieties at Sotuba, Mali, 1989 and 1990. 

Vitrosity rating' 

1989 1990
 

Variety Unprotected Cages Bags Insecticide Unprotected Cages Bags Insecticide 

Malisor 84-7 3.1 2.6 2.2 2.3 1.6 1.7 2.2 1.4 
Sureno 4.0 3.9 3.3 2.7 2.9 2.3 2.3 2.6 
ICSV 16-5 3.1 3.9 4.4 1.8 3.0 2.0 2.5 2.8 
ICSV 1063 3.9 4.7 3.9 3.7 4.0 3.4 3.6 3.7 
SC 283 4.6 4.9 2.8 2.4 2.2 2.3 1.6 2.1 
R 8505 2.6 4.4 2.9 3.3 3.2 2.8 2.8 3.0 
El Mota Galmi 3.5 5.0 5.0 5.0 4.6 4.0 4.0 4.5 
S 34 5.0 4.7 3.4 3.8 4.3 3.7 3.7 3.9
 
CSM 388 5.0 3.1 2.3 2.3 - - - -

SC 279 2.5 3.4 3.9 3.0 3.1 2.9 9.0 2.7 
Malisor 84-5 3.0 4.1 3.3 3.0 3.1 2.9 2.8 3.0 
Malisor 84-1 3.7 4.1 3.7 4.7 3.6 2.5 2.5 3.5 
Kendd 3.7 2.7 3.0 3.1 1.3 1.4 1.6 1.4 

CV (%) 22.2 20.4 23.7 29.6 32.3 29.2 61.3 32.8 
Mean 3.7 4.0 3.4 3.2 3.1 2.6 3.2 2.9
 
SE ±0.2 ±0.2 ±0.2 ±0.3 ±0.3 ±0.2 ±0.6 ±0.3
 

I. Rated on a 1-5 scale, where I - hard vitreous grain, and 5 - tender, floury grain. 
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mean vitrosity rating of 3.7 for all varietics, and 4.0, 
3.4, and 3.2 for grain from panicles protected with 
cages, bags, and insecticide, respectively. 

Grain vitrosity ratings varied according to variety 
in 1989. Based on this damage parameter, varieties 
S 34, CSM 388. ICSV 1063, and Sureno were sc-
vercly damaged and SC 279, R 8505, Malisor 84-5, 
Malisor 84-7, and ICSV 16-5 were the least damaged 
(Table 3). The effect of bug damage on vitrosity was 
less perceptible on sorghum varieties such as El Mota 
Galmi which has naturally floury grain. Sorghum 
grains protected using insecticide had the lowest over-
all vitrosity quality (highest rating). Grain from cage-
protected panicles had higher vitrosity ratings than 
unprotected ones. 

In 1990, the average 200-grain mass was 2.8 g in 
unprotected panicles, .hile it was 3.5, 3.4, and 3.1 g 
for grain from panicles p otcctcd with cages, bags, 
and insecticide (Table 2). The percentage difference 
in grain mass between unrrotected and protected pan-
icles was greatest when cages and bags were used. 
Grain from unprotected panicles weighed 17.9, 16.8, 
and 9.1 g less than when panicles were protected by 
cages, bags, or insecticide. Using this measure, how-

ever, varictics with low damage in 1989 were more 
damaged in 1990, when infestation was lower. 

Results of vitrosity ratings in 1990 showed as in 
1989, that bug damage adversely affected vitrosity. 
The average vitrosity rating for all varieties in 1990 
was 3.1 for unprotected grain, 2.6 and 2.9 for grain 
protected with cages and insecticide, and 3.2 using 
bags (Table 3). 

Vitrosity ratings are probably less valuable than 
grain mass in assessing damage to sorghum grain by 
bugs. Discrepancies may occur because of the subjec
tivity of the evaluation and the natural differences in 
vitrosity of the varieties. 

Unprotected grain in 19'19 had a lower germina
tion rate (43.7' ) for all varieties than did grain pro
tcted with cages (79.5%,), pollinating bags (79.7%), 
or insecticide (66.51/ ) (Table 4). Based on percentage 
difference in germination of unprotected and pro
tected grain, cages and bags provided better protec
tion from bugs than did insecticide. The percentage 
differences in germination were 42.1, 45.0, and 
21.0'i. Overall, bug datnage severely reduced ger
ruination. Germination in Malisor 84--, for example, 
was severely reduced even though based on other 

TabIe 4. Comparison of germination rates of grain from protected andi unprotected panicles of different 
sorghutn varieties at Sotula, Mali, 1989 and 1990. 

1989 1990 

Germination Germ nation 
(,() in Percentage difference with (%1 in Percentage difference with 

unproiected unprotected 
Variety panicles Cages Bags Insecticide paniclcs Cages Bags Insecticide 

Malisor 84-7 19 79.3 76.5 73.6 98.1 -9.8; -10.5 -6.2 
Sureno 44 55.1 52.2 47.0 79.4 13.4 15.6 12.1 
ICSV 16-5 57 39.4 38.0 20.8 93.7 -1.2 -1.5 0.1 
ICSV 1063 37 61.5 60.6 51.9 89.1 2.6 3.0 5.1 
SC 283 35 60.7 62.0 60.2 87.6 I .1 -7.3 0.8 

R 8505 35 37.5 28.6 -94.4 83.3 -10,0 -20.3 -31.0 
El Mota Galmi 10 28.6 85.1 83.6 65.9 28.1 26.6 8.0 
S34 19 77.4 74.7 -58.3 79.6 -5.8 -34.5 11.2 
CSM 388 76 20.8 1.3 16.5 - - - -
SC 279 42 48.1 48.1 48.8 75.4 10.7 9.6 19.4 

Malisor 84-5 62 -12.7 6.1 8.8 88.2 2.9 1.8 -0.2 
Malisor 84-I 38 57.8 4,'.2 11.6 90.1 1.4 0.7 4.0 
Kcndd 94 -5.6 4.1 3.1 94.3 2.2 -1.3 -0.7 

CV ('f) 54.0 30.4 17.7 40.2 10.7 7.5 12.6 11.2 
Mean 43.7 42.1 45.0 21.0 85.4 3.0 -1.5 1.9 
SE ±6.5 ±6.7 ±3.9 ±7.4 ±2.6 ±1.9 ±3.1 ±2.8 
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damage parameters, this cultivar was usually tie least 
damaged. (ermination in Kend, was little alfected 
when not protected f'ront bugs. 

Thie percentage of floating grains was high in 1989 
('hble 5). On an average, 55.51. of the grain of all 
varieties Iloatcd wheo not protected from bugs. On 
the other hantd, only 23.4 and 19.4"' floatcrs were 
I'Mind in grain protected With cages and bags, respec-

tively, and 451; in grain protected with insecticide, 
Based on percentage floating grairn in 1989, NI alisor 
8-1-7. ('SM 388, and KCndid wcre the varieties least 

damaged by bugs. Germination percentage was 
higher and percent flotatio Ionver in 1990 than in 
1989. 

I'he iICthol described here, of protecting panicles 
from bug infestation and comparing tie effect of bug 
daimage oii grain irom protected arid unprotected pan-
icles, provided a sin rple mean s to assess darnmage 
levels in diflereot sorghumu varieties and to evaluate 
them for ,,sistance. This nmethiid would IV easy for 
breeders to use and eficicent in eliminating suscept-
ibh: v:mieties in preliminary trials involving many 

geiotyjies. 

Synthe'se 

Une uwthodologie simple d'estination des d~gfts el 
de criblage du sorgho pour ia resistance a Eury
stylus marginatus. Une tidthodologie simple d'es
timation ies tdgits ct ie criblage du sorgho pour la 
resistance a Ia ptUnaisC ies panicules. Eurvshils mar
gintatus Odh. (Ilemiptera: Miridac) dans les condi

lions d'infestati,,r naturelle a tcu6ddveloppde et testde 
' la Station Lie Recherche Agronotirique ie Sotuba, au 
Mali. 

('ctte 1ntthode consiste t coriparer les tdigfits sur 
les griis ies panicules protdgtcs contre les attaques 
ies punaises it ceux sur les grains non protdgds. Les 

paticules ctaient protgtcs par des cages, des sacs 
d'autol ,1odationen plastique ct le traitment d'in

secticide (diaiinn). l.'efficaci6tie I'emploi ie ces 
trois moyens ie protection des pan iCuIes contre l'in
l'station ies punaises a 6td comparde. 

l)ans cette dtude, treize vari6ts ie sorgho ont itd 

uttilisdes. L'estimation du iniveau d'infestation des 
panicules a r&&1 iequI Ic iombre moyen des punaises 

par 5 panicules a variV ie 20 , 730, avec une 

Table 5. Comparison of flotation of grain from protected and tnprotected panicles of different sorghum 
varieties at Sotulha, Mali, 1989 and 1990. 

1989 1990 

Flotation Rohtation 

Si Percentage difference with ( ) Percentage difference with 
unprotected unprotected 

Variety panicles Cages Bags Insecticide panicles Cages Bags Insecticide 

Malisor 84-7 29.2 62.6 36.5 31.1 11.7 53.7 27.8 -21.3 
Sureno 52.8 55.0 61.1 64.9 24.7 75.0 65.5 37.8 
ICSV 16-5 82.9 87.0 88.1 43.3 15.9 76.2 -0.9 40.9 
ICSV 1063 88.3 86.9 87.5 52.3 25.8 72.1 69.0 50.8 
SC 283 4).8 35.6 88.9 48.1 6.4 77.9 51.2 27.1 

R 8505 72.8 61.2 62.3 1.6 27,1 54.7 61.7 50.6 

1: Mota Galnii 99.9 1.6 9.2 8.7 74.0 65.3 56.9 7.3 
S 34 99.3 77.9 69.5 18.5 19.1 -3.5 -34.4 7.5 
CSM 388 3.4 28.7 0.6 -449.0 - - - -

SC 279 25.2 -32.6 64.0 --18.5 6.7 29.3 18.8 23.3 

Malisor 84-5 49.2 64.0 84.3 -77.3 6.7 67.6 55.1 19.3 
Malisor 84-I 71.5 85.6 74.6 18.5 48.4 74.8 58.4 36.9 
Kcndd 6.8 -25.6 84.2 53.0 1.1 76.4 60.9 56.4 

CV (17) 59.8 103.7 119.8 65.7 88.9 116.0 106.7 106.8
 
Mean 55.5 45.2 62.4 -15.8 24.0 60.0 40.8 28.1
 
SE ±9.2 ±6.7 ±6.4 ±8.3 ±6.1 ±3.4 ±4.3 ±5.5
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moyenne de 152 ei 1989 contre 82 en 1990. Le maxi-

mum des punaises a dld enregistr6 sur la varidtd El 
Mota Gahni avec 730) individus en 1989 et 343 en 
1990. Les grains des panicules non protegees 6taient 

sericusement endoimniagds. 
La note visuelle des d6gfits stir les grains se silue 

entre 2 et 5 en 1989, avec une moyenne de 3,7 pour 
l'ensemble des varidtds contre 2.2 en 1990. Au cours 
des 2 ann6es, la varidt Malisor 84-7 a dtd la moins 
attaqude tandis que les varitns ICSV 1063, SC 283 et 

S 34 ont 6t6 les plus attaqudes. Dans tous les cas 
l'emploi de l'insecticide r6duit de moitid les notes 
visuelles des ddgfits. 

Le poids grain (2(X) grains) a &idlargement rdduit 
par les punaises. En effet, tine rdduction de poids de 
17,5 a 6ti constatee avec Iaprotection par la cige, 23,1 
avcc le sac d'autof6condation ct 14,7 avec l'inscc-
ticide par rapport aux grains non prottgs, 

Avec les dtgfts des punaises, les grains sont 
moins vilreux. Les grains ics sorghos protegds par ]a 
cage taient aussi moins vitreux. que cCux ics pan-
icules non protdgds. L'dvaluation des dg ts par la 
reduction de i vitrosit6 est moins liable que par la 
rdduction du poids grain. 

En se basant sur la difference du taux de germina-
lion des grains protdgds ct non protdgds, la cage et le 

sac d'autofecondation assurent une meilleure protec-
tior contre les punai:;cs que l'insecticide. 

11a consta moyenne5narginats 

de toues les varidtls ont flottd Iorsqu'ils n'etaient pas 
protdgdes contre les punaises. 

L'utilisation de cette mOthode pour protdger des 
panicules contre les punaiscs et pour comparer l'cffct 

des ddgmits des punaises sur les grains des panicules 

protdgdes permet de ddtccter facilement et rapidement 
sorgho Eurystvisla rdsistance ics varits de 

naritatts. 
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Host-Plant Resistance in Sorghum toEurystylus immaculatus in West Africa 

A Ratnadass', 0 Ajayi 2, G Fliede 3, and K V Ramaiah4 

Abstract 

Screening trials conducted in 1989-92 at Samanko (Mali) and Bagauda (Nigeria) showed that the 
i.ose-panicled sorghum cultivars IS 17645, IS 20740, and IS 20638 consistently supported fewer 

head bugs (Eurystylus immaculatus) than other Calocoris angustatus-resistant genotypes, under 
natural and artificial conditions of infestation. Malisor 84-7 was the most resistant under both 

natural and artificial inifestation at Samanko and Cinzana (Mali) and Farako-B (Burkina Faso) in 

1989 and 1990, and undernatural infestation at Bagaudain 1990. Malisor 84-7 confirmed high and 
stable head bug resistance, both under natural and artificial infestation, in terms ofbug populations 

and damage at Samanko in 1991 and 1992, anid at Farako-Bd in 1991. Although relatively less 

attractive to bugs, ISIAP Dorado was severely damaged under artificial infestation, while 87W810 

(an advanced progeny from a cross between ICSV 1002 and Malisor 84-7) was tolerant of bugs. 

Studies in Montpellier, France, in 1991 and 1992 showed that sorghum grain hardening was due to 

the endosperm rather than the pericarp,and that it was quicker in Malisor 84-7 than in susceptible 

S 34, and intermediate (arid subcoated) IRAT 202. Resistance was therefore attributed to hardening 

pattern rather than to free phenolic compounds or tannin content. A study at Samanko in 1992 

showed that resistance was recessive, with no maternal effect. In 1992 at Samanko, an advanced 
progeny froi a cross between ICSV 1014 and Malisor 84-7 combined reasonable head bug toler

ance and acceptable agronomic characteristics, confirming that resistance is transferable by ped

igree breeding. 

Introduction 	 caudatum types. This pest is therefore potentially an 
important limiting factor in sorghum production be-

Head bugs (Hcteroptera: Miridae), particularly Eury- cause high-yielding improved cultivars are more sus

stylus iminaculatus Odhiambo, have recently become ceptible to head bug damage than local loose

important pests of sorghum in West Africa (Mac- panicled guinea landraces. 

Farlane 1989, Steck et al. 1989, Doumbia and Tectes Host-plant resistance to insect pests in sorghum 

1991, Sharma et al. 1992). Both feeding and oviposi- has recently been reviewed by Sharma (1993). Earlier 
tion punctures by E. imniaculatus in maturing sor- work in West Africa is limited. However, consider

ghum caryopses result in severe quantitative and able efforts by ICRISAT and the national agricultural 

qualitative losses, and favor secondary infection by research systems (NARS), notably the Institut d'Fxon

grain mold, particularly on improved compact-headed omie Rurale (IER) in Mali, have resulted in the devel-

I. 	Centre deCoopdration en Recherche Agronomique pour le Dtveloppement/Ddpartement des Cultures Annuelles (CIRAD/CA), ICRISAT West 
African Sorgh'... improvement Program (WASIP)-Mali, BP 320, Bamako, Mali. 

2. 'West African ;orghum improvement Program (WASttP)-Nigeria, UtTAOffice. Sabo Bakin Zuwo Road, PMB 3491, Kano, Nigeria. 
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Cultures Anni tiles (CIRADCA), 2 place Viala, 34060 Montpellier Cedex I, France. 
4. Priya Agrotech Psi. Ltd. Pot no. 46, ICRISAT Phase II, tasmathpet Road. Secunderabad 500 Ot, Andhra Pradesh. India. 

ICRISAT Conference Paper no. C7 981 

Rutnadass, A., Ajayl, 0., Fledel, G., and Ramalah, K.V. 1995. Host-plant resistance in sorghum to Eurystytus immaculatus in West Africa. 
Pfages 191-199 in Panicle insect pests ofso-ghum and pearl millet: proceedings of an International Consultative Workshop, 4-7 Oct 1993, ICRISAT 

Sahelian Center, Niamey. Niger (Nwanz, K.F., and Youm, 0., eds.). Platanchcru 502 324, Andhra Pradesh. India: International Crops Research 
Institute for the Semi-Arid Tropics.. 
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opmcnt of reliable artificial infestation techniques to 
screen sorghum U.ies for resistance to E. inraculatus 
(Sharma et al. 1992), and in the identification of 
sourccs of resistance and factors associated with head 
bug resistance in sorghum (Doumbia 1992, Sharma et 
al. 	 1994). 

The studies presented in this paper were carried 
out between 1989 and 1992 in Burkina Faso, France, 
Mali, and Nigeria, and by the ICRISAT West African 
Sorghum Improvement Program (WASI) and the 
Centre de Coop6ration Internationale en Recherche 
Agronoriique pour le Ddveloppement (CIRAD), 
France, with the following specific objectives: 
* 	 identification or confirmation of sources of resis-

tance to sorghum head bug 
" 	 characterization of genotypic reactions to head 

bug infestation 
* 	 elucidation of the mechanism of head bug resis-

tance 
* 	 determination of the genetic nature and mode of 

inheritance of resistance 
" 	 selection of sorghum varieties combining good 

levels of head bug resistance with acceptable 
agronomic characteristics, 

Screening Sorghums for 
Resistance to Eurystylus 
inmaculatus 

International sorghum head bug 
nurseries (ISIIBNs) 

The ISIIINs of ICRISAT Asia Center, India, consist of 
a number 1'sorghum lines with moder-ite levels of 
resistance to the sorghum mirid head bug, Calocoris 
angustalusLethiery (Sharma and Lopez 1992), to be 
testcd under different environmental and pest situa-
tions, in a randomized complcte block design (RCI3I) 
with t\ , replications. 

In ll)59, the ISIIfN was sown on two dates of 
sowing ,O,;) at Sananko. Mdi (4 and 26 Jul). It 
consisted of 21 entries, with CSM 388, a local loose-
panicleu ,uinea cultivar, as control. For the second 

)(OS, two infestor rows of heaJ h:',usceptibl culti-
var.;, F.,da and S 34 were -,()%%n :ilcr every eighth 
ro%%,3 .. ks )efore swing th ic,t Lntries, 

.; . ': and 1992, !9 entric., of the 9!9 ISIN 
were tc .tcd at 1iagiuda. Nigeria, inc.IUd in the local 
cultivar, i .ti,.fara, with an :nfedtor rJv, of head bug-
susceptible Nagawhite, -wr after every eighth row, 
I month before sowing the test entries. The 1990 

ISII13N was sown on two DOS at Samanko (10 and 24 
Jul, and consisted of 20 entries, with the local CSM 
388 as control. 

In 	 1989 at Samanko, live cultivars had a bug
damage rating ()R) of <5.5 at maturity on both t)OS 
(on a 1-9 scale, where I - all grains fully developed 
with a few feeding punctures, and 9 = most grains 
remaining undeveloped ard barely visible outside the 
glumes), compared with a DR of _8.0 in both CSI1 9 
and ICSV 197, the susceptible controls. Only CSM 
388 and IS 20740 had an infestation of <35 bugs 
(number of hcad bugs at the soft dough stage, inca
sured on live randomly chosen panicles per plot) on 
the first XS, compared with 6(0) bugs in CSII 9, 
ICSV 197, IS 27466, IS 27452, and IS 27397. IS 
20740 had no bugs in the second DOS. 

At 	liagauda, in 1990, infestation ranged from 5 
bug per 5 panicles in IS 17465 to 66 bugs per 5 
panicles in IS27397. Infestation was <10 bugs on six 
entries. In 1992, only ICSV 197 with an infestation of 
34 bugs per 5panicles, and IS23948 with 28 bugs per 
5 panicles were more infested than the local Faralara, 
with 23 bugs per panicle. In 1990 it Samanko, on 
both DOS, II entries had a damage score of <2.5, 
compared with DR 5.0 in ICSV 197. IS 8064, IS 
14108, IS 17645, and IS 19948 had <20 bu,,s per 5 
panicles, compared with >4(X) bugs per 5panicles in 
ICSV 197. 

Head bug resistant varieties (IIIltVs) 
screening trial 

Thirty-one 111IRVs from ICRISAT Asia Center, India, 
including selected entries of 1989 and 1990 ISIIBNs, 
were evaluated at Bagauda in 1990 and 1991, along 
with Nagawhite as local in an RCIID with three repli
cations, under both natural and artificial head bug 
infestation. In the latter case, the headCage technique 
developed by Sharma et al. (1992) was used. Twenty 
E. innacolatus nymphs of the last two instars were 
confined with two panicles per plot at the dough stage 
and bug numbers vere recorded 20 days later. 

In 1990, head bug numbers under natural infesta
tion ranged front 3 per 5 pamicles on IS 17645 to 30 
on IS 13560 (Table I). IS 17645, IS 20740, and IS 
20638 had the least ntrnb,:r of bugs per panicle. Un
der artificial infestation, "ug numbers rangedr from 34 
per 2 p.micles on Nag. ,hite, to 271 woIS 16123. In 
1991, head bug nuril;e,., er 5 panicle'- under naturaln 
infestation ranged f, zero on IS 14iJ8 to 37 on IS 
13560. Under artificral infestation, bug numbers 
ranged from 10 per 2 paniclc, on IS 20740, to 694 on 
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selected sorghum genotypes in tieTable 1. Head bug (Eurystylus immaculams) numbers -,nd damage on 


[lead Bug Resistant Varieties Screening Trial, Blagauda, Nigeria, rainy seasons 1990 and 19911.
 

I lead bug number 	 )anage rating2 (199 I) 

Natural infestationi Artificial infestationA Natural Artificial 

1990 1991 1990 1991 infcstation infestationEntries 

IS 17645 3 (I.7)- 9 (2.3) 44 (6.7) 15 (3.8) 1.6 1.7 

IS 20740 3 (1.8) 8 (2.7) 52 (7.2) 10 (2.9) 1.5 2.0 

IS 20638 4 (1.9) 0 (0.3) 58 (7.6) 12 (3.4) 1.6 2.5 

IS8064 4 (2. ) 10 (3.0) - 107 (13.5) 1.2 2.2 

IS 14108 5 (1.7) 0 (0) - 57 ( 7.5) 1.3 1.8 

Nagawhite 
(local control) 8 (2.7) 8 (2.8) 34 (5.8) 197 (11.8) 1.9 3.0 

SE (±0.47) (+0.59) (±1.62) (±3.0) ±0.15 ±0.39
 

Mean (32 entries) (3.1) (2.9) (10.2) (11.8) 1.5 2.3
 

C'V ((;,) (27) (35) (28) (47) 17 29
 

I. tRandomitd omrplee hlwk deign " ith3 rplicafirmn. 
ge wored ora I ,cale. fully t. fIeeding punciure- - mol grains remaining unde.ci ped2. 	 t);um - '.,hereI- dlgrain'., devlped , h nd9 

,nd hnrel, '.n.ii, ulnide ih1glunnre. 
3. Per5 parnicles. 
•4.Per 2 pinniclc,. 
5. ti.ure, in parenthinsn. re quanrernnl vau2. 

IS 16123. Fewer than 50 bugs were recorded on IS imnproved cultivar from tLRISAT Asia ('enter, India), 

20740, IS 20638, IS 17645, and IS 23748. Damage and Gadiabani (a local Malian durra cullivar). 

rating under natural infestation varied froimi 1.2to 2.1; The results of this study have been reported else

it was 1.6 on IS 17645, I.5 on IS 20f74(0, and 16 on IS where (Ratnadass etal. 1991 ). Ilead bug infestation, 

20638. Under artificial infestation, )Rvaried between population buildup, damage rating, It0(8).seed mass, 

1.7 and 3.2. The DR on IS 17645 was 1.7, it was 2.0 on proportion of low-density grains, vitrosity, and ger-

IS 20740, and 2.5 on IS 20638. These genotypes con- minatio.n rate were measured for infested and nonin

the other fested panicles. In addition, grain from tilep tectedsistently supported fewer head bugs than 

genotypes tested, and infested panicles of selected entries were an

alyzed for dehulling recovery rate and quality of tr,a 

porridge made from sorghumn. 

Advanced head bug screening trials Results confirmed high and stable resistance to 
bugs iii Malisor 84-7, for all parameters measured 

During the 1989 and 1990 rainy seasons, 12 sorghun under both natural and at'ificial infestalion, and the 

cultivars were evaluated tinder both natural and artifi- dramatic effect of head bug damage in susceptible 

cial head tug infestation, in two DOS at Sarnanko (5 cultivars such as S 34 and Gadiahani. 

and 26 Jul in 19)89, and 23 Jun anrid 13 Jul in 1990), and Inr 1990, the same trial was conducted at IBagauda 

Cinzana, Mali (15 and 24 Jul in 1989, and II and 26 unter niatCal head bug infestation. llead bug numbers 

Jul in 1990) and at lkarako-B.i, Burkina Faso (11and per 5 panicles were <10 in ICSV 2 and Malisor 84-7, 

21 Jul in 1989, and 7 and 28 Jul in 1990). A;..'vng the comnared with 93 nugs per 5 panicles in ICSV 16-5 BF 

entries tested were six improved catdatun varieties 

from the ICRtSA' West African Sorghum Improve- Breeding Sorghum for Resistance 
ment Program, three cultivars froni the ICRISAT/IIR-

Mali bilateral prngrain with CSM 388 Ls the local to E. immaciilatus 
control, and Malisor 84-7 as the resistant control 

(Shetty et al. 1991), S 34 (a coiipact-panicled cau- In 1989 at Samanko and Farako-B1a, we evaluated 89 

datum cultivar as the susceptible control), ICSV 2 (an F6 progenies from crosses between high-yielding cul
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tivars and cultivars less susceptible to E. inmaculatus 
under natural head bug infestation. Malisor 84-7 
served as the resistant control. 

Eleven entries had aDR of_<4.0 at both sites corn-
pared with 3.0 in Malisor 84-7 and >5.5 in 87W754, 
the most susceptible entry. Seven entries-87W736 
and 87W795 [progenies from the cross (899-4 x 
ICSV 1002) x 84-F4-104] and 87W762, 87W769, 
87W772, 87W807, and 87W810 [progenies from the 
cros, ICSV 1002 x Malisor 84-71-had <50 bugs per 
5 panicles compared with 37 bugs per 5 panicles in 
Malisor 84-7. 

In 1990, 80 of the same progenies were evaluated 
at Bagauda, along with two controls (Nagawhite and 
Farafara). The lowest head bug numnber, 4 per 5 pani-
tces, was recorded on 87W810 compared with 54 per 
5 panicles on Farafara. 

Also in 1990, 42 F7 and F, progenies, selected 
from the 1989 trials, were evaluated along with four 
controls under natural infestation in two DOS at Sam-
anko (23 Jun and 13 Jul in 1990). In the first DOS, 13 
entries had a DR lower than Malisor 84-7 (3.3), and 
the best were CSM 388 (1.7) and 87W810 (2.0), com-
pared with 4.0 in susceptible S 34. On the second 
DOS. no entry had a score lower than Malisor 84-7 
(2.7) except CSM 388 (2.0), compared with 5.3 in S 
34 and 3.0 in 87W810. 

In 1992 at Samanko, we evaluated 53 F9 progenies 
derived from a cross between Malisor 84-7 and ICSV 
1014, and five F,) progenies from a cross between 
Malisor 84-7 and ICSV 1078, along with four con-
trols, under natural head bug infestation. The most 
promising entry, 91WI13-2-1 (derivc, from Malisor 
84-7 x ICSV 1014), had 94 bugs per 5panicles, corn-
pared with 41 on Malisor 84-7 and 450 on S 34. It had 
a DR of 3.7 compared with 2.0 for CSM 388, 3.0 for 
Malisor 84-7, and 5.3 for S 34. Time to 50% flower-
ing was similar for the icsistant and susceptible en-
tries, with a mean of 86 days. Yield was slightly 
higher for 91WI 13-2-1 (1.04 t ha-) than for Malisor 
84-7 (0.81 t ha'). 

These results suggest that it is possible to transfer 
head bug resistance into good agronomic back-
grounds using pedigree breeding selection. 

Characterization of Genotypic
Reaction Under E.itmtmactilats 


Infestation 

Advanced lead Bug Trials were conducted during 
the 1991 rainy season at Samanko and Farako-Bf5, and 

during the 1992 rainy season at Samanko. We evalu
ated nine compact-panicled sorghum cultivars in two 
DOS in 1991 (1and 22 Jul at Samanko, and 29 Jun and 
19 Jul at Farako-l13), and 12 in one DOS in 1992. A 
local guinea cultivar served as control. TI, ten culti
vars evaluated in 1991 consisted of the best two en
tries from the 1990 Preliminary [lead Bug Screening 
Trial (87W810 and 89W891, advanced progenies 
from a cross between high-yielding JCSV 1002 and 
Malisor 84-7), three less susceptible entries (ISIAP 
Dorado, Gadiabani, and 84 F4-104), and live controls 
[ICSV 1063 (high yielding), S 34, and ICSV 197 (sus
ceptible), Malisor 84-7 (resistant), and the local culti
vars CSM 388 at Samanko, and Gnofing at Farako-
Bill. in addition to these 10 entries, we alsoIn 1992, 
evaluated Iladien-Kori (a Ileggeri sorghum fromlthe 
river Senegal region), ICSV 10)2 (the high-yielding 
parent of 87W810 and 89W891), and ICSV 1079 (an 
improved cultivar). Observations were recorded as in 
the 1989 and 1990 Advanced I lead Bug Screening 
Trials. 

Data obtained in 1991 on head bug numbers and 
DR under natural and artificial infestation are pre
sented in Tables 2and 3. Infestation was ina:imun at 
Samanko on the first DOS, and at Farako-I'hi on thc 
second DOS.Oil Malisor 84-7, we recorded 37 head 
bugs per 5 panicles at Samanko ont the first D)OS, and 
30 head bugs per 5 panicles at Farako-Bfi on the 
second DOS, compared with 301 (at Samanko) and 
331 (at Farako-Bfi) on ICSV 197. Under natural infes
tation, Malisor 84-7 had a visual DR of 3.8 at Sam
anko (first DOS), and 3.3 at Farako-1B5 (secand t)OS), 
compared with 6.7 on S 34 at both locations. These 
differences were partially confirmed under cage con
ditions. At Samanko, we recorded 57 bugs per panicle 
on the first DOS, and 69 bugs per panicle on the 
second DOS on Malisor 84-7, compared with >IOC 
bugs on both DOS in CSM 388, ICSV 197, and 
89W891. Under artificial infestation, Malisor 84-7 
had a DR of 3.7 and 3.8, compared with 4.0 and 2.8 in 
CSM 388, and 7.2 and 6.5 in S 34. 

In 1992 at Samanko, we recorded 28 head bugs 
per 5 panicles on CSM 388 and 67 bugs per 5 pani
cles on Malisor 84-7, compared witih 340 on S 34 and 
355 in Hladien-Kori. Under natural infestation, CSM 
388 had a mean DR of 2.5 and Malior 84-7 had 3.2, 
comparcl with 5.7 for S 34 and ICSV 197. Under 
cage conditions, we recorded 75 bugs per panicle onCSM 388 and 95 bugs per panicle on Malisor 84-7, 

comparei with 510 on fadien-Kori, and 484 on 
89W8Fl. DR under artificial infestation was 3.7 for 
CSM 388 and 4.8 for Malisor 84-7, compared with 
4.5 tbr 87W810 and 7.7 for ICSV 197. 
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Table 2. lead bug numbers and damage under natural infestation on 10 sorghum cultivars in the
 
Advanced hlead Bug Screening Trial at Samanko (SA), Mali, and Farako-BA (FB), Burkina Faso, rainy
 
season 1991.1 

Number of head bugs per 5 panicles Damage rating 2 

Cultivar SAI SA2 FBI F12 SAl SA2 FBI FB2 

87W 810 184 (13.4) 3 82 (8.8) 69 (8.2) 154(12.2) 4.5 4.3 4.8 5.5 
89 W 891 163 (12.7) 107 (10.0) 49 (6.9) 147 (12.0) 5.7 6.0 5.2 5.5 
ISIAP Dorado 94 (9.6) 41 (6.3) 35 (5.8) 108 (10.3) 5.0 5.7 5.2 5.8 
Gadiabani 168 (12.7) 90 (9.3) 52 (7.0) 240 (14.7) 5.8 6.3 5.7 5.7 
84 F4-104 143 (11.8) 67 (7.5) 80 (8.5) 75 (8.6) 5.2 4.3 5.3 5.2 
Controis 

ICSV 1063 13F 
(high-yielding) 312 (17.6) 106 (9.8) 75 (8.1) 241 (15.5) 6.2 5.5 5.5 7.0 

S34 (susceptible) 167 (12.4) 64 (7.9) 37 (5.8) 204 (13.9) 6.7 7.5 5.7 6.7 
ICSV 197 

(susceptible) 301 (17.2) 196 (13.3) 73 (8.2) 331 (18.1) 5.5 5.7 5.7 5.3 
Malisor 84-7 

(resistant) 
Local control 4 

37 (5.8) 
143 (11.7) 

14 
41 

(3.7) 
(6.3) 

5 
23 

(2.3) 
(4.8) 

30 
67 

(5.4) 
(8.2) 

3.8 
2.0 

2.8 
1.5 

4.3 
3.1 

3.3 
3.5 

SE (±1.45) (±1.81) (±1.18) (±1.71) ±0.39 ±0.43 ±0.32 ±0.32 
Mean (12.5) (8.3) (6.6) (11.9) 5.0 5.0 5.0 5.4 
CV (/) (20.1) (37.8) (31.1) (24.9) 13.4 15.1 10.9 10.4 

I. itandomized complete block design with 3 replications for each location and date of sowing (DOS); I - first, and 2 - second DOS. 
2. Dlamage scored on a 1-9 scale where I - all grains fully developed with a few feeding punctures, and 9 - most of the grains remaining 

undeveloped and barely visible outside the glumes. 
3. Figures in parentheses are square-rott values. 
4. CSM 3WHat Samanko; Gnofing at [arako-lD. 

Table 3. Head bug numbers and damage under artificial infestion on 10 sorghum cultivars in the 
Advanced Itead Bug Screening Trial at Samanko (SA), Mali, and Farako-Bi (FB), Burkina Faso, rainy 
season 199!.t 

Number of head bugs per panicle Damage rating2 

Cultivar 	 SAI SA2 FB2 SAi SA2 FB2 

87W 810 Ill (10.3)3 141 (11.7) 78 (8.8) 5.0 4.0 5.5 
89 W 891 199 (13.9) 156 (12.0) 74 (8.5) 5.7 5.0 6.0 
ISIAP Dorado 53 (7.3) 72 (8.6) 53 (7.2) 6.5 6.5 6.2 
Gadiabani 62 (7.8) 107 (10.2) 78 (g.8) 7.5 5.2 6.7 
84 F4-104 66 (8.0) 71 (8.4) 75 (8.5) 7.2 5.8 5.0 
Controls 

ICSV 1063 BF (high-yielding) 76 (8.7) 94 (9.5) 79 (8.6) 6.7 5.5 7.0 
S34 (susceptible) 98 (9.7) 84 (9.2) 62 (7.8) 7.2 6.5 6.5 
ICSV 197 (susceptible) 114 (10.6) 161 (12.6) 76 (8.6) 5.5 5.2 6.5 
Malisor 84-7 (resistant) 57 (7.5) 69 (8.3) 43 (6.5) 3.7 3.8 3.5 
Local control 176 (12.7) 100 (9.9) 96 (9.5) 4.0 2.8 2.7 

SE 	 (±1.26) (±1.21) ±0.33 ±0.33 ±0.36 ±0.38 
Mean (9.7) (10.0) 5.9 5.9 5.0 5.6 
CV (%) (23) (21) 10 10 13 12 

I. Randomized complete block design with 3 replications for each location and date of sowing (DOS); I - first and 2 - second DOS. 
2. 	Damage scored on a 1-9 scale where I - all grains fully developed with a few feeding punctures, and 9 - most of the grains remaining 

undeveloped and barely visible outside the glumes. 
3. Figures in parentheses are square-rc-,n values. 
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The proportion of light grains (percentage of 
floaters) in the first DOS and germination rate in the 
second Il)S differed significantly (P = 0.05) in Mali-
sor 84-7 between protected and artificially infested 
panicles. In contrast, ICSV 197 and S 34 showed 
markedly reduced quality for all parameters. Malisor 
84-7, 87W810, and CSM 388 showed almost no re-
duction in dehulling recovery rate, while S34 showed 
a marked reduction of 55% (Table 4). Malisor 84-7 
showed no change in t6 quality, whereas CSM 388 
showed a noticeable decrease in acceptability of t6 
color, 

Table 4. Effect of head hug infestation on dehull-
ing recovery of selected sorghum cultivars in the 
Advanced [lead Bug screening Trial (first DOS), 
Samanko, Mali, rainy season 1991.' 

Dehulling recovery (%)2' 

Cultivar Protected -' Caged 3 

87W810 80 (63.6)4 66 (54.3) 
S 34 73 (58.6) 32 (34.7) 
Malisor 84-7 68 (56.1) 65 (54.0) 
CSM 388 88 (70.1) 68 (55.5) 

SE (±3.01) (±3.32) 
Mean (62.1) (49.6) 
CV (%) (7) (9) 

I. Analyied as a randomited complete bhok design with 2 replica-

tions. 
2. Percentage re,:overy at dehulling with a tangential abrasive dehu-

Iling device (Tt). 
3. Grains from protected panicles; and grains from panicles caged 

with 40 head hug (Eur..1tVus iminacuhgus) adults fur 3 weeks. 
4. Figures in parentheses are arc-sine transformed values. 

In 1992, 1000-seed mass was not affected under 
natural head bug infestation in Malisor 84-7, ISIAP 
Dorado, and CSM 388, whereas it was reduced by 
over 30% in 89W891. Under artificial infestation, IS-
IAP Dorado, Malisor 84-7, CSM 388, and 87W810 
showed <20.% reduction in 1000-seed mass, con-
pared with 48% in S34, and 59% in ladien-Kori. In 
the latter, quatititative loss was further aggravated by 
a reduction of 94% in dchulling recovery rate. The 
germination rate was similar for all the protected pan-
icles, with a mean of 94%, while there were large 
differences for the artificially infested panicles. The 

local control, CSM 388 had a germination rate of 
85%, while the only other varieties with a germina
tion rate above 55% were Malisor 84-7 and 87W810. 

Although the 1991 results confirmed the high level 
and stability of head bug resistance reported earlier in 
Malisor 84-7 (Shetty et al, 1991, Ratnadass et al. 1991, 
Sharma et al., 1994), this cultivar did not perform as 
well in 1992, particularly under artificial infestation. 
Hlowever, it remains our best source of head bug re
sistance among the compact-panicled types. IPIAP 
Dorado, although less infested and damaged by head 
bugs under natural conditions, had ahigh DR despite a 
medium level of infestation under cage conditions, 
and therefore was super-susceptible. On the other 
hand, 87W810 had a low DIRdespite nedium infesta
tion levels, and showed reasonable tolerance for head 
bug damage. In addition, its yield in 1992 was higher 

-(1.44 t ha ) than those of Malisor 84-7 (1.23 t ha-') 
and CSM 388 (1.25 t ha'). In contrast, Iladien-Kori 
was highly susceptible. Although this cultivar genet
ically accounts for 12.5% of the Malian base popula
tion of sorghum from which the Malisor series was 
derived (Shetty et al. 1991), it is obviously not respon

sible for the resistance found in Malisor 84-7. 

Mechanism of Resistance 

As glume characteristics (e.g., length of period to 
glume opening) do not seem to be the factors impart

ing head bug resistance to Malisor 84-7, it has been 
suggested that the mechanism involved in this ge
notype [night be a faster grain-hardening pattern 
(Sharma et al., 1994). Attempts to document this evi
dence were not quite conclusive (Wour6 et al. 1992). 

We therefore conducted studies in 1991 and 1992 at 
Montpellier, France, to furiher examine physical and 
chemical characteristics of maturing sorghum grains. 
These included the evaluation of the pericarp and 
endosperm hardness, dry matter content, free phe
nolic compounds, and tannins. Three sorghum culti
vars, resistant Malisor 84-7, susceptible S 34, and 
moderately resistant IRAT 202 were used in this 
study. 

The results of this study have been reported else
where (Flicdel et al. 1993). They suggested that grain 
hardening was due to the endosperm rather than the 
pericarp. I lead bug resistance in Malisor 84-7 
seemed to be related to endosperm hardening rather 
th:n to free phenolic compounds or tannin content 
which were much higher in IRAT 202, due to the 
presence of asubcoat in the grain of this cultivar. 
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Genetics of Resistance to 
E. immaculatus 
As a first step in our attempts to elucidate the mode of 
inheritance of the resistance to head bugs in Malisor 
84-7, we evaluated three sorghum cultivars, namely 
Malisor 84-7 (head bug resistant: R), S 34 and ICSV 
197 (both susceptible: S), and the Fts of the R x S 
crosses, at Samanko during the 1992 rainy season. 

Results presented in Table 5 suggest that rosis-
lance is recessive in nature, and that there are no 
maternal effects. Although this resistance is appar-
ently due to endosperm characteristics (Fliedel et al. 
1993), it seems that its genetics lollow the classical 
rules of diploidy. As a matter off t'act, the hardening 
pattern of the endosperm could be controlled by the 
diploid cells of the plant rather than by triploid cells. 

Table 5. Results of a preliminary study of the 

genetics of resistance to head bugs in sorghum'. 

No. of head bugs Damage 
Entrie; per panicle 2 ratings 

Parents4 

Malisor 84-7 (R) 61 (7.8) 3.7 

S 34(SI) 157 (12.5) 8.0 

ICSV 197 (S2) 186 (13.5) 7.4 


FI
 
R x SI 342 (18.5) 7.4 

Sl xR 390(19.6) 7.1
 
R x S2 284 (16.7) 7.0 

S2 x R 243 (15.5) 6.4 


SE (±1.14) ±0.26 

Mean (14.8) 6.7 

CV (%) (13) 7 

t. Randomized complete btock design with 3 replications; artificial 
infestation under headcages with 40 head bug (EuryStylv 
ininjaculatus) adults for 3 weeks. 

2. Figures in parentheses are square rcot transformed values. 
3. Damage scored on a 1-9 scale, %khereI - all grains fully devel-

oped with a few feeding punctures; and 9 - most grains remaining 
undeveloped tnd barely visible outside the glumes. 

4. Parents R - head bug resistant: SI and S2 - head bug susceptible. 

Conclusion 

The availability of a reliable screening technique, un
der uniform pest pressure and no-choice conditions 
(Sharma et al. 1992), made it possible to identify 
sources of resistance to head bugs, and particularly to 

confirm the high and stable resistance in compact

panicled sorghum cultivar Malisor 84-7. The mecha
nis associated with resistance seems to tiea quicker 
endosperm-hardening pattern in this cultivar, result
ing in a shorter period during which head hugs can 
fced and lay their eggs in the maturing grains. These 
results need to be conlirmed and the nature of this 
resistance elucidated. 

Using pedigree breeding, it was possible to trans
for head bug resistance from crosses between Malisor 
84-7 and high-yielding cultivars, and from these were 
obtained two promising advanced progenies which 
combine reasonable head bug tolerance and accept
able agronomic characteristics. This result has been 
partly confirmed by a preliminary study of the moch
anism of resistance, which showed the recessive na
ture of the gene(s) involved. These lines will be 
further evaluated in multilocational trials, and other 

populations and lines derived 'rom similar crosses 
will be evaluated. 

In addition to parents and Fis evaluated in 1992, 
F s and BCs are currently being evaluated. The cx
pected outcome of this study is to provide knowlclgC 
on the genetics of resistance. This information is 

needed to define the most appropriate breeding ,tratc

gies to develop sorghum cultivars which cnibine 
head bug resistance with other desirable charac
teristics. 
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Synthe'se 

Risiitance variiale du sorgho 6 Eurystylus im
maculatus en Afrique de i'Ouest. Des essais de 
criblage mends de 1989 i. 1992 A,Samanko au Mali et 
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Ilagauda Iu Nigeria, il est ressorti que les varidtds de 
sorgho IS 17645, IS 2074(0 et IS 20638 dtaient con-
starnlment moins infcstdes par i punaise des pan-
icules I'urvsi"l s iunaculatusque les autres varidtds 
dvalu6es, toutes igalenccnt .t panicule Ilche, et r6sis-
tantes I Calocoris anguslatus el Inde. 

Malisor 84-7, une varit6 z panicule tr~s con-
pacIc, issue Cie la population composite de base de 
sorghos dii Mali (i'(IISM), s'est nillr&c la plus rdsis-
tante ies 12 varits &\'alui~es, I hi Ibis en conditions 
naturelles et artilicielles d'infcstation, a Samanko ct 
C(in/ana au Mai, cl -II:arako-13 au Burkina I'aso, en 
1989 ct 1990, cl sous infestation naturelle 'IBagauda 
en 1990. 

A ::irko-ili, eln 1991, ct .t Samanko en 1991 et 
1992, Malisor 84-7 a confirmc Ic haut niveau ct Ii 
stabilit tie ccltte r~sist ace, I la fois sous infestation 
n:itu-clle et infestation artiliciellc, en teriies ie popu-
lations tie punaises C1Lie d&gits (note visuelle stir une 
&thellC ie I "19), cIt Lie I'attaque sur le poids die 
10(W( grains, la proportion ie grains ,IIaible densit6, I 
germination, I vitrosite, le rcndccint au d6co;'ticage 

ct la tluialiit dil16. 


ien quC PC Lattractive pour lespunaises, ISIAP 

)orado ctait sdvcrcment atLI&tlUe sous infestation ar

tificielle. I ladicn-Kori, dont la contribution thoriquc 

auIIniyau g t a pourtant impor-
ique ,t i'CtISM esl 

tantC, se niontrait la plus sensible Le Ioltes les vari-

tis v&altics cin 1992. A I'inverse, 87W810, utte 

LcsccntdancC avainc&e dun croisecient entre ICSV 
1002 et%ialisor84-7, s'cst iontre toratile aux alt,-
qfues LiepunaisCs, iepr~scntant qtie des symploies 
inodl rs inalgritie infestation intyenne. 

-it1992 .i Satianko, 91WI13-2-1, tne descen-
dance avance d'tin croisenert entre ICSV 1014 ct 
Malisor 84-7, contbinail galcicnt un niveau raison-
nable ie r~sistancc aux atltaLIucs dcepunaises avec tics 
caractristiques agroitoIttiqiCs acceptabIC'. 

laITs 1un1C etIntative d'6luciLtlion diu iiccanismeti 
rdsistatce rcncontr chci Malisor 84-7, ont a cffctu6 
eit 1991 ct 1992 .' Montpellier (France) diverses an-
alyses physico-chiItliqtcs (ticstire tie la durct par 
pintronitrie, Lie la tenctir cit mati&c s&ic, de celles 
en compos~s phoinoliqics et elt tanins) stir les grains 
eitntaturation Lie trois varits Lie sorgho. Ati vu des 
r6sultats, qui ortt iontre que le durcissencil ties 
grains ltait le fait tic I'llbuLcIt plutot (ueI dII p6ri
carpe, CI&tait plus rapidC Che Malisor 84-7 (varitd 
rdsistantic aux punaises), quc chez S 34 (sensible), et 
IRAT 202 (qui sc classe interln)idiaire nialgrd la pr6s-
ence d'une oucLIhe brunte), on a attribu Ia r~sistance 
a cc durcissetient plus rapide de I'alburien, pltt6t 

qu'ft une plus f)rte teneur en composes phdnoliques 
libres ou en tanins. 

Dans une dtude prdliminairc de I'hdrdditd dc cctte 
r~sistancc, efl'cctude I Samanko en 1992, Malisor 
84-7 et deux parents sensibles, ainsi que leurs F, ont 
dtd valuds SOuS infestation artificille par Is punaises. 
L'dtude a montrd que la r6sistancc est de nature rd
ccssive, et qu 'il n'y a pas d'effet maternel, confirmant 
qu'il est possible de transf&er cet," rdsistancc en I 
combinant avec ties caractdristiques acceptables, par 
s61cclion gdndalogique. 

References 

Doumbia, Y.O. 1992. Connaissances actuelles sur i 
punaise de la panicule du sorgho au Mali: Eurvstyus 
iuarginalos Odhiambo (Ihemiptera, Miridae). Pages 
127-132 in La little intdgrLe contre les ennemis des 
cultures vivribres dns le Sahel: Actes du Deuxikme 
sentinaire stir Italuttc intOgr& conieIles enneinis des 
cultures vivrircs dans le Sahel. 4-9 Jan 1990, 
Bam ako, Mali (John Libbey Eurotcxt, oLis.), Baitako, 
Mali: InstitltIdu Sahel. 

I)ounibiii, Y.O., and T'c-es, G.,. 1991. )istribution, 
d6gt s etdynaique des populations d'lorsivlos 
marinatus Odhiambo (lteteroptera, Miridae), rav
ageur du sorgho au Mali. Presented at the 4th Inter-
Nctwork Conference on Food Crops Research and 
Productio in Seni-Arid Africa, 7-14 Mar 1991, 
OAU-SAF(;IA)/IITA/t'RISAT, Niamey, Niger. Oua
gadiougou, Burkina Faso: Semi-Arid Food Grain Re
search and Development. (Limited distribution). 

Fliedel, (., Ratnadass, A., and Yajid, M. 1993. 
StuJy of some physicochemical characteristics of de
veloping sorghunm grains in relation with head bug 
resistance, Presented at the ICC International Sympo
sium on Cereals Science and Technology: Impact on a 
Changing Africa, 9-13 May 1993, Pretoria, South 
Africa. (Limited distribution). 

MacFarlune, J.1. 1989. The hemipterous insects and 
spiders of sorghutt panicles in northern Nigeria. In
sect Science and its Application 10:277-284. 

Ratnadass, A., Ramiaiah, K.V., Sharnma, II.C., and 
Cissd, 11.1991. Rdacliori de varidt~s de sorgho :aux 
attaqucs de la punaise (ies panictiles Eurystylus hn
maculatus Odhiamibo (Ileteroptera, Miridae) en Afri
qtl de I'Ouest. Presented at the 4th Inter-Network 

198 



Conference on Food Crops Research and Production 
in Semi-Aiid Africa, 7-14 Mar 1991, OAU-SAF{GRAD/ 
JITA/ICRISAT, Niamey, Niger. Ouagadougou, Bur-
kina Faso: Seni-Arid Food Grain Research and De
velopment. (Limited distribution). 

Sharna, ll.C. 1993. llost-plant resistance to insects 
in sorghum and its role in integrated pest manage-
ment. Crop Protection 12:11-34. 

Genotypic 
Sharma, l.C., and lopez, V.F. 1992. G yp 
resistance in sorghum to head bug, C~alocorky 
angtustltns Lethiery. Euphytica 58:193-200. 

Sharma, II.C., l)ounibia, Y.O., and l)iorisso, N.Y. 
1992. A headcage technique to screen sorghum for 
resistance to mirid head bug, EurystyIs imoiinacltatus" 
Odh. in West Africa. Insect Science and its Applica-
tion 13:417-427. 

Sharma, Il.C., Dournhia, Y.O., Ilaidara, M., 
Scheuring, J.F., Rarnaiah, K.V., and Beninati, N.F. 
1994. Sources and mechanisms of resistance to sor- 

ghum head bug, Eurystylus immaculatusOdh. in West 
Africa. Insect Science and its Application 15(l):39
48. 

Shetty, S.V.R., Beninati, N.F., and Beckerman, 
S.R. 1991. Strengthening sorghum and pearl millet 
research in Mali. Patancheru, AP 502 324, India: In
ternalional Crops Research Institute for the Semi-
Arid Tropics. 84 pp. 

Steek, G.J., Teetes, G.L., and Miiga, S.D. 1989. 
Species composition and injury to sorghum by pani
cle feeding bugs in Niger. Insect Science and its Ap
plication 10:199-217. 

T"ur6, A., Miller, F.R., Rooney, L.W., and 
McI)onough, C. 1992. Grain lilling rates in some 
genotypes of sorghum [Sorghum bicolor (L) 
Moench]. Page 266 in Proceedings of the Interna
tional Sorghum and Millet CRSP Conference, 8-12 Jul 
1991, tNTSORMIt., Corpus Christi, Texas, USA. Uni
versity of Nebraska, Lincoln, Nebraska, USA: USAtI) 
Title XI1 International Sorghum/Millet Collaborative 
Research Support Program. 

199 



Screening and Breeding for Resistance to Millet Head Miner
 

0 Youm and K A Kumar' 

Abstract 

The millet head miner, Heliocheilus albipunctella de Joannis,is a key pest of millet in sub-Saharan 

Africa. To develop control strategies for reducing pest incidence, studies were conducted and 

focused on varietal resistance.These studies involved both natural infestation and artificialhead 

cage infestation. While there were differences anong genotypes in their reaction to head miner 

infestation, studies have shown that screening undernaturalconditionsoften yields variableresults 

that can leadto erroneousconclusions. Furthermnore,varietieswith a shortergrowing cycle (shorter 

titte
to 50% flowering) were more damaged than thos, with a longer cycle. To develop a more 

reliablescreening technique, a headcage was tused in conjunction with artificialinfestation. Results 

showed that controlled cage infestation was more reliablethan screening undernatural infestation. 

Interactions occurred between panicle stage and stage of infesting larvae; and both affected the 

level of panicle danmage. The infestation of millet at 1/3 panicle exsertion with I-week old larvae 

resulted in more panicle damagethan infestation with 1-day old larvae, based on a 1-9 ratingscale 

(1 = <IO',, P = >80' damage). Implicationsof thesefindings infitturescreening and breedingfor 

head miner resistanceare discussed. 

Introduction 

Pearl millet, Pennisetum glaucum (L.) R. Br., is a 
major staple food crop in Africa, particularly in the 
Sahelian countries characterized by low and erratic 
rainfall (250-9(X) mm per year) and subsistence 
farming (Nwanze and I larris 1992). In recent reviews 
on insect pests of pearl millet in West Africa, the 
millet head miner, tleliocheilusalbipunctellade Joa-
nnis (Lepidoptera: Noctuidae) was reported as a ma-

jor insect pest (Ndoye and Gahukar 1987, Nwanze 
and larris 1992). Damage to millet by H. albi-
punctella is caused by larvae feeding on floral glumes 
and peduncles. Severe damage can result in skele-
tonized panicles because larger larvae cut the floral 
pedunclcs, and grains are easily dislodged by the 
wind. 

Given the importance of this pest, it is important 
to develop reliable control techniques. Among possi-
ble control techniques, host-plant resistance offers 
good potential. Resistant varieties would demand 
minimal fariner involvement in pest control, con-

. ('RISAT Sahelian Center, tP 12404. Niarney, Niger. 

CRISAT Conference Paper no. Cl' 982. 

pared with chemical control which requires substan
tial inputs. 

screening is relatively easy provided the in
sect under study is present at optimum density under 
natural conditions during the crop season. Resistance 
is determined by making comparative measurements 
at appropriate stages between material under test and 
known susceptible cultivars (Harris 1979). Field 
screening usually results in a range of 'core' parental 
material from which to identify resistant material for 
further use (Harris 1979). Another method is to evalu
ate plants under controlled infestation with apredeter
mined mean level of infestation. Abnormally high 
infestation levels are often as unsatisfactory for test
ing for resistance as are unusually low infestations. 
High infesiation can overwhelm the expression of 
useful resistance in the former, and pseudo-resistance 
contaminates the latter (Painter 1951, Harris 1979). 
Screening and breeding for resistance therefore re
quires careful evaluation of these conditions so that 
reliable screening techniques and reliable resistant 
genotypes can be developed. 

Frield 


head minr. ages 201-209 in Panicle insect pests of sorghum 

and pearl millet: proceedings of an International Consultative workshop, 4-7 Oct 1993, ICRIs/r Sahelian Center, Niamey, Niger (Nwanze,K.F., 

and Yount,0.. eds.). Patancheru 502 324, Andhra Pradesh, India: International Crops Research Institute for [he Semi-Arid Tropics. 

Youm, 0., and Kumar, K.A. 1995. Screening and breeding for resistance toimillet 
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This paper reports lindings on studies condicted 
to screen and select for resistance to II. albip'wclla 
under both natural infestation and urifforinartilieia! 
infestation at the IcRISAT Sallelian (enter, Sadore, 
Niger. 'Hie signilicance of these lindings in relation to 
previous reports and lututire screening and breeding 
I'or tiner are discussed,resistance to head 

Materials and Methods 

'ield screening under natural conditions 

ThesC satudies were conducted during the 1992 and 
1993 rainy seasons at Sador6 to deternine/idenlily 
varietal resistance from selected gernplasin. Several 
experiments were cnductied. IExperiment I in 1992 
consisted of arandorri/ed hock design wit lO1 repli-
cations comprising 20 su bplots (each representing a 
variety), of 4 rows x 5 rr long. Recoi un reIded 
agronomic pralctices were followed. In lxperiment 2, 
eigrt replicatioins aind live varieties rcpresc iing tire 
f"elowing characteristi.,-bristled sIuhcoripact, non-
bristled subco pact, comrlpact, bristled hybrid, arid a 
control-were nnscd, I[xperritnlal procedures iii 
1993 suere the sarrrc as in1992 except that the subplot 
sie was 3ross sx 5 in long. 1Experinient I in 1993 was 
a conbined evaluation o [lie stcrrr borer and head 
caterpillar and is not repi l riExperiinet 2,ihere. In 
si,sarieties aid niie of heir related hybrids \'ere 
evalatcd. For txperinicrt 3,three near-isogenic hris-
iedLIhybrids and their parents were coripared With a 
known susceptible control for tile elTect oftlie bristled 
trail. 

For all experiments, observations consisted of de-

lernoining the nuruber of larvae per panicle, the per- 

centage of inl'esied
panicIes alharvest, the nurnher of 
nines per panicle, and tilehc .xtent of paniceICdaage. 


Pan iCle dannage rating was done at harvest by taking 

samples of panicles fro eachi plot, and raiirg them 

Ior head miner damage on a 1-9 scale, with I= <10%, 

and 9 = >8(1% dalnage (Table I). 


Field screening under artificial 
infestation 

The artificial infestation technique was a modification 
of the headcage technique for sorghui head bugs and 
sorghum midge (Sharma etal.1992). Cage size was 
much larger (70-90 cm long x 30 cm diameter) in 
order to acconmodate the long panicles of pearl milet. 

Tmile 1. Rating scale used in screening reaction to 
illet head miner. 

Rating 
scale I 

Severity of' 
panicle damage 
(percentage of 

infestation) Classiication 

1 (0 Ilighly resistant 

2 

3 
10-20 

21-30 

Resistant 

5 
6 

31-40 

41-50 
51-60 

Moderately resistant 

MAerately susceptible 

7 
8 

61-70 
71-80 Susceptible 

9 >80
 
1 ai. scale0l9) decribed and recorded tased on visual asscss. 

citi olpalile damage. 

I.order to standardize this technique, an experiment 
ws'as designed to provide informiati (in the rost sus
ceptible paruicle stage and tIre Uost daniaging stage of 
early head inher instars for obtaining uniform pan
cie inflestation. The experiiental design was a split 
plot with panicle stage (1/3, 2/3, and fullpanicle ex
sertion) as the main plot, and the larval stage (I- and 
7-day old) as the subplot. II oirder to obta intile re-
Liired nunmber of panicles at each stage, asusceptible 
dwarf variety, 3/4 KI 1-B78, was sown on two dales at 
15-day intervals with 10 replications for each date. 
Larvae Ior artili cialcage inestation wvere obtained in 
two ways: (i) field-collected eggs frorni a naturally 
infested head miner susceptible culiivar sown 2 
weeks before sowing the experimental plots, and (b) 
eggs flront light trap collected adults which had been 
held in pairs inl the laboratory, in oviposition cages 
containing freshly cut millet heads. Both field- and 
laboratory-generated eggs were collected daily and 
transferred to an incubation room. After hatching, 
larvae were either used immediately (for I-day-old 
larvae) or held on artificial diet until they were 7days
old. Fifteen larvae were tranisferred onto each test 
panicle using a line camel hair brush. At crop main
rity, the level of damage (based on a 1-9 rating scale) 
and head miner survival were recorded for each de
velopncntal stage of the paiiicle and infesting lrvae. 
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Results 

Field screening under natural infestation 

There were significant differences anmong genotypes 
for the percentage of infested heads, the number of 
mines head' , p:nicle damage, and yield (Tables 2, 3, 
and 4). In 1992 (Experiment 1), varieties with the 
]cast infestation included I(MV IS 88201 (541 ) and 
ICMV IS 85333 (56 Lead infestation). The highest 
infestation occurred on 410)x DG1Pl (75" ) and ICMV 
IS 86330 (73 ),.The inpr wcd local control CIVT 
had 671, infested heads. Results also show.ed a posi-
tive relationship between percentage head infestation, 
number of mines lhead 1,and head miner damagce rate. 
The yield for the hybrid 410 x D)(iP was rnot signifi-
cantly diffccnt frorn that of CIVT, but twice as high 
as the ', ield of other varieties (Table 2). In 1992 (Ex-
periment 2), it hybrid 488-99 x ICMV IS 86330 and 
its parent IC'MV IS 86330 had the highest nuniber o, 
mines head 1t3.7 and 2.9, respectively), and danage 
rate (2.7 and 2.21. MfI-110 and CIV'F had the least 
number of mines head 1 (0.6 and 1.6) and the least 
damage rate (1.3 and 1.7). lowever, although CIVT 
consistently gave high yield, Mh-110 yielded the 
lowsest among varieties, despite being the least infes-
ted (Table 3). 

Reactions of nine inbred x variety hybrids to head 
miner in 1993 are shown in Table 4. Gencraly, inbred 
x variety hybrids were more infested than their pol
linators. The greatest infestation occurred on 563 x 
P3 Kolo and 438 x CIVT among inbred x variety 
hybrids, and 3/4 KII-1178, a susceptible control. Gen
crally, varz1tics that were more infested suffered the 
greatest damage. The lowest damage rates were ob
served on DGPI (3.0), 2537 x GB8735 3.2), and P3 
Kolo (3.4). The susceptible control had a damage 
rating of 4.1. P3 Kolo, 2557 x DGPI, DGPI, and 
CIVT performed better. Iowever, yields were gener
ally low in all trials, and possibly due to additional 
damage by such other pests as the millet stem borer, 
blister beetles, or seed-sucking hugs, as no insecticide 
was used. 

Reactions of the three near-isogenic bristled and 
non-bristled genotypes are shown in Figure 1. Since 
the presence and absence of bristles was the only 
differentiating character between the two groups, data 
were analy/ed and compared for each group rather 
than for individual genotypes. Contrary to previous 
reports, the presence o" a bristled head contributed to 
higher danage ratings. At low datnage ratings (1-3), 
nonbristled head plants occurred more frequently 
than bristled head plants, while the reverse was true 
at high damage ratings (7-9). In the intermediate 
range (4-6), results were variable and not ,ignificant. 

Table 2. Reaction of selected pearl millet varieties to the millet head miner, ICRISAI Sahelian Center, 
Niger, rainy season 1992 (Experiment 1). 

Infested heads Number of Damage Grain yield 
Variety (,) mines head rating' (t ha-') 

ICMV IS 90313 58.6 1.4 1.8 (.39 
ITMV 8001 72.1 1.9 2.0 0.61 
SOSAr-C88 57.7 1.4 1.8 0.29 
ICMV !S 85327 68.4 1.7 1.9 0.37 
ICMV IS 86330 73.4 3.0 2.6 0.41 

ICMV IS 85333 55.6 1.1 1.7 0.50 
410 x DGPI 74.6 2.4 2.1 0.98 
ICMV IS 89200 71.1 2.0 2.0 0.37 
ICMV IS 88201 54.0 1.1 1.6 0.41 
Ex toru 57.7 1.2 1.7 0.43 

CI VT 66.9 1.5 1.8 0.77 

Mean (20 entries) 65.2 1.7 1.9 0.47 
LSD (0.05) 10.6 - 0.2 0.5 
CV (() 18.4 27.5 11.6 48.0 

1. Darnage -. ,,csed in a t 9 scale (%ccTable 1). 
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Table 3. Reaction of selected entries to the millet head miner, ICRISAT Sahelian Center, Niger, rainy 
season 1992 (Experiment 2). 

Number of Damage Grain yield
 
Entry mines head-1 rating' (t ha-I)
 

MBll-I 10 0.6 1.3 0.3
 
ICMV IS 86330 2.9 2.2 1.0
 
SOSAT C88 2.3 2.1 0.8
 
488-99 x ICMV IS 86330 3.7 2.7 1.0
 
CIVT 1.6 1.7 1.3
 

Mean (5 entries) 2.2 2.0 0.9
 
LSD (0.05) 0.8 0.4 -

CV (i) 33.7 19.5 20.3
 

I. Damage assessed on a 1-9 scale (weeTable 1). 

'Fable 4. Reaction of nine inbred x variety hybrids and their pollinators to the millet head miner, ICRISAT 
Sahelian Center, Niger, rainy season 1993. 

Entry Time to 50% Infested Damage Yield 

Inbred Variety flowering' heads (%) rating 2 (t ha-') 

563 	 P3 Kolo 60 92.1 4.8 0.16
 
P3 Kolo 61 84.1 3.4 0.36
 

4U CIVT 58 93.3 4.0 0.24
 
513 CIVT 53 87.7 4.4 0.18
 
538 CIVT 59 86.1 3.7 0.17
 

CIVT 59 88.8 3.9 0.26 

488 DG PI 60 88.7 4.4 0.26 
2557 DG PI 59 86.3 3.7 0.30 

DG PI 62 80.5 3.0 0.26 

413 GB 8735 51 79.4 3.6 0.13 
363 GB 8735 52 83.0 3.8 0.04 

2537 GB 8735 51 75.8 3.2 0.15 
,3 8735 51 71.2 4.1 0.06 

Controls 
3/4 HK-B78 -3 90.3 4.1 0.20 
Ex Bornu - 86.9 4.1 0.15 

Mean (15 entries) 57.0 85.3 3.9 0.19
 
LSD (0.05) 1.7 9.5 0.9 0.12
 
CV(%) 3.0 12.5 25.9 68.6
 

I. Data from yield trial. 
2. Damage assesed on a 1-9 scale (see Table I). 
3. - - no available. 
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Figure 1. Frequency of damage rating on panicles of bristled and nonbristled near-isogenic pearl millet 
genotypes, ICRISAT Sahelian Center, Niger, rainy season 1993. 

Results show that early-flowering inbred x variety 
hybrids are more susceptible to insect attack and sufmorethnlosss ~larvae 
fer meyield llate-fowring genotypes 
(Table 4). 


Field screening under artificial 

infestation 

Results on the development of ascreening technique 

for pearl millet resistance using head cages are shown 
in Tab!e 5. The infesting larval stage and the growth 
stage of the infested panicle significantly affectcd the 

extent of damage duc to the head miner. Highest dam
age was caused by I-weck old larvae when infestation 
occurred at the beginning of panicle cxsertion. One
week-old larvae caused more panicle damage than 

"rable 5. Damage caused by millet head miner 

of two ages to millet panicles at three 
growth stages, ICRISAT Sahelian Center, Niger, 

rainy season 19931. 

Stage of Infesting larval stage 

panicle I-day old I-week old Mean ± SE 

1/3 exsertion 2.0 ± 0.4 4.0 + 0.5 3.0 + 0.4 

2/3 exsertion 2.0 ± 0.3 1.9 ± 0.2 1.9 ± 0.2 

Full cxsertion 1.3 ± 0.1 2.5 ± 0.5 1.9 ± 0.3 

Mean ± SE 1.8 ± 0.2 2.8 ± 0.3
 
. IDanmage scate (see
asessed on a I-9 Tabte 1). 
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I-day old larvae. Patnicles were more susceptible 
when I/3 exscrted than at 2/3 or complete exsertion. 

Discussion 

Results frorn the current Studies have shown varietal 
differences in reaction to the millet head miner (Tablc 
I). Based on a 1 9 rating, most it not all varieties 
would be classified as resistant or tolerant. loHwever, 
these results should be interpreted vith caution. As 
shown in "Tibles 2 and 4, infestation levels were much 
higher in 1993 than in 1992, and 'or the saire variety 
(e.g., CIVT), daiiage ratings were 1.8 and] 1.7 ini1992 
(Experiments I and 2), compared v,ithi adallage rat-
ing o'f 3.9 in 1993. This suggests that although varietal 
screening based On danage rating is consistent within 
a car, sirie variability car 'CCUr bet ceri Nears and 
do'es cinplicate assessmrent of resistance. Thus, 
screening Under lIw po pulation levels may result in 
file iiisidentiicationi f varieties as resistant or sus-
ceptible. This scenario was described previously by' 
Painter (1951). Abirnimtly high infestation levels are 
often as Unisatistact or Ir testing for resistance as are 
unusually tow intestations. I ligh inl'estation can over-
whelin thee xpres si on of' tiseful resistance in tite for-
iner and pscudii-resislilce contanrinates tie latter 
(Painter 1951, IHarris 1979). Front tie present studies, 
it is clear that varieties tolerant of the head miner 
include ('IVT, P'3 1Kol o, lxGPI, 410 x DGPt, and 
,MWI1 - I0. Most of' these varieties have a long time to 
50"; flowering, except I'kr MI I-1110. The latter ,ari-
ety is likely tin have some resistance traits and should 
be re-evaliated Under tniform artiticial infestation. 
IHowever, it is obvious from its yield that this variety 
may not be fully adapted to conditions in the West 
African Sahel. 

Lack of reliable and reproducible screening tech-
niques for uniforri and optimum infestation of test 
material has justified screening genetic material for 
resistance under natural infestation (Nwanze and 
larris 1992). In addition, breeding for insect resis-

tance rcquires a range of germiplasmi and optiimurii 
technology and infrastructure for mnultilocational test-
ing of identified sources of resistance. 

Galiukar (1987) reported that both early and de-
layed flowering conferred resistance to the head 
miner. This mechanism of resistance (pseudo-resis-
tance) is due to escape of plants at critical stages of 
infestation. Ile reported that open-pollinated varieties 
(ICMS 7703 and ICMS 7838) and a hybrid (ICH 165, 
bred in India) escaped millet head miner infestation 
because of their earliness, and varieties Souna (cx 

Senegal) and CIVT 11 (cx Niger) because of their 
lateness. lowever, considerable variation (genotype 
and genotype x year) ii time to 50- clowering, the 
extent of the spike attacked, number of larvac per 
spike, and grain yield were reported. Not many studies 
have been carried out to understand the niechanisins 
of resistance to the millet head miner and only some 
explaiatiois ,,cre providetd based on Iield iibserva
tions (Table 6). In many cases, the resistance mecha
nisin reported was lseudo-resistance, which relates to 
temporal escape fron pest attack. In this case, the 
susceptible stage of' tie millet panicle does not coin-
Cile or overlap with adult emergence and oviposition. 

Nonpreference for head miner adult oviposition as 
a ecthanisi of' resistance has been attributed to vari
atiotns in the density, length, anid orientation of invo
lucral bristles (Nwan/c and Ilarris 1992). Short 
involucral bristles and long Iloral pedicels do not fa
vor oviositiou as tIle eggs are norimally laid at the 
base of the Iflowers, or stuck to rachis and floral ped
uncles (Guevrernont 1982, 1983). Iial (1992) observed 
that the presence of involticral bristles did not reduce 
the extent of' lcad miner attack in the variety IBIMV 
8413. Our observati s have confirmed thcse results 
on a set tf inbred x ,:iriety hybrids (Fig. 1). These 
results suggest that bristles attne do not offer protec
tion or cionfer resistance as indicated by previous 
studies (Table 6). 

In preyvious studies, low levels of head miner damn
age have been attributed to long and compact panicles 
(Vercaibre 1978, in Nwanze and Ilarris 1992). How
ever, these mechanisms are not clearly known and 
need further assessment and confirmation. 

Table 6 provides a non-exhaustive summary and 
overview of' findings on past research on breeding 
and screening for resistance to the millet head miner. 
Mechanisms of resistance previously reported 
include temporal escape (pseudo-resistance), 
nonprel'crence lor fermale oviposition, tolerance, 
antibiosis, nonpreference due to the presence of bris
tics, their position and length, and other traits such as 
panicle compactness. In this table, there are conflict
ing results/lindings, and some varieties have been 
reportedI resistant based on different mechanisms. 
Furthermore, the genotype 11MV 8001 has been re
ported as resistant in one study and as asusceptible in 
another. Gueviemont (1982) reported that Souna 111, 
CIVT, IBMV 8001, and Malian Souna were resistant, 
primarily due to pseudo-resistance through temporal 
escape. Therefore, as discussed early in our findings, 
screening under natural infestation where insect 
density is variable may prove to be difficult and 
unreliable. Based on available literature, the true 
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'Fable 6. Varieties reported as resistant to the millet head miner, and probable nechanisms invqlved. 

Variety Mechanism 

ICMS 7703 Temporal escape 
ICMS 7838 (pseudo-resistance) 
ICII 165 
Souna 
CIVT II 

IBMV 800! Nonpreference 
Souna for oviposition 
ICMS 7838 
1124 38 
ICMS 7819 

119-127 Tolerance 
ICMS 7819 

IMV 8001 Antibiosis 
3/4 1tlK-78 

Nigerian Composite Mentions bristles to 
IIK H3-Tif lower infestation 
C1VT 
I IKP Other characteristics 
Zongo mentioned: e.g., 
Nieluva Boudouma compactness, position, 
IBMV 8302 and length of bristles. 
INMGI 
INMG 52 
SRM-Dori 
P3 Kolo, 
ITMV 8001 
Kassa-blaga 
Youmec-Nini 
Tass-Yonibo 

mechanisms of resistance to head miner (except for 
reported pseudo-resistance) are not known, and no 
specilic work has been conducted to determine the 
mechanisms involved. These findings outline the in-
consistencies of previous reports linking the low in-
festation of long-cycle varieties with resistance to the 
millet head miner. 

Observations/ 
comments 

Results based on a 3-'t:ar 
study. Iligh variabil,,y in 
percentage ol attack. 
Other factors involved 
not investigated. 

Mechanisms not known, 
further re-evaluation 
needed. IMV 8001 
reported susceptible 
(Bal 1992). 

True mechanism 
probably unknown. 

Tolerance and 
nonpreference 
mechanisms attributed to 
ICMS 7819. 

HtKP susceptible 
(ICRISAT 1987) 

Mechanisms not studied, 
further evaluation may be 
necessary. 

Conclusions 

Author 

Gahukar (1987) 

Gahukar (1984) (in 
Gahukar et al. 1986), 
N'Doye and Gahukar 
(1987), Gahukar et al. 
(1986) (in Bal 1992) 

Gahukar et al. (1986) (in 
Bal 1992), N'Doye and 
Gahukar (1987) 

[Gahukar (1981, 1984, 
1986), ICRISAT (1984), 
Gucvremont ( 1982, 
1983), Maiga (1984), 
CILSS (1985) in N'Doye 
and Gahukar 1987] 

Lack of a reliable screening technique for resistance 
to the millet head miner has slowed the progress that 
can be realized by breeding resistant varieties. Both 
the literature and our own observations indicate that 
screening under natural infestation is unreliable. This 
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has invariably led to rcports tlat both carly- and late-
flowering gcnotype: possess pseudo-resistance (es-
cape). Bristles dto not appe.,', to ofter any protection at 
higher inl'estat on level,. 'To tvercome this problem 
and the variability associated with screening tinder 
natural inlfestation, the development of a uni'orni arti-
licial infestation technique is critical. "Hus, the tch-
nique based (,l caged- head in l'ostation reported i-re 
is an important step in developing a,more reliaiilc 
screening method. Front oir studiCs, the iiost suscCp-
tible panicle stage and the most virulent early instars 
were identilied. These findings are itinorta it in tie-
signing lItttre screening methods. I lowevr, there is 
sonic tierit in reconsidering tile use of tewly hatched 
larvae so that we do not lose on resistance due to very 
low larval establishlment 

"le cotiiniercial variety NII3I-10 yielded less 
than any other variety tested, but had the IVwest dtli-
age rating, suggesting that this variety may possess 
resistance traits, but was ntt adapted to West African 
conditions. T1herelore this variety should be consid-
cred or re-evaluation Under artificial uniforti infcsta-
tion. In an elffTrt to develp a reliable screening 
method using cages, tile tmist virulent stage of the 
pest aid tile most susceptible stage of the millet plant 
have been determined. 1iis iiiformation will be used 
il ftitUre screening efforts to re-evaluate reported re-
sistatit varieties, identitify resistatnt parental material, 
and Understand tile intcractiins between flowerint! 
and intfestation levels. 

Further studies shtiuld (a) investigate early-instar 
establishment on tillct hcatds at 1/3 panicle cxsertion, 
(b) determine the nituber of larvae per head required 
to catuse a damage rating >7 on a known susceptible 
variety, (c) improve laboratory rearing techniques to 
reduce the time-consui ing collection tid processing 
of adtults from light traps to laboratory oviposition 
chamibers, and (d) re-evaluatc genotypes previously 
reported to be resistant and determine the mocha-
nisms involved. 

Synt/zse 

Criblage etla selection pour la resistance 6 la min-
euse de lepi du nil. La mineuse de l'dpi, Ih'!io-
cheiluis albiptictella de Joannis est un inportant 
ravageur du tiil en Afrique sub-saharienne. Des 
ttudes portant sur la rtsistance varidtale oit t 
iientes dans le but de ddvelopper des rnoycn de lutte 
visant iareduire l'incidence de l'insecte nuisible. Ces 
dtudcs ont consisti Lautiliser une technique d'irfesta-
lion naturelle en chmnip, et une technique d'infestation 

artiliciclle ie .-ise cn cages des i pis. Rien qte des 
diffTrences varietale; .xistent narmi les geiotypes au 
iivMeau Lie lcur rOtaction ,I I'infestation par lIa,incuse 
ic 1pi, ces etudes oLnt toontr que Ic criblagc en 

conditions naturelles souvent aboutit atdes risultats 
\ariablcs pouvant mcncr l des conclusions erronde-;. 
En plus, les varictes £Icycle coirt (temps ,i 50% fio
rai : inplus court) ont 6tJ plus endonmiages inue les 
varietes :Icycle long. Dans Ic but de ddvelopper une 
technique do cr hbage p1lis liable, titie nithode ie 
mise en cZ12e des p is c tionjotIICiin ZvCc tine infcsta
lion artilieicllc a t6 utilise. 

In condition d'infestation naturlle, les r~stiltats 
des cssais ie 1992 ont tiiotltr line di ffrcnce signili
cative parmi les vari tds testcs pour le pourcentage 
d',pis infcsts, le nttibrc tie mines par 6pi, le tiveau 
tics d&gIts, et le rendement. Les vari~ts les moins 
infestces itaitcr ICNIV IS 88201 (taitx d'infestation 
Lie 54"; ) ct ICM V IS 85333 (tati x dl' ilfstatiniti tie 
56"( ). Les vari~t6s ICs pltis itfcst6cs talenit 410 x 
DG lI (taux d'iiiestation de 75c) et ICM V IS 86330 
(taix d'inIcstatlion ie 731i ). Cepentait. le rendement 
ie I 'hybridc 410 x DGPI ctait tcilleur que cclui ties 

aitt res varictes. I c r tinliec mines par cipi &tait 
1n0ins cler pour CIVT atid N11111-II0. Les rOsuiltMts 
ont aussi iont-6r Iquc les hybrides re~sultant de.; croise
ments inbred x variates etaicnt plus intfest6s qtic Ietir 
parents. Cependant. il y avail tine variaibilit au niveau 
des rsiltats. Les rstilt ats ont niontir6 te Ia tech
iiiqucti de cribla par infestattion en cage s'av re pIlis 
liable qu ile teinikr'- de criblage en condition d'in
lestation iatirelle. II y avait ties interactiotns entre Ic 
statde de devcloppcicnit des apis et Ic stade dedekvel
oppetient des arves infestantcs; et tous deux ont eu 
tin clfet stir Ic nivcaII des to&gts stir 1'6pi. L'infesta
tiO ti l aI stadc correspondant '1I/3 ,piaison par 
des larves iig&es d'tIne seriaine a donn6 un plus grand 
niveau ie d6gits que celui cause par les larves ig,2es 
d'un jour, d'aps titie nithode d'6valuation des d6
guts 6chelonne die I a19 (I= <10% die dg.ts; 9 = 
>80% de d6g its). Ces utudes rnOuIsont permis de con
firmer que lc criblage en conditions naturelles n'est 
pas liable et peut aboutir ii des coti,.u.Niupi. 'e'rrones. 
L'exislince de caractores arist6s n'a pas r6duit l'in
festation par Ia miineuse en pr6scnce d'une orte den
sit des populations. 

Les 6tutdes ftitures visant it ddvelopper des vari6ts 
r6sistantes .I la mincuse ie 1Npi doivent (a) d ler
iner Ilasurvie des arves dui premier stade stir les 

panicules en dILbut (1/3) d' piaison, (b, dterminer le 
nombrC de larves par Opi pouvant causer un niveau de 
dgats dgal ot supdrieur 'a7, (c) amc6liorer la tech
niquc d'levage de Iamincuse de l'6pi atin de rdduire 
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le temps de collecte des adultes i partir des pieges 
lumineux et leur transfert au laboratoire pour la ponte, 
ct (d) rSvaluer les varidt~s prdcdemment signal6es 
comme 6tant rsistantes ,5la mineuse de l'dpi et 61u-
cider les mricanisnics de r6sistancc. 
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Short Communication/Communication courte
 

Breeding for Resistance to Sorghum Midge in West Africa
 

C C Nwasike t 

Sorghum midge (Contarinia sorghicola Coq.) infesta-
tions have been reported from Nigeria (Harris 1961, 
1976), Ghana (Bowden 1965), Burkina Faso (Nwanze 
1988), and Senegal (Gahukar 1984). 

Surveys in West Africa suggest that the intensity 
of midge attack is highest above 9°N latitude in the 
main sorghum-growing areas. 

Most farmers in these areas do not recognize that 
the empty heads of sorghum are caused by midge and 
are unaware of the midge itself. Until they have 
learned to recognize cause and effect, control inca-
sures depending on their cooperation may not be suc-
cessful. Physical and economic difficulties make 
cultural and chemical control methods unattractive to 
farmers, 

Resistant varieties offer the most effective way of 
overcoming yield losses that may be due to sorghum 
midge. The development of a good resistant variety 
will entail a comprehensive breeding program that 
not only encompasses good insect pest management 
environments, but also effective selection methods. 
Existing knowledge of midge bioccology has in-
creased the understanding of the mechanisms that 
influence the insect's response to sorghum plant char-
acters (nonpreference) or the adverse effects of the 
host plant on the insect (antibiosis). 

In West Africa, the development of insect-resis-
tant sorghum cultivars has not been particularly tar-
geted at midge compared to similar approaches on 
stem borers and head bugs. However, breeding 
methods that have been used elsewhere would be ap- 
propriate for this region. 

Pedigree selection encourages the quick transfer 
of high levels of resistance to agronomically superior 
material which is used as the nonresistant parent. Ad-
vancing the generations and selection of desirable 
midge-resistance traits either at hot spots or under no-
choice headcage conditions (Sharma et al. 1992) and 

backcrossing in the F4 generation have resulted in 
high-yielding midge-resistant cultivars in Australia, 
India, and USA. Population improvement using com
posite bulks and male steriles and appropriate selec
tion methods such as S, testing and recurrent mass 
selection can also generate materials that combine 
midge resistance with desirable agronomic charac
ters. The introduction of elite varicties and use of low 
selection pressure in the population can enhance the 
selection process. 

The ability to apply a rigorous set of evaluation 
criteria is pivotal in a pest resist;tac, bceding pro
gram. Several parameters are t;scd for midge resis
tance, including numbers of visiting adult flies during 
flowering, proportion of infested florets, proportion of 
damaged (chaffy) florets, and damage rating score. 

Selection pour la resistance a la cecidomyie du sor
gho en Afrique de l'Ouest. Des infestations de la 
cdcidomyie (Coniarinia sorghicola Coq.) ont did en
registrdes au Nigdria (Ilarris 1961, 1976), au Ghana 
(Bowden 1965), au Burkina Faso (Nwanze 1988), et 
au Sdndgal (Gahukar 1984). 

Les itudes entreprises en Afrique de l'Ouest lais
sent A croire que l'intensitd de I'attaque par lacd
cidomyie du sorgho s'd&ve au maximum au-deli, de 
lalatitude 9°N, dans les zones principales de culture 
du sorgho. 

La plupart des paysans de ces rdgions ne peuvent 
pas reconnaitre que les panicules vides du sorgho sont 
causdes par lacdcidoniyie et ignorent parfois l'exis
tence mnme de l'insecte. D'oit, lapossibilitd peu dle
ve de rdussite des mesures de lutte qui ddpendent de 
leur coopdration, Amoins qu'ils apprennent . recon
naitre la cause et I'effet. Des difficultds physiques et 

1.Department of Ptan Science, Institute for Agricultural Research/Ahmadu Bello Nigeria.University (IAR/AltU), PMB 1044, Zaria, 
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oconomiques ne peuvent que rendre peu atrayants au 
paysans, les nithodes de luttc chimique et culturale. 

Lcs variotds rdsistantes repr6sentent la solution la 
plus eflicace pour maitriser les pertes ie rendement 
qui peuvcnt atre attribuds i la c-cidomyie. Le d6vcl-
otppcmcnt d'une bonne vari-t- r-sistante exigera l'or-
ganisation d'un programme de st-lection d'unc grandc 
cnvergure, comprenant non seulkment des environne-
ments ie lutte contre les insectes nuisibles, mais aussi 
ties m-thodes cflicaccs tie solection. Los connais-
sances uctuclles stir li bioticologie de la cdcidoinyie 
ont pernis dl' mrIiliorcr lh comprehension tidcs 
mo-canisnies qui inlucncent la r6action ie I'insecte 
aux caractes tie l plante tie sorgho (nonpr-fkrence) 
ou les effcts d-hivorables Lie la plante-h6te stir 'in-
secte (untibiose). 

En Afrique de l'Ouest, la mist an point des culti-
vars Lie sorgho rdsistuts antx insectes nuisibles n'a 
pas to- ciblde :1la c&idomyie en particulier, con
trairenient aux approches semblablcs sur les borers 
ties tiges ct Ics punaiscs des paniculcs. CepCndant, les 
m11thodcs ie slection lu i ont ut ilis&s ailleturs 
scraient :pproprics aicettc rdgion. 

La stIcction g no-ilogiluC I'uevorisc le transfert rap
ide ie nivcaux 6ev&rs de rt~sistancc au niattriel de 
mcilleure qualite :grononiqne qui est utilis comnie 
parent non-r&sitntl.L'vancernent des gSn&tions et 
ha slcction ie caract&cs souhaitables ie resistance 
contre la cdcidonyie soit i tics sites de forte infesta-
tions ('hot spots'), soit dans ties conditions en cage 
(Sharma et al. 1992), ainsi qie le rdtrocroisemcnt 
duns la gn-ration F4 Ont donna dk • cultivars perfor-
niants ct rfsistants i la c-cidoinyic cn Australic, en 
lnde ct aux Etats-Unis. 

L'aminlioration des populations en utilisant des 
bulks composites el des niiles-stiriles, ainsi que des 
inithodes Lie selection approprics ielies l'essai S e t  
la s6lection massale rdcurrente peuvent 6galenient 
engendrer des niatriels qui comprennent la r6sis-
tance ' lhicdcidomyic lout en retenant des caractres 
agrononiqucs souhaitab!es. L'introduction des var-
&is dlites et I'utilisation dune pression de selection 

basse au niveau de la population pcuvcnt ame-liorer le 
procCssis de sdlection. 

La possibilito d'appliquer tine s&ie rigotireuse de 
critres de selection c.t essentiellc i tout programme 
tie selection pour hi rdsistance aux insectes nuisibles. 
Nombre tie parainutres s'eiiploient pour la r6sistance 
i la clcidomyie, y co npris le nombre d'adultes visi
tant an cours ie la loraison, la proportion die lieurons 
infestt5s, la proportion tic fleurons Cndomnimags 
(lcurons striles), et le score de ddgdts. 

References 

iowden J. 1965. Sorghum midge, Contarinia sor
ghicola (Co1.), and other causes of grain sorghum 
loss in Ghana. Bulletin of Entomological Research 
56:169-189, 

(;aihukar, R.T 1984. Seasonal distribution of sor
ghtun midge (Contarinia sorghicola (Coq.) and its 
hymenopterous parasites in Senegal. Agrononic 
.1(4):393-397. 

larris, K.M. 1961. Tl7he sorghim midge, Conarinia 
sorghicola Coq. in Nigeria. Bulletin of Entonological 
Research 52:129-146. 

Harris, K.M. 1976. The sorghum midge Annal of 
Applied Biology 84:14-118. 

Nwanze, K.F. 1988. Distribution and seasonal inci
dence of sonie major insect pests of sorghum in 
Burkina Faso. lnsect Science and its Application 
9(3)313-321. 

Sharma, n.C., Tneja, S.L., Leuschner, K. and 
Nwanze, K.F. 1992. Technitiues to screen sorghums 
for resistance to insect pests. Information Bulletin no. 
32. Patanchcru, Andhra Pradesh 502 324, India: In
ternational Crops Research Institute for the Semi-
Arid Tropics. 48 pp. 

212 



Summary of Discussion 

Session 3 

Midge resistance is governed by additive genes. Re-
sistance is required in both parents, but crosses of 
resistant and moderately resistant parents could result 
in a susceptible hybrid due to cytoplasmic effects, 
Sources vary in their level of expression of resistance 
tbcause the latter is affected by the level of midge 
infestation, 

Using biotcchnological tools it would be possible 
to identify sections of a chromosome with resistance 
genes, and resistant lies with tile combina-optimumn 
tion of different genes can be identilied through 
niarker-aided selection. 

Current research at the Texas A&M University, 
USA, indicates that it is possible to identity genes for 
midge resistance in a large F,population of sorghum. 
TAM 2566 and DJ 6514 are the major sources of 
lidge resistance. The AF 28 type of resistance is 

very high and the other idcntified sources are poten
tially useful. 

Resistance sources fron India and USA reacted 
dilTerently in West Africa under natural levels of in
festation. DJ 6514 (India) and TAM 2566 (USA) were 
not used in these studies. 

ICRISAT uses a 1-9 rating scale that is intern.a-
tionally accepted in resistance screening programs. 
Nearly 10000 germnplasm accessions have been 
screened for resistance to Calocorisangttats in In-
dia, and about 40 lines have been identified with var-
ious levels of resistance to this species. Most of these 
lines showed cross-resistance to Et "vsvlussp in West 
Africa. For optiltmn results, 20 pairs of bugs (fe-
nale:niale) are sul'ficient to cause naxiinumn dam age 
to grains in cages. 

Characters such as short glutnes that confer resis-
tance to the sorghum midge, predispoc the sane 
genotypes to attack by head bugs. Although no at-
tempt has been made to combine resistance in the 
same genotype to both pests, a panicle pest resistant 
population containing sources of resistance to both 
midge and head bugs has been developed at ICRISA' 
Asia Center, in India. The effectiveness of selection is 
yet to be evaluated. 

At ICRISAT Asia Center, the focus is on breeding 
midge-resistant lines with bold seed, preferably 
white/creani colored, and with low tannin content. 
These lines are similar to the zerazera types of Ethio-
pia and Sudan which have high food value. Studies in 
Australia showed no diff'erence in feeding value to 
livestock fed on midge-resistant and susceptible lines. 

Farnier/consumer food preferences should be incor
porated into resistance breeding programs and collab
oration with food technology/quality laboratories is 
highly desirable. 

The range of material that has been screened for 
resistance to the millet head caterpillar includes vari
eties that have been in cultivation for several years, as 
well as varieties identified recently at Tarna, Niger, 
by II Guevreiont and at Banibey, Senegal, by R T 
Gahukar. Several new varieties developed by ICRISAT 
in collaboration with national agricultural research 
systems have also been evaluated. 

The choice of I-week-old larvae and panicles at 
1/3 exsertion is based on several studies to determine 
the larval and panicle stages for optitoum infestation. 
The high mortality ofnewly hatched larvae would 
necessitate more larvae for infestation. Ilowever, spe
cific
studies on the optimum larval stage fr artificial 
infestation may be nccded since young and old larvae 
cause different types of damage. 

Synthe'se de discussion 

Session 3 

La rt~sistance il lacdcidonmyie est gouvernde par des 
g.nes additifs et doit tre prdsente chez les deux pa
rents. Cependant, lecroiseinent entre des parents rd
sistants et 1dg&enient rdsistants peuvent aboutir Aun 
hybride sensible cause des effets cytoplasmiques. 
Ix niveau de l'expression de laresistance des sources 
varie selon le niveau de l'infestation par la 
cicidomnyic. 

A I'aide des outils biotechnologiques, ilserait pos
sible d'identifier des sections d'un chromosome avec 
des genes de rdsistance et des ligndes rdsistantes avec 
tine combinaison optiniale de divers genes grace 
une sdlcction appuyde par des gnes marqueurs. 

Des activits de recherche conduites I'Univer
sitd aux USA, indiltuent qu'il est possibleTexas A&M, 
d'identitier chez lesorgho des genes tIe rdsistance aila 
cdcidoinyie dans une grande population de F2. TAM 
2566 et DJ 6514 comptent parmni les importantes 
sources de resistance aolacmidornyie. La rdsistance 
de type AF 28 est trbs ilevde et d'autres sources 
identifides sont prometteuses. 

Une riaction differentielle entre des sources de 
rdsistance provenant de I'Inde ctdes Ftats-Unis a W 
observde sous l'infestation naturelle en Afrique de 
l'Ouest. DJ 6514 (Inde) et TAM 2566 (Etats-Unis) 
n'ont pas dtd utilisdes dans ces dtudes. 
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L'ICRISAT se sert d'une dchelle de notation 1-9, 
qui est reconnue au niveau international dans les pro-
grammes de criblage. Pr~s de 10 W00 lots de res-
sources gindtiques ont did criblds pour la risistance ;I 
Calocoris angustams en lnde et environ 40 ligndes 
avec divers niveaux de rdsistance a cette cspece ont 
etc identilidces. La plupart de ces lignes ontimanifcstd 
de la reaction croisde it Eurvstylus sp en Afrique de 
I'Otuest. Pour obtcnir des rusultats optimnaux, 20 
paires de punaises (fenielle:niale) sont assez 
nombreuses pour occasionner les plus importants d6-
gats aux grains dans les cages. 

Des caractiristiques tlles que des glumes courtcs 
qui accordent an sorgho la rdsistance a hi clacidomy ic 
lc rcndent il la fois sensible aux punaises des pan- 
icuilcs. On n' a pas russi i combiner la r6sistance i 
ces ravageurs chez un soul gdnotype. Cependant, une 
population pourvije de rdsistancc aux c6cidomyies 

ainsi (IU'atix punaises a et6 sdlcctionnee au Centre 
ICRISAT pour I'Asie, en Inde. l'eflicacit de hi sdlcc-
lion reste *i rc ivallti. 

Au Centre ICRISAT pour I'Asic, Ia recherche est 
axe sur I'amlioration des ligndcs rdsistantes it hi 
cdcidoniyie avec de gros grains, ie pr6fdrence blacs 
ou criic et une tenCur faible en tanin. Ces lignes 

sont semblables au type zerazera A valeur nutritive 

dlev6e de l'Ethiopic et du Soudan. Des dtudes effec
tudes en Australie n'ont pas rdvIl6 de dilffrence entre 

les ligndcs rdsistantes et sensibles en fonclion de l'ali
mcntation animale. 11importe ('incorporcr des prdf
6rences alimcntaires des agriculteurs et des 
consoninatcurs danS les programmes ic slection 

pour la resistance et collaborer avec des laboratoires 
de trarisforniation ct de qualit alimentaire. 

La gamme des mat rils qui on, 1'ait I'objet du crib
lage pour It r6sistancc aux chenilles des panicules du 
mil lcomprend des varidets qui on! mid cultivdes durant 
plusicurs ans ainsi que cclles identifics rmcemient it 
Tarna, aU Niger, par If GucvrcnmonI ct i Bambey, au 
Snmgal, par R T Gahukar. Plusicurs riouvellcs varitis 
Iiiises au point par I'ICRISAT en collaboration avcc des 
programmes nationaux ont ct aussi VaIudes. 

La choix des larvcs lig&s dtMiCnscmainC et ics 
paniculCs .i 1/3 exsertion est is&e stir des rdsullats de 
nonibreuses etuiles pour dterminer ties stades lar
vaire ct paniculaire [)Our unc infestation optinale. 
Davantage de larvcs sont ndcesstaires pour I'inlfesta
iion i cause de li morialit dlc c des larves nou

vcllement & loses. Cependant, il faut faire des 
cnqtciIs plus intensives sur Ic sIade larvaire optinial 
pour tine infestation artilicielle puisqiUC des larves 
jetines et ancienncs causent diffedrnts typcs Lie dgats. 
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Biological Control of Millet Head Caterpillar-

Needs, Tactics, and Prospects 

F E Gilstrapt , I Bayoun', Z Amadou 2, and 11 A Kadi Kadi 2 

Abstract 

Biological pest control involves first identifying and assessing natiral enemies, and then developing 
anu implementing strategies that use enemies shown to be effective. These strategies should be 
inexpensive, have wide geographic utility, and be comp~atibh, with other agronomic practices. 
However, especially in subsistence crops, proper assessment of natural enemies is often not done. 

Introduction 

Biological cortrol of arthropods has a long history of 
successful programs, but most of these prognamis 
were conducted in developed countries and used ira-
ported (exotic) natural enemies to control exotic pests 
on perennial crops. )eveloping countries therelore 
have no precedent in the LiS f iml igelJUS nat ural 
enemies to control indigentis pests on anntlal .rops; 
there has also not been a demoristration of the key 
role of natural enemy assessment in biological con-
trol. Properly conducted biological control assesses 
extant natural enemies bei'ore exectit ng a strategy 
which seeks to use enemies lkmrcontrol. This assess-
nient is particuLtarly important lor i biologicaI control 
strategy thait algnlcnis or conserves oltlral enelnies. 
Very o'len, biological control is advocated without am 
assessment otfextant tat iral eleici s, or the assess
mcrit is done with improper oethodology. Natural 
eClIlly asIsesSllent IllUSt preccte the deveIopiiCnt of a 
pest control strategy, especially in tihe low-input and 
fragile Sathelian farming systems. In these systems, if 
nat ural enemy assessment is not donc, or is conducted 
poorly, then reliable and inexpensive pest control is 
not possible, and there are increased prospects of 
crop failure. 

T[le millet head caterpillar, ,heliocheilus albi-
)inctella (de Joannis) (Lepidoptera: Noctuidac), 
cotnion1ly causes significant crop losses of pearl tail-
let, Penniseun gaiicium (L.) R.Br., t primary Food 

crop in Sahelian West Africa. According to Guevre
mont (1983), one larva can cause 0.4-1.0 g of grain 
loss, with the collective total grain losses approaching 
85'1. For several reasons, 11. albipunctella is a good 
candidate to demonstrate acontrol strategy emphasiz
ing cffectivec natural enemics. lie millet head cater
pillar, also referred to as spike worm, millet spike 
worm, or earhead caterpillar, occupies atpredictable 
habitat in an ecosystcm with relativcly consistent an
nual habitats, has one generation per year, attacks 
several host plants inClding wild millet, and supports 
a relatively large guild of natoral enemies. In this 
paper, we review its biology and its natural enemies, 
and then describe a research approach we believe is 
needed to decide how natural enemies can be key
stonies for its lanagelent. 

Review 

The ltllowing review of the millet head caterpillar 
has been extracted from Guevremont (1981), Gahukar 
et al. (1986), I3hatnagar (1987), Nwanze and Siva
kumnar (1990), FBhatnagar (1990), Gahukar (1990), and 
Nwanze (1991). Many species of Lepidoptera attack 
millet panicles, including Adisura affinis Rothschild, 
A. callina Baker, Masalia nubilia Ilampson, 
Al. terracottoides Rothschild, tleliocheilus albi
punctella, II. biocularis senegalensis Guen~e, I. bor
datei Laporte, I1. brenitrei Laporte, II. confer-

Friin Tcxas A&SI Uniersity, College Stalion, TeXa 
2, Insilul Nalinatl de Rclchertlies Agronomiques du Niger (INRAN/ 'IiRRA)Ilt' 210. Maradi. Niger. 
1. t)cparimnnit t olog. 77843-2475. lISA. 

(;ilstrap, F.E., lnByoun, I., Amadou, Z., and Kail Kadl, II.A. 1995. Biolotgical contol of millet head calerpillar- needs, lactics, and prospects. 
Pages 217 221 in Panicle insect pesis of sorghum and pearl millet: proceedings of an Iniernaional Consuhative Workshop. 4-7 Oci 1993, 
iWRISAr Sahelian Center. Niamey. Niger (Nwane, K.t., and Youin. 0., eds.). Ialancheru 502 324, Andhra Pradesh. India: International Crops 
Research Institue for the Semi-Arid Tropics. 
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Chad, Gambia, Ghana, Mali, Mauritania, Niger,"iable !. Natural enemies associated with le!io- Ngra eegird&ili(Vcrib 17,In 
od Sudan (Vcrca brc 1978). Incheilus albipunctella(from Gahukar et al. 1986). Nigeria, Senegal,formation oil tihe biology and ecology of' 1t. albi-

Parasites 
Egg Trichogranmtaloidaesp 

Litomastix sp (Encyrtidae) 
Larva Prisiomeris sp (Ichneu nonidac) 

Alyante/es sp (Braconidac) 
Goniozus sp (Hethylidac) 
Bracon hebe'tor (lIraconidae)l 
C(irdiochih's sp (ItraconidaC) 
Chalcidlhde sp 
Gonilhthaluishalli ('lTchinidae) 

Pupa thlldrontttts sp (Ichneunion idae) 
7Piyridanthrao sp nr kappa 

(Tachinidac) 

Predators 
Egg, larva Orius sp (Anthocoridac) 
larva GI"7sUS consict s (Pentatonidace) 

EL'tollocornrisf!i-estratts 
(Reduviidae) 

Katanga elit'n'i (Reduviidae) 
Ch/aenins boo/duvalii (Carabidae) 
C. dusaultii (Carabidac) 
Pleroplsophlis sp nr /a/f'rtei 

(Carabidac) 
Polistes sp (Vespidac) 
Ewnenieuae sp 
Formicidaesp 
Chrvsopa .p (Chrysopidae) 

Prepupa I-ornicihe sp 
Pupa Formicidae sp 

Diseases 
Nematodes 

Larva th.'xaimerinis sp (Merniithidae) 
Fungus 
Larva .IsliegilhsfIlavus 
Larva, pupa Aspergilhs sp (Ochraceus group) 

Bacteria 
Larva Unidentified 

I.ttyperpdriImi.: lEurronia SP (h inal idac , Po'biusr s 
(tulphid,wi. 

tissinra Walker, I1. gramtinivora Laporte, and II, vet'-
catnrei Laporte (Vercaiibre 1978). 1lowever, 11. albi-
p, tella is predominant in the Sahel, constituting 
9.)% of the larval population and 98% (f the captured 
moths (Gahukar ct al. 1986). The geographic distribu-
tion of millet head caterpillar includes Burkina Faso, 

invcella is frag.rentary, and is found mostly in 
unpubiished and inaccessible research reports. Ilow
ever, some published reports provide an excellent in
for nation base for a research plan to improve its 
management. In our view, the weakest links in this 
information base are the identity and ecology of asso
ciated natural enemies, and the impact of these ene
nics on It. alhipmocwlla populations. Research on its 
natural enemies is essenial before assessing possible 
biological control strategies, and to implement acom
prehensive strategy for its managenient. 

Ecology and biology 

The millet head caterpillar has one generation per 
year, and bridges the ni1;crop, dr. ,eason as a dia
pausing pupa. Rain suit able lor s wing millet at the 
end of the dry season also breaks diapausC. arid pupae 
resume development. Moths emerge about 30 days 
after the rain, and at about the same time millet pani
cIls begini to develop. Peak rooth emergence Usually 

occurs in August. Adults live for about 5 days, and 
each feriale moth can oviposit 200 or inore eggs. 
Eggs are ovipositcd ildividually or in smrall batches 
of up to 20; they are initially white but turn yellow as 
they mature. About 70'4 of eggs are oviposited dur
ing spike emergence, lW' during fenale flowering, 
16% during male flowering, and 2.5% dur,ng the 
milky grain stage. Abou! 90(,(f all eggs occur on tie 
distal 3 ci of the panicle. Incubation is 2-6 days. 
Newly hatched larvae are quite mobile and their dam
age can be detected by tile presence of white granular 
excreta around the flowers upon which they feed on 
the external surface of the particle. Later they enter 
the spike where they feed internally in spiral tunnels 
and destroy Ilower peduncles. Larvae develop in 23
39 days through 4-6 instars. Mature larvae, or pre
pupae, drop from the plant to burrow into tile soil. 
Soil texture dictates how deep the larvae burrow, but 
most stop at 10-15 cm beneath the soil surface in 
clay-loai soil, and 15-25 cii in sandy soil. Soil 
moisture content also afTects the depth of burrowing. 
Pupae lIocated ill areas between plants occur at greater 
depths than those within 25 ciii of plant hills. Pupa
tion occurs 2-3 days after the larva drops to the soil, 
and pupae remain in the soil until the first good rain 
of the next season. 
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liage of the gao tree, Acacia alhida. Millet plants
Table 2. Natural enemnies associated with Hli- growing near the tree %%ereonly moderately infested 
czeilus albipuncdlela) (from (;uevreront 1982). by the head calerpillar and parasitism was high on 

Parasites these plants. Bracon whebeor also parasitizes larvae of 

Egg Trichogramnmatidae Elphestia and Corcy'ra in stored millet, sorghum, 

Encyrtidae (most abundant) maize, and rice, thus ensuring an ellctive carryover 

Larva Ophioninae (sp no. I1 population instorage. ardio,hih'.%sa/icchn.sis and C. 

(chneunmonidae) variegaltus (Braconidae) are parasites if early- and 

2 Braconid spp iniddlc-instar Hl.alhipit/thla iar,.e; adllf C. var-

Goniozus sp (Bethylidae) iegatus also attacks II. lar,:ie millet,artnigra on 
lracon it'bcor Cowpea, Inlaiic,and sorgilIurn. 'qjido1AoM (= Lito-

Pupa Ophioninae (sp no.2) urasti.) sp nr trunatellum (lnc rliiac, iii tihe Sahel, 
parasitites larvae Oftf/. artiqctra .,c, ,pea and t1. 

Predators albipinctella on millet. ltale.tori. Ia 111drizo.I/a(Ta-

Larva Glypsus conspicits (Pentatornidae) 1chinidac) parasiti/es l:rvae tf ,1.at litth'licoverlw, 

A currcnid wasp and Mvthirna in pearl millet-cowpea cropping sys-

Prepupa An ant ters intile Salie . Goniphitahiin. halli (Tachinidae) 

also attack larvae of II. armigetra o grain legunme and 

cereals inthe Sahel. Reportedly. prepupac are preyed 
Survival/niortality durng developmet n by ants. Parasitisin of-I. alhilimitela pupae isnot 

u/(evelopntlnttg c and apparently does not exceed 2'.tonmion. . Pupae 
are parasiti/ed by the dipterous parasite, 77Tvri-

Only 20-3t'g if hatch ed Iar .ac reachIiiat u r ity, danthra, sp nr kappa, anitf b an ophionine species 

, ' unidentified nitrtrlit,, factors affect the young that attacks late larvae. A cohesive control strategy is 

Ilarv ,e.l)iapauring pupae die as the dry season pro- not available for millet pests. Most control methods 

gresses froi Nov to la,. This mortality occurs are cultural, arid these include early sowinig, deep 

mostly in tipper soil lcvcls, and is closely associated plhowing, and residue removal and 
with soil tenperat Lire-, and moisture at different destruction. l5arly so .wingdecreases stem borer darn

depths. During Feb to May, soil surface temperatures age, but increases head caterpillar numbers; deep 
can approach 45T. and soil nit isture is also Ii .e't plowing dccreases pupal populations, but increases 

during thisperiod. Pupal mortality is lower at greater wind erosion and residue destruction and retioval 
depths, and is high at upper soil levels (where tei- decreases borer piopulations, increases v,ind erosion 

perature reaches 50- 55 C in Apr and May). of the soil, and eliminates sterns as a building 

material. 

Natural eneniies 

Parasitism of irnniature stages of II. albilpnctella oc- Research Plan 
curs mostly late in the season when 80-90' of all 

stages ray be parasitized. lelicovermpa armigera and A clear need exists to identify and quantify the 
11. albipnrctella have cornrron natural eneiies; in sources of 1f. albipnctella mortality. We are engaged 

areas where cti.vpea is sown simultaneously %kith in collaborative research to assess extant natural ene

millet, natural eneriies which initially attack It.arif- rnies. The results will provide a basis to develop and 

igera on cos pea reportedly could nmve to It.arm- appraise biological control strategy for this pest. We 
igera and I1.albifunctella on millet. Bracon hebetor plan to construct life tables and conduct exclusion 
is conirnonly regarded as the twost iriportan; larval studies on the insect's dfevelopmental stages which 
parasite of tl. alhilntnctella. This polyphagous, gre- have high levels of mortality caused by natural ene

garious, ectoparasite was friund to oviposit a maxi- lilies. The 1993 activities focus on field trials of iieth
mui of 56 eggs on a single host larva, but averages odilogy and materials to quantify mortality to each 

only 12 eggs per host. Two chalcidiids (i.e., a culo- developmental stage. We are also experimenting with 

phid and a pteronalid) hyperparasitize B.heeor and maintaining a continuots culture of HI.albiplncteila 

reportedly reduce its efficicncy by one third. Adults and developing the collaborative ties needed for this 
of B. hehtor have been observed aggregating on fu- work in Niger. 
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Beginning in 1994, experiments will be conducted 
to construct an age-specific life table for the millet 
head caterpillar. Our experiments will focus specili-
cally on identifying and assessing mortality caused by 
natural er.emies. Sources of mortality will be investi-
gated for all developmental stages throughout the 
growing season, and on pupae after harvest. Our re-
search approach will use host exposure techniques, 
caged exclosures, and natural population monitoring. 
[lost exposure techniques place millet head caterpil-
lar developmental stages (i.e., cohorts) in different 
habitats, including millet crops and wild noncrops. 
These studies seek to determine linkages between a 
natural enemy and its host. Our design will assess 
sources and magnitude of mortality for each II. albi-
punctella stage in these habitats. Additionally, sam-
pies of naturally occurring stages will be taken at 
regular intervals throughout the year. 

Naturally oviposited eggs of 11. albiputictella on 
millet heads will be counted and held in the labora-
toi y for hatching or emergence of parasites. Naturally 
occurring larxae will be collected from the fieldand 

d in the laboratory for emergence of parasites. 
Pup:ic will be sampled in the soil during the dry sea-
son to determine viability, and to assess mechanisms 
to break diapause and sources of pupal mortality. 
Adult insects will be monitored using light traps, and 
dissections will be made to assess female mating and 
fecundi'ies. Finally, in 1994, we will begin paired 
comparisons of caged exclosures to directly exmninc 
populatin trends in the presence and absence of nat-
ural enemies. Natural enemies will be excluded from 
one-half of ,heexperimental plots by using fully cn-
ciosed cages, iand permitted free access to the other 
half by using pai:ially enclosed cages. 

Synthe'se 

La lulle biologique contre la mineuse de I'ipi de 
mil-besoins, strategies el pe'-pectives. L'histo-
rique des programmes sur lalutte bioiogioie contre 
1, rthropodes t6moigne des rdsultats trbs encour
ageants. Or, ces programmes n'ont conccrn6 que 
I'emploi des enneniis naturels e:otiqucs pour mai
triser des insects ravageurs stir des cultures p6-

rennes. Ces expeienccs jettent peu ieluf&e sur les 
possibilit6s ou les be.inins tie la lutte biologique pour 
des cultures annuelles ou sur l'cmploi des ennemis 
naturcls indigOnes. II faut donner une grande prioritl 
aux efforts soutenus dc conservation ou d'exploitation 
-les ennemis naturels, surtout dans les pays moins 

ddveloppds. Cependant, l'diaboration de ces strattgies 
de lutte doit se fonder sur une base de donn6es fiable 
d'dvaluation des ennemis naturels. Lorsque des en
nemis naturels s'avrent efticaces contre des ray
ageurs sp6citiques, ilspeuvent servir de moyens de 
lutte peu coiteux et de grande envergure. Leur utilisa
tion est gendralenient compatible avec d'autres math
odes de lutte non pesticides. 

La mineuse de l' pi de mail, lh'liocheilus albi
punciella (de Joannis) (Lepidoptera: Noctuidae) est 
l'un des plus redoutables insectes nuisibles au mil en 
Afrique occidentale sahdlienne. Les pertes de rende
ment du mail occasionnees par des larves en ddvelop
pement peuvent atteindre 50%. Le cas de tt. albi
punctella pr6sentc tin excellent exemple pour lalutte 
biologique puisque leravageur occupe un habitat prd
visible tans un 6cosyst6ime relativement stable, a une 
g6ndration par an stir tine culture annuelle, s'attaque 
plusicurs esp&es sauvages de ril ct cst attaqu6 par 
une assez large gaumne d'cnnemis naturels. Mais la 
difficult6 est que 1'c&ologie des ennemis naturels et 
leur impact sur les populations de II. albipunctella 
sont ral connus. La recherche stir Icur 6cologie et 
elticacitd est indispensable ail'tlaboration des strat6
gics de lutte biologique globales contre la ruineuse de 
I'6pi de inil. 

Vu lan6cessit6 d'identilier et de quatitifier les 
sources dc lamortalit6 de I. albipunctella, des activ
its de recherche conjointes ont & cntrcprises sur des 
cnnenis naturels et les rsultats de lirecherche scr
viront de base pour lamise au point et l'cstimation 
d'une m ithode de lutte biologique. Nous projetons de 
dresser des tableaux sur les cycles biologiques ct de 
realiser des 6tudes sur les ,tapes de ddveloppement de 
It.albipunctella qui montrent des niveaux dlevds de 
mortalitd atcause des cnncmis naturels. Nos activitds 
sont axdcs sur des essais en champs stir lamnith
odologie et les matriels pour detcrminer le taux de 
mortalitd due aux ennetnis naturels par rapport Acha
que dtape de ddveloppenient. Les techniques de l'ex
position de l'h6te, lamise en cage etla surveillance 
de ladynamique des populations naturelles seront 
utilisdes dans larecherche. 
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Genotype-pest-parasitoid interactions 

in sorghum: sorghum midge 

K G Kausalya t, K F Nwanze 2, Y V R Reddy 2 and D D R Reddy' 

Abstract 

The results of a study on the effect of host-pant resistance on the development and population 
dynamics of the sorghum midge, Contarinia sorghicola and one of its lrasitoids,Tetrastichus sp, 
are presented. Three resistant (ICSV 745, ICSV 89058, and IS 10712) and three susceptible 
(Swarna, CSII 9, andICSV 112) sorghu genotypes were swrn oilthree dates each during the rainy 
and postrainy seasons of 1992/93. A modified h(adcage was developed fir-monitoring insect 
)opulations. Tihe onset ojfparasitoid 'inergn'te010 as similar in resistant and susceptible genotypes, 

but contenced 2-3 weeks afier initiation oJmidge emnergence. Tetrastichus activity was higher in 
the first attd third sowint dates than inl the See reater numbers we're recovercd frontcond, atd 
susceptible than fiom resistant qellothpt's. The lowest evels oJiarasitization were recorded fron 
nmidge-resistant ICSV 745, but no si.nihicantdiffierences w're fiond inthe )attern of parasitoid 

emergence or the level of nidt'e /oprasitization betweenl resie. genotypes. Theseh.:; and susceptib' 
results suggest that aitatonistic effects ot mid eparasitoid chtto ent are ,rot alwavs associated 

with resistancefactors. This indicates that there is the possibility of interphasing the breeding for 
host-plant resistance with enhanced biological control in the integrated managenent of sorghunt 
midge. 

Introduction Although there are reports indicating the eflicacy of' 
biocontrol agents in reducing midge infestation 

The sorghum midge, Contarinia sorghicola Coquillett (Chundurwar 1977, Garg and Taley 1978), it is not 
(Diptera: Cecidomyiidae) is a widely distributed pest known if plant resistance factors influence parasitoid 
of grain sorghum in Africa, Australia, India, and USA. activity, i.e., if host-plant resistance and biocontrol 
Most commercially available high-yielding varieties have complementary, antagonistic, or synergistic ef
and hybrids are usually more susceptible to midge fccts. This could happen through the modification of 
dlamage than local landraces. Ann uali host-plant cues which could be an important factor inyield loss from 
midge damage has becn estimated at $292 million the orientation of parasitoids to their hosts or in the 
worldwide (ICRISAT 1992). Research on midge has effect of antibiotic resistace factors on parasitoid 
focused on development resistant cultivars. devclopment. Aprostocetus diplo.sidis Crawford, atile of 
This effort has produced several ltidge-resistant vari- parasitoid of' midge, is attracted to sorghum plants 
cties and hybrids in India, Australia, and USA. Some from adistance of about 3 in but not to inidge larvae 
attention has also been given to integrated pest inan- located at the same distance (McMillian and Wise
agernent (111M)strategies with host-plant resistance man 1979). The incorporation of resistant maize in 
(1111R) the Spodoptera fru.as a major component (Tectes 1985). Improved mieridic diet of the armyworm, 
cultural practices, chemical insecticides, and biolog- giperwa Smith, resulted in prolonged developmental 
ical control methods have been advocated in t1PM. timte in progenies of Campoletis sonorensis Cameron, 

1.Andhra 'radesh Agricultural University. Rajendranagar 5M 3.Andlrn IPradesh. India. 
AriaCenter, t'at:ncheru 502 324, Artdhra Pradesh. India.2. m(tRISAT 
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a parasitoid of tieliothis zea Boddie (Isenhour and 
Wiseman 1989). 

Franzmann ct al. (1989) reported that the parasi-
tization of midge larvae was higher on resistant than 
on susceptible sorghum genotypes; however, no cx-
planation was given for this observation. The effects 
of resistance factors in sorghum genotypes on deve- 
loping midge larvae are likely to be exhibited on the 
next trophic level of association, i.e., on midge 
parasitoids. 

We examined this hypothesis in field experiments 
conducted at ICRISAT Asia Center, India. This paper 
presents the results of the first part of this study, in 
which we monitored the development and population 
dynamics of sorghum midge and its predominant 
parasitoid (Tetrastichus sp), on resistant and suscept-
ible genotypes. Experiments were conducted during 
two crop seasons in 1992 and 1993. The possible in-
teractions between identified resistance factors and 
parasitoid activity are also discussed. 

Materials and Methods 

Field studies were conducted during both rainy and 
postrainy seasons of 1992/93 using three resistant 
(ICSV 745, ICSV 89058, and IS 10712) and three 
susceptible (Swarna, CSIt 9, and ICSV 112) sorghum 
genotypes. Experiments were laid out in randomized 
blocks of eight rows each of 9 m length, with three 
replications on three sowing dates (6, 15, and 30 Jul 
1992 in the rainy season : nd 29 Oct, 13 Nov, and I 
Dec 1992 in the postrainy season) in order to monitor 
midge and parasitoid activity throughout the season. 
A basal dose of ammonium phosphate @ 150 kg ha-' 
was applied at sowing. Thinning was done 10 days 
after crop emergence (DAF) and all other agronomic 
practices were carried out where necessary. Shoot 
fly, Atherigona socclta (Rondani) infestation was 
controlled during early seedling growth by applying 
cypermcthrin (22.5 g a.i. ha-1) at weekly intervals, 
The rainy-season crop received supplementary irriga-
tion as necessary while the postrainy-season crop was 
grown under irrigation. 

In each season, three sorghum panicles at half 
anthesis, in each replicate, for the six genotypes and 
three sowing dates were artificially infested with 40 
midge females on two successive days using the 
headCage technique (Sharma et al. 1988). Five days 
after infestation, the panicles were exposed to natural 
parasitization for 10 days and thereafter re-caged for 
parasitoid development and emergence. Similarly, 

another set of unexposed panicles was used to deter
mine the level of midge infestation. 

For collecting emerging insects, the upper end of 
the head cage was modified by fitting a 5 cm long 
(I cm diameter) plastic tube over the central ring of 
the head cage. This tube was held in place at its lower 
end by a thermocole cork while the collection chain
er, which consisted of an inverted 15 mL plastic cup, 

was filted over the upper end of the connecting tube. 
For insect collcc:ion, the cage was covered with a 
black cloth bag the previous evening, leaving the col
lection container as the only source of light. Emerg
ing insects were attracted to light and could thus be 
collected in the plastic cup the following morning. 
After insect collection, the cloth bags were removed 
and the open end of the connecting tube was closed 
with a plastic lid. l-his procedure was repeatedI daily 
for about 10 days, to ensure collection of all emerging 
midge flies and parasitoids. 

Data were recorded on the number of emerging 
midge flies and parasitoids on a daily basis and aver
aged for standard weeks. The level of parasitization 
was calculated on the basis of total emerging para
sitoids (p) and midge flies (m)from exposed panicles 
as follows: 

P X 100 
m+p 

Results 

Collections of natural enemies of sorghum midge dur
ing both seasons revealed three larval parasitoids 
(Thtrastichus sp, Fupehuniussp, and Apateles sp) and 
one predator, Orius sp (Fig. 1). All four species were 
active throughout each season. Tetrastichussp was by 
far the predominant species, constituting 95% and 
98% of the total parasitoids in the rainy and postrainy 
seasons. The other parasitoid species and Orius sp, 
occurred in very lov numbers, but the predator was 
relatively more abundant in the postrainy than in the 
rainy season. 

Rainy season 1992 

Tetrastichus sp was active during the second and third 
weeks of Oct and during the second fortnight of Nov. 
The first peak in activity occurred during the second 
and third weeks of Oct (Fig. 2, weeks 41 and 42) 
when mean weekly collections ranged from 4 to 6 
parasitoids earhead'.- However, the major peak in 
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Table 1. Levels of parasitization of midge (Conta-
rinia sorghicola) in resistant and susceptible sor-
ghu genotypes, ICRISAT Asia Center, rainy 
season 1992. 

Level of parasitization (%)I 

Genotype 6 Jul 15 Jul 30 Jul 

Swarna 19.2 0.0 13.3 
CSH 9 2.6 0.0 22.4 
ICSV 112 4.9 0.0 28.2 
ICSV 745 0.0 0.0 0.0 
ICSV 89058 0.0 0.0 13.5 
IS 10712 2.2 0.0 17.0 

SE (Rep) 1.08 ±0.0 ±4.59 
Rep x Genotype ±2.80 ±0.0 ±12.40 

1.Based on pcrcntage chaff fltorets with parasiloid exit hole. 

activity occurred on the late-sown crop during the 
third week of Nov (Fig. 2, week 47) when the weekly 
collections were 7-27 parasitoids earhead 1 in sus-
ceptible genotypes and 5-13 parasitoids earhead-t in 
resi.stant genotypes. 

Data on midge emergence was unavailable for the 
rainy seaOn. Thcrefore, the level of parasitization 
was assessed from chaffy florets with parasitoid exit 
holes (Table 1). In the first sowing date, the level of 
parasitization w:is high on susceptible Swarna but 
negligible on other genotypes. No parasitoids were 
recovered from resistant ICSV 745 and ICSV 89058. 
No parasitoids were recorded from any genotype in 
the second sowing d:te although midge infestation (ICi 
chaffy florets) ranged from 13 to 23A in the resistant 
and 48 to 56% in the susceptible genotypes. In the 

third sowing, parasitizAtmn was recorded in all ge-
notypes except in resistant ICSV 745. The levels 
ranged from 13 to 28,, with the highest population 
being recorded on ICSV 112. 

Postrainy season 1992/93 

Adult midge flies emerged 2-3 weeks earlier than the 
parasitoids. The first distinct peak in midge emer-
gence occurred in the second week of Feb (Fig. 3, 
week 7) in susceptible ICSV 112, CSII 9, Swarna, and 
resistant ICSV 89058. Several generations of midge 
were produced on susceptible genotypes during the 
season and the highest occurred on ICSV 112 in the 

fourth week of Feb (Fig. 3c, week 9). The first adult 
Teirastichus sp was recorded in the third week of Feb. 
As in the rainy season, major activity occurred at the 
end of the crop season in Feb (week 9) and in late 
Mar and early Apr (weeks 13 and 14). More individ

uals were recovered from susceptible than from resis
tant sorghum genotypes. Parasitoid activity was 
always associated with midge infestation in resistant 
genotypes even at low midge populations. This rela

tionship was present to a lesser extent in susceptible 
genotypes. 

Although there were clear differences in midge 
infestation and parasitoid numbers between resistant 
and susceptible genotypes (Fig. 3), the levels of para
sitization were consistent across genotypes and within 
each sowing date (Table 2). Among the susceptible 
genotypes, parasitization was lowest in Swarna (lower 
than in resistant ICSV 89058). The lowest level of 

parasitization was recorded in ICSV 745 across all 
sowing dates. 

Discussion 

The results of our study showed that Teirastichus sp 
was the predominant parasitoid of sorghum midge on 
the ICRISAI Asia Center farm in 1992/93. Other spe
cies were present in negligible numbers, and species 
composition and predominance was not affected by 
crop sowing date or varietal resistance to midge. 

Table 2. Levels of parasitization of midge (Conta
rinia sorghicola) in resistant and susceptible sor
ghum genotypes, ICRISAT Asia Center, postrainy 
season 1992.03. 

Level of parasitization (%)I 

Sowing dates 
Genotype 29 Oct 13 Nov I Dec 

Swarna 35.8 16.8 56.1 
CSH1 9 48.8 23.7 76.3 
ICSV 112 41.1 28.5 68.0 
ICSV 745 29.7 20.2 28.8 
ICSV 89058 44.8 30.5 72.2 
IS 10712 36.2 15.0 51.9 

SE (Rep) ±32.90 ±0.82 ±0.48 
Rep x Genotype ±9.76 ±5.27 ±8.65 

t. itaed (n Iotal emerging parasiloid (p)and midge flies (m) from 

expsed panicles and calculated as: pw(m+p) x 100. 
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Though Apameles sp has been recorded only in our 
studies, Teirastichussp and Eulelmus sp are well doc-
umented parasites of midge larvae in other parts of 
the world, although the predominant species varied 
vith location. Fupchnlts sp was reported as the pre-
dominant species in India (Chundurwar 1977) and in 
Senegal (Coutin 1970), whereas a different species, 
Aprostoceios (ipIlosidis, was tie predominant para-
sitoid species in Australia (Franzimann et al. 1989) 
and USA (Wiseman et al. 1978). 

The high numbers of Teirasuichrs sp obtained at 
tie end of each crop season at tile ICRISAT farm con-
firms earlier reports of Garg and ThLy l1978) and 
Chundurwar (1977). Gahukar (1984) also reported ef-
fective control of midge by Tierastichus sp at tile end 
of the cropping season. These reports associated in- 
creased parasitoid activity with high midge infesta-
ions which occurred with delayed sowing. Ilowever, 
no explanation has been given for (lie decline in para-
sitoid activity in the intervening period even when 
host insects were available. 

In this study, although more parasitoids were re
covered from susceptible than from resistant ge-
notypes, tle level of parasitization was high in some 
resistant genotypes in spite of low midge activity; an 
observation which confirms an earlier report by 
Franiiann et al. (1989). This indicates that varietal 
resistance did not adversely affect parasitoid develop-
iriCit and activity. lowever, differences in T-tra
sichus sp parasitization rates aniong resistant 
genotypcs suggest that there may be differences bet
ween genotypes in the effect off midge resistance fac
tors on Tetrastichus. 

Two resistance factors, fatster grain devclopment 
anid short glume length, have been associated with 
resistance in DJ 6514 (Sharmia et al. 1990), a parental 
line from which ICSV 745 was developed. These 
characteristics effectively restrict tire space within tire 
floret for larval development and larvae are known to 
become dislodged and exposed to desiccation and 
predation. These factors would similarly not favor tile 
survival of Teirastichits sp and May explain the low 
level of successful parasitization in ICSV 745. 
Sharma et al. (1993) also suggest that resistance in IS 
10712 is due to antibiotic factors. Our results indicate 
that these factors have no antagonistic effect on para-
sitoid activity in IS 10712. lie techanislm and fac-
tor(s) of resistance in ICSV 89058 are not known, but 
it is clear front our results that they do not interfere 
with the development of Etra.stichiv sp. 

Fecundity in midge is high. Each feriale fly pro-
duces an average of >100 eggs (Murthy and Sub-
rannaniam 1975, Passlow 1973) and a life cycle is 

completed in 17-20 day iunder favorable conditions. 
In contrast, fecundity in Tetrastichussp ismuch lower 
(50 eggs feniale 1)and the life cycle is complet in 
21-25 days (Tldey et al. 1978, "hontadarya ct al. 
1983, Garg 1979). In susceptible sorghum genotypes, 
with such a disparity in fecundity and developmental 
period between the parasitoid and its host insect, high 
levels of parasitization will still result in considerable 
pest damage. In resistant genotypes, especially where 
resistance mechanistis and fIctors are not antagonis
tic to parasitoid development, varietal resistance and 
biological control are highly complementary. 

lere were intervals during the crop season when 
Tetrastichus sp populations were low in spite of high 
midge populations, aid no explanation has been given 
for this observation. 'lihis merits further exanination 
in the context of integrated pest ttanagenent since it 
may offer the possibility of crop management prac
tices that could enhance parasitoid activity during 
critical periods of pest population development. 
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Synth'se 

Les interactions genotypes-ravageurs-parasitoides 
chez le sorgho. On est bien renseignd sur les en
nernis naturels de li c6cidoinyie du sorgho, mais on 
l'est beaucoup moins sur leur eflicacitd sur les gd
notypes du sorgho rdsistants ou sensibles. Des dtudes 
en champs oit ,t effectudes au cours de 1992/93 
pendant les saisons pluviale et postpluyiale. Trois gt5
notypes rdsistants atla cdcidornyie (ICSV 745, ICSV 
89058 et IS 10712) et trois serisibles (Swarna, CSII 9 
et ICSV 112) ont fail I'objet d'analyse des interactions 
de niveau tritrophique entre le sorgho, la cdcidoiyie, 
et son parasitode principal, Teirastichus sp. 

Les panicules tie sorglho t demni-anthse ont dt6 
artificiellement infestdes de cdcidoniyies t l'aide ie li 
technique die mise en cage des 6pis (Sharia 1988). 
Cinq jours apr.s l'infestation, les panicules ont dtd 
expos~es au parasitisme naturel pendant 10 jours et 
reinises en cage pour pertiettre le dfveloppement ct 
1'iniergcnee du parasit6de. 
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flour prd1ever des parasitoides dmergents, nous 
avons modifii 1.pattic sup&ictlre de li cage en lixant 
un tube de plastique de 5 Cl Lie long et de 1,0 cm de 
diamtre au-dessus ie I'ouvertire centrale de la cage. 
Ce tube a did maintenu en place h son extrfmit6 inftr-
ieure par un bouchon de polystyrbne expansd tandis 
que li cellule tie pr1ilvctent, qui consistait en un 
petit verre en plastiquc de 15 nl. mis i l'envers, ad1L 
fixde au-dcssus de la pattic stupricure du tube en 
connexion. Pour collecter Its insectes, li cage a t 
couverte dI'un sac ' toile noire Ia veille au soir. On n'a 
laiss6 cotnmc seule source de lunmi&c que le rdcipient 
de pr61bvcnient. Les insectes 6mergents sont attirs 
par hitluni &e ct on a ainsi pu les rdcup6rer dans Ic 
r6cipient Ic lendemain matin. Aprs le prilbvetnent 
tics insectes, on a retir6 les sacs tic toile et oin a ferli6 
i'extr6niit di tube tie prclevetient avec un bouchon 
tie pih!stiqiC. Ce proce6tl a tt rp~ti tols les jours 
pendant tO jours alin tl'assurer I'61ncrgcncc complete 
ties c6cidonyies ct des parasitoides. 

Des collections 'lennemis naturels tie lIa c6-
cidotiyie di sorgho pendant et apres liasaison ties 
plties ont rdv','16 trois larves parasitoides (Tetra-
stichus sp, lipelhnus sp ct Apnteh's sp) ct tinpr~da-
tetir (Orius sp). 7i'trosticltts sp tait tie loin l'espece 
predootinante pendant Its deux saisons. Dans li 
saisot ties plics on a enregislro tinle intense activitL 
tie Ttrastic/hs sp au Cours des 2e e 3e semaines 
d'octobrc (Fig. 2, scii:iincs 41 ct 42) et li pointe 
d'activitc a c lieu au cours tie lIa3c semlailne tie 
novenibrc (Fig. 2, setnaine 47). Le nivcau du para
sitisine des larves tie i cocidoiyie cn tin de saison 
d6termind itpartir de iletirons st6riles ayant des trous 
de sortie Lt parasitoide s'cst situ6 entre 13 et 28%. 

Pendant li saison post-pluviale, I'&ncrgence des 
adultes de la cIdcidomyie a eu lieu 2 ii 3 scmaines plus 
t6t que le parasitoide chez les gnotypes rdsistants ct 
sen,iblcs. La premiere pointe distincte d'dniergence 
de la cdcidolnyie s'est produite au cours ie lhi 2c 
scmaine de f6vrier (Fig. 3, setnaine 7) chez les gd-
notypes sensibles ainsi qic Ic gnotype resistant, 
ICSV 89058. Les premiers adultes tie Te'trastichs sp 
ont 6d signals all cours de li 3c seniaine de fvrier 
(Fig. 3, semline 8) chez tous Ics gdnotypes. L'intcnse 
activit6 s'est produite I la tin tie fkvricr (Fig. 3, sem-
aine 9), tin mars ct d6but avril (Fig. 3, semaines 13 c 
14). 

Malgr6 tie tr~s nettes diff6rences dans les infesta-
lions ie la cdcidotnyie ct le notabre de parasitoides 
entre los gdnotypcs r6sistants ct sensibles (Fig. 3), le 
niveau du parasitisine n'a pas varid sur I'ensemble 
des g6notypes ct au cours de chaquc tlate de semis 
(Tableau 2). Parini les g6notypes sensibles, le para-

sitisme 6tait le plus faible chez Swarna. En fait le 
niveau diI parasitisne chez Swarna a itd plus faiblc 
que celi dnitg6notype rsistant. ICSV 89058. Parni 
tous les genotypes, ICSV 745 a cu Ic niveau di para
sitisme le plus faible pour toutes les dates ie scllis. 

Dans Cece dtude, bien qu'on ait pr~levd un plus 
grand nombre ie parasitoldcs chez les g6notypes sensi
bles que aesistants, lc niveau du parasitismc a tt lev 
chcz certains g6notypcs r6sistants malgr une faible 
activilt tie cecidonlyies; Cele observation confirmc un 
rapport antiricur tie Franzmann et al. (1989). L'dtudc 
indique titc la rdsistance varidtale n'a pas eu d'effct 
ngatif sur Ic dvloppenent ct i'activit6 iu para
sitoide. Cepcndant, lcs diffdrences dans Ic niveau du 
parasitisine ticlitrastichs sp chez les gdnotypes r6sis
rants suggrcnt qu'il pett y avoir ties diffkrcnces entre 
los gdnotypcs relatives aux effts des facteurs de rdsis
tance h la c6cidolmyie sur Ttrastichlus sp. [es 
m&anisnics et les facteurs tie rdsistance sont exanin6s 
en fonction tie l'ilnportante disparit6 qu i existe entre lIa 
fcondtit ct liapriode tic developpetien tie I'hi6te ct 
tiu parasitoide. Nit1ie si l'activitd d u parasitoide est 
plus 61ev6c chez is genotypes sensibles, les dNg~its 
caus6s par li c~cidotiyic auraicnt dtt tiiut tie niiine 
consid6rablcs. Cependant, chez Ics g6riotypes risis
tants, surtout i,i o ies mi6caniisles ct is facteurs tie 
r,3sistance tic s'opposent pits au d6veloppetictit du 
parasitoide, li r6sistance varit~tale et la lutte biologique 
pourr:iient trs bien se rv61er conipl6nientaires. 
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Effect of Crop Management Practices 

on Eurystylus immaculatus on Sorghum 

0 Ajayi and R Tabol 

Abstract 

Different crop management practiceswere examined in relation to the incidence of the head bug 
Eurystylus inmiaculatus: date of sowing, intercroping,nitrogen levels, and plant density. Four 
dates (15 and 29 Jun, I.? and 27 Jud) were tested in 1991 andfive dates (3 Jun, I, 15, and 22 Jul, 
5 Aiug) in 1992 at Bagauda, Nigeria. Date of sowing significantly affected the polndation of E. 
irnmacuIatus; peak infestation occurred in the mid-Jal sowing in 1991 and in the 3 Jun sowing in 
1992. Depending on the sorgltni cultivar used, intercroppingsorqh:un with soybean decreased 
head butg incidence on sorghun bY up)to 22(7c in 1989 and by 8-4r1 in 1991. Both the 1:1 and 1:2 
sorghtni:soybeanrow arrangementshad ftiuer head bugs than sole sorghih . Intercropping with 
piig 'otlwa reduced huad butg infestation by 3 9%averaged over three sorthtm and two pfigeotipea 
cultivars. lntercropp'ilgsorghum with pearl ,nille't atd cowt-wa had no effect on head bug tiunbers 
on ICSV 247 but intreasedthem 2 -3 fold on the taller and later-maturingGava lhary. Significantly 
mort head bugs werefinmd on the conpact-headed ICSI1 507 than on ICSV 247, but Sarnsorg 14, a 
later-Inaturingvarlet', had more head buigs than either. Neither variationsin plant density between 
2. " and 17.8 plants n--' nor level of niitrogen firtilizer between 0 and 90 kg N ha 41 significantly 
afA'c ted huad bug populationson sorghun. 

Introduction 

tlead bugs have recently been identified as key pests 
of improvcd sorghum cultivars in West Africa. I'ury-
St -l.us itnunacdlatas Odhiabtbo is the most important 
of these pests in terms of population and damage 
inflicted on the grain (MacFarlanc 1989). Yield losses 
Of up to 6'( have been attributed to head bug darn-
age (ICRISAT 1990) and the need to apply control 
measures is recognized. As part of the development 
of an integrated pest control strategy, the eflect of 
sorghLItt management practices on the incidence of 
l.ursstyhlas was studied at Bagauda, Nigeria, from 
1989 to 1992. These practices were date of sowing, 
intercropping, nitrogen fertilizer levels, and plant deft-
sity. The effect of sowing date was examined by Rat-
nadass (1993) in Mali, where the highest population 
of head bugs was recorded on sorghum sown on 22 
Jun. Ratnadass (1993) also reported that intercropping 

1. IRISAT West African Sorghum tmpros enent Programi (%V~,,' --

ICRISAT Conference Paper no. CP 984. 

sorghum with legumes (soybean, cowpea, and 
groundnut) did not significantly affect the incidence 
of head bugs at Samanko and Longorola in Mali. The 
effects of fertilizer and plant density have not been 
documented before. 

Materials and Methods
 

Effect of intercropping
 

Sorghum/soyhean intercrop. In 1989, a short-du
ration sorghum variety (ICSV 247) and a short-dura
tion sorghurn hybrid (ICSII 507) were either 
intercropped with short-duration soybean (TGX 
1486- 1D) in a 1:1alternate row arrangement or sown 
as sole crops. In both cases, the ridges were 75 cm 
apart, the intra-row spacing was 25 cm (2 plants 

-hill ') fbcr sorghum, at1d 10 cm (2 plants hill 1,2 rows 

Nigeria, II',%Office, Sii ttak in .ZuwoRoad. B11t 3491, Kano. Nigeria. 

Ajayl, 0., and liabo, R. 1995. Effect of crop management practices on Eury.t~ij. ininmulaiuti insorghum. Pages 233-240 in Panicle insect 
pests of sorghun and pearl millet: proceedings of an Internationital Conuhative Workshop, 4-7 Oct 1993. I(RISAT Sahelian Center. Niamey, 
Nier (Nwanze. K.F., and Youm, 0., eds.). Patancheru 502 324 Andhra Pradesh. India: International Crops ReNearch Instituie foirthe Semi-Arid 
Tropic%.2 
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per ridge) for soybean. Each intercrop plot was 6 in x Sorghun/millet/cowpea intercrop. In 1992, the 
7.5 m while sole crop plots ncasured 5 in x 9 m. All population of EurvshIvs on sole sorghum (ICSV 400) 
component crops were sown on 28 Jun and fertilizer was compared with that in mixtures with pearl millet 
was applied @ 300 kg NPK (15:15:15) ha-' at sowing (Ex-Bornu) and cowpea (Kannanado and 1T715). Sor
with a topdressing of 100 kg urea ha-I (on sorghum ghutn and millet were sown on the same day (30 Jun) 
only) 4 weeks after sowing. At the soft dough stage of in alternate rows at 2.6 or 5.3 plants in-2. Cowpea was 
grain development, five randomly selected sorghum sown on 17 Jul either in alternate rows or in alternate 
panicles per plot were excised and placed in poly- stands within millet rows. IT715 a short-duration IITA 
thene bags. The number of' Eurystyh'1s nymphs and cultivar with a seni-erect growing habit, was sawn at 
adults were counted in the laboratory. In 1991, . long- 2.6 plants i- 2 while Kannanado a later-maturing,
duration sorghum variety, Samsorg 14, was added and spreading local variety was sown at a density of 1.3 

-2three row arrangements (1:1 and 1:2 sorghum: soy- plants t . h'urystvls populations on sorghum were
 
bean, and alternate stands within the row) were used, determined as described earlier.
 
The trial was sown on 19 Jun in 1991. Observations
 
were made as in 1989. Effect of plant density, fertility, and cultivars.
 

In 1992, the same three sorghum cultivars wcrc In 1989, ICSV 247 and ICSII 507 were sown on 29 
used to evaluate the effect of row arrangement and Jun in 75 cm rows in a split plot design. The main 
plant density on Et.rystyh's infestation in an intercrop plots consisted of five plant densities (2.7, 5.3, 10.6,
with soybean (TGX 1497-1D). The 18 treatment con- 13.3, and 17.8 plants tn- 2) and the two cultivars were 
binations (3sorghum cultivars x I soybean cultivar x subplots. There were three replications. Each plot
3 row arrangements x 2 soybean densities) were ar- measured 25 in x 6.75 in. Fertilizer application and 
ranged as a randomized 3 x 3 x 2 factorial design. insect counts were as described earlier. 
The row arrangements were the same as in 1990 and In 1991, ICSV 247, ICSI1 89002 NG, and Sam
1991. Plant densities were 10.6 plants i -2 for sole sorg 14 were each grown at three densities (5.3, 10.6, 
sorghum, 5.3 plants in 2 for intercropped sorghum. and 17.8 plants m2), each receiving four rates of nitro
and 13.3 or 26.6 plants i- 2 for soybean in both the gen (N) fertilizer (0, 30, 60, and 90 kg ha-'). A split
sole and intercrops. The trial was sown on 30 Jun. All plot design was used, with nitrogcn as the main plots
other treatments and data collection were as de- and cultivars as the subplots, each treatment being
scribed for 1989. replicated three times. Each plot measured 52.5 1112 

(10 in long x 5.25 in wide).
Sorghum/pigeonpea intercrop. In 1991, three sor
ghum cultivars (Sor)-ICSV 247, ICSII 507, and Effect ofsowing date. ICSV 247 was sown on four
 
Sainsorg 14-and three pigeonpea cultivars (P)- dates (15 and 29 Jun, 13 and 27 Jul) in 1991 and live
 
ICPL 84023 (extra short-duration), ICPL 151 (short- (3 Jun, I, 15 and 22 Jul, 5Aug) in 1992. Each plot was
 
duration), and ICPL 87067 (medium-duration)- 5 in x 3 in with four rows spaced 75 cm apart, and
 
were intercropped in a 1:1 Sor:P row arrangement. each treatment was replicated four times. Fertilizer
 
The trial was sown on 18 Jun. In 1992, ICSV 247 and application and Eirysylis counts were as reported

Samsorg 14 were intercropped with ICPL 87 and above for the intercropping trials. In addition, grain
 
ICPL 87067 in two row arrangements (1:1and 2:1 yield was recorded at harvest and the extent of grain

Sor:FP). The trial was sown on 30 Jun. A randomized damage caused by Eurystyls was determined at grain

block design with three replications was used in both maturity by visually scoring on a 1-9 scale, where I 
=
 
trials. Each plot was 6 in x 6 m with rows spaced grains with few feeding punctures, and 9 - grains

75 cm apart. Intercropped sorghum and pigeonpea undeveloped and not visible outside the glumes. 
were sown at densities of 5.3 and 2.7 plants in- 2 re
spectively. The density of sole sorghum was 10.6 
plants m-2 while that of sole pigeonpea was 5.3 plants Results and Discussion 
n- 2. A basal application of 300 kg NPK (15:15:15) 
ha- I was given and urea (100 kg hal ) was applied to Effect of sowing date 
sorghum only, approximately 3 weeks after sowing. 
In each year, the population of Furystylus on sorghum In the 1991 trial, the head bug population was lower on 
panicles was estimated as described for the 1989 sor- the first (15 Jun) and last (27 Jul) sowings than on the 
ghum/soybean intercrop, others, reaching a peak on the 13 Jul sowing (Table 1). 
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dal bug (Eury-Tablf swin1.Effct ononheahead bu (Ery-
on sor-Table 1. Effect of sowing date 

stylus immaculalus) incidence and damage 

ghum (ICSV 247), Ilagauda, Nigeria, rainy season 
19911. 

Sowing Ilead bug I)amage Grain yield 
date number 2 rating* it ha ) 

15 Jun 90.5 (9.5)' 1.4 4.17 
29 Jun 165 (12.7) 2 2.68 
13 Jul 198.3 (14.1) 5 1.52 
27 Jul 55.5 (7 2' 4.4 0.66 

Mean 127.3 (10.9) 3.2 2.31 
SE (±).85) ±0.37 ±0.250 
CV (1 (I5) 23 21 

I Rmd,,ui/cd c ,mpk hAl,.k d,.ign ith 4 reptcatin, pil sue 

2. Counted on 5 rind,,ml) ,ecrcd paiiclesil the d uvh ge, 

3 Figure. inpaxenthce, ire ,qure r ,,,itran orined .alue,. 
4 t ).inri 1 0n J1I ( ',.itic. grain, lth it:s feeding,,rcd s.,here I 

punuIC . and 1)- r.in, unde. hped and n i I, 'hlt tihmide 

gluies. 

Grain dam age \kits lower in the first sowing than in 

the oth,.rs, with the greatest damage occurring on tile 

13 Jul sowing. Grain yield decreased with an in.rease 

in head bug population and darnage, being highest in 

tire 15 Jun sowing and loest in the 27 Jul soving. 

The reduction in yield with progressive delay in s, w-

ing was parly due to plant phbsiological factot , particularly soil moisture, and to head bug ,ceding
da sage. 

In 1992. there ,,'re large differences in head hug 
populations betwecn som.ing dates. For example. 20 

days after half-anthesis, there wia.a mean of 604 

Ir.svvlus per 5panicles, for the earliest d":e (15 Jun), 
272 for the I Jul date; and 103. SK, and 63 for the 
15 Jul, 22 Jul, and 5 Aug sowings (Table 2). The 
corresponding damage ratings showed the saute dc
creasing pattern. The results suggested that sorghum 
sown early attractcd more I'urv.l.s than did later 

sowiings. While infestation of ti earliest sowing oc
curred at tile milky stage, infestation commenced pro
gressivcly earlier, at the llov cring and pre-llovcring 
stages, for the later sowing dics. The combined ef
feels Of head bug, damnage and moisture availability 

caused a reduct iorn in grain yields if sowing ssas de

la',ed bc rondI Jill. [he low grain )ieILI in the 3 Jun 
sowing %%,ascaused by, a severe early-season drought. 

These results clcarly demonst rate that sowing (ate 

strongly affects the level of infestation and datiage to 

sorghutn by u.ry/.%yhv. Of the dates tested in 1989. 

(tebest date fir sowing For I iw head bug Lianage and 

high yield \sas 15 Jun. Ilowever, in 1992, the earliest 

dates. shich had the higchest infestation and damage 

levels. also gave the best grain yields. Ratnadass 

(1993) abo recorded niore head bugs on the 22 Jun 

so%'ing than on the 13 Jill sowing in Sananko. Dates 

of sowing can therefore be manipulated to avoid se

vere damage to sorghum b 'u-vrstis. 

Table 2. Effect of sowing date on head bug (Eurystylus inumaculatus) incidence and damage on sorghum 

(ICSV 247), Bagauda, Nigeria, rainy season 1992' 

Sowing ttead bug 

date number 2 

3 Jun 6.4 (24.52)'1 

I Jul 272 (16.43) 

15 Jul 103 (9.77) 

22 Jul 88 (9.12) 

5 Aug 63 (7.148) 

SE (±1.128) 

Trial nican 226 (13.46) 
CV (%-) (16) 

Commencement Damage Grain yield 

of infestation rating' (t ha- 1) 

Milky stage 5.6 2.4
 

Half-anthesis 4.5 4.5
 

Ilalf-anthesis 3.8 3.8
 

Preflowcring 3.7 2.3
 

Prcflowcring 3.4 0.6
 

±0.24 ±0.17 
4.2 2.7 

I1 12 

1. Rand,,mized 'complete bh k design %,ith 4 replicatimns; ph.t size 15 flu. 

2. Counted mn5 randomflN selected panicle 20 da), after half-anthesis. 

3. Da nage sored on a I 9 scale. ,Ahere I - gra;ns "ith f"c, feeding punctures, md 9 - grains undecloped and nit visible outside the glumes. 

4. Figures inparcniheses are square r mttran,,rfi med alus. 
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Table 3. Effect of plant density on head bug (Eurystylus immaculatus) incidence and damage on sorghum 
at Bagauda, Nigeria, rainy seasons 1989 and 1991'. 

2Plants rn- Number of head bugs 2 

1989 ICSV 247 ICSH 507 Sarnsorg 14 Mean 

-17.8 52 (7.21) ' 166 (12.48) - 109 (9.85) 
13.3 99 (9.69) 308 (17.38) - 203 (13.53)
10.6 80 (8.70) 311 (16.9) - 196 (12.80)
5.3 48 (6.78) 190 (13.56) - 119 (10.17) 
2.7 106 (9.71) 244 (15.54) - 175 (12.63) 

Mean 77 (8.42) 244 (15.17) -

SE (plant density) (±1.263)
 
SE (cultivars) (±0.516)
 
CV (%) (26)
 

1991 ICSV 247 ICSI] 89002 NG Samsorg 14 Mean 

17.8 9.3 (3.27) 11.1 (3.21) 34.7 (6.78) 18.37 (4.42) 
10.6 10.1 (3.08) 17.1 (4.00) 51.5 (6.24) 26.23 (4.47) 
5.3 11.7 (2.89) 10.9 (3.12) 50 (5.58) 24.20 (3.87) 

Mean 10.37 (3.08) 13.03 (3.48) 45.4 (6.20)
 
SE (plant density) (±0.198)
 
SE (cultivars) (±0.392)
 
CV (%) (28) 

I. Spit plot design with 3 replications (main plot: density, subplot: cultivars). 
2. Counted on 5 randomly selected panicles 20 days after half-anthesis. 
3. Figures in parentheses are square root transformed values. 

Table 4. The effect of N fertilizer rates on incidence of head bug (Eurystylusimmaculatus) on sorghum at 
.Bagauda, Nigeria, rainy season 1991' 

N rate Number of head bugs 2 

(kg ha-1 ) ICSV 247 ICSIt 89002 NG SAMSORG 14 Mean 

0 8.06 (2.76) 3 10.3 (3.10) 29.4 (5.34) 15.90 (3.73) 
30 10.7 (3.14) 14.6 (3.71) 47.2 (6.28) 24.17 (4.38)
60 14.6 (3.66) 10.8 (3.10) 74 (7.72) 33.13 (4.83) 
90 8.1 (2.76) 16.4 (4.00) 31 (5.47) 18.50 (4.07) 

Mean 10.30 (3.08) 13 (3.48) 45.4 (6.20) 
SE (N rates) (±0.504)
 
SE (Cultivars) (±0.392)
 
CV (%) (20)
 

I. Split plot design with three replications (main plot: nitrogen rates, subplot: cultivar). 
2. Counted on 5 randomly selected panicles 20 days after half-anthesis. 
3. Figures in parentheses are square rnt transformed values. 
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Effects of plant density, fertility, and 
culttivars 

In both 1989 and 1991, there was no consistent trend 
in the effect of plant density on head bug numbers 
(Table 3). However, in 3 out of 5 cases, there weto 

-more head bugs at 10.6 plants mn than at other densi-
ties, possibly because at this density, plants were tal-

ler, more vigorous, gave higher yields, and were 
therefore more attractivc to head bugs (ICRISAT 
Sahelian Center 1990, p. 109, ICRISAT Sahelian Center 
1992, p. 94). 

Table 5. Eflect of intereropping sorghum with 

sovhean (TG;X 1497-11)) on the population of head 

hugs (Eurystylus ininaculatus) on sorghum at 

Iagatcla, Nigeria, rainy season 19891. 

Crop 	 Number of head bugs 2 

combination ICS11 507 ICSV 247 

Sole sorghum 208 (14.4) 3 49 (6.9) 
I sorghum: I soybean 
intercrop 165 (12.5) 38 (5.8) 

SE (± 1.31) 
MeanMe7 187 (13.5)(13) 

44
4that 

(6.4) 

I. Randomized block deign l 3 replications 
2. L'inted on 5 randnil) Nelecled panicks at soft dough stage. 
3. t1e1LIr IIn JIfetiheses ae squire r MItransfir niedaues . 

In 1991, the number of head bugs averaged over 
three cultivars increased with an increase in the rate 
of nitrogen from 0 to 60 kg ha-' (Table 4) and then 
decreased. The increase between 0 and 60 kg N ha-' 
is due to the better porlbrmance and attractiveness of 
the crops with higher levels of N. ltowevcr, the de
crease in head bug population after 60 kg N on ICSV 

247 and Sainsorg 14 is inexplicable. 
The population of heat. ougs was 2-4 times hi-her 

on the semi-compact panicled ICSII 507 than or the 
semi-loose panicled ICSV 247 (Tables 3 and 5), cut 

there was little difference between ICSH 89002 NG 
and ICSV 247 (Table 3), both of which have semi-loose 
panicles. There were 15-39 times more Eurystyvls on 

Gaya Early than on ICSV 4(X) when either was inter

cropped with pearl millet and cowpea (Table 8). Signif

icantly more head butgs were found on Samsorg 14, a 

tall, and long-duration variety, than on the shorter and 

earlier maturing ICSV 247 and ICSl1 507 (Tables 3, 4, 

6, and 7). Since both Gaya Early and Samnsorg 14 are 

taller and mature later than ICSV 247. ICSII 507, and 
ICSI I 89(X)2 NG, head bugs are likely to move from the 

earlier maturing to the later maturing plants and &

velop larger populations there. In addition, Gaya Early, 
being a kaura type sorghum, has softer grains which 

favor head bug feeding and development. 
Malisor 84-7 is recognized as the only cultivar 

has shown stable resistance to Eurysiylus (Ratna

dass et al. 1991, 1992, 1993) but the current study 

indicates that early maturity may enable some suscep
tible sorghum varieties to suffer less damage than 
later m aturing ones. 

Table 6. Eflect ol' intercropping sorghum with soybean (T1;X 1497-1I) on the population of head 
bug (Eur'stylus imnmaculatnA) on sorghumn at Bagauda, Nigeria, rainy season 19911. 

Number of head bugs 2 

SoybeanS1rghtim 
cultivar plant density ISor: ISoy 3 ISor: I Soy Alternate stand Sole 

ICSV 247 	 Il* 23.33 (4.80) 5 15 (3.85) 18.67 (4.17) 37 (5.96) 
2 12 (3.39) 18.33 (4.26) 25 (4.78) 

ICS11 507 	 1 16.30 (3.99) 10.67 (3.24) 22.33 (4.67) 22.67 (4.63) 
2 17.67 (4.14) 12.67 (3.54) 24 (4.81) 

Sansorg 14 I 81 (8.62) 70.66 (7.96) 139 (10.08) 118.67 (9.71) 
2 53.33 (7.25) 113.66 (10.67) 196 (13.34) 

Mean 33.94 (5.37) 40.17 (5.59) 70.83 (6.98) 59.45 (6.77)
 
SE 22.22 (±1.423)
 
CV (%) (40)
 

t. Randomized htock design with 3 replication%. 4. Density I - 13.3 plants in 2.density 2 - 26.6 ptants M2
. 

2. Counled (n 5 randomly selected panicles at soft dough stage. 5. Figures in parentheses are square roi transformed vatues. 
3. Row arrangement: Sitr - sorghum. Soy - soybean. 
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Effect of intercropping 

Intercropping sorghum with soybean in a 1:1 row ratio 
decreased head tlig infestation by 21% in 1989 (Table 
5) and by 43% in 1991 (mean of three cultivars, Table 
6). The decreasc was 32% with'a I sorghum: 2 soy-
bean row arrangement (Table.6). The alternate stand 
within the row arrangement decreased head bug num
bers by 41% on ICSV 247, had lit.le effect on ICSII 
507, but incrca:sd infestation by 25% on Sarnsorg 14 
(Table 6). A higher density of soybean increase in-
festation in 7 out of 9 cases (Table 6). Irrespective of 
the varieties used, intercropping soghum with 
pigeonpea had ,o effect on the population of head 
bugs (Table 7). 

Intcrcropping sorghum with pearl millet and cow-
pea did not affect head bug numbers on ICSV 400 
(Table 8) but in Gaya Early, head bug numbers were 
2-3 times higher on the intercropped than on the sole 
sorghum. Sorghum/millet density, and row arrange-
ment of the three crops, did not alter head bug popula-
tions (Table 8). 

The results confirm the finding of Ratnadass 
(1993) that intercropping sorghum with legumes does 

Table 7. Effect of intereropping sorghum with 
pigeonpea on the infestation of sorghum by head 
bugs (Eurystylus immaculatus) at Bagauda, rainy 
season 1991'. 

Sorghum 
cultivar Pigeonpea Number of head bugs2 

ICSV 247 - 23 (4.77) 
1CPL 15 1 32 (5.58) 
ICPL 87067 20.30 (4.47) 
ICPL 84023 25 (4.96) 

ICSH 507 - 49.30 (6.97) 
ICPL 151 19 (4.34) 
ICPL 87067 38 (5.96) 
ICPL 84023 31 (5.41) 

Samsorg 14 	 - 117.30 (10.62) 
ICPL 151 123.30 (11.10) 
ICPL 87067 123 (11.04) 
ICPL 84023 138.70 (10.96) 

SE (±1.177) 
CV (%) (28) 

I. Randomized block design with 3 replications. 
2. Counted on 5 randomly selected panicles at soft dough stage. 

Table 8. Effect of intercropping sorghum with 

pearl millet and cowpea on incidence of head bug 
(Eurys'ylusimmaculatus) on sorghum at Bagauda, 
Nigeria, 19911. 

Number of 
Treattment head bugs 2 

Cultivar 
-ICSV 400 sole 2.2 (.39) 

ICSV 400/Ex-Bornu/Kannanado 1.6 (0.78) 
ICSV 400/Ex-Bornu/IT 715 2.1 (1.06) 
Gaya Early sole 31.9 (3.93) 
Gaya Early/Ex-!3orni/Kannanado 58.9 (6.56) 
Gaya Early/Ex-lornu/IT 715 81.4 (8.04) 
SE 	 ±9.63 (±0.652) 

.ensity(plants M- 2)4 

5.3 (S) + 5.3 (M) 29.2 (3.54) 
5.3 (S) + 2.6 (M) 	 27 (3.37) 
2.6 	 (S) + 2.6 (M) 32.7 (3.96) 

SE ±6.81 (±0.461) 

Row arrangement 5
 

Alternate stand 27.8 (3.34)
 
Alternate row 31.5 (3.91)
 
SE ±t5.56 (±.0.376) 
SE ±5.56 (76) 

1. Randomized complete bhk design with 3 replications; plot size
230 MI. 

2. Counted on 5 randomly selected panicles at soft dough stage. 
3. Figures in parentheses are square root transformed values. 
4. Density of sorghum and millet varied; density of cowpea re

mained the same; Kannanado: 1.3plants M2 
; IT 715 - 2.6 plants 

M-. 
5. Alternate stand: millet and cowpea on same row, sorghum on 

separate rows; alternate roy: millet, cowpea, and sorghum on 

separate rows. 

significantly affect infestation by head bugs. Nev
ertheless, the reductions in the Furystylus population 
due to intercropping soybean and the increase re
corded in mixtures of Gaya Eary with cowpea and 
pearl millet indicate the potential importance of this 

management practice as a control measure. This study
suggests, however, that intercropping pigeonpea with 
sorghum is not effective in reducing head bug popula
tion and damage. 

Conclusion 
The following conclusions are suggested by the re
suits presented in this study: 
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" 	 Sowing date of sorghum affects the incidence of 
and damage by Eurystylus immaculatus; 

" 	 Application of nitrogen fertilizer encourages high 
infestation; 

" 	 Loose panicle, soft grain, and late maturity can 
enhance the development of high populations of E. 
imtuacdatus on sorghum; 

" 	 Intercropping sorghum with legumes can reduce 
infestation by E. inttaculatus but not in all cases. 
Hlowever, if used in combination with other mea-
sures, such as date of sowing, early maturity, hard 
grain, and resistant cultivars, intercropping could 
be an effective control measure. 
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Synthe'se 

Les effeas des pratiques culturales sur Eurystylus 
immaculatus chez le sorgho. Les pratiques cultu-
rales tels que la date de semis, la culture associde, les 
niveaux d'azote, et la densit de semis ont did exa-
mitnies par rapport aux incidences et aux infestations 
des punaises des panicules du sorgho, Eurystylus in
maculatus Odhiambo. Quatre dates de semis (15 et 29 
juin, 13 et 27 juillet) ont dtd dvaludes cn 1991 et cinq 
dates de semis (3 juin, ler, 15 ct 22 juillet, 5 aoft) en 
1992 ABagauda, au Nigdria. La date de semis aeu un 
effet signilicatif sur la population de E. iummaculatus; 
la pointe d'infcstation a eu lieu dans le cas du semis 
de mi-juillet en 1991 ct de 3 juin en 1992. Les ddgdts 
au grain ont suivi la mme tcndance que la population 
des punaises des panicules. Le rendement en grain a 
did corrd nigativemnent avec la population des pun-
aises des panicules et les ddgdts, mais il a dtd aussi 
influencd par la disponibilitl en eau. La date de semis 
peut donc 6tre modifide afia d'dviter les ddgiits sd-

v&es occasionnds par E. imnmaculatus. Selon le culti-
var du sorgho utilisd, l'association culturale de sorgho 
et 	 de soja a diminud l'incidence des punaises des 
panicules chez le sorgho de 22% en 1989 et de 8-49% 
en 1991. 

La disposition alterne des rangs (I rang de sor-
gho:l rang de soja; et I rang de sorgho:2 rangs de 
soja) aeu un nombre moins important de punaises des 
panicules que la culture pure du sorgho, leur popula- 
tion ayant diminud de 43% et 32% respectivement en 
1991. La disposition alternde Al'intdrieur des rangs a 

Cu des effets diffrcnts selon la varit6 utilis6c. La 
culture associ c avec le pois d'Angole a permis de 
rtduire trbs Idrgremcnt Icnombre de E. immaculatus. 
L'association des cultures sorgho/mil ct sorgho/nidb6 
n'a eu aucun effet sur le noibre des punaises chez la 
vari6td ICSV 247, mais en a doubld et tripld le 
nombre chez Gaya Early, une varidtd locale plus 
grande Amaturation plus tardive. 11est important de 
noter qu'on a trouvd davantage de punaises sur ICSII 
507, un hybride . panicules compactes que sur ICSV 
247, une varidti Apanicules semi-laches. Mais, Sam
sorg 14, une varidt plus tardive, a eu bcaucoup plus 
de punaises que ICSH 507 et ICSV 14. On a trouv6 
des infestations similaires de E. immaculatus sur 
ICSV 247 et ICSII 89002 NG, tous deux ayant des 
panicules semi-15ches. On a compt de 15 A 39 tois 
plus de punaises sur Gaya Early que sur ICSV 400, 
lorsque l'un ou l'autre dtait cultivd en association 
avec le mil et le ni6b6. La variation de densitd de 

M2semis de 2,7 A 17,8 plants n'a pas affectd de 
nianibre consistante I'infestation des punaiser des 
panicules; cependant le nombre des punaises adid 

2
plus dlevd sur des plants Adensitd de 10,6 plants nv
qu'A d'autres densitds. L'infestation des punaises des 
panicules a augment6 avec le niveau d'engrais azotd 
(0 A 60 kg ha'). Ces observations sont examin6es Ala 
lumire de strategies de lutte int6grde contre E. 
inmaculaius. 
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Sorghum Management Options 

to Reduce Insect-induced Stress 

G L Teetes' 

Abstract 

Grain sorghum production in U.o will not escape the consequences of the current public and 
political sensitivitv to environmental and hunan-health issues. The sustainable agriculture agenda 
also is an issue relevant to sorghum production in less developed countries. Insecticide-based 
integrated pest ilanagenent strategies are being firced to change to biological/ecological-based 
strategies, inplying that technology is available to US agriculture to manage insect pests without 
chemical insecticides and still maintain crop production at levels that allow abundant supplies of 
cheal food,fiber, and other agricultural products. 7ie parallel implication is that this approach 
will ensure adequate levels oJffood in lesser developed countries. Arn important issue is whether 
nonchenicalsorghum insect tanagentent technology is currently available, and if the timte is right 
for cultural as well as biological insect pest nanagenient tactics to be exploited. 

In this paper, itsect ntatnagenient tactics including crop rotation, insect-resistait plants, crop 
refuse destruction, tillage, sowing and harvesting tinie, plant sl)aciig, fertilizer and water manage

nent, and trap crops, as well as biological control, are assessed to define their level of use, value, 
and potential to reduce insect-indtucedstress in sorghum. 

Introduction sorghum growers, those of us who are involved in 
sorghum improvement research, the sorghuml secd in-

Grain sorghum production in USA will not escape the dustry, and industries that utilize sorghum. 
consequences of the current public and political sensi- The most commonly used reasons for the need to 
tivity to environmental and hnuman health issues. Ac- force achange from liberal insecticide use to 'biolog
tivities associated with agricultural crop production, ical' or 'ecological' methods to reduce insect-induced 
especially crop protection a1l the use of insecticides, stress to plants are cost, the toxic and pollution dan
place the sorghum grower in the role of culprit in the gers of insecticides, and the demand for safie food, 
environmental issue. This is despite the fact that agri- clean water, and wildlife conservation, expressed as 
culturisis in general and sorghunt growers in parlicu- concern over human health and the environment. 
lar are and have been, by the very nature of their I lowever, there has ben adramiatic change inattitude 
business, conscious of the need to preserve the envi- from one that considers risk/benefit comparison, 
ronnient and the earth's natural resources. Some US whereby certain actions are justified if the benefits 
governmental agencies and other groups intend to are greater than the harm, to one in which almost no 
force a change from the liberal use of insecticides to risk is acceptable. 
exclusively nonchcmical insect pest control niethods 
to reduce insect-induced stress to plants. The implica
tion is that the technology is available to manage Chemical vs Nonchemical Control 
insect pests without chemical insecticides and still 
maintain crop production at levels that allow abun- It is true that insecticides are toxic to nontarget organ
dant supplies of cheap food, fiber, and other agri- isms, and attempts are being made to produce selec
cultural products. This concept directly affects tive insecticides and to use them in a more selective 

I. I)cparimcnt of tintonology, Texas A&M University, College Station, Texas 77843-2475, LISA. 

Teetes, (.. 1995, Sorghum management options toreduce insect-induced stress. Pages 241-246 in I'anicle insect pestsof sorghum and pearl 
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Youm, 0., eds.). I'atancheru 502 324. Andhra'rPadesh, India: International Crops Research Institutefor Ihe Semi-Arid Tropics. 
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manner. It is also true that resistance of insect pests to 
insecticides is apersistent problem that leads to more 
insecticide use and an increase in the cost of crop 
production. From an ecological standpoint, one of the 
most serious negative aspects of insecticides is that 
they simplify the ecosystem. They reduce diversity, 
and thus reduce stability which often intensifies the 
problems they were originally intended to solve, be-
cause of insect pest resurgence and secondary pest 
outbreaks, 

There are, however, real advantages to the use of 
insecticides that may not be realized using nonchemi
cal insect management methods. For example, insec-
ticides have curative ability, i.e., they can fix an insect 
pest problem quickly and easily after it has occurred. 
And, regardless of the contentions of many people, if 
properly used, insecticides work, and for the most 
part they work very well. 

The concept of using nonchemical insect manage-
ment methods to reduce insect-induced stress is much 
different from that of using insecticides. The use of 
nonchemical managemcnt methods must be aplanned 
part of !he total crop production system at the very 
beginning, because nonchemical tactics are preven-
tive in nature and not curative. Their use consequently 
requires good, serious, and long-range planning. The 
use of nonchemical management tactics requires con-
sideration of an insect pest problem long before it 
occurs. Insecticides allow the problem to be dealt 
with when it occurs. The advantage of nonchemical 
managcment tactics does not lie totally in their effec-
tiveness, but in the fact that they are nonpolluting. 
Their action is slow and perceived to be less depend-
able than the rapid curative action of chemical 
insecticides, 

Integrated Pest Management 

The attack on chemicals used in agriculture forces us 
to ask if the hour is nearly over for using insecticides 
to protect crops such as sorghum from insect pests. 
For the last 30 years entomologists have led crop 
protection specialists in integrated pest management. 
The concept is still very real and is the cornerstone 
for the approach to crop protection from pests, espe-
cially insect pests. 

Perhaps some people are just catching up to where 
entomologists have been for a long time with inte-
grated pest management. However, the level of use 
and conformity with the principles of integrated pest 
management by growers appear to be directly cor-
related with the effectiveness of insecticides. When 

insecticides work well, integrated pest management is 
not considered; when they do not work well, inte
grated pest management provides the only viable 
option. 

The paradox has to do with existing technology, 
and current use of that technology. Sorghum and its 
insect pest complex are agood example of this para
dox. Also, they provide the opportunity to address 
current sorghum management options to reduce in
sect-induced stress. 

Nonchenical Control in Sorghum 

There are a number of nonchemical control tactics. 
Some of these are referred to as cultural control 
methods, which is the use of agronomic practices that 
result in a reduction of insect pest abundance and/or 
damage and include: crop rotation, insect-resistant 
plants, crop refuse destruction, tillage, sowing and 
harvesting time, plant spacing, fertilizer and water 
management, and trap crops ('lable I). 

Other tactics include biological control (Table 2), 
genetic or autocidal methods, regulatory methods, 
and mechanical and physical methods, the latter being 
labor-intensive practices that have limited practical 
application in modern agriculture. 

There are chemical approaches, other than 'hard' 
insecticides, and basically their use is to achieve se
lectivity by being nontoxic to nontarget organisms. 
Insect growth regulators and microbial insecticides 
are good examples of these. 

To address the sorghum management options to 
reduce insect-induced stress requires an examination 
of the nonchenical insect management approaches 
and assessment of their utility in reducing the damage 
caused by insect pests of sorghum. I have taken the 
cultural control and biological control methods and 
attempted to evaluate their use in managing specific 
sorghum insect pests or insect pest groups. 

This evaluation is based on a 1-5 rating scale, 
where I = no use or effect, 2 - little use or effect, 3= 

sonic use, 4 = moderate use, and 5 = major use or 
effect. The ratings assigned take into consideration 
the actual use of the practice and the potential cffec
tiveness of the tactic if it was used on a regular, 
intentional basis. Also, the ratings are my opinions 
based on my experience as a sorghum entomologist. 

An overview of the cultural control tactics as ap
plied to sorghum insect pests in USA, shows that there 
are far more low ratings than high ratings, indicating 
that there are more insect pests or insect pest groups 
that are not affected by cultural control practices than 
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Table 1. Nonchemical control methods employable against sorghum insect pests in USA. 

Cultural control method 

Plant Refuse Fertilizer Water 
Crop resis- destruc- Sowing Plant manage- manage- Trap 

Insect pest rotation tance tion Tillage time spacing ment went crops 

Soil insects 
Wireworms 51 1 3 3 3 I 2 2 1 
White grubs 5 I 3 3 3 3 2 2 1 

Rootworm 5 I 5 3 1 2 2 2 1 

Cutworms 5 1 5 3 2 2 2 2 1 

Aphids 
Greenbug I 5 1 4 3 2 2 2 I
 

Yellow sugarcane aphid I 1 2 I 3 2 2 2 I
 

Corn leaf aphid I 4 I I 2 2 2 2 1
 

Foliage feeders 
Fall armyworm I 2 1 1 5 I 2 2 1 

Corn earworm I I I 1 5 I 2 2 1 

Chinch hug I 2 3 1 2 4 3 3 1 

Spider mites I 3 I I 3 2 2 5 1 

Stem borers 
Southwestern con, stalk I 1 5 1 3 3 2 2 1 

Sugarcane I I 5 1 5 3 2 2 1 
Lesser cornstalk I 1 3 I 2 2 2 2 I 

Sugarcane rootstock 4 1 3 4 2 2 2 2 I 

Panicle feeders 
Sorghum midge 1 3 2 1 5 I I I I 

Sorghum webworm I 2 4 I 5 I I i ! 

Corn earwonia I 2 I I 5 I I I 1 
Fall armyworm I I I I 5 I I i 1 
Kernel-feeding bugs I I I I 4 I I I 1 

1.1 - no use. 2 - little use, 3- some use, 4 - fair use, 5- major use. 

are affected by such tactics (Table I). Evaluating nine wireworms (Aeolus spp), white grubs (Phyllophaga 

cultural control methods against 20 sorghum insect spp), southern corn rootworm [Diabrotica undecim

pests or insect pest groups produces 10 different rat- puncta howardi (Barber)], and cutworms. Crop rota

ings. An assessment of these revealed that 49% rated tion is used and iseffective in reducing the abundance 
I (no use or effect), 26% rated 2 (little use or effect), of these insect pests. Wirewortns and white grubs, 
12% rated 3 (some use or effect), 7%rated 4 (fair use especially, meet the criteria for insect pests that 

or effect), and 9% rated 5 (major use or effect). 	 would be affected by crop rotation. That is, they have 
a long life cycle and a fairly limited capability to 
migrate. Crop refuse destruction is important in re
ducing damage by the southern corn rootworm and 

Soil insect pests 	 cutworms. The cultural practices that promote rapid 

seed germination and strong, vigorous sorghum plants 

Insect pests that inhabit the soil are affected by some also provide some protection against soil insect pests. 
cultural control methods. This group of pests includes Trap crops are not important. 
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Table 2. Nonchenical control methods employalble against sorghmn insect pesLs in USA. 

Biological control method 

Insect pest Classical Conservation Augmentation 

Soil insects
 
Wireworms 

White grubs 

Rootworm 

Cutworms 


Aphids 
Greenbug 
Yellow sugarcane aphid 
Corn leaf aphid 

Foliage feeders 
Fall armyworm 
Corn earworn 
Chinch bug 

Spider mites 


Stem horers 
Southwestern corn stalk 
Sugarcane 
Lesser cornstalk 
Sugarcane rootstock 

Panicle feeders 
Sorghm midge 
Sorghum webworni 

Corn earworm 

Fall arinyworin 

Kernel-feeding bugs 

I 

I
 
I 

I 


1 

I 

I 


1 

i 

1 

I 


I 

5 

I 

I 


I 

I 

I 

I 

1 


I.1- no use. 2 - litle us, 3 - some use. 4 - fair use,5 - major use. 

Aphids 

The three aphid pest species of sorghum-greenbug 
(Schizaphis graminum Rondani), yellow sugarcane 
aphid (Sil ha lava Forbes), and corn leaf aphid (Rho
pIlosiphiuo maidis Fitch)-are not much affected by 
most cultural control tactics. The greenbug can often 
be managed by using plant resistance, and germplasni 
resistant to the corn leaf aphid is available but inot 
often used. Sorghums resistant to tire yellow sugar-
cane aphid have been recently identilied, but ira-
proved parent lines for hybrids are not available, 
Minimunm-tillage practices have been shown to re-
duce greenbug abundance, but the practice has not 
been used intentionally for that purpose. Practices that 

I
 

1 I
 
I
 

5 1
 
I I
 
5 1
 

2 1
 
2 1
 
2 1
 
2 5
 

2 1
 
I 1
 

2 1
 
I I
 

2 1
 
5 1
 
5 I
 
5 1
 
2 1
 

improve plant vigor have some benefit, and in some 
areas late-sown sorghum is usually less infested with 
greenbug and sometimes yellow sugarcane aphid than 
is early-sown sorghum. 

Foliage feeders anid borers 

Sorghum foliage feeders are only minimally affected 
by most cultural management tactics. Sorghums sown 
early often escape damnaging whorl infestations of 
corn earworm (Ihlicoverpa zea Boddie) and fall 
armyworm (Spodom'rafrugiJwrda J E Smith) com
pared to Ilatc-sovn sorghuinm. Sorghul with a uni-
Ibrmn, fairly dense plant stand is less favorable to 
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chinch bug (Blissus leucopterusSay) than sorghum in 
a poor stand. Where irrigation is available, managing 
water to prevent moisture-stressed plants is helpful in 
reducing damage by the Banks grass mite (Oligo-
nychus pratensis Banks) and two-spotted spider mites 

(Ttranychus spp) in sorghum. 
Insects that bore into sorghun stalks are reduced 

in abundance by killing overwintering larvae that hi-
bernate in stalks by stalk destruction during the win-
ter. Early-sown sorghum is usually less infested with 
borers, especially sugarcane borer, than late-sown 
sorghum. Tillage practices to prevent Johnsongrass is 
helpful in preventing infestations of sugarcane root-
stock weevil [Anac'ntrinusdeplanaus(Casey)]. Cul-
tural practices (especially plant spacing) that produce 
strong plants, provide protection fron stalk lodging 
and pcduncle breakage due to borer infestation. 

Almost all panicle-feding insect pests of sorghum 
are more abundant and more damaging in late-sown 
than early-sown sorghum. hllis is especially true for 
sorghum midge (Contarinia sorgthicola Coq.), corn 
carworm (thliCoVa'rp ceO Boddie), fall armyworm 
(Spodopltra fii'gqiptrda J E Smith), sorghum web-
worm (Celana sorghiella Riley), and panicle-infest-
ing true bugs such as the rice stink bug. Midge-
resistant sorghums have been identificd and have 
great potential, but are not widely available or used as 
yet. Because sorghum webworm overwinlers oti sor-
ghium plants, crop refuse destruction is important in 
the managenent of this insect pest. Sorghums with 
more open panicles are usually considered to be less 
damaged, especially by lepidopterous larvae, 

Biological Control 

Biological control is not practiced against most sor-
ghum insect pests (Table 2). The only classical (intro-
duced natural enemies) biological control program in 
practice is for the sugarcane borer (Diatraea sac-

charalis Fabricius), and the parasite of this borer is 
most effective in sugarcane. The samne parasite does 
attack the borer in sorghum and maize in the Lower 
Rio Gramnde Valley. Most biological control in sor-
ghum is by conservation, which refcrs to the enhance-
mctnt of the numbers of already existing natural 
enemics by improving their environment or by re-
moving suppressive conditions. Very often, a major 
suppressive condition for natural enemies is insec-
ticide use, not only in sorghum, but drift from other 
crops being sprayed. Also, most conservation-based 
biological control occurs in the absence of aproducer 
decision. Thus, conservation of effective natural ene-

mies is a by-product of a nondecision, not the basis 
for the decision. If the decision does not focus on 
conserving the natural enemy, then the conserved nat
ural enemy activity is by definition due to natural 
control and not to biological control, which implies 

human intervention. In any case, conservation-based 
biological control is important in managing greenbug, 
corn leaf aphid, sorghum webwortn, corn earworm, 
and fall armyworm. 

Augmentation (mass culturing and periodic re
lease of a natural cremy) is typically a high-cost ac
tivity, and spider mite predators are the only natural 
enemies for sorghum pc.'s with utility broad enough 
to be cost-effective in augn,,ntation biological con
trol. Ilowever, augmentation biological control is not 
being practiced to reduce insect-induced stress to 
sorghum. 

Of the other direct control tactics discussed ear
licr, two chemical approaches considered not to be 
'hard' insecticides arc insect growth regulators and 
microbial insecticides. Neither ofthese types of prod
ucts is specific for use on sorghum, but some are 
available after being developed for other insect pests 
on other crops. Their advantage is specificity, not be
ing toxic to nontarget organisms. The microbial insec
ticide of the Bacillus thuringicnsis toxin is an 
example. 

From this evaluation of nonchemical cowrol tac
tics it might appear that there are fewer options to 
chemical insecticides than one might expect. But the 
data in Tables I and 2 could be misinterpreted, as 
some of the most important insect pests of sorghum, 
sorghum midge and grecnbug, can bc fairly ade
quately managed by nonchemical means. [or exam
pIe, sorghutt midge can be managed by early, 
uniform, regional sowing. The population dynamics 
of the sorghum midge are such that damaging infesta
tion levels are usually only reached after ageneration 
of the insect is completed in the carliest-sown sor
ghum inan area. Ihe development of midge-resistant 
sorghums has been a long-term effort with moderate 
levels of success. Although commercial midge-resis
tant sorghums are not readily available, breeding 
lines and experimental hybrids have been developed 
by the Texas Agricultural Experiment Station Plant 
Breeding/Entomology team. This program focuses on 
plant resistance to sorghunm midge, producing resis
tant germplasm, and attempting to understand the ef
fect of the resistant plants on the insect pest and the 
effect of the insect oit the resistant plants, and incor
porating plant resistance into an integrated pest man
agement strategy. Despite slow progress, good 
achievements have been made. Hopefully, the sor
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ghum seed industry will make a commitment to de-
velop a commercial midge-resistant hybrid in the 
near future. The material for those hybrids is avail-
able from Texas A&M University. 

Greenbugs can usually be managed by plant resis-
tance. Resistant hybrids are commercially available. 
The resistance level to biotype E greenbug is not as 
high as the resistance level to biotype C greenbug, but 
the genetic resistance does add an important con-
ponent to the sorghum integrated pest management 
strategy. The existence of greenbug biotypes and 
greenbugs resistant to insecticides continue to be 
troublesome. Biotype I greenbug has been identilied 
and its distribution is being monitored by Texas A&M 
University and Kansas State University entomolo-
gists. Sources of resistance to biotype I greenbug 
have been identified. PI 550610 from Syria and PI 
550607 from China are highly resistant. Crosses have 
ben made to transfer the resistance gene into elite 
material. Fs are being screened. 

More research is needed on cultural control 
methods. These tactics have not been sufficiently re-
searched or tested. Biological control has good potcn-
tial, but potential does not control insect pests. 
However, the future is bright for biological control, 
especially against the aphid pests of sorghum. 

To be prepared for the changes that must occur in 
order to manage sorghum insect pest-induced stress 
without insecticides will require a major effort by 
researchers, the sorghum seed industry, and sorghum 
growers. If preparation is not made, the results could 
be dramatic and devastating. 

Synthese 

Des options de iutte contre les insectesravageursdu 
sorgho. La production du sorgho grain aux Etats-
Unis ne peux pas dviter les consdquences des prdoc-
cupations courantes tant publiques que politiques aux 
sujets de I'environnement et la sant humaine. On 
consid re Iadmfcnse des cultures par des insecticides 
comme nuisible I l'environnement. Les agences 
gouvernementales ainsi que d'autres groupes projet-
tent d'obliger les agriculteurs h remplacer I'emploi 
non judicieux des insecticides par I'emploi exclusif 
des mdthodes de lulte non chimiques. Ils supposent 
que la technologic cst disponible pour lutter contre les 
insectes ravageurs sans utiliser des insecticides chi-
miques tout en assurant une production agricole (ali-
mentation et fibre) dlevde ct peu ondreuse. Cela laisse 
supposer que les pays moins avancds disposcraient 
d'alimentation en quantitd addquate. 

Des insecticides sont toxiques aux organismes non 
ciblds et peuvent rendre les insectes ravageurs rdsis
tants. Ils entrainent dgalemcnt la ddstabilisation de 
l',cosyst~me en rLuisant la biodiversit6. Mais, il faut 
signaler que lorsque les insectes nuisibles atteignent 
le seuil de nuisibilitL dconomique, les insecticides 
ayant un effet rapide, sont parfois les seuls moyens 
pour les contr6ler. Des mnthodes de lutte non chimi
quces, bien (le non polluantes, ont un effet peu rapide 
ct sont considdr6es comme moins fiables que les in
secticides. Au cours des trois derni&es dcennies, on 
a eu des spdcialistes en dfcnsc des cultures dans le 
cadre IClitte int6gre. Cependant, souvent les agri
culteurs n'utiliscnt pas de mnithodes de lutte intgr6e 
I moins que Its insecticides lie soient pas efficaces. 

Des strat6gies non chimiques de lutte int6grde util
isdes contre les insectes nuisibles au sorgho compren
nent des mnithodes de htte culturale et biologique. En 
lutte biologique, il s'agit de conserver ou d'accroitre 
le nomnbre d'ennemis naturels en aniliorant leur envi
ronnement ou en supprimant les conditions ddfavor
ables ii leur ddveloppement. La lutte biologique de 
conservation est importante i lIa maitrise ies pucerons 
et des larves 1dpidoptrcs du sorgho. I. sCul agent de 
lutte biologique classique utilisO aux Etats-tUnis est un 
parasitoide introduit contre le borer amricain de la 
canne sucre. 

La lutte culturale comprend des pratiques agron
omiques qui permettent de limiter la population des 
insectes ravageurs ct/ou les dgats. Aux Etats-Unis, 
des stratigies du lutte-dont seulement 9%sont par
ticuli~remnent eflicaccs-s'avbrent en g6ndral inef
ficaces contre 75% des 20 ravageurs du sorgho.

L'assolement des cultures permet de maitriser les in
sectes nuisibles habitant dans le sol tels que les vers
 
fil de fer, les vers blancs, les galdruques amn6ricaines 
du sorgho et les vers gris. La destruction des ddchets 
culturaux rdduit Iapullulation des galdruques amdri
caines du sorgho, des vers gris et des borers du mais. 
Les plants de sorgho, semis t6t, dvitent les ddgfts 
causds par des borers, surtout le borer amdricain de la 
canne itsucre; des larves lpidopt.rcs qui s'attaquent 
aux feuilles; et des larves 1cpidoptdres qui s'alimen
tent sur des panicules, des c6cidomyies du sorgho 
ainsi que des punaises. Des sorgho r6sistants sont 
disponibles ou sont en train d'ltre ddveloppds contre 
les pucerons verts et les c6cidomyies du sorgho, le. 
plus importants ravageurs du sorgho. Des m6thodes 
culturales de lutte pourraient limiter en partie Ics in
festations par ces ravageurs, mais il importe de con
duire davantage de travaux de recherche sur les 
mndthodes non chimiques de lutte contre les insectes 
nuisibles du sorgho. 
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Short CommunicationrCommunication courte
 

Panicle Insect Pests of Sorghum
 
and their Control in Samaru, Nigeria
 

M C Dike and S Ekesil 

Sorghum [Sorghum bicolor (L.) Moench] is one of 

the most important cereals grown in Nigeria. It is an 
extremely important staple food in northern Nigeria. 
Estimated national annual production is about 4 mil-

lion t (Ajayi 1978). Grain yields under traditional 
farming conditions are low and average about 670 kg 

ha-' compared with 4 t ha-j obtainable under im-

proved agricultural practices. Low yields are due 
partly to insect pest damage. 

Most of the sorghum panicle insect feeders which 

include several species belonging to Hemiptera, Col-

coptera, Lepidoptera, Diptera and Orthoptera are usu-
ally of minor importance in Samaru. However, the 

sorghum midge Contarinia sorghicola Coquillett and 

several species of panicle-feeding bugs can cause se-

vere damage. Panicle insect pests of sorghum are cat-

egorized into three distinct groups in this paper, 
depending on the stage at whicm they infest sorghum: 
" at the flowering stage; 
* at th, soft to hard dough stage; 
" at the maturing grain stage. 

The most important insects infesting the crop at 

the flo wering stage are the sorghum midge, C. sor-
ghicola, and some carhead beetles. Late-sown grain 

sorghum may be severely attacked and damaged by 

sorghum midge larvae, which feed on the developing 
grain. Losses caused by the midge can be reduced by 

such cultural practices as early and uniform sowing 

that allow sorghum flowering to occur before damag-
ing midge infestations develop. The sorghum midge 

can also be controlled using uniform-flowering and 

midge- resistant varieties. 
Several species of blister beetles attack sorghum 

panicles. The most common species are Cy-
lindrothorax westermanni Miklin, Mylabris spp, and 

Psalydolytta spp. Cypermethrin at 100 g a.i. ha-' 

applied at 50% head emergence gives adequate con-

tro! of head beetlcs. 

Insects infesting sorghum at the soft to hard dough 

stage are mainly earhead bugs and grasshoppers. Sev
eral species of panicle-feeding bugs have been re

ported to attack sorghum at this stage. In Nigeria 

sorghum panicle bugs are currently considered of lit
tie importance because most farmers plant Farafara 

sorghums with an open panicle, and it is known that 

the open panicles support lower populations of head 
bugs than compact panicles. MacFarlane (1989) re

ported a total of 17 species of hemipteran insects from 

sorghum panicles in Samaru and Kano in 1982 and 

1983. He considered six species, Eurystylus imt
naculatms Odhiambo, Campylonmma angustior Pop

pius, C. subjava Odhiambo, Paranixia suturalis 
Reuter, Taylorilvgus vosseleri Poppius, and Orius spp 

as accounting for 95% of all hemipterans collected. 
Eurystylus immaculatus and Camipylontina spp were 
the most abundant species and caused most of the 

deterioration in sorghum grain quality. In Samaru, it 
has been shown that decamethrin applied at 30 g a.i. 

hat decreased infestation of panicle bugs and 

increased yield by 6% (jAR 1984). Early sowing has 

also been shown to reduce populations of head 
bu;s. 

Oedaleus senegalensis (Krauss), 0. nigeriensis 
(Krauss), Aliopus simulatrix Walker and Zonocerus 
variegalus L. are major grasshopper species that can 

cause severe damage to young sorghum panicles. 

They, however, occur in very low numbers and may 

be temporary migrants from nearby crops. 
A complex of lepidopterous larvae infests sor

ghum carheads at the maturing grain stage. However, 
of the different species recorded, lIelicoverpa arm
igera (I-Ifibner) and occasionally Sitotroga cereallela 
(Olivier) can cause severe damage and require atten
tion (Ishaku 1987). Cypermethrin applied at 100 g a.i. 

ha-' gives good control, particularly if applied when 
the larvae are young. 

I. Dcpartment of Crop Protection, Institute for Agricultural Research, Ahmadu Bello University, PMB 1044, Zaria, Nigeria. 

IIke, NIC., and Ekes[, S. 1995. Particle insect pests of sorghum and their control in Samara, Nigeria. Pages 247-248 in Panicle insect pests of 

sorghum and pearl millet: proceedings of an International Consultative Workshop, 4-7 Oct 1993, ICRISAT Sahelian Center, Niamey, Niger 

(Nwanze, KY., and Youm, 0., eds.). Patancheru 502 324, Andhra Pradesh, India: International Crops Research Institute for the Semi-Arid 

Tropics. 
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Les ins(ctes nui.ibh's des panictlths de sorgho 6 
Sainart,, al Nigeria la /ite ces inseces.a icontre 


Les irgho [S.iori:/lini h /icohr McnchI
(I..) st Line tics 
plus ilnportantes ctrealcs ciiics al Nigtria. Ccst in 
aliicilit tic axsec ,cl ims Ic nord till Nigtri . i.,I protiuc-
lion ainiulle llatilonalc ii sorgho cst ctinice acviroll 
4 ii IIIiiSie titiolriC (Ajaix i 1978). Sous Conditions tra-
dtiIInicicS tic culture. lts rendcincnts en grains sont I 
Iaihlcs (67)) kg lia Inell linC)par rappoirt ai\ reliLC-
luCIlts oticuIIi axrcc ties pratitlues amiiorcs (41 ih i1). 
L.i baiSsc tic rcndmeit esi title, entre llres. a\ tilcguits 
ciituss pir cesinsccs, 

Lit phplrl ties insclcs nuiSibCS tics ipaitiC dic i 
soiitiho. fli cuiiprennenI plusictrs cspces appartenanit 
aI I lCiipicril. ('oit'COIicrl, I.cpiiopterai. i)iptcra, ct Or-
thiipiera, sont gntiuridemcil Ultins impirta s i Sa-
lilrul. ('clelitint. li c&ititviu c ti xorciiti ('0oi/dirilitu 

, l si(,/,('tillicit ct plusicurs esp ccs tic pun iscs 


tics paninCuIcxeie it occasionler ties tditg s impor-

itlils. I.cx Iunscles iiinxhles ties pailicilic tic Sorgiio 

"il[ c asss en trois groutpcs dans .'ctto ColllIiliiatioll. 

eii Ili) un tLitlxtigc ittl~tlCliS nielteiI Ic xurgi: 

0 a l Iloriusoi: 


0 it1 Stitic petC ttIII\ cl tIM; 
* l Il latural iou tie ll rfile. 

Lcs rosxettes cs plus ilnpuirtants Lii iatlqucnit li cil-
(tire itL, tloraison sontl a ctithiiiyic. (' r t/aClile 
tics pliliex tiC panicuilcs. ILc soriio l grain secic tar-
tixCeeClit cst particuliicicin susceptible tic subir tics 
tlig.is sex.'re par Ics lit\res tic IuCitCitliii)ric, Lui sc 
nlourrisseni stir Ics grailcs eL t\xciJi pCiicnlt. ('cS ti&-
gi'ils pew\ cit arc retitits par ctsprittiques cult ralcs iis
 
It semis prtcicc ct uiiirnic, qui pcrime! I'arri-c tic !i
 
Iloraisoll axun title s ili'staiions imlprtalntes tie lii 

CCitlOmatCi uic tkcCiiippCii. Oil pout iaiCiuCilt itliCr 
tillirc cot insectc cincloalit tics varidtts 'IIlorai son 
nilormc ct rsistantcs il la Kccitiliyic. 

Piiusicurs espcccstic r idesx'ait lqtient atix pall-
iculcs tie si rgli,. Lcs csp~ccs cs pis ctimiunes sit 
(v/hm/hotiori ii'.ith'rmanii .I ikliil, /labrisspp. ei 
I'.%a/vdo/vua spp. IL'applicaiili til cvpciermithrine it i00 
g in.a. ha I 50(; tu,'mergcnce tic panicilcs pcrmct iue 
litie adtiIlitC tics iiiitics. 

Ce sont csseniiclimentIs punaises tics iaicules ci 
lcs sautcriaux qui inlesten Iclrght aux siatics paicils 
dIIx c LIur. PiusiCurs cspbcs tie puiises tics pall
iciiics olint c510sigtlia s sur ic sorgh i tcoS satilCS. Au 

,gtril,cs punaises ties paiiculcs sunt consitdrs 
icuI ilmtirtantcs, i I'icurc actuellc, car cespaysans 

p '6ircnt g.iucralclliit cts sirghts I:iralartii panicules 
lchcs: on . ai title Ics pa nicul xs sotiiincintciuChes 

rolins tic puaisex tuc cs piaicSilics COMIXCies. Ni c-

arlanc (1989) a coinStLtLun tiiial tic 17 csp'ccs himip-


lores sur los paniculcs Lic sorgl i Saniaru c -iKano cn 
1982 et en 1983. l)'ipr~s hii, six espbces-EIrVstvus 
Iinttactl/a (Xlihiaibo, (amlpi/n.n'ha aglistiorPoph 
pins, (.ubl/va (Xlhiambo, Trami.xia sunaralis Rcu
ier. T vlorilv'nls i'ossi'Itri PopplUS Orilus spp-oit 
colisluie 95"i tie Itus Jx hiiptrcs collcctts. I;"ry
slyh. int/na'ulatusct ('npv/hnnta spp se sont avres 
cs phis ,;hotianies,responsablcs tie li plipart de la 

dclriorion tic la lualite tic suirgtioi grain. A Saiiaru, 
(i t Jtlnlontrc qie I'appl ication thu d&caniriiriilc (30 g 
ii.a. hla 1)a cu pour Cle tic r&iuirc I'inicstation par les 
puna ises ci ti aii eenter ic rcnicriicni tic 6 ( (lIAR 
1984). Par aillcurs, il s ax 'rc que Ic scnis pr&occ rd
ui ICS p1u1ttiIionLs ties ptllais tics pliculCS. 

Of-dau'o. sca'al'nsis (lratss), 0. nigeriensis 
(Krass), Viopus .%tnlt/taril Walker ct Zonoc'rus var
h-''aut I.. sont ties CepNcCs Inpinidhiles tie saulteriauix 
t1li pCi\cnl causer ties tdga'i, -e rcs il. jeuncs pan-
Jiuies tie sorgho. ('cpcutilit. ics sc pr~scntent en 
noliihres rceliaienien laiblcs cl coltiltici prob:ible-
Ilicili ties Illigrations prixislirs cn primciiaices tics 
culturcs awoisinanics. 

li complexc tic IlarCs Ipiilopt'lcN iiicstciii csLtl 
pllliCUICs tie sorgiii au tic tic L llaturallin tic aI 

raine. Parmi ICStlifcrcntes csp&cs oerx cs. It/i
t-overpa aruiii.era (Iiihncr) ct p:irlitis Sitotroa,'ccr'

l, ('ta)iiicr) IpClVCt1 causer ties t ghits impiirtants ci 
ticiiuanticnt Linc attention particulirc (Ishaku 1987). L.c 
cpermtihrinc (100 g .a. ha 1) s'cst rvtixhi trLs cfli
cacc. parriculi~icmcnt si I'application cst elfctuc Iors
tile cs larvcs sorlt petites. 
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Summary of Discussion 

Session 4 

The efectiveness of the parasitoid Teirastichus sp in 
sorghun midge control is not fully assessed, since the 
iormation that is available on pest-parasitoid inter-
actions is still limited. Although sorne resistant ge-
notypes catldirec:ly or indirectly suppress parasit0id 
activity, the comleiccntarity betwcen plant resis-
taF!ce ani natural eeniics olfers good prospects in 
integrated pest management, and these should be fur-
ther explored. 

The natural enemies of the millet head caterpillar 
shomld be properly documented, and the inost clli-
cicnt species, and the ways andi ieans by which their 
cfliciency can be inproved, should be identified. The 
conttribution ol earlicr research in Senegal sho uld be 
eXphtitCd, and in particular, the work by V S Blbat-
nagar on the larval parasite lracon /w'l'or. Unlike 
their Inist insects, infornimtion on the bioogy and be-
havior of natural e'nmics is incomplete and is ot'ten 
the missing link in our cffolrts in biological control, 

Farmers' pest control practices to combat panicle-
lcedin insect pests should be documented and 
exploited. "IThe outcome of earlier attempts at this 
exercise should be nu.de available as published inft'or-
Itiation. Although it is recognized that insecticide ap-
plication is aviable option in the control of head bugs, 
the option holds little promise for the resourcc-poor 
farnier. Plant rcsistance should rcceive priority focus, 
and in the delivery process, the attributes of local 
landraces should not be ignoired. 'T'he transfcr of resis-
tance into high-yielding lines, hybridization with lo-
cal landraccs, and increased exploitation of Malisor 
84-7 hold good potential. 

Synthse de discussion 

Session 4 

ilreste ddterminer le degrd d'efficacitd du para
sitotde etrasichus sp dans la lutte contre la 
cdcidomyie du sorgho, puisque on dispose de peu 
d'information sur los interactions ravageur-para
sitoidc. Bien que certains gdnotypes rdsistants 
puisscnt ctiptchcr, ie tiani~re dirccte ou indirecte, 
l'activi t,du parasitoide, laconphincntaritd entre la 
resistance des plants et les enneinis naturels offre des 
possibilit~s tie lutte int6gr6c (lui doivent iaire I'objet 
d'tudc approfondic. 

Les cnncnis naturels ie la mi netusc de 1'pi du inil 
devraient tire recenss. II itoporte aussi d'identilier 
les cnnenis les plus elficaces dans lalutte et les 
mioyens par lesquels oinpourrait am6liorcr leur effi
cacit6. I1faut firer parti de lacontribution des travaux 
tierecherche cfIfcIu6s prlc6denncnt au Sn6gal, 
surtout Ies tudes faitespar V S Bhatnagar sur le 
parasite larvaire Bracon ibetor. Contrairement ' 
lCurs hftcs, l'inform ation sur labiologic Ct lecompor
tement des ennemis naturels est iicomplte et con
stitue souvent le maillon qui inanque ' Iachaine dans 
nos travaux de lutte biologique. 

On doi recenscr et exploiter les pratiques tradi
tionnelles de lutte des paysans contre les ravageurs 
des paniculcs. Les rdsutltats prdcmicnit obtenus 
dans cc domnainc doivent dIre publids. in que la 
viabilit6 iel'application d'insecticides soit un fait 
reconntt dans Ialutte contre les punaises des pan
icules, cette tmthode est hors de portde des paysans. 
L'attention doit se porter tout particuli&enent stir Ia 
r6sistance varitale tout en consid6rant Ics carac
tdristiqucs des variftds locales. Le transfert de lard
sistance sdes ligndes productives, I'hybridation avec 
des varidtds locales etune plus grande exploitation de 
Malisor 84-7 sont protuetteurs. 
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Integrated Pest Management
 

Lutte intigriecontre les insectes 



Integrated Pest Management of Sorghum Midge in USA
 

G L Teetes' 

Abstract 

Multiple insect pest mnanagement tactics are used to tmanage the sorghiumn midge Contarinia sor
ghicola illUSA, and the emphas.s is on cultural managenenttactics such as insect pest avoidance by 
sowing date tianipulatio,, alternate host elimination, nctural/biologicalcontrol, insecticide use, 
and platit resistance. The philosophy and research oricnted to dealing with this serious insect 'st 
of sorghun are addressed. The role and Jhnction ( dilt mn nientI' tics are dejineci and 
described. Also discussed is the research neded 'rnlchi'cinic'ol 00a0 ,a,enientltactics to be de
ployed and accepted by cro )rotection .sJcialistsand filrnu'rs. 

Introduction 

Davies (1982), in an article in the proccedings of the 
Sorghurn in the I-ighties symposium, reflected back to 
the Sorglhiun in the Seventies symposiun and stated 
that at that time, the most ubiquitous and serious in-
sct pest of sorghum worldwide was the sorghum 
Midge. Cowarinia sorthicvla (Coquillett), and it re-
mains so. It is sale to sit) that the sorghum1 midge is 
still a pervasive and serious insect pest of sorghtum. 
Accordingly, have the rcseaich eflftrts to develop 
maninage nent strategies lr this insect pest fa iled? Ifis 

ni new tcChnl ctgyv been deveItped that lessens the 

destructiveness of' this insect pest'! 'Iliis presentation 
addresses the technohgy available to manage this in-

sect pest, describes that technology and its develop
n11 t, and suggests additional research required that 
will lessen tile threat of this impirtatnt panicle-inflest-

ing insect pest of sorghumn in USA. 

Origin 

T-he strghUtnl nidge is an alien Texan and American. 
Although lirst described in 1895 from specimens 
froni Texas, there is aniple support for tine contenticon 
that the sorghuini midge originated with sorghunn in 
its aboriginal home of northeastern Alfrica ('Iretes 
1988). Support for this contention is as follows: 

@	Only grasses of the genus Sorghum are hosts of 
the sorghum inidge, and sorghums are indigenous 
to Africa, not SA,; 

e 	 Examination of herbarium material of the genus 

Sogtmcollected ill tile Sudan ill 1869 revealed 
the presence of sorghuii iidge larvae and pupae 
aind proved that sorghum inidges were present in 
Africa 26 years eftore the insect \was discovered 
i 

* 	 Species diversity of Contarinia and perhaps asso

ciated parasite species is probably greater in 
A frica than USA; 

a 	 The sorghum midge is a more severe insect pest in 
USA than in northeastern Africa; 

ms re of zea tyresistan to and 
midge are era era types from Etiopia and 

Because the sorglium midge is an exotic insect 
pest in USA, there may be oppotrttnities to use classi
cal biological control. Also, the limited host species 
available to the midge in USA may provide better 
opponrtunities than are currently used to suppress the 
abundance of the insect by destroying wild host
plants. It is apparent that plant resistance to this exotic 
insect pest needs greater exploitation, and that resis
tant sources coie froi areas where the insect and 
sorghium have had the longest association. 

IDepirtment if tint,lilinolopy "ext s ,&5t Unioerlitv, Cige Sli.n, Team 77843.2475. I'SA. 

"Tieles, G.I,. 1995. Integrated pe ntiii.a iccnr of ,rghuni nidge in ISA. tiges 253 262 in tanic e inscci pets ok, rghunm Lindpearl millet: 

proceedings (it ain Internai-minal C ns liuitc Workshop. 4 7 (ki 1993. It'lIs' Saheliin C.eicer. Niamcy. Niger (N\kane, K.F., and Youm. 0., 
eds.). Patancheru 512 324, Andhra Piadch, tid ii. tcrniinil (rip, Recarch tnSflite for the Semi-Arid Troipic,. 
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Management tactics 

The management tactics applicable to suppress the 
sorghum midge commonly include insect pest avoid-
ance by sowing sorghum early and uniformly in an 
area; destruction of Johnsongrass; abiotic and biotic 
natural control including indigenous parasites and 
predators; insecticide use; and resistant sorghum 
cultivars. 

Avoidance. The nature of the biology and popula-
tion dynamics of the sorghum midge provides an op-
portunity to exploit an avoidance management tactic, 
The low temperatures during winter in USA terminate 
the growth of sorghum midge host plants. Cold tem-
peratures and a host-free period result in the insect 
surviving the winter in fairly low numbers. Suitable 
environmental conditions, hosts, and time are re-
quired for the insect to increase in abundance to 
levels that would cause economic damage to sor-
ghum. Consequently, it is possible to sow sorghum 
early enough in the spring for it to develop past the 
susceptible flowering stage before sorghum midges 
increase enough in abundance to be injurious to the 
crop. 

Avoidance of' the insect by early sowing is an 
effective way to reduce losses. However, sowing 
early in the growing season is not always possible, 
because sowing may be delayed or extended due to 
drought or frequent spring rains, 

Wild host-plant destruction. Johnsongrass is the 
host of significance to the sorghum midge, as the 
insect could probably survive without cultivated sor-
ghum, but not without Johnsongrass. Johnsongrass is 
a persistent and troublesome weed in most sorghum-
growing areas of USA, and is currently classified as 
one of the 10 worst weeds of field crops in the country 
(Anderson 1969). Its role in the biology and popula-
tion dynamics of the sorghum midge is well docu-
mented (Anderson 1969, Teetes 1988). 

In USA, Johnsongrass is essential for the survival 
of the sorghum midge. In the spring, sorghum midges 
emerge from o.erwintcring before cultivated :;or-
ghum in the area is flowering. Usually, sorghum 
midges terminate diapause and emerge at about the 
time cultivated sorghum is being sown. However, the 
time that Johnsongrass flowers coincides with the 
emergence from diapause of the first sorghum midge 
adults. These adults lay eggs in the flowering spike-
lets of Johnsongrass to produce the first generation of 
the season. Typically, a second generation is pro-
duced in Johnsongrass before cultivated sorghum in 

the area isinthe flowering stage of panicle develop
ment. Once sorghum in the area begins to flower, 
sorghum midges disperse to it, but usually at abun
dance levels below those required to cause economic 
damage. However, midge abundance at damaging 
levels is usually reached in a single additional genera
tion (Baxendale et al. 1984a,b). Sorghum flowering 
after this time is subject to severe sorghum midge 
damage. Very late in the season, sorghum midge 
abundance declines to non-economic levels. Despite 
the apparent preference for panicles of cultivated sor
ghum, sorghum midges infest Johnsongrass through
out the season. 

Theoretically, reducing the abundance of this im
portant wild, maintenance host would dramatically 
suppress the ability of the insect to increase in abun
dance quickly enough to be at levels high enough to 
significantly damage sorghum sown as early in the 
spring as possible. However, control of this grass 
weed has been impractical because of its abundance 
in cultivated and noncultivated areas. 

Natural/biological control. Natural mortality fac
tors of the sorghum midge are not well known, nor 
has the effect of' natural mortality factors been quan
tified. Of the abiotic factors that might affect the sur
vival of sorghum midge, moisture is probably more 
important than temperature, except for extremes of 
the latter. Sorghum midge is of tropical origin, and 
thus it would be normal to expect moisture to have as 
much of a regulating force on the insect as tempera
ture. Tle insect has, however, adjusted well to a tem
perate environment. 

Natural enemies include most general predators 
found in a sorghum field. The cryptic habit of the 
immature stages of the sorghum midge ensures a level 
of protection from predators. Adult midges would be 
vulnerable to predators; however, their impact on 
midge abundance is not known, though it is probably 
rather small. 

Lippincott and Teetcs (1983) found four hymenop
terous parasitoid species of the sorghum midge in 
central Texas and studied their nature of parasitism 
and biology. The parasite species they reported were 
Eupelmnus popa Girault, Aprosiocetus diplosidis 
Crawford, Tetrastichus near venustus, and T. near 
blastophagi. Over the course of the season, 20% of 
sorghum midges were parasitizcd in Johnsongrass, 
and 8.2% in sorghum. Parasitism did not appear to 
provide significant midge abundance suppression. 
Other parasites reported are several eupelmids, culo
phids, and several other unidentified Tetrastichus spe
cics. Much research is needed to assess the impact of 
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sorghum midge parasites, and to determine ways to 
exploit their presence. Importation biological control 
or augmentation biological control of sorghum midge 
have not been attempted in USA. Conservation biolog

ical control of the insect is not intentionally practiced. 

Insecticide 	 control. Insecticide use in USA is be-

coming more and more restricted, and for low insec-
use crops like sorghum, insecticides are beingticide 

lost. The registration and re-registration costs for in-

secticidcs are so high that companies do not consider 
it a profitable investment to get or keep insecticides 

registered for use on sorghum. Currently, insecticides 
registered and available for use on sorghum for sor-
ghum midge include chlorpyrifos (Lorsban""), meth-
omyl (Lannate(j), and parathion. Chlorpyrifos is the 
labelled insecticide of choice, but farmers prefer to 
use synthetic pyrethroids. Attempts for full registra-
tion of a pyrethroid have been unsuccessful, and the 
use of this class of insecticides has been through 
crisis exemption programs that provide temporary use 
labels. The insecticide situation with sorghum is in
dicative of the troubled future of insecticides, espe-
cially for commodities that do not have support 
organizations with lobbying capability or that are 
willing to spend the time and money to fight the 
situation politically. 
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Figure i. Mean daily percentage pre-anthesis, in 
anthesis, and post-anthesis per individual panicle 
of sorghum. 
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Figure 2. Mean daily number and 95% confidence 
interval of sorghum spikelets in anthesis per pan
icle in a field. 

To determine the need for insecticidal control of 
the sorghum midge, an assessment of crop develop
ment, yield potential, and sorghum midge abundance 
is required. Daily evaluation of these factors is criti
cal during the flowering stage of sorghum, especially 
if sorghum flowers slightly later than normal in an 
area. 

Infestation and subsequent damage by ovipositing 
sorghum midges can occur until each entire panicle 
and all panicles in a field have completed Ilowering. 

Sorghum flowers and is susceptible to sorghum 
midge for about 8 days for individual panicles 
(Fig. 1), and about 2 weeks for sorghum in an entire 

field (Fig. 2) (Pendleton 1992). The latter depends on 
the uniformity of development and flowering of sor 
ghum plants in a field. 

To determine the presence of sorghum midges, 
sorghum should be inspected during mid-morning 

until shortly after noon, when midges are most abun
dant on flowering panicles. Each day a new brood 
occurs, so fields must be inspected regularly as midge 
abundance changes quickly. Adult midges are small 

flowering panicles. A clear plastic bag can be used as 
a trapping device by quickly slipping the bag over a 

panicle. Sorghum midges are easily seen 
within the bag. Windy conditions make sorghum 
midges more difficult to locate and their abundance 

difficult to assess accurately. 
The need to apply insecticidal control is based on 

the number of adult midges during the flowering 

255 



Table 1. Economic threshold tables for sorghum midge infesting resistant and susceptible sorghum 
hybrids. 

Market value (I S ha-1)Control cost 
(US$ ha1) 250 3(X) 350 400 450 500 550 600 650 700 750 

Susceptible hybrid 

7.50 1.21 1.0 0.9 0.8 0.7 0.6 0.6 0.5 0.5 0.4 0.4 
10.00 1.6 1.3 1.1 1.0 0.9 0.8 0.7 0.7 0.6 0.6 0.5 
12.50 2.0 1.7 1.4 1.3 1.1 1.0 0.9 0.8 0.8 0.7 0.7 
15.00 2.4 2.0 1.8 1.5 1.3 1.2 1.0 1.0 0.9 0.9 0.8 
17.50 2.7 2.3 2.0 1.8 1.6 1.4 1.3 1.2 1.1 1.0 0.9 
20.00 3.0 2.7 2.3 2.0 1.8 1.6 1.5 1.3 1.2 1.1 1.1 

Midge-resistant hybrid 

7.50 61 5 5 4 4 3 3 3 3 2 2 
10.00 8 7 6 5 5 4 4 4 3 3 3 
12.50 10 9 7 7 6 5 5 4 4 4 4 
15.00 12 10 9 8 7 6 6 5 5 5 4 
17.50 14 12 10 8 8 7 7 6 6 5 5 
20.00 15 14 12 10 9 8 8 7 6 6 6 

I. Nurnr ofmidge, panicle 1. 

stage of sorghum levelopment. The density of adults Plant resistance. Of the integrated pest manage
per panicle that would justify chemical control can be ment components used to suppress damage by tile 
deterriined by first estimating the per-hectare value sorghum midge, none has received as much attention 
of the crop, based on the condition of tihe crop at that during tile last decade as plant resistance (Tcetes 
time and past experience (Table 1).Second, deter- 1985). Sorghums resistant to sorghum midge were 
mine tilecost of'control per hectare, which includes reported as early as 1908 (Ball and lastings 1912), 
both the cost of the insecticide and cost of application, but not until tile 1970s were sources of' resistance 
Read across tile discovered could be used produce agroncolumn closest to the cost of control that to 
and down tilecolumnir under the expected value of the ornically improved midge-resistant hybrids. In USA, 
crop. The number 01' adult sorghum midges at that '['AM 2566, aconverted exotic sorghum, has been the 
point in the table is the density of the insect pest that iajor resistance source used (Johnson et al. 1982), 
would Cause daniage suficient to offset the cost of' although other sources have been identified and used 
insecticidal control. If adutlts are present three to live to a linited extent. 
days later, immediately apply insecticide a second Efforts have been rlade inUSA to determine resis
time. In sonie cases, if sorghurn flowering isextended tance mechanisins, improve the agronomic qualities 
and adult sorghum midge abundance remains above of sorghutiimidge resistant hybrids, and increase the 
the economic threshold, a third application may be resistance level. The genetic coniplexity of nidge re
required. More than three insecticide applications are sistance has itade these efforts diflicult and titne con
probably not econonically feasible. suinig. The major resistance mechanisl has been 

Insecticidal control of sorghurn Midge is often not described as a nonpreference for oviposition, but the 
as effective as would normally be expected. Phe flow- cause of this insect-to-plant response is not under
ering characteristics of sorghurri, daily infetation by stood. In general, resistant hybrids are damaged 
new adult sorghum midges, and tilefact that only about live tinies less than susceptible hybrids at the 
adult midges are aftected by the insecticide, (ften same sorgliuni midge infestation level. This level of 
result in less than adequate or desired control. The resistance is signilicant, but sorghu midge infesta
produciion cost/proit ratio of sorghuri is not high ,io;s reach such high levels in some areas of USA that 
enough to allow for much insecticide use. 1ho rrsistance level is not high enough to provide 
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protection in all situations. To deal with this and yet 
take advantage of the resistance, economic thresholds 
have been established specifically for rmidge-resistant 
hybrids (Table 1). Insecticide application to such hy-
brids when midge infestation levels are very high is 
much more effective than they are on susceptible 
hybrids, 

A common approach to elevating the level of resis-
tance in plants to insect pests is to stack or pyramid 
genes. Several sources of resistance to sorghum midge 
have been incorporated into the same genotypes, but 
have not resulted in a significantly higher level of 
resistance. 

To exploit the nonpreference resistance iecha-
nisin to improve the effectiveness of the resistance, 
resistant and susceptible plants have been mix-sown 
in the same row. This approach is used to draw sor-
glum midges from the resistant plants to tile suscept-
ible plants. The approach does result in less damage 
to resistant plants as the percentage of susceptible 
plants increases. This lesser damage is reflected in 
increased per-panicle yield of the resistant hybrid. Up 
to a point, per-hectare yields are also increased, and 
that increase is greater than when the resistant hybrid 
was grown alone (Fig. 3). 

The agronomic qualities of the midge-resistant hy-
brids have certainly been improved. The leaf discolora-
tion problem common to TAM 2566 hybrids has been 
resolved. Also, some disease resistance has been 
added. Yield levels of midge-resistant hybrids are as 
good or better than many commercial hybrids in per-
frnance trials. When sorghum midges are present the 
resistant hybrids far outyield susceptible hybrids. 

The issue to be addressed, therefore, is why are 
midge-resistant hybrids not being commonly used in 
USA'? Tile problem must be one of lack of confidence. 
Farmers in USA want to avoid risk. They perceive 
insect-resistant cultivars to increase risk. Farmers 
trust insecticides because of their remedial capa-
bilities. But the group most responsible for the lack of 
development and deployment of commercial midge-
resistant hybrids are the seed companies. And there 
are reasons for this. To produce such a hybrid is a 
major commitment in eflort and expense. Because the 
resistance is inherited in a complex manner, a com-
plete inventory of' material must be maintained. Most 
companies also acknowledge their fear of lawsuits if 
they sell a resistant hybrid that becomes damaged. 
Established economic thresholds should resolve this 
problem, but the companies are still reluctant. A way 
must be found to convince seed companies to carry 
though with the development and deployment of com-
mercial midge-resistant sorghum hybrids, 

Future Needs to Improve IPM of
 
Sorghum Midge in USA
 

There are two areas of research that still need much 
effort relating to integrated pest management of sor
ghur, midge. One has to do with determining the 
actual cause of the resistance. The other is the ability 
to better predict the occurrence of sorghum midges 
and the point in time when they would be expected to 
reach damaging proportions. These two areas of 
needed research are addressed below. 

Causes of resistance to sorghum midge 

Research is currently under way to determine the 
causes of midge resistance. The manner in which 
midges respond to resistant sorghums suggests that 
there are differences between the spikelets of suscept
ible and resistant sorghums. Based on assessments of 
the mechanisms of resistance, midge-resistant sor
ghums interfere with oviposition. This insect-to-plant 
response has been described as a nonpreference res
ponse for oviposition. There has been speculation that 
this disruption of oviposition is due to morphological 
factors, the presence of deterring volatiles, or the ab
sence of attracting volatiles. There are significant dif
ferences in spikelet morphology of sorghums, and all 
midge-resistant sorghums have small glumes. How
ever, there are susceptible sorghums with small 
glumes, so glume size alone is not the cause of resis
tance. Also, among sorghums there are differences in 
spikelet morphology, spikelet size, pollen shed, anther 
extrusion, and other features. The effect of these on 
midge resistance have not been adequately explored. 

Spikelet condition ;n relation to flowering and the 
presence or abundance of sorghum midges is probably 
associated with resistance. Jimenez (1992) reported as
ynchrony between when adult sorghum midges were 
present in the field and when spikelets of resistant hy
brids flowered (Fig. 4). She found a marked difference 
between when spikelets of resistant and susceptible sor
ghums flowered. The resistant hybrid flowered primar
ily at night when ovipositing sorghum midges were not 
present. Flowering of the resistant sorghum began at 
about 2400, was greatest between 0200 and 0300, and 
was completed by 0900. On the other hand, spikelets of 
the susceptible sorghum began flowering at about 0600, 
with most spikelets flowering at 0830, the time when 
sorghum midges were beginning to occur on panicles 
bearing flowering spikelets. The glumes of many spike
lets of susceptible sorghum remained open and vulner
able to ovipositing sorghum midges until noon or later. 
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Figure 4. Time patterns of flowering of sorghum midge resistant and susceptible genotypes in relation to 
the abundance of female sorghum midges. 

Capability to predict sorghum midge 	 ginning 26 Apr, the date Baxendale and Tectes (1983) 

occurrence 	 found that sorghum midges began emerging from dia
pause at College Station, 15.8-21.0 days were esti-

Although not yet published, considerable effort has mated to be required for development of the F,-F 5 

been directed toward developing computer simulation generations (Table 2). 

models to predict sorghum midge occurrence and 
abundance. One such effort has been to refine the 
grain sorghum crop growth model, SORKAM, that Table 2. Estimated abundance of sorghum midges 
couples crop phenology with sorghum midge abun- at College Station, Texas, at the mid-point of 
(lance to predict abundance and time of occurrence of each generation following diapause termination, 
sorghum midges in relation to crop yield (Jost 1993). 1979-81. 
A second model, the sorghum midge simulation 
model, has been used on a limited basis to predict Day of Sorghum host 
sorghum midge occurrence, but predictions of the Genera- mid-point of Midges available for 
incidence and abundance have varied in accuracy tion generation panicle' oviposition 
(Pendlcton 1992). P 26 Apr 0.002 S. halepense 

Baxendale's (1983) estimates of heat units F, 17 May 0.005 S. halepense 
required for nondiapausing sorghum midges to F2 5 Jun 0.019 S. bicolor 
complete development, measurements of temperature F:j 22 Jun 0.46 S.bicolor 
for 1984-92, and a refined simulation model were 22 Jun 0.46 S. bicolor 
used to estimate mid-points of sorghum midge gener- F. 8 Jul 5.79 S. bicolor 

23 Jul 4.18 S. bicolor
ations at College Station, Texas (Pendleton 1992). Be-	 F5 
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growing season. 

Observed abundane incrcascd from zero or few on 27 Jun during the last days of the F3 generation 
ovipositing sorghum midges per panicle in mid-May and sorghum midge abundance greatly exceeded thie 
to atmaximum of 22.7 sorghum midges onl 14 Jul and economic threshold during the F., generation. 
thien declined (Fig. 5). Abundance increased] 2.5- and These computer model-aided prediction capa
3.7-fold in the first two generations. Johosongrass bilities provide a unique opportunity to beter assess 
was the only host available for the first two( genera- the effecctiveness of management tactics, and to deter
lions. Sorghum midge abundance increased 24.6-fold mine thie likelihood of the need for remedial action in 
beLtween the F, and 13 generations, the first genera- the formi of' insecticides. Even more important, they 
lion of'sorghumn midges to develop within spikelets of' can he used to assess risk that is perceived by farmers 
sorghum rather than Johnsongrass. The economic to exist when management of thle sorghum midge is 
threshold level was estimated to have been exceeded based on non-insecticidal means. 

260 



Conclusions 

The sorghum midge remains akey pcst of sorghum in 
most sorghum-growing areas of USA, but tactics ap-
plicable and available for management are becoming 
more readily available and more reliable. These ad-
vances will significantly improve the capability to cf-
fct ively Manage this insect and redtuce its persistent 
threat to sorghum y ields. Reduction in the severity of 
the threat frot the sorghutn midge will remove an 
important production constraint and increase 'he sus-
tainability of sorghum production in developed and 
developing countries. 

Synthese 

Lutt' integr~e contre la c¢idotnyie dit sorgho attx 
Etats-Unis. Diverses strat6gics ie litte sont util-
isees aux Etats-Unis contre lac6Cidlomvic tlisorgho, 

de niortalitd naturellc telIcs que I'hunidit,5 ct la tem
pdrature affectent lasurvie ies cecidoinyies. Au 
Texas tlucentre, 20'T des cCidonyis chez I sorgho 
d'Alep ct8,21,' tiescidomyies chez Ic sorgho sont 
parasit6s par I'tin Lies quatre parasitoides 
hynnopt&cs. 

L'utilisation de I'insecticide aux Etats-Unis est de 
plus en plus tdcOnIscil,, surtout pour ies cultures tel 
que Ic sorgi. L.erapport cofit/bcjnd1ic de I tproduc
tion do sorglo i'dtant pas asset ilcvc, ilse petit que la 
lutte ies insecticides tic trs pratiqueii I'aide soit pas 
ctque trts pen W'insecticides soit uLiii stir Ie sorgho. 
11en r6sult Itiec settles Ics c6cidomyics adultes sont 
affcts par tiesinsecticides. Or, tous les jours de 
nouvelles ccidoitiyics reinfestent Ics plails. En plus, 
au cours celIaIloraison, le sorgho est sensible pour 8 
jours dans Ic Cas ies paiICles individuelles ctpour 2 
sernaines cn champs. 

ans les anncs 1970. laresistancc a 6t d6cou
vertc chez TAM 2566, tinstrgho exotiquc convcrti 

(ontarinia sorghicola (Coquillct), Ic ravageUr lcplus t(Il'on a ciipl inyc piour produirc ies hybrides 
ri'dou table et r~pantdu du strgho Sorghum bicoh'or (L 
MOCcII. La ccidimyic provient sans Ion t LiC 
I'A'rique LI Nor -est avec Ic sorgho, car setiles les 
gramincs Lti genre Sorghum. indigienc ic I'Afriquc, 
sont ticsplan tc,,-titcs Ie cc ravicur. 

I)es ceclt iiyies cn hivernage termincit Icur dia-

pause an Lbut lii printemps Iorsttuc ICs adultes iiner-
geint. Aux tItats-Unis, les 1-2 prcoil rcs gSndrations 

des CSCiLIl1)yieS iinfCtstCnt Ic sorgho LI'Acp avant (flei 
Ic sorgho cultive ne soil disponiblc. Des femelles 
mcrgcnt Lies pilcts pcu apres I'aubc, s'acCOUplciit, 

sC dispcrscni vers de sorghs cn floraison, ponLicnit 
tiesoculs ct ieurent cn tiile jurn,&c. Chalu fecellc 

pond 5ipei pres 50 ocutfs entre les gluics ies pillcts 
cn Iloraison des sorghos Li'Alep elcultiv6. lit se hour-
rissant sur les ovaires, ls larves cmpLdhent Ic Livcl-
oppcient LIugrain Lhnt i riulle I'avortenmcin e ti u 
les grains. Une gnratiOn durc 16-. I jours ctif pcot 

v avoir ticmultiples g6nrations par an. JuSLu'Z1Uarbs 
tard tLans lItsaisot, lIapopulation Lies cLiityics 
s'accroit entre lIsgnrations si les conditions cli-
niaticlues soot favorables ctIc sorgho en Iloraison est 
disponible. 

Plusicurs strat6gies Letltte peuvent tre utilis~cs 

pour limitcr I'abonclaitc Lies c~cioinyies. Un sciiis 
pr6cocc ct uniformic dans une r~gion peritet aux 

plants Lie sorgho LiCLI&vclopper ati-delt Lit sladc sensi-
ble ie floraison avant fine la population de c6-

cidoimyies ait Ic temps dattcindrc tin scuil de 
nuisibilit. La destruction des plants de sorgho I'Alep 
peut eipccher l'accroissement de l'infestation par 
Lics cdcidonyics an dfbut Ie lisaison. Des facteurs 

agronoiniquCs aindit r s. I.es dltgits chc t ieshy
brides risistants sont Lie cinqifis ioins cluc ccux tics 
hybrides sensiblcs. Aux Etats-Unis, tin s'est eliorce 
de dtciminer des iLcanisics Lie rsistance, l'al

liorcr les qualit&, agronoriques tieshybrid, r6sis
lants ct ever r II reste l'Ol Ic nivautide istance. i 

convaincre les industries sercnecriies I'cntreprendre 
lc dveloppeiicitnt c liat ssiiination Lics hybrides 

comnmerciaux rsislants .Ia cC&iLI11iy ic. 
La misc an point ics ildlisatntionSit ]'aide Ll'orLi

natcur est en cours alin d'Lre cn mesure de prLieir 
les tL6gats causds par Lics c6cidoiiiyics ctLiC Icler
miner I'eflicacit, ct I'c)piqtic LI'UtilisatiOn Lies Ite
sures Lie litte, y compris Ics insecticides. En plus. Lies 
mond ls Lie simulation peuvent tt Utilisds pour 6val
tier IcsrisLties constat6s par Lies paysans, lorsqtie Lies 
niesures Lie lite ittn insecticides contre les c6-

CidoLiyics Luisorgho sont cmploytes. 
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Possibilities for Integrated Management of 

Millet Earhead Caterpillar, Heliocheilus albipunctella 

K F Nwanze t , M C Klaij2 and R H Markham3 

Abstract 

Heliocheilus albipunctella is the major panicle insectpest of pearl millet in West Africa. Chemical 
insecticides are iot a viable strategy for controlling this pest in traditional pearl millet-based 
farming systems of the region. Field ex eriments in Niger showed that deep plowing (30 cm) at the 

end of the season reduced the number ofsurviving pupae in the soil (>50%), with highest pupal 
mortalities in the top 10 cm of the profile. In trials on varietal resistance, the local landrace pearl 

millet cin vars had low (<3 on a1-5 scale) panicle damage. Ilowever, low damage was associated 
with tine offlowering, and therejbre with escape rather than genetic resistance. Asurvey ofnatural 
eneniies in Niger andlBurkina Faso irtdicated that althou gh tie number ofparasitoid and predator 

species werefew, three genera of egg parasitoids,Trichograrniatoidea sp nr lutea and Telenomus 

anates Nixon and an encyrtid; two egg predators,Orius sp ant' Glypsus conspicuus Westwood; and 
several larval parasites, Bracon hebetor Say, Copidosorna obscurum Nikolskaya and 
Goniophthanmus halli Afesnil were present. These results show good potentialfor an integrated 
approach for the managenient of this pest. 

Introduction Heliocheilus albipanctella iswidely distributed in 
the Sahel (Vercambre 1978, Doumbia and Bonzi 

The major areas of production of pearl millet tPen- 1989, Nwanze and Sivakumar 1990) and studies on its 

nisetuni glaucut I (L.) R. fir.) in Africa are it) the Sud- bioccology and economic importance are well docu
ano-Sahelian and Sahelian /.ones of West Africa, v'here mented (Vercambre 1982, Gahukar et al. 1986, Ndoye 

this crop constitutes the major staple ccreal. Next to and Gahukar 1987, Gahukar 1987, Ndoye 1988, Bal 

erratic rainfall, frcquent droughts, and poor soil condi- 1989, Bernardi ct al. 1989, Nwanze and Sivakumar 
tions, insect pests a.c the major biotic constraint in 1990). Eggs are laid on newly exserted panicles and 

pearl millc productioi and can cause estimated crop young larvae of 11. albipunctella feed on the floral 

losses of over US$2(X) million annually (ICRISAT 1992). glumes. Older larval instars cut the floral spikelet 
Of the several pest species reported on pearl millet, the branches and produce characteristic spiral mines. Ex

stemi borer, Coiiesta ignefusalis Ilatmpson [= Acigona tensive damage can result in skeletonized panicles. 

ignefusalis] and the carhead caterpillar, lHeliocheilusal- Mature larvae migrate into the soil, where they dia

bipunctella Lie Joannis [= Raghuva albiputictellal, are pause. Only one generation is produced per year. 
considered the major species of importance in West Moth emergence occurs in the following season, co-

Africa. They are not known to occur in India, which is inciding with panicle exsertion in traditional millet 
the world's largest producer of pearl millet, varieties. 

1. iWRISA Asia Center. P"aianctieru 502 324. Andhra I'radesh. India. 
2. ICRISAT Sahelian Center. if' 12-04, Niamey. Niger. 

3. CAtl International Institute of Iliohogical Control, Kenya Station. Iolx 76520. Nairobi. Kenya. 

tCRiSA'FConference Paper no. CP 985. 

Nwanze, K.F., KlaiJ, NI.C., and Markham, R.II. 1995. Possibilities for integrated management of millet earhead caterpillar. Ielimheilus 

albipuntella.Rliges 263-- 271in t'anicle insect pests of sorghum and pearl millet: proceedings of an International Consultative Wokshop. 4-7 

(ct 1993, icRs,' Sahelian Center, Niamey, Niger (Nwantc. K.I., and Youm, 0., cds.). l'atancheru 502 324. Andhra Pradesh. India: Inierna

tional Crops Research Institute for the Semi-Arid Tropics. 
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Because of the low commercial value of pearl mail- Varietal resistance 
let [less than one third the valte per kilogram of rice 
in Nigeria (NI.C.S. BIantilan, t(RISAT, personal coin- Information is lacking on the level of resistance to 
imunication 1993)1, the use of expensive and often II. albitmpnn lla in commonly c,ltivated landraces, 
unavailable chemical insecticides is nonsustain: ble improved local landrace cultivars, and introduced 
in traditional pearl millet Irm ing systems of :,.cst breeding material. Between 1983 and 1986 we assem-
Africa. Tlis situation calls for an integrated approach 
with emphasis on cultural, biological, and genetic pest 
control tactics. 

This paper summarizes the results of field exper-
ii enrits conducted ill 1984-85 at the t(RtSAT 
Sahelian Center inNiger on (a) the el'ffcts tf plow-
ing :anLd of crop residues at the end of' theremoval 
crop season on the survival of diapausing pupae arid 
(b) the evaluatitn of a working collection of' pearl 
millet genotypes 'or varietal resistance Under natural 
pest infestation. rhe results of a survey of' natural 
enemies of' 11. albilnnctlla inNiger and Burkina 
Faso, and possibilities for biological control, are 
also presented. 

Materials and Methods 

Soil management 

In order to determine the effect of soil tillage on the 
population of soil-diapausing pupae during tire long 
dry season (Nov-May), we selected a field of' pearl 
millet (var IIKBTif) with aknown high level of infes-
ration (85% inf'ested paiices and a daniage rating of 
3.5, where I = zero to low severity and 5 = high 
severity). After the harvest in Oct 1984, the experi-
mental area was demarcated into 20 in x 20 in plots 
with the frollowing treatments: TI, crop residue re-
tioval and ,iopltwing; T2, crop residue incorporation 
by deep plowing (30 cm); arid control T3, no crop 
residue removal and no plowing. 

Beginning in Nov, diapausing pupae were iion-
itored by monthly soil sampling in four randoily 
selected I in x I in subplots ineach plot of 20 in x 
20 in.Pupae were collected by excavating the soil in 
5 ciii layers to adepth of 30 criand sieving it through 
2 rmn sieves. The number of diapausing and empty 
pupal cases in each 5 ci layer were recorded. Obser-
vations were terminated in May 1985 at the end of tle 
dry season. 

Soil thermometers wvere installed at soil depths of 
5, 15, and 25 cn in T3 only, andI soil temperatures 
were recorded at 1400 each day from Nov 1984 to 
May 1985. 

bled arid evaluated a working collection consisting of 
entries from various collaborative entomology and 
breeding trials and nurseries generated by ICRISAT's 
\West African prograins and national agricultural re
search systems (N.\ (S A setof the region (Table I). 
of geriiplasii entries originating roin southern Afri
can countries (Botswana, Malawi, South Africa, Tan
iania. Zambia, and Zimbabwe) were also evaluated. 

All trials were hand-sown in5 x 5 in row plots in 
Ibur replications. except for the gerinplasni froir 
southern Africa which was not Ieplicated dtie to niton
availability of seed. At 21 da, after scedling enier
gence (t)At;), plants were thinned to 2 plaints hill - at 
an intrarow spacing of' -10cinbetween hills.All other 
agronornic practices were carried out as recoi
mended. 

ne following observations w%-ere tota!recorded: 
plant stand and niiuber of tillers hill-i at 45 DAIL. days 
to 50% flowering, percentage infested panicles, and 
dainiage severity scored on a 1--5 scale. Grain yield 
was recorded at harvest. 

Survey of natural enemies 

Incollaboration with the Commonwealth Agricultural 
Bureaux International Institute of Biological Control 
(111C), UK, we conducted a survey on the species 
complex, relative frequencies, arid distribution of nat
ural enemies of i. albipuncwlla in the Southern 
Sahelian and Northern Sudani;.n zones of Niger and 
Burkina Faso. Most collections of pests and natural 
eneriies were made in farners' fields along the route, 
plus a few at the ICRISAT Salielian Center in Niger 
and tile National Agricultural Research Station at 
Kainboinse, Burkina Faso. A total of' 58 sites were 
covered inboth countries. 

During the surveys, faris were selected at ran
dorn at 10-30 kil intervals along a chosen route de
pending on the distribution of millet fields and the 
growth stage of the crop. Collections were made to 
represent awide range of environments. Small collec
tions were made fror ea.h int'estation encountered 
and then supplemented by more intensive sampling 
fror asmall number of contrasting sites. In this way 
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Table 1. Summary of results obtained in seven trials evaluated for varietal resistance under natural 
infestation of leliocheilus albipunctella, ICRISAT Sahelian Center, Niger, 1983-851. 

Year of Number 
Time to 

50% flowering 
Infested 

plant hills 
Infested 
heads 

Damage 
rating 3 

Trial/Nursery2 evaluation of entries (days) ±SE (%)±SE (%)±SE SE. 

ICRISA/IVIAR 1983 68 61±1.8 47±6.3 21±3.4 1.6±0.3 
(54-70)4 

ICRISAITINRAN 1984 20 54±2.2 28±4.2 8±2.6 1.3±0.1 
(50-65) 

IMZX' 1984 16 70±1.1 32±5 31±4.1 1.4±0.2 
(64-85) 

Advanced 1984 33 56±2.3 83±12.4 39±9.2 2.0±0.3 
population (51-69) 

[CRISAT/INSAlt 1984 10 66±2.1 43±5.4 22±3.2 1.3±0.4 
(59-82) 

Southern African 1984 54 >70 24±6.1 13±1.3 1.2±0.9 
germplasm 

ICRISAT/INRAN 1985 14 57±3.4 72±14.6 41±13.1 1.6±0.6 
(53-69) 

IMZAT 1986 17 70±1.6 95±11.2 71±14.3 4.4±0.5 
(64-85) 

I. Under natural infestation. 
2. 	tAR: Institute for Agricultural Research, Nigeria; INRAN: nstitut National de Recherches Agronormiques du Niger, IMZAT: ICRISAT Pearl 

Millet African Zone A Trial (conducted at Chikal. Niger); INSAtI: lnstitut du Sahel (1PM Project), Mali. 
3. Trial mean. based on a 1-5 damage rating scale, where I - zero to low severity, and 5 - high severity. 
4. Range in parentheses. 

we achieved an acceptable conpromise between the 
need to estimate rates of parasitism and the necessity 
to obtan an overview of the host-parasite situation. 
Millet panicles were inspected for eggs and larvae of 
both parasites and tH. albi/unctella. Parasitoid larvae 
and cocoons were placed immediately into individual 
glass vials until emergence. I lost eggs from each col- 
lection site were kept separately but batches were not 
isolated. The collected host larvae were usually kept 
in individual vials containing a modilied Chilo F1r-
ie/Ins dict (Taneja and Lcuschner 1985) or pieces of 
millet panicles until emergencc of partsitOids. Repre-
sentative samples of all parasitoids and predators 
were identified at the CAB, International Institute of 
Entomology (ItI). 

Results 

Soil management 

An indication of the usual distribution of pupae in the 
soil was obtained from the control treatment, T3. The 
majority (66%) of diapau.ing pupae were found in 
the upper 20 cm soil zone, with 40% in the 10-20 cm 
layer, 26% in the 0 -10 cm layer, and 34% in the 20
30 cm layer. hlle total number of pupae collected and 
live diapausing individuals declined sharply fron-
Nov to May and was closely associated with increas
ing soil temperatures (Fig. I). 

Deep plowing reduced the number of surviving 
pupae at all soil depths sampled and the effect was 
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Figure 2. Effect of soil management at the end of 
the cropping season on the survival of diapausing 
Heliocheilus albipunctlla pupae at different soil 
depths, ICRISAT Sahelian Center, Niamey, Niger, 
dry season 1984/85. 

most pronounced (P = 0.05) in the upper 10 cm zone 

(Fig. 2). During the sampling period (Nov to May), 
only 25% of the total pupae in the 0-10 cm layer were 
alive in the plowed treatment (T2) compared to 40% 
and 41% in TI and T3. These differences were not as 

soil layers.significant in the 10-20 and 20-30 cm 

However, both plowing (T2) and crop residue re
moval (TI) resulted in a faster decline and higher total 
mortality of pupal populations from Nov to May. In 
Nov 1984, the proportion of live pupae at all soil 

depths combined were 57%, 50%, and 70% for TI, 
T2, and T3, whereas the figures in May 1985 were 
3'%, 8%, and 62%. 

Varietal resistance 

The incidence of 11. albipunciella at the ICRISAT 
Sahelian Center, Sador6, Niger, varied considerably 

in 1983, 1984, and 1985. The proportion of infested 

hills (scored on the basis of at least one infested tiller 
per hill) ranged from 0-100%, and the proportion of 
infested paniclcs (irrespective of the number and 

length of larval mines) between 0 and 75%. However, 
damage severity rating, which is a critical measure of 
the level of infestation/resistance, was generally low 
(<2 on a I-5 scale) (Table I). Consequently, mean
ingful evaluation of test entries in the seven trials 

during that period was not possible. 
However, in all trials, short-duration entries, espe

cially those originating from ICRISAT Asia Center, 
India, were generally more susceptible to damage 
than longer-duration local entries. The latter group 

included Toriniou and Souna from Mali, llaini Kirei 
from Niger, and a few breeding lines originating from 
crosses between genotypes of West African origin 
(IBMV 8302, INMGI-1, INMG 52, and ITMV 8001). 
Data analysis indicated a high correlation (r - -0.69, 
P = 0.05) between time to 50% flowering and number 

of infested panicles (Fig. 3), indicating that escape 
from infestation through late flowering was the major 

for the observed differences in cultivar ratings. 
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Figure 3. Relationship between time to flowering 

and infestation by 1heliocheilus albipunclella in 
pearl millet. 
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In 1986, the ICRISAT Pearl Millet African Zone A 
Trial (IMZAT) was evaluated at a tH.albipnictella hot-
spot location at Chikal in northern Niger. Infestations 
of earhead caterpillars were very high and monst en-
tries recorded adamage score of >4. Several r.ties, 

e.g., ITMV 80X1, IIKP, and ITMV 8304 t; had 
registered low damage (rating <2), in 1984 si cred 
severe damage (>4). The local entry was thi least 
damaged (rating 2.5). 

Survey of natural enemies 

Earhead caterpillar atack was deliyed in 1985 by the 
late onset of rains. In Niger, infestations we lfound 
sporadically between Maradi and Tcssaoua and more 
generally between Niamey and Filinguc. In Burkinia 
Faso, only the nortliern part of tile couiatry, with 
lower rainfall and sandy soils, is subject to II. albi-

Several unidentified predatory Colcoptcra larvae 
were occasionally encountered within larval mines. 
In the area between Zinder and Magaria inNiger, the 
number of dead IHeliocheilhs larvae was considerable 
but facilities did not permit us to test lor the presence 
of microbial agents. 

Discussion 

The results from our study on soil tillage agree with 
earlier reports from Senegal on the effect of this prac
tice in reducing soil populations of tH. albipunctella 
(Vercambre 1978, Gahukar 1990). No evidence has 
been presented on the mechanism involved, although 
it can be assumed that diapausing populations are 
thereby exposed to predatior and high soil tenpera
tures. Otherwise, once inside the soil, larvae are 
largely protected from natural enemies. Evidence of a 

pnctella attack. No adults had been recorded in light temperature effect is supported by the rapid decline in 
traps at Ouahigouya at the time of the st,rvey (22 Aug 
to 8 Sell 1985). 

An estimated 1600 Ilcliochilus eggs were col-
Iectcd from 18 sites in Niger. At the completion of 
emergence, only three genera of egg parasitoids werl: 
rccordcd-a trichogrammatid (Trichogramninatoide.'i 
sp nr haa), a scelionid (Tehlnonnis antaos Nixon), 
and an unidentified oncyrtid. The trichogrannatid 
was the sole parasite at three sites and the cncyrtid at 
two; a mixed population Was found at one site. The 
overall rate of parasitism was less than 10%, with a 
maxinmum of 40% being recorded from one site at the 
ICRISAT Sahelian Center research farm at Stdor& 

In addition to these egg parasites, two lemipteran 
egg predators, Orius sp (Anthocoridae) and Glypsus 
conspicuns Wcstwaod (Pettatomidae) were also re-
corded. Orius sp was observed on millet panicles at 
almost all sites where H. albipunctella eggs were 
found. Several unidentified tctranychid mites, although 
less common, were associ-:ed with eggs of H.albi-
punctella and may have been predating upon them. 

Over 400 larvae ofll.albipunctellawere collected 
from 16 sites and held for emergence of parasites. 
Over 60% mortality was recorded, mostly from those 
held as bulk samples. Successful pupation and dia-
pause of several individuals and limited adult cmcr-
gence clearly indicated very low larval parasitism. 
Less than 4% of the initial collection was parasitized 
and only two species were frequently present: Bracon 
hebetor Say (Braconidae) and Copidosonta obscurtn 
Nikolskaya (Encyrtidae) [- Litontastix sp]. A third 
species, Goniophthahnus halli Mesnil (Tachinidae), 
was also recovered from a few specimens. 

pupal populations after Feb. which corresponded with 
a steep rise in soil temperatures (Fig. I). Residue 
removal or destruction has been shown to reduce 
post-season larva and pupal populations of the millet 
stein borer, Coniesta ign~efusalis in Senegal (Ndoye 
and Gahukar 1987) and similar results were obtained 
for the African maize stern borer, Busseola fiisca 
Fuller in Nigeria (Adesiyun and Ajayi 1980). Ilow
ever, the impact of soil tillage on the earhead caterpil
far will significantly affect pupal populations only in 
the top 10 cm of the soil profile. 

The timing and method of soil tillage is very im
portant; if done properly when soil nioisttire is ade
quate, apart from reducing H. albipunciella pupal 
population it also provides an uneven surface, thereby 
reducing soil wind erosion. There are, however, 
counter-arguments against this practice-the use of 
crop residue for construction, fencing, livestock feed, 
and as firewood. Moreover, when done at the wrong 
time, tillage could expose the soil to severe wind 
erosion. 

The results obtained from our screening trials 
were limited because of a lack of uniform and opti
mum natural infestations. Other authors have reported 
varying degrees of resistance to Hleliocheilus under 
natural infestation (Guevremont 1983, Doumbia c(al. 
1984, Gahukar 1984, MaYga 1984, Ndoye and Gah
ukar 1987). Resistance was attributed to panicle 
length, compactness, and presence of bristles, and 
several genotypes were selected and recommended as 
promising. These need to be re-evaluated under con
ditions of high and uniform H. albipunctella 
infestation. 
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Since It.albipuncu'lla is univoltine, under natural 
infestation, long-duration pearl millet cultivars will be 
exposed to declining pest populations and therefore 
less damage.This may explain the low damage rating 
recorded in 1983, 1984, and 1985, in spite of the high 
levels of' incidence in terms of numbers of' infested 
hills and panicles ('lable 1). 

A prerequisite for a successful screening program t 
is access to a broad and variable gerlnplasn collec-
tion and provision for adequate screening under en-
hanced or artificial (but optimum and uniform) 
infestation which is consistent, reliable, and repeat-
able. This aspect has already been addressed by 
Youtn and Anand Kumanr in an earlier session (if this 

workshop (see elsewhere in this publicat i'n). Their 

resu Its show that there is genetic resistance in exist-
ing material which can b improved by current breed-
ing techniques. Varietal resistance is therefore of 
relevance intihe management if11l ioh'hlus. 

hlie l)roblenis encountered in rearing collected 
host larvae make it diflicult to draw firm conclusions 
froi our survey on the importance of larval parasites 
in regulating Ileliocheilus populations. Observations 
Made during our surveys appear to indicate that high 
mortality occurs between oviposition and establish-

tient or1first instar larvae. While egg parasites do not 
seem to have an irrpaet On II. 1lbilnWICIclla piOpulI]a-
tions, predators such as Orius sp may play a major 
role. The difficulties of demionstrating that predatirs 
observed ina field survey necessarily attack tie pest 
being surveyed are comipounded by the fact that pred-
atiry events, which is the best indicator, are occa
sionally seen inlthe field. Confining predator and 
putative prey in a cage is indicative, but not con-

elusive. Simple experiments could be designed to 
demonstrate the role of predators and panicle 
characteristics in larval establishment atid to deter-
mine which factors are responsible for the mortality 

of early larval stages. 
Studies by Bhliatnagar (1987), Galhukar et al. 

(1986), and Guevrctnomnt (1983) identified (ver 2() 

auxiliary parasites (if the earhead caterpillar. The 
most important species, Bracon hebetor,Ctopidosonta 
obscurun and Cardiochils spp (Braconidac) were 
claimed to result ilin utusually high levels of larval 
parasitism of up to 541:( in Niger and 801." in Senegal. 
Such levels have not been encouitered elsewhere. The 

supposed existence offccological barriers preventing 
the spread of parasites coninion in some regions to 

other millet-growing areas does not seem to be a valid 
explanation for these diflerences. lie lists of para-
sites from various countries of' the Sahiel indicate that 
the same major species are involved throughout. It is 

most likely, therefore, that the reported dilfCrences in 
ellicacies in different parts of the region result from 
local agroecological factors. Surveys only give spot 
saniples, localioil-spccitic detailed studies are neces
sary to deinonstratc the impact of natural enemies. 
Information front the results presented here emphas
izes the need for such studies on host-parasite interac
ions to demionstrate tle impact of'natural enem ies on 
lIhlioChCilUs pp ltations in farmers' fields. 

lhelioc/heilus albilinctlla is well adapted to a 

harsh environment. Any control strategy will require 
emphasis on tactics that integrate both tle physical 
and biotic environitients 0f this pest; any approach 
based entirely on a single management practice is less 
likely to provide a s(lution to a chronic problem such 
as this pest. lle development of an integrated control 
strategy is essential, artd crop management, plant re
sistance, and biological control tactics should be in
eluded. It is obvious that, given tile environment of 
the Sabel. the introduction of exotic natural eneries 
does not look promising. 'lhe approach Must utili/e 

crop management practices that can effectively re
duce pest populations and enhance the buildup and 
spread of nat ural enemies. hlliedevelopment (if reli
able laboratory mass rearing iethuids is needed for 
ecological studies if'th'liochilus and its atur111alene
lilies, and also to provide reliable cultures lir resis
tance screening. 
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Synthese 

Possibiliis d'utiliser la lutte int.rgrie contre la min
euse de Ipi, ileliocheilus alhipunctella. La ruin
euse de l'dpi, lh'liocheilus albilunciella de Joannis, 
est leplus important ravageur paniculaire du tmilen 
Afrique de l'Ouest. Cc sont icslarves qui provoquent 
des dgiits. Les panicules fortement infcstSes ont une 
apparence squelettique. Le tail ayant peu d'itnpor
lance uirique, I'utilisation des insecticides chiaric 
tniques nest pas uie iiesure de lutte viable dans les 
syst~ties culturaux traditionnels i base du ril. La 
df'cnse du tail done faitappel Aune approche de lutte 
intdgrie contre les inscctes nuisibles ax~e sur des 
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mesures culturale, biologilue et g6itique. On pr& 
sente ici les rdsultats d'unc dtude conduite en Afrique 
de I'Oucst en 1983-86. 

Une 6tude sur agestion du sol effectu6c en 1984-
85 au Niger a permis ie comparer Ics effecls de div-
erses combinaisons Lies r6sidus de culture el du la-
bour profond (30 cm) sur la population Lies pupes en 
diapause dans le sol au cours de la saison s&he (no-
vembre-mai). LL labour prolond combin6 avec l'en-
lvcment des rtsidus de culture i la (in de Iasaison 
ont r6duit de moins de 50% le nombre des pupes qui 
ont surv6cu dans le sol par rapport aux traiteients 
utilisds seuls. Ce traitement a entraind une chute rap-
ide et totale Lies populations pupales depuis novembre 
jusqu'en mai ct son effet a 616 particuli'rement impor-
tant dans les 10 cm de Iacouche supdrieure du sol que 
dans les couches 10-20 cm et 20-30 cni. 

Entre 1983 ct 1986, une collection de travail corn-
prenant des entr6es tans (livers essais et p6pinires 
conjoints a 61d dvalue pour fa resistance A tH. albi-
Inctella tans ies conditions d'infestation naturelle 
au Niger. L'6valuation t 0tl bas&e sur une notation tie 
s6v6ritd Lies d6gats aux panicules (1-5), ou I = inci-
dence nulle ;i faible; et 5 = incidence tr~s 6lev6e. En 
1983, 1984, et 1985, 1'tudc a 6td rdalisc ,i Sador6 ct 

les infestations ont 66 asscz Iaiblcs pour laire une 
6valIation significative. Cependant, cn 1986, I'Htude a 
etd effectu6c itChikal au nord du Niger ob Ics infesta
tions 6taient trbs 61evdes ct la plupart des cntrdes ont 
eu une notation tie >4. Dans tois les essais, Les 
lignes prdcoces et am6lior6cs au point ie vue 
agronomique ont &, en gdnral, plus sensibles ttue 
les cntrcs locales tardives. Line analyse plus appro-
Ibndie a r6v&d one corrlation 6leve (r = 0,69) entre 
le nombre de jours i la tloraison et ICs d6gIts causds 
par la mincuse de lHpi du mil. Aussi est-il 6vident 

fitle le Iaiblc niveau tie dgits chez les cultivars Io
caux est plutt associ6 Lihi dur6c du cycle-cl ainsi A 
I'chappenienl ties plants aux infestations-qu'a Ia 
rdsistancc g6n6tique. 

L'ICRISxT et I'InstitUt int'r;,!nal de lutte biolo-
giklue (CAll, Royaunie-Uni) oi.' '. rcpris une enlute 
conjointe pour 6valuer le comp.:... d'esp& s, les rrtJ-
tiuences relatives cc la distribution ties ennemis 
naturcls de II. albipunctlla au Niger ct au Burkina 
Fao, La plupart ties collections des ravageurs c des 
ennemis naturels ont 6 pr61evdes sur les chanips 
paysans ct coriplctces par ccrtains 6chantillons ties 
stations tie recherche dars les deux pays. la muissiin 
tie collecte a pu ci uvrir 58 ciplacements, l.'listitut 
international (ie I'entom ologie i dentiIid ties chan-
tillons reprdsentatifs tIc tous les parasitoides ct tIe 
pr6datcurs. 

On a enregistrd trois espces ie parasitoides 
docufs, Trichogrammaoidea sp nr. haea, Teh'nonus 
anates Nixon, un encyrtidd inconnu ainsi quc deux 
prddateurs d'ocufs, Orius sp et Glypsis conspicuos 
Westwood. Toutefois. le taux g~ndral du parasicisme 
des ocufs a t6 moins de l0. Les parasitfides lar
vaires ont compris deux espLces souvent rencontr&cs, 
Bracon hebetor Say el Colfidosoona obsciirlm 
Nikolskaya (- Litomastix sp). Line troisibrie esp.'ee, 
Gonioqphhahnus halli Mcsnil, a t61Lretenuc ,i partir de 
certains 6chantilons. 

L'arlicle t6value les avantages de la gestion dtu sol 
i la lin tie hi campagne dans ha ltte contre la mineuse 

de l' pi par rapport i I'rosion eolienne du sol et 
pIusieurs fiacteurs sociologiques. les auceurs soulig
nent hi ndcessit6 d'avoir ies paraumitrcs d'inlestation 
c d'6vaIlation unil'or mes ct fiables alin qu'on puisse 
rdp6ter les rdrsulats tans Ic ciihlage pour Ia rdsis
tance. Bien que 1'enqu&tc indiqie It prdsencc des 
ennemis naturels, iI importe d'clfcctuer des 6tudes 
sp6cifiques A une r~gitr1 donn&c sur lc interactions 
hite-parasitce afin (i dniontrer leur impoct. En con
clusion, les autcurs constatent que coute approche 
bas& stir une seule niesure de little ne poirrait pas 
parvcnir itmaitriser le ravageur et qu'une plus grande 
place doilt tre accord6e A la strat6gie intlgr&e et 
&ologique. 
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Environmental and Socioeconomic Variables in the
 
Development of Sustainable IPM Strategies
 

for Sorghum and Millet
 

M V K Sivakumnar and J Baidu-Forson' 

Abstract 

A major goal of integrated pest management (1/,M) is to maintain pest polmlations below economic 
thresholds while utilizing suitable techniques to protect both the environment and nontarget species. 
Assessment of pest polumlation dvnaoics requires an tunlerstadlijng of the soil-Ilant-atmosphere 
continuum. it, inineldiate environmient in which apest survives can be characterized by a nmber 
of climatic variables such as rainfal1, radiation, temlerature, relative hunidity, and wind speed and 
direction, and soil variables inculuding soil mnoisture, ,oil temperature, etc. Cultural control ofpests 
involves manipllatin of,these en vironmtental variables to to pest.make them less favorable lit, 
l)esignio'f approprialte /I't tcchniqcu's also requires knoavlecige ofdecision rules used byfariners to 
gquide pest 11aniaqia,'l 1et act ion.s, t. s taid quantities of resources used in pest maagement, and 
frimerperceptions ofthe e(ononic t.+icacv e.pected profit or reduction in unit cost o(llroduction) 
of indigenous manageitent ,methods. Ilmprovemcents that can: be obtained from the apilication of 
alternative non-iireligenioii methods ofpest nanagenentdepend on crol value, cost of nen' inputs, 
productivity gains, risks associated with the use of new PM techniques, and the threshold levels and 
doses of insecticide requiredfir efbi'ctive control of pest dainage. 

Introduction 

Nillet and sorghuim are important staples and sources 
of household incone in the sem i-arid tropics. Dain-
age by panicle insect pests causes substantial losses, 
and reLucticn off these losses wo,'uld improve food 
availability and farmers" incomes, 

Depending on the pest, achievement of a sUbstan-
tial integration ofreduction in crop losses requires tile 
relevant biclogical, cultural, genetic, and chemical 
controcl methods in an integrated pest management 

I'PM)systen (at hak 1991). 'lihis approach concen-
trates on a given crop or cropping system and seeks, 
first of all,a thorough hOlitic tUnderstanding of envi-
roniental and socioeconomic variables in the devel-
,pment of sustainable ttI'M strategies. 

A major goal of tt', is to maintain pest popula-
tions below economic thresholds while utilizing suita-

1. [(RISAT Sahelian fit' 12.104.C(enter. Niaey, Niger. 

(RISAT Cnlercence I'taer I' 1)8it.no. 

ble techniques to protect both the environment and 
nontarget species. To achieve this goal, quantification 
and interpretation of pest population dynamics is nec
essary. This requires an understanding of the 
agroecosystern and its driving forces. The goal of IPM 
can be achieved through incorporation, in the design 
of an tI'M technology, of relevant scientific data or 
information on crop-pest relationships, pest behavior, 
and physical and agronomic environments under 
which the pests thrive (Fig. 1).Ilowever, durable tech
nical imanagenent of'a pest, while necessary, is not 
suflicient to guarantee the adoption of IPM by 
farmers. Adoption of IM depends on the simplicity, 
ecconiic efficiency, or prolitability of components of 
the IPM within adelined target area. In addition, con
ponents of the tI'M must be socially acceptable. 

In this paper, we discuss the importance of envi
ronmental and socioeconomic variables in developing 

Stvakurnvr, M.VK.,and Ihiddiu-.'or.on, in the de.elopinent ofsutainabl 11PMJ. 1995. invcircnmental and ',wioeconcrnic variables strategies 
forsorghumc 294 insect ofsirghcm and pearlmillet: of an Consutativeand milll. Pages 273 in Picle pests prcieeding, international 
Workshop. 4 7 (c 1993. Scielian ('enter, Niamey. Niger (Nwane, K.F, and Yourn, 0.,eds.).i(RISAI tPaiancheru 502 324. Andhra Nradcsh. 
India: 'Crtp'Fewarch In tiucefortheScic.Atid Tropic%.Iniernaliccnal 
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Figure 1. Decision variables for the design and assessment of IPM technology. 



sustainable IIIMstrategies for sorghum and millet. To 
the extent possible, we have used examples for pani-
tie pests, the principal subject of the workshop. 
Where necessary, we have used examples for other 
pests to illustrate the point. 

Environmental Variables 

In a given cropping system, environmental variables 
such as rainfall, soil moisture and fertility, and tern-
perature determine crop growth. I cre it is important 
to consider crop management because it can modify 
airtemperature, wind speed, radiation, and relative 
humidity within the canopy through its effect oil can-
opy growth or ground cover. Crop growth and ail 
other factors combine to determine potentials for 
growth and reproduction of tie other organisms in the 
crop ecosystem, i.e., insect pests, weeds, plant patho-
gens, and also their parasites and predators. I fence an 
integrated approach to pest management requires a 
study of the interactions between the physiology and 
biochemistry of the plant, and the pest, as well as the 
interactions between both organisms and the 
tnicroclimate. 

Pests that invade crops either develop within the 
microclintate or are transported into the microclimate. 
They live, grow, and reproduce within the microcli-

imate. I(cicc the tmicroclimate of a pest can be de-
lined, in general, as the immediate environment in 
wiflch it survies (l)oraiswainy 1982). For example, 
sorghumlearhcad caterpillars thrive in large and coin-
pact ca heads which provide an excellent rnicrocli-
nilate :;r their feeding and survival. Compact earheads 
also offer better shelter frotm attack by natural eie-
ilies. A quantitative understanding of the interactions 

Table 1. Proposed meteorological variables 
with accuracies required for integrated pest 
management. 

Variable Accuracy required 

Air temti perature ± 
Soil te~imperature ±C 
Wind speed ±0.5 ii s-

° 

Wind direction ±10 
Barmletric pressuire ±0. I kPa 
lar tr pressur +1 k41
il iy ±2. in 

Proipmit ( re I 111111 
Sofil moisture +1% 

Irradiance ±210 k m-2d-I 

between plants, pests, and their microenvironments 
can help us evaluate the possibility of modifying the 
inicrocljniatc by management and the impact of such 
modification on pest popuIations. 

Although the influence of different climatic vari
ables on the incidence of pests has long been recog
nized, it was not until the early 1970s that the need for 
increased monitoring of meteorological data became 
acute. 'The advent of IPM models raised questions on 
the type and accuracy of the data needed for applica
tions. Ilay nes et al.(1973) proposed specific climatic 
variables and accuracies as shown in Table 1. 

Rainfall 

The rainfall pattern in the sem i-arid tropics is pre
dominantly ioronmodal, with over 90% of the annuLal 
rainfall occurring in a short period of 4-5 months 
followed by a long dry season. Because millet and 
sorghum, the host plants, are also grown mainly dur
ing the rainy season, cycle of the peststhe life is 
intinately linked to rainfall. Nwanze and Sivakumar 
(1990) showed that the emergence if spikeworm (Ile
liocheilus [=Raghm'a] albiputcelli de Joannis) 
moths from the soil generally occurred 40-50 days 
after the first good rains (15-25 rini) of tile season. 
The diapause of the sorghumn midge, Contariniasor
ghicoia Coquillett, which overwinters inside tie at
tacked spikelets, is broken with the onset of 
subsequent rains (llar,'is 1985). 

Gahukar (1988) concluded that rainfall distribu
tion and the coincidence of pest abundance with the 
vulnerable stages of millet were the major factors 
responsible forpopulation fluctuations of pearl millet 
pests in the Sahel. Because of the variable rainfall in 
the Sahel, there is a movement towirds growing 
short- or nieditim-duration varieties of millet and sor
ghum depending on the length of the rainy period at a 
given location. [his could result in 'hot spots' for 
particular pests depending on how well the pest cycle 
matches the crop phenology. The population of the 
pearl millet grain midge Gerom'ia penniseti (Felt) 

increases rapidly early in the season, and the local 

millet flowering in late Sep isexposed to severe infes
tation, which could result in up to 90% loss in grain 

yield (Coulin and larris 1988). Ndoyc (1979) ob

served that 10V( infestation may occur on late millets 
(sanio) cultivated mainly inthe Casanmance region of
southern Senegtal. On the other hand, long-duration 
varieties of sorghum in India and West Africa are 

generally reported to escape midge and head bugs 
(Lcuschner 1985). 
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The effect of drought on insect populations de-
pends on the environnntal requirements of the insect 
under consideration. Spikeworms have become major 
pests since the 1972-74 drought (Vercambre 1978, 
Laporte 1977, Ndoye 1979). On the other hand, early 
ces,.:tion of rains and the consequent drought in 1983 
in Mali was reported to have resulted in lower popu
lations of sorghum midge (Bonzi and Dounmbia 1985). 

Air and soil temperatures 

Temiperatuie is an environmental variable that di-
rectly affects an insect's habitat (Doraiswamy 1982). 
In moving from or to a sunny or shady environment, 
the insect may select acombination of heat load and 
dissipative flux. A suitable combination of tempera-
ture and humidity is essential for maintaining proper 
internal water balance, which is of great importance 
to the functioning and survival of organisms, 

Ambient temperatures influence the level of insect 
infestation. The sorghum midge is active in southern 
India where air temperatures are higher, while under 
the cooler, winter conditions in the northern and cen-
tral regions midge populations decline rapidly (Sri-
vatsava 1985). In Mexico, high temperatures also 
resulted in increased populations of the sorghum 
green bug (Schizaphis granzinum Rondani), which is 
usually not a major problem (Castro 1985). Air tern-
peratures also regulate the period of mating. Mating 
activity generally occurs earlier on cooler nights than 
on warm nights (Lingren et al. 1982). 

Developnient of crops and insects are functions of 
temperature accumulation, which is usually expressed 
as day-degrees or accumulated heat units above a 
base tetmperature. Use of the heat unit concept in 
predicting pest emergence and outbreak is becoming 
more popular (lnayatullah 1982, Knutson et al. 1989). 
Baxendale and Tectes (1983) reported that adult 
midges of sorghum initiate emergence after accu-
mulating 431 heat units above a threshold temperature 
of 14.80C, and that 679 and 979 heat units were re-
quired for 50 and 90% emergence. 

The biological significance of soil temperature to 
plants and organisms that live in the soil for part or all 
of their life cycle is well documented. Certain insects 
spend a part of their life cycle in the soil, dormant in 
winter and at times in summer to avoid excessive heat 
(Doraiswamy 1982). Froto field studies on sandy soils 
in Niger, Nwanze and Sivakunar (1990) showed that 
the survival of diapattsing pupae of II. albipnctella 
was closely associatcd with changes in soil tempera-
ture. When the mean soil temperatures during Feb to 

May were over 40C, mortality of diapausing pupae 
increased to >60%. The chafer beetle Rhtinyptia spp, 
which causes severe damage to Ilowers and develop
ing grains in sorghum and millet, develops in the soil 
and is influenced by soil temperature. 

Relative humidity 

Relative humidity within crop canopies is influenced 
by ambient relative humidity, the rate of crop transpi
ration, and to some extent by soil evaporation rates 
under wet soil conditions. Systematic field studies 
linking pest incidence to relative humidity are rare 
because of the difficulties associated with separating 
the effects of several other interacting factors. Higher 
rainfall and more frequent rains influence ambient 
relative humidity, but these conditions also favor 
rapid crop growth and provide a good substrate for 
insects. Generally, adult fecundity and larval survival 
depend on a combination of favorable humidity and 
temperature (Stinner et al. 1982). 

One important effect of relative humidity is to 
increase the infestation of head bugs and midge when 
grain ripening takes place under high humidity. If 
short-duration sorghums are sown late but mature un
der conditions of high humidity, head bugs and midge 
could become a problem (Lcuschner 1985). Viana 
(1985) reported high midge populations in southern 
and central Brazil where sorghum is grown between 
Oct and Mar under conditions of high humidity. More 
midges emerge at high humidity (90%) than at lower 
humidities of 10 and 50% (Fisher and Teetes 1982). 

Wind speed and direction 

Wind movement within acanopy affects, to varying 
degrees, the growth and development of plants, insect 
activity, and population growth. The effects of wind 
can be divided into three categories (Shaw 1982): 

Through heat and mass exchange at the leaf sur
faces, and through the diffusion of heat and mass 
between the canopy air spaces and the atmosphere 
above, the air flow regulates the microclimate of 
the vegetation. For example, the extent to which 
transpiration could increase humidity inside the 
canopy depends on the amount of ventilation, 
which is determined by the strength of the wind 
and the extent to which the wind can penetrate the 
canopy layers. 
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" 	 The direct mechanical action of the wind on both 
plants and small insects sitting on or physically 
attached to the plant parts. 

* 	 The wind acts as a vector for a myriad of gaseous 
and particulate materials, e.g., insect pheromone 
release and diffusion. The response of males to 
sex pheromones emitted by females for mating is 
affected by wind velocity, 
'TO understand, or perhaps predict, events such as 

lodging, re-suspension of particulates, and detach-
ment of insects frori plant surfaces, it is necessary to 
know the probability of occurrence of*wind speeds 
significantly higher than the t ie- averaged value, 

Ari additional atmospheric factor that could be of 
relevance is atrmospheric stability, which cart be in-
struniental in insect lIight behavior on adaily or seaso-
nal scale. According to Fares ct al. (1980), 
atmospheric stability and turbulent diffusion within 
tle canopy were considered to be two of tile major 
factors influencing phero one dispersion. Vit et al. 
(1964) observed tha insect behavioral patterns such as 
aggregation, flight, and infestation were regulated by 
pheromones. These studies demonstrated the need for 
%%indspeed and turbulence nmeasurements both above 
arid within tile crop canopy. For migrating insects, the 
direction of migration is largely determined by wind 
velocity at flying height, which may be selected by the 
insect (Pedglcy 1982). In addition to wind speed, wind 
direction also is an important environmental variable 
in inlluencing insect movement and spread of infcsta-
tion. Pheromone diffTrsion in a given direction is re-
lated to wind speed as well as direction. 

Soil moisture 

Soil moisture is one of the key environmental vari-

ables inlhuencing the survival of diapausing insects in 
the semi-arid tropics. The millet spikeworm is a uni-te seiad trp n ahrour-c'hemilletspikeocrmis 
vwiltine species and off-season carryover is through 

diapausing pupae. IHence soil moisture affects both 
survival and timing of development of' pupac.
suviale and ini o199developwentat f puae.-
Nwvarie and Sivakurnar (1991)) showved that a major

ity of diapausing pupae (51%) were found al 10-20 
cm soil depth. Favorable soil moisture is a key factor
affecting the duration of post-diapause development 
and hence the population dyna ics of deeliocheilus. 

Management 

Crop management is considered the oldest crop pro-
tection methL 1,because of its impact on the biolog-

ical and ecological relationships between insects and 
crop and noncrop vegetation. Among the important 
management variaoles are variety, date of sowing, 
row spacing, tillage, fertilizers, sanitary methods, 
trap crops, intercropping, rotations, irrigation, and 
time of harvest. 

Vercanibre (1978) rcparted that deep plowing at 
the end (if the crop season could reduce tile popula
tion of diapausing pupae of Ih'liocheilus by expos
ing them to desiccation and preda lors. Ajayi (1990) 
reported that infestation and damage caused by the 
millet stem borer was strongly inllenced by date of 
sowing and tile rate and time of fertilizer application. 
Sukhani (1986) reported that early sowing was an 
effective means of reducing Atihrigona soccata 
Rondani and Cotzarinia sorghicola Coquillc. 
Dhal iwal et al. (1992) suggested that delayed sowing 
of forage sorghum till Jun could reduce the damage 
dite to shoot fly. Disseiod and [lindorf (1990) 
showed that intercropping of sorglium/niaizc/cow
pea was successful iii controlling sorghum stem 
borers in Kenya. 

An interesting case oif the role of management in 
insect infcstation was described by Passlow ct al. 
(1985) in Australia. In tile northern territories of 
Australia, sorghuri midge is not a problem because 
of' poor survival of diapausing larvae during the 
long, hot, dry season that follows the rainy season. 
But in Queenslaid, a continuity of flowering hosts 
allows the midge to breed frori Sep to May-Jun. 
Ilence, selection Of* sowing dItc to avoid Ilowering 
ifmiediately after a major wet season Was eriiployed 
as a management mechanism to escape midge. 

One important consideration incrop management 
is the issue of feedback effects, as rnicroenvironment 

alteration by ori pest ray result in changes in an
(ither pest, which then alters the sittratioin for the 

original pest. '[his can be illustrated with the case ofweed management, which is an essential component
oif the croip proiduction system. Weed control, regard

of the eto emy ed no re ado 
less of the method employed, involves removal or 
destruction of vegetation, with resulting changes in 

the microclinmte, through changes in shelter and 
od supply for pest or beneficial irganisis. The

damage done by other pest organisms can modify 
crop growth, which can then alter the severity of a 
weed problem. The control tactics applied against 

these other pests miny also modify the growth of 
weeds. When herbicides are used foir weed control, 
additional interactions with pests occur in .he form 
of habitat modification or as a direct consequence of 
the herbicide action. 
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Implications for IPM strategies 

The studies discussed in the previous sections show 
that environmental variables play an important role in 
the growth, development, and infestation rate of pani-
cle insect pests of sorghum and millet. To keep 
abreast of their ever-changing status in a crop, we 
must carefully monitor the environment-crop-pest 
complex by monitoring weather factors and all insect 
pests affecting the crops, crop stage when insect at-
tack occurs, darnage done, control measures, and 
their efficacy, as well as natural enemies associated 
with the various pests. An understanding of the quan-
titative relationships between environmental variables 
and pest infestation should help formulate effective 

IPM strategies. 

Socioeconomic Variables 

Adoption of HPM strategies by farmers is influenced by 
social, economic, institutional, and policy environments 
in the target area (Fig. I). An IPNI component that 
involves radical changes in traditional cultural prac-
tices is unlikely to e accepted by farmers unless 
mechanisms exist to facilitate the changes. As ex
plained earlier, research recommends delayed sowing 
of short-duration millet as a method to control millet 
head caterpillar or spikewormo (Vercambre 1978, Ndoye 
and Gahukar 1987, Youmn and Gilstrap 1993). This is 
technically feasible but farmers traditionally sow long-
duration millet varieties with the first rains and are 
reluctant to replace the traditional varieties with 
shorter-duration varieties in the absence of widespread 
adoption of the latter. Widespread adoption of short-
duration varieties in the Sudano-Sahelian zone of West 
Africa is constrained by lack of seed production and 
input distribution infrastructtire that could assure the 
supply of needed inputs at the farm level. This illus-
trates the need to identify and consider possible socio-
economic constraints when assessing pest management 
practices that should be components of an IPM. 

Relevance of indigenous knowledge to 
IPM design 

The design of appropriate I'M strategies should incor-
porate information on indigenous knowledge of insect 
pest behavior and traditional management practices, 
Indigenous insect pest management practices and 
strategies may include deliberate and incidental pest 
management practices used b) farners, that can be 

directly incorporated in iPM. Even in cases where 
traditional management practices are ineffective, re
search could examine modifications to improve the 
effectiveness of the techniques. For example, field 
surveys in the Kirtachi and Gullenyi districts of Niger 
showed that farmers burned onion peels to repel mil
let head pests. Onions are readily available at farm 
level and the technique was relatively simple, with no 
deleterious cnvironmental or human health effects. 
But the effectiveness of the technique on panicle in
sect pests was temporary. Could a more durable re
pellent effect be obtained when solutions of extracts 
from onion peel are sprayed on millet heads or the 
onion peels are managed differently? If the repellent
effect is due to an active ingredient, could research 

examine how to obtain amore durable repellent effect 
and include it in an 1PM practice? The example illus
trates the usefulness of farmer knowledge and percep
tion. Yet, there is a dearth of studies on farmer 
knowledge, attitudes, and practices (KAP) (Rola and 
Pingali 1993). Since farmer perceptions influence de
cision making while indigenous knowledge could 
contribute to research on acceptable pest management 
systems, KAI) studies are needed to provide the basis 
for the evolution of appropriate IPM methods. 

Farmer and farm household 
characteristics 

A review of agricultural technology adoption litera
ture shows the importance of farmer characteristics in 
the adoption of technologies in general (Feder et al. 
1985) and pest management techniques in particular 
(Troost et al. undated, Mueller and Jensen 1988, Pin
gali and Carlson 1985). Experience, formal education, 
and targeted training are socioeconomic charactcris
tics that reduce probability errors and hence improve 
farmers' perceptions (Pingali and Carlson 1985). 
Also, farm household resources (Hooks et al. 1983), 
farmers' objectives and goals as well as attitudes to
wards risks importantly influence choice decisions. 
For example, an IM practice tested for the control of 
millet spikeworm includes the use of an insecticide,
endosulfan (Ndoye and Gahukar 1987). However, re
search showed that the chemical component of IPM 
for the control of spikeworm would be constrained by 
lack of cash, water, trained personnel, and input deliv
ery systems (Nwanzc 1985). Therefore, where cash 
outlays :equircd for application cf the insecticide ex
ceed the capabilities of rescarce-poor subsistence 
farmers, institutiomal mechan.sis are needed to alle
viMte cash and input delivery c::.istraints. 

278 



Farmer decision rules 

Farmers' personal decisions determine what methods 

of pest control are applied (Reichelderfer et al. 1985). 

Farmers choose whether, when, and how to allocate 

resources to pest management (Mumford and Norton 

1984). But what decision rules guide the choice of 

method of' intervention and a decision to intervene a 

all'? In particular, what do farmers consider as impor-
tant pest mnagment decision variables? Fire 2 pre-
sents a schemautic illustration of the factors and 

pest management inputs, and regulation of produce 

prices (Norton and Mumford 1983) influence pest 

management decisions by farmers. For example, 

Nigerian farmers used an insecticide to control cow

pea insects while it was subsidized but reverted to 

traditional practices devoid of insecticide application 

as soon as the subsidies were removed (0 Ajayi, 
ICRISAT, personal communication 1993). It is also
important to note that the external effects of pest con
trol decisions can distort economic incentives and 
to eiin a itr cnmcicnie nviesaschensired byluamers wfhe facdthstndprevent maximization of benefits to society (Mumford

variables considered by fau'rmers when laced with pest 
management decisions. At the first level of decision 
making, a farmer is faced vith a choice between two 
options: do nothing, and employ a pest management 
method. At this stage of decision making, the farmer's 
goal and objectives, and assessment of pest inipar-
tance, would be the main guiding criteria to adecision. 
At the second stage of decision making, resources of 
the farm household, on-farm peforinance of the new 
pest management method as compared with traditional 
management, risks, and other socioeconomic, physical 
and agronomic factors, would largely determine what 
choices are made by farmers (Fig. 2). If a particular 
sorghum or millet panicle insect pest causes grain 
losses that compromise the food production goals of' 
farmers then it is likely that resources (labor and/or 
cash) will be invested in control of the insect pest, if 
profitability can be demonstrated through partial bud-
geting, using data on crop productivity and value, input 
quantities, and unit costs. On the other hand, studieshave shown that when pest populations arc low, 

and Norton 1987). Therefore, public policy interven
tions may be n eded to internalize the costs and bene
fits of pest conti )l. 

Modeling Farmer Choice Decisions 

Mumford and Norton (1984) identify and discuss 
models-economic threshold, marginal analysis, de
cision theory, and behavioral decision models-that 
can be used to analyze pest management choice deci
sions. However, the appropriateness of a model de
pends on the certainty with which outcomes or 
variables are known. For example, if level of pest 
attack (h), yield per hectare lost per unit area of pres
ence of pest (d), mortality coefficient associated with 
control strategy (k), price of crop (p), and cost of 
applying pest control (c) are known, then it is possible 
to estimate the economic threshold level (h) from the 
equation: h-c/pdk (Rola and Pingali 1993). This apeuto:h=/d Rl n igl 93.Ti p

farvershmayodeciethat themoton anmopulpest s proach assumes that a farmers' objective in using the 
arers may decide that the most economic pest an-maximizatin. However, 

agment strategy is to do nothing (Smith t al. 1989) or 
to rely on natural control (Rola and Pingali 1993).
Ilowever, it is also possible that a resource-poor or 

subsistence farmer may not have enough resources to 
invest in control of the pest despite its importance anddesitetheprfitbiltyof'conrolin th isec pet.
despite the profitability of controlling the insect pest. 
For example, if the unit cost of production and risk 
increase beyond levels acceptable to a farmer, a pro-
posed insect pest mlanagement technique may no beaceped bysefareAs secarcity bo, laaborent ntaccptd by 'arners.Also, labour scarcity and its ,oppor-

tunityyDuocostncould affect adoption 90.Teeoebehavior of farmersa eorerqie 
(Deuson and Day 1990). Therefore, resource require-

cnts ysion 
ogy. I lcnce, profitability by itself is not a su fficientcri ncpr oftabilitya betaelf iantproposUfed th 
criterion for farmer acceptance of any proposed tech-
nolony (Nagy and Sanders 1990). 

Public policy 

Public policies such as environmental health laws 
(Reichelderfer ct al. 1985), government subsidies on 

benefits need not exceed costs where risk avoidance 
is the farmers' objective. In such instances, pest man
agement isconsidered as a form of insurance against
catastrophic losses. This tends to be the more preva

lent overall pest management objective of farmers 
(Mumford and Norton 1984). The uncertainties asso
ciated with decisions are due to inability to estimatc 
level of pest attack, unknown effects of climatic ind 
leeofesatckunowefcsoflitcad 
agronomic variables, difficulty in estimating futureprices and costs, and lack ofadequate information on 

price an cost anlack of adequat norn ondamage. If pest attack levels are not known with cer
tainty but probability information does exist, adeci

theory approach can be used to analyze pest
siothryapaccnbeudtoaalzeet
management options. Illustrative examples of the de
cision tree methodology used for analysis of pest 
management problems are pro,,ided in the literature 

(Valentine et al. 1976, Norton and Mumford 1983). In 
this paper, Figure 2 provides a framework for the 
collection of data appropriate for decision tree anal
ysis. On the other hand, Figure I shows the multi
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disciplinary datm requirements for a comprehensive 
analysis of' pea nmanagement. Equations estimated 
from the different components can be aggregated in a 
simulation model. 

Conclusions 

In this paper, we have presented itbrief review of the 
importance of environmental and socioeconomic 
variables that must be considered indeveloping sus-
tainable HIM strategies. Despite recognition of the in-.-
portance of these variables and of the growing 
knowledge of the intricate relationships and interac-
tions betv.'ecn the variables, few comprehensive 
studies addressing these issues h:,,e been conducted 
in tile sorglium and millet growing regions of tlie 
sentii-arid tropics. Comprehensive modeling of pest 
ianageinit straiees requires a multidisciplinary 

approach in tlie estimation of component equations of 
a sinuillition iiiodcl b) entomologists, agrocliniatolo-
_ists, :agronomists, soilscientists, and economists. 

Syntlhese 

Importance des variables environnementales et 
socio-cconomiques dats le diveloppement tie strate-
gies de lutte intgrte durables pour le sorgho et le 
rail.Le but majeur d'une lutte int~gree contre des 
insectes nuisiblcs est Lienaintenir les populations des 
insectes ravageurs sous des niveaux 6conorniqucs en 
utilisant les techniques approprides pour hitprotection 
de I'environneinent et des espes utiles. L'dvaluation 
des dyoaniques des inseccs nuisibles demande une 
compr6hension des relations entre le sol, laplante et 
I'atmosph&c. L'environnemcnt inimmdiat de survie de 
l'insecte nuisible peut tre caractdris5 par des variables 

ations des populations d'insectes au Sahel. Les tern
pdratures !inb;'tnes intluencent ledcveloppenent ct 
leniveau d'inPostation des insectes et , glc Ia periode 
d'ar auplmenm. La fccondit6 des adultes et lasurvi
vance des larves dpendent dune cotnbinaison d'hu
midit6 et de temperature tavorables. 

Le vent peut iniluencer I'activit6 et ]a population 
des insectes i travers la r gtlation de lchange de 
chalcur elde masse, action mecanique directe, et en 
tant que vecteur pour laliberation et ladiffusion de 
phrotnone. La stabilitd atmosphrique et Iadiffusion 
turbulente ii 'intrieur dii feuillage peuven t aussi in
fluenccr ladispersion de pheroione. L'hum idit6 du 
sol est uie c6 variable qui influence laSUrvivance (ies 
insectes en diapause. 

La rise au point d'une technique appropri~e de 
lutte itigre demande aussi utie connaissance des 
critores d&cision utilisds par les paysans pour 
guider lechoix des actions Liecontrcle ii iener, les 
types et les qUlantit6fs des ressources utilisSes dans la 
maitrise des insectes nuisibles, et les perceptions des 
paysans de I'efhicacit, (icprofitou les rductions des 
coOts de production) des niithodes dc lutte locales. 
P"our faciliter l'adoption d'une technique de lhtte intd
gr~e, il y a lieu d'6tudier les Iicteurs socio-economi
ques, institutionnelles et politiques qui prdvalent dans 
une region donne. Par exciiple, lespratiques pay
sarines incluent des stratdgics dlibres et inciden
tales qui peuvcnt contribuer dircctement ou avec un 
peu d'ammlioration, ii une lutte intdgr~e contre les 
insectes nuisibles. Egalement, les ressources des m
nages, objectifs et buts des paysans ainsi que les atti
tudes cnvers lcrisque sont les caractcristiques qui 
peuvcnt tre prises en compte dans ]a mise au point 
d'une stratgie de lutte intdgre. 

Les amtliorations que I'on peut obtcnir de I'appli
cation des m6thodes de contrele non-locales ddpen
dent de lavalcur de hi culture, des coits des intrants 
nouveaux, de laproductivitd obtenue, des risques as

de climat telles que lapluviomdtrie, lerayonnenient, hit socids "mI'utilisation dtune nouvelle technique de lutte 
teiipdrature, I'htimidit6 relative, hi vitesse et ladirec-
tion du vent, en tenant compte des variables lides au sol 
tellcs que I'huniidite du sol, latcmprature et les flux 
de chialeur. La litte culturale contre des insectes nuis-
ibles comiprend une manipulation de ces variables en-
virtineiientales afin de les rcndre moins favorables 
aux insectes nuisibles. II est dgalenient important (he 
considrcr lagestion des cultures car ellepeut nmodifier 

intgrde et des scuils et doses requises pour lecon
tr6le effectif des insectes nuisibles. 

En ddpit de lareconnaissance de i'importance des 
paramrtres environnementa.,x c socio-dconoliiques 
et de Iaconnaissance croissante des relations ct inter
actions complexes entre lcsparamntres, peu d'dtudes 
d6taillkes abordant ces doniaines ont t6 conduites 
dans les rdgions tropicales scmi-arides o6 I'on cultive 

hemicroclimat du feuillage ittravers son effct sur lat le sorgho et hemil. Ceci demande une approche multi
croissance du fcuillage et lacouverture du sol. disciplinaire incluant les entomologistes, les agro-

La quantitd et lhdistribution des pluies ainsi que la cliniatologistes, les agronomistes, les pddologues et 
longueur de lapriode culturale influencent les fluctu- les dconornistes. 
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Impact du Projet CILSS sur la lutte integree contre les
 
insectes nuisibles des panicules de mil et de sorgho
 

D 1) Bfi', G Pierrard',et A B Bal 2 

Risume 

Le Projet de Lotte intmgrie contre I'sennentis des ctdltres vivrires du Conit Permanent Inter-

Etats de Lutte Contre la Shchrt'sse dans heSahel ((TU.SS), en renforf-ant h's centres nationaux de 

recherche agricole des pays sah/rliens en movens humains et inaterielsapermis d' ,ablir un ricseau 

de surveillance et d',ffictner des recherches bioe;cologiques sur h's principau.% nuisibies des cul

tures vivriOres dont les insectes des paniuies de tlilet tie sorgho. Ces recherches ont abouti d la 

dfinitiondiestraumgis de tte ou 6 des recon doandationspour des recherches fitures. 

Introduction 

Lc Projet CILSS de Lutte intrgrce contre lesennenis 
des cultures vivrires, linanc par I'Agence des Etats-
Unis pour ledveloppement international (USAII)) et 
exdcut6 de 1980 'i1987 avec I'appui technique de 
I'OrgAnisation des Nations [hnies pour I'Alimentation 
et I'Agricuhure (FAO), avait comme objectifs: de ren-
forcer les centres nationaux tie recherche agricole 
pour ctudier lecomplexe bioecologique des princi-
paux ennemis des cultures vivries, en vue de dvel-
opper ties ttCIthodes de lutte int6gr6e, de former le 
personnel national, d'implanter un rtseau de surveil-
lance de ravageurs importants des cultures et d'im-
planter en milieu paysan des actions de d6monstration 
des rdsultats de larecherche. Ix toil etlesorgho 
liguraient parmi lescultures vivrires trait,&s par le 
projet. 

En entotnologie, leprojet acr,5,six laboratoires et 
a formr5 12 spcialistes tie niveau supdrieur.En outre, 
leprojet a nis en place h travers leSahel un ri ieau de 
55 postes de surveillance des nuisibles. Pour lermil et 
lesorgho, lesinsectes ravageurs ties panicules retenus 
par leprojet ont & lachenille toineuse de l' pi tie 
mil, les mlojdes, lac~cidomyie du sorgho et les pu
naises des panicules de sorgho. Les rdsultats obtenus 
datcnt de la [in de lacampagnc 1986. Aprts lafin du 

projet, les programmes de recherche ont dtd pour
suivis par les instituts nationaux de recherche 
agricole. 

Mil
 

Chenille mineuse de 1'Npi 

Avant leprojet, des dtudes avaient ddj, didt surmenes 

Iheliocheilus albipunctella de Joannis. Cependant, A 
partir du dniarrage du projet ces recherches ent 616 
renforct~es notaniment au Niger et au Sbndgal. 

Pour ce nuisible, une m6thode d'dvaluation des 
pertes utilisable dans des enqutes de ri.gions a dtd 
rise au point (Bos 1985 et1986a,b). Les ddgfits sont 
les plus dlevds dans lazone septentrionale de culture 
du ril, sans toutefois Etre n6gligeable: dans leszones 
plus au Sud. Dans Ics zones touchdes, les pertes 
moyennes occasionnees varient entre 10 et20%. 

Les dtudes sur ladynamique des populations de 
I 'csp&e, sur son dthologie etsur ses ennemis naturels 
ont conduit orienter lalutte sclon trois stratdgies 
compldrnentaires: 

l.a r~sistance vrikale. Apr~s une selection pr6
liminaire, Ic matdriel gtndtique a dtd dvalu6 quant A 

1.Projet I .ute indgree, de Lute Conire laS&heresse dans te Sahel ((u.ssI ,Insttt du Sahel, iP1530. lamako,Coliid Permanent Inter- Its 

Mali.
 

2. t)cpartenrent de Formation en 'rotection des Vegetau, (DWTV),1itP12625, Niamey. Niger. 

intgrce contre tesinsectes nuisibes des panicules de milet de 

sorgho. Pages295 290 in l' nicle insecLpests of sorghum and pearl millet proceedings of an Internationat Consultativ Wowkshop, 4-7 Ot 1993. 

(RISAT Sahctian ('enter. Niamey, Niger (Nwanie. K.F., and Youm, 0.. eds.t. Ptatancheru 502 324, Andhra Pradesh, India: Internati nal, Crops 

Research Inqiiute for theSeni-Arid Tropics. 

1lt, ).1)., I'terrard, ;., and flat, A.l. 1995. Irpact du Projet ('U.sssur la lutle 
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son comportenlent vis-a-vis tie lainincuse. Des dif-
Ifdrences iesensibilitd ont tdobservees, etpouvatient 
permettre une reduction des tdg'Lis de I'ordre de 
301%, tant ce qui concerne les varidets de mil itcycle 
court que ltsvaridts i)cycle intermediaire. 11na pu 

€re dtabli cependant de relation entre lasensihilit 
varicdale et diverses caracteristiques morphologiques 
de laplante (CILSS 1986 ct1987, Gahukar 1986a,b). 

Lu lulte Iiologique. Parini les especes invenlorides 
d'ennemis naturels de lachenille mineuse, IBracon 
hebetor Say (Ilynmenoplera: Braconidac), parasite de 
Iachenille, a & jug6 leplus adequat potenticllenieni 
pour reduirc les dprdations de lamineuse. Unc 
technique LI'icvage ctde multiplication simple Lt 
parasite a die ddveloppc. peut prat iqIueEIIle ttre 
dans lesvillages, par tes paysans eix-mnmes,car elle 
ne requiert presqu'exclusivement clue des natriatux 
Iaux pcti couteux. A partir de I'dlevage de base. Ic 
parasite est dissdinind au1x moments opportuns dans 
les champs dctil Li partir Ll'unitds d'dcvage plus 
petices (iBhatnagar 1986 ct1987). 

La lute chinique. Une lutte prdventive ne pouvait 
dtrc considdrde tLu'cn lonction d'un niveau prcvisible 
des degats. D'une part, I'dithologie de la itineuse res-
trcint lapbriode pendant laquelle lalotte petit inter-
venir, e dIautre part, Ics relations qui existent entre le 
niveau ties populations do statie nuisible de I'insecte 
cc celui des stades antdrieurs sont Iluctuantes, (dOneLIC 
fiabilitc rendent &islors diffiici I Ia ixatiohliiitee, ct 
de seuils &conomiques d'intervention. Deux indthodcs 
alternatives ie tittechimique dtaient envisagdes: 
" 	 traitcement au moment apprtprid en prdvision ies 

diglits sur labase du niveau Lties populations des 
stadcs antdrieurs, dans Itszones it risque perma-
nent ctoii lenivcau Le production assure une 
bonne rcntabilit du traitement. Cectte metlide 
peut faire appel Ades insecticides non classiques 
(biologiques, rgulateurs Le croissance) et est 
compatible avec ccbiolIgiquielilitt ddfinic ci-
dessus; 

* 	 traitement sur atito-avertissement par lepaysan. 
Cette mttlde repose stir lerclev6 de tlgits bien 
perceptibles; clue exige one intervention iimmddi-
ate avec une action ldtale tr~s rapide Lie I'insec
ticide. ElIc est incompatible avec la little 
biologique, mais est plus appropride s'il y a,I la 

mrinie 6polue, d'autres iprdaiteurs i dliminer,
 
tels clue les mdoides. 

Dc bonnes efIicacit[s ont did obtenues, avec des
 

insecticides cant classiques (deltam6thrine) tle non 
classiques (diflubcnzuron, Iacillus thuringiensis) 

(Gahukar 1985 et1986a,b, Ma'iga 1985 et1986, van 
Elesen 1986). 

MC oides 

douzaine d'csp&es de indloYdces il 
tcrinin que Is plus nuisibles sont Psal(ydoyttafissca 
Olivier, P. yestira Dulour et dans uine mnoindre me
sure, MvAhbris holosiric-ea Klug. Psalhdol"ytafisca 
ccM. holose.'ictta svissenm en Gambie et P. vestita est 
I'esp&e laplus noisible en Mauritanie (Magcmna ct 
Delhove 1986, Zdcther ctal. 1986). Dans certaines 
regions du Mali, tiesdtgfits considrables dus Li 

Parni Ila 	 a did dd-

P. vestifa et i'. f]ito aont &tidobservds. 
11a & determiie uictHIhIdc 'cstinlation ies 

populations de ces coleopt~re,, ctun scuil Conoitlue 
d'intervention pour des varitr. , non rtsistantes val
able dins les regions II risqtic permanent d'infesta
tion. I1s'agit dull IItlOidc par 25 tpis, cc lui 
correspond "i un niveau tiedeglts de 5,i pour une 
production d I'ordre tie(X)LiIW kg ha- ' (Zeihner 
ccal.1986). 

L'efiicacit ties mthodes traditimonelles tieltutte 
contre les indloides a id6valu&e en (Ganibie cten 
Mauritanie: capture maw,ellc des aduhes sir les Opis, 
action repulsive de f1uin1cs. Ccs mdthodes se sont 
rdvdes partiellenteni cficaces, ce qui pourrait &1re 
exploitdc dans une lutte intigrde (Magema ctDelihove 
1986, Zeclhner ctal. 1986 ct1987). 

Psal 'dot'a spp se rdfugiant atu iepied des plants 
nmil heures chauLics, tine application dinpendant les 
secticide localiste it ces endroits a did juge sufli
sante, s'iln'y a pas lieu de lutter au mntite moment 
contre d'autres ravageurs des ipis. L'.carbaryl, insec
ticide A toxicitd reduite pour nonibre d'ennernis 
naturels, s'est avdrd trs toxiquc pour ectinsecte 
(Zethner ctal. 1986 ct1987). 

Des dtudes stir lardsistance varidtale ont montrd 
que les varidtds aristces prdsentaient une bonne r~sis
tahce aux atcaques des mdlo'ides, les populations de 
ceux-ci dant rdluites de plus de 50% (Doumbia et 
Bonzi 1986, Magena etDelliove 1986, Zechner etal. 
1986). Cc comportement devra tre vdrifid en mono
culture de mil aristd (CILSS 1987). 

Sorgho 

Ccidoinyie 

La cdcidonyie ou moucheron du sorgho (Conarinia 
sorghicola Coquillett), stdrilise lesdpillets. Les par
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ticularitds biologiques de cc[ insecte font que lemi-
lieu des stations tierecherches agricoles favorise sit 
pullulation, et cest ainsi qu'il lui avail t6 conferd tin 
statut gdnralis6 de ravageur econom iquement impor-
tant et que, antrrieurenient au projet, des programniies 
de selection varidtale pour larisistance avaient dt 
dfveloppds. 

Au cours du projet, une mdthode amidliorde 
d'dchantillonnage des populations larvaires de cc 
ddpridateur adi6 dflinie, en vue d'dvaluer les pertes 
causdes par cot insecte. 

I)'aprbs les observations et les enquctes conduites 
par leprojet, ilressort que lacdcidomyie n'a qu'une 
importance faible en milieu paysan, sauf dans cer-
taines regions et le plus souvent sur varidts tardives. 
Les mothodes tielutte les plus efficaces etles moins 
couteuses consistent i grouper lessemis dans le 
temps, i ne pas cultiver dans une mnrne zone des 
variftds de cycles diffdrcnis, ci i1liminer lesrisidus 
de r&oltc ctde battage. Si ces mesures s'av&ent 
ilapplicables, notamment datns les rrgions o~ides va-
ridtds de cycle diffdrent sont culhivdes en fonction 
d'usagcs dilfdrents, ily a lieu de veiller Acc que a 
piriode de cohlcidence des 6poques de floraison de la 
varift6 precoce etde lavaridt6 tardive n'excode pis 2 
semaines ctLilleleniveau tiedvgfits lejustltie,si 
l'utilisation de varift~s resistantes soit envisagfe. Au 
Sdlrgal ctau Blurkina Faso, des varidtfs ayant un 
degrd de rfsistance intfressant ont did identitides (Da-
kouo ctYaro 1986ab ct1987, Gahukar 1986a,b). 

Punaise des panicules 

Parmni les insectes do sorgho ayant retenu i'attention 
do projet, ligurent Ics punaiscs des panicules dont li 
plus importanie dtait Eior'siylis mnarginatus Odh-
iambo. Des infbrmations sur lecomportement varidtal 
ont Wtfobtenues. 11a idnotd que pour E. aarqinatus, 
lccaract rc induisant lIardsistnce est incompatible 
avec cClui tie lardsistance ii lacdcidomyie. 

Action pilote Mil en milieu paysan 

Implantation et thnies phytosanitaires 

LL projet comincniqant h obtenir des rdsultats vul-
garisables sur lemil, ilconvenait de tester lcur accep-
tabilitd par les paysans ou d'identilicr Ics contraintes 
qui hypothquent cette acceptabilitd. Pour ce faire, il a 
dtid milieuadopt6 l'implantation d'actions pilotes en 
paysan qui devraicnt aussi constituer un premier 

chainon dans l prevulgarisation des rnithodes de 
lutte inl~grfe. 

Le but premier des actions pilotes dtait qu'elles 
servent de dnmonstration, etnon d'experimenlation 
pour vtrilier des rrsultats obtenus. Le suivi etl'ana
lyse de ces actions devraient'apporter aux chercheurs 
des dicniets permettant, ventuellcient, d'adaptcr 
les techniques de litte prdconisfcs. 

En 1984, cette implantation 6itait limitde "tun seul 
pays, laGambie, alin de dr6tcriuincr Itsprincipales 
difficultis ct contraintes, et d'cn tirer enseignemcnt 
pour 6tendre lesyst6ne ,I tous Is pays du Sahel. 
Cest ainsi qu'en 1985, des actions pilotes, en culture 
du I, 6taient rises en place dans tous les pays, sauf 
au Cap Vert, oii cctte crdale n'est pas cultive, et au 
Tchad ob Icprojet venait de dinarrer. Un suivi socio
econoinique approfondi itait assur-6 au Burkina Faso; 
tine analyse dz cct aspect 6tailrdalisdc en Mauritanie, 
au Sfndgal, au Mall et au Niger, ettne enquote har
monisfe itait mende dans tous les pays participants. 

Le schdma gniral dc l'inplantation des actions 
pilotes en premii&e annde tait lesuivant: choix de 
trois villages et cinq paysans par village pour par
ticiper ['action pilote. Le choix des villages et des 
paysans reposait sur divers crit&es alin que l'opdra
tion fournisse des informations fiables e qu'elle ait 
un rayonncmcnt aupr s ti'spaysans des environs. La 
culture du paysan comprenait deux parcelles d'envi
ron 0,5 ha chacune, l'une dtant conduitc scion les 
pratiques habituelles (qui pouvaicnt ctrtradition
nelles 0u ainmliordes), l'autre scion les pratiques re
comnianddes par larecherche et incluant diverses 
mtthodes de lutte. En fonction des contraintes c, 
problemes locaux, des variantes 6taient ajustes Acc 

schina gdn'ral. 
En dcuxi ne annde, suite islademande des pay

sans des villages encadrds ou des villages voisins et 
en fonction des ressources humaines du projet, l'ac
lion pilote a d6 itenduc. Ainsi au Burkina Faso, I'ac
lion pilole a inclus 61 paysans rdpartis dans 12 
villages; en Gambie, 30 paysans dars 3 villages; en 
Mauritanie 42 paysans dans 5 villages; au Mili, au 
Niger, au Sdngal etao Tchad, 15 paysans chacun. 

Les th0.mcs communs dans tous les pays ont tdla 
ddsinfection des semences, l'arrachage prfcoce des 
plantes infcstdes par Ic mildiou ctleur destruction, 
I'arrachage du Striga avant la loraison, ainsi que 

l'application localisde de I'engrais, pour dviter de fa
voriser lacroissance des mauvaises herbes. 

D'autre part, dtaicnt appliques en rdponse Ades 
situations parasitaires locales les thbines suivants: 
, au Mali, l'action pilote dtait tnendc dans laplaine 

du Sno (pluviomrtrie 400 mn), oi laquasi 
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morloc LI tire d u mil esi pratiqudC tielongue date. 
(cci expliqie, sans (tIie, qie Les degits iimpor-
tants de Il minev. de 1'api y soienl cnregistres 
chaque aide. ii dlit aj(old aux intervenltions 

phytosanitaires ciulntnes, tLne application inset-
ticide ptr cntrller ha linLCUse Lies dpis, el a 
ComIpairaisotl ticdetlvariCte . 

* 	 au1Niger, des applications insecticides contre la 
mincu,,Ie I 'cpi taient realisces en fonclion le hit 
sirvenaiee d'inlestat ions. 
enelMatilanic. laregion choisie pour I'action pi-
lote etlit Ic (hidimaka, sittu plusdans laparlie hit 
ileridioalc du,pays, 1ioi iescultures pluviales 
peuitie1 reussir el (iiLhi pressiirl parasitaire est 
habituclicnilti leve, .a n'lrtilisatim *ayant pas 
did retellc, I'absence de 5'trifgo ct faible maniella 
lesiat ion tIll tiidiou (it fil t ile IC seuli th1rme 
ct11l11L1n1 appiliqlUe lit se-dtail desinlcclionLdes 
mences, it laqulle se sollt deux pulvrisa-ajoutee 
[ions cotitre les ichides, partie.uliremen 
P.11. dol'ta insecle est LI'a illcurs Iavtlita. ('cel 


cause prineipale tie I'abation Lie hiculure Litmil 
LIais ia regiin, elc'cst it ['instigation LIu lrojct 
Iuttcinitgrec tLUles paysans, plcins d'espoir, ont 

repris laculture iectte crdaie. Apres uric tLtde 
Lies structures sotiales, ila did deidI6 d'inclure 
Lies "paysannes pilotes' LIlM LI'opdralion. 

aWsultats 

Inpreiri&e annde (ans totis Itsvillages, laculture 
seln les techniques action pilote a donindi n rende-
ment supdrieur i hi culture paysanne, tie 34 i 95% en 
moycnnc. Le rendetint moyne est paLssd Lie 823 4i 
1298 kg ha . Sur les 90 champs pilotes, 88 avaien tin 
rcnLcinl supricurra x cbamps CUltivds tradition-
nellement. l)ans plhsieurs pays, tine analyse econoni-

a 

faces CLtiLvdes), Ic ddmariagc itdcux ou trois 
plaIts; 
li contrainte 6conomiquc: disponibilites linan
cieres pour I'achalides intrants autres que le ddsin

fcklant tie senences; 
lai
contrainte orgaitisaioiiielle: approvisionnemeni 
elltemps VolLL ell iltranis, colditionlellenlt lon 
adequal des intrants; 
hitcontrainte sociale: retience aise ddmarquer Les 
praliques traditionnelies, nime lorsqu'on est con
vainc i de I'apporli positif Les mdthodes 
recommandecs. 

COnclusion 

Trois stratdgies Lie Ltle onl c LiVeloppdes par le 
projet pour contrdler hi chenille mineuse (le I'dpide 
nmil;elles sont inddpendantes clpeuvent dire Colipid
menitaires. La stratgic basde sLir litr~sistance vari
talc pouvait &cr diffuse ap rcs que lespectre ie 

resistancc aura tt dlargi i l':atres rayt-:curs scion 
ls necessites locales. Celle i sd stir lia biologilittic 
(uLICne Lti',t Liil [)Ois'adresserait Lies paysaMs ayaiit 
niveau Lie production etIc choix LieI'ilscticid iC
pendrait Lie laprescnce oi 11liod'autres insectes rai
vageurs notammcnt Ics illoides. 

Pour Ltter contre lesmlotics,leproijetproposait 
de poursuivre lesrecherches stir ]i rdsislanCe Lies 
varidts aristees. Le raiiassage iiiaitucl el la produc

lion Lic ILlmes repulsives onilet rccommad s lians 
les zones i forte infestation. DaIns leszones oti ne 
sdvit pas lamineuse Lie I'tpi, ila t propose Lili 

Iraitement chimiquc localis6 au pied ties plantes. 
Dans lesiones ob lcstdgats de licdciLlottyie Iu 

sorgho aticignent Lin nivcau econIoti(tIe elevd, li 
ni6thode Lie litle recomanddCe par leprojet est la 
pratilue culturale Lui ' itcn tailement Lans letemps 

quc Lie I'auginiati ii Lie production a p t re faile. de laIloraison tiais i'ensemble Lies champs. Des in-
FEn dLcuxilme ann, les reinemcnts moyens Iormations sur larisistancc tievairidtdsi cct insecte 

plus dlv6s (Wam-
bic ci "TIchad)tlans les ctanmps piloitcsquc dans les Lx projet avail idcinifid les punaises ties 
ataienttie34,'t iplts tietrois Iois 	 o't did obtenues. 

paniculcs 
champs traditionnels. L.ercreiicritt geidral moyen Lie sorgh(o coiie Lies ravageurs d'intporlance 
iait tie 556 kg hia en chanip Iraditionn lcontre IW0}O 6conornitlue. 

kg ha I en cnhamp pilote. 
Les diverses in,'estigaliots dtLtre socioicononii-

que ont rdv~d plusicitrs types Lie contraintes (ont les 
plus freLticnts 6laient: 
* 	 lescontraintes agricolcs: temps LIetravaux pour la 

prdparation correcte Lli sol, seuis en ligne, satrc-
lages cit lemps opporlun, apprdciation correcte ties 
quantitds d'intrants tutiliser (dosage Lu produit Lie 
ddsinfeclion des seicinces, estimation des sur-

Enlin, comme principaux impacts, Ic projet a 
permis tout d'abord Lierenforcer lescentres natio
naux tie recherche en nioyens tnatdriels ethunlains, 
de rdaliser des recherches dont certaines ont permis 
de dlinir des stratdgies de litteou tie dterminer les 
axes futurs de recherche. Ces moyens huitains etIiia
tdriels progrlmmes nationauxont did utilisds par les 
pour poursuivre les travaux de recherche initids par lc 
projet. 
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Extended summary 

Impact of the CI'5S Project on integrated manage. 
ment of panicle insect pests of sorghum and millet. 
The USAIDI-funded Project of the Comitd Permanent 
Inter-Etats de Lutte Contre [a Sdcheresse dans le 
Sahel (('ll.SS)on the integrated management of food 
crop pests, implemented with technical support from 
the F,%, set up six research laboratories in tie Sahel, 
and established a network of 55 centers to monitor 
pest behavior. Twelve entomologists were trained to 
conduct research on the main food crops of the re
gion, including pearl millet and sorghum. 

Studies on the millet head miner (Ifeliocheilus al-
bipntwwlla de Joannis) dealt with host-plant resis-
tance, biological control, and insecticide protection. 
The evalu ation of germplasm with and without con
trol revealed large differences in susceptibility levels, 
translating into differences in damIagc as high as 30%. 
A mass-production rearing technique for Bracon 
hehetor Say, a natural parasitoid of II. albipunctella, 
was devcloped. Two chemical control methods were 
studied: application of insecticide either as a pro-
phylactic measure, on the basis of nymphal popula-
lion levels, or on threshold, on the basis of donage 
perceived and recorded by the farmer himself, 

Studies were also ,.onIIUctCd on meloid beetles. An 
intervention threshold of 1 beetle per 25 millet heads 
was dctcrnmried for susceptible cultivars grown in re-
gions with tconstantly high risk of infestation. The 
effectiv,:ness of traditional control methods was 
assesseu. 


Research on the sorghum midge (Contarinia sor-
ghi'-a Coquillett) and on the sorghum head bug (Eu
rvstihs niarginatus Odhianbo) enabled the 
development of a technique for :ampling larval midge 
populations to assess losses cause,' by this pest. The 
most effective control methods were synchronized 
sowing, cultivation of varieties with uniform duration, 
and destruction of crop residues. Cultivars with favor-
able midge-resistance levels were identified. 

Data obtained on genotypic responses indicated 
that the characters in sorghum conferring resistance 
to head bug in sorghum are not compatible with the 
characters responsible for midge resistance. 

During the course of the project, pilot on-farm 
activities for integrated pest management of pearl mil
let demonstrated yield increases of 34-95% over tra-
ditional farmers practices. 

Phe material and human resources provided by 
the Project have enabled national research programs 
to continue their activities after the completion of the 
Project. 
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Farmers' Perceptions of Insect Pests and Control Strategies,
 

and their Relevance to IPM in Pearl Millet 

0 Youm and J Baidu-Forson' 

Abstract 

Surveys on farmers' perceptions of insect pests and their control were conducted in western Niger. 
Respondents were generally aware of the important millet panicle pests and the damage they cause. 
Farmers differed in their ability to identify insect pests from samples in collection boxes. However, 
even some respondents who were unable to identify pests perfectly described insect damage and the 
stage ofplant growth at which the damage occurred. The findings suggest that farmer knowledge of 
pest behavior can be exploited in developing integrated pest management (11M) methods, but there 
is also a need for education on pest recognition for some farmers. Important panicle insect pests 
were mostly controlled mechanically. No cultural practices were deliberately used by farrmers to 
control incidence or reduce severity ofdamage. Therefore, farmers will have to be educated on the 
significance of cultural components of IPM in reducing pes: incidence and damage. 

Introduction 

Pearl millet, Pennisetum glaucum (L.) R. Br. is a ma-
jor staple crop in sub-Saharan Africa. Losses from 
insect pests are an important constraint to increasing 
millet production. Over 100 species of insect pests 
have been reported to be associated with pearl millet 
(Nwanze and Harris 1992, Ajayi 1987). Yield losses 
caused by insect pests provide thc rationale for the 
development of effective pest management methods, 
This requires studies on the bioccology of important 
insects and identification of damage they cause. The 
complexities of the interactions betwcen crop produc-
tion practices and pest damage on small-scale mixed 
farms, which predominate in sub-Saharan Africa, re
quire the design of integrated pest management (1PM) 
strategies. Further, pest control methods such as the 
use of chemical pesticides are not appropriate in sub
sistence farming for several reasons, e.g., high cost, 
lack of farmer training on pesticide use, and biosafety 
(Nwanze 1985, Youm et al. 1990). 

Researchers' understanding of indigenous knowl-
edge embodied in farmers' practices, perceptions of 
pest behavior and damage identification, as well as 

I. IcRISAT Sahelian Center, lI' 12404. Niamey. Niger. 

tCRISA'r Conference Paper no. CP 987. 

efficacy of current control methods are essential in
gredients for the development of an appropriate IPM 

strategy for each pest. It is also necessary to identify 
constraints farmers would encounter if current cul
tural practices are changed as part of an IPM strategy. 
For example, delayed sowing and crop sanilation re
quirements may conflict with household requirements 
(Gahukar 1988) and with traditional practices in re
sponse to the erratic nature of rains in the Sahel. This 
paper reports the findings of surveys conducted in 
western Niger villages to ascertain pest and pest dam
age identification, indigenous pest management 
methods, and the implications for the development of 
1PM for key millet panicle pests. 

Materials and Methods 

Surveys were conducted in six villages: Kirtachi 
Seybou, Sayo, Sounga Dossado, Gullenyi, Yerima 
Dey, and Dantiandou, which were randomly selected 
in the Kollo district of Niger. Due to similarities 
within and across villages i. e characteristics of 
farmers, varieties grown, cropping practices, crop-

Youm, 0., and ltildu-Forson, J. 1995. Farmers' perceptions of insect pests and control strategies, and their relevance to I'M in pearl millet. 
Pages 291-296 in Panicle insect pests of sorghum and pearl millet: proceedings of an International Consultative Workshop. 4-7 Oct 1993, 
ICRISAT Sahclian Center. Niamey. Niger (Nwanze, K.F., and Youm, 0., eds.). Patancheru 502 324, Andhra Pradesh, India: International Crops 
Research Institute for the Semi-Arid Tropics. 
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ping patterns, and residue management, sample 
farmers were chosen randomly. Samples of 26 and 40 
farmers were interviewed during the 1992 dry and 
rainy seasons respectively, using structured question-
naires. The difference in lie sample siie was due to 
the fact that many more farrmers are available during 
the rainy season, while some farmers are absent dur-
ing the dry season due to seasonal migration. 

)uring the dry season, sanpl," fariers were re
luested to identify insects pinned ini a collection box 
(adult insects) or immersed in 70% alcohol (i nlma
ture stages). Fariers were asked if they had ever seen 
ihe insect and on which crop. They were subsequently 
requested to describe the damage associated with 
each insect pest and tile stage of plant growth at 
which tlie damage occurred. In surveys conducted 
during the rainy season, no insect collection box was 

used. Farmers were asked to list the insects that cause 
damage to millet, show the insect in the lield, or 
collect a sample where possible and indicate whether 
or not the insect was important or would justify con
trol. Farmers also ranked the order of importance of 
tie different ini let pests identified and indicated the 
control methods practiced. 

Results and Discussion 

Insect pest identification by farmers 

Tables I and 2 present summaries of fIarnier identi
ication of insect pests and damage. Generally, re
spondents demnonst rated familiarity with both the 
important millet panicle insect pests and the damnage 

Table I. Insect pest and pest dange identification by farmers, Niger, dry season 1992. 

Insect pest 

Iheliochedlus albipinciella 
Rhin,vitia infijscata 
tylabris spp 

I'sa1.vd vtta spp 
Iysdercus voelkeri 
G rassloppers/ocusLs 

1. Sample site: 26 firners. Figures shown 

Fartrers I 

Insect pest identification Identification of' pest darmige 

Not Not 
Confused identified Identified Confused identified Identified 

23 23 54 23 15 62 
0 23 77 0 23 77 
0 15 85 0 15 85 
0 02 38 0 62 38 
0 8 92 0 15 85 
0 15 85 0 19 8I 

re percentage of respondents. 

Table 2. Farmer identilication of insect pest and associated daniage, dry season 19921. 

Insect and damiage identification2 

Insect pest 
Insect C 

Darmage C 
Insect C 

Damage Y 
Insect N 

Damage Y 
Insect Y 

Damiage C 
Insect Y 

Damage N 
Insect Y 

Danage Y 
No 

response 

lheliocheilus albiplnctella 19 4 8 4 
Rhiinvptia irnfrcwa 
Mylabris spp 
I1salydolvita spp 
Dysnercus voelkeri 
Grassloppers/Locusts 

I. Siniple size: 26 farmers; figures shown are percentage of respondents. 
2. For boh insect and damage, C - idenilfication confused, Y - correctly identified, N 

sampl,, were shown io fitrners incollection toses. 

50 15 
77 23 
85 15 
38 62 

8 84 8 
4 81 15 

incorrectly identified. For pesi idenlification, insect 
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they cause. Similar observations about farmers' abil-
ity to identify major pests and damage were made in 
Tanzania (Mohammed and Teri 1989). More than 
three-quarters of the respondents correctly identified 
samples of Dysdercus voelkeri Schmidt, grasshop
pers, Aylabris spp, and Rhin vptia infuscata Burmei s
ter (Table I). Similarly, avery high percentage of the 
sample farmers were able to correctly identify dam-
age caused by these pests (Table 2). Only a little more 
than half the respondents were able to identify thelio-
cheilus albilnctella de Joannis. This may be partly 
due to confusion between the larvae of Ii. albi-
punctella and the millet stem borer, Coniesta ig-
nefusalis (Ilamopson) or the damage they cause. 
Table 2 shows that 19% of the farmers failed to iden-
tify I. albiplnctella and also the damage it caused, 
while 8% could not recognize the pest but correctly 
described the damage. There were even a few 
farmers who believed that the larva that attacked mil-
let sterns later moved up the panicle to cause damage 
attributed to tH. albipunctella. Since the two pests 
were properly identilied by other farmers resident in 
the same localities, the pests are known to occur in 
the study villages. Therefore, farrmers who were un-
able to distinguish between the two pests would re-
quire some education on pest recognition. This 
suggestion is supported by the fact that only slightly 
less than a third of the respondents were able to iden-
tify samples of Psalydolyna spp. The inability of 
sonie farmers to identify pests could be due to the fact 
that some fIarmers are not direct recipients of crop 
protection training in Niger (Moussa 1989). 

Surveys conducted during the rainy season 
showed that the respondents were most concerned 
with losses caused by Rhinynia infiscata and H. al-

bipnctella (Table 3). Evcn though damage from 
I1. albiponctella was noticed on most farms visited, 

only asmall percentage ci the respondents considered 
the insect to be highly important. This may also be 
due to confusion between I. albipunclella damage 
and that of C. ignefusalis. 

Farmers 

Insect pests were mostly hand-picked by fairmers and 
squashed or immersed in receptacles that contained 
water or burning coals. The limitations and lack of 
incentives noted by Nwanize (1991) partly explain the 
absence of investment in other types of insect pest 
management. The tuechanical/manual methods 
(hand-picking, burning, immersion in water, squash
ing) were mainly used to control Rhin'yptia inloscato, 
Dvsdercus voelkeri, and blister beetles (lable 4). 
Some farners relied on the repellent effects of burn
ing onion skins or insects such as blister beetles. 
Hlowever, flirmers who practiced this method ac
knowledgcd that the repellent effects were temporary 
and that insect pests moved to other fields. Insecticide 
use was mainly restricted to the control of locusts or 
grasshoppers. This may be explained by the availabil
ity of govern ment -supported efforts to limit locust 
and grasshopper outbreaks and damage, through the 
use of village brigades trained by the crop protectl:cn 
services. Pest control through the use of chemical 
pesticides is not appropriate for subsistence farmers, 
because the high cost of pesticides translates into 
marginal economic benefits. Furthermore, there is 
lack of extension services and trained personnel, lack 
of poison control centers, limited incorme to purchase 
and maintain pesticide application equipment, and 
lack of farmer training in pesticide use and biosafety 
(Nwanze 1985, Youto et al. 1990). In addition, the low 

Table 3. Relative importance of panicle insect pests in six villages of Kollo district, Niger, rainy season 
1992. 

Insect pest 

Rhinyotia infuscata 
Heliocheilusalbitmprctella 
Dysdercus voelkeri 
Grasshoppers/locusts 
Pachnoda interrupta 

Percentage of farmers ranking insects' 

High Average Little No response or 
importance importance importance no importance 

80 12 8 0 
20 55 I 0 15 
0 10 25 65 
8 5 13 74 
5 15 3 77 

t. Sample size: 40 farmers. Ranking according to importance. 
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Table 4. Control methods used by sample farmers in Niger against millet head pests'. 

Control method 2 

Insect pest Chemical Mechanical 3 None Insects- Onions4 Religious 

Grasshoppers/locusts 
Dyvsdercus voelkeri 
Alvabris spp 
I'salvdolytta spp 
Rhinyptia infuscata 
Ieliocheilus albipunctella 

10 

I 
1 

6 
21 
17 
5 

20 
I 

9 
5 
7 

17 
9 
15 

3 
4 
1 
1 

I 
1 

4 

1.Sample size: 26 farmers. 
2. Number of responses: farmers often cited more thiim one control method. 
3. Hand-picking, burning, squashing. imnnersing in water, other. 
4. Repellent effect of burning blister beetles or onion skini. 

cash value of millet makes it unattractive to use insec-
ticides (Yoim et al. 1990). Table 4 shows that most 
farmci-s haJ no method for the control of II. albi-
lunctclla. I'he development of tolerant and resistant 
varieties, whose susceptible stages do not coincide 
with the main pest emergence and flying period, is 
recomnmended isan tt'M strategy to control losses due 
to It.albipowtella (Schulten 1989). In a few in-
stances, religious prayers werc said to control grass-
hoppers and locusts attacks, 

Implications of Findings for IPM 

Strategies 


The findings showed that only mechanical contiol 
methods are widely practiced. Yet, mechani-
cal/manual control of insect pests is quite tedious and 
labor-demanding, while widespread use of' the less 
labor-demanding option of insecticide application is 
inhibited by socioeconomic constraints iv the re-
source-poor environments that charactcrize the farm-
ing communities of the Sahel. Therefore, a logical 
alternative is the rapid development and introduction 
of diversified and less labor-demanding pest control 
methods compatible with farmers' socioeconomic 
needs, within the framework of integrated pest man
agement. Also, education on correct identification of 
insect pests and pest datnage may be necessary for a 
few farmers. This is because of the importance of the 
farmers' role in asystem of su-veillance as apcrma-
nent basis for all control activities (Zethner 1991). 
More importantly, no farmer suggested a cultural 
practice as a deliberate method used to reduce pest 
incidence and/or damage. This may be due to a lacK 
of exposure to cultural components of IPM. Therefore, 

any beneficial effects from current cultural practices 
used by farmers in the survey areas are purely inci
dental. Yet, there are cultural practices that effectively 
contribute to limiting losses to millet panicle insect 
pests. For example, deep plowing reduces pupal pop
ulations of I1.albijonctella (Vercambre 1978, 
Nwanze and Sivakumar 1990) but this can increase 
soil exposure to wind erosion. Therefore, it is neces
sary to evaluate deep plowing as a cultural cornponent 
of IPM strategies for reduction of pest incidence and 
damage. Further, any proposed cultural control prac
tice should be evaluated to assess its economic effi
ciency and compatibility with the socioeconomic 
context. There isevidence that where socioeconomic 
constraints are not considered in the development of 
insect pest control methods, adoption of rccom
mended practices is low (Alghali 1991). Therefore, 
research will be needed to identify constraints to cul
tural components of IPM strategies in order to alleviate 
them or provide a basis for modification of intended 
IPM components. This will require close collaboration 
between biological and social scientists in nztional, 
regional, and international organizations, extension 
agents, and nongovernmental organizations working 
with farmers. 

Conclusions 

Generally, farmers surveyed were able to identify the 
important millet panicle insect pests and the type of 
damage they cause. Therefore, farmers could provide 
indigenous knowledge on insect pest behavior which 
could be useful in the development of IPM for trget 
areas. However, there were a few instances where the 
larvae of H. albipunctella and C. ignefusalis were 
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confused. Also, no cultural practice was cited as a 
control method. Therefore, there is a need to educate 
farmers on cultural practices that can contribute to 
successful pest reduction within the IltM framework. 
Most panicle insect pests were mechanically con-
trolled. It seems that economic and effective insect 
pest control methods for sorghunt and millet are not 
yet available at the farm level (Schulten 19S9, 
Nwanze 1991). Due to the high labor demands of 
physical plucking and destruction of insccts, there is a 
need for rapid development and introduction of less 
laborious yet simple and affordable II'Nt strategies. 

Based on the findings in this study and gaps in 
knowledge and research focus we suggest: (a) more 
in-depth studies with greater spatial and temporal 
coverage, (b) comparative assessments of perceptions 
of farmers and scientists with regard to insect pest 
and damage linkage and bioccology, (c) determina-
tion of relationships between pest densities and crop 
yield losses in farmers' lields, 'nd (d) development of 
handbooks showing color photographs of insects and 
their local names. 

Synthese 

Perceptionspar les paysans des insectes ravageurs, 
stratiigiestie lutte el leur importance pour u,.'e lutte 
intigree an niveau du ni/l. Les pertes causdes par 
les insectes ravageurs du mil constituent un obstacle 
important I'augnentation de la production agricole. 
La valcur 6conomique des pertes de rendement dues 
aux insectes ravageurs justifie aimplement title des 
6tudes soient men6es sur la biodeologic des principaux 
inseces ravageurs, lit reconnaissance des ddgiits causts 
par chacun et lIamise au point de m6thodes de lutte 
effectives. La cotnplexit6 des interactions entre Ics 
op6rations culturales et les d~gats des ravageurs sur les 
cultures mixtes des petites exploitations qui prado-
nincnt en Afrique sub-saharienne, .exige la misc au 
point de strat6gies de lutte intfgrdc (1PM). Les connais-
sances indig0nes contenues dans les pratiques pay-
sannes, les perceptions sur le comportement des 
ravageurs et l'identification des dgats ainsi que le 
niveau d'efficacit des mndthodes actuelles de lutte con- 
stituent des d1dments essentiels pour le ddveloppement 
d'une stratdgie de lutte intdgrde appropri6c pour cha-
que ravagcur. 

Cette contribution rapporte les r~sultats d'enqutes 
mendes dans des villages ,5 l'oucst du Niger pour 
v6rifier l'identification des ravageurs ct Icurs ddg its et 
dvaluer les mdthodes indignes de lutte et leurs impli-
cations pour le ddveloppcrnent d'un systlme de luttc 

intdgrde contre les principaux ravageurs des pani
cules du Inil. 

Des dchantillons de 26 et 40 paysans sdlectionnds 
au hasard ont 66 interviewds scion un questionnaire 
structur6, durant la saison sihe ct fa saison ties 
pluies en 1992. II a dtd demrand aux paysans inter
view~s pendant la saison sechc d'identilier des in
sectes dpingls sur un panncau de collection ou 
innergd; dans de I'alcool, d6pcndant du stade de 
dcveloppemcnt de l'insccte. Puis, on leur a demandd 
d'identitier Its ddgats causes par chaque insecte ct le 
stade de lIacrissancc dc la plante auquel intcrvien
nent ces (6gats. I ors ties enqutts mnen~cs pendant 
lIt saison des pluics, on a dcmandd aux paysans 
d'6num6rer ct de faire le classement des ravagcurs 
par ordre d'importance et d'indiquer lI m6thode de 
lutte qu'ils pratiquent. 

En gdn6rale, les paysans connaissent les rava
geurs de I'dpi du mil et les dcgiiits qu'ils causent. 
Mais, les paysans different dans Icur capacitd iden
tifier les insectes ravagcurs h partir d', chantiilons en 
boites de collection. Ccpendu;t, parmi ceux-l 
m~mc clui n'ont pas pu identifier Ics ravagcurs en 
boites, il y avait des paysans qui ont pu pa 'aitcment 
ddcrire lcs d6ghits et les stades de croissance do mil 
auquels les ddgdts interviennent. Les r6sultats des 
enquetes montrent que I'on peut profiter de I'cxpri
ence des paysans dans le d6veloppcrment des inith
odes de lutte intdgrde. Aussi, il y a un besoin pour 
l'amidlioration des connaissances dans I'identifica
tion des ravageurs par des paysans. La lutte nmdca
nique a di" le moyen de lutte le plus utilisO contre lcs 
ravageurs des panicules du mil. Aucune nidthode 
culturale n'a dt6 utilisde ddlibdrdment par les pay
sans contre les ravageurs. Done, il y a lieu de sensi
biliser et d'dduquer les paysans sur l'importance des 
mithodes culturales comme composantes de lutte in
togrde dans la rdduction de l'incidcncc et des dfgaits 
dus aux ravageurs. 

Compte tenu des rdsultats obtenus fors de la prd
scnte 6tude et des lacunes existantes du point de vue 
connaissance au niveau de lI recherche actuelle, 
no,,s suggerons: (a)des tu,.,s beaucoup plus appio
foi-dies dans le temps et sur de plus vastes dtendues, 
(b) une dvaluation comparative de la perception des 
paysans et des chercheurs sur la notion d'insecte 
nuisible, Ics ddgiits, et lI biodcologie des ravageurs, 
(c) la dternination des relations entre li densitd des 
nuisibles et les pertes de rcoltcs, et (d) le ddvelop
pement de manuels didac(ques de rd!'rence tnon
trant les insectes en couleu" et leurs noms transcrits 
en langues localcs afin d'armldiorer le d6veloppe
ment des enqutes et la lutte intdgrde. 
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Summary of Discussion 

Session 5 

Sanple size, reconnaissance questionnaires, and in-
terpretation of' results are key aspects of farm-level 
surveys. The choice of six villages in the study of 
farmers' perceptions of pests and pest control strate-
gies was constrained by the time factor. For more 
precise results, a larger sample size would be neces-
sary. Scientists should be aware of the local names of' 
insect pests in order to avoid nis-information during 
interactions with Irmners. Unfortunately, scientsts 
generally underestimate farners' knowledge of insect 
pests and crop damage. This sector is a vital store 
house of' empirical infornation which should be ex-
ploited in the developmenit ot' integrated pest manage-
nent strategies targeted to fIarmers' needs. 

The primary purpose of plowing at the end of the 
season is to reduce the population of' soil diapausing 
larvae by exposing them to predation and desiccation. 
If done properly, incorporation of crop residues has 
an added advantage of enriching tile soil organic 
natter. 

There are several local traditional practices that 
f'armers employ to control insect pests. For example, 
onion skins burnt in the field serve as a repellent 
against certain insect pest species such as the blister 
beetles. This could be .asubject for research within 
the context of plant-derived pesticides. 

Synthe'se de discussion 

Session 5 

La taille de l'dchantillon, les questionnaires de recon
naissance et I'interpretation des rdsultats constituent 
des aspects cl, des enqu0tes nendes en milieu r6el. 
Faute de temps, on &it oblig6 de limiter la taille de 
1'6chantillon i six villages dans l'tude sur les per
ceptions par les paysans des insectes ravageurs et 
stratdgies de lutte. Pour obtenir des rdsultats plus 
prdcis, il faudrait se baser sur un dchantillon plus 
important. Les chcrcheurs doivent se familiariser da
vaniage avec les nonis conmuns des insectes rava
geurs ain d'dviter des erreurs d'information au cours 
des interactions avec les paysans. 

Malheureuscnment, les chcrcheurs sous-estinent 
souvent les connaissances des paysans i propos des 
insectcs et des ddgfits qu'ils causent aux cultures. Le 
paysan constitue une vdritable source d'informations 
empiriques qui doivent &re exploit6es au bdnefice du 
d6veloppement des strat6gies de lutte intt-grde 
adapt6es l ses besoins. 

Le but essentiel du labour , lIafin de la saison est 
de rdduire la population des larves diapausantes au 
niveau du sol en les exposant A la prddation et . la 
dessiccation. L'intdgration des rdsidus de culture, si 
fait correctement, a I'avantage d'enrichir lia natibre 
organique du sol. 

I1existe plusieurs pratiques traditionnelles locales 
employdes par les paysans pour lutter contre les in
sectes ravageurs. Par exemple, le brOlage de pelures 
d'oignons dans le champ sert de rdpulsif contre cer
taines esp&es dinsectes. Cela pourrait faire l'objet 
d'dtude dans le cadre des pesticides ddrivdes des 
plantes. 
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Session 6
 

Group Discussion
 

Discussionen groupe 



Group Discussion: Summary of Statements 

Research Priorities 

In setting research priorities, we should be guided by 
a rigorous assessment of priority needs, research op-
portunities, and the probabilities of success. Priority 
needs should be defined using information derived 
from diagnostic on-farm studies on pest incidence, 
crop danage, and losses; as well as farmers' percep-
tions of pest problcns and control options/invest-
ments. We could further reline our research priorities 
by defining what type of activity is required, i.e., 
whether diagnostic, basic, strategic, applied, or adap-
tive research should receive emphasis. his implies a 
comprehensive review and awareness of existing 
knowledge and the ( .nparative advantage of the var-
ious partners in a research area. We should also en
sure that we work within the frarnework of the human 
and financial resources available. And above all, re-
search should be targeted to achieve maximum in
pact at farm level, a;id this should be our measure of 
success. This workshop should summarize thcse is-
sues by developing a matrix assessing the panicle 
insect pests in each region ag'ainst each of the 
following: 
" The relative ranking (1-5) of the pest in terms of 

import.nce within paiticolar regions and on a 
worldwide basis. 

" Rank research needs by priority (1-5) and indi-
cate relevance, 

* 	 Should research be undertaken or is tlre existing 
relevant information elsewhere that can be trans-
ferrcd and usedh effectively? (Yes/No) 

* 	 Are there existing control options? If so, have they 
been tried? And i' yes, why are they not effective 
or being used in pest management? 

" 	 What type of research is needed-diagnistic, ba-
sic, strategic, applied, or adaptive? Where can it 
best be done, and by whon? In what time frame, 
and what are the Cxpec ted outputs and proba-
bilitics of success'? 

" What resources (manpower and fin:mcik ) are 
available, and for how lot,, ,' ' 

International Collaboration 

Collaboration describes an approach that capitalizes 
on partncr:drips; and on joint cfforts towards a corn-
mon goal. This workshop is a good example. There is 
a distinction between col!aboration and networking, 

and it isone which this workshop should explore. In 
tie context of this workshop, the type of collaboration 
we are involved in is research oriented. All of us here 
today are in this arena of international collaboration: 
USAtI) Title XII International Sorghurn/Millet Col
laborative Research Support Program (INTSORMtt.), 
ICRISAT, Natural Resources Institute (NRI). Deutsche 
Gescllschaft fir Technische Zusamnenarbeit (GTZ), 
our NA1RS partners and N(;Os. We share ideas, theo
ries, approaches, and results in a mutually beneficial 
peer-to-peer relationship. This is a key ingredient in 
collaboration, and together with equality, forms the 
cornerstone of a successful collaborative relationship: 
equal partners in the eftbrt to resolve a problem or 
deal with an issue. 

Research Networks 

There are similarities in the objectives of networks 
and international collaboration; and in many ways, 
they are complementary. Networking and/or region
alization reduces costs, minimizes duplication, boosts 
efficiency, and favors the creation of acritical mass of 
professionals working in the same project. Networks 
encourage collaborative research, particularly in 
those initiatives which encourage the integrated use of 
indigenous resources. Examples of networks include 
the West and Central African Millet Research Net
work (WCAMIRN), the West and Central African Sor
ghuni Research Network (WECASORN), the West 
African Fertilizer Management and Evaluation Net
work (WAFMEN), the Eastern Africa Regional Sor
ghurn and Millets Network (F+ARSAM), and the 
Cereals and Legumes Asia Network (C.AN). These 
networks contribute towards better cooperation 
among scientists and institutions in regional and sub
regional programs, and foster the development of hu
man and institutional capacitiCs through workshops, 
seminars, and monitoring tours. They also facilitate 
technology transfer to farriers through both on-sta
tion and on-farm verification trial.; and various 
farnier-participatory approaches. Several countries in 
Africa and Asia do not have adcluatC financial, insti
tutional, and human rcsources to mount cfficicnt and 
effective rcseirvti programs. IHowcvr, by participat
ing in r,.;earchi networks, such countries can gain 
access to the global scientific comnity and adapt 
technologies that are Suitable for their own needs and 
resources. 
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Technology Exchange 

Technology exchange (TE) involves a communication 
process which is bi-directional. It implies not only the 
transfer of a technology but also a reciprocal feed-
back of information resulting from the use or non-use 
of that technology. TF is embedded in the concepts of 
international collaboration and networks, which also 
embody the communication process. In scientific 
terms, 'technology' implies various types of material: 
information, research methodology and techniques, 
research results, farming techniques, genetic mate-
rial, etc. The means of delivery range from newslet-
ters, journal articles, workshops, seminars, and 
conferences to training, field days, monitoring tours, 
on-farm trials, adaptation and farmer-participatory 
activities. However, there are weaknesses in the 

exchange of information even among ourselves. For 
example, many organizations at the sharp cnd of pest 
control have weak library facilities and even fail to 
maintain what they have. After these many years, our 
research should now be more adaptive if we are to 
succeed in communicating with the end-user. But this 
is further weakened by the reduced extension service 
for the transmission of technical information. The low 
stafling levels in government pest control services 
means that T" must take place through other channels 
such as NGOs and farmer-to-farmer interchange. To 
what extent would the climate of commercial interest 
restrict the transfer of new high-technology products 
such as genetically engineered plants? Fortunately, 
there are organizations that are already in the fore
front of guarding against highly restrictive private 
interests. 
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Discussion en groupe: Synthese des interventions 

Priorit6s de recherche 

L'61aboration des prioritds de recherche doit ire 
guidde par une dvaluation rigourcuse des besoins prior
itaires, les opportunitds de recherche et les probabilitds 
de succs. Les besoins prioritaires doiveit dire dMlinis 
sur la base des 6tudes diagnostiques en milieu rdel sur 
l'incidence des ravageurs et les pertes dues ? ceux-ci. 
Ils doivent dgalement prendre en compte les percep-
tions par les paysans des problbmes li6s aux ravageurs 
et des moyens/investissements de lutte relatifs. 

Les prioritds de recherche pet vent dire dMIinis 
avcc Line plus grande prdcision en dtaillant le type 
d'activit6 n6ccssaire; autrement dit, quel type de re-
cherche doit dtre acccntudc davantage-la recherche 
diagnostique, fondamentale, strat6gique, appliqudc ou 
adaptative. Cela laisse entendre une revue globale et 
une sensibilisation approfondie des connaissances ac-
tuelles ainsi que de I'avantage comparatif des divers 
partenaires dans un domaine de rccherche donnd, 

Par ailleurs, l'orientation de recherche choisie doit 
dtre en fonction de la disponibilit6 des ressources tant 
humaines que financi&cs. Avant tout, la recherche 
doit dtre conduite de faon rdaliser l'impact maxi-
mum au niveau du champ paysan. C'est cct impact 
qui doit servir de mesure tie notre succs. Cct Atelier 
doit fournir un compte rndu lid htoutes ces questions 
en dlaborant une macrice qui permettrait d'apprecier 
Ics insecces nuisibles des panicules de sorgho et de 
mil de chaque region contre Ics suivants: 
" Lc classement rclatif (sur une dchelle tie I 5 5) de 

chaquc insccte nuisible cn terme de l'importance A 
l'intdricur ties r6gions individuelles ou sur le plan 
mondial. 

* 	 La prioritd des besoins en mati~re de recherche 
(1-5) ct l'indication de leur pertinence. 

* 	 Eaudrait-il cntamer les travaux de recherche ou 
existe-t-il d6jA des informations utiles disponibles 
ailleurs clue l'on peut transfdrdes ct utilis6es efli-
cacement? (Oui/Ncn) 

* 	 Des options de lutte sont-clles disponibles? Si oui, 
ont-elles dit testdes? Si clIes ont 6t testdes, pour-
quoi ne sont-elles pas eflicaces ou pas employdes 
dans la lutte contre les ravageurs? 

" 	 Quel type de recherche est-il n6cessaire? Re-
cherche diagnostique, fondamentale, stratgique, 
appliqu6c ou adaptative? La recherche peut dtre le 
mieux r6alisde par qui et ofb? Quels seraient les 
dd1ais de temps ct les rdsultats et les probabilitds 
de succbs escompt6s? 

• 	 Quelles ressources (humaines et financi&es) sont 
disponibles et pour quelle durdc de temps? 

Collaboration internationale 

La collaboration rcprdsente une approche qui met en 
valeur les partenariats, ou les efforts conjoints visant 
le mme objectif. Cet Atelier sert d'un bon exemple. 
i y aune distinction entre la collaboration et la mise 
en rdseau, et c'est cette distinction que I'Atclier doit 
essayer d'examiner. Dans le cadre de cet Atelier, nous 
nous sommes engag6s dans un type de collaboration 
qui est orientd vers la recherche. Nous nous sommLs 
tous rdunis aujourd'hui dans cette arbne de collabora
tion internationale: le Programme Am6ricain d'Appui 
,I la Recherche Collaborative sur le Sorgho et le Mil 
(INTSORMIL), I'tCRISAT, l'lnstitut de Ressources 
Naturelles (NRI), Deutsche Gesellschaft far Techni
sche Zusammenarbeit (GI'Z), nos partenaires les sys. 
tNnes nationaux de recherche agricole (SNRA) et les 
organisations non-gouvernementales (ONG). Nous 
partageons les iddes, les thcorics, les approches ct les 
rdsultats dans un rapport dgal et mutuellement avant
ageux. Cela constitue un 6h6ment c16 de la collabora
tion. La collaboration et l'dgalit6 reprdscntent 
ensemble la pierre angulaire d'un rapport fructueux 
de collaboration: les partenaires dgaux clans I'effort 
de rdsoudre une question ou aborder un problme. 

Rseaux de recherche 

I1existe des similitudes entre les objectifs des r6seaux 
ct ceux de Ia collaboration internationale ct, dans 
plusieurs sens, ils sont compldmentaires. L'dtablisse
ment des r6seaux et/ou la rdgionalisation permet de 
rdduire les coOts, de limiter la r6pdtition, d'augmenter 
l'cfficacitd et de favoriser la cr6ation d'une masse 
critique de professionnels autour d'un mnme projet. 
Les rdseaux encouragent la recherche collaborative, 
en particulier dans Iccadre des initiatives qui favori
sent l'utilisation int6grde des ressources indig.nes. 

Parmi les rdseaux, on peut citer le Rdseau Ouest 
ct Centre Africain de Recherche sur le Mil 
(ROCAFREMI), le Rdseau Ouest ct Centre Africain de 
Recherche sur le Sorgho (ROCARS), le Rdseau Ouest 
Africain pour I'Exploiation et l'Evaluation des En
grais (WAFMEN), le Rdseau Rdgional Est-Africain sur 
le Sorgho et les Mils (EARSAM), ainsi clue le Rdseau 
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Asiatique pour les Crdales et les Ugumincuses 
(CLAN). Ces rdseaux contribuent Aune mcilleure co-
opdration scientifiquc entre les chercheurs et les insti-
tutions au niveau r6gional et sous-rdgional et 
favorisent le ddveloppement des comptitences tant hu-
maines qu'institutionnelles par Ic biais des ateliers, 
des sdminaires et des missions d'observation. Ils fa-
cilitent 6gaiement le transfert de technologic aux pay-
sans Atravers Ics essais de v6ritication en station et en 
milieu rdel ainsi que diverses approches avec la par-
ticipation des paysans. 

Plusieurs pays en Afrique et en Asie ne disposent 
pas de ressources linancircs, institutionnelles cc hu-
maines addquates pour mectre en place des pro-
grammes de recherche efficaces. Cependant, en 
participant aux rdscaux de recherche, de tels pays 
peuvent avoir accs A la communautd scientitique 
globale et adapter les technologies A leurs propres 
besoins et ressources. 

L'6change de technologic 

L'change de technologic est un processus de corn-
munication bi-directionnelle. I1comprend non seule-
ment Ic transfert d'une technologic, mais aussi une 
rdponse r6ciproque des informations dmanant de 
l'emploi ou le non-emploi de cette technologic. 
L'change de technologic se retrouve dans les con-
cepts de la collaboration internationale et des r6scaux 
qui reprtsentent eux aussi le processus de communi-

cation. En tcrmes scientiliques, lc mot 'technologic' 
signitie divers types dc mat6riel, par exemple, les 
inlormations, ]a m6thode ct les techniques dc re
cherche, les rdsultats de recherche, les techniques de 
culture, le matdriel gdnttique, etc. Ls voies de trans
mission peuvent varier de bulletins d'infornation, ar
ticles de revue, ateliers, s6minaires et confdrences, A 
la tlrmation, journes porte ouverte, missions d'ob
servation, essais en milieu r6cl, cssais d'adaptation, 
activitds avec la participation pay! anne, etc. Cepen
dant, on constate aussi des faiblcsscs dans l'dchange 
d'informations mnme parmi nous-mcmes. Par exem
ple, plusieurs organisations activement engag6es dans 
la lutte contre Ics insectes ont des bibliothbques peu 
dvolu6cs et n'arrivcnt mme pas A maintenir les 
installations qu'elles possdctnt. 

A la tin de toutes ces ann6es, notre recherche doit 
s'avdrcr plus adapt6c ain de pouvoir rtussir la corn
munication avec l'utilisateur tinal. Malheurcusement, 
cc processus se volt d'autant plus affaibli par le ser
vice de vulgarisation limit6 pour Ia transmission des 
informations techniques. Le nombre tr s rdduit de 
personnel au niveau des services gouvernenentaux 
de lutte contre les ravageurs oblige I'opdration de 
I'dchangc de technologic par d'autres moyens telles 
les ONGs et les dchanges entre paysans. Dans quelle 
mesure le climat d'int&t commercial contraindrait-il 
Ic transfert de nouveaux produits de technologic de 
pointe telles les plantes crddes par l'ingdnierie gdndti
que? Heurcusernent, il existe des organisations qui se 
trouvent ddjA AI'avant garde de la protection contre 
les intdrdts privds tr~s rcstrictifs. 

304 



Recommendations
 

Sorghum midge and head bugs are recognized as the 
most widespread insect pests of sorghum, threatening 
increased and sustainable sorghum production in Af-
rica, Asia, Australia, and the Americas (Appendix 1). 
Likewise, the millet head miner is the most important 
insect pest of pearl millet in Africa. Other insect pests 
are recognized as major local and subregional prob-
lems. For example, meloids and grasshoppers are rec-
ognized as sporadic panicle insect pests of millet in 
sub-Saharan Africa. 

There is a lack of understanding of the severity of 
crop damage by insect pests in farmers' fields. Sound 
ecological studies of sorghum and millet panicle in
sect pests are needed to provide a basis for sustain-
able management strategies. 

The participants recommend that: 

" 	 On-farn assessments of losses and evaluation of 

IM technologies in agroccosystems be done with 
farmer participation as an essential prerequisite to 
resolving panicle insect pest problems. 

The existing knowledge in resvarch institutions, 

published and unpublished information, and other 
sources be inventoried, reviewed, and used to 
identify knowledge gaps, plan strategies, and de-
velop research opportunities and priorities. Ap-
pendix 2 is a list of research needs and priorities 
developed by the Workshop participants. 

" 

* 	 New cultivars introduced into traditional farming 
systems should reduce, rather than intensify, prob-
lems of panicle insect pests. 

* 	 Sound ecologically-based PM strategies be imple-
mented that minimize the tendency to use insecti-
cides. 

Research be conducted to increase the understand
ing of panicle insect pests in relation to their alter
nate hosts and the role these play in the 
development of management strategies. 

* 	 The on nae "ille adiner" MM be 
adopted for tleliocheilus albipunctellade Joannis 
( Raghuva albilwzCtella). 

* 	 Damage ratings for assessing insect pest damage 
to sorghum/millet plants should be based on a 1-9 
scale, where I = least damaged (< 10%), and 9 
most damaged (>80%). 

* 	 Taxonomic research be undertaken to resolve the 
current confusion in identification of the complex 
of panicle-infesting bugs and meloids on sorghum 
and pearl millet in Africa. 

Free exchange of research informmation and pub
lication of finalized data in refereed journals be 
encouraged; unpublished preliminary research re

suits should be credited as such. 

Free exchange of sorghum and pearl millet genetic 
material be encouraged because it is important in 
the development of sustainable production sys
terns. However, it is recognized that exchange may 
be limited by po!icy considerations beyond the 
control of scientists. 

Collaboration between national agricultural re
search systems (NARS), international agricultural 
research institutions, and universities be strength

ened to promote research activities. Building on 
the strength of NARS is critical to achieve this 
goal. 
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Appendix 1 

Relative ranking of panicle insect pests of sorghum and pearl millet'. 

Africa Asia 

Crop Insect pest Western Eastern Southern India Southeast USA Australia 

Sorghum Sorghum midge 
Head bugs 
Meloids 
(blister beetles) 

Grasshoppers 
Head caterpillars 

4 
5 

I 
I 
2 

3 
2 

-

-

3 

2 
2 

-

-

3 

4 
4 

I 
I 
2 

2 
2 

-

-

2 

5 
I 

-

-

4 

4 
1 

-

-

3 

Pearl millet Millet head miner 
Meloids 

(blister beetles) 
Grasshoppers 
Scarabaeid beetle 
Midge 
[lead bugs 

4 

4 
4 
2 

I 
I 

-
2 
-

1 2 
-

-

3 

-

-

2 

-

2 

t. Ranking on a I- 5 scale, where I  low, and 5  high. 
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Appendix 2
 
Research Needs and Priorities Identified by Working Groups
 

1. Bioccology and Crop Loss 

The main requirements for further work in taxon-
omy/nomenclature, biology, ecology and crop loss 
assessment, for the major insect pests of sorghum andpearl millet are: 

Sorghum midge (West Africa/Asia) 
" 	 Determine the effectiveness of the use of midge 

pheromones in population monitoring and mating 
disruption. 

" 	 Construct life tables to identify natural mortality 
factors and determine ways to enhance the effects 
of these factors in the development of HIM 
strategies. 

" 	 Conduct surveys to determine yield losses in 
farmers' fields. 

hfead bugs (West Africa/Asia) 

" 
 Clarify the identity and identification of the coin-

plex of head Africa.communication.bugs on sorghum and millet in 

" 	 Further describe the biology and ecology of Eiury
stylus spp in West Africa and the ecology (off-
season survival, migration) of Calocoris in India. 

" 	 Conduct surveys to assess crop losses and the nat
ural enemy composition in farmers' fields in West 
Africa and India. 

Ihelicoverpa(Asia) 
* 	 Assess the potential for using nuclear polyhedrosis 

virus, insecticides and/or biological coatrol agents 

against ia. licovcrpa (riigero 

Blister beetles (West Africa) 
" Clarify the identification of insect pest genera and 

species on millet and sorghum. 
" Further CILickdate the biology and ecology of the 

major pest species of sorghum and millet. 
* 	 Develop methods to assess losses by these insect 

pests in farmers' fields, 

Scarabacids (West Africa) 
" 	 Further clarify the identification of adults and ii-

mature stages of the most abundant scarabaeid 
pest species. 

* 	 Expand knowledge of biology and ecology of 
scarabaeid species infesting panicles of sorghum 
and millet. 

• 	 Simplify methods of crop loss assessment to deter
mine the magnitude of losses caused by scar
abaeids in farmers' fields. 

Grasshoppers (West Africa)Gasopr Ws fia 
p Determine ways to more accurately identify grass

hopper eggs and egg pods. 
* 	 Elucidate diapause mechanisms to assist forecast

ing of outbreaks. 
e 	 Develop and apply methodologies to assess losses 

on farmers' fields. 

Millet head miner (West Africa) 
9 Recommendation and adoption of "millet head 

miner" as astandardized common name. 
* 	 Assist forecasting of outbreaks by studying 

the diapause mechanism and factors breaking 
diapause.

• 	 Study mating behavior and mechanisms of 
coStu atin 

A Determine alternate wild hosts. 

fDeloas 

2. Plant Resistance 

• 	 Standardize techniques to screen for resistance to 
millet head miner in pearl millet and head bugs in 
sorghum. 

o 	 Identify and develop sources of resistance to mil
let head miner and sorghum head bugs; transfer 
stable resistance to these pests and to sorghum 

midge into high-yielding cultivars in Africa and 
hybrids and seed parents in India, Australia, and 
the Americas. 

• 	 Improve the agronomic desirability and yield po
tential of local adapted cultivars in West Africa. 

• 	 Increase and sustain resistance and diversify the 
genetic base, including cytoplasms, further eluci
date in different sources, the mechanisms and ge
netics of resistance to sorghum midge and 
sorghum head bugs. 

9 	 Explore the potential of applying biotechnology to 
elucidate the genetic nature of resistance to spe
cific insect pests and interactions with the host. 

a 	 Develop a better understanding of insect-host 
plant-environment interactions. 

307 



3. 	 Crop Management and Biological 

Control
 

In general, standardized sampling and crop loss as-
sessment mcthods are required for all panicle-infcst-
ing insect pests of sorghum and millet. Other specific 
needs and priorities are listed as lollows: 

Sorghum midge 
" 	 The magnitude of the sorghum midge problem in 

farmers' fields in West Africa requires better dcft-
nition and understanding of the population dy-
namics and mortality factors in alternate hosts and 
on the sorghum crop. 

" 	 Research on crop management techniques, espe-
cially in Africa, should focus on the effects of 
flowering uniformity, uniform sowing date and 
genetic diversity. 

* 	 The potential for success in biological control is 
high in West Al'rica compared to the other parts of 
the world becausL s,,rghuni and sorghuni midge 
originated in Afric:t. Understanding the ecology 
of sorghum n,;dge parasites and predators, espe-
cially on non-crop plants, has potential spillover 
effects in the management of this pest in devel-
oped countries. 

Head bugs 
" 	 Assess the non-crop plant sources of head bugs 

and the ecology of the pest on these plants. From 
whe, e do they migrate into sorghum? Can the size 
of the iitial population from non-crop plants be 
forecasted? 

* 	 Study mortality on all stages of head bugs on sor-
ghum and on alternate hosts. 

Millet head miner 
" 	 Further study the relationship between rainfall and 

mth emergence, especially in explaining local 
and temporal differences in abundance. 

" 	 Determine sources of mortality and the impact of 
specicic mortality factors on population dynamics. 

" 	 Improve understanding of the incidence of the 
millet head miner (i.e., in relation to time of flow-
ering, cultivar, and seasons). 

4. 	Integrated Pest Management 

In general, research priorities should address areas 
and components of IPNI that relate to the sorghum 
midge in West Africa, India, Australia, and the Amer
icas; and to the sorghum head bug and the millet head 
miner as the mo;t important panicle insect pests in 
West Africa. Research should focus on: 
e On-farm research and evaluation of existing pest 

management technologies. 
* 	 Surveys conducted jointly by socioeconomists, 

agronomists, and entomologists on farmers' pref
erences and constraints to technology adoption. 

* 	 Identification and evaluation of the compatibility 
of potential IPMcomponents for the major insect 
pests by using the fbllowing priority guidelines: 

Sorghum midge plant resistance, sowing date, 
cultivar maturity 

Sorghum head plant resistance and sowing 
bugs date, alternate hosts, off

season survival 
Ilead sowing date, panicle type, 
caterpillars cultivar maturity cycle 

Millet head cultivar maturity cycle, soil 
miner tillage, plant resistance 

To enhance 1PM technology development and tech
nology/information exchange: a) an inventory of 
research results already available on different 11M 
components and systems, and b) the identification of 
knowledge gaps and research opportunities should 
receive high priority. To achieve this objective, closer 
collaboration between the following institutions is en
couraged: ICRISAT, other international agricultural re
search centers (IARCs), USAI) Title XII International 
Sorghum/Millet Collaborative Research Support Pro
gram (INTSOMII.), the International Centre of Insect 
Physiology and Ecology (ICIPF), CAB International, 
Natural Resources Institute (NRI), NARS, and non
governmental organizations (NGOs) in Africa, Austra
lia, and India, and associated mentor institutions and 
universities. 

The comparative advantages of all collaborating 
partners in conducting research on specific pest prob
lems should be identified in order to avoid duplication 
of effort. 
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Recommandations
 

l.a c6cidornyie ctIcs punaises des panicules sont re-
connues comnimc iesinsectes nuisibles les plus r6-
pandus, prdscntant tine conlrainte majeure ii li 
production durable di sorgho amjlior en Afriquc, en 
Asic, en Australic ctaIx AmrUriques (Annexe 1).De 
IlIejc, a ininusCe Li I'pi du rails'avirc I'insecte 

ravageur Ic p1lus importat I d i I en Afrique. I)'alutre 
insectes reprcsentet ies contraintes majeures aux 

niveaux local clsius-r'gional. Par exemple, les me-
IOdcs et lessauteriaux som reconnus coiiile ies eni-
nemis oceasiirlnels stir le niil en Afrique sub-

saharienne. 
La sescrit, icsdlgits aux cultures par lesinsectes 

ravageurs ;ili niveau dIli champ ldydis sOti ii,1SIVei11 
ciuiie. WleI beso in de niciire en place des eiides 
,cologiques valables stir les insectes nuisibles ies 

paniulces dII sorgho eldIi riil aIln Lieprdvoir tine base 
e'icace pour I . laboration ies stratgies Lielutte 

durable. 
Les participants itect Atelier rccoiniiiandent: 

" 	 1.'5valuation des perls tie recolte en iiilieu rl, 

ainsi qe I'&,'aluatinies technoogies de luttein-

t6gr&c au sein des agro&osystimcs doit dIrc elec-

lues avec la participation des paysans, 

participation . cessaire au pralable pour rI-

soUd re les problnines its aux ravageurs des 

pan icules. 
" 	 Les connaissances actuelles au scin Lies institu-

lions ierecherche, Ies informations publie s,non-
publies et personnelles, ainsi que d'aures 

sources utilCs doivCmit ttre insentoriies, examinies 

el Uilistes pour I'identiicatioun ieslacunes d'in-

loriiation, liplanitication Lies strattglcs et I' ti b-
oration ies opportunittis el priorits ticrecherche. 

L'annexe 2 donne tine lisle des besiuins elprioritis 
de recherche d&,'elopptis par Icsparticipants it cet 
Atelier. 

* 	 De nuOuveatux cultivars introduits datns les systunes 
d'cxploitation traditionncls doivent rdduirc, et non 
pas intensifier, les problics ies insecies nui- 
siblcs des panicules. 

* 	 Des straidgies 6cologiquenient cfficaces tielutte 
intdgrde doiveni trc mises cn ocuvre alin iclimi
terItsiendanccs h employer les insecticides. 

* 	 Les travaux de recherche doivcit viser tine 
mcilleure connaissance ies insecles nuisiblcs aux 
paniules V'is-i-vis de leurs htcs eldu rule de 

ceux-ci atin ide pouvoir dvelopper des stratdgics 
Lielutte eficaces. 

a 	 Le non CoIliiun 'mineuse ('milde I'api du railm 
let head miner' en anglais) doil tre eniploy6 pour 
thCIihochilis lbitUncteli LieJoannis (=Ragliuva 

albipunctilia ). 

a notation pur I Jvali ies diitS CiS6S 
par les insccies nuisibles aux plantes iesorgho et 
de i doit se baser stir une 6chielle I-9, obmI 

ini im de dgits, e! 9 = iaximiiiumie dtgiis. 

e 	 La recherche axonom iqUe doit &e ectreprise 

pour resoudre hi conmI's ion aeItucIc dats I'identi

heation it] coiplcxe des punaises des panicuIes ei 

es milo~des sur Ic sorgho cte mil en Afrique. 

* 	 Le libre 6change ies in frmations de recherche et 

lapublication ticdonnJes linales dans les revies 

foriciles doit trc cncourag . Des rrsltats pr& 

limina ires de recherche non-publites doivent tre 

liientiomis cn tant que tels, cn recorlais ant hi 

source iedonnces. 

Le libre Mieiange de materiel gniitiqtuc du sorgho 

et du mil dolt atre encouragi 61Ian! dolini son im
portaicc dans lcdtiveloppet ient des systimcs de 

production durables. Ccpendai, in rcconnait qcu 

I' ichaige petit tre liitni par les comsidtrations de 

hi polit iqtie qtui sont indtIpendantcs de livolontd 
des chercheurs. 

La collaboration entre les syst nies nalionaux ie 

recherche agricole (SNRA), les institutions inter
nattionales de recherche agricole, ainsi quc les uni
versittis doi ire renl'ore& ain iepromouvoir Ics 

activitds de recherche. Li renforcenment des con
pdtenccs des SNRA est crucial I lirtalisation Lies 
objectifs essentiels. 
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Annexe 1 

L'importance relative des insectes nuisibles des panicules de sorgho et de mil.' 

Afrique Asic 

Culture Insecte ravaLeur 
occi-

dentale 
orien-
tale australe lndc 

Sud-
Ouest 

Etats-
Unis Australic 

Sorgho Ccidomyie 
Punaise des paIniculcs 
MWloides 
Sauteriaux 
Chenilles des 
chandelles 

4 
5 
I 
I 

2 

3 
2 
-

-

3 

2 
2 
-

-

3 

4 
4 
I 
I 

2 

2 
2 

-

2 

5 
1 
-

-

4 

4 
1 
-

3 
Mil Mineuse de lpi 

M61oides 
Sauteriaux 

4 
4 

4 

-

2 

-

-

1 

-

-

2 

-

3 
-

-

2 
-

-

2 
Scarab c 2 - - - - -

Ccidomyie 
Punaises des panicules 

I 
I I 

I. N'vatior sur une echelle de 1-5. oU I bas. el 5- i1d. 
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Annexe 2
 
Besoins et prioritas de recherche identifias par les groupes de travail
 

1. Bio~cologie et pertes de rendement 

Les principaux besoins en tU(les plus approfondies 
en matire de la taxonornic/nornenclature, la biolorie, 
I'dcologie ct 1'Nvaluation des pcrtes de rendcnwnt, 
pour les importants insectes ravageurs de sorgho ct de 
ril, sont les suivants: 

CUcidomyie du sorgho (Afrique de I'Ouest/Asic) 
" 	 Dtermination de l'efficacitd de l'emploi des ph6-

romones tie ]a c&idomyie dans le stivi des popu-
lations et la perturbation de l'accouplement. 

" 	Construction des tables de vie ain de pouvoir 
Identilicr les facteurs naturels de mortalit6 ctd6-
termination des moycs d'amrnliorer les effets de 
ces f'actcurs dans la mise au point des strategies de 

lutte int6gree. 
* 	 Conduite des enqu~tes pour (Ihterminer les pertes 

de rendement au nivau des cham•ps paysans. 

Punaises des :,anicules (Afrique Lie l'Ouest!Asie) 
" 	 Eclaircisscment de l'identitr ainsi que I'idcntifica-

tion dU complexe des puna:'ies des panicules de 
sorgho et de mil en Afrique. 

* 	 Description dtaillke de la biologic et l'6cologie 
de Eurvstylus spp en Afriquc ie I'Oucst et celle de 
1'ecologic (survie hors-saison, migration) de Ca-
locoris cn Inde. 

" 	 Conduite des enqutes pour I'dvaluation des pertes 
de rendement ct de la composition des ennemis 
naturels en milieu rel en Afrique de l'Ouest et en 
Inde. 

Jlelicoverpa (Asie) 
* 	 Evaluation du potenti' I pour l'utilisation du virus 

de polyhddrose nucldaire, des insecticides et/ou 
des agents Lie lutte biologique contre Ielicoverpa 
armigera sur le sorgho en Inde. 

Ndoides (Afrique de I'Ouest) 
* 	 Eclaircissenent de l'identification des genres ct 

des espdces d'insectes ravageurs qui attaquent le 
mit et le sorgho. 

* 	 Approfondissement des 6tudcs sur la biologic ct 
1'6cologie des principales cspccs de ravageurs du 
sorgho ct du mil. 

" 	 Elaboration des mdthodes d'dvaluation des pertes 
de rcndcment dues a ces ravageurs au niveau des 
champs paysans. 

Sarabids (Afrique de l'Ouest) 
" Etude d~taillde de l'identification des adultes et 

des stades immatures des esp&es nuisibles les 
plus abondantes. 

a 	 Elargissement des cennaissances sur la biologic et 
l'dcologie des esp&es qui infestent les panicules 
de sorgho et dc mil. 

" 	 Misc au point de m6thodes plus simples d'dvalua
tion des pertes de rendement a:in de d6terminer 
l'importance des dtgrts causes par les scarabees 
dans les champs paysans. 

Sauterirux (Atrique de l'Ouest) 
* 	 Etabltssement des moyens permettant d'identifier 

plus prfcisnment les oculs et les oothques des 
sauteriaux. 

* 	 Description des micanismes de diapause pour fa

ciliter la prdvision des invasions d'insectes. 
* 	 Flaboration et application des methodologies pour 

l'6valuation ies pertes en milieu r6el. 

Mineuse de r'pi du mil (Afrique de l'Ouest) 
o 	 Normalisation et l'adoption du nor commun 

"mineuse de l'6pi u1mil". 
* 	 Renforcement de la prrvision des invasions par 

l'6tude du rncanisme de la diapause ainsi que des 
facteurs interrompant la diapause. 

* 	 Etude du comportement lors des accouplements et 
les m~canismes. 

, Determination des hctes sauvages qui peuvent 
soutenir l'insecte. 

.	 Mise au point des mdthodes pour la determination 
des pertes de rendement. 

2. Rsistance varidtale 

* 	 Normalisation des techniques de criblage pour !a 
rdsistance a Ia mineuse de l'dpi du mil et aux 
punaises des panicules du sorgho. 

* 	 Identification et mise au point des sources de rd
sistance "ala mineuse de l'pi du mil et aux pun
aises des panicules du sorgho. Transfert de la 
rdsistance stable ' ces ravageurs et i la cd
cidomyie du sorgho dans les cultivars Ahaut ren
dement en Afrique et dans les hybrides et les 
parents fcmelles en Australic, aux Etats-Unis et en 
Inde. 

* 	 Amdlioration des caractres agronomiquement dd
sirables ainsi que du potentiel de rendement des 
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cultivars localernent adaptds en Afrique de 
l'Oucst. 

* Anidlioration de la r6sistance durable i la c-
cidomyic et aux punaises des panicules de sorgho 
et diversification de la base g6n~tiquc, y compris 
les cytoplasies. Description approfondie des 
rncanismes et de li gdiitique de r6sistance aices 
ravageurs dans les sources diffcrentes. 

" 	 Exploration du potentiel des methodes bio-
tcchnologiques pour mettre en evidence lianature 
g6ndtiiute ie li rdsistance aux insectcs ravageUrs 
sp6cifiques et deieItrs interactions avec leur, 
hctes. 

" 	 Iveloppement d'une meillcure connaissance des 
interactions insecte-pante h6te-cnvironnement. 

3. 	 Exploitation des cultures et lutte
 
biologique 


En g6n6ral, des m6thodes normalis6es d'6chantillon-
nage et d'ivaluation (ics pcrtcs de rendement sont 
n6cessaires pour tous les insectes nuisibles des pani-
cules tie sorgho et de toil. D'autres besoins et prio-
rit6s sptcifitlUes sont dtaill~s ci-dessous: 
CScidoinyic du sorgho
" 	 Une myicdursgh ton d dinsectes* 	 Une nicilicure tictinition de I'Ytcndiue du prob-

Ionic ic la cecidonlyic du sorgho au nivcaul tiesIaysans Cie 
champs paysans en Afrique tie I'Ouest ndcessi-

t,.rait tine connaissance approfondie de li dynatni-
que des populations et ties facteurs de mortalit6 au 
niveau ties piantes h6tcs sauvages et Ic sorgho. 

" La recherche sur lcs techniques ti'cxploitation des 
cultures, particulirement en Afrique, doit insister 

hin 	 ic cionmyfr ooauc netis 

sursur l rs 
su 	 seffs difoniietna de risnics ates
de semis unifbrines et la divcrsitd g~n~tique. 

• 	 Le potentiel du succs en mati rc tie lutte biologi-
ptie est dceve ne Airituc par rapport aux autres
parties du mondc, 6rant tionn5 que iesorgho ct Ia 

cocidomyie sontoriginaires de I'Afrique. L'ctudc 

de l'6cologie des parasites c des predateurs de la 
cdcidon) iedu sorgho, surtout sur les plantes non-
cultiv~cs, peut avoir ties ects ddriv6s potentielle-
ment utiles pour li lutte contrc cet insecte dans les 
pays ddveloppds. 

I'unaise-i des panicules 
• 	 Evaluation des plantes non-cultivdes sources de 

punaise:; ainsi que l'dcologie du ravageur sur ces 
plantcs. A partir de queles plantes les punaises 
migrent-elles vers le sorgho? Peut-on prdvoir la 
taille de la population d'origine sur les plantes 
non-cultives? 

* 	 Etude tie la ,iortalit portant sur tous les stades 
des punaises des panicules sur Ic sorgho ct sur kts 
h6tes obligatoires. 

Mineuse de I'Npi du mil 
& 	 Etude plus approfondie des relations entre li plu

viomdtrie et 1'6mergence des papillons, en parti
culier pour expliquer les diftrences locales et 
temporelles d I'ahondance. 

0 	 Dtitcrmination ties sources ti liamortalitO et I'im
pact des facteurs spci(iqucs de mortalit6 sur la 
dynamique des populations. 

• 	 Connaissance amliorc de li distribution de la 
mineuse sur Ics panicules (c'est-a-dire, la distri
bution par rapport i lhi vari&ti ou au moment 
prtcis de la saison). 

4. 	Lutte intigrie 

En gdn6ral, les prioritts de recherche doivent aborder 
les aspects ct les composantes de la lutte intigr6e 
relatils, premi& cment, i li ccidomyie en Afrique de 
I'Oucst, cn lnde, en Australie et aux Etats-Unis, et 
deuxi~mement, i li punaise des panicules du sorgho 
eta la mineuse dc l'pi du rmil, cieis-ci 6tant les 

nuisibles des panicules Ies plus importantesen Afrititi tie I'Oucst. 
nA'iICdelUCt

Les prioritcs de recherche doivent porter parti
ci~eetsr
culibrement sur: 
* 	 Recherche et valuation en milieu rMi ties tech

nologies actueliCs tie lutte contre les ravageurs. 
* 	 Enqutcs mcnes conjointement par les scio

conomlistes, i deagronomns et les cntoraoogistcs 
les prtfirences des paysans et contraintes A

I'adoption ti technologies.
* 	 itdentiiication et &valuation tie Ia coniptabiit6 des 

composantes potntielies dc luttc intagre contre 

les principaux insectes ravageurs en appliquant les
crit~res suivanis de priorit&: 

Ccidomyie 	 risistance varitale, date de 
semis, cycle de maturation 
des cultivars 

Punaises des rdsistance varidtale et date de 
panicules du semis, hutes obligaioires, 

sorgho survie hors-saison 
Chenilles des date de semis, type de 
chandelles panicule, cycle de maturation 

du cultivar 
Mincuse de cycle de maturation du 
l'dpi du mil cultivar, labour du sol, 

rdsistance varidtale 
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Pour anIliorcr Ic,,veloppement tie]a techno;ogie 
de lutte intgre ett'aivoriser I'chane de tecnolo-
gies/inftormations, iffa11taccorder une attention prior-
itaire it 1) I',iablissCMicnt I'iune inventaire des 
rcsulItats tierecherche dlejidisponiblcs sur lescoin-
pos'antcs Ci les systIIns diflt&cnts de lutteint, gr&S; ct 
2) I'identification des hactines dars lesconnaissanccs 
etIcs opportunitcs tie recherche. 

Pour cc on at une collaborationftaire,doil rariser 

plus Ctroit ent rc les ilStittitilIns suivanIes: I'ICRISAT 
ct lesautres Centres internationau de recherche agri-
cole, leProgranie Ameirica in LI'Appu i fia Re-

cherche Collaborative sur leSorgho etleMil (IN'-
SORMnII.), Ic Centre International sur laPhysiologic et 
I'Ecologie des Insectes (101lIc), ('AllInternational, 

I'Institut ticRessources Natureles (NRI), lessystniies 
nationaux de rccherche agricole (SNRA), lesorganisa
tions nongouvernciientales (()N(;) de I'Afrique, de 
I'Australie, eltie I'Inde, ainsi que lesinstituts guides 
assoc6iSs ct les tniversites. 

En fiu,lesavantagcs comparatifs tictous les par
tcnaires collaboratcirs en cC qi i concerne ]a conduite 
tieIa recherche stir des problnies de ravageurs doit 
C.tIreidentiW alin d'6viter laduplication de travaux. 
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About ICRISAT 

The semi-arid tropics (SAT) encompasses parts of 48 developing countries including most of 
India, parts of southeast Asia, a swathe across sub-Saharan Africa, much of southern and 
eastern Africa, and parts of Latin America. Many of these countries are among the poorest in 
the world. Approximately one-sixti of the world's population lives in the SAT, which is typified 
by unpredictable weather, limited and erratic rainfall, and nutrient-poor soils. 

ICRISAT's mandate crops are sorghum, pearl millet, finger millet, chickpea, pigeonpea, and 
groundnut; these six crops are vital to life for the ever-increasing populations of the semi-arid 
tropics. ICRISAT's mission is to conduct research which can lead to enhanced sustainable 
production of these crops and to improved management of the limited natural resources of the 
SAT. ICRISAT communicates information on technologies as they are developed through work
shops, networks, training, library services, and publishing. 

ICRISAT was established in 1972. It is one of 16 nonprofit, research and training centers 
funded through the Consultative Group on International Agricultural Research (CGIAR). The 
CGIAR is an infornial association of approximately 50 public and private sector donors; it is co
sponsored by the Food and Agriculture Organization of the United Nations (FAO), the United 
Nations Development Programme (UNDP), the United Nations Environment Programme 
(UNEP), and the World Bank. 
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