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Avant-Propos 

En mai 1986, le Projet de Recherche et de Developpemerit des Cultures Vivricres 
dans Jes zones Semi-Arides d' Afrique (SAFGRAD) a organ is~ a Nai'robi au Kenya 
un symposium sur "Ia Production de Cultures Vivrieres en Afrique Semi-Aridc". Ce 
symposium qui a regroupc un 'grand nombre de responsables nationaux de 
)'agriculture, des donateurs ainsi que plusieurs cminents chercheurs intemationaux 
et nationaux marquait Ia fin de Ia premiere phase de SAFGRAD. · · ., 

La seconde phase a tire profit des realisations de Ia premiere phase et adopte les 
principes de n!seaux axes sur Ia promotion du leadership local dans Ia mise au point 
de technologies susceptibles- d'accroitre·la production vivriere a travers les zones 
semi-arides d' Afrique. La conference inter-reseaux tenue a Niamey a done donne 
aux chercheurs d'Afrique Occidentale, Centrale et Orientale )'occasion de presenter 
les realisations des dif(erents reseaux. d'en debattre'ct de rechercher les voies et' 
moyens permettant a ces reseaux de collaborer plus 'etroitement dans l'interet du 
paysan qui est le principal agent de Ia production vivriere. 

., .. 

La Commission Scientifique, Technique et de Ia Recherche de l'Organisalion de' 
l'Uilite Africaine (OUA/CSTR) s'est engagce a collaborer avec les Centres 
Intemationaux de Recherche Agricolc, les organismes dortateurs et les programmes· 
nationaux de recherche agricole des Etats membres en· vue- de 'rcaliser' · 
l'autosuffisancc alimentaire en Afrique. 

•' I• .• 

_., 
',·· 

''· ll 

. '. •· .. a·· 

Profcsseur C.A.·John5on ·.
Secrctaire Exccutif 
OUAtCSTR ·' · · 
Lagos, Nigeria. · ' 

. '. 
) ' j· 

, .. 
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Preface 

Les principaux objectifs de Ia Conference ont etc les suivants : . 

(i) 

(ii) 

(iii)" 

(iv) 

Faire le point des connaissances en matiere de recherche et de production des 
. culture's vivricrcs au cours des annees 80 : 

Identifier les lacunes ainsi que les nouveaux axes de recherche necessaires 
pour les annces 90; 

, I ' 

Faciliter Ia collaboration scicntifique ct !'execution d'activites 
complcme~taires entre les diffcrents rcseaux afin de promouvoir l'cchangc 
d'experien~es et · 

. ' -
determiner le degrc d'application des rcsultats de Ia recherche a travers les 
activites de vulgarisation et d'expcrimentation en milieu paysan. 

Les communications sollicitees et presentees ont embrasse une large gamme de 
discipli~e~ de r~cherche _et de production de cultures vivricres. Le discours liminaire 
a essentiellement porte sur !'analyse des acquis technologiques, l'identilication de 
certaines_insuffisances et l'etablissement de priorites considerees comme "nouveaux 
defis de Ia recherche durant les annees 90". 

Les seances plcnicres consacrees a Ia presentation des communications techniques 
ont couvert les domaines suivants : 

• I, ~. / - . 

(i) Experiences de collaboration rcgionale en matiere de recherche pour Ia 
consolidation des structures nationalcs dans le cadre des reseaux : 

(ii) Recherche sur les sytcmes culturaux; 

(iii) Lutte intcgrce contre le striga, 

(iv) Essais de verification en milieu paysan et adoption de technologies ; 

(v) Importance de )'etude et de Ia cartographic des sols pour determiner Ia 
productivitc des sols comme base des recommandations d'utilisation 
d'cngrais et. 

(vi) Exploitation des phosphates naturels locaux et de leurs composcs avec 
d'autres sources d'elcments nutritifs disponibles, comme le compost, qui 
rendront le phosphore plus assimilable ainsi que decrit dans les titres III et V. 

Les scances concomitantes ont fait le point de Ia recherche et examine les 
contraintes a )'amelioration et a Ia production du niche, du mai"s et du sorgho ainsi 
qu'il ressort respcctivement aux titres II, III. IV et V. 

1.' xii 



I 
I 
I 

xiii 

Lcs debats du demier jour de Ia conference ont etc axes sur lcs principales questions 
techniques prccedemmcnt soulcvees. 
Les rccommandations relatives aux futurs axes de recherche ct a )'evolution 
institutionnelle du SAFGRAD, telles que resumccs au Titre VI. ont egalement etc 
examinees. 
L'invitation a cette conference regroupant les reseaux ma"is, sorgho. niebe et mil 
d' Afrique Occidentale et Centrale. le reseau d'etude des systcmes de production en 
Afrique de I'Ouest ct le rcseau sorgho et mil d'Afrique de !'Est a etc honoree par un 
trcs grand nombre de participants. Le comitc d'organisation a rcc;u plus de 70 
resumes bien que seulcs les communications repondant aux objcctifs ct aux nonnes 
techniques de )'atelier aient etc publices. 
En marge de !'assistance financiere rec;ue de I' Agencc des Etats Unis pour le 
Developpement International (USAID), d'autres organismes ont egalement fourni 
un soutien ala conference. · 
Ce ~ont: 
(i) l'lnstitut Intcrnationarde Recherche sur les Cultures des Zones Tropicales 

Semi-Arides (ICRISA T) . . . 

(ii) l'lnstitut International d' Agriculture Tropicale (liT A) 
(iii) l'Institut National de Recherches Agronomiqucs du Niger (INRAN) ct 
(iv) i.e Projet de Recherche et de Developpement des CultureS Vivricres dans les 

Zones Semi-Arides d'Afrique (SAFGRAD), de Ia Commission Scientifique. 
Technique .et de Ia Recherche de )'Organisation de I'Unite Africaine 
(OUNCSTR). . 

. :' 
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Introduction 

Le Projet de Recherche et de Developpement des Cultures Vivrieres dans les zones 
Semi-Arides d'Afrique (SAFGRAD), dont Ie siege est h Ouagadougou, Burkina 
Faso est un projet regional de Ia Commission Scientifique, Technique et de Ia 
Recherche de l'Organisation de !'Unite Africaine. 

C'est pour faire face aux secheresses de plus en plus graves frappant le Continent 
Africain que le SAFGRAD a etc crec il y a de cela plus· de 15 ans par les chefs 
d'Etat et de gouvernement de l'OUA avec pour objectif principal d'ameliorcr en 
qualite et en quantile les principales cultures vivrieres (sorgho, ma"is et niche) de Ia 
region semi-aride d' Afrique. II avait egalcment pour mandat de developpcr des 
systenie.s de production susceptibles de renforcer·et de maintenir hi. base de 
ressources pour.une· agriculture productiv_e dans Ia zone. 

Evolution du SAFGRAD 

Au cours de ses dix premieres annees d'existence, Ie SAFGRAD a travaille en 
etroite collaboration avec I'Institut International de Recherche sur les Cultures des 
Zones Tropicales Semi-Arides (ICRISAT) pour le sorgho et le mil et avec l'Institut 
International d' Agriculture Tropicale (liT A) pour le ma"is et le sorgho, ainsi qu'avec 
les programmes nationaux de recherche de ses pays membres. c'est durant cette 
premiere phase que des varietes culturales et des technologies ont ete mises au point 
en vue d'accroftre Ia productivite et d'ameliorer les conditions economiques des 
paysans ll faibles ressources. · 

La seconde phase du SAFGRAD (1987- 1992), bien que poursuivant Ia mise au 
point et le transfert de technologies a ete principalement axee sur le renforeement 
des capacites des programmes nationaux par l'etablissement d'un systcme de 
reseaux. 

Ainsi, six reseaux ont ete crees : un pour le ma"is, un pour le niebe et un pour le 
sorgho en Afrique Occidentale et centrale, un pour le sorgho et le mil en Afrique de 
l'Est et les deux autres pour ]'etude des systemes de production et l'agroforesterie en 
Afrique Occidentale. · 

Administration du SAFGRAD 

Malgre ses relations administratives avec Ia CSTR et le Secretariat General de 
l'OUA, i1 a etc jug6 necessaire d'impliquer, dans Ie cadre du SAFGRAD, un plus 
grand nombre de chercheurs africains dans Ia prise de decisions et de d6velopper le 
capital humain local (renforcement des capacites) afin que celui-ci assume un plus 
grand leadership dans Ia direction ct Ia gestion de Ia recherche agricole ainsi que des 
activites des reseaux. Cette initiative a abouti llla cr6ation du conseil des directeurs 
nationaux 'de Ia recherche agricole de tous les 26 pays membres du SAFGRAD. Ce 
conseil s'est reuni tous les deux ans pour passer en revue les activites du 
SAFGRAD et fournir des orientations politiques. 
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Un conseil d'administration de sept membres relevant directcment du Conseil des 
Directeurs nationaux supervise les affaires administratives. techniques et financi~res 
du SAFGRAD et evalue Ia performance des reseaux. Ce Conseil d' Administration 
est compose d'eminents chercheurs, d'administrateurs de Ia recherche et de 
membres de facultes d'agriculture d'universites provcnant tous de I' Afrique 
Occidentale, centrale, Orientale et Austrralc. II se reunit au moins une fois par an. · 

Les activites de chaquc reseau de recherche sont dirigees par un comite Directeur 
compose de 5 - 8 chereheurs de SNRA activement engages dans Ia recherche sur 
une culture ou un theme donne. Ce comite se reunit deux fois par an. 

• • 1 

. Les activites quotidiennes du SAFGRAD sont menees au Bureau de Coordination 
du SAFORAD (BCS) a Ouagadougou au Burkina Faso. Le BCS joue le r81e de 
secretariat du Conseil des directeurs nationaux et du conseil d'administration. II 
assure le leadership politique et administratif vital,pour soutenir Ies activites des 
reseaux; Grace a Ia tutelle de l'OUA, le SAFGRAD facilite le mouvement. des 
chercheurs et le transfcrt du germoplasmc et des fournitures de recherche entre les 
membrcs. II organise Ies reunions des differents comit6s et aide a prendre les 
dispositions utiles pour les tournees d'etudes scientifiques, les cours de formation, 
les seminaires, les ateliers etc. '' ..... :: ·l 
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Notes Liniinaires relatives a Ia conference 

JOSEPH M. MENYONGA 21U~lffr:;JT1~ 1f.i~.LH 
Coordinateur /ntemational, OUNCSTRISAFGRAD Ouagadougou, Burkina Faso 

.. , . Cette Conference Inter-Rcseaux sur Ia recherche et ·Ia. production. de cultures 
.... ~ivri~res ~arquc un· autre tournaill importnnt ·dans .Ia ~i~ du .P~ojet de Recher~he et 

'. ~e 'Ddvelpppe_~~~~ ,des. ~~~~tires yiv.ri~~~s .dq'!~ ;jes zo~~s~ s~~i-~~idi.s ~~Afrique 
. , (SAFGRAD) de I'Organisation de I'Unitc Afficaine (OUA).,Ln premiere conference 
. " dc,ce type a t{te 'Je symposi~m sur Ia s~cheiessc organise pa~ le SAFGRAD h 'Nairo-
.... b'fauKenya.'..,.· ·, · .. .,.. . · .. .' ·" ·· · · .· ... ·.".· .·. 

' • • • ' ~ ' I 

l''':··~ ... r,;·,•:'•il~!:tj '•'!', ~· ,; •. ' .. •, ,t!I'_J!.~.: 

_, , Cr~e par:l~qU,A _depl;lis 1,9.76, Je ~~<;J~J?.a ~u.po~r manda.t essen.tiel_de .d~ve-
, . lopper 1Ia recherche su~ Ie.~a_rs, Je sorgho, I.e ~i~be ~~ ~~. m~l dans.J::s regions.semi- · 

arides ~es }6 _pays ~embres. il s'agissait ~e ,fa!re face .h I~ grave scch~resse qui 
de~astaitle contine~t Africain au cour~ des annt~e~ 70. . . . , 

Lc.SAFGRAD a depuis lors trnvaiiie en collaboration tres ctroite avec les institu
tions nationnl~s de recherche agricole alnsi que les centres internationaux de 
recherche agricole (CIRA), notamment l'lnstltut Internationat' de Recherche sur les 
Cultures.des Zone~ Tropicales Semi-Arides (ICRISAT) pour ce qui est du sorgho ct 
du mil, et l'institut international d'agriculture tropicale (IITA) pour Je mais et Je 
niebe. Vous comprenez done pourquoi cette conference est organisce par le SAF
GRAD conjointement avec l'lnstitut National de R_echerches Agronomiques du 
Niger INRAN et niT A. 
, .En tant que l'un des bureaux rcgionaux de I'OUA. Ie SAFGRAD re~oit des orien
ta~ions juridiques et administratives par le canal de Ia_ commission sci~ntifique, tech-

,. nique et de Ia recherche (CSTR) dont le siege est a Lagos, au Nigeria.. ·:. . , 
, Le secrctai~e executif adjoint de cette comm~ssion interv!e~dra cgalement au cours 
de cette conference; . . . - 1• , .• 

Sur le plan technique, le SAFGRAD est dirige par le conseil des directeurs natio- · 
naux de Ia recherche agricole de ses etats membres. Le conseil a, a son tour, mis sur 
pied un conseil d'administration compose de sept membres specialistes de Ia 
recherche agricole et qui se reunit rcgulierement en vue de passer en revue Jes acti
vites du SAFGRAD. 

Au cours de ses dix premieres annces d'existence, le SAFGRAD s'est servi de Ia. 
tutelle de I'OUA pour reuvrer, au-deJa Jes barrieres politiques et linguistiques, a . 
aider et renforcer les progrrammes nationaux par Ia formation, I'cchange d'informa
tions, ]'experimentation et ]'adaptation de diffcrentes varictcs culturales et autres 
technologies agricoles mises au point par I'ICRISAT,I'IITA ct certaines institutions : 
nationales de recherche agricole. Depuis 1987, le SAFGRAD s'est beaucoup plus I 
attache a mettre en place des reseaux de recherche agricole en collaboration avec les i 
CIRA et les SNRA. Quatre des reseaux de recherche sur Ie ma"is, Je niebc. Ie sorgho · 
et les systemes de production fonctionnent actuellement en Afrique Occidentale et 
centrale, tandis qu'un reseau mixte de recherche sur Ie sorgho et le mil est opcra
tionnel en Afrique de I'Ouest. 

(t '• XX 
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Grllce au systeme de reseau. le SAFGRAD a enregistre d'importantes realisations 
dont une plus grande prise en compte des besoins de recherche des SNRA par 
I'ICRISAT et I'IITA, l'~mergence du leadership des SNRA en mati~re scientifique 
et en administration de Ia recherche ainsi que le partage des resultats de recherche et 
du germoplasme entre les programmes nationaux. 

Avant que Ia scconde phase du SAFGRAD ne vienne ll terme vers fin 1991. cette 
conference a ~te programmee pour regroupcr tous les partenaires travaillant separe
ment dans le cadre des n!seaux de recherche sur les cultures, avec pour objectif 
essentiel de : · 

I - Faire le point des connaissances sur Ia recherche et Ia production de cultures 
vivricres et documenter les progres accomplis au cours des cinq derni~res annces. 

II - Identifier les insuffisances ainsi que les nouveaux axes de recherche neces
saires pour les annees 90. 

III- Faciliter les cchanges scientifiques et I' execution d'activites complcmentaires 
entre lcs differents reseaux et au sein de ceux-ci pour promouvoir l'echange d'expe
rienccs et 

IV - Determiner le degre d'application des rcsultats de recherche a travers les acti
vitcs de vulgarisation ct d'cxprcrimcntation en milieu paysan. 

La conference a rcuni des chercheurs de 21 pays d' Afrique occidentale, Centrale et 
Orientale ainsi que plusieurs experts ctrangcrs pour sc pcnchcr sur lcs questions sus
mentionnees et trouvcr des reponses a Ia multitude des problcmes agricoles de 
I' Afrique. Connaissant l'esprit de cooperation qui a prcvalu au scin des differents 
reseaux et entre eux, je ne doute pas que les objcctifs de cctte conference seront 
atteints 

Excellence Monsieur le Ministre de I' Agriculture ct de l'Eicvage, Honorables invi
tes, Mesdames et Messieurs, si le SAFGRAD a connu du succcs, cela est principale
ment dO au financement genereux et spontane des differents donateurs et particulic
rement de l'agence des Etats Unis pour le Dcveloppement International (USAID), 
du Fonds International de Developpement Agricole (FIDA), du Ministcre Fran~ais 
de Ia Cooperation, du Centre de Recherche pour le Dcveloppement International 
(CRDI), du Canada, pour nc mentionner que quelques uncs des institutions. Tout en 
exprimant nos remerciements a ces organismes donateurs et aux autres, nous souhai
tons et esperons que nous pouvons continuer a compter sur leurs soutien et assistan
ce. Nous tenons particulierement a remercicr l'INRAN pour nous avoir aides a orga
niser cette conference ainsi que l'ICRISAT et l'llTA pour avoir apporte leur inesti
mabl~ contribution. J'exprime rna sincere gratitude au gouvcrnement de Ia Repu
blique du Niger qui nous a permis de tenir cette conference dans ce beau palais des 
congrcs. · 

Merci a vous tous Mesdames et Messieurs, pour avoir honore notre invitation. 
Je souhaite plein succ~s avos travaux 
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Introduction 

As an introduction to this presentation, I would li~ to share with you an extract 
from the bOok "Science in Africa" by Thomas A. Bass, primarily because I feel it 
expresses particularly well the African dilemma: 

"Photographs 'supposedly don't lie, but the images we see of African crisis seem 
unreal. Fanners standing in fields blasted by drought Mothers in feeding camps 
sheltering hungry children. Then we hear on tbC nightly news that European and 
American farmers are suffering, too from over'prodUc:tion. Wheat farmers in E~ 
pe have trebled their yields per acre since 1960. Rice yields in Asia have doubled. 
The green revolution of genetically improved crops--resistant to diseases, pests, and 
drOught -: has worked its miracle around the world. 'Everywhere, that is, except in 
Africa. which stands alone in suffering a per. caPita decline in food production. How 
has a continent that was self-sufficient until the 1960s slipped so disastrously 
behind? And what can be do~e to reverse the trend?" 

Table 1. Selected economic indicators In silb-Saharan Africa(%). 

Indicator· 1965-73 1973-80 1980-87 

.GDPI S.9 2.S o.s 

GNP per capita 2.9 .0.1 -2.6 

Agriculture 2.2 -0.3 1.3 

Inflation rate 7.S 6.8 15.2 

Population growth 2.6 2.8. 3.1 
'. 

Source: Sub-Saharan Africa: From Crises to Sustainable Growth •. The World 
Bank. ~ashington, D.C., 1989. 

Note: l. Average annual percent 

3 
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Many au'thoritatlve studies have dealt with fo.od situation in· Africa. This paper 
will, therefore, not attempt to address in any detailed manner the crisis situation of 
food production in Africa. Rather, it will only set the stage by recalling the ba~ic 
indices of food production in Africa. · · · 

With a total number of 45 countries in west, c'entral, ea5tern a~d southe.:n Africa, 
sub-Saharan Africa has a total population of 450 million people and covers an area 
of approximately 22 million square kilometres. It has been estimated that about 800 
million hectares are potentially arable, although only 215 mittion hectares are 
actually cultivated, with 9.5 million hectares being under irrigation. (Grall, 19.86). 

::With an ~n~;u populatio~ ~ow~ ·~ate or'3 .. 1 %, (Table, 1)~ the baSic indic.es stand. 
as follows for the periods 1965n3 and 1980/87: . 

a) the per capita GNP declined from 2.9 to 2.6%; 
b) average annual growth rate of agriculture commodities declined from 2.2 

to 1.3% while inflation rate doubied from 7.5 to 15.2% and · · ·. · · · 
c) maize, millet and sorghum production grew at 2.3, 0.8 and 1.2% annuatly ' 

(Table 2) compared with 2.3 and 2.0% for rice and wheat, respectively. 
r 0 ' ' < •' • •'• 

. In terms of t~tal cereal production, the rate of anriual .growth between 1965 and 87. 
was only 1.7%, from 33 to 47.7 mitlion tons of grain (Table 3). Knowing the 
importance of cereals in the food consumption of the peoples _of Africa, it is no 
wonder that cereals . · . · · · · : · ' : 

r·.·, 

Table 2. Average annual production of some major food crops in sub-Saharan 
Africa(%). 

Commodity· 1965-73 1973-80 1980-87 1965-1987 

Maize 3.3 -0.2 3.7 2.3·.: 

··Millet 1.2 -1.2 2.5 0.8··' 

Sorghum 0.2 2.3 1.3 1.2 

Rice 3.7 2.6 2.7 3.0 

Wheat .. 3.9. 1.1 
. ' 

1.0 2.0 

Total Cereals · 2.0 0.9- 2.3 ' . 1.7' 

Pulses -2.1 1.2 3.4 2.5 

Source: Sub-Saharan Africa: From Crises to Sustainable Growth. The World 
Bank, Washington, D.C. 1989. 
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Table 3. Production statistics of some major food crops in Sub-Saharan Africa 
(million metric tons}. · 

Commodity 1965 1980 1987 

Maize 9.9 12.9 15.6 

Millet 8.1 9.2 10.1 

Rice 3.7 6.3 7.6 

Sorghum 8.4 11.1 10.7 

Wheat 1.0 1.5 1.5 

Total Cereals 33.0 43.7 47.7 

Pulses 3.5 4.5 3.9 

'I' 

Source: Sub-Sahara11 Africa: From Crises to Sustainable Growth. The World 
Bank, lVaslzington, D.C. 1989. 

imports doubled between 1974 and 86, from 4.1 to 8.1 million tons; In addition, 
food aid for the same period more than trebled, from 0.9 to 3.1 million tons of grain. 

The production of legumes during the same period was estimated at 3.5 to 4 mil
lion tons, with an average annual growth of 2.6%. Overall, the per capita average 
food production index remained relatively unchanged between 1979/81 and 
1985/87, while the average annual consumption of basic food staples grew at a stea
dy annual rate of 2.5% and the per capita food production dropped by I% annually. 
The consistent short-fall in legume and cereal grain production provides n plausible 
explanation for the over 100 million under-nourished people in Africa and represen
ting about 30% of the population of the sub-Saharan region or 93 poor individuals 
per square kilometer of real agricultural area. 

According to World Bank projections (Table 4}, food deficits world-wide are like
ly to grow to as high as 50, 115 and 245 million tons of maize equivalent in 1990, 
2010 and 2020, respectively. From such projections, it is postulated that the food 
gap can be eliminated only when population fertility rate declines by 50% to 3.3% 
whilst food production grows at 4% annually - a task that implies trebling the pre
sent growth rate of food output. The food situation thus appears quite gloomy. 
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Tnble4. Population and food security in Sub-Snharan Africa, 1990-2020. 

A~.~umption~ 1990 2000 2010 2020 

Cnsc -1 

Population (million~ of people) (with constant fertility rate) !100 700 1.101 1.!100 

Food production (mtme* at current-trend growth rate 
of 2% per year) 90 110 13!1 165 

Food requirement (mtme, for univc~al food security by 2020) 100 160 250 410 

Food gop (mtme) 10 50 115 245 

Casc-2 

Population (os in Cnse - I) !100 700 1.010 1.500 

Food production (at 4% nnnunl growth) 90 135 200 300 

Food requirement (a~ in C:t.~e- I) 100 160 250 410 

Food gap (:t.~ in C:t.~e- I) 10 25 50 110 

Cnsc- 3 

Population (million.~ of people) (with total fertility rnte declining 
50% to 3.3% by 2020) 500 680 890 1.110 

Food production (mtme, nt 4% annual growth) 90 135 200 300 

Food requirement (mime) 100 150 220 305 

Food gap (mtme) 10 15 20 5 
I 

Source: Sub-Saharan Africa: From Crises to Sustainable Growth. 
The World Bank. Washington, D.C. 1989. 
* mtme =millions of tons of maize equivalent. 

Major Constraints to Food Grain Production in Semi-Arid Zones · 

Among major technical constraints to food grain crop production in the semi-arid 
zones of sub-Saharan Africa nrc recurrent drought, desertification, low and erratic 
rainfall, low soil fertility, poor crop management practices, as well as attacks by 
insect pests, diseases (including parasitic flowering plants) and vertebrates. · 

Rainfall constitutes the most limiting factor to crop production in semi-arid Africa. 
Historical, long-tem1 rainfall studies show a consistent decrease in toJal amounts, 
with dry periods alternating with wet periods (Farmer and Wigley, 1985). More 
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recent studies or rainrall fluctuations show striking features over the last 40 years. 
For about 15 years starting in 1950 (Fig. I), rainfall was on the average abnormally 
higher than the average. But since 1968. a period of below average rainfall has 
taken place and has led to the persistant dry spell being experienced by all sub
Saharan African countries and particularly those in the Sudan zone. Table 5 clearly 
shows that the mcun rainfall for the period 1970 is about half of that received from 
1950-59. But beyond the total amount of rainfall is the unreliability, unpredictabili
ty. as well as their year-to-year variability that has come to characterize the semi
arid zone. 

~···~·--

0 
I' 
C'\ ...... 

• .. 
0 

• >-
0 
\0 
C'\ 

I 
...... 

0 
11'1 
C'\ .... 



8 New Frontierr of Food Grain Rtrearcllfor tilt 1990s 

Table 5. Rainfall at nine Sahel stations in various years (mm/year). 

Location 1950 1972 1983 1950-1959 1970-1984 

Bilmn 40 21 0 20 9 

Atbara 166 55 15 92 54 

Nouakchott 183 103 66 172 51 

Khartoum 178 135 86(15) 178 116 

Agadez 262 74 94 210 97 

Tombouctoo 230 106 74 241 147 

Nema 345 245 43 381 210 

Dakar 797 130 159 609 308 

Banjul 1489 583 358 1409 791 

Virtually all of sub-Saharan Africa is subject to drought although the severity is 
greatest in the Sahel zone. It is estimated that one third of Western Africa is arid. 
All countries in the Sahelian zone were severely affected by the droughts of the late 
1960s and early 1970s when cereal production was a mere 15% of normal yearly 
harvest (Sasson, 1990). Another round of drought occurred in the early 1980s, 
resulting in food shortages in some 22 African countries (Farmer and Wigley, 
1985). 

The manifestation of persistant drought over prolonged periods leads to desertifi
cation, a situation in which dry ecosystems lose the capacity to revive or repair 
themselves (Hare, 1985): It is estimated that between 1935 and 85, the Sahara 
desert had invaded about 100 million hectares of previously productive land and 
continues to encroach at the rate of 2 millions hectares per year in the Sahel or 7 to 
10 km per year in Senegal (Zccchini, 1985 b). 

Among documented causes of drought and desertification are the extension of crop 
cultivation to marginal lands where rainfall is increasingly uncertain, overgrazing of 
large flocks as a consequence of increasing settlement of pastoralists and deforesta
tion of wooded land for fuel purposes. But beyond these and similar human activi
ties is the global process of atmospheric circulation which has direct implication on 
drought condition (Hare, 1985; Nicholson, 1989). 
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Crop resistance/tolerance to soil moisture stress and high soil temperatures are 
important adaptation traits for successful agricultural production in the semi-arid · 
tropics. In terms of fertility, most soils of the semi-arid zone are poor, both physi
cally and chemically. Decades of cultivation without soil amendments or adequate 
crop rotation, the removal of natural vegetation, overgrazing, bush burning, indiscri
minate cutting of trees have all combined to hastened the erosion and degradation of 
the fragile soils of the arid and semi-arid zones (Ibrahim and Modibo, 1989; Spikens · 
and Nabila, 1989). 

Whereas in the past, resource-poor farmers traditionally restored soil fertility by 
long periods of bush fallow, this is no longer feasible mainly due to rapidly increa
sing population pressure. At the same time,the high costs of inorganic fertilizers· 
limits the extent and intensity of their use, thus resulting in a steady decline in soil 
productivy with the consequent reduction in yields (Sasson, 1990). 

Crop damage by pests and dis~ases is yet another serious constraint in the produc
tion of virtually all crops. Among the multitude of important pests of dry environ
ments arc termites, army worms,· stem borers, migratory locusts, birds and especial
ly Que/ea que!e_a (IITNSAFGRAD, 1986; Doggett, 1988). 

Perhaps the most serious disease problem that cuts across crops and ecologies is 
Striga. While Striga hermorithica attacks maize, sorghum and millet, the species 
Striga gesnerioides and Alectra vogelii both attack cowpea (Emechebe et al~, 1988). 
With the rapid expansion of maize into the relatively dry savanna areas of Africa, 

· Striga is rapidly becoming a very serious constraint to maize as it is for cowpea pro
duction. 

Specific to sorghum, the shootfly (Aiherigona soccata) is regarded as the most 
important field insect in both east and west Africa, while sorghum midge (Contari
nia sorghicola) and the head bugs complex seem more important in west Africa. 
Other important insect pests in east Africa are armyworms, borers, grain weevils 
and moths (Gebrekidan, 1987). Diseases considered important in the semi-arid 
zones of sub-Saharan Africa are ergot (Claviceps purpurea), grain molds, anthrac
nose (Colletotriclzum graminicola), smuts, charcoal rot (Macrophomina phaseolina) 
and downy mildew. 

Downy mildew remains the main millet disease in west Africa while blast (Pyricu
laria grisea) and ergot seem more prevalent on finger millet in east Africa. 

Apart froin the virus complex of maize (maize streak, maize chlorotic mottle anci 
maize stripe), a major but often ignored maize disease is the root and stalk rot com
plex induced by various species of Macrophomina, Fusarium and Botryodiplodia. 
In addition, localized epidemics of various types of downy mildew occur is some 
parts of the dry savanna zones of Africa. 

Cowpea is attacked by a large number of important pre flowering insect pests, 
including Aphis craccivora and Ootheca mutabilis. Among the flowering pest of 
cowpea are Thrips while the post-flowering pests include Maruca pod borer and a 
complex of pod sucking bugs. The major diseases of cowpea in the arid and semi-
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arid zone include bacterial bligth (Xanthomonas campestri pv. vignicola} and Sep· 
toria leaf spot. The last three of these diseases, together with a scab (Sphaceloma 
stage of Elsinoe phaseoli) are very destructive especia11y in the more humid Nor
thern Guinea than in the Sudan savanna and Sahel zone where bacterial blight and 
macrophomina blight attain epidemic proportions. Of the two major virus diseases 
of cowpea in the arid and semi-arid tropics, cowpea aphid-borne mosaic virus 
(CAbMV) is a lot more important than cowpea golden mosaic virus (CGMV} 
because the latter causes occasional epidemics only in local, prostrate cultivars 
while CAbMV causes successive epidemics in both local and improved cowpea 
varieties. A recently recognized problem on cowpea in the sandy soils of the Sudan 
savanna zone is the root knot nematode complex (Meloidogyne incognita, M. arena
ria &: M. javanica} .which is prevalent following successive cultivation of cowpea. , 

Research Achievements In Food Grain Crops. 

Scientists and institutions have devoted much time and resources in addressing 
these and other constraints of crop production with mostly encouraging results and 
achievements. One area where substantial progress has been made is in the genetic 
development of crop varieties with improved adaptation to bio climatic conditions 
of semi-arid ecologies and particularly in theil~ resistance/tolerance to diseases and 
insects. Table 6 lists a number of crop varieties identified or developed through 
SAFGRAD Networks and which are cultivated in 12 countries of West and Central 
Africa. 

More specifically, SUVITA-2 cowpea shows a good level of resistance to strains 
. of Striga gesnerioides which is prevalent in Burkina Faso and Mali.Similarly, 

VITA-7 and TVx 3236 are also popular in the region for their resistance/tolerance 
to important cowpea diseases and insects, particularly thrips. · 

. Early breeding efforts in maize had concentrated on improving varieties for resis
tance to lowland rust and blight. The5e efforts led to the release of 1ZB and TZPB . 
varieties, whicti are still popular in the region. Later, the combined efforts of llTA 
and CIMMYT led to the development and release of several streak resistant maize 
varieties like 1ZESR-W, IKENNE 8149-SR (POZA RICA 43-SR}. 
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Tnble 6. Crop varieties identified through Network activities for production in 
various countries in West and Central Africa. 

I Country Cowpea Sorghum 1\lnlzc 

Burkin:1 Fnso KN I. Suvii:J·2 ICSV·IOOI (Fmmid:1) EV 8422-SR 
TVX3236, E-35-1 KPB (EV 8430SR) 
TVX 396-4-4 ICSV 16-5, BE KPJ (EV 8431SR) 

ICSV IC»9 BA. 

Guine:1 Bissau IT82E-9 Aburotin 

Ghnnn IT 82E-16 Aburotia 
IT82E-22 Composite-4 

Golden Crystal 
Knw:inzie 
Mexicnn-17-E 

Mali Suvitn-2 SAFITA-2 
TN-88-63 TZE-Y 

Nigeria TVX 3236 ICSV 1007 BF TZESR-W 

Benin TVX 1850-01 F, Sckou SITZSR-W-1 
IT 82E-32 EV 8443-SR 
IT 810-1137 Pirsaback 7930 SR 

Cameroon ITSID-985 S-34, S-35 Mexic:1n 17E 
(BRI), SAFITA-2 
ITBID-994 

Togo ITSID-985 Poz:1 Ricn43-SR 
(B-Togo) lkennc 8149-SR 

Pirsaback 30-SR 
KPB (EV 8430-SR) 

Niger TN-5-78, ICSV 1007 BF 
KVx 1002 

Cote d'lvoire CD 
IRAT-178 
MTS 
FERKE-7622 

Seneg:1l 58-57 nnd Synthetic-C 
IS 86-275 JDB 

SM-10 

Chad TVx3236 TZESR-W 
ITBID-985 
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Severn! sorghum varieties exhibiting good levels of resistance to drought, anthrac
nose and ergot have been identified by EARSAM for Rwanda. Ethiopia and Sudan. 
In Kenya. the sorghum cullivur IS76 which is resistant to long smut has been relea
sed, while in West Africa varieties like E-35-1, JCSV-1007 BF, ICSV IDOl (Frami
da) which have a measure of resistnncc to Striga hemwntlzicn are widely cultivated 
in many of the countries. 

An important characteristic emphasized in the development of improved varieties 
for semi-arid regions is earliness in growth and maturity. Motivated by the short 
growing season and the relative unpredictability of rainfall, IITA scientists have 
developed a number of 60-day erect and photo-insensitive cowpea varieties for sole 
cropping as well as minimum insecticidal regime. More recently, extra-early varie
ties of maize have been developed by the SAFGRAD Maize Network and which arc 
particularly popular because they mature during the "hungry period" in the Sahel 
and well before the sorghum crop reaches maturity. 

Achievements relating to crop management include optima sowing dates. plant 
populations and fertilizer requirements principally for sole cropping situations. 
Since rainfall is a major constraint to food crop production especially in the Sahel 
ecology, mention must be made of the tied-ridging technique developed by SAF
GRAD to reduce runoff losses and to improve water infiltmtion. 

Research Agenda for Next Decade 

a) Tile Main Crops 

i) Maize Research. All available data suggest that the moist savanna presents a 
priority research ccolor)' for maize relative to the Sudano-Sahelian zone, even if 
early and extra-early maize will continue to play some role as the "hungry crop". It 
is in this ecology that the parasitic plant Striga represents the major threat to maize 
production, hence the emphasis in breeding for resistance/tolerance to this pest. 
Since little progress has been made until now by using routine conventional plant 
breeding methods, it is imperative that the approach must be re-oriented towards 
more basic research aimed at better understanding of the host-parasite relationships 
as well as the mechanisms for resistance/tolerance. 

The high potential of the moist savanna must be exploited using hybrid maize 
varieties. In this context, inbred lines will have to maintain a high level of resistan
ce to streak virus, downy mildew, stem borer. rust and blight. Other abiotic bree
ding objectives will need to also include high nitrogen use efficiency as well as 
resistance to drought. 

ii) Sorghum Research. With plans well underway to hold a world-wide sympo
sium on sorghum research and production, I will rather not anticipate the outcome 
of such a highly distinguished forum in defining a research agenda for sorghum in 
the nineties. Rather, I will only highlight in this presentation some of the resear
chable issues that arc likely to continue to attract the attention of sorghum scientists 
especially in sub-Saharan Africa. 
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Foremost among issues of major interest in sorghum research arc those relating to 
abiotic factors limiting production and particularly environmental stress. In the 

1 
semi-arid tropics where minfall is problematic in amounts and distribution, resistan
ce/tolerance to drought. in relation to continuous changes of the environment will, of 
necessity, continue to be a major issue for research. This will thus call for a better 
characterization of the sorghum agro-ccologics as well as multi-disciplinary studies 
relating to the physiological mechanisms of drought resistance. 

Among the biotic factors, insects, diseases and Striga will necessarily. constitute 
researchable issue of high priority. Even though some work has already been done 
on the biological control of some of the important sorghum pests. it is more than 
likely that host-plant resistance and cultural methods will continue to be the best 
management strategies towards effecting their control. Since the five major sorg~ 
hum diseases (grain molds, charcoal rot, downy mildew, anthracnose und virus. 
diseases) arc likely to continue to constitute serious constraints to production, the 
i best management strategy in the next decade, especially keeping in mind the rcsour-
1 ce-poor farmers, is host resistance. Fortunately. there is n large germplasm collec-
• lion assembled and managed by ICRISAT much of which have been screened for 
disease resistance and many promising lines identified (Mengcsha and Rao, 1981). 

Specific to Striga research, extensive laboratory screening of more than 15,000 
accessi<;>ns of the sorghum gcrmplasm has been made and over 600 lines identified 

1

1 as holding some promise for Striga resistance, but the understanding of resistance 
mechanisms is presently lacking or is incomplete. What is more, field screening 

i techniques have proved largely unreliable. Future research efforts on Striga control 
must necessarily be well coordinated and multi-disciplinary in approach if major 
break-throughs are to be achieved. 

iii) Cowpea Research. The major re-orientation of cowpea research in the next 
decade will be the translation into research objectives of the belated acceptance by 
scientists generally that cowpea is essentially intcrcroppcd in the semi-arid region of 
Africa. Unlike in the past when the breeding objectives were directed towards the 
creation of dctemlinate and erect cowpens suitable for sole cultivation. the challenge· 
now is to breed for new types which arc photosensitive, with morphological and 
physiological characteristics which make them suitable for intercropping. 

Another research area which will need urgent atlention is that of resistance to post
flowering pests. Since the regular screening of germplasm for identification of 
sources of resistance has thus far not yielded good results, altention must necessary 
be turned to wild Vigna species in the search for resistance genes for post-flowering 
pests. The transfer of such genes from wild Vigna to cultivated Vigna will involve . · 

, wide crosses combined with bio technology research for which little capacity exists 
:presently in Africa. To this end, effective linkages must be developed with advan
ced laboratories in other parts of the world. 

With regard to Striga, much has been achieved recently in the identification of 
· sources of resistance to Striga gesuerioides and Alecrra ''agclii in the cowpea line 
B-301. An active crossing programme to transfer this resistance gene to all cultiva

' ted cowpea varieties should receive the highest priority attention during the coming 
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years. These and similar research objectives arc intended to be ochicvcd by the 
combined effort of liT A and other I ARCs with national agricultural research institu
tions and notably Nigeria's Institute for Agricultural Research (IAR) in Sama~u. 

iv) MiiJet. The overall objectives or millet improvement in the next decade will 
be to combine high yield potential and acceptable grain quality with resistance/tole
rance to drought, to seedling emergence and to diseases and insects. Research prio
rity is to continue on the important millet diseases of the region, including downy 
mildew (Sclerospora graminicola), smut (Tolyposporium penicillariae) and ergot 
(C/avicep fusifomzis). With regard to pests, stem borer remains one of the most 
important. 

v) Soyabcan. Although soyabean is not among SAFGRAD mandated crops. it is 
more than likely that the crop will assume increasing importance in the scmi:arid 
zones of sub-Saharan Africa. Apart from sharing the same agro-ecologies with 
maize and sorghum where its ameliorating effect on the soil physical and cherilicol 
properties is well known, soyabcan has already received considerable research 
attention towards resolving such production constraints as nodulation, seed viabili
ty, pod shattering, resistance to insect pests and diseases as well as its potential to 
human nutrition, including such high-risk social categories like lactating mothers 
and children. With the overcoming of these and other production constraints by the 
joint effort of liT A and Nigerian scientists, the two major research priorities in the 
coming years will be the adaptation of improved cullivars to the fanning systems of 
the different ecologies and the utilization aspects of the crop. Following a workshop 
held in January of 1991 involving soyabean researchers from IARCs, NARS as 
well as sponsoring agencies, participants endorsed the creation of an African Net
work on Soybean Production and Utilization. When operational, such a Network 
may serve to provide the necessary framework and leadership for the promotion and 
development of soybean in Africa. -

b) Common Research Priorities 

By reviewing the research priorities identified for each of the important crops of 
the semi-arid tropics. it is evident that some of these, including drought; Striga, · 
intercropping and post-harvest technology, are common to all the crops and, conse
quently, of importance for inclusion in the research agenda over the next decade. 

i) Drought. Drought has been and will continue to be the most common natural 
phenomenon agriculture will have to cope with in the semi-arid regions of the 
world. The climatic factors of rainfall ami temperature which influence drought 
offer little or no direct control by man. The challenge for scientists and fanners is, 
therefore, to manipulate the crops cultivated in such a way as to adjust their life' 
cycle to the particular conditions or temporal patterns of these factors. In this 
regard, what solutions arc proposed for adoption must be sustainable by the rcsour-· 
ce-poor small-scale farmers of the region. 

Plant breeding remains the most effective tool for the search for low cost solutions 
especially when pursued in a multi-disciplinary approach involving agro-climatolo
gists and plant physiolo-gists. Already, simple models have been developed which 
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. ' 

allow the prediction of the length of the growing season and its variation in a parti-
cular region based on soil-water balances and climatic data such that the breeder is 
able to select varieties which fit. on 'the average, the growing season (Landsberg, 
I (88). In addition to or in combination with breeding for varieties with special cha
racteristics for dro~ght-proned environments. agronomic practices will also need to 
he pursued towards modifying the soil structure in such a way as to decrease water 
rtm-off, increase water infiltration and, therefore, increase water availability to the 
I . 
~p. ' 

Iii) Striga. The dismal achievements recorded thus far in Striga research is general
ly perceived to he the result of the piecemeal approach employed in tackling this 
gigantic problem. To effectively address the Striga problem in all it<; ramifications, 
it is suggested that research be pursued in a concerted and coordinated manner 
towards tackling all the facets of the problem, including such basic and strategic 
research areas as the better understanding of resistanecltolerance mechanisms of 
1crops against Striga, the development of laboratory screening techniqes. the study 
of mechanisms which influence seed germination, attachment to host and emergen
ce, the development or bio-technological and molecular techniques in Striga resear
ch like inter generic transfers of genes, and the study or the possibilities offered by 

i biological control ·in combating Striga. Also to be pursued as part of the coordina
, ted approach to Striga research arc such applied research areas as the development 
of simple and reliable laboratory and field screening methods, identification of 
sources of resistance by systematic screening of gcnnplasm, as well as the develop
ment of stable and high-yielding varieties. 

iii) Intcrcropping is the basic production system in the semi-arid tropics of west 
Africa (Steiner, 1984: Norman, 1974), with food security as the main reason. Pro
ven advantages of crop associations over sole cropping include efficient resource 
usc, particularly for crop mixtures which maximize spatial and temporal complc-

! mcntarity (Fussell and Scralini, 1987). · · 

For all practical purposes, it is important to assume that intercropping will remain 
the main production system of this ecological zone over the next·decadcs. With the · 
proven erroneous assumption that varieties developed for mono-c~opping are also 
readily suitnhlc for intercropping situations, future research must necessarily seck to 
develop crop varieties and other improved technologies that are spccilic for mixed 
cropping systems. In the specific cas·e of cowpea research, for example, the UTA 
Research Station in Kana, Nigeria, has been mandated to work closely with the 
IAR, Samaru. to develop locally adapted genotypes for mixed cropping systems 
with millet and sorghum and incorporating stable resistance to insects pests and 
diseases and to Striga. · · 

'· 

iv) Post-harvest technology as an essential component for food security has thus 
far received relatively little research atten.tion in sub-Saharan Africa. This is rather 
surprising; considering the enormous post-harvest losses reported especially in 
developing· countries. If the food'gap has to be met in the next decade, urgent steps 
must necessarily be taken to protect what food grains nrc produced. 

I ' . 
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Although resolutions of post-harvest problems arc largely institutional in nature 
and require gove'rnmental policy decisions. it is considered essential that each natio
nal research systems should maintain a minin1um capacity for post-harvest research 
especially relating to the handling, drying, sto:·ing and processing of crop produce at 
the fann level. Other research urcas which need to .he pursued refute to resistance to 
cowpea bruchids and storage pests of maize, espec~nlly the larger grain horer (Pros
tephanus truncatus. Losses due to this borer is presently checked hy using synthetic 
pyrethroid insecticide, hut good prospects exist for its control by classical biological 
control techniques - an aspect thut should retnin adequate attention in the next deca
de. 

v) On-Farm Ucscarcb. Many !>tudies have showr1 the signilicant yield gnp that 
exists between improved crop varieties developed and managed under research 
conditions and when grown under rar111ers conditions: Such diiTcrcnccs, often as 
high as 60%. arc explainable on the basis or the little attention paid to understanding 
the conditions and the environment under which the fanner operates, the many 
constraints which hamper his operations and the diflicult 'decisions he has often to 
make when presented with a new or improved technology. It is in this realisation 

1 

that on-farm research should rcecive increased attention in the next decade towards 
assisting on-station research to focus on the real problems and needs of the fanner 
and improving on the dismal record or low adoption or technologies. 

Strengthening Agricultural Research Institutions 

The effective implementation of the ugricultural research agenda in the coming 
decades is predicated on the availability or strong and eiTcctiyc .national research 
systems. The need for the strengthening of NARS in sub-Saharan region is, therefo
re, an issue of utmost importance which cannot he overlooked in the overall strategy 
of food security in Africa. Even with the presence of international and regional 
research agencies in the region. experience elsewhere clearly demonstrates that pro
ductive intcmction occur only when the national system is substantially strong to 
pursue true panncrship. 

Among problems identified and which deter the clTective operation of NARS arc 
related to organizational set us, insuflicient management capacity, obsolete or 
inadequate research infrastructures und facilities, inudcqunte linkage mechanisms 
both upstream with political sphere of innucnce and downstream with direct users · 
of research results, insurticicnt number of scientists, lack of experienced scientists 
panty due of high attrition rate. and insuflicient level of funding. Ordinarily, econo
mic crises as presently faced by most countries in sub-Saharan Africa should consti
tute an incentive for the adequate and effective funding of agricultural research 
especially in the fact that the survival of cconorni~s arc directly related to thc_capa
city to revive and boost agriculture. Unfortunately. this is presently not the situation 
sud) that ~he nationa'l agricultural research system seems more and .more dependent 

· on external support. It is not only a rnaucr of national pride for national research · 
systems to be effectively sustained through national effort. hut it should also he a 
matter of national strategy ror Arrican governments to avoid possible distortion of 
national priorities by heavy reliance on external funding und. thererore, innucnce. 
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Conclusion : 

. In the light of the present African food crisis, the paper has briefly reviewed the 

I 
main constraints and past major achievements of agricultural research in sub-Saha
ran Africa, with emphasis on the semi-arid ecologies and the mandated crops of 
SAFGRAD. The main priority research areas have been highlighted for each of five 

I crops, including soybean which will assume increasing importance in the decades to 
! come. Common research priority themes which cut across crops have been revie
! wed, including drought, Striga, intercropping, post-harvest technology and on-farm 
i research. The necessity to strengthen the n·ational agricultural research systems has 
ibeen reaffirmed.· 
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The SAFGRAD Network Approach and Experience in 
·Strengthening National Agricultural Research Capacity. 
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respectively, Ouagadougou, Burkina Faso. 

Summary 

Agricultural research and training nrc essential in bringing about technological 
changes, for the enhancement of economic development. A critical mass of research 
scientists is necessary to effectively support a viable agricultural development 
programme. The SAFGRAD contribution, through Network linkages, has been 
substantial in mobilizing available research resources, including manpower, for 
resolving particularly biotic and climatic constraints to the production of food 
grains. The SAFGRAD Network model is comprised of 26 OAU member countries 
(as beneficiaries and building units of the Networks); two collaborating !ARCs; and 
the SAFGRAD Coordination Office which provides the necessary political, legal 
and administrative support. 

Under the administrative umbrella of OAU/STRC, SAFGRAD's role has been to 
promote the continuous flow of technology and information to and among national 
research programmes through networking, improve the indigenous research 
management capability of member countries and enhance the diffusion of agricul
tural innovations through on-farm testing programmes. The geographic mandate of 
SAFGRAD covers the semi-arid regions of member countries in West, Central, East 
and Southern Africa. 

Short and long-term training courses as well as specialized seminars provided to 
nearly 400 NARS researchers and technicians have yielded positive results in 
upgrading skills and improving the execution of field experiments, data analysis and 
management. Project monitoring tours by NARS and IARC inter-disciplinary teams 
in different countries had also enhanced effective interaction among more 
experienced and younger researchers. The extensive exchange of germplasm and 
related improved technologies among NARS and between IARCs and NARS has 
contributed to the adoption of suitable crop varieties in several countries. 

Introduction. 

The fact that population in sub-Saharan Africa is expected to reach one billion 
inhabitants by the early part of the 21st Century, the resulting food and agricultural 
production requirements, the already heavy dependence of the human population on 
agriculture, the progressive decline in per capita food and agricultural output, the 
problems of erosion losses as well as the decline in soil quality and its productive 
capacity, all point to the urgent necessity to develop relevant technologies towards a 
more productive and sustainable agriculture. Thus, in the harsh environment of sub-

21 

.. 



22 Tlr~ Sr\FGRAD Nml'llr4 Af'l"""' f11111d 1: tf>ait·uu 

Saharan Africa, region-specific research is necessary. The National Agricultural 
Research Systems (NARS) alone cannot be expected to cope with the enormity of 
the problem. In fact, the effective d~velopment of the NARS is commonly 
identified as the principal constraint to agricultural development in sub-Saharan 
Africa. 

In the West and Central Africa semi-arid region, food grains constitute about 70% 
of the staple food. In East Africa, maize and sorghum cultivation predominate. with 
millets constituting I 0-15% of the production. FAO statistics indicate that sorghum 
and millet production in West and Central Africa cover approximately 8.5 and 10 
million hectares (ha), respectively (Annex I and 2). In Eastern Africa. 4 million 
tons of sorghum grain is produced annually on about 6 million ha (Annex 3). Finger 
millet is the dominant millet type grown in this sub-region, particularly in the dry 
areas which are usually unsuitable for sorghum production. There is also limited 
production of pearl millet in this region. The total area devoted to the production of 
millets approximates 2 million ha, with total annual grain yield of just over a million 
tons. 

Maize is the most important crop in Eastern and Southern Africa where it 
constitutes the major staple food crop. There has been a steady increase in maize 
production in West and Central Africa during the last two decades, mainly by the 
expansion of production areas rather than improvement of average yield due to the 
use of better technologies and management (Annex 4). West and Central Africa 
account for only 15% of total production of maize in the continent. Most of the 
maize (over 50%) is produced in the Northern Guinea savanna. However, maize 
cultivation is also expanding in the Sudan savanna, which zone presently produces 
about 20% of the total output. 

Cowpea is extensively grown in West and Central Africa. About two thirds of 
world production (close to 8 million tons) comes from this sub-region. Nigeria and 
Niger are the major producers. The average grain yield of cowpea in the region is 
less than 0.33 t/ha, contrasting with potential yields of 0.5-2.5 t/ha. As a common 
ingredient in the diets of most inhabitants of the sub-region, cowpea provides about 
50% of the daily quality protein requirements. 

Agricultural research, as the prime mover of agricultural and institutional 
development, has been seriously neglected by most governments and donor agencies 
alike. And yet agricultural research is fundamental in bringing about the sort of 
technological and policy changes that are necessary for enhancing agricultural 
productivity and the attainment of self-sufficiency in food, fibre and shelter. At 
present, most member countries have weak NARS and only n few possess the 
number of qualified scientists that could sustain viable research programmes. 

Realizing the research strengths and weaknesses of the NARS of member 
countries, SAFGRAD has adopted the collaborative mode (Networking) to be 
central to its activities, since the "critical research mass" necessary to sustain 
agricultural development could be more easily attained at the regional level. 
Networking as a regional strategy should, thus, be perceived as a mechanism for 
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sharing resources and scientific talent and the exchange of technical know-how for 
attaining common gmifs. 

Purp~se and Objectives of Networking .. 

The main purpose of Networking among Semi-Arid Food Grain Research and 
Development (SAFGRAD) member countries is to solve common problems of food 
production by judiciously pooling together scientific resources: Networking 

· transcends linguistic and political barriers. Such effort is expected to lead to the 
strengthening of national researcb programmes. More specifically, the objectives of 
Networking include: 

i. "to facilitate the exchange of technical information and interchange among 
. participating member countries; 

ii.. . to identify research priorities of common interest based on constraints of 
regional dimension and ensuring that research remains focused to solving 
farmers' problems; 

.. 
iii. to enhance the generation, evaluation and exchange of germplasm and also to 

" · facilitate mobility of scientists. 

iv to coordinate research rtttivities in order to avoid duplication or overlapping 
of efforts; 

.. 
v. to efficiently utilize existing research talents and facilities to attain a 

"res~arch critical mass" at regional level towards enabling NARS solve 
widely-shared problems of agricultural production and sustain viable national 
programmes, and 

'vi. to explore the potential for complementary activities among member 
countries in addition to the evaluation and adoption of technologies across a 
wider range of conditions. 

Collaborative research Networks among NARS for the development and 
improvement of maize, sorghum, millet and cowpea as well as for the generation of 
related ~echnologies, have been the major focus of SAFGRAD activities, in 
cooperation with the International Institute for Tropical Agriculture (liT A) for 
maize and cowpea and the International Crops Research Institute for the Semi-Arid 
Tropics (ICRISAT) for sorghum and millet. 

Since the last decade, the major thrust of SAFGRAD has been to increase the 
productivity and production of food grains in the semi-arid ecology, by enabling 
NARS to generate and identify suitable technologies to the environmental and 
socio-economic conditions of farmers. Since 1987, SAFGRAD's major mechanism 
for strengthening national research programmes is through collaborative research 
Networks. Four of the Networks, namely maize, sorghum, cowpea and farming 
systems research, are operational in West and Central Africa whilst the fifth, 
Network on sorghum and millet improvement, is operational in·Eastern Africa. In 
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addition· to the five Networks, the SAFGRAD Coordination Office, in· cooperation 
with the International Council for Research in Agro-forestry (ICRAF), ·is also 
providing administrati'le management services to the agroforestry research network 
for the semi-arid lowlands of West Mrica. 

NetWork Model. 

The SAFGRAD Network nrodel.involves the partneship and mobilization of 
resources of NARS, International Agricultural Research Centres (IARCs) and the 
Scientific, Technical and Research Commission of the Organization of African 
Unity, (OAU/STRC) through the SAFGRAD Coordination Office (SCO) (Table 1). · 
Each partner has its oo,yn entities with specific respo'nsibilities. 

a) Network Management Entities. The OAU/STRC provides the political 
umbrella and legal framework .under which Networks and other SAFGRAD 
activities are facilitated across geo-political boundaries. The management entities of 
the Networks include: • 

i. The Cou·ncil of National Agricultural Research Directors (NARD) which 
comprises directors of Mricultural research of the 26 SAFGRAD member 
countries. The Council provides policy input into SAFGRAD programmes 
and activities from the perspectives of its member countries. · 

ii. The Oversight Committee of seven members is directly responsible to the . 
Council of NARD and charged with the monitoring of the implementation of 
Network activities and other projects of SAFGRAO; In addition, the 
Oversight Committee provides guidance in the management and appraisal of 
Network performance as well as in policy and administrative issues related to 
Network development. 

I ' 
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Network partners 

I. NARS 
i) 18 countries in West and 

Central Africa. 
li) 8 countries in Eastern 

Afric:t. 

11. IARCS 
liT A 

ICRISAT 

ICRAF 

Network entities 

i) The Directors of 
Agricultural Research or 
National Progmmmes. . 

ii) The Ovcrsil!ht Committee. 
iii) Network Steering 

Committees 

i) Maize Network 
Coordinator 

ii) Cowpea Network 
Coordinator 

i) Sorghum Network 
Coonlinator in West nnd 
Co=ntral Africa. 

ii) Eastern Arlica Sorghum 
:md Millet Network Coor
dinator . 

. Semi-Arid Lowlands 
Agrororemy Network in 
West Africa. 

Ill. OAU/STRC The SAFGRAD Coordination 
The Scil:ntific. Technical Office. 
and Rc~earch Commission 
of OAll-Political and 
ndmini~trative support. 

Re~ponsibilitics , 

- Policy guidance, addressing 
research and development 
issue~. 

- Monitoring the 
implcmcnt:nion of 
SAFGRAD project activities. 

- Management or SCO and 
appraisal of networks. 

- Technical management of 
networks. 

All the Network Coordinators 
undertake technical execution 
of network programmes. 

i) Coordinate research activities 
among NARS nnd with 
relevant ~:ovcrntncnt bodie~. 

ii) Provides legal und logistic 
framework for network 
operation. 

iii) Serves us secretariat to 
network entities. 

iv) Facilitates the review of 
policy issues through regular 
channels orOAU. 

v) Promotes the ndaptation nnd 
transfer of network 
technologies to fanners in 
different national 
progr.Jmmes. 

N.B.: The West African Farming Systems Research Network. administered by 
SCO, also executes technical programmes of the Network. · 
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iii. The SCO provides research coordination and serves as the administrative and 
legal entity for the Networks as we11 as facilitating the development of 
scientific and management leadership among NARS. In addition. SCO 
functions to smoothen and strengthen linkages among NARS institutions and 
governments and between NARS and IARCs. 

iv. The Steering Committee of each Network. comprising 7-8 members, sets 
research priorities, plans programmes, ensures the attaincmcnt of set 
objectives, disburses funds for programme support. and monitors the 
implementation of Network activities. Steering Committees report to the 
Oversight Committee through the SCO. 

v. The IARCs provide technical, training ami management support for their 
respective mandate crops. 

b) Network Strutegy. The organization of SAFGRAD Networks took into 
account 1he different levels of research strengths and weaknesses among NARS. 
Based on a thorough inventory of food grain production constraints, participating 
countries committed available resources, including scientific manpower. towards 
utilizing optimum ecological sites or "hot spots" for the screening of crop cultivars 
towards alleviating biotic and physical stress factors. Furthermore. a systematic 
identification of research priorities and acceptance of regional responsibilities by 
certain NARS as well as the ability to assess research needs of the relatively weaker 
and smaller national progrummes. resulted in the categorization of some specific 
NARS institutions as follows: 

i. "Lead NARS Centres" ure specific research institutions or universities which; 
arc endowed with requisite numbers of qualified and experienced research 
staff. with adequate infrastructure as well as optimum environmental 
conditions to research into specified biotic, abiotic or physical stress fac
tors/aspects to complement the technological back-stopping provided by 
!ARCs; 

ii. "Associate Centres" arc endowed with less than optimum capabilities and 
environmental conditions but which arc suflicient to enable them sreen crop 
,materials for resistance to major biotic and abiotic factors; and 

iii. "Technology-Adapting NARS" arc relatively smaller and weaker research 
systems with limited capabilities ami infrustructural facilities but which have 
minimum capacity for the verification and validation of improved tech
nologies for adoption in their environments. 

Essentially, therefore, "Lead Centres" focus on priority constraints in specific 
ecological zones and. in close association with "Associate Centres", intensify the 
evaluation and validation of results. "Technology-Adapting NARS'' benefit through 
the verification and validation of elite germplasm to their specific environmental 
and socio-economic conditions. The NARS in this caterogy also take advantage of 
the technical research and training support provided through IARCs. 
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· c) Collaborative Research Projects. Even in' the face of the limited 
, resources at their disposal, "Lead NARS" have come to accept responsibilities to 
I undertake research 'or region~! application. However, lack of adequate funding' imd 
qualified research· manpower have constrained the full development of the 25 
collaborative research projects started since 1988. Nevertheless, Lead and Associate 
NARS of the respective Networks have made substantial improvement in the 
conduct of adaptive research especially in developing technologies and screening for 
such biotic and abiotic stress factors as Striga, drought. soil fertility, moisture 
stress: control of pests and diseases as well as agro-industrial and food utilization. 

Through the concept and practice of cotlaborative research, there has been 
extensive exchange of germplasm and related improved technologies among NARS 
and between !ARCs and NARS. For example, Togo has adopted the maize streak 
virus screening technology developed at llTA for the mass-rearing of viruliferous 
vectors, leading to the successful selection of streak-resistant maize varieties. Early 
and extra-early maturing maize varieties as we11 as new varieties of cowpea and 
sorghum suitable for cultivation in semi-arid zones have also been developed and 
distributed to NARS and farmers. In the Eastern Africa region, sorghum varieties 
with satisfactory resistance to Striga, long smut disease and ergot have also been 
identified and the seeds widely distributed to NARS for further evaluation. 

The Network approach has enabled NARS and IARCs to streamline the various 
(germplasm) nurseries and regional variety trials in such a way as not to overburden 
particularly the weak national programmes. The strategy has enabled technology 
adapting countries to concentrate their efforts on adaptive research. 

Sorghum. 

Collaborative projects were initiated to alleviate' food grain production constraints 
of common interest. For example, to improve sorghum production, several resistant 
cullivars to anthracnose, Striga, long-smut and headbug have been identified. With 
regard to Striga resistance, the most promising sorghum cultivars are SAR-24, 
Gambell a 1107, ICSV -1006, ICSV -1007 and N-13 in Eastern Africa. Results of the 
West and Central African Sorghum Striga Resistance Trials have indicated JS9830 

! and ICSV 1007 BF as promising. 

Sorghum headbug is an important economic pest in West and Central Africa. 
Mali, as the "Lead NARS" for this particular project, has reported that the insect is 
more abundant towards the end of September and early October. Thus, early 
planting of sorghum is a possible control measure. Furthermore, 25 sorghum lines 
resistant to headbug have been identified. 

Among the various sorghum elite varieties evaluated in West and Central Africa, 
the Nagawhite'variety from Ghana gave the highest yield among the early maturity 
sorghum varieties in 1987, 1988 and 1989; its grain yield varied from 2.8-3.5 tlha. 
ICSV 1063 yielded highest (2.6-3.3 tlha) among the medium maturity varieties. 
Among the hybrids, ICSH 567 ranked first in 1988 and 1989, with mean yields of 
3.3 and 3.7 tlha, respectively (SAFGRAD/ICRISAT, 1989/90, Sorghum Network 
Report). 
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A number of improved sorghum varieties have been released for production. For 
example, cultivar S-35 is grown by more than 5,000 fanners in the Far-North 
Province of Cameroon, while the same variety is cultivated by more than 15,000 
farmers in the Sahelian zone of Chad (NCREIIRA Report 1990). The Framida 
variety; intro'duced in 1980s for its SlJ:ig,a resistance trait. has been cultivated in 
Burkina Paso (Manga region), Northern regions of Ghana, and Togo. 

In Mali, ICSV 1063 BF and ICSV 1079 BF were tested on farmers' fields, with the 
former producing superior grain yields over the local vnriety. Cultivars ICSV II IN 
and M 66118 have received greater attention in Ghana; ICSV 1063 DF and Mali Sor 
84-1 were included in on-farm tests by extension agencies in Cl>te d'lvoire. 
Promising sources of resistance to the prevalent leaf diseases and .to Striga have 
been identified through disease observation nurseries and Striga trials. 

In Eastern Africa, among low-drylnnd elite varieties. Seredo produced the highest 
mean yield (3.37 t/ha) across locations, followed by ICSV 112, CR 35-5 and 
KAT/369 which averaged 3.42, 3.39 and 3.31 llha, respectively. The promising 

· sorghum cultivars at the intermediate altitude zone .were IS9302 (from Ethiopia), 
Nyirakknbuye and Amasugi (both from Rwanda) which yielded 3.33, 2.61 and 2.54 
'llha, respectively, across location (ICRISAT/SAFGRAD Annual Report 1990). 

Of the entries in the Elite Finger Millet Trials, the variety, Gulu, (from Uganda) 
\vas the highest yielder across locations. with an average of2.6 t/ha . 

• 
With regard to sorghum varieties grown by fanners in Eastern Africa. the variety 

Sercdo has been released in and widely grown by many farmers in Uganda, Kenya 
and Ethiopia. Other varieties such as Serena, Lulu and Tegemeo are largely \ 
cultivated in Tanzania. The varieties Melkamash, Gambella I 107 and Dinkmash are · 
the major improved cultivars grown by farmers in Etl~iopia. 

In the Sudan, a number of improved sorghum varieties have been released. In the 
early 1980s, the development and release of the sorghum hybrid Hageen Dura-l, 
through the collaborative effort of ICRISAT and the National Research Programme 
of Sudan, brought new hopes for substantial increase in sorghum production in the 
country. On-farm verification trials of sorghum variety SRN-39 (since 1986), in 
collaboration with the Sudanese-Canadan project, expanded the production of this 
cultivar by farmers on about 45,000 hn in the Sim Sim and Gedarif regions. 
Farmers were convinced of the superiority of SRN-39 over local varieties in Striga
infested fields (SAFGRAD/ICRISAT 1991 Report on Striga). The cultivar SRN-39, 
having short stature, fits into mechanized fanning in the Sudan. It is expected that 
an increasing number of Sudanese farmers will continue to grow this cullivars in 
Striga infested fields. · 

Evaluation of sorghum for nutritional quality and for industrial use, such as 
brewing, has also been pursued. For example, in Nigeria the sorghum varieties are 
used for malting (brewing) while the local variety, "Famfara", and the improved 
Kenya·n cultivar KAT 369 have been found suitnble for wheat-sorghum composite 
bread and confectionery. · 
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Cowpea. 

, Cowpea is an important grain legume as a common ingredient in the daily diet for 
'over I 00 million people in West and Central Africa. The challenges of cowpea 
production arc to improve its yields and' control insects and diseases at various 
stages of the 'crop develop.merit,'including storage. A number of cowpea cultivars 
!resistant to Strign, drought and pests have been developed by researchers of the 
Cowpea Network In collabomtion with UTA. 

' ' '' I 

. Cowpea production statistics with respect to improved varieties in various 
countries arc virtually lacking. During the last decade, some countries (notably 
Nigeria, Ghana, Senegal, Mauritania, Mall and Burkina Paso) have expanded the 
production of Improved cowpea. For example, in Northern Ghana, the variety 

: Vallenga (released since 1987) Is cultivated on more than 20,000 ha with a yield of 
, 800·1200 kglha under fnnn'ers' conditions. (IITAISAFORAD Report 1990/91). In 
Southern Ghana, the variety Asontem is largely cultivated on about 29,000 ha, with 

' an average yield of I ton/ha under' farmers' conditions. The varieties, ll81D· 1 137 
and 11835-818. nrc cultivated In the savanna zont:s of Ghana. 

: In Burkina Paso, the cultlvnr8 TVx3236, KN-t,·and SUVITA-2, nrc grown by a 
large number of farmers. Varieties of cowpea of recent introduction to fnrmcrs 
include KVx6·1-l, KVx396-4-4, KVx396·4-S, and KVx396-18·10. ' 

,· 
. Nigeria and Niger (whh nnriual cowpea grain production of 850,000 and 271,000 
tlhn, respectively) are known to produce about 50% of world cowpea production. 
However, It hns not yet been established to what extent Improved cowpea cultlvnrs 
nrc utilized in these countries. In the savanna and forest zones of Nigeria, the 
production of variety SAMPEA· 7 Is known to cover an estimated area of 75,000 ha 
with nn average yield of 600 kglha under farmers' conditions (IlTNSAFGRAD 
Report 1989/90). In the Sudnno-Oulnen snvannn zone, cowpea varieties TVx 3236 
nnd 1181-0994 nrc also cultlynted. · 

Cowpea production In Scnegnl, csthnntcd to cover nn nren of 30,000 hn, is largely 
mnde up of Improved cowpea cultlvnrs such ns 1S86·275 with nn nvcrngo yield of 
600 kglhn under on-fnnn test conditions. Tho cowpea variety 58·146 from Senegal 
ls produced ln most regions of Togo. In Mnuritnnin, Improved varieties such ns 
SUVITA-2, KVx 2S6·Kl7·1l, and 1T83S-343·5·5 nrc grown on nbout 3000 hn 
(liT NSAFORAD Report 1989/90)~ 

In Mntl, n number 'or cowpea vnrietles hnvc been found sultnblc for production by 
fnnnct'K In vnrlous region!!; For Instance, In tho Scno plnin. cmrly-mnturlng vnrlctlcs 
such· ns SUVITA~2. Oorom-Oorom nnd TN-8863, nre lncrcnslngly cultivated by 
farmer's. Furthennore. suitable packages of technologies for intcrcropping systems 
irwolving, for example, millet/cowpea, maize/cowpea, sorghum/groundnut and 
sorghum/millet, have been developed. 

Affordable technologies have been developed by Cameroon and Ghana NARS for 
the control of storage insects of cowpea. Results have shown that local plant 
products such as itccm seed oil, groundnut oil, black pepcr powder. and ash could 
control storage insects. 
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Maize. 

The SAFGRAD Maize Network has taken a pragmatic approach, to concentrate its 
effort in developing early and extra-early maize cultivars for production in semi-arid 
ecology. primarily ·to fill food gaps. Some drought toleraill and several early and 
extra-early maize cultivars have .been developed by the Networks in the Cameroon 
and Burkina Faso "Lead NARS". Various populations of maize of different maturity 
groups and purposes have also been developed at the ·Ghana "LCad NARS" (Table 
7). Capability in maize streak-resistance conversion technology has been 
strengthened in Togo and Ghana. 

The short cycle varieties that have been developed by the Network are targeted to 
short growing seasons in which the crop could be harvested as green maize two 
months after planting. Agronomic research in the Cameroon has indicated that the 
extra-early varieties could also fit into the farming systen~ of hydroritorphic 'soils 
(vertisols) where it was reported to yield 5-7 tlha at recommended plant density and 
soil management levels (Annual Report, 1990,IITNSAFGRAp). , . · ,.. 

' . ' 
Several maize varieties evaluated through the Network have· enhanced the release 

of improved maize varieties in various countries. For example, in Cameroon, the 
variety TZBfi'ZB-SR, covers 15% (or 75,000 ha) of the maize production area with 
an estimated yield of90,000 tons (IITNSAFGRAD, 1990 and CIMMYT, 1990). In 
the Far-North Province of Cameroon where sorghum and millet arc the major staple 
food crops, the area planted with maize has nearly doubled (about 35,000 ha) due to 
the availability of short cycle maize varieties (e.g. CMS 8704, CMS 8806 and Pool 
16 DR) cultivated by more than 1000 families. The positive acceptance of the short 
cycle maize cultivars has been attributed to their earliness and good "taste" of the, 

' . ,' 

green maize . 

. . In Burkina Faso, maize is the third most important crop. The variety' EV 8442-SR 
occupies 60% of the maize urea (about 123,600 ha), with an estimated annual 
production of 120,600 tons. SAFITA-2, one of the earlier introduced varieties; is 
reported to occupy 5% of the maize area (10.300 hn), with an esthnatcd annual 
output of 10,000 tons (IITNSAFGRAD. 1991). The variety, KPB '(TZESR-W) 
occupies about 3% of the maize area with total production of about .6000 tons. 
Other varieties currently evaluated on-fann include KPJ (EV 8431-SR) and Pool 16 
DR. 

' . . ~ 

In Ghana, maize is the most important food crop. Maize grain production has 
increased from 560,000 tons • in I 986 :to· 750;000 .tons in .I 989 (Fajemisin, 
unpublished data, 1991). Among improvcd,maize~ulti!larsrOkmmisa is·planted tal 
approximately 35% of the total mafzc aroa,! with. nn.cstimated-tutnual. prtlduction~ of,. 
400,000 tons.· The second important. improved .tnaize!v~u'iety, know'n·:as·Abelechi.• 
covers 15% of the maize area, with an estimated ·annual production of 50,000 tons.: 
The variety SAFITA-2, which was released in Ghana as nn ear1y.white dent cultivar, . 
is cultivated by 12% and 3% of farmers in the Volta and Eastern regions, 
respectively. According to Global ·2000 :survey;. SAF1~~2;•,a' short:ICyi:1ct.malie 

· cultivar; is cultivated predominantly iii the·DemJ .District ·of Ghana,! ·At tho nationar 1 

level, SAFITA-2 covers only 2%: ofi•thermaize~nrbn, :with•nn estimilted .:amiual: 
production of 16,000 tons (Giobal2000 Report 1989). . •.t:·::.•; : ~~;;,.u;: . .- :o·11wn 
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In Benin, the variety TZB!TZB-SR occupies 25% of the total maize area (about 
119,749 ha), with an estimated production of 106,000 tons. The variety Poza Rica 
7843-SR constitutes 10% of the total maize production (47,900 ha), with an 
~stimated production of 42,404 tons. Two other varieties that occupy 10% of the 
total maize production area arc TZ SR-W and TZESR-W, each with an estimated 
lotal production of21,202 tons .. The variety Pirsaback 79 30-SR is cultivated on 3% 
bf total maize area (14,370 ha): with an estimated production of 12,720 tons. The 
variety, DMR-ESRW was recently released while Across 85 Pool DR is being 
evaluated on-farm. Farming System Research in Northern Benin has shown that the 
improved maize variety TZB fits well into the sorghum/maize intercrop system due 
to the different growth patterns of the crops which minimize competition 
(OAU/STRC-SAFGRAD, 1989). Regarding cerealnegume associations, Crotalaria 
spp .• as green manure. increased the yield of maize by ,45% when incorporated into 
the soil. The practice has been recommended for pre-extension tests as it involves 
minimal additional labour. 
I 
I 
' . 
. In Mali, through the Maize Network Regional Uniform Variety Trials, promisi~g 
extra-early varieties have been identified. The varictie, TZESR-W and SAFITA-2 
4re rel.cased cultivars which occupy 10 and 3% of the maize area, with an estimated 
grain production of 22,000 and 6740 tons, respectively (IITA/SAFGRAD, 1991). 
DMR-ESRY and TZEF-Y, both short cycle cultivars. are currently undergoing on
farm testing in the country. Improved maize varieties, including Tuxpeno and 
Tiementi~. have been adopted by farmers in the Sudano-Guinean zone of Mali 
where more than 50% of the crop is produced. At Kita, where average rainfall is 
above 650 mm, top yielding short cycle maize cultivars include DMR-ESRW, 
Across Pool16 SR. and DMR-ESRY. with average grain yields of 4.8. 4.7 and 4.6 
tonslha, respectively (OAU/STRC-Food Grain Production Technology Verification 
Project Report 1990/91). 

In Mauritania, maize production through irrigation covered .11,303 ha in 1990. 
The Makn and Capinopolis 8345 varieties occupy 35% and 10% of the area under 
maize, respectively. Pool 16 DR, a short-cycle maize cultivar, is currently 
undergoing on-farm testing. 

In Senegal, total maize output has increased to 144,000 tons from about 105,000 
ha. Improved varieties, such as Pool 16 DR and Maka, constitute 10% of the total 
maize production. 

During the last 20 years. maize production in Togo has increased to about 245,000 
tons from a cultivated area of 258,000 ha. Improved streak resistant cultivars, 
Ikenne 8149 SR and EV 8443-SR, constitute 12% of maize production 
(IITA/SAFGRAD, 1991). 

A number of short-cycle maize varieties are being tested on-farm in Chad, Guinea, 
Niger, Central African Republic, Cote d'lvoire, and Cape Verde. 
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Conclusion. 

The strategy of regional Networks has been effective not only in forging'linkages 
between scientists of national 'Institutions and IARCs, but·also in accelerating the 
flow and availability of agricultural technology. - · 

••• J 

Through the Network Strategy, significant building of research capacity of NARS 
has taken place during the last two decades. 

A large number of improved crop varieties and related technologies have been 
developed and are currently being utilized by NARS. Relatively weak NARS have 
benefited from Network Strategy not oniy by taking full advantage of training 
activities; but also in the resulting "spillover" of transfer of technology from Lead 
Centres and IARCs. This has reduced costs for technology generation by ·small 
national programmes. ' · · · · .. 
The regional trials have been a focal point nnd an important mechanism for the 

direct e~change and evaluation of food grain pr~uction technologies. _. 

Among the major indicators of positive impact of the SAFGRAD Network on 
NARS institution building are: · 

i) the assumption of regional research responsibility by "Lead Centres"' has 
enhanced their capabilities to generate and evaluate technologies and the 

· · · · res~ Its shared among Network participating count~es; 

ii) the improvement of research skills as demonstrated in the amount and quality 
:. ofi'csearch projects implemented both at national and regional levels; . r{ 

I 

iii) NARS increased contribution of elite gennplasm and related technologies to 
· Network regional trials; and i 

'· 
iv) the evolvement of several national research leaders and managers . 

. ' 
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Annex 1. Tota1 sorghum production trends in SAFGRAD member countries in 
West and Centra] Africa. · 

Area harvested Yield Production 
(1000 bll) (kglba) (1000M11 

Country 1979181 1987 1988 1989 1979181 1987 1988 1989 1979/81 1987 1988 1989 

Benin· .90 118 133 139 6SO 806 733 786 S9 9S 97 110 

· Burkina Foso JOSJ 1176 129S 1362 S89 721 779 728 620 848 1009 991 . 

Cmneroon 374 250F 253 270F 80S 900 909 889 301 225F 230F 240F 

I 

Centr. Arr. Rep. 57 47° 40• 4SF 673 828 1225 Jill 39 39° 49• SOP 

Chad 114 .500 530 SOOF 570 S86 623 S78 227 293 330• 289• 

C6te d'lvoire 40 37 38 40F 600 622 632 S7S 24 23 24 23" 

Gambia 6 9 10 14° 79S 778 700 1071 5 7 7• 15• 

Ghana. 223 272 226 284' 639 7S8 786 863 140 206 178 245 

OuiDell 20 24F 24F 24° 1250 1417 1417 1417 25 34F 34P 34" 

OuiDell Bissau 28 60F 60F 60F 637 617 S83 633 18 37 3S 38• 

Mall 434 491 624F 600F 78S 104S 1139 1193 341 513 711• 716• 

I 
I 

Mnurit:lllla 102 116 164 149F 272 776 665 517 28 90P 109 77• 

· Niger 822 IIOOF 1470 1566F .432 333 ' 381 289 347 366 560 452 

Nigeria 3oso 3182 4247 4200F 1092 ISS I 1165 1092 3341 5890 4948 4587 

Senegal 130 128 130 127" 996 869 846 866 131 111 uo• 110" 

SlenuLeonc 7 SF 'gp SF 1S71 22SO 237S 237!1 II JSF 19F 't9P 

Togo 122 136 181 200" 71S 717 658 811 87 98 119 162 .. 

~: FAO Production Yearbook. Vol.43, 1989 
~: a) F = FAO estimate 

b)*= Preliminary data 
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, Annex 2. . Total millet proouction trends in SAFGRAD member countries in 
West and Central Africa. 

BllltlaFuo 

Ccntr. Mr. Rep. 

OalacaC. 

Oul~~e~~Bissau 

tdall 

Senepl 

1979111 

An:a banaled 
(llDlba) 

1981 1918 19!9 

M S+M M M M 

13 103 31 3S llf 

1!03 1957 1168 1277 1278 

130 .503 100 F IIDF IIDF 

16 73 100 100 llF 

64 104 68 70 72F 

2! 28 

182 .., :w 221 2« 

16 .... 30F 30F 30P 

643 1071 m JIOJF 9IOF 

12 117 20 13 UF 

3011 3s II :nxJf 3526 3315F 

2!J6 ~ l705P 387-t 34001' 

932 1062 

9 9 IW 16F 16F 

Ill 2.t3 121 Ill 120" 

Yield 
(k:Jba) -

1979 1987 1988 1989 /81 

M M M M 

' 504 641 635 677 

.f86 "'' (>40 508 

7$3 7511 727 909 

680 976 971 115.f 

m 500 798 Ml 

.581 liJl 600 5.t9 

916 1136 800 949 

MB 737 I« 738 

Hl9 1500 1500 1500 

600 !100 133 Ill 

716 887 965 180 

290 3511 538 533 

435 340 301 381 

8J7 1187 985 1029 

587 m 539 m 

130 1333 1375 1375 

384 552 479 M9 

~: FAO Production Yearbook, Vol. 43, 1989 
~: a) F = FAQ estimate 

b) • = Preliminary data. 
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' Annex 3. · Total sorghum production trends in SAFGRAD. member countries of 
' Eastern Africa. 

Country Area Harvested Yield Production 
(1000ha) (kglha) (IOOOMT) 

19791 1987 1988 1989 19191 1987 1988 1989 1979/. 1987 1988 1989 
81 81 81· 

Burundi 53 63F 77• 58* 1000 1000 1465 1514 53 63 113 88 

Ethiopia 1048 900• sao• 900F ·. 1372 1056 1205 1071 1419 950F 964* 964F 

Kenya 168 138 140 146* 984 803 1029 979 160 111 144 143* 

Rwanda 159 160F 170• 173F 1129 '1175 1041 948 178 188 177* 164F 

Somalia 478 516 570 550F 347 472 412 529 167 244 235 291 

Sudan 3163 3360 5577• 3682* 731 410 793 523 2361 1379 4425* 1924* 

Tanzania 713 758 514 514F 763 875 817 979 543 663 420 503 

Uganda 175 185 199• 180F 1788 1550 1452 1444 312 286 289* 260F 

~: FAO Production Yearbook, Vol. 43, 1989 
~: a) F = FAO estimate 

b) * = Preliminary data. 
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Annex 4. . Total maize production trends in SAFGRAD member countries ir 
West and Central Africa. 

Area Harvested Yield 
Country. (1000 ha) (kglhn) 

1979/ 1987 1988 1989 1979/ 1987 1988 
81 81 

.. ·Benin 407 39.5 486 480 711 677 884 

Burkina Faso 123 176 277 221 880 741 819 

Cameroon 49.5 400F 408° 420° 8.52 102.5 1029 

Cape Verde II 29 2.5F 12P 36.5 719 639 

Cen1r. Afr. Rep. 108 6.5 69 68F 372 1020 1019 

Olad 32 60F 62F 3.5F 836 .567 .548 

Gambia 7 13 13F u• 1460 11.54 1231 

Ghana '390 .548 .540 561 982 1091 1391 

Guinea C. 87 90F 90F 94 1000 1000 889 

Guinea Bissau 13 2.5F 2SF 2.5F 687 800 600 

Mall .52 118 114° 12.5F 1221 .,12 1882 

Mauritania .. - 8 2P II !!F .573 . .500 636 

,. Niger 14 !!P 3 !!P 708 600 1867 

Nip a 443 1137 1.5.56 I .SOP 13.50 1193 1170 

Senegal 7.5 99 112 113° 876 1149 1097 

Sierra Leone ·13 18• 18• 17F 974 704 711 

Togo 147 22.5 267 2.58 1024 76.5 1109 

~: FAO Production Yearbook, Vol. 43, 1989 
~ a) F~ FAO estimate 

b) * = Preliminary data. 

- ' Production 
(IOOOMT) 

1989 - 1979/ 1987 1988 1989 
81 

949 289 267 430 4.5.5 

1162 108 131 227 2.57 

1024 418 410F 420F 430F 

600 4 21 16 7• 

1029 40 66 70 70F 

4.57 27 34° 34° 16° 

14.5.5 10 1.5 16° 16° 

1320 380 .598 7.51 749 

mo 87 90F 80F 108 

! 
800 9 20 1.5• 20P 

1824 61 179 21.5• 228° 

600 .5 7 3• 

1600 10 3 .5 8 

1067 .599 13.57 1821 1600F 

1097 66 114 123 124• 

706 13 12° 13° 12F 

9.50 1.50 172 296 24.5 
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Germplasm Resources for the Improvement of Sorghum and 
!Millets in Sub-Saharan Africa. 
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lllternational Crops Research Institute for the Semi-Arid Tropics, 
1Patanchent, A.P., India. · 

I . 
1 Summary 
I 
· Sorghum (sorghum bico/or (L.) Moench), pearfmillet (Pe.nnisetum glaucum (1.) R. 
Br.), and finger millet (Eieusine coracana (L.) Gacrtn.) were domesticated in Afri
ca .. To conserve the fast-vanishing genetic resources of these crops. ICRISAT has 
undertaken several collection missions in collaboration with national, regional, and 
international organizations and assembled 32,890 sorghum, 21,919 pearl millet, and 
3,220 finger millet samples. Of these, 21,670 sorghum, 9,880 pearl millet and 2,015 
finger millet samples are from Africa. All the accessions arc evaluated at the ICRI
SA T Centre in India for morphological and agronomic characters. Several traits of 
economic importance have been identified for use in crop improvement pro
grammes. Timely assembly and proper evaluation of landraces will help identify 
suitable genotypes to develop improved cultivars for sustainable crop production in 
sub-Saharan Africa. 

Introduction 

The enormous genetic diversity assembled from the gene-rich sub-Saharan Africa 
is considered very valuable in crop improvenient programmes. Germplasm origina
ting from these areas possess cady-maturity, drought tolerance, and superior grain 
quality, besides many desirable agronomic traits. This gerrnplasm is often valued 
for its adaptation and as sources of resistance to prevailing biotic and abiotic stress 
factors. Zerazera, Hegari, Feterita, and Milo types of sorghum have offered several 
desirable characters and are extensively used in sorghum improvement programmes. 
Similarly, the early-maturing, large grain types of Ghana and Togo; white grain 
types of Central African Republic and Cameroon: and large spike characters of Tan
zania are some of the important traits for utilization in the pearl millet improvement 
programme. Sub-Saharan Africa is an important area for wild relatives of sorghum 
and millets whose pote~tial is yet to be fully realized. 

Crop improvement scientists need to base their germ plasm requirements on indige
nous landraces for varietal adap'tation purposes. However, they must not limit their 
choice to local material as some of the exotic material may be the only source for 
certain specific, desirable genetic and agronomic traits. That is why the world ,col
lections of various crops are regarded as a rich source of diverse material for crop 
improvement programmes around the world (Mengesha, 1974 and 1988; Mengesha 
and Appa Rao, 1988). · · 

39 
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Potentials of indigenous gcrmplasm arc realized through collection, evaluation, 
and utilization. Maintenance, ·documentation, and conservation of gcrmplasm are 
necessary activities to safeguard the material for present and future usc. 

Origin and Distribution 

Sorghum that originated in the Sudan-Ethiopian border region has since spread io 
all parts of the world (Snowden, 1936; de Wet and Harlan, 1971; Harlan and de 
Wet, 1972; Harlan, 1975; de Wet, 1978). Considerable diversity is also found in 
Ethiopia (Mengcsha, 1974). It reached India some 3000 years ago (1000 B.C.) and 
is now cultivated almost throughout South Asia. Distribution of different races of 
sorghum, their assembly, evaluation, and utilization are described hy Brhane (1982), 
Prasada Rao and Mengesha ( 1987). 

Pearl millet originated in West Africa in a diffuse belt from Sudan to Senegal 
(Brunken et al., I 977). Finger millet had originated in the highlands of eastern Afri
ca (de Wet eta/., 1984). Sub-Saharan Africa is the primary centre of origin and 
diversity for sorghum and millets, but grain and fodder yields are the lowest here. 
This may be due to our inability to realize and properly utilize those natural and 
abundant resources. This presents a challenging reality to all of us. 

Gcrmplasm Assembly and Collection 

To feed the ever-increasing population, we need to accelerate crop improvement 
programmes, starting with the collection and conservation of the vanishing germ
plasm. Fortunately, enormous diversity of sorghum and millets still exists in nature. 
But the continued availability of diverse ge·rmplasm in nature cannot be guaranteed 
in view of the alarming genetic erosion that is taking place around the world. A 
good example of such genetic erosion is the extinction of Zerazera and Hegari sorg
hum land races in the Gezira Province of Sudan and their replacement by newly bred 
cultivars (Mengesha and Prasada Rao, 1982 and 1985; Mengesha eta/., 1988; Men
gesha, 1989). Also, the once-popular pearl millet landrace, ~Gullisita', is now almost 
extinct in Punjab, India (Appa Rao et al., 1986c). Hence, the need for the accelera
ted collection of germplasm, especially from remote areas. 

ICRISAT has acquired most of the world germplasm collections for its mandate 
crops through exchange and by launching joint collection missions. Collection mis
sions were carried out for special types such as the Zerazera sorghum landraces 
from Ethiopia (Prasada Rao and Mcngesha, 1987), Kaura and Farafara sorghum lan
d races from Nigeria (Prasada Rao eta/., 1985) and the early-maturing, bold-grain 
types of pearl millet from Ghana (Appa Rao et at., 1985) and Togo (Appa Rao et al., 
1990). 

· To date, ICRISAT has launched 58 expeditions in 37 countries, and assembled 
102,209 samples of all mandate crops consisting of 32,890 sorghum, 21,919 pearl 
millet, 3,220 finger millet (Table I) and 46,852 samples of other crops. All germ
plasm accessions have been equally shared with national programmes after comple
tion of every collection mission. Also, the material is always available for free dis
tribution and exchange. Many of the germplasm exploration and collection mis-
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sions in Africa were supported by or undertaken in collaboration with the Internatio-
,, ' 

rial Board for Plant Genetic Resources (ffiPGR). Concerned crop scientists and 
experts contribute by identifying priority areas fof collection. -Such areas-are furttier --
studied in collaboration wfth national scientists. New collection areas are determi
rled as a result of fresh information received about genetic erosion, diversity, and the 
extent of representation in the world collections maintained in ICRISAT's genebank. 
In terms· of germ plasm coilectlons and subsequent utilization, the first beneficiaries 
are. those couiltries where itie coilections are made. This is because promising culti
vars that arf! developed by hybridizing local landraces are likely to be well adapted I 

i~ their original habitat (Mengcsha, 1984). ' · --

1
Current priority areas for cereal gennplasm collection are shown in Table 2. New · 

priority areas are determined annually in close consultation with national, regional, · 
and international programmes. 
I .· . :· . 

Table 1. . Sorghum, pearl millet and finger millet germplasm accessions· 
conserved in ICRISA T geneban~. 

,i. 

Sorghum Pcnrl millet Finger millet 

Continent 
No '% No % No % 

Africa 21670 65.88 9880 45.08 2015 62.58 

Asia 8247 25.07 11426 52.13 1121 34.81 

Europe 201 0.61 34' 0.16 28 0.87 

·America 2327 7.08 180 0.82 
I 

7 0.22 
'• 

·oceania 42 0.13 7 0.03 

Unknown 403 1.23 392 1.79 49 1.52 

TOTAL 32890 100 21919 100 3220 100 

•· 
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Table 2. ·-Priority areas for sorghum and milletS· gem1plaiim ·collection in Africa 
-.. ·' !j ,; ',j,• I 

.;, , I•, ,f' : .. , , ' '' ,-, 1,~ J illii ,' 1 ~ I • 

r· •. ~ I , : 

--------------------------------------------------------:, . 

Proritynrea· 

Angola 

Benin' 

Burkina Faso 

Cameroon 

Ceritral African Republic 
"Chad 

COte d'lvoire 
Egypt -
Ethiopia 

Ghana 

Kenya 

Lesotho 

Mali 

Mauritania 
Morocco 

Mozambique 
Namibia 
Niger . 

Nigeria 
I• 

Senegal 

Swaziland 

Tanzania 

Togo 

Uganda 

ZaYre I 

1. Well collected. 
2 .. Partly collected. 
3. Poorly collected. 
4. Not collected. 
5. Presently inaccessible. 
6. Unexplored. 
7. Non priority areas 
8. For wild relatives 

. 'I 
, I • • : ~resent status , ~ ! . ,! , ' I , . 

--------'---------'---- •' I 

:, I 
Sorghum 

4.5 
4 
2 

1 

2 

3 

4 
7 

1.8 

2 

2 

1 

2 

2 

7 

5 
4 

I 
•2 

1 

2 

4 

1 "'•· 

Pearl millet. 
. . ' , r ,, 
· · Minor millets , , 

J, ,! 1; ' 

., •I ··-4.5. " I.: ' 
6 

I ' .. ,! .: 
4 . ; . 
. . . . I . ' , .7 

2 6 
1 . 7 

4 
',,. 

3.8 6 

4 6 
.. 7 l : J ~ 

! ' 
I :·4 .. , I, • ,• l 

7"' I. 

1 

,4 . 

7 

-.3.8 

.4.8 
··7 

.5 
I ' 

4 
I 1.8 , • 

2.8 

1.8 

·7 

1.8 

1 

5.8 
4.8 

.. - 3 

--4 

2 

4 

6 
.... 6 

7 

5 
6 

6 

6 

6 

6 

6 

6 

4.5 

. : 

6 " I' 

. ; 
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, a) Status of Sorghum Germplasm. So far, ICRISAT has assembled 32,890 'sorg
hum gerinplasm accessions from 87 countries, of which 21,670 (66%) are from 
Africa (Table I). In view of the diversity of the areas yet to be explored. the number 

;, of samp~~s collected is relatively small compared with what is available in nature 
(Mengesha and Prasada Rao; 1982 and 1 985). However, it represents the largest col
lection of diverse sorghum gennplasm assembled and conserved at any one: place. 
Several genetic stocks with desirable genes have been identified, many of which 
have already been incorporated in current breeding programmes in several countries. 

' ' 

,The sorghum germplasm conversion and introgression programmes have made it 
possible for breeders to utilize tropical germplasm. Conversion activitcs have' gene

. rated a good source of new material to breeders in the semi-arid tropics. The wide 
and growing range of germplasm variation maintained at ICRISAT looks promising 

;· 
(Table 3). . ' · · I 

I 

Table 3. Range of variation in sorghum germplasm evaluated in rainy season at 
ICRISAT Centre. : · . , 

Range of variation 

Character 

Time to 50% flowering (days) 
r • J ~ • 

Plant height (em) 

Pigmentation 

Midrib color 

Peduncle exsertion (em) . I ·, 

Head length (em) 

. Head width (em) 

Head compactness and shape · 

Glumecolor 

Glume covering 

Grain color 

Grain size (mm) 
I 

I 00-seed mass (g) 

Endosperm texture 

Threshability 

Luster 

Subcoat 
: .. 

From 

36 

ss 
Tan 

White 

0 

2.5 

1.0 

Very loose stiff branches 

Straw: 

Fully covered 

White 

1.0 
• 'I 

0.58 

Completely starchy 

Freely threshable 

Lustrous 

Present 

See IBPGRIICRISAT sorghum descriptors, 1984 . 
. ' I·,. ' , , 

To 

199 

655 

Pigmented '' '' 

Brown 

55.0 

. 7Lo 

.29.0 

Compact oval · 
,. 

Black 

Uncovered 

Dark brown 
I 

7.5 
•' . 

,8.56 

Completely corneous 

Difficult to thresh 

Non lustrous 

Absent · 
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. h) Status of pearl Millet Germplasm. The present status· of pearl millet germplasm 
~hows 21,919 samples collected from 44 countries, of which 9,880 (45%) are from 
Africa (Table J). All the accessions nrc maintained in ICRISAT's genebnnk. As 

. pearl millet is cross-pollinated, we follow cluster bagging method for mnintainance 
and rejuvenation. Besides evaluation at ICRISAT Centre, Patancheru, diverses lines 
were evaluated in Bobo-Dioulasso and Kamboinse, Burkina Fas, and Maradi, Niger. 
Also, &II Cameroonian landraces were evaluated in Maroua, Cameroon. · 

c) Status of Finger millet Germplasm. Finger millet is known to have its origin in 
eastern Africa (de Wet et al., J 984). In view of the importance of this crop mainly in 
eastern, central, and southern Africa, more efforts should be made to collect germ

. plasm before it is too. late (Prasad Rao and Magesha, 1988: Gupta et nl., 1989). Of 
the 3.220 finger millet germplasm accessions conserved at ICRISAT, 2,015 (63 %) 

· are from Africa (Table 1 ). Though the number of accessions is small, they 1show 
considerable diversity for head, finger nnd seed size as well as in shape and color. In 
general, African types mature late and produce larger heads compared with those 
collected from India. In addition to what is conserved at ICRISAT,largc germplasm 
collections of finger millet are also maintained at SADCC/ICRISAT Centre, Bula
wayo, Zimbabwe, and the All-India Co-ordinated Small Millets Improvement Pro-

ject (AICSMIP), Bangalore, India. 

Evaluation 

The greatest potential of imy· world germplasm collection is the diversity it offers, 
which is realized through evaluation and documentation (Murty ct al., 1967). Such 
vast and diverse genetic resources of sorghum and millets arc available at ICRISAT. j 
They need to be closely studied and evaluated in sub-Saharian Africa for utilization .. 

' ' . 
At ICRISAT, the material collected from various sources is evaluated according to 

standardized descriptors (IBPGR/ICRISAT, 1981 and 1984). The work is carried 
out in the rainy and post-rainy seasons at the ICRISAT Centre, patancheru, Varia
tion in important morphological and agronomic characters is considerable, as shown 
in Table 3 (for sorghum) and Table 4 (for pearl millet collections were evaluated at 
five different locations in India, Burkina Faso and Niger. Indigenous germplasm arc 
evaluated by ICRISAT in western, eastern and southern Africa in collaboration with 
national programmes. 

World collections could be used to identify new traits (Mengesha and Appa Rao, 
1989). We found dwarfing (Appa Rao et al., 1968 h), glossy genes (Appa Rao et al., 
1987) and early maturity (Appa Rao et al., 1988). Pearl millet with high sugars in 
the stalks (Appa Rao et al., J 982) can be used to produce syrup and alcohol. · 

Utilization 

' ; 
The potential of a germ plasm sample is largely unknown at the time of its collec-

tion. Examples ·or sorghum utilization were described by Quinby (1975), Brhane 
(1982), Doggett (1982), Prasada Rao and Mengesha (1987 and 1988a), Prasada Rao 
et al., ( J 989), Vidyabhushanam et al. ( 1989); and millet utilization by Harinamyana 
et al. (1988). However, we have seen that a number of desirable characters is iden-
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Table 4. · : Range of variation in pearl millet gennplasm evaluated in rainy season · 
, at ICRISA T Centre. · . . 

Rainy (Kharif) season 

Character From To .; l 

Plant height (em) 18 475 

Flowerit,tg (days) 33 140 

I Tille~ (no.) I 210 

1 Stem thickness (mm) 2.8 15 

: Leaf/node number 6 25. 

; Leaf length (em) 25 120 

leaf width (mm) II 78 

Hairiness Glabrous Villous 

Pigmentation Green Purple 

Spike exsertion (em) -45 39.5 

~pike length (em) 5 165 

Spike thickness (em) II . 64.5 

Spike density V.loose V. compact 

Grain n°/spike 489 3337 

I 000-grain mass (g) 2.54 19.32 

Grain shape Obovate Globular 

Grain color White Purple 

Endosperm texture Corneous Starchy ' 
Bristle length (mm) 2 60 I .. 
Bristle color Green Purple 

: tied whenever a diverse group o( gennplasm samples arc evaluated and screene<t. A 
large number of promising genetic stocks were assembled at ICRISAT which wel'l? · 
used in breeding for disease resistance and yield in pearl millet (Andrews et al., 
1985). In' sorghum, we have genetic stocks that are early-flowering and have resis- · 
tance to pests and diseases (Table 5). At times, even those lines that show suscepti
bility to a disease or pest offer a rare source of breeding material for other agrono
mically desirable traits. For example, sorghum accessions IS 1082, 2122, 2145, 
4663, 4664, 5470, 5484, 5566, 18551 and others have been identified as having pro
mosing shoot fly (Atherigona soccata) sorghum germplasm lines such as IS 620, 
621, 5959, 7237, 8219, 93,8, 9482, and 11234 have promising groin mold resistan
ce; but they are susceptible to shoot fly and stem borer (Chilo sp.). In pearl millet, 
we have sources of resistance to pests and diseases (Table 6). Such accessions as 
sweet-stalk pearl millet are not only useful for grain and fodder {Appa Rao et a/., 
1982) but are also useful for the production of syrup and alcohol. 



Much emphasis is presently placed on multilocational evaluation of germ plasm,· 
specially at or ncar the place of origin. This will enhance the identification and utili- . 
zation of new and useful germplasm accessions in d_ifferent ngro~clit11atic. co~~i-
tions. · 

TableS. 
June 1988. 

Sorghum genetic stocks collection maintained at ICRISAT Centre as of 

Type 

Promisi11g li11es for pest resistance 

Shoot fly (Antherigona soccata) 
Stem borer (Chilo parte/Ius) 
Midge (Contarinia sorghico/a) 
Head bug (Calocoris angustatus) 

Promising li11es for disease resistance 

Grain mold 
Anthracnose (Colletrotrichum graminico/a) 
Rust (Puccinea purpurea) 
Downy mildew (Peronosclerospora sorghi) 
Striga low-stimulant lines (lab screening) 
Striga-resistant lines (field screening) 

Other cllaracters 

Glossy lines 
Pop sorghum lines 
Sweet-stalk sorghum lines 
Scented sorghum lines 
Twin-seeded lines 
Large-glume lines 
Bloomless sorghum lines 
Broomcorn sorghum lines 
Cytoplasmic A & B iines 

Number of 
Accessions · 

60 
70 
14 
6 

156 
15 
31 

155 

24 

501 
36 
76 
17 

131 
71 

207 
52 

240 
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Table 6. Pear.l millet germ plasm evaluation/screening results. : , 

Screened for 
' 

,., •I 

Disease resistance 

Downy mildew 
Ergot 
Smut 
Rust 

I11sect resistarrce 

Mythimrra spp: 
Shoot fly 

. Aphids 
· Shoot bugs 

I 
Thrisps 
Spider mites 

! Drougllt resistarrce 

Other characters 

High protein lines 
Sweet-stalks 
Male sterility 
Glossy leaf 
Dwarf lines 
Genetic stocks . 

I Viable chlorophyil mutantS ' 

.,. 

'I 

) 

,. -
No 
of accessions 
screened 

'. 
'2748 .. 
2524 
941 .. 

2670 

100 
. 424 

100 
100 
29 

234 

509 

3523 
8 

16968 
16968 
15388 
15388 
16968 

• Courtesy of the sub progra~mes indicated. 
•• Less susceptible plants. . 

j 1., 

',. 

Identified and '' 
No described in 
of promising, . collabomtion ' 

'Jines . .' · ·with 
I ' 

, .. 
'' 

1220' 
" 

. Millet Path_ology* , · 
, .151** " 

161** " -
392 " 

,,·, 

0 Millet Entomology• 
45 " 
14 " 
8 " 
3 

31 .,, 

"·• 
2 " 

100 Biochemistry • 
4 II 

5 Genetic Resources 
8 .. 
6 

692 
II II 

•-
I i "' ... •' 

Collaboration with national programmes in multi locational evaluation has helped 
to identify locally adapted Jines for direct use or as parents in hybridization-pro-· 
grammcs. Sources of resistance to biotic and abiotic stress factors have been identi- · 
fled through such joint efforts." Several sorghum germplasm landraces from sub
Saharan Africa were found useful elsewhere (Table 7). For example, the Ethi6pian 
sorghum gcrmplasm E 35-1 (IS.:18758) did well in Burkina Paso. A pure-line selec
tion of E 1966 (IS 30468), a Zcrazera landrace from Ethiopia, was released in India. 
Red Swazi (IS 29185) and Framida (IS 8744) are still popular in southern Africa. 
Some cultivars such as Dobbs (IS 18519) from the Nyanza region of Kenya, Frami
da from southern Africa, Serena (IS 18520) and dwarf Lulu (IS 18515) are very 
popular. Karper's nursery selections are basically developed from Kauras of Nigeria 
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ana one ·or tlie selections (Karper ts9i) !las-contributed towards ii1e -dev~l~p~~~t ~f 
Hageen Durra-1 hybrid in Suilan~ · Muskwari (tninsplailled) ·s·orgh'unis from northern 
Cameroon are contributing as source material in the postrainy (rabi) season pro
gramme in India;·· Two Kafir germ plasm lines ·from southern AfriCa (IS 9302, IS 
9323)were released in Ethiopia as ESIP II and ESIP 12. 

I ' 

In pearl millet, several landraces were released directly or after mass' selection 
(Table 8). For example, early-maturing' gerolplasm with large grain from Ghana 
(Appa Rao et al.; 1985) was released ris"'Pusa Moti' in India,"ICTP 8203 in India and 
Namibia and several Serere Composites are still popular in Africa. ' · 

Table 7. :Important sorghum l~ndraces ,for utilization in sub--Saharan Africa: 

Type 

Zerazcra 
(Cauda tum) 

I,' I o •, ','o 

Kaura 
(Durra-caudatum) 

Farafara 
(Durra-caudatum) · 

Hcgari 
(Caudetum-Kafir) 

! ·I: 
Feterita · · · • · 
Caudatlim) :· ... , · 

~ • ~ l ' . : ) l ' • , ' I I 

I 1l • 

'' 
'• ·,' 

Source 

Ethiopia 

Nigeria 

Nigeria 

Sudan 

' .~ ' . ' . '' ' 

• .. '·Sudan· 

''I ,t 

'I I . . 'I ',•. 

. ·, ~ ' . ·!' 

I 11 

·,· 

.''J ·: 

Major characteristics 

Tan plant 
Semicompact panicle 
Straw-colored grain 
High-yield potential 
Good grain quality 
Resistant to leaf diseases 

Pigmented plant 

• I•'' 

'I,'' 

''. 

Semicompact to compact panicle . 
Yellow endosperm grain ' · 
High-yield potential ... 
Good grain quality ' 
Tolerant to Srriga 

Pigmented plant 
Semiloose panicle 
Chalky white grain 
High yield 
Good grain quality 
Subcoat absent 

Pigmented plant 
Semiconipact panicle · 
Chalky white grain · 
Subcoat present 
Short duration 

· · Pig'mentcd plant 
' ' Semicompact panicle 

White grain 
·.High yield 
·Large size grain 
Subcoat absent 

''. 

' 
. I 

',t' 

'(continued) , .. 
·' ' 

' I ~ ~ 

·I',. ·i 

'j . ) 

. ' 
'''I: 
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'·'' 
Table 7 (continued) 

Yndasi 
5durra-caudatum) , 1 

Oubali 
(Durra) 

"'ir 

Segaolane . 
(Durra-kalir) 

Maldandi 
(Durra) 

Dalassi 
(Durra) 

., 

'Safrari 
(Durra-caudatum) 

I ' ... 

•, I I 

Source 

Yemen 

Yemen 

I •: ,1• 

Botswana 

India 

Cameroon 

CameroOn 

,": ··.·. 

·-Major characteristics ·-

Pigmented plant 
Semi compact oval panicle .. :, , , 
Recurved peduncle 
Yellow cndospenn grain. 
High yield 
Good groin qua1ity 1 ' · '' 

Pigmented plant 
Semicompact panicle 

· Yellow endosperm grain· 
High yield 
Good grain quality 

,, 

' ' . ~ 
., 

Pigmented plant . , , . . _ , 
Scmiloose panicle , 
Straw-colored lustrous grain 
High yield ' · 
Superior grain quality 

_. ' ~ ' I 

Pigmented plant 
Semicompact panicle 
Straw-colored lustrous grain 
Superior grain quality 
Moderately resistant to shoot fly 

Pigmented plant 
Transplanted type 
Compact oval panicle 
.High yield 
Large grain size. . _ 
Supenor grain quality' 

' . •, 

Pigmented plant 
Transplanted type 
Compact elliptic panicle 
Highyield. · 
Yellow pericarp 
Superior grain quality 

I' 'I 

,. 
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Table 8. · Prominent"lani:lraces of pearl millet and their characteristics. 

Name of landrace. -

- -Early-maturing (70-85 d) 

Ignnti' 
Nara 
Iniadi 
Boudouma. ·· 
Thiotande 

; ., 

Medlom-maturing'(90-110d) 

So una 

Gero,Zongo 
Mouri 
Tiotioni; Gaouri 

Late-maturing (120-180 d) 

Am ala 
Sanio 
Maiwa ·· 

Dauro 
Yadiri 

Origin 

Benin, Togo 
Togo, Ghana 
Burkina Faso 
Niger 
Senegal 

Mali, Senegal 

Niger, Nigeria 
Cameroon 
Mali 

Benin 
Senegal 
Nigeria, Niger 

Nigeria 
Cameroon 

Characteristics 

Large grain 
Large grain 
Large grain 
Compact spikes 
Large, starchy grain 

' ' ' 

Compact spikes, 
Large grain 
Large spikes 
Compact spikes 
Compact spikes 

Large grain 
Long bristles I 
Large spikes & grain, 
Good quality grain 
Transplanted 
White grain 

The World Composite developed in Nigeria, which was improved at ICRISAT 
(Andrews etal., 1985), is still popular in southern Africa. Finger millet, which is an 
important crop in eastern and southern Africa, needs to be collected and evaluated. 
One of the finger millet germplasm tines from Malawi (IE 2929) was released in 
Zambia as 'Lima'. . . 

'. I 

Germplasm Exchange 

Considering the world-wide crop improvement programmes and in view of the 
Plant Breeders' remarkable success in developing high-yielding cultivars, it is 

. obvious that there are significant advantages associated with international germ
plasm exchange (Mengesha, 1984). With careful handling, imaginative methods, 
and more specific research on seed pathogen and pest relationships, man should be 
able to save and exchange his valuable seeds for present and future use. Use of indi· 
genous gepnplasm for crop improvement should be emphasized in sub-Saharan 
Africa where the greatest germplasm diversity exists (Mengesha, 1984 and 1 988). 
However, we should not fail to realize the importance of exotic material for specific 



traits. For example. some of the all-time great African genetic resources exchanged 
arc the Zcrazera sorghums from Ethiopia and Sudan, Farafara and Kaura sorghums 

f I ''from Nigeria, Hegari from Sudan, and kafirs from southern Africil.' In pearl millet, 
\· . ; some of the excellent examples are Gcro from· Nigeria. Simon fron1 Senegal (Appa 

l
.: .:Rao et.al., 1986a: Mengesha and Appa Rao,.I986) and Mali, Nara fron1 Ghana; and 
•• 

1 
Togo, Mouri from Cameroon (Table ·8). lndo-Arrican crosses in finger millets have 

l .<:ontributed to the development of 'INDAF lines which arc being utilized in finger 
... n:ti!'et improvement in India and Africa. . . 1 

• .; : 
1 

, .. - . r· ,. · . · , · , - . . , · , , , · · t ..., • t _ • 

\' ~ .:: ;Reg·i~:nal G~~plasm Conservation and Evaluation : :· · · ' . 

\

':J )i ",.' ',,' .. ' '"' ' ' I ; I ,' ' ' V ' ' " 

Regional germplasm conservation and mulli-locational evaluation should be'fur
' ther expanded, particularly in sub-Saharan Africa, as it is the original home of sorg-

\ 

hum and millets. Regional approaches will provide more economical, meaningful 
and more complete evaluation data for documentation and utilization. In thi.s regard, 

~ .the establishment of.SADCC Regional Gene Bank is n commendable and most' pro-
1 t 't:nising task. I Similar ge:tebanks should be planned and established for western, cen
j • tral and eastern Africa. Such regional gcncbanks will ensure a safe conservation and 
r ~ m~tually benelicial germ plasm exchange. 1 

~ ' ~ I ' ' I 

. Duplicate Gennplasm Conservation Centres 

, " ' ' I 

: . Another important role for regional genebanks is that they could serve as alternate ' . ' . base conservation ·centres for selected world collections of germplasm. · For 
· ·example, base or long-term conservation of sorghum and minor millets could be c'ar

ried out in esarern Africa where the crops have originated. Likewise, a base collec
tion of pearl millet could best be maintained in the Sahelian region. 

Duplicate germplasm conservation centres nrc necessary for safe and reliable 
conservation and utilization. Nowadays, the development and implementation of 
such centres.arc being emphasized. Although there have been broad intcr~ational 

.. discussions on the need for. such centres, very little progress has been made so· far in 
Africa. Perhaps it may be more appropriate for SAFGRAD to trike the initiative and 

· leadership to implement such programmes of fundamental and strategic importance 
1 in close collaboration with national, regional, and international organizations such 
. as the Food and Agriculture organization of the United Nations (FAO), and IBPGR. 

Wild Relatives .. 
It is known that wild relatives arc good sources of desirable'genes for resistance to 

certain biotic and abiotic stress factors (Hawkes, 1977; Hanna, 1987). For example, 
shoot fly resistance in sorghum is found in one of its wild rclatives,_S. dimidiatum. 
With the recent advances in biotechnology, it may be easier to transfer desirable 
genes from wild rehitives to cultivated species. Accordingly, more emphasis shouid 
be placed on the collection and conservation of wild relatives, since 'their full usc 
and potential is still to be realized. So far, only 345 accessions of 19 species of 
Sorghum and 348 accessions of 20 species of Pennisetum have· been assembled in 
world collections. There is hardly any wild relative of minor millets conserved in 
any genebank, hence, the need for an accelerated effort in this area. 
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J .Df?cumentntion • ..... 1 I• 

I' 

r .' • Documen'tat.ion is a vital activity in the proper maintenance and 'subsequent 'utiliza-
' . tion of gennplasm. The basis of gcrmplnsm documentation is the accurnre·evalua-

.. ~ tion, nnd screening of the collected material. A computer-based data ·management . . . 
. and retrieval. system has become an essential tool for documenting and selecting 
.. material for gennplasm distribution and utilization. Passport and evaluation' dain of 

the world collections of sorghum and millets maintained at ICRISAT arc funy· com
puterized. This has increased our capability to supply gennplasm accompanied by 
basic infonnation. The sorghum and millet gennplasm from sub:Saharan '.Africa 
make up about 45% of the world collection of these crops maintained in the ICRI-
SA T gene bank. . ! ' 

. ' 'I, "• I . 

Conclusion . 

Evaluation. screening, and identification· of new and useful genetic' traitS of sorg
hum and millets arc carried out in close collaboration with crop Improvement scien
tis.ts in and outside ICRISAT. Some of the most encouraging results arc ttic fruits of 
such intcr-dis~iplinary efforts. In this respect, collaborative germplasm collection 
programmes in Africa arc commendable. In the future. more concened efforts have 
to be made in Africa in the areas of germ plasm evaluation and identificatiotl 'of indi
genous landraces for utilization in more dynamic crop improvement programmes. 

: ICRISAT has attempted to augment such efforts at the ICRISAT Sahclian Centre, 
. Niger,,SADCC/ICRTSAT Centre, Zimbabwe, and OAU/SAFGRAD/EARCAL, 
, Kenya. 
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ICRISAT Cereals Programme Until the Year 2000 

R.W. GIDBONS. 

1 Executi••e Director, ICRISAT Sahelian Centre, West Afric(m Programmes. Niamey, I Nig_er. . , . 

I Introduction 

I This presentation is based on ICRISA T's Strategic Plan "Pathway ~o Progress in 
the Semi-Arid Tropics". It is emphasised that this plan is still in draft form and a 
final version will be presented to the Governing Board of ICRISAT during the last 
week of March in Bulawayo, Zimbabwe.' The new draft incorporates changes sug-

' gested by the external review committees, national programmes from Africa. and 
:· Asia, the Governing Board as well as ICRISAT programmes. After th'e ICRISAT 

Board endorses the final draft, it will be sent to TAC and the CGIAR for comment. 
This plan will take ICRISAT to the year 2000. 

The Centre Programme will move towards 'more strategic 'researi;it. but the pro
grammes in East, Southern and West Africa will remain largely applied in nature. 
The medium term plan (1989-93) endorses the shift of resources from Asia to Afri
ca. Up to 1993, the staffing position has been approved by the CGIAR, but new 
posts are dependend on funding. All projects under spechil project funding are, of 
course, dependend on continued funding, including SAFGRAD. · · . . ' ' 

Crops Research 

a) Goals for Crops Research. ICRISAT's research strategy is founded on two ins
titutional benchmarks: the area mandate of the SAT and the emphasis on dryland 
agriculture. These requirements cannot be modified without fundamentally altering 
the intent of the founders, but the crop commodity component of the mandate does 
have flexibility. ICRISAT's mandate crops include three cereals' (sorghum, pearl 
millet and finger millet) and three legumes (groundnut, pigeonpea and chickpea). 
Changes in this mandate are not presently envisaged, but it may be reviewed before 
the year 2000 to accommodate possible shifts in commodity demands and NARS 
capabilities. · · · · · · 

b) Yield Improvement. New cultivars of ICRISAT mandate crops with higher yield 
potentials have been produced, and further advances are achievable. Our goals are 
to continue to increase the yield potential of new cultivars, reduce fluctuations by 
adapting cultivars to specific environments, and to help stimulate sustained produc
tion in farmers' fields so that gaps between yields on research station trial plots and 
those on farmers' fields are reduced. 

c) Quality Improvement. Improvements in physicill crop yield translate into 
improved crop value only if commodity characteristics valued by processors and 
consumers are maintained or enhanced. Food quality'characteristics must be main
tained for traditional consumers. The importance of quality characteristics in new 
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uses of mandate crops will be determined so that more diversified demand can be 
met. 

d) New Crop Uses. Growth in income and market integration lead to more diversi
fied market demand. At the same time, the e~closurc of uncultivated lands in many 
SAT countries means that biomass previously harvested from these areas must now 
be produced on cultivated land. Thus, subsistence crops like pearl millet, sot~hum, 
and pigeonpea will need to meet these demands to enable farmers to earn income. 
Our cereal and legume crops can provide biomass for fodder and soil amelioration 
to sustain the farming systems of which they arc an integral part. 

e) Imperatives for Crop~ Research . . Detailed long-term planting of crops research 
may not be useful in a fluid research environment. The appropriate response to flui
dity and instability in the external environment is not rigid and over-detailed plan
ning,· but to establish principles for research that delinc a flexible strategy and its 

· limitS. Such a strategy should ensure the relevance of research projects ihat are able 
"to·exploit new opportuniti~s while maintaining continuity in. research direction. ' 

Our crops research should ~aintain its international character by being internatio
nally relevant, by linking research in high-income and low-income countries, and by 

"drawing on the viorld germplasn1 collection. At whatever level it is conducted, 
~ .crops research should satisfy disciplinary standards of excellence. · 

', , I , ' - • ' ~ 1 ) 

The scope ofiCRISAT's crops research encompasses the whole commodity system 
from crop production to end-usc. Research attention, however, will focus on the 
intersection between "the commodity systems of the mandate' crops and farming sys~ 
terns in the SAT. Economically important commodity problems outside this focu~ 
will receive attention only when ICRISAT has a comparative advantage. 

Focusing on Problems 

Problem~oriented research is not confined to applied problems, but encompasses 
strategic research problems whose solution helps solve those of applied research. 

' Research problems tend to transcend disciplinary boundaries and solving them cfli-
ciently requires a multi-disciplinary approach. ' 

Research responsibilities will be distributed among ICRISAT's centres, pro
grammes, teams and networks to exploit their locational advantages and to make 
efficient use of resources. ICRISAT Centre has global responsibilities; it supports 
all the regional programmes through stmtegic and basic research, while also serving 
as a regional programme for Asia. Techniques developed at the Centre are adapted 
to regional needs and conditions by regional teams and programmes. Networks I 
ensure the transfer to national programmes of regionally developed research pro- · 
ducts·. · 

Modus Operandi for Crops Research 

Crop improvement c"omprises three broad domains of activity, each requiring ·the 
expertise of different disciplines. 
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a) Genetic Resources. lCRISATs extensive collection of gennplasm accessions is 
an important source of genetic variation to be exploited through breeding.· If this 

. gennplasm pool lacks the required genetic material, appropriate methods 'of bid 
engineering will be considered. · · 

••• 1 

b) Breeding. The initial emphasis of ICRISAT's breeding programmes was to 
overcome the yield constraints that were importiu1t over considerable areas of the 
SAT. This resulted in many new cultivars being released, primarily in India. and in 
segragating material being made available to breeders in both public and private 
sectors. We expect the demand for such material to increase as NARSs improve 
their capabilities to use it. · 

Improved understanding of production conditions in SAT regions, changing requi
rements of national programmes and new types of demands for our crops require 
that we make our material more genetically diverse. In particular, breeding material 
will have wider environmental adaptation (e.g., through photoperiod insensitivity). 
It will be better tailored to fit into specific cropping systems and will have a wider 
range of valuable characteristics. This broader diversity will be exploited by inte
grating improved genotypes with sustainable management practices. To accomplish 
this, considerable knowledge of crop production conditions and constraints in diffe
rent countries is required. We will need to re-define screening objectives, adapt 
techniques and modify the balance of breeding responsibilities between ICRISAT 
and the national programmes. ' · , . 

We will undertake strategic research to better define agro-ecological zones and 'to 
understand the mechanisms of adaptation of our crops. We will ask NARS to provi
de such specific infonnation as the needs of fanners. the characteristics of environ
ments and production constraints at specific locations towards guiding our breeding 
research. The expected partial shift in the use of our mandate crops (from food to 
animal feed, forage and for industry) will require adjustments in ,breeding emphasis 
and screening techniques. The scope of screening will be widened to include the 
bio-chemical composition and nutritive value of whole plants·. 

To ensure the sustainability of packages of management practices using new culti
vars, the stability of the cultivars themselves must be ensured by screening them for 
resistance to a range of abiotic and biotic constraints. 

Our breeders will give more emphasis to studies of the genetic factors leading to 
increased production and to the nature and inheritance of the traits involved. They 
will continue to evaluate early-generation breeding material and make it available to 
NARS with strong breeding programmes. We shaH, however, continue to produce 
finished products for countries that have not yet developed adequate research capa
cities. Many of our partners already have the capacity for identifying fanners' needs 
for new cultivars and evaluating those cultivars in fanners' fields. · 

!;' 

The ultimate success of any breeding strategy depends on the capability to produce 
seed of improved varieties in sufficient quantity and quality. Stimulating countries 
to develop efficient seed industries will be an important component of our technolo-
gy transfer. · · · 
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c) Bio-technology. It is well realised that biotechnology cannot be an independent 
research area iri a crops research institute. JCRISAT's capacity to fully exploit new 

''tcchniques.isconstrained by market conditions in the recruitment of excellent bio
technologists rind by the discipline's high demand for capital investment. ·These 
constraints can be mitigated by collaborating with private or public mentor institutes 
with location advantages. ICRISA T's advantage in the applied aspects of bio-tech
·nology research lies in its facility. to test the effects of introducing new genes into 
breeding populations in different environments. The long-term benefits to ICRISAT 
will ultimately depend on our ability to exploit their Jocational advantages. 

d) Commodity Utilization. The value of crops research is derived from the value of 
a crop's utilization and the market demand for commodities derived from that crop. 
Food technologies and biochemists can provide guidance to breeders by quantifying 
a cultivar's characteristics. The scope of this research will be expanded from cha
racteristics of our crops when used as human food to feed, fodder. or industrial pro
cessing. Economists will determine the economic value of specific quality characte
ristics and identify demand prospects for commodities derived from our crops. 

Strategies for Mandate Crops 

a) Sorghum. Two important lessons from the past and anticipated changes in 
demand shape the strategy for sorghum. The first lesson is that high-yielding single 
stem mluerial is ill-suited to the conditions of farmers in unfavorable locations 
where crop recovery from stresses depends on the crop's ability to tiller. The second 
lesson is that location-specific yield reducers cannot be effectively addressed by 
centralized applied research. . 

The structure of sorghum' demand will change significantly. For instance, in India 
it is expected that demand for food sorghum will remain high and demand for sorg
hum fodder will increase as bullocks continue to be the main source of draft power 
on small farms. The demand for sorghum grain as animal feed will increase throu
ghout the SAT, with the increasing demand for milk. Industry's demand for sorg
hum will rise from its presently low levels and the sorghum processing industry 
could become a major catalyst for sorghum production toward the end of the 1990s. 

Our strategy in applied sorghum research is to breed for specific abiotic and biotic 
constraints rather than for broad adaptation and to assist NARSs breed for specific 
uses rather than for multiple or non-specific uses. Our objective· is to increase crop 
value and increasing yield stability will take preference over maximizing yield 
potential. Important constraints that will attract research attention in both Indian 
and African sorghum-growing areas arc grain molds, shoot fly and stem borer in 
rainy-season sorghum as well as lodging under terminal drought stress in post rainy 
season sorghum. Research on fodder sorghum will be conducted in western and 
southern Africa. 

With the increasing dispersion and regional diversification of applied sorghum 
research, ICRISAT Centre will focus on breeding methods and techniques, the study 
of the biology of mechanisms providing resistance to physical and biotic stress; the 



JCRISAT Ctrt!als PrtJKrtmrml! Umiltltl! Yt!Ctr 2()(}() 61 

heritability of these trials and the effects on agronomic crop performance of introdu
cing them into advanced breeding lines. 

b) Pearl Millet. Yield increases in pearl millet hybrids have been more than three 
times higher than those of other cereals and genetic gains in yield of pearl millet 
varieties have been on a par with gains in other cereals. Fodder yield. disease resis
tance, average and grain quality have also been improved. Advances in breeding 
methods will allow even more dramatic progress in the future. High-yielding culti
vars based on ICRISAT material or produced by ICRISAT are widely grown by far
mers. 

Pearl millet success in India is due to both the close integration of disciplinary 
research and the full collaboration of public and private sector breeding pro
grammes. The private sector has lately been more successful in delivering hybrids 
based on ICRISAT material and investment in pearl millet breeding by private 
industry is likely to grow so long as ICRISAT continues to supply germplasm for 
new hybrids. 

The prospects for pearl millet improvement arc not matched by prospects for its 
demand. Production of pearl millet for food will be largely restricted to dry regions, 
such as Rajasthan in India, the Sahel and parts of southern and eastern Africa. 
However, the demand for pearl millet for fodder will increase throughout the SAT 
and to meet this, we have started to work on pearl millet/napier grass hybrids in sou
them Africa. 

The strategy for applied pearl millet improvement is to breed open pollinated culti
vars of specific maturity for specific regions and agro-ecosystems; to concentrate on 
the genetic diversification of parents for pearl millet hybrids to provide broad-based 
resistance to downy mildew, and to emphasize the cultivation of top-cross hybrids. 
Applied breeding will be complemented by research on stresses limiting millet pro
duction, including seedling emergence, temperature and drought stress. Pearl millet 
entomologists will identify resistance to earhead caterpillar and stem borer towards 
transfering it to breeding lines. 
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Plant Genetic Resources and Crop Improvement 

West Africa has a rich heritage of plant genetic resources by virtue. of its ecologi
cal and agricultural diversity. There arc strong cultural traditions in the use of a 
large variety of plants which is reflected in the high level of 'concern expressed 
within the region for the preservation of its plant resources. ' 

Plant genetic resources have a crucial and direct'part to play in the region's deve
lopment. Increasing and sustaining production under West Africa's' varied, often 
unfavourable and fragile environments; and in' its complex and low-input farming 
systems, makes heavy demands on genetic variation. Scientists need access to a 
diversity of species, genotypes and genes to manipulate to improve the region's pro
duction systems. Central to this is local germplasm which is the source of varieties 
and characters for adaptation to local growing conditions and farmer and consumer 
'preferences. · · 

Germ plasm ~ollectlon in West Africa' · 

It was the severe droughts of the late 1960's and early 1970's that heightened the 
awareness of the risk of crop genetic erosion in the Sahel and mobilised action to 
preserve this diversity so vital to future efforts' to provide sustainable increases ,in 
agricultural production. On the jnitiative 'of the FAO, a programme of gehnplasm 
collection was launched in the West African Sahel with funding from UNEP. 
Emphasis was on the evidently endangered major cereals, sorghum and pearl millet, 
and the missio'ns were undertaken mainly by ORSTOM under contract, initially to 
FAO, but subsequently to IDPGR, in colla5oration with ICRISAT and jointly with 
the national programmes. From 1975 to 1984, 17 missions explored eleven coun
tries and collected about 2,500 samples each of mil1et and sorghum, including wild 

· and weedy forms (Achaempong et al., 1984; Clement, 1985). Samples were left in 
the country of collection and deposited with ORSTOM, at ICRISAT which main
tains the global collection of sorghum and mil1et germplasm, and in the other gene
banks which have agreed with IDPGR to maintain base collections (the National 
Plant Germplasm with IBPGR in the USA and Plant Gene Resources, in Ottawa, 
Canada. · 

During this period IDPGR also worked with IIT A, IRA TIIDESSA, ORSTOM and 
WARDA and significant collections of cowpea, rice and other cereals, food legumes 
and vegetable crops were assembled. Samples were left in the country of collection 
and deposited in the genebanks assuming responsibility for the base collection -- for 
example, llTA for cowpens and African maize. . . 

63 
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From the early 1980s, as genetic resources capabilities within the region have 
developed, the trend has been for collecting missions to be initiated and carried out 
by national institutions, with allention on a wider range of crops of importance in 
local breeding efforts. In the same period, the focus of intemation·al institutions has 
shifted to targeting specific parts of the crop variation and to the wild and weedy 
related species. 

Among the nationally executed missions that JBPGR has assisted, the systematic, 
country-wide collecting and characterisation of traditional millet varieties by the 
University of Ouagadougou and INERA, Burkina Faso, can be cited as an example. 
Between 1984 and 1987, the project collected 333 snmplcs from all regions of the 
country. The accessions have been chnracteriscd and evaluated for a number of 
traits following the JBPGR/ICRISAT Descriptor List. Diversity within this collec
tion has been analysed and sources of disense resistance located (Wilson et at., 1989 
and 1990). An example of the shift in focus in international activities is the collec
ting and study of wild pearl millet from throughout its geographical distribution in 
the Sahel by ORSTOM geneticists in Niamey, in collaboration with the ICRISAT 
Sahelian Centre and national programmes. 

Development of Crop Genetic Resources Programmes 

From the earlier collecting missions, little of the germ plasm is now available in the 
country of origin. It has invariably all been used in breeding programmes with little 
maintained largely because of non-existent or inadequate conservation facilities. 
However, the growing realisation amongst the region's scientists of the importance 
of local germ plasm to crop improvement programmes and the need to have access to 
reference collections of local varieties has spurred efforts to conserve genetic 
resources at the national level and link-up with genebank and the international gene
tic resources community. In many countries of the region, a germplasm conserva
tion unit or some sort of genetic resources programme is now under development. 

1 

In West Africa, as elsewhere in the world, IBPGR promotes and tries to assist these I 
national efforts and encourages regional initiatives where they emerge. JBPGR ' 
recognises national programmes as essential operating units for successful genetic 
resources activities. They form the backbone to regional and global genetic 
resources programmes. 

Generally, the training of key scientists is the first step in getting activities started 
in a country, followed by assistance with the development of seed conservation faci
lities. The priority for most agricultural research institutes is a beller way of conser
ving and managing their working collections, which typically are a mixture of local 
limdraces and exotic germplasm. Longer storage life means fewer grow-outs, which 
releases funds, labour, land and time for the primary research activitiy of breeding 
for improved production. Furthermore, the better the methods of documenting col
lections and the more the exchange of data and gem1plasm worldwide, the easier it 
would be to locate materials to meet specific improvement objectives. 

This valuable support function provided by a germplasm conservation progni~me 
to crop improvement research is often not appreciated. Consequently, within natio
nal research systems and donor projects, the manpower and fin.ancial resources ~!!:. 
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cated to germplasm management tends to be inadequate and institutional arrange
' ments for the programmes invariably poor. Also of concern is the tendency -for 
' genetic resources to be considered as an aside and sometimes institutionalised away 
I from their utilisation in crop improvement. Since local germplasm is often the star-

ting point of breeding for increased production especially under varied ecologies 
and farming systems, germplasm conservation must necessarily be integrated with 
its use in crop improvement for either activity to be viable and sustainable. It is in 
this context that Networking provides a mechanism by which these constraints can, 
to some extent, be overcome. Under a Network approach, genetic resources activi
ties can be linked, even integrated, with breeding programmes such that indivi
dual country genetic resources capabilities arc strengthened through the sharing of 
tasks, expertise and resources. 

Networking of Crop Genetic Resources Activities 

Genetic resources Networks on a crop-by-crop basis are thus proposed fo11owing 
the crop genepool concept. Such Networks would provide the framework ·within 
which arrangements for the conservation of a genepool can be put into place and a 
collaborative programme developed for the collection, study, evaluation and use of 
its genetic diversity. The Network would thus bring together curators of the crop's 
dispersed collections with users of the germ plasm (breeders) and other scientists. 

Suggested Acthitles of Proposed Genetic Resources Network 

Activities for the proposed Network are suggested to fall into the three main areas 
of documentation of crop genetic resources, their conservation and use as described 
hereunder. ·· 

. i 

a) Docume11tation 

Of priority in the documentation of crop genetic resources'is the need to use com
mon Descriptor Lists such as the ones published by ffiPGR for describing charac
ters, specifying their states and for encoding the data. Adoption of common descrip
~ors allows for rapid, reliable and efficient information storage, retrieval and 'com
munication which greatly facilitates the use of the germ plasm. This is to say that the 
adoption by such a Network of common descriptors and the creation of a central 
database would allow for the sharing and comparison of research results, including 
the evaluation of data among Network members and the building up of profiles for 
the region's different landraces for their sites of origin, morphology and agronomic 
traits. · 

The inventory·of all of a crop's accessions held ex situ in the various collections is 
a prerequisite for the proper planning of all other activities and essential for access 
to the gcrmplasm and its use in crop improvement. · 

Through the proposed Network, a comprehensive inventory of a crop's germplastri 
accessions can be compiled. The Network would coordinate the completion of the 
data; its standardisation and the analyses of data files prior to the planning of further 
co11aborative activities. 
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The increased coordination of activities within the proposed Network ·and the 
consequential sharing of results requires that passport data be collated in a central 
database towards assembling information on the accessions for all other documenta
tion categories: characterisation, preliminary evaluation, further evaluation and 
management. This is to say that the central database would be the hub of the propo
sed Network, since it provides the basis on which plans for collaborative activities 
are dmwn-up and the mechanism by which results are assimilated and communica
ted. 

b) Conservation 

Germplasm collections must, of necessity, be duplicated for security. It is for this 
reason that a crop's germplasm accessions are typically held dispersed among natio
nal collections and in different genebanks within and outside the region of collec
tion. There is, therefore, a need to rationalise collections and consider all existing 
collections of a particular crop as a part of a single collection. In rntionalising col-

.. lections following the Network approach to the conservation of a crop genepool, 
ensuring adequate duplication of the accesssions is paramount. Other practical and 
technical issues which must also be considered towards enhancing the ease and 
speed of access to the material include the location of the base collections, quaranti
ne regulations and the status of the storage of the original accessions. In the case of 
the conservation status of the collections, collation in the Network's database of 
management descriptors such as seed stocks and germination percenlage has parti
cular relevance. For wild species which are diflicult to maintain and which have 
low seed numbers, it may be advisable to deliberately keep the accessions replicated 

. and dispersed among different collections. 
' ' i 

In order to guarantee the safety of materials 'collected, it is generally the practice 
for every original germ plasm accession to be held in long-term storage at high viabi
lity and in suffiCient seed numbers. In addition, it is normal for duplicate samples to 
be held in another genebank also under long-term storage conditions. Vegetative 
material are held in two distinct field genebanks or cyro-preserve same in vitro. 
With the emergence of more and more genebanks that have facilities for long-term 
storage, arrangements can be made through the proposed Network to ensure adequa
te duplication of germplasm collections among member countries and In base col
lections. 

In discussing the suggested activities of the proposed Network especially relating 
. to the conservation of germ plasm materials, mention must be made about the 
concern of genetic resources programmes and plant breeders with ex situ conserva
tion of seeds or vegetative materials. For each crop genepool, there is an optimal 
combination of in situ and ex situ methods for conserving the full range of genetic 
diversity in economical yet accessible ways. Through the proposed Network, appro
priate combinations of in situ and ex situ conservation can be studied and a conser
vation strategy developed and implemented in a collaborative fashion. For Not
works handling vegetatively propagated crops, the value of taking an integrated 
appraoch to their conservation is readily apparent. The high costs and risk of main-

. taining,material in field genebanks can be offset by the use of seed and in vitro 

. conservation in an appropriate combination and arranged among Network curators. 
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For seed producing crops. in situ conservation is recognised as an appropriate addi-
tional conservation method for wild related species. · 

c) Access to and Use ofGermplasm. 

' Access to germplasm is a prerequisite for its usc and this can be greatly improved 
through a Network approach. Arrangements for the conservation and movement of 

. germplasm within the Network may bring material physically closer to users and, by 
· dealing with the phytosanitary aspects. make access to it safer. Ensuring safe access 
1 

through the establishment of guidelines for the movement of gcm1plasm and the 
· designation or strengthening of quarai1linc centres for its transfer, is a major respon

sibility of the Network. At the scicntilic level, access is dependent on the compre
hensiveness and relevance of the information (evaluation data) on the gcrmplasm 
accessions and availability of the data and access to it. In this, the central database 
has a crucial role to play. · 

The registration of all available evaluation data in the central database allows users 
to search germplasm collections for accessions with traits that fit their research 
objectives. The Network arrangement would thus also enable further evaluation of 
the material to be coordinated, thereby avoiding unnecessary duplicate characterisa
tion, but enhancing potential usc through its screening under different conditions in 
multi-site trials. 

Comprehensive and easily accessible evaluation data may not be sufficient to sti
mulate the usc of the germplasm accessions. It may be necessary to first transfer 
potentially useful characters to a more acceptable genotype. Through the proposed 
Network. the collaborative research needed to enhance germplnsm through wide
crosses and pre-breeding, can be stimulated. Definition and distribution by the Net
'!\'Ork of core collections can also stimulate use of ihe germplasm. 

Implementing Crop Germplasm Network Activities in West Africa 

Whether Networks are global or regional in focus, the suggested activities and 
objectives described above nre the same. However. activities will vary in importance 
depending on the crop and the region. For crops with relatively old ex situ collec
tions amongst which there has been much germplasm exchange, the rationalisation 
of the existing collections is the first and priority objective. The first step is the pro
duction of an inventory of all ex situ accessions -- a probable difficult task. in view 
of the likely Jack of or incomplete passport data in non-standard formats. 

In the specific case of West Africa, the drawing up of inventories and identifica
tion of redundancy should pose much Jess of a problem in view of the fact that 
documentation during collection· and characterisation has largely followed interna
tionally agreed standard formats. However, if steps are not taken to centralise the 
documentation of the increasing number of separate collections emerging within the 
countries and across the region, the likelihood of precious resources being wasted in 
repented activities will rise. 
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Goals for the proposed crop genetic resources Network for West Africa arc sug
gested to include the strengthening of individual country capabilities as well as pro
moting the usc of crop germ-plasm. The question remains, however, on whether to 
implement specific crop gcrmplasm Networks or to incorporate the networking of 
genetic resources activities into the region's existing crop research Networks. For 
reasons which have already been touched upon, it would seem that the latter approa
ch is more appropriate at this stage in the development of genetic resources and crop 
breeding programmes within the national research systems of West Africa. Bree
ders are already handling germplasm materials and using them iri their crop impro
vement efforts. With the relatively few crop specialists in many of the countries as 
ut present, it would largely be the same breeders who would be called upon to parti
cipate in Networks for genetic resources activities. It is. therefore, questionable 
whether the region can, us at present, sustain an udditional tier of Networks. Even 
more important is to question the appropriateness at separating the networking of 
germ plasm activities from those of crop improvement. 

0 

Conclusion 

The improvements that the proposed networking would bring towards enhancing 
opportunities for access to and usc of traditional crop varieties would seem to be of 
direct relevance and benefit to the existing research Networks. It is, therefore, sug
gested that consideration be given to incorporating the 'networking of genetic 
resources activities into the existing West Africa crop research Networks. 

0 
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l. 
i 
\ Introduction· 

The Cowpea Research mandate under the first phase of the OAU/STRC-SAF-
GRAD project was successfully executed in Burkina Faso between 1978-86. From 

'i the laudable scientific achievements recorded in that phase, national directors of 
\ · agricultural research, together with cowpea scientists from SAFGRAD member 
· countries as well as regional and international research centres decided to extend the 

project into a second phase under the sponsorship of mainly USAID. 

Under the second phase of the SAFGRAD project, cowpea research has the prima
ry objective of boosting the capacity of national scientists towards enabling them 
eventually to direct cowpea research activities themselves in the sub-region. In 
order to set the stage for the eventual take-over of cowpea research activities by 
national scientists, the cowpea Network was established in 1987 involving 17 mem
ber countries from West and Central Africa. One of the early ta~ks of the Network 
was to document the major cowpea production constraints, research personnel, 
infrastructure as well as the research strengths and weaknesses of each national pro
gramme. · Also documented were the research needs, researchable topics and the 
state of art on cowpea rese.arch and production in West and Central Africa. 

The Network exercise was viewed as the most feasible solution to tackling cowpea 
' production constraints by sharing scientific information and technologies, whether 
I developed by regional and international agricultural centres or by the national agri

cultural research system. An elected Steering Committee of six national cowpea 
scientists met in March 1987 to define th~ agro-ecological zones of major cowpea 
production as well as recognise those climatic, biological, soil, socio-economic, 
manpower and financial considerations that constrain cowpea research and produc-

t tion in the region. The relatively strong national institutions were designated Lead 
Centres and assigned specified researchable topics of regional interest and applica
tion. 

Network Objectives 

In the overall context of developing a capacity for research, the Cowpea Network 
has the major responsibility of properly identifying production constraints and gene
rating, through networking and in collaboration with IITA and Lead NARS Centres, 
the appropriate technologies towards overcoming the constraints. The approach to 
networking is to enable national cowpea programmes of West and Central Africa to 
pool together their resources to tackle common cowpea production problems in the 
sub-region and to find appropriate solutions for the benefit of their inhabitants. The 
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rationale of networking is, therefore, based on the simple but effective adage "uni
ted, we stand, but divided, we fall". 

Network Programmes and Their Implementation 

Based on the commonality of constraints and the wide variation in the relative 
strength of national programmes within the sub-region and in order to.ensure cost 
effectiveness and the sustainahility of networking, the Steering Committee adopted 
the strategy of assigning technology development research responsibilities to the 
relatively strong national programmes (Lead Centres). The technological backstop
ping provided by UTA and its sub-stations continued particularly in terms of both 
research and training. Cowpea varieties developed by IITA are channelled through 
Lead Centres for regional and adaptive testing involving all participating national 
programmes in the Network. 

The six (6) relatively strong national programmes ~ere assigned Lead Centre roles 
as shown in Table I. In addition to these Lead Centres and owing to recorded varia
tions in Striga strains, Benin and Mnli were assigned responsibilitie~ in 1990 of 
selecting and testing for Striga resistance. · · 

Achievements 

a) Strmgtlze11i11g National Research Systems 

Capitalizing on the multiple insect pests and disease resistance developed by UTA, 
the national programme of Burkina Faso is attempting to incorporate the genes into 
existing varieties that are acceptable to farmers. The ultimate goal is to have 
drought, multiple disease, Striga, aphids and other insect pest resistant cowpea 
varieties. Nigerian scientists arc also attempting to identify new sources of Striga 
and Alectra tolerance as well as the mode of inheritance. Scientists in Niger arc loo
king for new and stable sources of cowpea resistance to Striga gesnerioides strains, 
including the ones parasitizing weeds such as lpomeas sp .. Scientists in Cameroon 
arc working on cowpea storage methods acceptable to farmers. 

b) Resistant Varieties 

Specific to Striga research, the cowpea varieties shown in Table 2 have been iden
tified to be resistant to Striga gesnerioides and their genes arc in the process of 

. being appropriately incorporated into acceptable cultivars. 

' I 
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Table 1. Assignment of of Lead Centre roles to relatively strong national program~cs. 

i Lead Centre _. Breeding Agronomy Protection 
I 

I 
Burkina Fnso Drought, Strigu, lnect Entomology and Panthology for, Sahel, 

I · pest~ and disea~e resis- Sudan savuna und Northern Guinea 
· tance/tolerance. · · savana. 

I Cameroon Entomology with ernpha•is on stornge 

l 
peMs 

Ghana Adaptation to transition Entomology. for transition zones 
zone~. 

Niger Drought, Strlga and Millet-<:owpca inter- Pathology for Snhcl zone. cspccinlly 
Macmplwmincr di!ICase cropping. Macmplwmitur spp. 
rcsistanccltolernnce 

I 

1 Nigeria Drought. Strigcr. Alcctm, Management cove- Pathology, including !ieab, brown blot-
Insect pests nnd disease ring Sahel, Sudan ch, Septoria leaf spot, Striga nnd Alec-
resistanccltolerance. nnd Northern Gui- tro :Entomology for Sahel, Sudan and 

ne:1. Northern Guinea with empha.•i• on 
I mode of inheritance of diseases, Striga 
I and Alcctrcr. I 

I 
· , Senegal Drought, Insect pest• Entomology for Sahel-Sudanian zones 

and disease 
rcsistance/tolerunce 

Other resistant cowpea varieties identified through the coordination efforts of the 
Cowpea Network are: 

i. For drought resistance -. 

Gorom Local (SUVITA-2), KV 30-309-60 and KVX 396-4 in Burkina 
Faso, 58-57 and IS 86-275 in Sene·gal, andTN 88~63 in Niger. 

ii. Adapted to drought and excess moisture conditions are· 
KVx 396-4-2, KVX 396-4-4, KVX 396-4-3 and KVX 396-18 in Burkina 
Faso 

iii. For Aphid resistance-
IT 82E-25, IT 83S-742-2 and IT 850-3577 in IITA,lbadnn, Nigeria. 

iv. For Bruchld resistance-
IT 845-275-9 and IT 845-2246 in liT A. Jbadnn, Nigeria, and KVx 30-
6467-5-lOK in Burkina Fnso._p2X7 

c) Regiollal Trials 

In 1987-88, the regional testing trinls numbered seven (7) nt 92 locations and with 
56 feedbacks nt the end or the season. With the same number of trials in 1989, the 
feedbacks were only 44 out of 63 locations. · 
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Table2. Str_iga resistant cowpea varieties in West and Central Africa 

Name of Origin Pedigree Country in which it Nalional programme 
variety Is resistant to Striga incorporating it in 

good agronomic 
background 

Gorom local Burkina Faso A selection Burkina Faso, Mali, Burkina Faso. Mali 
(Suvita-2) from a Jan- Senegal, 

dracc, 

B301 Botswana Burkina Fnso, Mali, Burkina Faso. Mali, 
Senegal, Niger, Niger, Nigeria. 
Nigeria, Benin. 

IT82D-849 IITA-lbadan Burkina Faso, Mali, Burkina Faso. 
Senegal, Niger, 
Nigeria, Benin 

TN93-80 Niger Lnndrace Burkina Faso, Mali, 
Senegal, Niger, 
Nigeria. 

TNI21-80 Niger Landrnce Burkina Faso, Mali, 
Senegal, Niger, 
Nigeria. 

KVx61·1 Burkina Faso Burkina Faso, Mali Burkina Faso 

KVx61-74 Burkina Faso Burkina Faso, Mali. Burkina Faso 

IT81D-994 Burkina Faso Burkina Faso, Burkina Faso 
Nigeria. 

d) 011-fatm Tesli11g 

Although the Cowpea Network Is not directly involved in multi- locational trials 
and on-fann testlngs, it is significant that through the effort of the Network, Inclu
ding its regional trials. there have been renewed interests in cowpea research activi
ties in all tJartlclpatlng countries. TI1e cultlvars shown in Tables 3 and 4 obtained 
through Cowpea Network activities have been released or arc abollt to be released in 
the various countries shown. 

e) Tral11i11g 

In 1988, a monitoring tour was organised involving six (6) national scientists. 
Similarly, in 1990 the monitoring tour involved eight (8) scientists. Such tours are 
of value in enabling scientists from IITA, Lead Centres and technology adapting 
NARS to interact. to observe production constraints first hand and to compare expe
rimental methodologies and approaches. 



R~gional Appmach to Cawpea R~search in W~st and Central Africa. 75 

, Table3. Cowpea varieties released since 1987 to date 

Country Variety 

Benin IT82E-32 ; IT8 JD ; TVx 1850-0 IF 

Burkina Faso 

Cape Verde 

Ghana 

TVx 3236, Suvita-2 ; KVx 396-4-4; KVx 396-4-5 

KN-1; Local Santiago 

Guinea Bissau 

Guinea Conakry 

Mali 

Mauritania 

Nigeria 

Senegal 

Togo 

Vallenga (ITB'!E-16); Asontem (IT82E-32) 

IT82E-9; Bambey 21 ·' 

IT85F-867-5; IT83D-338-J ; IT84S-2246-4 . 

Suvita-2 

IT83S-343-5-5; Suvita-2; KVx 256-Kl7-ll 

Sampea-7 (IAR-48) 

IS86-275 

58-146 

Table 4. Cowpea varieties accepted by NARS. 

Country Variety 

Benin IT84S-2246; IT84D-S 13, TVx 1999.QIF, ITBID-1137 

Burkina Faso KVx 30-309-6G, KVx 61-1, KVx 396-4-4; 
KVx 396-4-S; KVx 396-18-10: 

Cameroon ITS I D-994 

Cape Verde JT83D-444: 

Ghana ITSID-1137 : IT83S·818 ; 

Guinea BiSSllu ITBSD-3.516-2; IT86D-498; IT87S-1390; ITSSD-3.577; 
IT83D-889; TVx 309-66; 1S86-27.5N; IS87-416N 

Guinea Conllkry IT84S-2246-4; IT82E·32; IT86D-104B; IT86D-IOS6; 
ITBSF-867-.5 

Mali TN93-80 ; TN 121-80 

Mauritania JT86D-472 ; IT82D-S44-4; ITSID-897 ; IT82ED-716; 
IT82D-927; TVx 1948-01F 

Niger A18·1·1; A73·1·2; KVx 30-309-60; KVx 100-2 

Nigeria TVx 3236; JTSID-994 

Togo TVx 18SO-OIE; ITBID-98.5; .58-146; IT83S-818; 
IT82E-66 ; KVx 396-4-4. 

! ' 
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In 1988, a seminar was organised at IITA, lbadan, for 12 scientists from Lead 
Centres, including breeders, agronomists, pathologists and entomologists and cove
ring the subject of appropriate research methodologies. 

A group training course was organized in 1989 at Kamboinse/Ouagadougou in 
cooperation with the national cowpea programme of Burkina Paso and involving 
scientists and technicians from seven (7} countries. The subject matters covered 
mainly technology development and transfer. 

Future Thrust of Network AcUviUcs 

Future research emphasis' by the Cowpea Network must necessarily continue on 
such constraints as drought, heat, Striga, A/ectra as well as pests and diseases. Spe
cific to pests and diseases, the use of chemicals for their control is hardly a viable 
option, especially considering the poor economic state of the farmer. Thus, the futu
re challenge rests on finding relatively cheap controls of pests and diseases requiring 
minimum or no inputs. With this challenge, the most feasible approach would be to 
embark on a mass breeding programme, incorporating all genes and conferring 
resistance/tolerance to all major physical, chemical and biological cowpea produc
tion constraints into acceptable varieties. 



Breeding Suitable Cowpea Varieties for West and Central 
African Savanna. 
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lnternatlonalln~iitute ofTropipal ~griculture, Kano sub~ Station, Kano, Nigeria. 

Abstract 

Cowpea is an intergral component of various cropping systems prevalent in the 
Central and West African savanna. It is grown in mixture with millet and/or sorg
hum and provides food as well fodder. However, the average grain yield of cowpea 
is low, ranging from 100 to 200 kg/ha. The major yield-reducing factors are 

: diseases, insect pests, parasitic weeds, drought and competetion due to the cereals 
for moisture, nutrients and light. With the establishment of IITA sub-Station in 
Kano, Nigeria, work has been initiated to develop improved cowpea varieties for 

, traditional cropping systems. Already, local varieties have been crossed with selec
ted donor parents and segregating populations are being evaluated with a view to 

1 
select breeding lines with resistance to aphid, bruchid, thrips, bacterial blight, Striga 
and Alectra and reduced maturity periods, keeping the plant types of traditional 
varieties. ·Work is also underway to develop varieties for double intercropping. 

' Several advanced breeding lines have been developed which combine multiple 
disease and insect resistance but which look very similar to local varieties in plant 
type and seed quality. Also, the genes for Striga and Alectra resistance have been 
incorporated into superior agronomic background. These have now been crossed 
with improved local type breeding lines to develop a range of resistance to aphid, 
bruchid, thrips and multiple diseases. A few local lines have been identified which 
show field tolerance to insect pests and give reasonable yield in pure crop without 
insecticides. 

Introduction 

The International Institute of Tropical Agriculture (UTA) has global mandate for 
developing improved cowpea varieties in collaboration with' national programmes; 
During the last two decades, IITA has made considerable progress in the collection, 
evaluation and utilization of world cowpea germplasm totaling over 15,000 acces
sions and has developed and distributed a range of improved breeding lines combi
ning multiple disease and insect resistance with early maturity and preferred seed 
types to over 60 countries. About 45 countries have systematically evaluated the 
improved materials received from liT A, identifi.ed superior lines and released them 
for general cultivation. Among the numerous lines released, ITS4S-2246-4 com
bines resistance to aphid, bruchid, thrips and 10 diseases, including viruses and root 
knot nematode. However, all of these vaneties require 2-3 sprays of insecticides for 
protection against flower thrips, Mantca pod borer and pod bugs. Most traditional 
farmers do not use chemical protection due to socio-economic and infrastructuml 
constraints. Consequently, the improved varieties are being cultivated by only those 

, farmers who have easy access to chemicals and thus, the spread of improved varie
ties is limited. The majority of sma11 farmers continue to cultivate 'traditional cow
pea varieties in intercropping systems involving millet and sorghum. 

77 
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New Research Initiatives 

In recognition of the fact that most farmers in West and Central Africa grow cow
pea as intercrops and without the use insecticides, IITA has launched two major ini
tiatives in cowpea improvement strategy for the 1990s. These include collaborative 
research with advanced laboratories towards exploiting new bio- technological 
advances in the transfer genes for insect resistance from wild cowpea relatives and 
other sources into cultivated cowpeas. Drawing from experiences of other crops in 
bio-technology research, there are good possibilities of developing cowpea varieties 
that would be resistant to such insects as thrips, Maru~a pod ~rer and pod bugs. 

The second IITA, initiative relates to the establishment of a'sub-Station in Kano, 
Nigeria, with the major objective to improve the productivity of traditional cowpea 
varieties normally grown without insecticides and in mixtures with millet and sorg
hum. With agro-ecological conditions similar to those found in the savanna region 
of most of West and Central Africa, research results obtainable at the Kano Station 
will be of direct relevance to the whole region. 

Research Strategy 

The general research strategy is intended to involve the following approaches: 

a) 

b) 

c) 

d) 

e) 

f) 

Survey of cropping systems involving cowpea as a component crop and 
identifying production constraints. 

Collection and evaluation of local varieties and selection of suitable parents 
for hybridization. . . · . ! 
Systematic incorporation of resistance to major diseases like bacterial blight, 
brown blotch, Septaria, scab and insect pests such as aphid, bruchid and 
thrips as well as resistance to parasitic weeds like Striga and Alectra into 
improved cowpea varieties. 

Development of a range of cowpea varieties with desired plant types and 
maturity to suit the needs for pure cropping, mixed cropping and dual purpo
se varieties which will provide grain as well as fodder. . 

Evaluation of the new improved cowpea breeding lines in pure crop as well 
as in mixed crop systems with and without insecticides at various locations 
and selecting the best lines. 

Development of improved agronomic-cropping systems packages in collabo
ration with national programmes to ensure the most efficient use of moisture, 
light and nutrients and to maximize production. · · · 

Research Achievement 

a) Varlelllllmprovement. During the last two years (1989 and 90), over 700 new 
breeding lines generated from planned crosses in previous years were evaluated in 
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different sets of trials and 67 of these were distributed to·various national pro
'grammes in the form of 9 different Cowpea International Trials. Some of the most 

, promising breeding lines were also evaluated in AU-Nigeria Cowpea Trials. The 
1 yield data ~n respect of these trials are presented in Tables 1 and 2. The trials were 
i sprayed 'twice ..yith insecticides. It is evident from the results 'that varieties IT86D
\ 721, IT86D-719~ IT86D-715 ~nd IT87D61629 compared favourably with such 
' recommend cultivars like IAR-48 and Ife Brown. The ·varieties will be extensively 
I tested in the 1991 season, including on-farm adaptive trials. Another variety, 

IT84S-2246-4, is also very promising, having combined resistance to aphid, bru
chid, thrips and 10 diseases, including nematodes and scab. The variety has perfor
med well in all parts of Nigeria and was recommended for pre-release multiplication 
in 1990. 

b) Varieties for Mixed Cropping. All breeding lines· included in advanced and 
i preliminary trials were also evaluated as intererop planted in alternate rows with 
· millet 1 m apart and giving 2 m distance between millet-to-millet and cowpea-to-

cowpea. No insecticide was applied. Mean yields of millet and cowpea over all the 
, trials are presented in Table 3. The mean millet grain yield was 672 kglha and 
l mean cowpea yield was 93 kglha, with a range from 0 to 328 kglha. The best varie
'1 ties are mostly determinate and semi-determinate types which are good for pure 
· crop as well as for mixed crop. These data indicate good possibility of improving 
' cowpea yield in mixed cropping by using improved varieties. 

Table 1. Performance of cowpea varieties evaluated in All-Nigeria short duration 
trial- Kano 1990. 

Variety Yield kgllta 

IT86D-719 1784 

IT86D-721 1743 

IT86D-1010 1543 

IT84S-2246-4 1461 

IT86D-880 1127 

1-59 1054 

IT65D-3577 1000 

LSD5% 683 
C.V.% 33 
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c) Dual Purpose Varieties. Commendable progress has been made in improving 
local cowpea varieties with respect to insect resistance. From crosses involving 
local varieties and IT84S-2246-4, several breeding lines have been developed which 
combine resistance to aphid, bruchid and thrips but look very similar to local varie
ties, both in plant and seed types. Preliminary data on grain and fodder yields of 
these varieties are presented in Table 4. Most of the varieties gave about 1 ton grain 
and 1 to 2 tons dry fodder, which is as good or better than the local varieties. 

Table 2. Performance of cowpea varieties evaluated in all-Nigeria. medium 
duration trial- Kano 1990. 

Variety. Yield kglha 

IT87D-1629 1620 

· IfeBrown 1557 

IT86D-715 1542 

IAR-48 1509 

L-80 1398 

JAR 11148-2 1347 

IT87D-1134 1345 

K-28 1245 

IT87S 1462 1188 

. 12AK 1165 

L-72 1026 

K-39 964 

IT86D-975 912 

1T87S-1463 569 

IT 133-4 531 

IAR-48W 387 

LSDS% 410 

C.V.% 25 

d) Varieties for Double Intercropplng. In order to exploit the wide gaps left bet
ween the millet and cowpea rows under traditional intercropping systems, several 
early-maturing erect cowpea varieties were planted as an extra row in between inter
cropped millet-cowpea rows. The millet-to-millet rows were 2 m apart and within 
this gap one row of erect early cowpea variety and one row of local spreading cow
pea variety were planted 50 em away from the millet rows. Varieties IT86D-1055, 



Bruding Suitabf~ Cowpea Varieti~sfor W~st and Central African Savanna. . 81. 

IT86D-880, IT82D-8,89 and IT84S-2246-4 yielded between 400-600 kglha grain 
yield without any insecticides and without significant effect on the yield of millet 

. and traditional late cowpea variety. This was because the early-maturing cowpcas 

I were harvested within 65 days when the local varieties had not even started flowe-
! ring. The total 2 m gap was then covered by the local variety which looked similar 

l. to traditional intercropped plot. This cropping system has a good potential for 

I 
increasing local cowpea productivity and needs more research attention. 

I 

Table 3. Mean millet and cowpea yields in different intercropped v~iety trials 
1990 (no insecticide used). 

MEAN YIELD KGIHA 

Trial Millet Cowpea Cowpea Rang~ Best varieties 

Advance 700 81 10-195 IT86D-721, IT84S-2246-4 

2 800 97 0-247 IT87S-1423,1T87D-697·2 

3 644 98 0-244. IT88DM-361,1T88DA-398 

4 589 59 15-102 TVX1948-01F,IT88S-496-5 

5 731 90 0-216 IT88DM-352,1T88DM-398 

6 752 139 72-238 1T84S-2246-4,1T875-1399 

7 505 113 7-252 1T89KD-188,1T89KD-338 

P~lim 1 606 69 0-134 IT88D-133-4,1T88KD908-5 

2 753 48. 0-157 IT89KD-358,1T89KD-299 

3 726 158 66-226 IT88D-133-4,1T89KD-216 

4 589 . 126 11-328 . IT88D-906-5, 1T88D-911-3 

' 634 IT89K434, IT89KD-260 I 5 84 0-186 I 

r: 
6 699 49 0-258 IT89KD-211,1T89~18 .. 
7 631 84 0-193 1T82D-889, IT88D-77·2 

Local Cowpea- 95 68-126 KanoEar1y 

Local TVX3236 55 40-77 Ad2,3567 

Local 1AR-48 85 37-142 PM-1, 2, 3, 5, 6, Ad-6 

Means 672 93 

LSD NS 71 
., •. !,, 

C.V.%· 11. 
I, 35 

.. 
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Table4. Grain and fodder yields of dual-purpose cowpea varieties. 

YleldkK!ha 
., Variety 

Grnln Fresh Fodder Dry Fodder 

Prellm2 

IT89KD-275 1306 4773 1443 
· IT88D-249-3 1120 1548 2442 
IT89KD-260 9SS 3330' 1199 

IT89KD-245 761 6105 1776 
IT89KD·3SS 9n 3552 1110 
IT89KD-288 847 4773 1332 
Kananllllldo 254 2220 610 

Prelhn5 

IT89KD-275 1057 3496 2142 
1T89KD-387 ' 1004 5106 1165 

IT89KD-299 165 3219 832 
· Kano local late 851 3330 1110 

IT89KD-433 528 10656 2886 

e) Resistance to Insect Pests. Systematic work on incorporation of resistance to 
aphid, bruchid and thrips has identified improved lines which combine resistance' to 
all the pests mentioned. In addition, all the breeding lines included In advanced and 
preliminary trials were also evaluated without Insecticide protection in pure crop at 
Kano, Samaru and Gumel. Most of these varieties did not give any grain yield at 
Sainaiu while yields were low at other locations due to'combined damage by thrips, 
Maruca pod borer and pod bugs. However, such lines as IT88D-913-10, IT88D-
345, IT89D-455 and IT89K-291 appeared quite promising and gave reasonable 
yield at all locations (Table 5). Cowpea varieties IT88KD-345 and IT89D-45S are 
sp~ding types and very early (55-60 days) in maturity. 

f) Rellstance to Diseases. All the improved breeding lines were screened for 
resistance to bacterial blight, Seproria and scab under natural Infestation •. Lines 
IT86D-782, IT8SD-3850-1, IT81D-1228-14, IT81D-994, IT86D-1010, IT86D-719 
and IT86D-715, IT86D-843 were highly resistant to bacterial blight and these are 
being used in breeding the programme. A number of cowpea lines were also found 
resistant to Septorla and scab as well as bacterial blight (Table 6). Breeding lines 
IT88S-TOl-8,1T88D-345-2 and IT88D-584-1 appeared completely resistant to.Sep
torla and scab under field conditions. 

e) Resistance to Strlga and Alectra. Through collaborative work with IRR, Sarna
-ru, commendable achievements have been recorded in breeding for resistance to 
Striga and Alectra. The genes for Striga and Alectra resistance from cowpea line 
B-301 were transferred to i~proved genetic background of IT84S-2246-4 such that 

•· 
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there are presently several advanced breeding lines which look similar to IT84S-
2246-4 but which have combined resistance to Striga, Alectra, aphid, bruchid, thrips 
and over 10 diseases. While these lines are being evaluated, they are also being 
crossed with improved local types to develop a range of varieties with different 
plant types, maturity and seed types and combining resistance to Striga, Alectra, 
aphid, bruchid, thrips and multiple diseases. 

Table 5.: Performance of some cowpea varieties with and without insecticide 
spray tested at three different locations in 1990 . 

.. 
Yicldkglha 

Kano Samaru Gumel 

Activiry Spray no Spray Spray no Spray Spray . no Spray 

lt88D-913-1 0 1081 485 1117 161 881 67 

IT86D-721 1142 ~ .. 271 1219 9.1 553 509 

1T88D-345 1447 497 1450 528.5 969 83 

IAR-48 715 0 655 0.0 202 79 

IT84S-2246-4 .590 159 945 0.0 647 139 

IT88D-377 589 458 671 0.0 593 113 

IT89KD-455 1824 957 1154 46.0 340 279 

ITBSS-524-7 1034 239 1623 0.0 703 276 

ITB"iD-1134 610 253 569 0.0 516 155 

IT89K-291 642 . 217 972 123 607 199 

I Oveall mean 955.4 270.5 1162 48.0 587.1 199.8 
I 
\ 
! 
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Table 6. Cowpea varieties resistant to Septoria and scab diseases. 

Reaction to diseases* 

Septoria Scab Bact. Blight 

ITBSS-501-8 

IT88D·345·2 4 

ITBBD-345-4 4 

IT88D·584·1 2 

IT87D·555-6 2 2 3 

IT87D-453-2 2 2 
JT88S-524-7 2 2 

IT89K-291 I 2 

IT86D-1056 2 ·4 

IT88D-962 2 2 

VITA-7 2 
IT84S-2246·4 3 2 3 

TVX-3236 4 I 2 

IT87D-879-l 3 2 
IT87D-885 2 2 
IT87D-670·2 · 3 2 

IT89KD-245 3 2 2. 

IT89KD-260 3 2 2 

IAR-48 4 4 4 

* 1 =Resistant; 2-3 =Moderately resistant; 4-5 = Highly susceptible 
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Abstract 

The study reported was undertaken to evaluate 12 selected cowpea varieties for 
both grain and fodder production and to identify specific agronomic characters that 
could be used as criteria for selecting dual-purpose cowpeas. The experiment was 
conducted at Kwadaso, Ghana, in 1987 and 88. Data were recorded on grain yield, 
haulm weight, days to maturity, pod yield and dry shoot weight at flowering and 
maturity. 

• I 

Results indicated that the varieties TVX 1948-IOF, IT82D-927 and GH438-76-1 
combined high grain and fodder (haulm) yields. Haulm weight showed positive cor
relation with days to maturity and dry shoot weight at both flowering and maturity. 
Grain yield was positively correlated with pod yield. However, no specific trait 
showed significant correlation with both grain and fodder yields, although it was 
evident that relatively long-duration varieties with high shoot weight at flowering· 
and maturity may be of value in breeding for high fodder yield. 

Introduction 

In the savanna areas of Ghana and of West Africa in general, grain and fodder are 
both important factors in cowpea cultivation. Traditionally, after the harvest of the 
grains, farmers feed their livestock with the.haulm (the entire plant less mature pods 
and roots). That cowpea fodder is a valuable nutritious feed is also reported in other 
places such as USA and India where it is appreciably used to supplement the nutriti
ve value of non-leguminous fodder (Malik, 1953; Poehlman, 1959; Mishra et al., 
1985; Pandey and Ngarm, 1985). Generally, excellent grain-producing varieties 
tend to be poor producers of fodder (Poehlman, 1959). On the other extreme, varie
ties with excessive vegetative growth habit will tend to produce low grain. 

In Ghana, research attention focuses largely on grain production of cowpea which 
includes its varietal improvement and crop management technologies. So far, no 
attention has been devoted to research on fodder production in spite of its importan
ce as a: livestock feed. With the increasing demand for fodder in the savanna areas 
of the country, cowpea fodder becomes economically important for livestock pro
duction in the dry periods of the year. This problem can be solved partially by deve
loping varieties which can combine high grain yield as well as fodder. In develo
ping such dual-purpose varieties, it is essential for one to look for agronomic traits 
that are associated with both characters. 

This study was undertaken to evaluate the potential of some promising UTA and 
local cowpea varieties for both grain and fodder production in Ghana. A secondary 

87 



88 Evaluation of Some Selected Cowpea Varieties for Grain and Fodder Potential. 

0 0 

objective of the study was to determine the phenotypic correlation of grain and fod-
der with certain agronomic traits, including days to maturity, dry shoot weight 'at 
flowering and maturity and pod yield. 

Materials nod Methods 

The experiment was conducted in the field at Kwadaso, Ghana, in the major sea
son of 1987 and in the major and minor seasons of 1988. Planting dates were 14 
May, 1987 and 20 May and 20 September, 1988 for the major and minor seasons, 
respectively. The cowpens investigated consisted of eight IITA dual-purpose expe
rimental varieties (grain and tender leaves for use in stew and soup), two recom
mended cowpea varieties (Boafo = TVX 1843-IC and Asontcm = IT82E-32) and 
two experimental varieties selected on the basis of their grain and fodder yields 
(Legon Prolific and GH438-76-I). A randomised complete block design with four 
replications was used. Gross plot size consisted of four rows, 4 m long with 60 em 
between rows. Plants were spaced 20 em within rows. ·Two seeds were sown per 
hill and seedlings thinned to one plant per hill after plant establishment. The trial 
was given a pre-flowering spray with Cymbush IOEC at the rate of 50 g a.i/ha at 30 
and 40 days after planting (DAP). A third spray was done using Thionex 35EC nt 
750 g a.i/ha at 50 DAP. Plants were hand weeded at 3 and 5 weeks after planting. 

Data were recorded from the two central rows for days to maturity as well as for 
pod, grain and haulm yields. Harvested haulms were sun-dried for two days before 
determining their weights. To take data on dry shoot weights, seven plants were 
randomly removed from the outer rows at flowering and maturity. Dry shoot weight 
was estimated from the seven randomly selected plants, after being oven-dried to a 
constant weight at a temperature of 85° C for 4-5 days. 

Both individual and combined analyses of variance were perfonned for each of the 
characters from the evaluations. Simple correlation coefficients were computed bet
ween grain/haulm yield and the other measured characters. 

Results and Discussion 

The combined analyses of variance based on a mixed model (varieties considered 
fixed and environments random) showed significant differences among varieties for 
all the six characters assessed, except dry shoot weight at flowering (Table I), 
which was, however, significant against the error variance. This suggests that selec
tion of desirable trait(s) and/or line(s) could be possible from these genotypes. The 
main effect of environment was significant in all cases, except for haulm weight. 
Significant variety x environment interactions were also noted for all characters 
except for dry shoot weight at maturity. 
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Table 1. Mean squares from ANOVA of six plant characters of 12 cowpea varie-
ties evaluated for grain and fodder yields. 

Source Days to Dry shoot Dry shoot 
ofvnrintion df Wl.llt WLilt 

maturity nowertng at maturity 

Environnments E 2 23.9** 3559** 1902** 

Rep within (E) 9 3.3 62 504 

Varieties (V) II 382.4** 190 1177** 

VxE 22 55.4 .. 130** 520 

Error 99 1.7 55 355 

* ** ' 
= Significant at p < 0.05 and < 0.01 

Pod yield Hnulm Groin yield 
(kg!ha) yield(kg/ha) (kg/lui) 

3.9 x IO'"" 1.1 X 101•• 1.9 X 101•• 

6.o x 1os•• 1.2 X 107 .. 2.1 X 101•• 

2.2 X l()li•• 7.3 x 101•• 1.1 X 107** 

7.8 X !07** 2.8 X J07•• 3.4 x 1o1•• 

1.2 X lOS 3.3 X J()6 4.9 X 1()6 

Mean values for grain yield and haulm weight, averaged over environments, are 
presented in Table 2 alongside average values from individual environments.· In 
general, grain and fodder yields were highest during the major season of 1988, with 
means of 1.73 and 5.46 tonslha, respectively. Mean grain yield of these varieties 
ranged from 0.55-1.60 tonslha and no significant differences were noted among the 
top five grain producing entries, namely: TVx 1948-lOF, IT82D-927, Asontem, 
GH438-76-1 and IT82D-789. Haulm weight was comparatively higher, ranging 
from 2.84 tonslha for IT83S-880 to I 0.32 tonslha for TVX 4659-03E. 

The relationship between mean grain yield and haulm weight is presented graphi
cally in Fig. 1. ldea1ly, varieties with relatively high grain and fodder yields will be 
of much interest to the breeder. To select such genotypes, grand mean values for 
grain and haulm were employed as reference points. Consequently, the varieties 
were classified as follows: (i) varieties with high grain and fodder yields; (ii) varie
ties with low grain and high fodder yields; (iii) varieties with low grain and low fod
der yields, and (iv) varieties with high grain and low fodder yields. Three entries . 
showed higher levels of grain and haulm yields. These were IT 820-927 which ran
ked second for both characters; TVX 1948-lOF which ranked first for grain and 
fourth for haulm and finally GH438-76 which ranked fourth for grain and fifth for 
fodder. Therefore, these three varieties appeared to be promising for dual- purpose 
cultivation. 



90 Evaluation of Some Selected Cowpea Varieties for Grain and Flldder Potential. 

Table 2. Grain yield and haulm weight of 12 cowpea varieties evaluated at 
Kwadaso in three different environments (1987 and 88). 

Grain Yield (tonslha) Haulm Yield (tonslha) 

Variety 51 52 53 Mean 51 52 53 S4 

TVX 4659-0JE 0.25 1.64 1.06 0.98 9.02 17.00 4.94 10.32 

IT82D-789 0.38 2.03 1.33 1.25 3.81 3.18 5.63 4.20 

1T835-818 0.34 1.36 0.99 0.92 2.56 2.76 3.54 2.95 

Asontem 0.54 2.41. 1.15 1.36 2.63 2.50 4.33 3.15 

GH438-76-l 0.54 2.02 1.40 1.32 5.84 3.76 5.70 5.10 

l..egon Prolific 0.57 1.23 0.75 0.85 6.41 9.87 4.60 6.96 

IT835-874 0.40 1.54 0.96 0.97 4.28 1.87 4.31 3.48 

IT82D-927 0.47. 2.45 1.55 1.49 7.78 13.00 4.77 8.52 
'. 

TVXI948-10F 0.56 2.71 1.53 ).60 9.34 5.10. 4.88 6.44 

IT835-880 0.26 0.66 0.72 0.55 3.63 1.69 3.20 2.84 

Boafo 0.38 1.17 0.86 0.80 3.89 2.76 3.37 3.34 

IT82D-875 0.65 1.49 1.06 1.06 3.66 1.90 5.29 .3.62 

Gmndrnean 0.44 1.73 1.11 1.09 5.24 ' 5.46 4.55 5.08 

l..SD(.05) 0.25 0.75 0.49 0.49 3.19 3.25 2.90 3.16 

" 
CV% 39.7 15.8 18.3 20.3 16.5 41.0 45.1 36.1 

S1 =Major Season 1987 
S2 =Major Season 1988 
S3 =Minor Season 1988 
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Mean values for four other agronomic characters arc presented in Table 3. Days to 
maturity ranged from 65, recorded on three varieties (1T83S-818, IT82D-789 and 
Asontem) to 85 for Lcgon Prolific. The rest of the varieties matured in 68-76 days. 
The pattern of varietal ratings for dry shoot weight at flowering and dry shoot 
weight at maturity was quite similar. The fonncr trait ranged from 17 g/plant for 
IT83S-880 to 37 g/plant for TVX 4659-03E while the latter ranged from 45 g/plant 

i for IT83S-880 to 84 g/plant for TVX 4659-03E. The highest pod yield of 2.39 
I tons/ha was obtained from TVX 1948-01F while the lowest pod yield of 0.93 

I tons/ha was recorded with IT83S-880. In general, the trend of varietal ratings for 
pod yield was also similar to that for grain yield. 

Results of correlation analyses arc presented in Table 4. The results showed a 
significant positive correlation between grain yield and pod yield. A significant 

l positive correlation between cowpea grain yield and pod yield had been reported by 
\several authors, including Erskine and Khan, 1978, Tikka and Asawa, 1981; Aggar
lwal and Haley, 1987. 

, Hence, the usc of a parameter such as pods/plant as an indirect selection criterion 
iror increasing grain yield has often been recommended (Bapna eta/., 1972; Singh 

• 
1
and Mehndiratta, 1969 and 1970). Grain and haulm yields were not significantly 
correlated. Haulm yield was significantly and positively correlated with days to 
lnaturity and dry shoot weights at flowering 

, , • I 

Table 3. Means of days maturity, dry shoot weight at flowering and maturity, 
and pod yield of 12 cowpea varieties evaluated at Kwadaso during 1987 and 88. 

Variety . DM 
DSWF DSWM Pod Yield 

(glplant) (glplant) (ons/ha) 

TVX 4659-03E 79 37 84 1.41 
IT82D-789 65 24 63 1.79 
IT83S-818 · 65 23 60 1.24 
Asontcm (1T82E-32) 65 20 60 2.11 
Gl-1438-76-1 70 21 69 1.83 
Legon prolific 85 24 68 1.47 
IT83S-874 67 21 55 1.47 
IT82D-927 72 23 65 2.14 
TVX 1948-01F 71' 24 58 I 2.29 
JT83S-880 67 '17 45 0.93 
Boafo (TVXI843-1C) 68 29 71 1.26 
JT82D-875 68 21 52 1.68 
Grand Mean 70 23 63 1.64 
LSD5% 6.3 NS 19.3 0.74 
CV% 1.9 32.0 30.2 21.4 

DM = Days to maturity 
DSWF = Dry shoot weight at flowering 
DSWM = Dry shoot weight at maturity 
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Table 4. Simple correlation coefficients (r) among some characters of 12 cowpea 
varieties. 

Correlated 
Characters 

Days to maturity 

Dry shoot wt. at flowering 

Dry shoot wt. at maturity 

Haulm yield 

Pod yield 

Seed 
Yield 

0.081 

0.042 

0.166 

0.321 

0.980** 

Haulm 
Yield. 

0.619* 

0.602* 

0.681* 

.0.301 

and maturity. Since traits such ns days to maturity and shoot weight at flowering 
and maturity arc relatively easy to select, their use in formulating appropriate selec
tion indices for effecting improvement of fodder yields of cowpea appears to be 
practical. These findings suggest that introduction of gene(s) for greater grain 
potential to a genotype with greater fodder potential background or vice-versa is 
essential for the development of a dual-purpose variety. However. it is evident. from 
the study that both factors cannot be improved to the highest levels. 

Conclusion 
i 

, I 
Three genotypes, TVX 1948-0lF, IT82D-927 and GH438-76-1 have shown great 

promise for use as dual-purpose (grain and fodder) varieties. It is evident from the 
correlation analyses that long duration varieties with high shoot weight at flowering 
and maturity may be desirable in breeding for high fodder yield, but special efforts 
arc needed to transfer gcne(s) for high grain yield to this type of genotype in order 
to obtain the dual-purpose variety. 
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Abstract 

Field experiments were conducted in 1986, 88 and 89 under rainfed conditions to 
evaluate the influence of delaying the application of phosphorus fertilizer on nodu
lation, growth and yield of cowpea grown on a sandy loam soil at Samaru in 'the 
Northern Guinea savanna ecological zone of Nigeria. Phosphorus fertilizer was 
applied either at planting, at 2, 4, 6 or 8 weeks after planting or none applied. 

Root development and. nodulation appeared to be favoured by early application of 
pho'sphorus, although the effect was not consistent. However, grain yields were 
favoured by application at 4 W AP. Generally, except for the plots receiving no P, 
grain yield -wrui not significantly affected by the delay in P application. Application 
at 4 W AP averaged over years resulted in the highest grain (1169 kg/ha) and haulm 
(1706 kg/ha) yields. The relative grain yields were 0.84, 0.87, 088, 0. 70 and 0.56 for 
application at planting, 2 WAP, 6 WAP, 8 WAP and no-P application, respectively. 
'Greater grain yield per plant 'and bigger sizes of seeds when P was applied at 4. 
W AP contributed to the increased yield. The delay periods x cultivars interaction 
was significant for most of the parameters. The significance of these results and the 
economic implications of the results to cowpea production in the savanna ecological 

· zones of the West African sub-region are discussed. 

Introduction 

Phosphorus (P) deficiency is one of the important fertility problems limiting grain 
legume production in the tropics (Fox and Kang, 1977). Application of phosphorus 
fertilizer to legumes is, therefore, essential. Phosphorus is reported to stimulate root 
and plant growth, initiate nodule formation as well as influence the general efficien-

. cy of the Rhizobium -legume symbiosis (Robinson et. a/.; 1981). It is also involved 
· in reactions involving energy transfer, more speCifically ATP in nitrogenase activity 

(Israel, 1987). Optimum supply of Pearly in the life of plants is essential for laying 
down the primordia for the reproductive parts, thus enhancing flowering, fruit and 
seed formation. '· · '· 

.I 

Cowpea'(Vigna unguiculata (L.) Walp) is a major source of dietary protein in the 
West African sub-region. In Nigeria, 80% of the cowpea produced is grown mainly 

· in the savanna zones of the country (Emechebe et. al., ·1988). 'Although most far
, mers in the region grow cowpea in mixture with cereals, sole crop cowpea cultiva
. tion is becoming popular. However, soils in this area are inherently low in nitrogen 
and phosphorus (Jones and Wild, 1975). This necessitates the application ofP ferti-

95 
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lizer to ensure· proper plant growth and to maximise nitrogen fixation by the crop for 
eventual improved grain yields. 

Kang and Nangju (1983) observed that plants supplied with low or no P gave stun
ted, slightly chlorotic, earlier flowering and matur:ing plants with smaller leaves and 
lower yields as compared to plants given high P. 

However, a major problem facing farmers in the sub-region is unavailability of 
fertilizers at the beginning of the cropping season. Most farmers are, therefore, 
compelled to plant cowpea without the application of phosphorus or applying the 
fertilizer late. The present study was carried out to determine how long after plan
ting farmers could apply P fertilizer without significant losses in grain yield. 

'Materials and Methods 

The study was conducted in the 1986, 88 and 89 wet season on the Institute for 
Agricultural Research (IAR) experimental farm at Samaru (11'11'N 07'38'E, 686m 
above sea level), Nigeria. Samaru lies in the Northern Guinea savanna ecological 
zone with a long-term mean annual rainfall of about II OOmm concentrated almost 
entirely within the five-month period May to September. The soils at the experi
mental area are mainly sandy loam and classified as Typic Haplustlt in the U.S.D.A. 
System or Orthic Acrisol in the FAO System (Valette and lbanga, 1984). 

Trials in 1986 and 89 were conducted at the same site whilst a different field was 
used in 1988. The physico-chemical properties of the soils at the experimental sites 
were determined and the rainfall received during the period of the study was recor
ded ( Table 1 ). 

Two cultivars of cowpea (SAMPEA-1 and SAMPEA-7, both photo-insensitive) 
developed at IAR, Samaru, and with maturity periods of 75-90 days were grown. 
Two seeds were sown per hole on 7 July, 1986, 4 August, 1988 and 22 July, 1989 
on ridges 75 em apart and 20 em intra-row spacing. Phosphorus (as single super
phosphate) was applied at the rate of 23.8 kg Plha either at planting (O-de lay) or at 
2, 4, 6 and 8 weeks after planting (W AP). A sixth treatment was included in which 
no P was applied throughout the life of the crop. ·Application at planting (0-delay) 
ser-Ved as the control, that being the recommended practice for optimum agronomic 
grain yield. In each case, applications of P was done by side - dressing and ·the 
ex~~IJJent was laid out in a randomized block design with three replicates. The 
size of each plot. was 3. 75 m x 6 m. A basal application of 20 kg klha as muriate of 
po~h (60% k20) was supplied to all plots. 

Sampling for assessment of nodulation and dry matter accumulation was carried 
out on randomly selected plants at 28, 42 and 63 days after planting (DAP). Plants 
were sprayed three times after flowering with 100 ml dimethoate (a.i. of 500 gha- J) 
and 30 g Benlate (0.6 kglha) in 20 I of water. Weeding was done manually as nee
ded to keep the plots weed-free. Pods were picked at maturity on three occasions 
from 4 m of the three centre rows (9m_) of each plot for assessment of grain yield. 
Plants were cut at ground level after picking the pods in order to assess the yield of 
haulms. 
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Table 1. Physical and chemical properties of the soils and rainfall data of the 
experimental sites at Samaru, Nigeria. 

SoU properties/months 1986 1988 1989' 
'! ,,, 

Clay (glkg) '', 90 100 90 
' Silt (glkg) _ ' I 340 360 340 

--
Sand (glkg) 560 540 560 

' pH-H20 5.1 5.4 5.2 

Org. c. (glkg) - ' 6' '4.9 I • 6 

Total N (glkg) 0.42- 0.52 0.42 

Available P (~glkg) 
(Bray P-1) 4.39' 5.1 ·4.39 

Exchangeable Cations (C.moVkg) 

Ca 
Mg 1.78 1.44 .1.78 

K 0.71 0.49 0.71 

0.13 ' 0.1+6 0.13 
I. 

CEC (Cmollkg) 

4.72 ' 4.25 4.72 

Raitifall data (mm) 

January 0.0 0.0 0.0 

_ February 0.0 3.5 0.0 

March 0.0 0.0 0.0 

; April 5.8 34.6 15.0 

_May 59.1 84.4 -- 113.0 

June 82.0 133.2 124.4 

July 293.6 181.5 154.6 

August 322.1 402.5 170.4 

September 205.7 192.3 118.3 

October 0.0 114.7 52.9 

November 0.0 0.0 0.0 

December 0.0 0.0 0.0· 

Total 968.3 1156.7 748.6 

, Long term mean ---- '·--- -. 1061 

' ,-
' .. . ' 
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Results 
·I " 

a) Nodulation.· Results on nodulation are shown in Tables 2 and 3. Differences 
among periods of delay were significant for number of root nodules, except in 1986. 
In 1988, similar numbers of nodules were produced when P was either applied .at 
planting, 4 W AP or at 8 W AP and these differed significantly from the other per
iods of delayed application. On the other hand, in 1989 application of P beyond 2 
WAP resulted in reductions in the number of nodules. Cultivar SAMPEA~f ·had 
significantly mo~e nodules than SAMPEA-7 in all the y~ars. · · · 

I .. 
I 

·The period of delay x cultivar interaction was significant in 1986 and 88, but not in 
1989. The periods of delay significantly influenced the dry weight of nodules in all 
the years (Table 2). Apart from the sporadic results obtained in 1986, the trend in 
nodule dry weight followed that of number of nodules obtained for 1989, e~cept for 
the application of Pat 8 W AP which improved nodule weight in 1988. Differences 
in dry weight of nodules between cultivars were obtained only in 1988 whe~ s·AM
PEA-1 had significantly greater dry weight of nodules than. SAMPEA-7. 

The interaction between delay periods x cultivar was again significant in all the 
.three years. · 1 ' · . · ; 

b) Shoot and Root Dry Weight. :Dry weight of shoots s~mpled at different periods 
of plant growth was taken as an indication of growth (Tables 3 and 4). There was 
no significant interaction of delay period x cultivar .for plants sampled at 28 DAP 
{pre-flowering) and only the· main effects of treatments are shown (Table 3). 
Applied 

' 
l 

Table 2. Interactive effects of period of delay in P application and cowpea culti1 
vars on number and dry weight of root nodules at flowering. 

Cultivar Number of nodules/plant Dry weights of nodules (mg/plant) 
Period of delay 

WAptl 
1986 1988 1986 1988 1989 

0 61.3b 65.7bc 215.8nb 471.7c 220.711 
2 47.0bcde 54.0c 180.7bcd 661.7b 92.3c 

SAMPEA-1 4 75.3a 74.3b 200.7abc 404.3cd 164.0b 
6 56.7bc 41.3d 197.0nbc 306.0ef 67.7d 
8 .52.7bcd 86.0n 97.5e 783.711 ' ,6l.Od 
Indefinite 52.7bcd 59.3c 234.2ab 256.7fgh 2S.Oe 

·o 42.0cde46. 42.3d 148.5cde 476.0c .210.311 
2 7bcde 30.0de 248.2n 176.01 221.011 

SAMPEA-7 4 34.3e . 38.0de 184.2bcd 200.3hi I02.0c 
6 38.7de 34.3de 215.5nb 351.3de 68.0d 
s· 37.3e 27.0e - f32.7de - 274.7fg-- . 27.0e .. 
Indefinite 47.3bcde 27.0e 195.~bc ... ~IS.Oghl .. 34.3c - - . ·-- --· 

8 : Weeks after planting. Means within a column followed by similar letters are 
not significantly different from each other at S% probability by DMRT. 
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Table 3. Effects of period of delay in P. application and cultivar on number of 
root nodules, shoot dry weight at 28 DAP and 1 00-seed weight 

Treatments Number of Shoot dry weight (g/pii\Jit) IOOseed 
nodules/plant at28 DApb weight (g) 
1989 1986 1988 1989 1988 

Period of delay 
WAP. 

0 38.3 5.65 . 2.52 4.15 19.1 
2 42.2 4.32 1.53 4.26 18.0 
4 32.0 ·' 3.90 1.32 5.75 18.1 . 
6 .22.9 3.82' 1.14 . 4.05 17.7 
8 24.7 5.24 1.21 3.67 18.1 

Indefinite 14.3 4.01 0.96 4.30 t'7.6 . 

S.E.± 1:4o 0.37 0.81 0.31 0.39 ., 

L.S.D (P::(>.05) 4.1 1.08 0.24 0.90 N.S 

Cultivar: 
' . . . 

SAMPEA-1 31.4 4.57 1.48 4.48 .16.9 ' 
SAMPEA-7 26.5 4.41 1.41 4.25 19.3 

S.E± 0.81 0.21 0.05 0.18 0.23 
L.S.D. (P=0.05) ' 2.4 N.S N.S N.S. 0.66 

a: Weeks after planting 
b: Days after planting 
NS: · Not significant at P=O.OS 

P at planting favoured dry matter production throughout the period of sampling in 
att the years, except at 63 DAP in 1986 and at 28 and 42 DAP in 1989 when the dry 
weight of shoots was enhanced by delaying the P application until 2 W AP and 4 
WAP, respectively. In general, the absence of P resulted in the lowest shoot dry 
weight. However, the mean relative increase in the dry weight of shoots between 63 
DAP and 28 DAP {excluding 1988) indicated that growth tended to be higher when 
application was delayed for 2 WAP and decreased with increasing period of delay 
beyond 4 W AP. · · . ~ · · 

Differences between cultivars was significant only at 42 and 63 DAP in 1986 and 
89, respectively. In all cases, SAMPEA-7 had higher dry weight of shoots. The 
interaction of period of delay x cultivar was significant at 42 DAP in 1988 and 42 
and 63 DAP in both 1986 and 1989 (Table 4). 
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Application at planting favoured root growth at all sampling dates, except at 63 
DAP in 1986 and at 42 DAP in 1989 when the highest root weight was observed on 
application of P at 2 W AP. and 4 W AP, respectively (Table 5). SAMPEA-7 had 
higher root weight than SAMPEA-1 in 1986 and 89. 

c) Grain and Haulm Yields. Grain yield was generally higher in 1988 compared to 
other years (Table 6) .. Delaying the application of P until 4 W AP resulted in the 
highest grain yield in 1986 and 89. Grain yield obtained from the control treatment 
in 1989 was the lowest and only similar to that obtained when no application was 
made. However, in 1988 only the application of P at 4 W AP gave comparable yields 
to the values obtained when P was applied at planting (which was the highest). 

When results over the years were pooled, the ~aximum grain yield (1169 kglha) 
was achieved when P was delayed until 4 W AP. The relative yields followed the 
order: '4 W AP (1.00) 6 W AP (0.88) 2 WAP (0.87) application at planting (0.83) 8 
WAP (0.71) indefinite delay (0.56). 

The difference between cultivars was shown only in 1989 when SAMPEA-7 
outyielded SAMPEA-1. The delay period x cultivar interaction was significant for 
all the years (Table 6). In 1986, yield of SAMPEA-1 was higher when P was 
applied at 4 W AP, but lower for SAMPEA-7 given similar treatments. The reverse 
was the case when P application was delayed until6 WAP. In 1989, application of 
P to SAMPEA-1 at 4 W AP resulted in lower yields while similar treatment to SAM-
PEA-7 gave the highest yield. ' 

In 1986, dry matter yield at harvest was highest when P application ,was delayed 
for 2 or 4 W AP and lowest for indefinite delay in P application (Table 6). However 
in 1988, application at planting was highest and only P application at 6 WAP resul
ted in comparable dry matter yield. In 1989, all treatments except application of P 
at 4 W AP. resulted in lower production of dry matter at harvest (compared to appli
cation ofP at planting). Cultivar SAMPEA-7 outyielded SAMPEA-1 in 1986 and 
89 while the reverse was the case in 1988. 

~e interaction of delay period x cultivar was again significant for all the years. 

d) Yield Components~ Seed yield per plant was significantly reduced when P 
application was delayed beyond 4 WAP in 1986 (Table 7). In 1988, yield per plant 
was higher when P was either applied at 2 or 6 W AP while lower yields were obtai
ned by applying Pat planting, 4 WAP or beyond 6 WAP. Yield per plant in 1989 
increased with increasing delay in P application until 6 WAP and indefinite delay 
had detrimental consequences. SAMPEA-7 outyielded SAMPEA-1 In I 988 and 89 
but SAMPEA-1 outyielded SAMPEA-7 in 1986. There was significant interaction 
of delay in P application x cultlvar for all the years (Table 7). 



Effect of Delayed Application of PhosphoT'IIJ Fertilizer On Nodulation 101 

Table4. Interactive effects of period of delay in P. application and cowpea culti-
var on shoot dry weight (glplant). 

- Cu1tivar Period or delay 1986 1988 1989 
' WA£'8 · 

420Afb 63DAP 42DAP 42DAP 63DAP 

0 14.6a 37.9e ll.2bc 15.2bcd 38.7c 
2 ll.3bc 38.1e • 12.7ab ll.9d 42.7c 

SAMPEA-1 4 12.Sb 36.4e 13.3ab 15.1bcd 26.7ef 
6 9.3d 33.5e 13.7a 13.9cd 19.4gb 
8 IO.Icd 34.2e 11.9ab 18.1b 33.4d 

· Indefinite 7.1e 15.5g 6.6e 15.3bcd 16.7h 

.0 ll.7bc 59.5c 12.8ab 14.8bcd 53. Ia 
2 15.4a 70.9a 12.7ab 18.8bcd 28.8de 

SAMPEA-7 4 11.9b 64.2b 12.3ab 26.4a 47.7b 
'6 11.3bc 37.7e ll.Obc 12.2d 39.5c 
8 12.7b 54.8d 9.3cd 12.2d 25.8ef 
Indefinite 9.3d 27.9f 7.3de 13.7cd 23.1fg 

a: Weeks after planting 
b: Days after planting 
Means within a column followed by similar letters are not significantly different 

from each other at 5% probability by DMRT. 

Table 5. Effects of period of delay· in P application and cowpea cullivar on root 
dry weight. 

1986. 1988 1989 

I Tmllmelll 28DAP ' 42DAP 63DAP 28DAP 42DAP 28DAP 42DAP 63DAP 

Period or delay 
WAP. 

0 1.23 1.43 4.23 1.28 1.21 0.96 2.13 4.66 
2 1.07 1.20 5.86 0.70 0.70 1.03 2.26 4.03 
4 0.89 1.20 4.66 0.70 0.70 0.80 2.74 5.09 
6 0.91 0.99 3.84 0.89 1.04 0.86 2.06 4.00. 
8 1.17 1.04 5.02 0.93 0.93 0.68 1.3!1 4.37 

lndefinllo 0.94 0.97 3.30 0.60 0.99 0.75 . 1.32 2.91 
' 

L.S.D (0.05) 0.18 0.19 0.62 0.20 0.25 0.31 . 0.25 0.56 

CUidVII' 
- ..:_.. t 

SAMPEA·I 1.07 .' 1.08 3.08 0.91 0.88- 0.80 1.84 3.91 

SAMPEA·7 1.00 2.00 5.89 0.80 0.98 0.89 2.11 4.44 
' -' o.o26. S.E. 0.04 0.04 0.12 0.04 0.05 . 0.05 0.11 

L.S.D. (0.05) N.S. 0.11 0.36 . N.S. I N.S .. 0.08 0.14 

a: Weeks after planting 
'' 
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Table 6. Interactive effects of period of delay in P application and cowpea culti- • · 
vars on grain and dry matter yields at harvest. 

Cirain yield (kglhn) Dry llUIUer yield (kglhn) 

Cultivnr Period of delay. 
1986 1988 1989 1986 1988 1989 

WAP. 

0 763dc 1442ab 553fg me 211611 1400c 

2 984b 1311b Bllcde 1722c 1628bcd 1418c 

SAMPEA-1 4 1321D 1307b 681ef 1171e 164.5bc 1170d 

·6 723dc 1326b 869bcd 1549cd 184al 873e 

8 726de 967c 922bc 1460cde . 1375dcf 1314cd 

Indefinite 471( 729d 438g 108( 808h 517f 

0 814cd 1467D 743dc 1704c 1419cde 1659b 

2 862bcd 13.52ab 900bc 2.586n 1142rl 139.5c 

SAMPEA-7 4 839bcd 1434nb f433n 2830a 1400de 202011 

6 9llbc 1368nb 999b 1697c· 1413cde 1440c 
-

8 748dc 800d BOOcde 2244b 1249ef 500( 
,, I"·, 

Indefinite 636e 800d 823cd 1280de 980gb 79.5c 

I . ' 

a: Weeks after planting. 
Means within a column followed by similar letters are not significantly different 

from each other at 5% probability by DMRT. 

Individual seeds (100-seed wt.) were heavier when P application was delayed until 
4 and 6 WAP in 1986 and until 2 and 4 WAP in 1989. In both years, applying P 
either at planting or delaying the application indefinitely resulted in smaller seeds. 
The delayed periods had no significant effect on seed size in 1988. SAMPEA-7 
produced bigger seeds than SAMPEA-1in all the years. The period of delay x cul
tivnr interaction was significant in 1986 and 89, but not in 1988. 

Discussion · 
1 

Although cowpea is reported to be more tolerant to P stress than such legumes like I 

soyabean, optimum yields are obtained when optimum P levels are applied (Cass- I 

man et a/., 1981). The data reported in the present study show the importance of 
applying phosphorus to cowpea at early stages of growth particularly for nodule 
development as well as vegetative and root growth. Application of P at planting _ 

_ does not always result in higher cowpea grain or haulm yields. The hig~er grain 
yields obtained by delaying P application until2 to 6 WAP was probabtydue to the 
higher average grain yield/plant and bigger seeds as compared to when P was 
applied at planting. Since phosphorus plays a vital role in reactions involving ener
gy transfer, it stands to reason that plants like cowpea which are dependent on fixed 
nitrogen for growth, may require high levels ofP (Israel, 1987). 
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Table 7. Interactive effects of period of delay in P application and cowpea culti-
var on yield components. 

Cultivar 
Period or delay Grain yield (Jiplant) I ()().seed wdpt (J) 

WAPo 
1986 1981 1989 1986 1989 

0 13.6b 21.1cdc . 15.sCfg 14.0c 16.5cd 

2 14.8ab 27.1c 18.0dc ' 14.8cdc 16.8cd 

SAMPEA-1 4 IS.4a 19.8c 17.2def 17.0a 16.4d 

6 8.7de 27.1c 17.3dcf 16.0ab 16.3d 

8 8.Sde 22.Sde 17.8de 14.8de . 16.2d 

Indefinite 7.2de 20.1e 13.Sg 14.0c 16.7cd 
'' 

0 11.8c 34.Sb 19.2c:d IS.Obcde 17.3bcd 

2 IO.Sc 36.0ab 20.6c IS.Sbcd 19.7a 

SAMPEA-7 4 8.8d 31.7b' 34.9a 15.1bcd 19.4a. 

6 II.Bc 39.3a 37.2a IS.8bc 17.7be 

8 8.Sde 2S.Icd '32.4b IS.3bcd 18.5ab' 

Indefinite 7.1de 22.1de 14.8fg 14.6dc ' 't7.3bcd 

a: Weeks after planting. 
Means within a column followed by similar letters are not significantly different 

from ·each other at.S% probability by DMRT. 

Nitrogen fixation is nonnally at its optimum at between flowering to early pod-fill 
· which period coincides with the energy transfer for the development of reproductive 
parts and seed fonnation - hence the demand for high P levels. Phosphorus applied 
at either 4 W AP (closer to the flowering period) or 6 W AP (flowering stage) is like
ly to become more effectively utilized for seed fonnation than when application is 
made earlier at planting. From the data presented, it is clear that yield was better 
when P application was made at 8 W AP than when nothing was applied. Out consi
dereing that the cowpeas investigated matured in 7.5-90 days, it may not be advi
sable to suggest that application of P be made later than 6 W AP. 
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The Role of "Guided" Spraying .In the .Management of Cowpea 
Insect Pests. __ . _ _ . 
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I -. . . 

Crops Research Institute, Kumasi, Ghana. 

Abstract 

. . 
A comparison was made between calendar and "guided" spraying to assess their 

effect on cowpea insect pest populations and on grain yield. The study also aimed 
at determing which of the two spraying regimes would require Jess number of 
sprays. Whereas the "guided" sprays were applied when an action threshold (A Th) 
had been reached based on monitoring the pest infestation and/or damage in the 
crop, the calendar sprays were made at specified (scheduled) days after planting. 
The trials were carried out at three locations in lbadan (Forest transition), Mokwa 
and Bida (both in the Southern Guinea savanna). 

The two calendar spray regimes tested (7 and 10- day_intervals) had_no sighificant 
effect on the number of insect pests nor on cowpea grain yield. The "guid~d" 
spraying regime required SO% fewer spniys than calendar spraying, thus making it 
an attractive management practice for the control of cowpea insect pestS. 

Introduction 

Insecticides play an important role in every viable cowpea production enterprise 
and shall continue to do so until adequate levels of resistance are found against the 
large number of insect pests that attack ·the crop. Without insecticide protection, 
cowpens yield only between 12 to 20% of their grain potential. However, insecticide 

I protection cost constitutes a large portion of the 'production cost This high protec
tion cost is attributed, among other factors, to the calendar spraying technique, 
which is the more widely used (Booker, 1965; Raheja, 1976), even though insects 
show spatial and temporal variations in their incidence and status and when there is 
an overlap of some of the pests. · · · ' · 

Stem et at. (1959) introduced the concept of "economic threShold" (ET), which 
was modified by Pedigo et aL (1986) to guide farmers in applying insecticides only 
when necesSary.' In the present study, the term "action threshold'; (ATh) (Cancelado 
& Radcliffe, 1979) is used instead of ET to mearl the·infestation/damage level at 

· which insecticide' would need to be applied to prevent the pest from reaching econo
mic damage levels. The action threshold for the various cowpea insect pests consi-

:_derCd during the study had been established earlier as shown in Table I.. The work 
reported investigated the use of the various action thresholds 'to compare the guided 
with calendar spraying for the control of cowpea insect pests and their effect on 
grain yiei'd. · · · · · · -· · ' · .· · · : · · · 1 • · 
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Table 1. · Action ihresbotds of importarit fie!~ insect pests of cowpea in Ghana. 

Pest Action threshold Author(s) 

A. craccivora A few· scattered colonies of four or more . Jackai & Singh 
individuals per colony, or a score of 3 on ( 1988). 
a 0-9 scale. 

M. sjostedli 3 thrips per receme, or a score of 3 on a Jackal & Singh 
1-9 scale, the initiation of drying and (1988): Salifu 
bro~ng of stipules ·and calyces of flo- · · (1986) 
werbuds: \• I ; ' 1 

' '!', '. 

M. testulalis 40% flower infesiation/damage ; · 
'I Jackal (195): · 

U-dao (1985) 
I , 

·; lj ·'· 
Pod sucking bugs 2 bugsl~etre Atropo (1983) 

'I I' ' . ' 

Materials and Methods I' 

The trials were carried out at three locations in Nigeria representing two ecological 
zones: lbadan for the Forest tmnsisition zone, during the second cropping season 
from September to November, 1987; Mokwa for the Southern Guinea zone during 
the main cropping season from August to ,October ·t9~7. and at Bida (also in Sou
thern Guinea using a rice fal1ow from December 1987 to March 1988). · 

Each trial was a two-factor factorial arrangement (insecticide regime and cowpea 
variety) fitted to ·a mndomiied complete block design .with four or five repHcations. 

' I ' - . ' ! ' ~ I ' : I ' 

._a) . Insecticide Regimes. Four insecticide regimes were tested as fol1ows: 

a) 
b) 

' ' ' 

.. - . . . 
I, 

Unsprayed (no insecticide protection) . 
Four ·calendar spmys; applied at intervals of I 0 days starting at 25 days 
after planting (DAP) . . 

c) . . Five calendar sprays; at seven-day intervals starting at 25 DAP 
d) · Guided insecticide application- sprayed only 'wllen.the observed .·

1 
, , 

infestation/damage reached or exceeded the action threshold earner . 1 

. established (Table 1). Monitoring ~as done at intervals of five or six days • 
. ,• : I 

. An Electrodyn. formulation consisting of a mixiure of lambda cyhalothrin and 
·dimethoate <Kafate Super-ED) (R) (17 +. 35 g.a.i.lha) was uSed to investigate the 
insecticide regimes. The application rate was approximately 0.611/ha. equivalent to 
about I 0 g.a.i. cyhalothrin and 21 g.a.i: dimethoate per hectare. · . , , 
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b) Cowpea Varieties. Two varieties were used at each site: IT84S-2246 and TVx 
3236 at lbadan and Mokwa and IT84S-2246 and Vita 7 at Bida. Variety IT84S-
2246 is erect, detenninate and matures in about 65 days. It is resistant to aphids and 
storage bruchids and mOderately resistant to flower thrips and matures within 70-75 
days. Vita 7 is semi-erect, detenninate and matures in 75-85 days with no known 
pest resistance. . 

c) Monitoring Insect Injestation!Damage. The treatment effects were assessed in 
relation to the control of four major groups of insect pests: cowpea aphids, flower 
thrips, pod borers and pod sucking bugs. A scoring system was used for aphids and 
thrips as described by Jackai & Singh, 1988. Maruca pod borer was assessed as 
percent flower infestation/damage while pod sucking bugs were estimated as num
ber per metre row or crop. 

Results and Discussion 

Jbadan. There was no guided spray against aphids at lbadan, since the popula
tions did not exceed the action threshold. Flower thrips reached the action threshold 
two times (40 and 48 DAP) on IT84S-2246 and once (48 DAP) on TVx 3236 and 
were sprayed. Maruca population reached the action threshold once on both varie
ties at 48 DAP, that is on the day that thrips also needed to be controlled. Therefore, 
both the Maruca and thrips were controlled with the same spray. Pod sucking bugs 
did not require any chemical intervention to keep their populations below economic 
damage levels. Therefore, at lbadan, a total of two sprays were applied to IT82S-
2246 while TVx 3236 was sprayed only once (Table 2). 

Mokwa. · A 'total of two sprays each· were applied to both varieties and directed at 
Maruca and pod sucking bugs (Table 2). Calendar sprays applied earlier than 45 
DAP were, therefore, not really necessary at this location, since aphids and flower 
thrip infestation did not reach the action threshold. 

Blda. The important pests on the dry season rice fallow cowpea at Bida included 
the foliage thrips Caliothrups impurus, aphids and flower thrips. The crop had to be 
sprayed at 15 DAP to control a massive invasion by C. impurus. The unsprayed 
treatments were decimated by the foliage thrips, since they were not sprayed. The 
calendar treatments would also have been damaged but for the spray at 15 DAP. 
Foliage thrips had to be controlled again on IT84S-2246 at46 DAP. Aphids did not 
attack IT84S-2246 but did Vita 7 and needed two sprays at46 and 56 DAP to keep 
them below the action threshold. Crop growth was very slow (due to low soil PH, 
about3.9) and matured at 100 DAP. Flower thrips reached the action threshold on 
IT84S-2246 and were controlled at 71 DAP. Maruca did not infest the crop at Bida 
while pod sucking bugs were well below the action threshold .. 
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. . Table 2 • Distribution of guided sprays on two cowpea ·varieties at three toea-
tions in Nigeria iu1d the' pests controlled (August 1987-March 1988) . 

.. 
• ; t 

LOcation • .. Variety 
- Spray 

DAP Target Wofsprays 
no applied 

IT84S-2246 , : 40 M. sjostedti 2 
",l_ :2 48 M. sjostedti +Maruca 

lbadan TVx 3236 1 . '48 M. sjostedti +Maruca 
.. 

IT84S-2246 45 Maruca 2 
Mokwa 2 55 Pod sucking bugs 

JTx 3236 49 Maruca 2 
',. . ·2 63 Pod sucking bugs 

IT84S-2246 I 15 C. impurus, '. 

I.' • i 
2 46 C. impurus 
3 '71 M. sjostedti 3 

. Bida .Vita 7 
J,, 

I 15 C. imP,urus 
2 46 A. cracdvora 
3 56 A. craccivora 3 

.. 'I 

·The calendar schedules ended by 56 DAP when the crop ·had still not flo~ered. 
Had Maruca and pod sucking bugs infested the crop, the calendar plots could have 
been wiped out. 

·Grain Yield. The unsprayed plots gave significantly lower yields than.sprayed 
lJlots at all the locations. At lbadan and Mokwa, yields from the guided treatment 
(2 sprays) and the calendar schedules (4 and S sprays) did not differ significantly. 

· · At Bida, the guided spraying (3 applications) gave the highest yield with the calen
.dar schedules (5-6 sprays) lying between the guided and unsprayed treatments 
(Table~).· 

I I ::·Conclusion 

Chemical pest control shall continue to play· an important role in cowpea produc
tion until and unless suitably resistant varieties are developed. Resistance to one or 
two field pests only was not enough to eliminate all together insecticide protection. 
Even though, IT84S-2246 was aphid resistant with moderate resistance to thrips, it 
still needed to be protected against Maruca and pod sucking bugs at some of the 
locations. The two calendar schedules did not differ significantly In their effects on 
insect infestation/damage and on grain yield. The final grain yield between guided 
and calendar programme did not differ significantly. This implies that large num-



. '!ht RDit of ~Gidthd" SpraJing In i~~e Ma1111gtrturtl o/Cowpa l":'tf:t PtrtS. 109 

bers "of insecticide applications·per se are not the key· factor in pest control, but, 
rather, the necessity and timel!ness of the sprays. · 

'Table 3. · Effect of four insecticide regimes on cowpea yield at three locations 
in Nigeria (1988). · " · : 

I I 

Insecticide Regime · · · · 

Control (No spray) 

10-day interval spraying 1 
I .. ' 

7-day interval spraying 2 

Guided spraying 3 

Mean 
S.E. (+) 
C.V. (%) 
n 

' lbadan · 

8b 

397a 

425a 

: 440a 

371.4 
26.8 
23.9 
4 

i I 

Yield {kglha) 
Mokwa 

I I 0 
;. 

Bida · 

33Sb· ···· i J66c'1:: 

1827 a 480 b 
! •• (, ., 

'· 
1834a 

1670a 

1416.5 I 

31.7 
16.5 
5 

' . 588 ab .~. ' 

6768": 

477.6 
58.9 

/ 39.4 
'4' 

I) Four sprays at lbadan and Mokwa but five at Bida 
2) Five sprays at lbadan and Mokwa but six at Bida 
3) Two sprays at lbadan and Mokwa but three at Bida. 

Means within the same column followed by the same letter do not differ at 
P = 0.05. (Duncan's multiple range test). 

Guided spraying reduced the number of calendar sprays by about half. For large
scale cowpea production, this is likely to represent enormous savings on production 
costs. 

Fears have been expressed about the feasibility of the guided spraying technology 
on farmers' fields. It appears such fears are unfounded as farmers are prepared to 
acquire new techniques which they grasp faster than generally believed. It is, there· 
fore, necessary to put in the required time and extension effort towards promoting 
guided spraying for insect pest management in cowpea. 
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Co~paraison des methodes de traitement phytosanitaires de 
niebe au Niger. 

GERMAINE ffiRO, J. LOWENBERG-DEBOER, K.C. REDDY et MALIKI KADI. 

INRAN, Niamey, Niger. 

Resume 

Les de gilts causes sur le nieb6 par des insectes constituent une contrainte majeure A 
Ia production du niebe. Le present rapport examine Ia· rentabilite agronomique et 
economique du traitement phytosanitaire preconise en !'absence de varietes resis
tantes. Les essais, conduits en milieu paysan, montrent que le traitement phytosani
taire a un effet positif sur les rendements de grain mais qu'il n'y a pas de difference 
d'efficacite des appareils ou produits chimiques utilis6s, ni de difference sensible 
entre traitement unique ou· double traitement. L'analyse economique sugg~re l'on 
n'exclut pas ]'utilisation d'un second traitement, 10-15 jours apres le premier, si les 
conditions pluviometriques 'sont favorables aux insectes nuisibles. 

Introduction 

Les degfits causes· sur le niebe par des insectes, tels que les pucerons, les thrips de 
fleurs, les suceuses et les foreuses des gousses, constituent une des principales 
contraintes Al'augmentation de Ia production de nieb6. { Maiga et lssa, 1988 ). En 
!'absence de techniques culturales ou de varietes resistantes aux insectes ravageurs, 
Ia lutte chimique est preconisee dans les strategies d'amelioration de Ia production 
du nieb6 { Reddy et al., 1990 ). 

Pour Ia production des grains de niebe au moins deux traitements phytosanitaires 
sont preconises { Reddy et al., 1990 ). Si l'agriculteur s'interesse uniquement aux 
fanes, le traitement phytosanitaire n'est pas tr~s important car les degllts d~ insectes 
reduisent surtout le rendement en grain. Dans beaucoup de villages du Niger, il y a 
des brigades villageoises qui ont ete formees par les agents du Minist~re de !'Agri
culture dans le domaine des traitements phytosanitaires et qui ont des appareils de 
traitement pour !'utilisation de tousles paysans du village (Rep: du Niger, 1989 ). 
Done actuellement dans certains cas les produits phytosanitaires et l'appareil de trai
tement sont fournis par le gouvemement ou des bailleurs de fonds gratuitement. 
Dans d'autres cas les paysans paient une partie des charges, soit le produit phytosa
nitaire, soit l'essence ou les piles pour faire marcher l'appareil de traitement. A l'ave
nir, Ia partie payee par le paysan devrait augmenter ; par consequent, l'efficacite et 
Ia rentabilite des traitements seront plus importantes pour le paysan. 

L'objectif de ce rapport est de faire une evaluation de Ia performance agronornique 
et economique de trois appareils de traitement et de deux doses d'insecticide sur Ia 
production du niebe en culture pure. · 
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Methodologie. · · :, . 
I 

Cette etude est basee surtout sur des donnees collectees par l'INRAN pendant 
quatre annees d'experimentation en milieu paysan. Les cssais ont etc conduits a 
Kouka dans !'arrondissement de Filingue ( 1988, 1989 ), dans le departemcnt de 
Maradi a Maiguero ( 1986-1989 ), Kodarogo ( 1986, 1987 ), Tchizon-Kouregue 
( 1986, 1987 ), et Lili ( 1986, 1987 ). Des Je debut, I' etude a ceme Jes aspects agrono
miques et economiques, done l'essai a etc fait par Je Departement de Recherches 
Agricoles ( ORA ) en collaboration avec le projet de Developpement Rural de 
Maradi. Les villages de Kouka et de Maiguero sont des sites d'intervention du 
DECOR et par consequent il y a bcaucoup d'informations disponibles sur ces vil
lages qui peuvent servir de base pour une analyse economique. La methodologie est 
detail!ee. par Ibro et al (1991.). · , , 

Le protocole d'essai agronomique a change legere~ent pendant les a'nnees d'essai. 
Au cours des campagncs de 1987, 1988 et 1989, il y avait 7 traitements. Tous Jcs 
traitements, y compris le temoin, ont et6 · semes en culture pure avec Ia TN-5-78 ct 
lis ont tous rer;u· du phosphate super simple a raison de 100 kglha. Les traitements 
phytosanitaires, outre le temoin nbsolu, sont obtenus par une combinaison d'appareil 
de traitement ( clectrodyne, fontan ou ULV ), de produit phytosanitaire ( cymbush 
ou decis ) et de frequence de traitement ( une fois en debut tloraison ou deux fois, Ia 
seconde intervenant 10-15 j a pres Ia premiere ). • 

Notons que le dispositif utilise ne nous permet pas de separer l'effet du produit de 
celui de l'appareil. Le cymbush est utilise sculement avec l'electrodyne, Je decis 
avec l'ULV et Je fontan mais pas avec l'electrodyne. La situation est rendue encore 
plus compliquee par le fait que le cymbush est un insecticide systemique, mais le 
decis est un insecticide qui tue par contact. Done, dans l'analyse il faut prendre l'ap
pareil ct le produit com me une unite. 

Le dispositif bloc aleatoire complet a etc utilise. L'essai a etc fait en 4 repetitions 
sur des parcelles elementaires de 200 m2. Le semis a etc fait apres Ia deuxieme 
pluie utile. La densite a etc de 60 em entre les !ignes et 30 em entre les poquets, soil 

.55.555 poquets par ha. Un sarclage et un demarriage.a 2 plants par poquet, deux 
semaines apres le semis ont ete prevus. La recolte des gousses a etC faite au fur et a 
mesure qu'elles mOrissaient. · 

Resultats et Discussion. · 

Les Rcndements. En generalles essais montrent q~e le traitem~nt phytosanitaire a 
un effet important sur les rcndements en grain, mais qu'il n'y a pas de grande diffe
rence entre l'efficacite des apparcils ou produits, de m!ine Ia difference des rende
ments avec un ou deux traitements n'est pas significative (Tableaux 1 - 3 ). 

Plus precisement, les rendements avec traitement phytosanitaire sont presque tou
jours plus cleves que sans traitement, et dans Ia moitie des cas !'augmentation de 
rendement due au traitement est significative au seuil de 5 %·dans les contrastes. 
Cependant, les rendements sur les parcelles traitees une fois, et celles. qui ont etc 
traitees deux fois different rarement, les differences n'ayant etc significatives ·au 
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seuil de 5% qu'une seute fois, dans Ia localit~ de Tchizon en 1987. De 
pas de difference syst~matique ti~e lll'appareit. Dans deux cas ( h Kouka en 
ll Maigu~ro en 1988) tes parcettes avec te fontan ont donn~ signiflcativement 
que tes autres et dans un cas, ( h Kouka en 1989) les parcettes avec re11ecu·o<H 
ont donn~ significativement plus que ~ette avec l'ULV. 

Tableau 1. Rendements du ni6M en gnun, de 1986 h 1988, par nombre et type 
de traitement phytosanitaireU>. 

Village 
etann~e 2 3 4· 

'f~Jritements<2) 

s 6 7 

-------------------KWba-------------------------------
Kodarogo 

1986 
1987 

Ull 

1986 
1987 

Malgu~ro 

1986 
1987 
1988 
1989 

Tchlzon·Koun!gu6 
1986 
1987 

Kouka 
1986 
1987 

886b I00811b 107311b 
419b 548ab 59411 566ab 

1006 113111 
213b 34411 

129311 151911 
175b 344ab 
831ab 944ab 
622ab 673ab 

486c 1126ab 
43c 100b 

711b 1044a 
251c 409abc 

123511 
316ab 

1420a 
238b 
76711 
669ab 

1012b 
93b 

848ab 
288c 

313ab 

368ab 
1099ab 
60Sab 

104b 

804ab 
588a 

117511 
563ab 

1033811 
331ab 

154411 

550a 

963ab 
76211 

139211 
16611 

103911 
348abc 

Jl69a 
66311 

127511 
303ab 

1430a 
318ab 
856ab 
562b 

1157ab 
15611 

980ab 
308bc 

613a 

300ab 

326ab 
115711 
625ab 

155a 

939ab 
550ab 

1) L'anatyse de variance a 6t~ faite par campagne et par produiL Done, pour une 
ann6e et un produit donn~. les rendements portant des lettres diff6rentes sont signifi
cativement diff6rents au seuit de 5 % avec le test de Duncan. 

2) Les traltements sont les suivants: 1) t6moin, pas ~e traitement phytosanitaire, 2) 
un traltement au d~but de floraison h l'appareil 6Iectrodyne au cymbush A raison de 
0,55 1/ha, .4) un traitement au d6but de floraison A l'appareil fontan au decis hraison 
de 11/ha, 4) un traitement au d~but de floraison M'appareil ULV au d~is A"raiaon de 
11/ha, 5) trait6 deux fois, au d~but de floraison et 10 h 15 jours plus tard A l'appareil 



~h a raison de 0,55 ltha chaque fois; 6) trait6 deux fois, au 
) a 'IS jours1plus tard rt l'appareil fontan au d6cis h raison de 1 
lc deux fois, au d6but de floraison et 10 h '15 jours plus tard h 
· a raison de 1 1/ha chaque fois. Tous les traitements, y com
~mes avec Ia variete TN-5~78 et ont re~u 100 kglha de SSP. 
:J ct 7, comprcnant l'appareil ULV, n'etaient pas dans Je pro-
~~ • , , , I r • 

-... . . . 
Tahlenu 2. Contra~tcs orthogonaux pour Je nombre et type de tr.aitement phytosa

nitain:. grain d~ ni~h~ a Maigu6ro et Kouka 1988 et 1989. 

Contra<;tc 

, I 

Tcmnin Willi\: k, au1r~~ (I) 

I ou:! foi, t2) 

EkclwdynL' .:oniH: (3) ULV 

fnntan conll.: It;, :wire' (4) 

Knut..a 

Tcnhlincunlr~ J.:, aurrcs (I) 

I tiu:! foi' (2l 
' 

Ek~lllld) 110: COIIIIL' 'Jj ULV 

hHllan Cl'lllrc lc, uu1re~ t-1) 

1988 

F 

1.49 

0.4.5 

3.00 

6.84 

.5.48 

t:37 

3.4.5 

0.29 

1989 

Prob F Prob 

0.2386 0.20 0.6606 

0 . .5111 0.00 0.9915 

0.100.5 3.2.5 0.0884 

0.0175 1.08 0.3131 

0.0309 4.07 0.0588 

0.2.570 0.18 0.6748 

0.0796 6.34 0.0215 . 
0.5963 7.26 0.0148 

I) L~-; coefficients du contraste II temoin contre Jes autres 11 ont et6 Jes sulvants : 
6-l-1-1-1-1-1. 

2) Lcs cn~flicicnts du contraste 11 I ou 2 fois 11 ont 6t61es suivants: 0 11 1 ·1 ·1 -1. 

3) Lcs_cocflicienh du contraste 11 electrodyne contre u1v 11 ont etc! Jes sulvants : 0 1 
0-1 I 0-1. - - . . -· .. 

4) L~:-. cn(·fticicnt:-. du contraste II fontan centre les autres II ont et6: 0 1 -2 1 1 -2 1. 
, I 

I' 
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Tableau 3. Contrastes orthogonaux pour le nombre et type de traitement phy-
tosanitaire, grain de ni~b6 h Maradi, 1986 et 1987. 

I -------1986------- ------- 1987------~ 

Village et centraste F Pro b. F Pro b. 

Koderoge '' 

T~mein centre les autres (1) 10.63 0.0068 9.75 0.0059 
I eu ·2 feis (2) 4.74 0.0503 1.08 0.3120 
Electrodyne centre ulv (3) . 0.45 0.5090 
Fentan centre les autres (4) 0.24 . 0.6308 1.60 0.2216 

Lili 

T~mein centre les autres (1) 2.61 0.1319 6.79 0.0179 
I 

1 eu 2 feis (2) 0.09 0.7744' 0.17 0.6870 
Electrodyne centre ulv (3) 0.70 0.4142 
Fentan centre les autres (4) 3.55 0.0841 0.15 0.7040 

Malgu~ro 

T~mein cent.re les a~tres (I) 2.98 0.1102 3.95 0.0624 
I eu 2 fols (2) 0.03 0.8552 . 1.38 0.2554 
Electro(fyne centre ulv (3) 1.39 0.2535 
Fentan centre les autres (4) 1.24 0.2880 2.62 0.1229 

Tchizon-Keu~gu~ 

T~mein centre les autres (1)- 35.15 0.0001 58.79 0.0001 
I eu 2 fels (2) 3.95 0.0703 51.12 0.0001 
Electrodyne centre ulv (3) 0.11 0.7394 
Fentan centre Jes autres (4) 2.85 0.1170 0.56 0.4648 

1) Les coefficients du contraste 11 tl!moin contre Jes autres 11 ont I!~ 4-1 -1 -1 pour 
1986 et 6-1 -:1 ·1 -1-1 -1 pour 1987. · 

2) Les coefficients du contraste" 1 ou 2 fois" ont ~t6 0 1 1 -1 -1 pour 1986 et 0 1 
1 1 -1 -1 -1 pour 1987. ' · · 

3) Les co6fflclents du contraste 11 6lectrodyne contre u1v " ont 6t6 0 1 0 -1 1 0 ·1 
pour 1987. L'appnrell uLV n'a pas 6t6 test6 en 1986. · 

4) LeS COefficients dU C00tfaSte II f00ta0 COntrC )CS ftlJtrCS II Ont 6t6 0 1 •11 •l pour 
I986 et 0 ·1 .:.2 1 1 -2 1 pour 1987. Pour 1987 les contrastes sont effectlvement le 
fontan contre l'~lectrodyne. 
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Compte tenu des probl~mes lies aux essais en milieu paysan ( variabilite de sols, 
difficuJte de supervision, etc. ) le fait que Ia moitie des essais montre un effet de 
traitement phytosanitaire significatif indique que ces traitemenis pourraient avoir un 

- effet important et relativement consistant sur Jes rendements. Le choix des nppareils 
et des produits testes semble nvoir peu d'importance sur le rendement, done ils peu
vent etre choisis sur Ia base du coOt. 

lA Rentabilite Economlque du Traitement. L'analyse de Ia rentabilite du traite
,ment phytosanitaire se limite aux changements de coOt et de revenu lies directement 
au traitement de Ia culture de niebe pur. Le calcul de revelm utilise les prix moyens 
du marche en Octobre, car c'est Ia pcriode de l'annee ou le niebe est recolt!S et sou-

.' vent vendu par les paysans. Les prix sont estimes ll partir des donnees collectees 
dans les marches locaux de Ia zone de Maradi et de Ia region de Filingue. Les coOts 
des produits phytosanitaires ont ete calcules ll partir des prix de Ia centrale d'Appro
visionnement pour J'annee de.l'essai. 

La ~entabilite est examinee selon trois perspectives :' le revenu monetaire, le reve
nu net et le taux de remtinenition. Lc revenu monetaire est caleule comme le revenu 
brut moins les coOts monetaires, les produits phytosanitaires et les piles ou l'essence. 
i.e revenu net est calcule comme le reveitu monetaire moins le coOt d'opportunite de 
Ia main d'oeuvre familiale ( estimce lt 700 FCFNjour ). Le taux de remuneration est 
calcui!S comme le revenu net divis!S par Ia somme des coOts. 

' ' ; I ' ,• 

Tableau 4. " Les trait(m1ents nyant .le revenu monetaire mriimum, le revenu net 
maiimum, et le taux de r6muneration maximum (1). · 

\ 

Village et ann~e Revenu Revenu Tauxde 
monetaire net r~mun~ration 

Kouka, 1988 Elect. I fois Elect. 1 fois Elect. I fois 

Kouka, 1989 ULV I fois ULV I fois ULV 1 fois 

Kodarogo, 1986 - Elect. 2 fois Elect. 2 fois Elect. 2 fois 
Kodarogo, 1987 Fontan 2 fois Fontan 2 fois Elect. 1 fois 
Lili, 1986 Fontnn 2 fols Fontan 2 fois Fontnn 1 fois 

,'' 

Elect. 1 fols ": Lili, 1987 Elect. 1 fois Elect. 1 fois 
Maigu~ro. 1986 Elect. 2 fols Etect.'2 fois · El~ct. 2 fols 
Maigu~ro. 1987 Elect. 2 fois Elect. 2 fois Elect. 2 fois 
Maiguero; 1988 ULV 2 fois ULV 2 f~is 'ULV 1 fois 
Maiguero, 1989 Elect. 2 fols Elect. 2 fois Elect. 2 fols 
Tchlzon, 1986 . Elect. 2 fois Elect. ~ .fois 1 1 , • , . Elect. 1 fois . [ 

Tchizon, 1987 Elect. 2 fols · Elect. 2 fois Elect. 2 fois 

I .•• :, I·. 

I) Voir ( Ibro eta/, 1991 ) pour le calcul du revenu monetlrlre, du revenu net et du 
taux de remuneration. 

' ' . ,.,. . 
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A Kouka les essais sugg~rent qu'un seul traitement phytosanitaire au debut de Ia 
tloraison est d'habitude !'approche Ia plus rentable parmi les alternatives testees 
(Tableau 4 ). Mais il faut noter que cette conclusion est tin~e de deux annees de don
nees seulement et qu'il y a des approches qui n'ont pas ete testees. Par exemple, au 
lieu de faire le m!!me traitement chaque annee, on peut penser a adapter ce traite
ment a Ia campagne. Si on peut identifier dans queUes conditions le deuxi~me traite
ment est rentable, on peut faire le deuxi~me traitement quand il est probable qu'il 
soit rentable. On peut envisager des regles qui recommandent ce deuxi~me traite
ment seulement si Ia pluviometrie et autres facteurs sont favorables aux developpe
ments des insectes nuisibles. 

Dans Ia zone de Maradi (Kodarogo, Lili, Maiguero, Tchizon), les resultats man
trent que dans bcaucoup de cas deux traitements sont rentables, mais Ia rentabilite 
du deuxi~me traitement est tr~s variable (Tableau 4 ). Dans Ia moitie des cas, le taux 
de remuneration du deuxi~me traitement a ete inferieur a 40 %, seuil de reference 
seton Perrin et al., (1976). Le premier traitement est presque toujours rentable. 
Comme aKouka pour ameliorer Ia rentabilitc du deuxi~me traitement, on peut envi
sager des approches qui limitent ce traitement au cas oil Ies conditions sont favo
rables aux insectes nuisibles. 
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Abstract 

Sixty-two exotic and local cowpea varieties were tested under natural field 
infection for their natural resistance to fungal diseases in 1989 at' Fuinesua in. the 
Rain Forest and Ejura in the Forest-Savanna transitional ecologies of Ghana. Of 
these, 31.0, 48.0 and 21.0% were found to be resistant, moderately resistant, and 
very susceptible to more than one disease in the Rain Forest ecology while 36.0, 
45.0 and 19.0% were resistant, moderately resistant and very susceptible to more 
than one disease ht the Forest-Savanna transitional eeology, respectively. The most 
important diseases in both ecologies were brown blotch and web-blight. followed by 
Fusarium· wilt/blight, target spot and anthracnose. Other diseases of lesser 
importance were lamb1s tail pot rot, wilt, blight or basal stem rot caused by 
Macrophomimi phaseolina; and leaf spots or other blights caused by various fungi. 

• ' ' ' ' ' ' ' I 

'seedlings ·of 33 c·owpea varieties which showed apparent multiple disease 
resistance at Fumesua in 1988 were artificially inoculated in the field in 1989 with 
Col/etotrichum truncatum and Rhizoctonia so/ani, the causal agents of brown blotch 
and web-blight, respectively. It was observed that 73.0% were resistant, 21.0% 
moderately resistant, and '6.0% susceptible to brown blotch while 70.0% were 
resistant, 21.0% were moderately resistant, and 9.0% were susceptible to web
blight. It was evident from the study that these germplasm maintained high level of 
resistance for one or more diseases which might be of economic importance in 
developing resistant varieties and reducing cost· of production in cowpea. 

Introduction 

Cowpe~ (Vigna ~nguicu./ata· (L.) Walp) is one of the major sources of plant 
protein. It has a protein content of 20-25%. Although the bulk of its production 
comes from Africa, the West African grain yields are reportedly amcirig the lowest 
(Dovlo et. a/., 1976). In Ghana, the average national yield of cowpea was also 
reported as low as·1oo kglha (Hossain and Atuahene-Amankwa, 1987). These low 
yields in West African countries are partly due to diseases (Emechebe and Soyinka, 
1985; Wi!Jiams, 1975). 

. In Ghana, cowpea is traditionally grown as a mixed crop in the drier parts of the 
country where the incidence of diseases had been relatively low (Hughes, 1952 and 
·1953; Leather, 1959; Piening, 1962)., But with the crop presently cultivated widely 

. ,. 
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and on large scale as a·monocrop, it is hardly surprising that various diseases have 
oecome rampant in occurrence and intensity .especially in the Rain Forest and 
Forest-Savanna transitional ecologies. 

Earlier studies by Twumasi ct al. ( 1987 and 1989) had established that 
economically important cowpea diseases which occur in other countries (Emechebe 
and Shoyinka, 1985; Singh and Allen, 1979; Williams, 1975) also occur in Ghana. 
The purpose of this study was to re-examine the level of field resistance of some 
selected cowpea varieties to fungal diseases both in the Rain Forest and Forest
Savanna transitional ecologies and to identify the level of resistance through 
artificial inoculation of some of these varieties to brown blotch (pod blight) and 
web-blight, two of the most important fungal diseases identified earlier (Twumasi et 
a/., 1987 and 1989). · 

Materials and Methods 

Identification· of Cowpea Diseases. Seeds of 62 riTA and local cowpea varieties 
(12 extra-early maturing, 60-69 days; 20 medium maturing, 75-80 days; 10 bruchid
resistant 7S-80 days; 10 aphid resistant 50-70 days; and 10 dual purpose lines) were 
sown on 15 May and 11 October, 1989 at Fumesua in the Forest ecology of Ghana. 
The 'experiment was also conducted at Ejura in the Forest-Savanna transitional 
ecology where planting was done on 8 June and 26 Oct~ber, 1989 in the major and 
minor seasons, respectively. A randomized complete block design' was used with 
two replications. Seeds of each variety were planted in four rows on 4 m long plot. 
The plant-to-plant distance was 60 em between rows and 2o em within rows.' Three 
seeds were planted in each of the hills and seedlings were later thinned to two stands 
per hill in order to maintain 160 plants/plot. Recommended cultural practices were 
followed. · 

No artificial inoculation. was done in this experiment. After germination, the 
seedlings were regularly observed for disease incidence but disease assessment was 
done 4 weeks after germination on a weekly basis, using a 0-5 scale for each 
disease, where "0" was for disease-free and "5" severely diseased or dead plants. 
Final disease assessments were done on 5 July and 20 November at Fumesua and on 
20 August and 18 December, 1989 at Ejura in the major and minor seasons, 
respectively. 

'The intensity of each disease was determined by the mean disease index, 
calculated by adding all the numerical ratings of a particular disease in individual 
plants in each plot and dividing the sum by the number of plants in that plot. The 

, cumulative mean disease index thus represented the mean intensity of all the 
.. diseases that occurred on the plants in a particular plot. Scores of 0-1.5 were 

considered as resistant, 1.6-3.5 as moderately resistant, and 3.6-5.0 as susceptible: ' 

. Harvesting was done on 27 July and 22 December at Fumesua; 23 and 24 August 
for the major season, and 19 and 20 December, 1989 for the minor season at Ejura. 
T~e infected. plants were sampled and used for identifying associated micro
organisms., ,The infected plant parts were 'either teased and examined under stereo 
and compound microscopes, or cultured on moist filter papers and on potato 
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dextrose agar in sterile petri dishes and incubated either under near-ultra-violet light 
or in darkness for 4-7 days before microscopic examinations and identification of 

, I 

fungal colonies. 

Evaluation of Selected Varieties. The second set of experiment was conducted in 
1989 only at Fumesua and involved the assessment of 33 cowpea varieties which 
had earlier shown apparent field resistance to fungal diseases. The varieties were 
screened against inocula of two pathogens, Col/etotrichum truncatum, the causal 
organism of brown blotch, and Rhizoctonia solani, the causal agent of web-blight. 
The seeds of each variety were surface-sterilized for 5 minutes with chlorex (1: 1 
v/v) which is a commercial disinfectant and antiseptic solution containing 5% active 
ingredients of sodium hypochlorite and sodium chloride. Planting and thinning 
were done as described for the first experiment. 

For the development of adequate inocula, infected pods and leaves were collected 
, from the field and pathogens were isolated from these diseased plant parts. The 
; isolated pathogens were kept on potato dextrose agar in slants and kept at 4-5°C in a 

refrigerator for use when needed. They were transferred on to petri dishes 
containing 20 ml of the agar each and incubated. By means of a 5 mm cork borer, 

! two plugs of fungal colonies were removed from advancing edges of growing 
colonies and placed upside down on petri dishes containing 20 ml of agar. These 
were incubated under near-UV light at room temperature (26-28°C) for 7 days. 
Sterile distilled water was added to the cultures and they were scraped with flamed 
needle and searpel to suspend the fungi. In the case of C. truncatum, mycelial 
fragments were removed from the suspension by straining it through cotton wool 
into a beaker. Concentration of the conidial suspension was determined by the use 
ofhaemacytometer. The final suspension contained 1 x 105 conidiaVml and used as 
inoculum. With R. so/ani, mycelial fragments from each of 10 petri dishes were 
comminuted in a Waring blender containing 500 ml sterile distilled water for 1 _ 
minutes at low speed. The suspension was made up to one litre with sterile distilled 
water and used as inoculum. 

Using atomizers, the conidial and mycelial suspensions of the two pathogens were 
sprayed 'on the aerial parts of 21-day old healthy cowpea' seedlings. The controls 
were sprayed with sterile distille water. The plants were then enclosed in the 
humidity chambers overnight arid observed daily for symptom development. Forty 
days after inoculations, disease assessments were made on a 0-5 scale as earlier 
described. Samples of leaves and stems from both healthy and diseased plants were 
cultured and fungal colonies were examined and identified under a ster~o and 
compound microscopes. 

Results and Discussion 

Field screening scores showed that under natural infection, 31% of the cowpea 
varieties were resistant to multiple diseases at Fumesua compared with. 36% at 
Ejura. · · · 

The most prevalent diseases in both ecologies were in the decreasing order: brown 
blotch or pot blight caused by Col/etotrichum truncatum, web-blight caused by 
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Rhizoctonia so/ani, Fusarium wilt andJr~ blight caused by F. so/ani, F. moniliforme, 
target spot (Corynespora cassiic:ola) and anthracnose (Colletotrichum 
lindemuthianum). 

Table 1. Number of cowpea varieties showing various levels of resistance to 
major_ diseases i ~ the rain forest ecology of Ghana, 1989. 

Type Total no 
Resistant 

Moderately Susceptible 
of variety of varieties resistant 

Extra-early maturing 12 5 4 3 

Medium maturing 20 4 5 

Bruchid resistant 10 2 5 3 

Aphid resistant 10 5 3 2 

Dual purpose 10 3 7 

Total 62 19 20 13 

Percent(%) 100 31 31 21 

· 17.0% moderately resistant and 57.0% resistant. With web-blight screening, the 
respective proportions were 13.0,29.0 and 58.0%, respectively and 13.0,29.0 and 
58.0% ·for Lamb's tail pod rot. This later disease caused much floral abortion in 
infected plants. 

Other diseases encountered were Lamb's tail pod rot caused by Choanephora 
cucurbitarum and other leaf spots caused by Botryodiplodia theobromae, Ascochyta 
phaseolorum, Curvularia inequalis, C. pa/lescens, Alternaria altemata, and Phoma 
sp. It was evident from the studies that all these diseases occurred both In the Forest 
and the Forest-Savanna transitional' ecologies. However, the proportion of resistant 
varieties in the Rain Forest ecology (Table 1) was'tower compared to the Forest
Savanna transitional ecology (Table 2) which might have resulted due to the 

'presence of favourable environmental conditions for many pathogens to attack the 
crop more severely in the Forest ecology. It was also observed that the pathogen of 
Lamb's tail pod rot caused much floral abortion in plants. 

In the minor season in the Rain Forest ecology, it was observed that more than S% 
of the cowpea varieties were affected by wilt or charcoal rot caused by 

, Macrophomina phaseolina. The extent of mortality ranged from 1.0% in VITA-7, 
IT83S-728-13, IT84S-2081, and IT82D-699 to 79.0% in IT84S-2137. The high 
temperatures might have favoured the activity of this fungus. 

The· incidence of individual diseases and the levels of resistance of cowpea 
varieties'·to various fungal diseases are given in Table 3. At Fumesua, field 
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screening showed that 26% of all the varieties tested were susceptible to brown 
blotch. 

Table 2. Number of cowpea varieties showing various levels of resistance to 
major diseases in the forest-savanna transitional ecology of Ghana, 1989. 

Type Total n° 
Resistant Moderately Susceptible of variety of varieties resistant 

Extra-early maturing 12 3 6 3 

Medium maturing 20 9 7 4 

Bruchid resistant 10 4 3 3 

Aphid resistant 10 2 6 2 
: 

Dual purpose 10 4 6 

Total 62 22 28 12 

Percent(%) 100 36 45 19 

:rite results of field screening at Ejura followed a pattern similar to that observed at 
Fumesua. Generally, there was a greater disease incidence at Fumesua than at 
Ejura. The disease incidence at Fumesua was· 'atso greater in the previous years 
(Twumasi et al., 1987 and 1989). The higher amount of disease incidence at 
Fumesua could be attributed to the prolonged moist and warm conditions exhibited 
due to more frequent rainfall . 

• The results of artificial inoculation studies of selected 33 resistant cowpea 
varieties, using R. solani and C. truncatum as inocula, are presented in Tables 4 and 
5, respectively. At the inoculum densities used, 70.0% of the varieties showed 
resistance to R. solanl, 21.0% moderately resistant and 9.0% susceptible. With 
regard to C. truncatum Infection, 73.0% of the varieties showed resistance, 21.0% 
moderately resistant and 6.0% susceptible. Although equal proportions of the 
selected varieties were moderately resistant to both pathogens, only IT83S-871 was 
moderately resistant to both. Out of the varieties tested, 52.0% were resistant to 
both pathogens, including TVx 3236-0IG, TVx 1948-0IF, TVx 4659-03E. IT81D· 
699, ITSID-895, IT81D·1228-10, IT84S·2163, IT82D-716, IT84D-513, IT84S-
2208-7, IT84D-371, IT83S·728-14, IT83D-326-3, IT84D-2231·15, IT83S-728-S 
and Amantln. Varieties which were susceptible to R. solanl were not susceptible to 
C. truncatum. For example, IT83S-742·13 and IT83S-728·13 were both resistant to 
R. solani but susceptible to C. truncatum. 

Some varieties consistently showed lesions only on the leaves or stems, while 
others had such symptoms on both stems and leaves. In varieties susceptible to 
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either pathogen, there was either defoliations or large lesions on the stems or both. 
Hypersensitive reactions were exhibited in some of the resistant varieties which had 
tiny pinhead lesions on the stems, indicating possible production of phytoalexin(s). 
Re-isolations of pathogens from such varieties were not possible, suggesting that the 
pathogens could not survive in the inoculated plants. 

Table 3. Percent(%) incidence of fungal diseases on individual plants of some of 
selected cowpea varieties at two locations. 1989. 

l.ooltlon Dmwn Blotch Wcl>-bU~hl Lamb' '"II Anlhnx:nose 
pnxl rol 

R MR s• R MR S R MR S R MR S R MR S R MR S R MR S 

Fmc••• $7;0 17.11 26.11 $9.0 28.11 13.0 $8.0 29.11 IJ.II 77.11 13.0 10.0 73.0 16.0 11.0 78.0 12.0 10.0 78. 12.0 10.0 

Ejur:a 76.1114.11 lll.U 74.11 16.0 10.0 911.11 $.11 $.11 81.11 14.11 5.0 78.0 12.0 10.0 80.0 12.0 8.0 84.0 10.0 6.0 ... 

* R =Resistant ; MR =Moderately resistant ; S =Susceptible 

.. 
Table : 4. Disease reaction levels of 33 resistant cowpea varieties artificially 
inoculated in the field with Rhizoctonia so/ani (web-blight) at Fumesua, 1989 . .. 

Resistant 

TVX 3236-0IG 
IT820-699 
IT810-994. 
TVX 1948-0IF 

IT 810-1228-10 

IT 830-326-3 
IT810-985 
IT840-368 
IT 810-1 I37 
IT 84S-2163 . 
IT 83S-320-I 0 
1T,820-716 
TVX 4659-03E 
IT 84S-2208-7 
IT840-448 

IT 83S-728-5 

IT 840-2231-15 
IT 83S-742-15 
IT 83S-728-I 3 
A man tin 

Moderately resistant 

IT 810-1228 
IT83S-8(1 
IT840-449 

IT 84S-2081 
IT 830-356-1 

IT 83S-725-18 
VITA-7 
IT83S-818 

Susceptible 

IT 84E-16 
IT84S-2049 

IT 84S-2127 
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Table 5. Disease reaction levels of 33 resistant cowpea varieties artificially 
inoculated in the field with Colletotrichum truncatum (brown blotch) at Fumesua, 
1989. 

Resistant 

TVX 3236-0IG 

IT 84S-2081 

IT820-699 

TVX 1948-0IF 

IT 810-1228-10 

IT81D-985 

IT84S-2163 

IT 820-716 

TVX 4659-03E 

Amantin 
IT840-513 

IT 830-356-1 

IT 84S-2208-7 

IT 83S-728-5 

IT 840-371 

IT 840-2231-15 

VITA-7 

IT81D-1228 

IT840-449 

IT83S-725-18 

IT 84E-16 

IT 830-326-3 

IT820-927 

Moderately resistant 

ITSID-994 

IT840-368 

IT81D-1137 

IT840-448 

IT83S-871 

IT 84S-2127 

IT84S-2049 

IT 83S-818 .. 

· Sus~eptible 

IT 83S-742-13 

IT 83S-728-13 

Leaf spot disease caused by Cercospora canescens and C. cruenta which was· 
reported earlier· in Ghana on cowpea (Leather, 1959; Piening, 1962) was not 
recorded in the present studies, perhaps due to a measure of resistance to the 
pathogen in the varieties tested. 

Conclusion 

Several important cowpea diseases capable of reducing crop yields exist in the 
Forest and Forest-Savanna transitional ecologies of Ghana. Some of the resistant 
varieties identified in these studies could be used for varietal improvement 
programmes. Studies on yield performance with the resistant varieties need to be 
carried out in order to qualify their yield potential. 
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Field Evaluation of Seed Treatment Fungicides for the Control of 
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I 
I Abstract 
I 

I During the 1988 growing season several seed treatment fungicides were evaluated 
in the field for the control of seed-borne transmissions of cowpea scab (Elsinoe 
phaseoli with Sphaceloma anamorphic state), brown blotch (Colletctrichum capsicl) 
and Septaria leaf spot (Septoria vignae). Since the results of 1988 trial corroborated 
those of previous years with respect to brown blotch and Septoria leaf spot, the focal 
point of the 1989 and 1990 trials was on control of scab. Femasan-D (thiram) and 
Dithane M45 (manxozeb) were applied at the rate of 3.3 g of commercial product 
per kg of seed while Benlate (benomyl), Delsene M (carbendazim + maneb) and 
Apron plus (metalaxyl + carboxin) were applied at 0.6 g of product per kg of seed. 
Rovral TS (carbendazim + iprodione) was evaluated at three rates (0.3, 0.6 and 1.2 g 
of product per kg of seed) in 1988, at two rates (0.6 and 1.2 g of commercial product 
per kg of seed) in 1989 arid at one level (0.6 g of product per kg of seed) in 1990. 
All fungicides were applied as dry seed dressings. Untreated seeds served as the 
check. For each year, seeds from plants that were severely affected by the diseases 
in the field during the preceding year were used. Final disease scores were taken 
within 5 weeks of sowing to reduce confounding effects caused by secondary spread 
of disease. 

The results showed that Femasan-D was inferior to the other fungicides for the 
control of brown blotch and Septaria leaf spot; it was, however, relatively effective 
against scab. Rovral TS was effective against all three diseases; with respect to 
scab, its effectiveness increased with increase in the dosage. Thus, at the rate of 0.6 
g or 1.2 g of commercial product per kg of seed, Rovral TS compared favourably 
with Benlate and Delsene M. In general, Benlate gave the best control of seed
borne transmission of the three fungal diseases of cowpea. The practical 
implications of these results in the control of these diseases are discussed. 

Introduction 

The cowpea (Vigna unguicu/ata (L.) Walp.) is important as a food crop throughout 
West Africa and especially in the Sudan savanna, being second only to groundnuts 
as a cultivated legume (Purseglove, 1974). In Nigeria, cowpea grains form an 
important source of cheap vegetable, containing approximately 25% protein 
(Oyenuga, 1959). 

The annual production of cowpea in Nigeria has been estimated to be between 
700,000 and 800,000 tons (Raheja and Apeji, 1979). As much as 80% of this is 

127 
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produced in the northern parts of the country (Raheja and Apeji, .1979~'Emechebe 
and McDonald, 1979; Emechebe: 1981 ). · · " ·' · · 

:\ .. "' ' .. 
Cowpea suffers from various diseases wherever it is grown. For example, Williams 

(1975) and Singh and Allen (1979) listed over 35 diseases of cowpea in Nigeria, 
mostly caused by fungi, viruses and bacteria. 

' ' . 
There are three major fungal diseases of cowpea in the Northern Guinea savanna, 

namely: scab (Elsinoe phaseoli with Sphace/oma anarmorphic state), brown blotch 
(mostly Col/etotrichum capsid but occasionally C. truncatum) and Septoria leaf 
spot (Septoria vignae) (Allen et a/., 1981; Emechebe and Shoyinka, 1985). These 
diseases cause up to 75% crop loss on susceptible varieties under favourable 
environmental conditions. 

Earlier wo~kers have ~~tablished ~eed-b'orne nature and s~ed transmission for both 
brown blotch and Septoria ieaf spot (Emechebe and McDonald, '1979; Emechebe 
1981 ). Recently, Emechebe (1988) reported that scab ·is also seed transmitted.· 

Seed treatme~t· ha~' been -found to be .effective again~t' several cowpea dis~ases'. 
For example, brown blotch can be controlled by dressing the seed with either 
benomyl or carbendazim and. maneb (Alafiatayo, 1982). In addition, Septoria leaf 
spot can be controlled. effectively by seed treatment with benomyl (Tarfa, 1986). 
Seed treatment has been found_ to be the most economical use of fungicides in 
controlling seed-borne pathogens (Edgindton, et a/., _1980). . · 

No attempt has.bee.n made to control.the seed-borne tninsmission of scab by 
fungicidal seed treatment which should preferably con'trol the other two fungal 
diseases. This paper presents the results of our work in this direction. 

Materials and Methods. 

The composition ;nd .~hemical nature of th~ sfx f~ngicldes tested are given in 
Table 1. Benlate (benomyl) Delsene M (carbendazim + maneb), Rovral TS, 
(Carbendazim-+ ipri-odione), Fernasan-D. (thiram), Apron' plus (metalaxyl + 
carboxin) and Dithane.M-45 (mancozeb) were evaluated in _the field for three years. 

·In 1988, five seed-treatment fungicides' were evaluated fo_r the· control of scab~ 
brown blotch and Septoria leaf spot. Fernasan-D was applied at the rate of 3.3 g of 
commercial product per kg of seed while Benlate, Delsene'M and Aprori plus were 
applied at 0.6 g of commercial product per kg of seed. Rovml TS was evaluated at 
three rates, namely 0.3, 0.6 and 1.2 g of (commercial product) per kg of seed .. All 
fungicides were applied as dry seed dressings. Each plot.consisted of three 75 em 
ridges, 5 m long, the trial .being a randomized complete block design with four 
replicates. Ife Brown seeds (obtained from a field that was'. moderately to 'severely 
affected by scab, brown blotch and Septoria leaf spot in 1987 crop season) were 
used, two seeds being sown per hole at an inter stand distance of 20 em: 
Germination count was taken 2 weeks after sowing (WAS) and the nhmber of 
infected plants were recorded 4 WAS. Percentage incidences of the three diseases 
were determined and recorded. . · · · 
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Table 1. Chemical nature, trade and common names of fungicides evaluated in 
the field for efficacy against the three pathogens. · 

i--------------------------------------------------
1 Trade rinme of 
I fungicides 

Common name of fungicidal 
active ingredient 

Chemicnl nnture of fungicidnl nctive 
ingredient 

1.--' --'..;.....· ---------
1 Benate , Benomyl methyll-(butyl-c:arbamoyl bcnrlmidazol-2-

ylcarbamate 

Delsene M. 

Dilhane M-4S 

Fema.c;nn D 

Apron plus 

, RovmTS 

Carbendazim + maneb 

Mnncozeb 

Thimm 

MeUIIaxyl + cnrboxin fumthiocnrp 

. ' 
lprodione + carbendazim 

methyl bcnzimidazol-2-yloarbiiJllnle + 
manganese ethylene bis (dithiocnrbamate). 

2.5 % Zn ion + 20 % Mn os in maneb. 

tetmmethylthiumm disulphide 

(±) = methyl-N-(2-methoxy acetyi)-M- (2.6-
xylyl) alaminnte + 2.3-dihydro-6-methyi-S
phemylcarbamoyl-1. 4 Oxathin + 
furanthicarb • 

3-(3.S-dichlorophenyi)-N-isopropyl-carbomyl-
2.4 dioxoimidazoUdine-1-carboxamine+methyl 
bcnzimidazol-2-ylcarbamate. 

. . ' 

Since the 1988 results confirmed those obtained in previous trials about the 
superiority of benomyl and carbendazim as seed treatment fungicides for the control 
of brown blotch and Septoria leaf spot, these two diseases were not the subject of 
investigations in 1989 and 1990. In both years, benomyl and carbendazim as well as 
other fungicides were further evaluated for the control of seed-borne transmission of 
scab. · 

Table 2. Effect of fungicidal seed treatment on incidence of cowpea brown 
blotch in the field* 

· · ·Treatment Disease incidence(%) 

3 weeks after sowing 4 weeks after sowing 

Benlate 
D<:lseneM 
Aldrex T 
Verdasnn 
Control 

7.05c 
6.84c 
18.94b 
20.13b 
28.34a 

10.83c 
17.08c 
32.9b 
35.93b 
46.03a 

Means in the same column followed by the same superscript are not 
significantly different (P=0.05). 

* Based on Alafiatayo (1982). 
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' .. 
In 1989, seeds from a crop of Sampea-7 cowpea that was severely affected by scat 

in the 1988 crop season were used in two experiments. In one experiment, fou1 
fungicides (Benlate, Apron plus, Rovral TS and Fernasan D) were evaluated at thf 
rates used in 1988. A randomized complete block design was used and untreatee 
seeds served as the check. Of the four fungicides used in the first experiment, thref 
(namely Benlate, Apron plus and Rovral TS) were each evaluated at three rates 
namely: 0.3, 0.6 and 1.2 g of commercial product per kg of seed. The remainins 
fungicide, Fernasan-D, served as the check treatment but was evaluated only at 3.3 ~ 
of commercial product per kg of seed. 

In 1990, all the fungicides evaluated in 1989 were again evaluated. Also studied ill 
1990 were Delsene M, Dithane M-45 and a bench mixture of Dithane M-45 and 
Benlate. The trial was laid out as a randomized complete block design with fou1 
replicates. 

Results 

Results of the earlier work are presented in Tables 2 and 3 to demonstrate the 
effectiveness of benomyl and carbendazim as seed treatment fungicides for the 
control of cowpea brown blotch (Table 2) and Septaria leaf spot (Table 3). The 
results obtained in 1988 (Table 4) show that Fernasan-D was inferior to all othe1 
fungicides and was only slightly better than the untreated check. Rovral TS 
performed very well and its effectiveness increased with increase in dosage. At the 
rate of 9.6 or 1.2 g of commercial product per kg of seed, Rovral TS compared 
favourably with Benlate and Delsene M. 

The results presented in Table 5 show the high,efficacy of benoinyl against seed· 
borne transmission of scab; the incidence o'f scab at 3 WAS in plots grown from 
seeds treated with benomyl was 1.3.% which was significantly lower· than 57% In 
plots sown with untreated seeds. As expected, Rovral TS was also effective agains1 
scab. Fernasan-D (thiram) surprisingly gave some control of scab, though it was no1 
as effective as benomyl. Apron pl~s was ineffective. 

The data presented in Table 6 corroborate those in Table S. The data also suggests 
that it may be necessary to use a higher rate of benomyl than has been tried ill 

. previous trials. 
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. . 
Table 3. '!Jle effect of seed-dressing chemicals on the incidence of Septaria leaf 
spot in the field in 1985* · 

I ----~------------------------------seed treatment ' 
chemical 

Disease incidenc~. (%) 

22 days after sowing 28 days after sowing 

Ben late 0.0 (0.0)•• 1.01 (5.74) 

Ditharie M-45 1.03 (5.74) 5.03 (12.92) 

Aldrex T 0.98 (5.68) 7.56 (16.0) 

Macuprax 0.76 (5.00) 4.58 (12.25) 

Bavistin 0.0(0.0) 1.33 (6.55) 

Cupravit 0.86 (5.32) 6.06 (14.30) 

DelseneM 0.32 (3.24) 4.17 (11.83) 

CalixinM · . -.0.33 (3.29) . __ .7.71 (16.11) 

Control 1.17 (6.29) 8.82 (17 .26) 

L.S.D. (0~05) 4:209 4.470 

* Based on Tarfa (1986) 
•• Number' in parenthesis= Angular transfonried values. 

' ' ' ~ 1 ' 

'. 1 ', 

The results-ofthe 1990 season (Table 7) showed that even ~t 4 WAS, ihe superior 
efficacy of ~nomyl and carbendazim, as seed treatnient fungicideS for the control 
of cowpea scab, compared to that of any of the other fungicides. As in 1989, the 
'popular se'ed treauitent fungicide, Femasim-D, gave some coritrol of seed-borne scab 
but it was not as effective as carbendazim or benoinyl. Aghln, Apron plus was the 
leas_t ~f~ec_tive of all the f~ngicid~s or fungicidal !Dix~~re evaluate~. 

Discussion 
. ' 

The results of the present study have demonstrated that seed treatment with 
benomyl and ·carbendazim give effective control of'seed-borne infections by the 
pathogens of cpwpea scab, brown blotch, and Septaria leaf spot. These results 
corroborate those of Alafiatayo (1982) and Tarfa (1986) who used carbendazim 
against seed-borne transmissions of brown blotch and Septaria leaf spot, 
.respectively. ' , 
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Table 4. . Mean effect of seed treatment chemicals on the incidence of cowpea 
scab, brown blotch and Septaria leaf spot in 1988. 

Application rate Disease incidence (%)at 5 weekS after sowing 
Seed treatment of commercial 
fungicide product Septoria leaf 

(glkg of seed) Scab· Brown blotch spot 

Benlate 0.6 1.11 2.65. 2.87 

DelseneM 0.6 0.62 1.23 6.55 

Apron plus 0.6 1.96 1.96 6.08 

RovralTS1 0.3 0.45 4.93 6.50 

RovralTS2 0.6 1.16 1.87 4.89 

RovralTS3 1.2 1.05 0.42 3.38 

FemasanD 3.3 1.46 11.02 7.25. 

Control 1.35 9.18 9.44' 

However, this is the first report of the high efficacy of benomyl and carbendazlm 
as seed treatment fungicides against ·seed transmission of scab. Both bcnomy1 and 
carbendazim have protective, eradicative and systemic properties (Edgington et al., 
1980) and so were able to eradicate most of the seed-borne infections by the three 
pathogens. Benomyl has been found to be an effective seed treatment for the 
control of French bean anthracnose (Maude and Kyle, 1971) and sorghum 
anthracnose (Mishra and Siradhana, 1979). Also Sinha and Khare (1977) reported 
that benomyl gave the most effective control of seed-borne Macrophomina 
phm,eoli"'f and Fusarium equiseti in cowpea. · 

Table 5. . . Mean effect of fungicidal seed treatment chemicals on incidence of scab 
at 3 and 4 weeks after sowing at Samaru in 1989. 

Seed treatment 
(%)fungicide 

Ben late 

RovralTS 

Rovral TS 

Apron plus 

FemasanD 

Control 

Application rate of 
commercial product 

(glkg of seed) 

0.6 

1.2 
, .. 

0.6 

0.6 

3.3 

Disease incidence . 
3WAS 4WAS 

1.3 22.4 

4.9 26.9 

8.1 41.6 

44.9 76.8 

7.3 29.4 

57.8 88.8 
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Table 6. - Effect of type nnd rate of fungicidal seed treatment on the incidence of 
scab at 4 weeks ~ter sowing a~ Sam~ in 1989. · - - -

Seed treatment Application rate of Disease incidence(%) 
(%) fungicide commercial product at 4 weeks after sowing 

(g/kg of seed) 

Ben! ate 1.2 1.0 

, Benlate 0.6 4.9 

: Benlate 0.3 11.8 

RovralTS 1.2 16.7 

RovralTS 0.6 11.5 

RovralTS 0.3 13.1 

FemasanD 3.3 8.9 

Apron plu~ 1.2 28.9 

Apron plus 0.6 21.5 

Apron plus 0.3 24.4 

Table 7. Effect of seed treatment chemicals on -the incidence of cowpea scab, 
brown blotch and Septoria leaf spot in 1990. -

Seed treatment Application rate of . · Scab incidence(%) 
(%) fungicide commercial product at 4 weeks after sowing 

(glkg of seed) 

Benlate 0.6 2.4 

Dithane M-45 3.3 '6.8 

Benlate + Dithane M-45 2.2 3.4 

Apron plus 1.2 10.6 

Delsenc 'M · · 1.2' 1.3 

FemasanD 3.3 5.3 
; ' 

Rovra!TS 1.2 2.1 

Control 26.6. '. , .. , . 
l 

• f ..... ~ ~. ; ) ' 

. . 
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Although Femasan-D (thiram) was somewhat effective against scab, it was much 
more inferior than either benomyl or carbendazim. The low efficacy of thiram 
against brown blotch was reported earlier by Alafiatayo (1982). 

The much higher incidence of scab at 4 WAS indicates the secondary spread of 
disease from primary lesions and emphasizes the need to score seed treatment 
experiments early. 
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Economic Importance· of the Bean Flower Thrips Megalurothrips 
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I ' 
Abstract 

·Field and s~reenhouse studies w~re ·c~nducted to quantify the effect of feeding 
injury of the bean flowe~1~ps (BFI') M~galurothrips sjostedti on cowpea (Viglla 
unguiculata (L.) Walp.) and to establish economic injury levels on two cultivars. 
The relationship between BFI'-induced flower bud abscission and pod setting was 
best described by a quadratic function and the extent of pod setting depression due 

1 to feeding injury ranged be.tween 14-60% on resistant and susceptible .cowpea 
:cultivars, respectively; Economic injury levels were developed on racemes of. 
·cultivars TVx 3236 (resistant to BFl) and VITA-7 (susceptible to BFI').by infesting 
:individual caged racemes with varying pap.ulations of field-collected adult BFI'. 
9rain yield from caged racerries._were 'combined with data on prevailing market 
price of cowpeas and the cost of insecticidal.protection of sole cowpeas to determine 
economic injury levels. o'n the basis of simple cost:. benefit analysis. Economic . 
·injury levels were found to be 5 thripsiraceme on the resistant cultivar and 3. 
thrips/raceine on the susceptible cultivar. · ·· · · 

Introduction ·, 

The bean flower thrips (BFn, Megalurothrips sjost~dti :(Trybom) is a major pest: 
of COWpeas thrOughout tropical Africa. Cowpeas are particularly vulnerable to BFI'. 
feeding during the plant's reproductive phase, causing infested racemes to become 
necrotic and the open flowers variousJy·malformed, leading to abscission. Yield 

. . . . . ' . I 
losses due to BFI' and the other major cowpea pests is almost 100% in unsprayed 
farmers' fields (Singh & Allen, 1980). 

, : •' I •' j' I L 
1 

, 0 ' ,i • , 1 ' 

.The development of a viable integrated control strategy for BFI' depends on a clear 
understaDding of the insect-plant interactions: Very few quantitative assessments or.' 
the effect of BFI' .feeding on' cowi>eas exist in the literatUre .. Earlier reports hav~ 
qualitatively estimated that BFr often causes up to 60% damage to the crop (Singh 
& Taylor, 1978). In what appea'rs.to be the 'first attempt at quantitative assessment. 
of the effect of BF.T on cowpens, Koehler & Mehta (1972) ended by reiterating the 
need for. further investigation of the 'relationship between the thrips arid cowpea 

.. ,, • •'' I ' . , ' , 

yields. The economic injury level of a pest population, defined as the lowest 
population density' .that will cause· economic damage, continues to function ~as. the 
primary mechanism for making "pest management 'deCisions with short range, 
objectives (Pedigo et al., 1986). The only aitempt at es'tablishing an economic 
threshold for"BFI' was reported from llTA (1983). Insecticides were used to vary 

· .. · · thrip populations and to study their relationship with yield reduction. These studies 
were1 however, inconclusive.~ : · · 
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The study presented in this paper was undenaken to further our understanding of 
the ·effect of thrip injury and cowpea performance, including attempts at establishing 
economi~ injury levels. · 

Materials and Methods 
. . 

Relationship Between Tl1rip Damage and Pod Production. The aim of this 
investigation was ,io quantify the extent of thrip damage in terms of flower bud 
abscission on· different cowpea cultivars and also to determine the level to which 
pod seiting could be depressed as a result of the damage. Seed yield was not 
considered in this investigation. because it is the result of too many factors to be of 
use as a direct measure of thrip effect. The experiments were conducted at the 
Intem~tional Institute of Tropical Agriculture, Ibadan; Nigeria during the first 
(April-May) and second (September-November) growing seasons of 1982 and 
repeated. during the seco~d and first seasons of 1983 and 84, ~pectively. . 

I ' 

In order to distinguish between abscission due to thrips and that due to 
physiological and other factors, the experiment was designed to include a control 
plot in which thrips were controlled with insecticide. The entire experimental area 
(ca •. 0.2ha) was divided into two quadrats designated as sprayed (Quadrat 1) and 
unsprayed (Quadrat 2), respectively. These quadrats were separated by a maize 
border. In each quadrat, four cowpea cultivars, TVu 1509, TVx 3236, He Brown' 
(TVu 3629) and VITA 7, were replicated four times in a randoritised complete block 
design. The cultivars were planted in plots'of S rows, 4 m long, at a spacing of 0.75 
m between rows and 0.30 m between plants in a row. Plants were thinned to one · 
stand per hill at 10 days after planting (DAP). · 

At 20 DAP, insecticide (Deltamethrin EC at IS g a.i.Jha) was applied on all 
replications in Quadrati; this being repeated at anthesis (ca. 38 DAP). At 2S DAP,' 
fin·e nylon mesh cloths ·mea8uring 75 x 75 em, were fitted under each of 10 plants 
per replication per cultivar in both Quadrats 1 and 2 to facilitate the cohnting of 
ab8cissed flower buds. The mesh cloth,under each plant was held off the ground by 
pinning its comers onto styrofoam cubes (painted green) carried about 18 em high 
on thin aluminium rods. · 

Abscissed bud counts were started at 30 DAP and continued on alternate days, 
ending at full bloom.· At each counting, all flower buds (and later some flowers) 
that had abscissed and retained by the nylon mesh were counted and recorded. This 
was done for all. 10 plants in all replicatimts in both quadrats. At the end of data. 
collection, counts from different days were pooled for each phint in each replication 
to determine the average number of absclssed buds per plant. ·Abscission due to 
thrips on each cultivar was computed by subtracting Quadrat 1 (i.e. sprayed 
replications) counts from corresponding replications 'in Quadrat 2 (i.e. unsprayed 
replications). Furthermore, poo 'setting depression 'was c8Iculated for each cultivar 
by subtracting pOd counts in Quadrat 2 from those of corresponding replications in 

. ': · .Quadrat I, and expressed a5 a. percentage of counts from Quadrat 1 in the function: 
• • .. ~ • ' ' ' ' ' ' • ' ' ' • I I 

··. ·'· 
' . .. ~ . 'I 
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WherePSD 
Ql andQ2 

= 
= 

extent of pod setting depression, and 
pod counts from corresponding sprayed and 
unsprayed replications. . 
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Economic Injury Levels were determined on racemes of uninfested pot-cultured 
plants of cultivars TVx 3236 and VITA 7 in the screenhouse. Individual racemes 
(peduncle length 1.5-2.0 em) were caged in transparent polystyrene diet cups 

. ventilated by tine nylon mesh glued to their sawn-off bottoms with Bostik clear 
'I adhesive: The bonds formed between the nylon and the plastic cup were not vr!ry 

strong and although sufficient to retain thrips inside the cup, the light bonding ' 
enabled elongating pods to push the mesh out of place and grow out of the cup to 
develop'normally. Caged racemes were infested with 10 different thrip population 
levels, viz: I, 2, 3, 4, 5, 6, 7, 8, 9 and to per raceme. Uninfested controls (i.e.· 0 
thrips per raceme) were included for each cultivar. Each infestation level was 
\replicated twice per plant. Pods developing from infested racemes were monitored 
1daily until pod maturity when they were harvested and hand-threshed to obtain grain 
:yield corresponding to the different population levels. With data gathered on the 
prevailing market price of cowpens and the cost of insecticidal protection of a 
hectare of sole cowpea, simple cost-benefit analysis was followed to determine the 
economic injury level for each cultivar. · 

. Results and Discussion 

Re/ationsflip Between Tltrip-lnduced Abscission and Performance of Cowpeas. 
A quadratic function best described the relationship between BFT-induced 
abscission and pod setting (Fig. I) and the predictive significance of this 
relationship was indicated by the high R_ values. Comparison of the trends between 
resistant and susceptible cultivars indicated that the susceptible cultivars were 
probably less able to set pods with abscission greater than about 20 buds per plant. 
There were significant differences in the extent of pod setting depression between 
resistant and susceptible cultivars (Table 1). The results showed that pod setting 
depression attributable to BFr ranges from 14-60% per plant (4-season average); 
reflecting resistance-susceptibility. This range includes those recorded for other 
thrips on a number of legumes, e.g. a mean reduction in yield (pod-set) due to 
Frankliniella insularis (Franklin) on pigeon peas was 47% (Pollard & Guiseppi-Eii, 
1981) whereas in Pisum sativum maximum losses were 67.1% due to Caliothrips 
indicus Bagnall (Vaishampayam & Singh, 1969). 

Economic Injury Levels. Before computing the economic injury levels, damage 
functions relating yield loss to thrip density were determined by regressing yield 
loss (glraceme) on thrip density. Thrip density was used as proxy for host injury. 
The regressions were not forced through the origin (zero thrips or injury should· 
produce iero yield]. 

Table 1. Extent of pod-setting depression (PSD) due to BFr feeding on resistant 
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and susceptible cowpens over four seasons. 

PSD ± S.E. (%)• · 

Cultivnr 

2 3 4 

TVu 1509 11.1 ± 3.8 22.0±5.1 6.5±2.7 18.1 ±4.4 

TVx3236 7.5±2.1 34.9±6.3 17.9±4.3 27.6±7.1 

lfe Brown 33.5 ± 5.6' 54.9± 5.4 57.9±3.9 43.0±5.6 

VITA7 48.0±6.8 ' 70.5 ±6.1 64.1 ±5.0 59.0±4.8 

* PSD% =(I - Q2/QJ)100; Where Ql =pod counts from sprayed plots; Q2 =pod 
counts from unsprayed plots. I = First season . 1982; 2 = second season 1982; 3 = 
second season 1983 and 4 = first season 1984. 

Thrip populations were negatively correlated with yield per raceme for both TVx · 
3236 and VITA 7. Both correlations were highly significant. With VITA 7 (r = -. 
0.90), the regression equation was y = 3.24-0.35x (R2 = 0.80) where y = yield (g) 
per rnceme and x =number of thrips per raceme. Each unit increase in the number 
of thrips per raceme was associated with a decrease of 0.35 g of VITA 7. The 
correlation coefficient, r, was -0.84 for TVx 3236 where the regression equation was 1 

y = 3.02-0.26x (R_ = 0.70). Each unit increase in thrip infestation resulted in ai 
decrease of 0.26 g per raceme of TVx 3236, suggesting that TVx 3236 was better 
able to tolerate thrips than VITA 7. A smaller amount of.variance was accounted 
for when the data were fitted to a second degree polynomial. hence a linear 
relationship appeared to describe the association adequately. Some extrapolations 
(inherent hazards notwithstanding) were made before final computation of 
economic injury levels. · 

Firstly, the yield per raceme of each of the test cultivars was converted into yield 
per plant by multiplying the mean yield per rnceme by the mean number of pod
bearing peduncles, estimated on 30 non-infested potted plants of both cultivars 
cultured under similar environmental conditions. The yield loss due to different 
infestation levels was calculated as the reduction in the different infestation levels 
over the control. These yields were then converted into yield in kilograms per 
hectare by multiplying the yield per plant by a plant population of 50,000 per,. 
hectare. 
Table 2. Cost-Benefit analysis and economic injury levels for resistant and 
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Table 2. Cost-Benefit analysis and economic injury levels for resistant and 
susceptible cowpea cultivars. 

Thrip Yield loss :Value of yield Value of loss Profit accrued 

density . (kglha) loss (N) saved (8- C)+, 

per {8enefiit 8)* {N) 

raceme 

TVx 3236 (Resistant) 

19.9 23.8 21.4 -63.5 . .. 
2 22.8 27.4 24.6 -60.3 

3 44.3 53.2 47.9 -37.1 

4 66.9 80.3 72.3 -12.7 

5 90.9 109.0 98.1 13.2EIL 

6 486.3 583.6 525.2 440.3 . 
7 561.6 781.9 703.7 618.7 

8 688.5 826.1 743.5. ,, 658.6. 

9 671.2 805.4 724.8 639.9 

10 1357.1 1628.5 1465.7 1380.7 

VITA 7 (Susceptible) 

1 24.9 29.9 29.9 -58.1 

2' 43.5 43.5 52.2 -38.0 

3 80.0 95.9 86.4 1.4EIL 

4 122.3 146.7 132.0 47.1 

5 270.8 324.9 292.4 ·207.5 

6 ~72.5 446.9 402.3 317.3 

7 546.1 655.3 589.8 504.8 

8 649.0 778.7 700.9 615.9 

9 649.0 778.7 700.9 615.9 

10 649.0 ·778.7 700.0 615.9 

* 1 kg cowpea cost N1.20; #Assuming insecticides gives 90% kill; 
+ cost of pest control (C) calculated @ N84.95; 

ElL - Economic Injury Levels (B - C > 0). 

The prevailing market price of cowpea at the time 'of the investigation was pegged 
at N1.20 (Nl = $1.40) per kilogram. Cost of pest control was estimated on the basis 
of input costs accrueing in the provision of insecticide application. Using a manual 
knapsack sprayer and applying the synthetic pyrethroid Deltamethrin EC 0.5 1/ha, 

- the cost of protecting a hectare of sole cowpea was calculated at N84.95. The value 
of yield saved by pest control (potential benefit, B) was calculated as 90% kill of the 
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pest population .. Finally, net profit accrueing was calculated at the various 
infestation levels by subtracting the cost of pest control (C = N84.95) from potential 
benefit, B. 

Cost-benefit analyses for the two cultivars are summarised in Table 2. According 
to cost-benefit analysis, the economic injury levels would be reached any time B-C 
is more than zero. Consequently, the economic injury level for VITA 7 was found to 
be 3 thrips/raceme whereas that of TVx 3236 was 5 thrips/raceme. Thus, if farmers 
are able to .keep thrip populations at these levels they should be in a position to 
optimise their pest control investments. The advantage of TVx 3236 of a higher 
economic injury le,.vel may bear important implications for integrated control tactics. 
Although not particularly investigated in this study, it is possible that lower 
insecticide dosage on this cultivar may achieve similar levels of thrip control 
compared to such cultivars as VITA 7. Already, it has been established that TVx 
3236 requires fewer sprays in comparison with local checks in a variety of multi
locational tests (liT A, 1982). 
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Criteres d'Evaluation au Champ de Ia Resistance du Niebe au 
Striga gesnerloides. 
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Resume 

Afin de comparer 'differents criteres d'evaluation au champ de Ia resistance du 
niebe au Striga, 16 cultivars de niveaux de resistance variables ont ete utilises sur 

1 des parcelles infestees de Striga ~rKamboinse en 1988 et en 1989 respectivement 
i sur deux et un sites. · 

, L'analyse des resultats montre des correlations hautement significatives ·entre les 
I criteres d'evaluation pour Ia resistance au Striga. Cependant. Ia date d'emergence du 

premier plant de Striga et le nombre de plants de Striga par unite de surface 
i paraissent les criteres les plus fiables pour I' evaluation au champ. 

Introduction 

Le Striga gesnerioides Wild (Vatke), h l'instar de S. hermonthica sur les cereates, 
cause des pertes considerables de rendements sur le niebe (Vigna unguiculata ) dans 
les zones semi-arides d'Afrique, et meme dans les zones c6tieres. Cette baisse de 
rendement peut atteindre 30 %'(Aggarwal et Ouedraogo, 1986 ). Dans les 
differerites etudes de resistance du niebe au Striga, plusieurs I criteres sont utilises 
pour evaluer ou identifier les varietes resistantes ( Ouedraogo et Muleba, 1988 ). 
L'utilisation d'un seul critere d'evaluation pouvant s'averer insuffisant et celle de 
plusieurs, complexe, it nous a semble opportun d'etudier les correlations entre 
certains de ces criteres. 

Materiel et Methode 

Seize ( 16 ) varietes de niveau de resistance au Striga variable ont ete .utilisees, 
dont' 4 temoins-sensibles ( KVx 396-18-10, KN-1, TN88-63 et IT82E-32 ) et 4 
temoins-resistants (Gorom Local, B301, IT82D-849 et.KVx 61-1 ). La parcelle a ete 
prealablement infestee artificiellement, avant le semis, avec des semences de Striga 
vieilles d'une annee. Le dispositif experimental etait en Blocs complets randomises 
(Blocs de Fisher ) h 6 repetitions. Les parcelles experimentales etaient de 4 lignes de 
4 m de long, les ecartements de 0,75 m entre les lignes et 0,20 m entre les poquets. 
Les observations ont ete effectuees sur les 2 lignes centrales. 

L'etude a ete menee h Kamboinse sur 2 sites en 1988 et sur un en 1989. Les 
principales operations culturales ont consiste en un sarclage 2 semaines apres semis 
( SAS ) et en un desherbage manuel 3 SAS afin de ne pas endomager les plantules 
deStriga. 
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Les' crite~s d'ev~luation retenu~ s~nt les dates d'emergerice du premier plant, Ie 
nombre de plants/m2, le poids sec de Striga et Ie pourcentage d'infestation (nombre 
de plants de niebe attaques/nombre total de plants de niebe ), Ies rendements grains 
du niebe. Les coefficients de correlation ont ete calcules seton Ia formule proposee 
par Little et Hills ( 1975 ). 

Resultats et Discussion 

Les varietes sensibles ont connu une emergence tres precoce du Striga, 31 jours 
environ apres semis alors que Ies varietes resistantes n'ont pas connu d'infestation ou 

· ne l'ont subie que tres tard, apres leur maturite (Tableau 1). Les varietes sensibles 
ont ainsi· connu des taux d'infestation et des densites de parasitisme beaucoup plus 
cleves que Ies varietes resistantes. De meme, Ie poids sec de Striga recolte sur Ies 
parcelles de varietes sensibles etait plus eleve que celui du Striga provenant des 
parcelles de varietes resistantes (Tableau I), une difference attribuable au nombre de 
plants de Striga mais aussi au fait que ces plants presentent plus de ramifications 

1 que ceux presents chez Ies varietes resistantes. · · · 

La reinfestation artificielle des parcelles de criblage avec. des semences de Striga 
assure sa bonne repartition dans Ie sol et une identification facile des varietes 
resistantes. Toutefois, nous avons observe que l'u~ilisation· rep~tee sur 4 ans au 
moins de Ia. meme parcelle, meme sous infestation 'aitificieUe, entraine Ia baisse de 
Ia vigueur du parasite et de sa densite dans le champ. Des hyper-parasites seraient lt 
Ia base de cet affaiblissement et de Ia reduction de Ia densite du Striga. 

. · L'association statistique entre les differents criteres d'evaluation est consignee dans 
Ie Tableau 2; Les correlations sont hautement significatives, ce qui revele qu'on peut 

· utiliser l'un ouJ'autre de ces criteres ~ et non pas leur totalite- pour !'evaluation de Ia 
resistance au 'champ. ' . ' . ' .. 
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·Tableau 2. Coefficients de corn5lation entre 4 crit~res d'6valuation de Ia 
r6sistancc au Striga de cultivars de n16b6 lt Kamboins6, Burkina Faso. 

Site %in rest. 

.... 1. Date emergencele Striga __ 
K88- I -0.891** 
K88-2 -0.950** 
K89-1 

2. Pourcentage d'infestation 
. K88-1 . 
K88-2 

3. Nbre Strigalm2 
K88-1 
K88-2 
K88-J 

4. Poids Striga 
K88-1 
K88-2 

"'* : Hautemcnt significatif 

W Striga 
M/2 

-0.813** 
-0.912** 
-0.903** 

0.820** 
0.968**. 

Po ids 
Striga 

. -0.789** 
-0.821** 

0.757** 
0.858** 

0.935** 
0.864** 

Rendement 

0.260 
0.459 
0.168 

-0.233 
-0.421 

-0.358 
-0.418 
-0.176 

-0.143 
-0.471 

Cependant, le choix d'un seul critere d'6valuation de Ia r6sistance est rendu difficile 
par ]'existence de plusieurs mecanismes de cette r6sistance du ni6b6. C'est ainsi que 
le jauriisseinent des feuilles suivi de fletrissement du plant de ni6b6 sont le signe 
d'attaque de Striga aprcs sa germination et avant son 6mergence chez certaines 
vari6t6s trcs sensiblcs de niebe (cas de TVx 3236 ). En outre chez certaines vari6t6s 
le Striga emerge.mais meurt avant Ia floraison ou Ia fructification et chez d'autres il 

· atteint Ia fructification et Ia maturite. On pourrait appeler ces 2 types de vari6t6s 
respectivement Striga " sensible stcriles " qui contribueraient A dimlnuer le stock de 
semences du parasite dans le sol et les Striga " sensible. fertiles " (Ouedraogo et 
Muleba 1988 ). Les etudes en pots permettent d'effectuer le d6nombrement des 
Striga qui germent sans que leurs haustoria ne s'attachent nux racines· de l'hOte, ce 
qui permet de contoumer les difficultes sus-mentionn6es. 

Si en serre, au laboratoire et en poticulture des crit~res plus fins peuvent 8tre 
utilises, pour un criblage en plein champ les crit~res date d'emergence du premier 
plant de Striga et surtout Ia densitc du parasite sont fiables et peuvent 8tre renforces 
par le pourcentage d'infestation et le poids sec de Striga. 
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Resume 
I. 

Plusicurs virus importants du ni6bC ont ~t6 identili6s par serologic au Togo;.cc 
sont le "Cowpea aphid borne mosaic virus" (CAbMV), lc virus de Ia marbrure 
(CMeV) lc virus de Ia marbrure lcg~re (CMMV), le virus de Ia mosai'que du nh~be 
(CPMV), le "southern bean mosai'c virus" (SBMV) ct Ic virus de hi mosai'que ·du 
tabac-souche Iegumineuse (TMV-CS). Des infections mixtcs .ont etc souvent 
obscrv6es impliquant un ou plusieurs de ces virus. Differentcs ptailles sauvages ont 
etc trouvecs infectees par cinq des six virus : ex. ·cassia ltirsuta par SBMV; 

1 Centrosema pubescetiS par CMMV; Nauc/ea /atifolia par CMMV ct CABMV. et 
Mucuna sp. par TMV-CS. Plusieurs cultivars du niebe ( TVx18S0-01E, IT82E-16, 
etc ... ) cribles en utilismit un isolat clone de chacun des virus CMeV, .CPMV ,et 
SBMV sc sont reveles resistants a ces isolats. 

,,· 

Introduction 

Le niebe (Vigna unguiculata (L.) Walp. ) est une 16gumincuse A graine tres 
sensible a un grand nombre de maladies et d'inscctes. Parmi Jes mala(lies 'graves· du 
nieb6 figurent de nombreuses viroses. Plus d'une. vingtaine de virus ont etc identifies 
sur le niebC dans differentes regions productnces de cette tegumineuse en Afrique. et 
nilleurs dans le monde (Bozarth et Shoyinka, 1979 ; Gliem, 1984 ; Gumedzoe eta/., 
1990a,b; Rossel et Thottappilly, 1985 ; Shoyinka et al., 1978; Singh.et Allen, 
1979; Thottappilly et Rosse), 1985 ). · 

Bien que des travaux anterieurs signalent Ia presence au Togo de pl~ietirs viroses 
des 16gumineuses dont Je ni~be ( Gliem, 1984 ; Rosse! et Thottappilly ,' 1985 ), 
nucune ~tude ·de caracterisation des isolats viraux ni d'identification de vaii6tes 
resistantes a l'egard de ces 'virus n'a etc effectu~e. Nous avons done 'entrepris de 
1987 a·t990, des prospections phytosanitaircs en vue d'inventorier les principaux 
virus du niche dans les diverses regions productrices de cettc legumineuse au Togo: 
Le present article mpporte les resultats de ces ct de recherche de varietes resistantes 
a certains des isolats clones de trois de ces virus ( CMeV, CPMV ~~ SBMV ). 

Materiel et Methodes 

Les anticorps utilises tors du test scrologique ont et6 fournis Par: le laboratoire de 
Virologic de l'lnstitut International d'Agriculturc Tropicale ( IITA, lba~an, Nig6ria). 
Les conditions de semis et de production des plantes utilisees ont ete d~crites dans· 
des pubJications nntericures ( Gumedzoc et al., 1990a, b). 
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La collecte des cchantillons de feuilles virosccs a etc realisce de 1987 h 1990 dans 
· les champs des paysans et dans les parcelles de certains organismes et institutions de 

recherche ou de production de semences du niclre dans le pays. Des feuilles avec 
sympt8mes ( marbrure ou mosai'que ) ou sans sympt8mc sont rccoltccs aussi bien 
dans Jes cultures pures que dans lcs cultures nssocices. Certains cchantillons ont etc 
prelevcs sur des plantes sauvages ou fourragl:res ct sur des espl:ces vcgctales 
cultivees en dehors du genre Vigna. Deux tests serologiques precCdemment dccrits 
(immunodiffusion dans un gel d'agarose et immunoenzymatique : Elisa : Enzyme 
Linked Immunosorbant Assay ) ont etc utilises pour l'idcntification des isolats 
viraux (Clark et Adams, 1977 : Gumedzoc eta/., 1990a,b : Thottapilly ct Rosse!, 
1980 ). 

Nous avons procede a !'inoculation de 38 cultivars de niche avec des isolats clones 
. i-11 ct 21~50 du CPMV: pour le CMeV l'isolnt clone 1-43 a etc utilise pour inoculer 
23'ctiltivar8 de nicbC. Cinquante-huit cultivars de niche ont etc inocules avec les 
isolats clones· 18-10 et/ou. I 0-19 du SBMV. La procedure d'inoculation est In me me 
que 'c'elle decrite prcccdemment ( Gumedzoc et a/., J 990b ). Les plantules de. nicbc 
ont etc generalement inocuMcs au stade de feuilles cotyledonnaires. Les plants 
inocules et les temoins sont gardes separement dans differentes cages pendant 4 i\ 6 
semaincs. Lcs crit~res d'evaluntion ont porte sur Ia presence ou l'absence de 
sympt8me, le nombre de plants infcctes de meme que l'effet de )'infection sur Ia 
·croissance des plants, suivant u·nc cchelle de IllS ( Gumedzoe eta/., 1990a,b ). Les 
plants ne prescntant pas de symptOmes ( note I ) et verifies par lc test 
d'immunodiffusion dans l'agarose, sont declares resistants si lc test est negatif. 

Resultats 

Apres a voir analyse 70S echantillons recueillis dans les differentes regions: 
prOductrices du niche, Ics virus suivants ont etc identifies ( Tableau I ) : lc virus de 
Ia mosaYque. du niche transmis par puccron ( CAbMV ),lc virus de Ia marbrure ( 

' . . 
CMcV ), le virus de Ia mosai'que du niebC ( CPMV ), lc "southern bean mosai'c 
virus" ( SDMV ), le virus de Ia mosa'iquc du concombrc ( CMV ) et le virus de In 
mosiiique du tabac-souchc legumineusc ( TMV-CS ). 

Le CPMV est lc plus fn5qucnt des virus identifies avec un taux de prevalence de 64 
%dans certains cas, puis suivent lc CMeV, Je CAbMV,Ie SBMV et le CMMV. Le 
CMV ct le TMV-CS sont identifies de fa~on sporadique dans certains echantillons. 
Plus de Ia moitie des echantillons (63,05 %) ~nt reagi positivcment tors des tests 
serologiques nux antisera de l'un au moins des six virus du niebe 'identifies au Togo, 
dans Jes infections mixtes. 

Differentes plantcs sauvages ont et6 trouv~cs infectees par cinq des six virus 
identifies ( notamment Cassia hirsuta par SBMV, Cemrosema pubescens par 
CMMV, Nauclea latifolia par CMMV ct CAbMV et Mucuna sp. par TMV -CS. • 

Les resultats d'6valuation de Ia resistance indiquent que 44,74 % des cultivars de 
nieb6 sont tres sensibles au CPMV et que 34,21 % sont resistants soit u l'un soit aux 
deux isolats test6s; 
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Tableau 1. Repartition des virus identifies sur le niche (Vigna un~:lliclllata (L.) 
Walp) au Togo en fonclion des prefectures (prospcctions phytosanitaires de J~>ln a 
1990 ). 

•lo, 

VIRUS 

PREFECTURE 
·' • • I 

CABMV CMEV CMMV CPMV 'I • SBMV 

AMOU + . + 

GOLFE + . '++ ·+ +++ + 
HAHO + + + +++ + 
KLOTO · 

I. 
+++ + + + 

KOZAH ++ 
OGOU ++ +++ + 
SOTOUBOU \ + ++ + 
TONE + + 
vo + +++ + 

I 

YOTO +++ 
ZIO + +. +++ + 

+++ Tresfreq.uent 
I • 

Legend..:: 
++ Assez frequent 
+ Peu frequent 

' 

'La resistance de ces cultivars aux deux isolats viraux du CPMV a etc cnsuite 
vcrifice par inoculation a des niche sensibles ct par le test d'immunodiffusion dans 
l'agarose. · 

Ainsi, les cultivars.IT81D-IOC>7, IT82E-16; IT83S-818 et TVx 1850-0I,E ~ont 
resistants nux deux isolats etudics et deux accessions de niebc de I'IITA '; (TVu 410 
et TVu 645) sont resistantes nl'isolat 21-50 du CPMV. · · · · 

Les resultats indiquent de mcme, que seulle cultivar 58-146 est resistant nu CMeV 
( isolat 1-43 ) landis que le cultivar TVx I 850-01 E est tolerant ace virus. · · 

En ce qui concerne le SBMV, !'etude rcvcle que seize cultiv~rs ( ~oit 27,58% ) se 
sont montres resistants a l'isolat 18-10. Ce sont: IT82D-789; IT82D-786, IT82D-
703, IT82E-16; IT82E-60, IT83S-818, IT82E-885, TVx1850-0IE •. TVxii93-
9FTVu645, TVu19, TVu410, 58-146, Locale Blanche, Locale Afagnanga et 
Diapagn. De mcme, six cullivars se so.nt rcveles resistants Ul'isolat 

1
1 0~ 19 de ce virus: 

il s'agit de IT82D-786, IT82D-703, TVxl J93-9F, TVxi850-01E, 58-146 ct IT83S-
818. . I 
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Discussion 

Parmi lcs trois virus isumctriqucs CMcV, CPMV et SBMV identifies, le CPMV 
est lc plus frequent. Nos rcsultats conlirmcnt ainsi ceux obtenus par d'nutrcs auteurs 
( Glicm. ltJK4 : Singh ct Allen, 1979 ). iJ'autres virus du ni~bc, non moins 
important~. rcgulicrement identifies dans differentes regions ( Thottappilly et 
Rosse!. 19K5) ont etc retrouvcs au Togo: cc sont: le CAbMV,Ie CMMV,Ie TMV
CS ct lc virus de Ia mosai'que ·du concombre ( CMV ). 

En vue de recenser d'autres virus du niche parfois en concentration plus faible dans 
lcs plantes il est important d'amcliorer les techniques actuelles d'idcntilication pour 
lcs rendrc plus sensiblcs, ou de d~veloppcr de nouveaux tests plus fiables ( ex dot
blot, hybridation mol&:ulairc etc ... ) (Miller et Martin, 1988 ). Dans lc meme ordrc 
d'idee, !'usage d'anticorps monoclonaux ( spccifiques ou non ) devra i!trc privilegic 
lors de l'inventaire des principaux virus du niebe. 

Diverses sources de resistance au CPMV et ll d'autres virus du nieb6 ont etc 
identilies dans le germplasme de plusieurs accessions de nicbe de 111TA : ce sont 
TVu393, TVu493; TVull85, TVu 410 et TVu616 (Singh et Ntnre, 1985: Singh et 
al., 1984 ). Ces sources de resistance ont permis In mise au point de varictes 
resistantes de niebC au CPMV et ll d'autres virus de cette lcgumineuse. Ainsi 
plusieurs cultivars du nicbe, avaient etc identifi~s comme r~sistants u l'egard du 
CPMV ( IT82E-16, IT83S-818, TVxi850-0IE etc .. (Singh et Ntare, 1985 ). 
Certains de ceux-ci se sont egalement rcv~les. resistants aux deux isolats du CPMV 
ctudics ( 7-17 ct 21-50) eta l'un des deux virus CMeV et SBMV. 

Lu varicte de niche 58-146 lnrgement diffusee dans les regions productrices de 
cette legumineuse est resistante au CMeV, mais tres sensible ll l'egard du CPMV. 
D'autres cultivars de nieb6 couramment cultivcs ( Vita 5, IT81D-985 etc .. ) sont tres 
scnsiblcs nux trois virus isometriqucs ( CMeV. CPMV et SBMV) etudics. Seulle 
cultivar TVxi850-0IE est resistant u Ia fois nux trois virus ci-dessus mentionnes. 
Compte tenu de ce niveau de resistance multiple nffichCe par ce cultivar et aussi de 
son bon niveau de rendemcnt ( plus d'unc tonne i't !'hectare ) ce cultivar peut-i!trc 
largement diffuse au niveau des paysnns si Ia contrainte couleur des grains est levl!e 
duns certains milieux. 
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Regional Approach to Maize Research for the Semi-Arid Zone of 
West and Central Africa. 
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Coordinator, Maize Network IITAISAFGRAD Ouagadougou, Burkina Faso. 

Abstract 

Maize (Zea mays L.) is an important food crop and major component of the 
cropping systems in West and Central Africa with about 3.8% per year increase in 
production over the past 20 ye~. The sub-region has, however, stagnated in yield 
over the period at 1.0 tlha whereas world average has virtually doubled from 2.2 to 
3.5 tlha. The SAFGRAD Maize Network is a research strategy to: (i) address the 
prevailing climatic, biotic, physical and socio-economic constraints, most of which 
are common to the countries in the sub-region, by pooling. the limited resources of 
the ·national programmes to promote the generation of appropriate technologies, 
through collaborative priority research projects by Lead Centres, and (ii) enhance 
the interaction and exchange of information, germplasm and manpower. Managed 
under a concerted leadership of a Steering Committee of elected active national 
maize scientists, the Maize Network has recorded significant progress over the past 
four years. Among the indicators of achievements towards the attainment of set 
objectives are: (i) increasing number of varieties composing regional trials comes 
from the national programmes, (ii) several national programmes are using varieties 
selected from the regional trials for release or as sources of germplasm for breeding, 
(iii) influence on the research agenda of international centres, (iv) increase in the 
number of scientific papers presented by national scientists in SAFGRAD organized 
workshops, and (v) improved precision in field experimentation and the handling of 
trial data. 

Introduction 

The semi-arid ecology of the West African savanna belt is shared by 15 of the 24 
countries in the sub-region of West and Central Africa (Table 1). This ecology of 
about 211 million hectares gross land area repre-sents approximately 22% of the 
total land area in the sub-region. ' 

Maize (Zea mays L.) is an important food crop in the sub-region, with over 70% of 
the production being used as food (CIMMYT, 1981). It is a principal component of 
the cropping systems. Maize production has increased at about 3.8% per year in the 
sub-region within the past 20 years compared to 1.4%' for Eastern and Southern 
Africa (Table 2). However, yields in West and Central Africa have, virtually 
stagnated at abo~Jt 1.0 t/ha compared to 2.2-3.5 tlha world average (ClMMYT, 1981 
and 1990). 

The poor maize yields in West and Central Africa is due to low and unstable yield 
potential of the available production technologies; increasingly unfavourable 
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climatic and soil conditions, and a complex of disincentive agricultural policies. 
The Semi-Arid Food Grain Research and Development (SAFGRAD) Project is an 
attempt to address these problems through regionally-oriented research. During 
SAFGRAD Phase I (1979-86), IITA-SAFGRAD scientists, in collaboration with 
scientists from the National Agricultural Research System (NARS) in Africa, 
developed or introduced new improved varieties of maize, higlighted the crop 
management problems of the semi-arid zone, and proposed improved crop manage
ment options. 

Table 1. Classification of West and Central African countries according to · 
percentage of total land area under semi-arid ecology (600-1100 mm rainfall). 

·Area Under Semi-arid 
Ecology%. 

O(TooWet) 

·. O(TooDry) 
'I . 

I- JO 

. Jl-25. 

26-50 

Over 50 

Countries 

Congo, Equatorial Guinea, Gabon, Liberia, Sao Tome & 
Principe, Sierra Leone, Zaire. 

Cape Verde, Mauritania. 

Guinea-Bissau, Niger, Chad 

C6te d'lvoire, Ghana, Togo, Guinea . 

Benin, Cameroon, Centrnl Africain Republic, Mali, 
Nigeria, Senegal. . 

Burkina Faso, Gambia. 

SAFGRAD Phase II (1987-91) was developed to identify and bring leaders and 
scientists of NARS to the forefront through the implementation of regional and 
commodity-based research Networks, including the. West and Central Africa Maize 
Research Network. The major emphasis of each of the five Networks is to 
strengthen linkages within and among NARS in order to promote the development 
and diffusion of technologies. · 

Constraints to Maize Production 

· The constraints to adequate and efficient maize production in semi-arid West and 
Central Africa as assembled by scientists from 16 countries in the sub-region 
include the following (SAFGRAD, 1987a): 
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Table 2. -Maize statistics for West and Central Africa and some other socio-
geographical groupings of the world* . 

Maize Statistics West and 
Central 
Africa 

Estimated population 250.8 
(million) 

Estimated growth of 
population 1987-2000 (%) 3.0 

Maize area harvested 
1986-88 (000 ha) 5,295 

Maize production, 
1986-88 (OOOt) 5,080 

Maize yield, 1986-88 (tlha) 1.0 

Maize yield, 1961-65 (tlha). 0.8 

Growth rate of maize 
production 1962-66 
to 1973-77 (%/yr) 1.3 

Growth rate of maize 
production 1973-77 to 
1984-88 (%/yr) 3.8 

' Growth rate of yield of all 
cereals, 1962-66 . 
to 1973-77 (%/yr) 0.9 

Growth rate of yield of all 
cereals, 1973-77 
to 1984-88 (%/yr) 1.3 

*Source: I. CIMMYT, 1981. 
2.CIMMYT, 1990 

Eastern and 
Southern 

Africa 

228.1 

3.2 

9,871 

13,662 

1.4 

1.0 

4.2 

1.4 

1.3 

0.1 

Developing Developed World 
countries countries 

3,948.3 813.8 5,190.1 

1.9 0.5 1.6 

81,813 34,258 127,771 

182,732 213,712 450,91 

2.2 6.2 3.5 

1.4 3.5 2.2 

. 4.1 4.1 3.9 

13.5 2.3 2.8 

2.5 1.9 2.5 

2.8 2.0 2.3 
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• 1, 

a) Need for maize varieties of different maturity cycles, for adaptation' to 
traditional cropping systems and with good husk cover. · 

b) Susceptibility to major foliar diseases, Striga, stem borers, termites and to 
drought stress. 

c) Problems of soil fertility, soil water conservation, production systems and 
weeds. 

d) Inadequate on-farm testing, seeds and other farm inputs, pricing and· 
marketing policies as well as trained manpower. 

The Maize Network Approach 

a), Collaborative Research. Guided by the facts that: (i) virtually all the 
constraints highlighted are common to most of the countries, (ii) the different 
national maize programmes are at various levels of research development regarding 
manpower, infrastructure and programme structure, and (iii) that no one country has 
the requisite resources to combat all the problems, the approach employed allowed a 
pooling together of available resources across the sub-region towards developing 
technologies that are regionally exploitable. · 

Even then, the ix>ol of resources is not enough to take care of the major constraints 
identified. Consequently, six of the NARS institutions considered reasonably well 
endowed with an effective research set up were designated Lead Centres and 
assigned specific responsibilities for the generation of technologies in addition to the 
backstopping provided to the Network by IITA. Thus, the various Lead Centres 
were assigned research respons.ibilities by the sleering Committee as folJows: 

. . 
The other Network member countries were designated technology-adapting 

NARS. 
• 

Comprising of six elected active NARS maize scientists, the Maize Network 
Steering Committee is charged with the examhiation of the work plans, monitors the 
activities and reviews progress on these assigned projects. The Steering Committee 
meets biannually and provides concerted leadership for the management of the 
Network. The liT A provides technical backstopping to the Network by responding 
to needs from the national programmes for germplasm, experimental techniques and 
consultation. 

b) Regional Trials. In view of the commonality of production problems, maize 
trials arc composed according to target ecologies or identical production 
requirements. The approach serves the dual purpose of providing a mechanism for 
the wide testing of the technologies emanating from IITA and/or the Lead NARS 
Centres and also avails the technology adapting NARS the opportunity to evaluate 
elite varieties and other improved packages from which each country can select the 
most promising for its further testing and eventual release to farmers. 
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LeadNARS 
Centre 

Breeding 

Bu~kina Paso Maturity groups an~ drought tolemnce 

Cameroon Maturity groups, drought tolemnce, 
, and Striga control 

COte d'Ivoire ·Maturity groups and stem borer resistance 

Ghana Maturity groups and streak resistance 

Agronomy 

Production systems for 
maturity for maturity . 
groups 

Nigeria Production systems for 
maturity groups 

Togo . Maturity groups and streak resistance 

c) Training. Inadequacy of trained manpower is a major constraint,in the 
conception, design and implementation of research projects appropriate to the . 
promotion of increased maize production in most countries. The scarcity of trained 
manpower is more serious in the technology adapting NARS. Consequently, the 
Network organizes an annual 5-month practical training for serving maize research· 
technicians, with emphasis on trial management, varietal maintenance, seed 
production as well as data analysis and interpretation. Such a training programme 
results in the effective participation ofNARS in regional trials. 

d) Monltoring.Tour. Effective interaction among maize scientists is crucial to a 
successful Network. In this regard, monitoring tours represent one of the various 
approaches employed by the SAFGRAD Network system towards enhancing. 
interaction among national programmes and. between individual scientists. 
Organizedbiennially and involving national maize scientists from different 
countries together with backstopping from liT A, the monitoring tours enable 
participants to visit maize research and development activities in the sub-region and 
to relate experiences to happenings in their respective countries. 

e) Workshops/Seminars. The Network organizes biennial workshops/seminars in 
alternate years with monitoring tours. At such workshops, the status of 
collaborative research projects is reviewed and scientific papers are presented on 
findings. The approach permits exchange of methodologies and technologies, thus 
helping to avoid unnecessary repetition of less viable research options in other 
countries. 
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Programme Implementation 

a) Steering Committee. Since its establishment in March 1987, the Maize Steering 
Committee has guided the Network towards the attainment of set objectives. The 
participation of UTA, SAFGRAD Coordination Office (SCO) as well as USAID in 
meetings of the Steering Committee ensures technical and administrative backstopp
ing and effective linkages. The holding of eight meetings thus far in four different 
countries provides further credibility for the regional approach of the Network 
system. 

b) Collaborative Research Projects . . The collaborative research projects of the 
Maize Network are at various stages of implementation at Lead NARS Centres. 
Among notable achievements recorded thus far has been the establishment of streak 
screening facilities by the Togolese Lead Centre where many breeding populations 
are at different stages of improvement for streak resistance. 

Maize varieties of different maturity cycles have been ·developed by the Ghana, 
Togo and Cameroon Lead Centres. These programmes have ensured that the 
varieties possess resistance to maize streak virus and other important foliar diseases. 

Control measures for the parasitic weed, Striga, are being sought by the Cameroon 
Lead Centre within an integrated approach embracing utilization of Striga 
tolerance/resistance source from llT A as well as agronomic options such as the use 
of trap crops, selective herbicides and fertility management. 

Agronomists in Nigeria and Cameroon have commenced research Into the 
determination of appropriate plant populations and fertilizer management for early 
and extra-early varieties rather than applying the current technologies recom~pended 
originally for late-maturing maize. ' 

. c) Regional Trials. From 1987 to 89, the Maize Network organized three types of 
regional trials, namely: early maturing, drought tolerant varieties; intermediatcJiate 
maturing varieties; and extra-early maturing varieties. In order to avoid duplication 
of efforts in the germplasm offered to NARS, an arrangement has been reached 
whereby trials relating to early-maturing varieties are, with effect from 1990, to be 
organized by the SAFGRAD Maize Network while the intermediate/late-maturing · 
trial are to be coordinated by llT A as the Institute charged with maize improvement 
in the West an.d Central African region. · 

There has been a progressive increase in the number of trials requested by NARS, 
particularly the early and extra-early variety trials (Fig. 1). Similarly, there has been 
an overall increase in the proportion of the varieties contributed into the regional 

·trials by Lead NARS Centres and other Network-related activities. It is also 
encouraging that the number of collaborators returning data had. increased over the 
years (Fig. 2), so also has been an increase in the precision level of the trials as 
reflected by the number of trials with acceptable CV values. Data from the various 
trials and countries are promptly compiled and distributed to all the member
countries. 
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d) Training. Fifteen technicians from 12 countries have so far been trained in the 
5-month annual residential practical course at Kamboinse. The technicians arc now 
reportedly capable and effective in the management of regional and other trials, in 
seed production, varietal maintenance as well as in data analysis arid interpretation. 
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Fig.l Regional maize trials, 1987: n· of sets dispatched 

c) Works/lops and Seminars. The Network has so far organized two 
workshops/seminars for the exchange of research results and methodologies among 
scientists in the sub-region. A total of 42 maize scientists from NARS and llTA 
participated in the first workshop in Lome, Togo, from 20-24 March, 1989. Apart 
from discussing progress report on collaborative projects, 15 scientific papers were 
also presented covering maize, breeding, agronomy, protection and utilization 
(Fajemisin et_al., 1990). In the second workshop held from. 8-14 March, 1991 in 
Niamey, Niger, 24 scientific papers on maize were presented. 

I . 

In joint efforts ~ith the Sorghum and Cowpea Networks, a Seminar was organized 
in January 1991 at Ibadan, Nigeria, for research agronomists in the sub-region and 
auracted an unprecedented .close interaction. 
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Fig. 2. Regional maize trials, 1987-1989 : data recovery 

0 Consullatio11 Visits. The Maize Network Coordinator as well as members of the 
Steering Committee carried out periodic visits, mostly individually, to member 
countries. Such visits afforded the on-the-spot generation of feedbacks on the 
activities of the network in the various countries. The visits by Steering Committee 
members, in particular, constituted an invaluable exchange of researchers among 
member countries and a sustainable method of strengthening NARS. 

' Progress and Achievements 

The major objective of SAFGRAD II is to strengthen NARS commodity research 
programmes and to improve linkages within and among NARS scientists for the 
ultimate goal of increased and sustained food grain production. To this end, the 
Maize Network can cite several examples of indicators of commendable progress 
which are of positive contribution towards the attainment of project objectives and 
goat. Among achievements recorded and progress made are the following: 

a) Regional variety trials arc no longer composed exclusively of varieties from 
the International Agricultural Research Centres; there has been an increasing 
number of varieties from the national programmes such as Kawanzie, 
Aburotia, Okomasa and Abelechi from Ghana; AB22 from Togo; and Ndock 
8701 and CMS 8710 from Cameroon. 
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Not only has interest in· receiving and attending to regional trials been · -, .. ·. 
increased, their execution, data recovery and precision of obse~~tfon~ have 

. also steadily improved. _.. ___ ---- ... . ------- --··· -·- --. ·- ... . --
•;' : :'I.. ' .• ~ . ' I ' ,' 

: c) Several NARS are using-varieties selected from-SAFGRAD regional trials as- --
sources of improved germplasm for further breeding and/or release to their··:, :1 

d) 

e) 

f) 

'· g) 

h) 

i) 

farmers (Tables 3 and 4). ,,. 

The re-structuring of research _progratl}mes suggested by the Network during 
consultation visits' have 'mostly resulted jn the :institutionalization of national . '': 

, , o , ~ _, J I f' 1 , \ I • 0 • I 

variety trials, prudent varietal' and germ plasm .'maintenance as well as seed 
production. ,, .. , ·· 

:.·~·:t•' _•, !· l:~ ~,; t\f ~:,• '~ I 1 ·.·..-.-1 '<<~ ~' !~ .. , 

Feedbacks on the technicians trained by the Maize Network as obtained 
during consultation visits, evaluation panels and written commendations· :.:1 ·; 

received from their supervisors have revealed that the trainees are making 
OUtstanding COntribUtiOn Within their feSPeCtive'nationaJ prOgrammeS. ' '' I J 

The increase in the number of scientific pape~s presented at SAFGRAD
organized workshops/seminars is a strong indicator of increaseCI research 
activities within NARS. · · ' · ·-

lr :·: 
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The various avenues of scientist-to-scientist contact resulting from the 
Network. ac-tivitfes. have created lasting tie;-for routine .exch.anges of. --·-
germplasm and scientific information. 

Res·earch problems that w'ere once 'reserved 'for' International rig·rt~JJtural '· ~ ;· : •.. !· 
research centres are now gradually and enthusiastically being'.itddressed by'' ,, .... 
NARS .... ·- .. _ .... ···---- ... ----· . --· .. ____ .. -- ---- -----· -- -·--. 
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The seriousness of purpose of the Steering Committee as reflected _in _the . __ 
reports' ofits' regular and-fuily atiendedn1eetings' has influenced the research 
agenda and/or modifiea concepts and approaches of international agricultural ·· .. ·' 
research centres. · · · · · ·.·: 
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Table 3.- -·Natfonat brecdl~g-p~~g~~-;;;~~~~si~g sJ,c~iri~.g~~pl~~-id;tlfl~dfr~!Jl--~, 
SAFGRADRegicin~IMaiieTria1s!t;·,~:l. ,;;_, >:rr::,.··.·,: 'r) .::!·: •: l :·'1'' I')~. 1 ' 

,,.:t"".~; .'1nd·:r,_,.~t' df'~~!~!·J,!i•:, ~-~ J~.i!)l;l 'l .:1;~';/J l;· .t,.~·-:.:·1'!1: 
f •• , .•• ,,, ,,'tl,. !·.,. r:. 

National Programme Maize Germplasm . . .. - • ., ''") • t I'· 

Burkina Faso TZEE-W 

Cl>te d'lvoire Across 86 Pool 16 DR, TZEF-Y. Maka 
b:)!''!:•.;,} ~n )!~) ·Jt~L·~ -- \1·,.: ... (:1 C' !!';a:J"".1; ~~~;;i:;·.:::)·.r ~-~~ 1i'J ,:: ., ·j;_~ ... --.-~ •·~· 

Gambia:· •i •,·' ·•:.-:Tii''"' . 1, ,. ·1; n. :·:~Pool 16 DR,,'., '!! ,.,'J .;:li ~i: ,. ~;l::llv•ru~• ?L; ,,;~. 

~~q}·~!:r;1 ~ .. J~~ :-"'\ :.::~1~ ~r': ~ ... d• f,t~:. . ,.,·:.•i;: :P')i~· :J"'~it-. ·:;~;;t r :nri {J Jl!'.l:J::J 

Guinea .. ·.: ·11!1'. :··r: •·1f··r-r.;!•. ,D~R,-_ESRX !l'J'i' r:nl.i'.' r1' •• , ·rlj 11· T.' •;q'l·::; n•·r; 

Mali .~. ,, .1 ... , •.- .......... Popll6DR .,,. ~ 
• .. •• '.) l...l·· ,, \ - J ll ...... '1 ' J ..., .. J' ·: - '. j til- .. 

,.r~·l ":J'" • I · •; "·-~ ·~.; ''(IJJ .... f ,,j_ ·" · ·J... ~; ,',,,',;•;T•.,:_\,:r:.~~h~ .. ;! tO\/ ~·<J.'.!rit ,'.c., 
Senegal~·'· ' "'· ·.' J•·'• 'v " · · ''

1 M aKa~ · · ' ' ·' '" ' · · -
_'{_·~; t r,-r :f·:l .. ~ :~i·,i;:.L· 

Togo TZESR-W x Gua 314 BCI F4, Pool16 DR 
f,l,.,~~ r!ni•lqr ... 1'_l'~!:'o ·..~::-''I~'~ ··.1-j~t=r··:....;.:::. ·:rl ?''1 1.{'J',L" _.,j'I+:G; ,'f/i' 

-1<1 ·'1~td ri·_,,~ .,r~;~l ·:•; ~-~~ :- .. d! t_r.~ .. :: :-~,u ~;,:; ~\:r r! =--~it:·~fl:.c· ::!o.·t_:-'~~ 

:.~:t:.:.~~ '-,,._; ~~!L!tl~:.;'Y.! L:l' lJ' .': ~-,,,.:~ 

(•• 
.: 

Table 4. Maize varieties released/in the process of release to farmers ln some countries in 
•ll ~lJ~ II •''• 'I•' , 1,, ·••l--• , .•l ' 0 , 1 ,, ,•' JJ•••• ,1, ,'.., , , • , ~·· ,, .r • ·~ .,1 

West and, Central ALfn'?a: .
1 
.. 1 ,r: .. , , JJ' 1 1 

, 1 
1 

.• ., it ,,, ...... , ., ,_:,1 .. • ... r' . ·. -; ·. 
' .. f L•) ', I). ll J C'' t t l , • ~ •t I , • - •' ' · • I • U .I ~ L J .,. • '• • - • • C.,.,. ' I I- • · 1 ..., 

.. 'r I .~ 

Country Maize Varieties 
')~'1; ,..,1 1 ~}~"''·!;·; .... , ~~:: ·~f)::u:~.r/) 1 •1,:·1~·.-.J(J ·:-l· ~J * ._.~._~u.:.; 1': 

»':· L~ _.!._;it i/.-_:· .• Jff•'l , ...• : ~ 1 ~(· t: ..... 'l! ·.t •. ·,:,~1fi ._ 1l'fl ~·~··. ~~·:.;·.;. '·'J :~-· .'!~,J~} H 

Benin '' r··J•r, ,· !; t !·,r: ."•: Pirsaback.7.930~SR, Selcou 81·.1'ZSR-W-h·EV·8443~SR •. ·!,1 ·;:-1; 
' TZB-SR • . • 

Burkina Paso 

Cameroon 

Ghana 

Mali 

Chad 

Togo 

22-SR (=EV 8422-SR), KPB (=EV 8430-SR), KPJ (= 
EV 8431-SR) 

Mexican 17E. SAFITA-2, CMS 8806 (= DMR-ESRY), 
Pool 16 DR, TZEF-Y, TZPB K81 

Kawanzie, Aburotia, Mexican 17E, SAFITA-2, 
Abeleehi, Okomasa, Golden Crystal 

SAFITA-2, DMR-ESRW, DMR-ESRY, Golden Crystal 

TZESR-W, CMS 8602 (= EV 8431-SR) 

lkenne 8149-SR, Pirsaback 30-SR, Poza Rica 43-SR. AB22. 
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j) .. ; . Consultation. visits. by Steering Commiuee·me·mbers to other couittries: 
·,.; .. portray. the increasing leadership role·bcing played bj'NARS·seientists in' tile:': 

sub-region. ·,. ·.·· . ·. ··i . ·· .; : , .. ::r!':: ·· ·. ··· ·,: :" · . · ·:. · .. ~ 

k) ': ·.! ! The production and circulation of several docum·ents originating from·· the .J 

~ · Network, including workshup/scrninar·proceediJ1gs~·variety characteriZation ··..J 
and compilations of regional trial data are vivid examples of information 

" :' exchange towards 'strehgtliening NARS research capabilities/ ·: i ·. •· · ·: '·,·,. ! · .-: 

i 
I) 
I 

', ·~·~J, -.'f .~r~, )"". .. .. ;1: :·: ··~r :'·.,."1'·· r,;;.··- "'~,: ,,. ,, · ,.,.,.: .:i'J•'' .... i: ... ,l· 
In response to internal and external ·evaluation :reports,.ttie Maize Network: :• 
has diversified its activities to include agronomic research and agronomic 

1

1.· 

The Tasks Ahead. 

•.semhiais/workshopsY":!:,:· .. -.:·;.: .• ···.:. ·· ::.•·.<:i :''::;···L'-:'. 
, , 'i 1 ~ r • t ' , , I •, i j o , _' • ~ '~ 1 ! I , ! ' f I 

I In addition:to the need torforge·ahead-with on-golng~research projects1and otfiei': 
'activities· of the Network;th'ere are other important areas:which wouldineed to-be'~· 
.resolved in the coming years. For instance;•the :larger grait1' borer,' Prosteph'anus •C • 
'tnmcatlls, poses real threats to maize production in the sub-region. This extemely 
voracious insect pest ha5 bee'n .reported from .Togo, Benin 'lind Ghana· and itS ·spread-. 

1 

to other countti(!s is orily li question .of'tiri"IC.''• There is::therefore, .the need. to look ',; 

!into its control alternatives, including·biological'ccin'trot •The otlie'r areas· or future·". 
concern relate to termites which are widespread in the sub-region; stored-grain pests 

: continue to aeplele even. the •inadequate maize proCJuction;' and. research' for better . 
and diversified utilization of maize wilf go a lorig way· to encourage' production -and~: I 
catalyze research efforts. Needlessto add the fnc,t.th~t.~!li~~~s~.~~fl:lleng~s .. qt~.~nly.: 
be done in an environment of improved funding, increased/improved research 
infrastructure and substantial incentives to NARS scientists. 
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Maize is a .popular crop .in Africa because it is easy' to grow, store, thinsiJOri, mill 
and cook .. With.the availability ofnitrogen 'fertiiizers,·if enj~ys'a ,;bbom" as a ca~h 
crop in the ;ayarma zone, because it'is more' nitrogen-responsive than 'ihe traditional' 
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0 1ITA conducts research on maize genetic improverrlent and "pathosystem analySis" 
within 'its Maize Researd1 Prog'ram'me, .which a'cli~ities' will·b·e outlined iri this 
presentation. However, it also conducts equaliy iinpbrtant r'escarch'on lmproving 
~1?-i~.e f.a,rming system~ ~n, ~~~;con,~~xt ,of thC? .. Resource and <;rop Management 
~.~og~a.n:tll'!e· ,Th~. ~~~ter .. w~rk i~ reac~ing l'{A~S ~hr~mgh, a new ·n~t~or~,. or 
Collaborative Group on Maize~Ba'se"d System Research,' 'COMBS, which is 
-as·~ociatcd' with' tiie West African Fiumi.ng Syst~fris Re~earch Neiwork .... ! ·r·' : ~"i 
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The Maize Programme at liT A currently focuses on the moist .savanna ecology 
with Striga as the highest priority issue. The overall goal of the Progriurim'e is to 
,deyel?P..Y~r~~t~e~}ha~-~i!l he!P..Y(est:?.nd ~C.~t~~I.A:f~i~~n,farm~~s t~ r~~u~~ ~~~ ~~ks 
assqe1ated 1 w,Ith .mtens1fied ma1ze. product1o~. Our strategy for domg ·ih1s mvolves 
breeding for resistance''to Africim-speciric pesti. 'dis'eases''nnd ;str'esscs. 'rhe' ITTA 
:ext~nsiyeiy "liiili~es:cn~1MY.t (a'nd''cithcrfg'elmpia~m its· a ·startirig poh1t ~nd 
incorpo~te res'isuinc~· i'nto tl;ls'base: ... ,. :. " . : . ' ' . ~- · .. 1' ·:;: .-.. ~·"io r,.j_ "j 

• ', '· .• "'l: ~ .f ; "': ... I ' 

. How, are. ~hcse, r~~i.st~~c.es.fo~rd? , ~o": ~an t~e~ be s~reened. fo.~ effient)Y? .. ~i11 
.. they be stable'~ .These. are all questiOns addressed by "pathosystems research". 
~.EJ)tO~olpgists, pathologists' and 'striga, b!ologist~ seek':to .i-ncrease our-underStanding 
of the life cyc.Jes .and ecology, of 'iile pests _and di~e:ises.'. This 1i'nfonnation is used to 
'develop efficient, ·n~liabl~ artifieiai reanng and 'infestation techrliques .whici{the 
breeders can use. It aiso' gfves-'us"Ciues 'as to how' genetically 'variable the 

.. pest/pathogen may 1be and, therefore, how stable a resistance is likely to· be. 
Breeders use this knowiedge tq 'deveiop appropii.ate genetic· resistances.'··. . ·. ~~- . 

' ' • ' ' ' ) t , , ~ ', , I J ' , ':_ 1 • t I ~ t_, ; \ : ' , ; ' 1 • , ' 1 ' ' f : ' I 
0 

j ~ o II : .: , 

:·'Thc,IiTA~App~~~~h ~-~:~·: '' : ·,.: 11
:,.• ' ... : ·• •• .. •• l '' •• ·:. ·' · -, 

. . - ' ' ' l • I • ~ ' I ' • . I ! • ! 'I J : I : II ~: . J t . ' . :!. , ' . ; . ! ' . 

A well-known case study is the development of maize streak vfrus'resistance 
. methodology,, which won for IITA the 1986 King Baudouin award, CGIAR's 
,-.highest acccfla.de. Entomologists and .virolbglstS 'studied ille' ii(e 'cyCle. and ecology 

• " ' .. ' • • • • • - ' • • , ' .> , ~ , ' , l ' ' I ' .'} , t ' • , ' • { , 

of the leafhopper vector and virus and ileveloped mass ·rearing techmques. ·Together 
with breed~rs. they 'applied these methods'to.:sefeci not-for a 'sin'gle-g~ne unshible 
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immunity, but rather for a polygenic, :s~h6le ~~c;ist~~~~. · 'Thls- ~~~1[1drice 'stili holds~ 
wherever it has been tested. · 

\~~~}~~d-a~d~~~ .. app.roa~~.· ~i~~ing patho~ys~en:t .~e~ca,t;ch tq, br~~di~g, is bei~g1 apphed to other constra1i1ts such as stem borers, storage insects,·downy mildew,. 
grainqualityandStriga. · ,_. · ",.,.,-,J•\ · ,-.... J~~~·f· 

Striga has become our focus constraint at present and 1990 was a banner year for 
it. We markedly improved the infestation technique and identified more'promtsing 
i.nbred1 hybrid ~nd open-pollinated gcrmplasm. A ''Striga thrust" got underway, 
~.~i~~. links, ~~·:~i~h ·~~H~ague,s' ~~ ~ther ~r~g~a~~~~.~ ~pcc~alizi~g', i~, agronbmy, 
eco.n01nics, .modelling and biocontrol. Agronomists verified our tolerance/resistance 
on~fnnni'economists linl"tnodellcr~ 'shiried deveioping"a 'systems 'model~towrlrds 
helping to see which groups of farmers will: firt(J' the' Strlgd''tolchint/rcsisti\rit 
varieties most useful;. and nematodes have been implicated as a new biocontrol 
agent: ··one of itie .. most fascina'ti·~·g·things 'ab()ut Stfiga research isi tHat' there irreiso 
quinyiu1gle~froniwhlcht.oapproachtheprobtbm.':·~· !i ···- ·.·: ·: ., ·j ,.:·;, .. 

;,·:.,I' ,_:l ... l'l;' ·.~.· ,':,_:~ ·~", :.'.: . ' ' ~~. ·,I:·,?,'',;),; .. ~ >';'): '; : I ,' ... -j >.; ·> '/'J. ·;~I:,. · .. , '•,, "':: • :·1 
1 At present, the ,level of fiT A's Striga tolerant/resistant ·varieties· 1s only' moderate~ 
the.se. yarieties ,siil't' suffer conside'r~b'Jc'' y.ieid los's', und~r' se'vere 'in festi\tici'n•. 
• . • •• • •. • , c •• t J • ~· , ; • ~ c , , :... ,- • • • • • • • • ; , , • • r t • 1 , :; •• , ., • , • , • • • •• 1 •• 1 , 
Nevertheless, progress ,~ continuing; response to selection m our populations has 
still not reached a phtt~acl:. Furtbei-m'ore; in combination wi·th practices like'"rldgtng 
up" weed control, the present striga tolerant/resistant varieties show a synergistic 
benefit greater than either component technology alone. ·:'·J!:. ·' · l,.,,_ • .. '·1 ' 

\>I t 0 f 0 ~ 'r > • { ,j j r.; , I J f' I < ,·, J { i I ' ' , ~ \ 1 f ' 

'L'nka t "NARS · •J '
1 J • -~ ,,; r:,-Jr· ·'·~ '' . :··i' ·•:1. 

,., 
1 ~ ..• ges ,~ . -·"· '' L r,• .::.1 .. · -'·: · "' ·t · '' _,; ... :· .J.; ·"l ·.,:1 , · ·" , .. rl': •· 

~~;.·~~i.#A.~·~6~_~id~~:N~~~ ir:~t.i.t~tici,riS:~.R~in~f~ l~.'.re~~e.aic~:~~~··~i·;; ~o~;~Tiu~·.t~ 
share. any new Jechnologies 'and ge'rmplasm il 'develops ·and to benefi't'from similar 

' ! • I -' ' I , I, •, ') ll.. '• 1 
• •• •• '• ' '• 1 ,.., ., •' • I' ""' r II • ' 'f I 

1advances ,made by ·natiom11 systems. The' NARS .must refine arid cadnptliTA 
technologies rcir Hteir· own tochl corlditidils' dnct' ·consumer pref'ererlccs if they 'are· to 
have any impact. : ,.,1 t':t :, ~:.,, Ll .. :. ·.. : .,.,~ •• • ":; • 

J!.\:~· ;' f!;;:_•li,. ;··, L•j.·_;· I<' r:~ ,,.,; I '' jl '•q )I ''( •I • • - .. 1 

·)?~.ernati?P.~~~ tr~~~s · conti~~~_as .o~r. main'~o~~llty o~ .. ~~~P,J,as~ ~~~~e~i~ati?~· 
.. The.JITA 1s presently helpmg several NARS to 'establish·streak res1stance screenmg 
'racihties>nd ·uniform(y-infest~d st~ig'a 's'creenfng fields.· we'rrre at so' writing~ in 

:; ~~llabomti~q}vi~h s~v~·~l N·t_':~s·;scien~i.s~~·. -~ ~~~ig~ ~et~'od~logy h~ndbook to: he,lp 
transfer'tqe full. range ot current Striga lechmques to NAn.s.' I ' • ,I' • " ' I ) • t' ,j •. r ' 

;~:j r'·• ','i:~ :l·~ >·'.' '.',,., ... ~' ·,.'' ... .'r'.',' 'I·:;• ·. ·~ ·.:! '1;•
1 
iii 'J; ~: • ' 'I','J · :·,',• ::• i • 

The NARS scientists· often mention trainin'g as oiie of'IITA's' mds't'villuable 
contributio'ns.' computer i1nd· llybr'i.rlJseed p'roductiori' short :courses· are' 'being 
organized for 1991. We continue with internship attatchments and degree training, 
helping build the human capital that will solve the maize problems' of th~1 not~too-

,_ dist.ant f~turc. . , .. . _ . . . . , . 
• • r • ·• • "· "' •.,. I " ' ,j '• • ',I f' \' } ' '' '•, • ;r • • ,/' • f I: I I ') : J l ' I", { l: '• /' • 

:. ~Y~ -~-~~r~ 'it~·::· ~~~tl~~·~a ~~~~e·: itT A 'it'as b~nefitted'imihciis-i:ly- from the'role 
' "- .J ' ., I -.11 j I ' • I ,l I j j •'• 1-. • ' ' ' > • • • I ..., 1 , ) f r 
I'play~:bY ~~,.,~}lAD.; ~itho'ut t~e ~AF9R,1P ~e.two~k sy~tem:·we'":ould ·s~~ply 
JlO~ lt,.ve the 11• cnwwer.t6 keep, even half of. our co\laborative Jinks 'going·~ '-" " .I ':J 

•• ' _j- .... :;.' I • ~' '.. •J' J \jJ .... ~).\J',i,' ', ·•• ·: !. 1 f ~-·r: C)';f '-·:"I• ·~ ·.'. tl,:·,, . 
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Looking to the Future 

For the future, IITA looks forward to the establishment of a Savanna research 
station in collaboration with Ct'}te d'Ivoire. We are awaiting signing of the agreement 
with the Government. This facility will particularly improve our ability to work 
collaboratively with West African Francophone NARS. 

We also look forward to rapid progress on Striga. We have assembled a critical 
mass of outstanding scientists who, given a little time, will give us cause to apply 
for another King Baudouin award. !ITA feels that biotechnology may play a greater 
role in our future work. We are using RFLP now to measure genetic variability in 

. the downy mildew fungus. We arc studying what biotechnology might contribute 
against stem borers and Striga. 

We also see for the future the looming problem of over- production of maize in the 
region, which could drive prices (and farmer profits) down. We are wondering about 
alternative uses of maize that might provide new markets. What quality factors 
should we need to breed for ? 

In conclusion, it is our belief that close collaboration between IITA and NARS 
maize scientists will be essential if research findings are to have practical impact. 
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Abstract 
t I :· 

1 !; , '• I o, '•' t' , l 10 ; o t q', 1 

' o .,,,,•, t,,' I'!'' '· o •o'l-• ~~ .. 
Data for daily rainfall for 40 years at Wenchi, a transition Jionc in 'Ghana: were 

. Jtnalysed by the simple direct.method. The analysis revealed that in 40% of the 
-

0 
' 'J '• .,I i. • 1"1' 1 

1 
l' •'· 1 ''l•l •I ..- 1\\\'"' 1 '• ' I 

years the suitable planting date for maize in the inajor·scason·occurrCd'between 12-
• '' - •) 1 • ''·' • I. I ~ ' I, ( o ,, ' , c' ' ' t ~·'I' J) •' J ''1 i ' r' •I' 1 I 

· J ~ M~rch., ~e.rj~~ .~f~~ f~~~ ~tars'!Y~ ~al~p~at.ed, as, ().1 . .-,IJi~,·i.~~r,ta~ce Of th~ .~se 
. ~,of .. daily .dataifor the ana~ysis ~as stres~~d: .!her ~~~ple._~(.~irect .. app~a~~~~~~~ 

JiWilS used)o answer such quesllons as dcy spells and the st;utofthe gro'!Ving'"season 
• • 

0
, ·' • • 0 J ' 0 - ' 1 t r, ' ' I '• 'J t,, tl \,.I ' • •lf II ' ,~ ] I •tU , 1~ 
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.i .• _Jntrodu_ction, .. ; . '\ r ii:·tf•i: "I . jt :. ·._.,, : ... ,, . . - _. : •::-: 0 i .. ·. . .... ";:; ,. .. ' 
' • I •ot, ' ' '•• • 

~ 11 tt ( r 1 • • f I ro 't , 1 
1 , • 1 • ~ , • • o • , 

•. · .... •••·• .. ~ ·
1 

· 'f"t. d ,_. 'fl.f ~",' .t~.?"~ :~~~-~. t.·Jr·J 'I' • .,J, -:·tn::' •t :.· 1 .1"1~ 
·:· .. It ,.ts um.v~rsally, true. ~hat many ,fl~. whtch. ~XI'f9~n~e .seas~~~~. ~~~fall_~~t!~rn 
~·also experience ,high year-~o-year ,vari~bil.ity.jn ~~c pa~t~~ ?~ ~ipf~~l: .. ~thoug~ .the 
~· mean rainfall _may s~em. adequate for1crop growt~ •. there is high probability that in 

1 • an~ ,onc_yea~,!her~. '!l~Y· be n)~rke~:c?tt.e~cied :d~~ug·ft.i ~e,sp.~~~·~g;_~~ (p·~um~.!~nt 
mmstureatcnucaJstag~ofc~pgroy.'t~.!: ·/1:: !·,,'J ·::l•:.. , ,;;,.,;;)1 i::'t: .~,.,.~, 

~ ·t'ir!_._.:: 1· ·. ·,r.J •f 
1

' .~ ·.·.~ ';·J~'o. '., .• r, ~. ·~, ':'',. •r ... t,i.t '· i;:,·::.;~i-;.j'(, ... ~-f':/ · J 1~ '' · •.• ,, 

· Rainfall·variability constituteS the dominant-characteristic of the 'cliinate'of Ghana. 
• ' ' '" • '' r'" ·• - ~ ~. 4;.,. 4 • • ,._J, f' r I It r •" >' ••r • 1 

···Adequate precipitation may not always coincide with critical.i::ro{)grovitti stages'auc 
I • ~ •' •' · • .. • '• • •l dr t J t 0 • • ' , , ; \. 1' • I r• r 

-;to the high year-t~year variability. in the _onset of rainfaU. , .The date of plan tin~ is, 
.. ·~therefore, criticat.and by. correctly dc~iciing on when' to plant.' the risk or croR rdlturc 
· ·. may be minimised.~ Considerable difficblty has bCen exp~denced in 'e'stilb1isiiing' the 
' !most appropriate.planting d~te ~~~.i.t hns_pfteii:~¥n~nesc~saij_ i~-ptirii'~w~~e' ~(eyen 
. rthrice.in order to get a crop established. ~is irregular onset on rains tias·also'tnadc 

• ~- • • • / • ' • • ' •• 0 .. ll I •• : • ' l ; ~ • I • II {I • 

ii the .interpretation of agron~mi.c e~~~iP'l~r~s. qu!t~ ~~ff.i~.~~t:. i .:· ~ _,1 ~ ilr;-·:·~- · c· ·: ,.,..,. 
l ~, .. t I~ .. • ; I '. , .... , - ••• ..., 

The usual practice of detcnnining the optimum 'ptan'ting time tins' bCen 'to plant a 
, · crop-al various potential. phmting :~im~ a~~ ,record th~. ~i~ld,s. 1pe),l:tRt.i?g time 
·-:resulting in the .highest yield is. ih~~ ,noted.,. jfhi~, i~ u_~u~nr: d_or,r. f~~,t1TI~imum 
L· perio<Lof five-years and the ~ea~ .... oq~c,oyti~~m.~ates f~und ~~~h ~~~t;.ts·~~~n as 
· . the best planting. time for the crop. rThe limitations of this approach ·arise· from 'the 
, . high year-to-year .variati<:>n in!rai~r;t,L,_iu~ilc~~cire, ~:~~e.3ye~r.per_i~ of:~~th is 
·~extremely. inadequate,to arrive at. any, meaningfuLconclusions 11nd, consequently, 
:,. :planting dates based-on .such. data :!Js~.~tiy prove.-~n~li~b~e. ,' .Also·~ t~7~c '(s .'~ · ~igh 
,. ·.probability that all, fivC? ,yeat:S ~.ill ;have e~trem,e pigh, ~r ),ow ~i~~a1l. ~~.~. th~ .flean 

optimum planting date wil1 be ~orresp~~~i~g!y ~l!'J~~ea~!n~. :, :1,.. • • '.. , , •• i. ~ -: 

Maize is known to be particularly sensitive to water shortage immediately after 
gennination and flowering. Glover ( 1959) emphasized that maize stomata do not 
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.rci:ovcr after. n severe drought·of 7 or more days, although leaves may recover. their 
t • .. • • - ~ • '• • • ' • ' • ( • 

turgidity. Knowledge of the.relationship between the_number of.dry days in the 
•' • , j I ' f .. I f 1.- o t i ; ~ f t ' ' ;. \ t 

growth cycle of maize could bC of great econorruc and agronop1lc value: · · · · · 

The objective of this study was, therefore, to estimate itie optimum plantirfg' 'time, 
with emphasis on dry spells, by analysis of climatic data alone. This alternative 
approach makes the obvious 'assulnption about 'the 'relationships b'etween crop 
growth and water. Data from Wenchi, a large maize growing area in the transition 
zone of Ghana, was used in the study. 

: . . . ., . 
Materials and Methods 

'" 11 1~" .' ,, •{,l r, '• , · I, 1: i ;, ~'I ~, ,, · •; (; • •', J:•;, t '1 ,"' :~J;,~_T 

:~I:,·~:,.,,,; :•''.;~,,, ' 1 "1,;,;,~•,'o • ~-~: '(' r; <t'l''' ;, '• • 

,, , a) Data Avatlabrlrtj and Accuracy. The data for the study were made ava1lable by 
:the' Gh&na Meie6logical'Department' in' Accra. Dau\ from 40 years;(l950-89) were 

. :·used. ''to ~~s'ure that any analysis p~rfonried' drnw' valid ~orichisiriris,; theqi.hility bf 

. ' ihc' ciaia wa5 lnvcstig'atel:!'-'a~ · tlie initial· slagc' 1of the analysis. : Monthly totals' were 
' 

0 
f • ' : "' ' 1 j I 'o , ' J I l I ' t:. 1 ' I ~ ( I ' 0 t , • - , • • ' 

calculated and compared to ·monthly totals supplied by the Meteologrca1 Department 
and where there was any discrepancy, the necessary corrections wcre·madc:' ·~' ::·_i 

b) Start of Growi11g Seaso11. In defining an event to mark the start of the growing 
season, Stem ct at. (1982) emphasized that daily rainfall valucs'should be'u~ed .. · 
Most .authors have in their studies of the start of rains used rainfall amounts 

r • ·;•t. • • 1 l • •: •, · ' 1 : • •• · • • • 1 • , , • • , ~ , • ' r , • · • 
sum_marized pver yearS' which makes it difficult to interpret t1u~. resulting· ave'rage 

:· .'date5 ... T~e _sfart ·a~ \lle growing,' scason1 for ·this· arfalysi_s -was:cominitcd · baseu on the , 
. simple ·assumption· that the earliest date-'{Dfis' when rainfall is sufficient to provide , 
j'. W:ater 'equivhlent io o'r grerite'r 'lhan on'e h'alf o'f reference 1crop evapo:.transpiration ' 

(ETo) and remain greater than ETo for the· temaindcr·of th·e·:gi:owinj('scason. The 
potential start, was considered a false start if a dry period of 7 days or more occurred i 

· :: i~·th<f'¥e'ek. after thi~ date: ·The earliest date; D, n5 'defined here; was chosen -to be' '< 't4 .February· before. whidt farmers would 'ilorinaily' not do any planting. Studies that, 
,. ··•rrfr· · · '·· t.,,. 11 •• ,.,... ' • · 

· ·have ·used this definition· (rainfall - 1/2 'ETo) include' Benoit· ( 1917) in ·the 
:.· ','a~tetillina'tio'n bf tlie 'start' of ttie growirig ;seas01t' in ·Northern 'Nigeria. "There ·are 
~·· ditfe~d~i~metho&s 'used'i'o'r caic·uratil1g ETo valiiesi but in' the· present sttidy~thc 
~ .. -~rlest'tiy Taylor method was 'used.'~' The minimum requirements f01' 1lhc'1Priesttly 
-''Taylor'equation are thc:daily;hct radiation· and ihe mean daily temperatures .. · Osing 

these assumptions and procedures,·n suitable' planting· date·wa·s·determined for each 
year for the major rainy season. 
'J;l'l' .::::·; : • • ~ 1 I ,;1: ~~. ,. . ~~ ;··_~·.'~It+: 1. ;, r·, ~ ' , 1 ~ ~~~~ ·1;r; 

~ :.;·.: b) k:,.ispells ... ·A. dfi day ~as'deri~cd is a day\vhci1rhiiifalhva~ z~ro·or.les~ than 
.n.'a"threshold value o·f 0.85 mm~c This ·ihrcshold value wris'uscd to overcdine the 
~· _:.,l>~~?lerri's)(Ciat_a 1tecordi~g wliich 1s_ome.timcs vary from station to staii<>n·and 
. "po'~si_bly between pcrio~s at the 'samd'tation. Driys ·on w'hich less ihan 0:85 ·mm of 

( ,, ' t' ,., t • '' • ' ' ,, ' • • • 
.. . rainfall occurre<J were'considcrc(f dry.' ·oaily rainfall 'data was uscd·in·this analysis 
: '.'to' _alia~' the, 'ris,ks of ,dry spells and' probability cf•heavy' erosive· rainfall·to:be 
• ••

1estimated (Stern et ·at.;· 1982):· The dally:obscrvatioris ·were used ·to 'calculate the 
., probabilities' of dry' spells''of' length' 5, 7; :10 :and '15-days'iri. overlapping 30-day 

periods from lstJanuary to 31stt>eccinber: ·· , '·· .... !:i·; .:.:,.:, '!LI. · :.: .r : T•!•q•l 
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Results nod Discussions . ' 
. · .... ;, ! J . ~., 

The_results indicated that_ for a sample of 40 years, late plantings occurred on 2nd 
April,.:;l983 and ·4th April, 1988 .crabie'l). A ~considenible varfability ~n-._the 
distribution of _the planting dates __ was found (Fig. I). No simple exJllanation could 
be put forward for the large variation -in the onset-ofthe grow-ing s-eason- in 
individual years. In a number of years; the early rainfall had been sufficient and 
exceeded half of ETo, but were us·ually followed•by-dry periods of one·week 
duration or more. Thus, the term 'false start' of the growing season may be applied 
to such dat~s which had early rainfalls and yet were followei:i by long dry periods 
(Table 1 ) •. For the 40 years data, the risk of false start was calculated as 0.1 or 4 out 
f 40 

j' " 1 • ~ ' ' ' ' ' l ( (." • ' ' • • ' • ; , : 
o years. · ~·· - ·-

1!r ~- ;~ ;~~~(~ , ~·.'' ,f,,"'l ,..; ; 4! ~ 
1 

•• ,'; 

A cumulative percentage distribution of the start ofthc growing season indicated 
that the median ,date for the start ·of the growing ·season was week 11 (12th-18th 

- , .- I 

March) in I 6 out of the 40 years (Fig. 2). The median date was used instead of the 
mean because-it (median) is not affected by extreme dates.· :rJle results also showed 
that in 75% of the years, the start of rains occurred by week I 2 (I 9-25 March) while 
in 52.5% 'of the' years the start· occurred by week; .11. The~ results, therefore, 
indicated that the commencement of the growing season in order of highest 
probabilit~·~cre:"ii~k 11 (40%); ~eek 12 (22.5%), weck!J3 (17.5%), week 14 imd 
10 (7.5%)and :-vcek 9 (5%). It was, .thus, obvious that thc.best ~imc for the 40 year 
period to' stah'pl~niing was week ~11 (12-18 March) in'thc Wcn6hi area. · :< 1 

f I; . : •' ,, --:. ~ • ', :. • ... ~ 'I~ ' • 

Dry Spells. Resuits of the probabilities of dry spells arc· depicted in Fig. j;'.The 
high probabilities ( =90%) of:dry: spells of 5 day~ or:.more occurred ~~t~_een 
January to the middle of March and from July to August. The probabilities were 
lowest during the' rainy seasons 'in· June and September .. ,'ftw probabilities of dry 
spells of at least 7 days was similar to that of 5 days, but the values were lower. The 
probabilities 'Of dry spells of at'lcast 10 days were vcry·lovi in June and-in, the 
middle of September. Rainfall at these periods is, therefore, reliable for maize 
growth. The -problem of death or' young crops especially' soori after emergence is 
mainly due to false start of rains .. This normally occurs when crops arc sown during 
substantlal'dinfall but followed by long dry periods::.·In' the Wcnchi arei(it is 
recommended that planting should not be done before March, since there is a high 
probability-thai a long dry spell of io days or more would occur: ') . 
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Tabie i:- ---Predicted optimum ·s-tart o( the "growing seiison-in"specific );ears· in 
Wenchi, Ghana, 1950-89. ,., · . 1 • .... 

', ,. 

:.;Year.,,,,.~:· .. ~i.imum.Date'· . ' .:·I•Year. 1'l .. :(;/ •'OptimumDater, •.· 
. ,,• ·• •f.' '~'/ ~·i,''111) ".' ,' ! f '!' 'f.-1, O.'', •' :!J "' 'l"i !', ~ 11 I, p,-,,•, lr'j.J;ft 

I •1,• '·'•J ,,- .• .• ·1'•' •. , ·~· ;ii;'i;, .·:' ~···:l ··'' -:u1 r .. ·, .. ·, ).! I'.'~·:-: 

r' 1 '' •••• } , 1' • :: ! , _ ;. 1 .-: t. 1, 1 

-1950. : ·· March28th ·· .;.,,; :i:· 1970,,, ,~·, .. MarchlOth_;,._·,·:. 
'· ':''' •• ·, •' ·:~ ,, ..... L ''• ·~ ·:~• ~ '··, • L~ !'r·_: ~ ~· ··,·1: •.• ,1 ,, . · ,. 

; .195~ ., ,· · ·. . ·March 22nd ·- .. ... 197, .. ·:: ..... ;, ~.a!'Ch 31st. 1. : • ,. 
t ' '_J ' ~ ; I • t ' ' I ' ' ' I • 

1952 March 16th 

,, }~~3., !I !( • : ¥8f:h ·.~th,, ,-: ;,. .. ; ' l }l~~~ ! ::; ' • '.• .•:•·.·~~~ ~~t~,, ~~·J ;\ 

::'t9s4 · · :1 ·'·.·;March 14th').; ... :· 1 "· ~:':1974 ·• .•. ,: :.Miuth4th· 1 ,,:. ;;· :• 

•_<,; t,, ; );r,.,, ~ · ... ·"!~ .. :_. t, :·• ~,''' 'Jt11: ••- <,I: :i,h il' ~ ;': ~J! ~i fr::. ~~l 

,., :1 ·1975 : 1".: 1 ::.-:~March· 15th .-; ;:,·. r·· 
. 1 ' (: • • : : ~ ~ • ; ' I ' .': : 'I • ... :._ .· "' " 1 j' I • I 'j , ,, • 1 : ,,- •f ~ \• ·,• '1'' , ., ·~~ : • 1 11 i o 

· ·1956 ~ ... ·'· ~:.March 15th· . , ·, .1 :1976,, :·dl, ., ~arch 11th;,_::~ rri 
I 

0 ~~ :1\ I ' <,f) j i ,f, I' ,'_J ~::,i ,'( ;·~ I t( J(J'•.'t,jl•.tfl"·:·,•:p: J 1't jt ,;, (;JJ :~.i!..H'' 

.. 1957:. -, , :··- March,J7th , ;. :·. :.· :·1.~77, .-,~.-. i 1 :-"~~28t~.~;.' .. .'•,: i 

.. · l91~~ · i• ;·.:·:·.···M~h 't9ih, '.~:· , ~ .. · '·,'1i9J8'. 11 
'· ·r . M~h:t3th ..... '-: l : 

1 1 • , , , r , , , _ , t I . 1 • ) • • ,•/ .., ,.._ '. , r 
1

, • , , ~ , 1 :. 1 -: ) 1 ~1 (; ~ • , • 

1959 . March 4th 
' • \)' ' I' f I • :•J!,-; ' o i. '~ ~ (' t 0 

!', .. 
. .1979 
tl 1 ~ • I , ! :• q '• ·. 

1960' , '. ·~ · 'Marehl14fu' ;, ~. ;, ·i, ', 19BO·U \< .n March l(ith ":. r 1 .·~ " 
... ;~·, • .... · .. ;;t' ., .. .~,! ;;~: .. · .. , .r ·~ 'd' .. ~:·- .r· :..~/. j.-. · .. '! !· ·! ••. :: ·' • .. -,~···~.-- ... 

·:···1961 ' :: 
·.r .·)· ,!·:,,·.·· ... ,: ... ':,·~·:.~~ •. ;,:,, .. : ,J ,···l~ .•·;;·.~·(o:~.~::v .• .... -.. ·.··, ~; .. I 

·:: 1962 · . ·• · .. iMarch2lst.·;~ .. , 1 1 ·1982. · 11 .: March 13th ...... ·,. 
4 , , _ , , , 0 , - • 1 I 1, , I ~ 

:J \. ' .• ': • ; I 'j I d I 1 : , ' I ' • : ., ' •\ • ; ' 1 "" I) I l' ~ " l r •, I .: • ' :' .... I: . '..I ·, i ~ r I ~ }t " 

. · ·1963 :· : ,' March 22nd*, .. (·: · ;·., 198~ .'. ·.~· L , .Ap~12nd ,- 1; .,,, •. 
• . • • r, 

... : .. , ... - ... _·:·A: rii3rd, ".: ... ~'i .,. l9~4 ''· :." ::· '~M~h,lOth .r.; ... 1 . :' 19,64. I• , , p . , , , , . ,, , , . , , , , 
• ~ . r . • 

I ·'•'t965. 

1966 

1967 

1968 

1969 

' • I .._ I ' ~'- • • ' ./ •• 'I I" .. 'I' I I I. I( ~ l •'-. t I ' ••• ,f I ! ( 111 ? 
,;'•;' • 1 1·· · ,·t-· · ·r··· ,! •, 

· 'March 15th' - ·· 
• ! t ,. J I l I , , '• ... ~ I : o ,' 

March 14th* 

March 20th 

March22nd · 

March 20th 

· ,·: 19,85' :'': '1 ;1··.-;.'April.tSt'· ·-·~· .... _.. 
• .·. , . :, I ' ! · r;! ;, .,., •. • :: , _,I,,. ,"1 , 'fj 

1986 March 31st* 

1987 

1988 

1989 

March 14th 

April 4th 

March 12th 

* In the dates indicated with asterisk, there were possibilities of planting earlier 
than the indicated dates but dry spell of seven days or more occurred between earlier 
("false") date and given date for start of growing season. 
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Forc.st~Savann·a ·1huisi.tion ·an·d. Guinea Savanmi ~ries of Ghana:·~-: 
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One of the most impottant problem facing maize breeders is ttie identification of 
specific inbred lines that will produce high agronomic performanb'c'in. 'iiybfici''' 
combinations. A diallel cross (excluding parents and reciprocals) of 12 maize (Zea 
mays L.) inbred lines were evaluated in three different environments in Ghana in 
1989. The objective of the trial was to identify the inbred iines wi'tti the-best 
specific combining ability _for hybrid production. The inbred lines included three S6 
lines·dirived 'rro'm· s3 fines r~ceivcd from dMMYT'and' selcctedToll~wi'n~rlop-~r'os~. 
evaluation in Ghana;' inbred llnes '.1393. and i368 froin1 llT A. and ~scveri S6 dhan':i J 

inbred lines :derived forrri Ejuni1{l) :7843. The evaluatiohs- were c:ond~ded"at Ejura · .. 
in the fcire'st~sav~nm1trnnsftion zo'n~'mid ~t: Nyankpala and bamongo' in i.he'dUi'rieh I 

Savanna zone: The diaile!'analysi's \vas ~d(me using Griffin's Mb'iho~ ,f'fcii:'tile) 
chara'ciers'grain'yield, plrlni height and number o'r days to rnld-siling'.· . :" . ' ~-. .·. ~ ~~ 

._ , 1 • • 1 l r • • • ·; ~ , 1 , •• - • 1 ~~ 1 · . , t '. r. • · .. ,_ 1 • • • ' • , ~ 1 , .J • 

Th~ reiult{ revealed' that 'both gen.er;i cori,tit~irig .ability' aiid' sp&:ific; coiribining' 
1
.
1 

• o o >• j I • 0 0 i O o ' ~ J • 1 t "'•' ,\_.. 

ability eff'ects were significant for all three characters studied but th'e'Jatter was more_. 
• ',• " •' I' o "' " " 1 ' 0 ~' r • ';· J 'ro I ' • j 0 'l I ,I 1' • t • l 0 ' f 

important than the former. ·General combining ability effect ,for 'grain yield was , · 
highest for GH24 derived from Ejura d>' 7.843, for 'GH2' ~nd'GH3 derived· fr'om ·' 
CIMMYT materia_ls and for 1368 and 1393 fromiiTA. High_specifie ~ombin!ng 
ability effects were. manifested by several single crosses: .The hi-ghest' speCific'.. 
combining ·ability effeCts' ba5e·d on grain yield wc~e 'obtained for the cro~s~s 'mi24 x ', '_ 
GH3 and GH2 x 1368.· The resuits showed'that' specific-corltbinaii'ons 'e'xisti!d that; 

I l • '' t ' •• 4 ' : • • • ' ~ t • ' •• r ~ \' ' ' . r I I. j ' ' • • • • f J I j • : .... r' ., 

co~ I~ be ~~~s~der~dfor_ f~rt~e~ tes~J~g. for P.~~~~.~le ,com~ercial. hy~~~ .~r~~c.lt?~· r 
Also, the htgh ·general combmmg ab1hty effects for parttcular hnes mdtcated the1r 
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posstble use m fonnmg synthetiC vanettes. " 

Introduction".: ·, ·--' .. -.: :. J • ..... _:·· :; · i'!!.'' ·. r-' '- ~" _;···." ,'-: ·' ·' 

t. . .. ' J' ' • • •• •• •• '1·' :·· J' :i:· '',, , l ' ( '.''1. f,"'',l ,-

• • 
0 t ' 0 f 0 • • r: t' l . " 0 

/ !':,, ' /I ,. 
11 

' 0 '•" l ;, 
1 t' 0 , dJ 

Uritil 1986, the main focus of the national inaize programme,in Ghana· was on the. 
deveJ()pment of o'peri-polli~ate'd niaize"varieties.: 'In)986; 'a:re~iew:te_iu'ti ·_: 
recommended that h modest effort shouiCl be· devoted to the development of llybrid . 
maize (Badu-Apraku and Arias, 1987). This was in the recognition of the fact that 
advances 'made in maize ,research and c~ietlsiori 'especially' through the eff~rts rif,tlie 

t • I. • • • • ·' ' I ',, '' ,.r,. . I~ •, • '' ' - . t • '· ••• ' • I'' • ' 

Ghana Grains Development Project, has· produced ehte farmers·who wtll be .able to . 
' ~I • I ' r '• ~ • ' ' " '• { ''' ! ' ' f , 1 '' 1, ' 

1 
' ' 0 • I 

takc·'advantage of the increased yield potential expected from hybrid maize: rTJ:lc ,,. 
initiahlpproach ·~to hybrid maiz~ .d.evcto!m~'ent 'was t_o ~~l~ct the).~uxpt:~o7base~ . 

· Poiiulatio'n.43 from CIMMYT, Mexi.co, as'the female population iri the.nybrid' · 
programme, since materials from tWs population.'ha~ pro'ved t6 h'ave the highest· 
yield potential in Ghana (Twumasi-Afriyie, 1983). Inbred line development was, 
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therefore, initiated in Ejum (1) 7843. It was of interest to determine which materials 
from the programm~. nl)d elsewhere will: combine .well 'with1nbred.Jiries derivcd.ii{~ 
the .~.u~~,no ;~-ate~i~l.-,- ~qm~i!l,i~g ab!l.ity. s_tudy. w~~· :~~cr~fore, J.n!H~ted. 'f~r these · 
ma'tefirus. The term combining ability is used to denote the performance of lines in 
hybrid combination .(Sprague and.Tatum, 11942). These workers alsq,defined 1 ' 1 • , t ' J j ' • ' o , ~ , ( t , t" , J l • • I ~ ' I I , • 

general combining ability (GCA) as the' average performance of a line in hybrid 
combination. They also used the term specific.combining ability ,(SCA) to rcfer.io,J 
cases where particular hybrid combinations' do i-'ctaii~~~y' ~tier or 'wo;.se liian ~~~id 
be expected on the basis of the average performance of the lines involved. Thess 
concepts were developed qualitatively mainly by Griffing (1956) and h~':e ,bee!l 
widely applied both in crop and animal breeding. The ob]ective of this study was, 
therefore, to identify, inbred lines with the bcst.spccific combining ability .for hybrid, 

1 r~ ; , 1 , • .: • 1' · • ' • • .· t ...l!. . , . , · • 1 1 1 11 • • , J • ~ • • 

matze production. . 1 1 , _ • .. , •. J . 1 • •. : 1 • • 1 / ' . , • I: ' r • ' I I'., • ' I ' ·, .... r- I '. • It " ' r ! .- I I .. ',. ' •• I ' ' . ! ,. I ~'I j •• 

·' ' ••• ' •. '" • 4 ""'. - • 

~ ........ 1 · ... -i.:.r'~~ -~~=···'l'•c:~·.·· .. ,,. : .. :·~··f,,'l'·';'';' Jl ~.i·.;!;·· .~,~·-·~, · ·· ... 
• ,. , ~~···. 1.: -·~"'•· , 1. ~-- • •1 . :1·\ 11 .1 -.; .••• • J' ··~ . ·." ~· ,. i i;~t :·1r f ~ ,, •·. 

Matefiats,and1vuithoi:ls· ··.· , .•. : .-·, · · .·. ,· .... 1·, •• , .. ,.,, .•• , , 11 ·' 1 
J 1~ ', ; 1 • ! I I •, I', ~ I I t, , t f I f1 • , 1 1 '· 1 1 , , 1 1 : 1• 1 I .I J • I J I •-' J • 

k.t.~i.a): ~( j.2. 'iri.H~~d' ~i~~~ .. W~re .~s~d· _i~"ili'e ~tu~~: a_~#. j o~i3;.~aili4. ;c;;~26, _: · 
GH27; 'GH29,' GH32, Gilt,. GH2 and GH3 developed in Ghana's national maize .. 
programme; b68 and '1393 'dcvei~pe~ by 'nTA, Ibadan,'Nigcri~ .. The first six of the 

, •. 1 • • 1 1 '1 •' 1 .''fl t • , t \,I ,' '•' ,,. •· i • 

Ghtinaiaidnbred lines \vere'S6 lines derived from Ejura (1). 7843 through 1 , 
,, .. , •• 111' t ()''' 0 I ', I •' I ' 

0 'o'' '''I; • 'J• / '• 
1 It 

coiWn~?,u( s~m~g·~n~ .sele~~ion. , <?HI, G~2' and.GH3 we~ .~~ong. 10 ._inbred .li~es_;-~ 
received as S3 lines from CIMMYT in Mexico in 1987. The S3 lines were 1 

' • • I ' • • ' ~ I I' l ' I ' I I • I •• l • T • ., • ' • • ' • ' • •• I •• -

topcrossed to Ejum (1) 7843 and also advanced toSS by selfing. The three lines 
w~~e ~~~1~~.t.e~~·~ a result. ~f t~e:top;ro~,~ ev.aluat~~r! ~O.~:a~~~n,~ed. ~o.S6:, 1 ;~_ial!el_ . 
cros~es·were made·among the 12 mbred hnes m .1988 by.crossmg them.m all. . 

• • ~ ' • • • • ' l • ' I I I • • I I 'I ., l t • I I; ' ! ' • • ' I • ' • ' . J I • 

possible combinations. For· the 1ev·atuattons, parents and reciprocals .were. not , , 
•• J 1 _; ' ( 1 ' I' ••• '" . ,.. ·~· ',, I' I ' 'I II • Ll • ,• •. 

in~~~d.'fdc·.1f~s,;~h~.i,2!~?~~,!i.ri~~,gav.e_.66~nt~~.~;: 1 , ~: •• : 1 : ~·:;:, ,.,1 ,,~ · __ ,. 

tile: expcriinc~tal'design1 was~ 1~niio~i~,~d 1con~pt~t~ block.· willtt~~ ~pti~~i~ris~ ~ :· . 
1 4 ' • ,. •'I', • {t' •, ·IJ ' ' 1 1• '• ,_'I 'I , +,JJ 1 .J, '• ' l ' ' 

Th_e ~xp.e~~e:~~ we~. ~ro~n ,at EJu.r~ in t~'e l~~~~~-~av~~na tran~itiC?nal; ~~~~ a~d 'at' I·. 
NY,a~kf.ala,·a.~~.P~~.9ngo ~n, t.h~ .G:uf~~a ~a~a~n~}one ?f.Gh~11;a. T~~;l9".~;w~ 1 ,, 
ploughed.and harrowed; At plantmg ttme, Pnmagram.was applied at 2.5 kg a.t.lha .... 
In Cypcrus-infe~ted ~reaS: I h' combiJ1'ntion of Sutan 'and. Primagram at 1.8-2.5 'kg' r '. 
a.i.Jila ~as:substituted'for'Pri~'agrrim aione.· .· ~· '.'. :,':, ·. _· ;:: .:·· ,.· ... n >: :·· •.·. ,:.;: .. _, .; 

Gross plots measured 5 m long, with 0.8 m row spacing and 0.5 m between plants., 
l • ' ; • J 

A plot consisted of two rows of plants. At planting, three seeds were sown and later 
thinned to one seedling per hill. A fertilizer analysis of 90:60:0 kg N.P.K./ha was . 
appfie(( in split:applicatiori at pliinting an:d 'at' 4 '~cckds after planting. Plots ~were' ... 

• t ,• '}I \," j \' o ' I. 1 • t 1 ', • ! ' I {I j I I l• , • o 0 I I • /I..,. 

ke~~ ~r~1 ~fw,e.edsjby h~nd,'Ye.eding wh~nev~r it ~as. fo~~d n~c~~s~. :. , .. ·.r. .·. 1 

J• '1 , #o• :., 1-, 1 1
; !'~ j, :j :J ,~, J,' ~~·:l •,;,( .••, 1 :.•• ,'I,''~' t 't• ·I' 1 ·,• 

Field datil. collected included .number. of. days ,.to silking, plant .and ear .height, . 
' ( ' , I' • I I ' t' , • I; ' • • I ' • 1 • • '~ • • I • ' # 

lodging, groin moisture an~ grain· yield. Specific to lodging, all plants broken below 
the upper eht'(su1Ik-iodged) and those' thal'Imd, follen down' at root level (foot-' I . 

Iocig~d)_ :~~ris.t\t~t·~d. t~fa~ tdCiging~ · · Lci~gi~~ ,d~ta' \~ere: lra.~sfo~ed 'u.si~g .t~e ~·~}~, ' . 
transformation. Streak infection was rated on a 1-5 scale,with I = resistance 
reacti'ori~ndS:'shsceptiblcrcaction. '"' .' ·''. t'• ' - '' •• . • ' •. I., 

• .-_';'}•il -~~: .., 'l ' : , '·, 1 ~--·I ,dr!•,•:i~'l 11 '• l -:· .., •, _,:1 ;, •L_.. 1 ' 1 1 
•.' ,1:' : .•.· ,·~I·'. I . •l ':'' 'j :.·. :, 

•.t 
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., .... - ·- -- -- -- -- -- ~---- ---
The MSTAT Microcomputer statistic~iProgmmme: version 4.0 (Michigan State-

University, 1986) was used for an the statistical analyses. All the analyses of 
variance -~~_re based on individual plot means, except for plant and ear height which 
were on ~the nieari· for-fi-ve· competitive 'plants per plot. Environments were treated as 
random in the analyses. While varieties were considered fixed variables. A partial 
diallt;l analysis for general combining ability was done using the combined :means 
and based on grlffing Method 4 for p (p-1)12 Fl's without parents nor reciprocals 
(Griffing, 1956). A spreadsheet programme based on formulae by Griffing (1956) 
was writt_en on a microcomputer and used for the partial diallcl analyses. F,or the 
purpose of this paper, three variables, namely! grain yield, plant height and number 
of dliys to 50% silking, were used. : ·_ · ,i r 

tt ~·~-.--/; ... -.-~ .. --.-~ ..... - ,. • •• --~~· ' 

ReS'wts ~nd DiscussionS : ' - • - , _ _. ; .. , ; : '-, .; 
.: ; ,,:··- .. ~ ........ ::t .... -... - .... -••• : .... J-•• ···- -· ............. t . j ~ 

Me!m squares obtained Jor,all three· charlicters used in the' study were ·highly 
significant. Subsequently, the 'ge~Citypic variiltion WaS partition~d'into variation ~uc 
to GCA and SCA in -a combit1h1g ability analyses .. Both GCA and SCA cff~cts .for 
all three characterS were highly significant ·(Table .1 ) .... It may be noted, however, 
that 'in this study, SCA-effect was more importantthan GCA effect as indicated-by 
the relative magnitude of the respective meari squares. . ' : . i : 

. . . . . . . .· . -.- ' ~ .. ... ·' ' . 1: \. : 
••• - p • : --:.... - .... _ ·.-. ~~ 

I j ' . • f •• •, ' •. ' 4 ' - .. ' • 

Table 1.. Mean squares from cofubirii~g abiiity analyses ~(i2fuaizc inbred tines 
crosSed in dial lei and tested at three locations in Ghana, 1989 .. !, .-:. ; ~; 

I• t t • , • ?' '' " , I ,r ' 

Source'of 
vnriati9n 

GCA 

SCA 

Error . 

. . -· , . · .. .'· , .: I r-. " 
- • . ' -_ ;~ ~ : • ' •• • I . ., -· ·.1 

'' 

• '• .... :.•, • 4 • ,..!r 0 • I 

11 .- ..... I. 033,049*.! .. ' 

. ,• .; 
.. - ... ~ . ~ ... ~ :· 

.' 
..... ~- • --- ~..., ' • ' •" · ~ ... r· • ...... I i 

'54 '316 613029*"' • 2s63f6ii**·': 
I ' • I o f ,,'. t : I ; ~ ... 

- .3- ··- ...... J' .. 'l 
~ . - . 

• y •• -t' ' ::"":-:-;.. . .... .- -. ·-- .. _ 

'195: ... 
. ' 

_. -442,426 _: -. ' 

I • : 

- .·:·• 

- -- • ·- - • -~"'l - -

,, 
~-}• I 

.79' 
" -~ I 

._ .. 

50% silking 
; (days) ~: ,, .. 

5** 

2,757' 081** 

0.9 

- • J-;.:-. ·.;- ..... ..-.. -· 
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-' _: )1ig. 1.:: Hyb!id array means of. grain yield ·or 12 maize inbred lines, Ghana, 1989. 
... - . I . , ~ - ~ •- : ' 
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TaJllc 2.'. , , Estimates. of.general combining . .ability effects for maiie grain yield, 
plant height and days to ,50% silking of, 12 inbred .lin~s tested ·at three locations in 
Ghana, 1989. 

~·-. - --- . ----- ·- -· --. - - -- -· -~--- .... 
' ' 0 : ~ I ,- l { I f -· ·-; ! 1 ) 

1 
I ' J 

-Parent - · - - --- -- - · Grain yield 
(kglha) 

·- · Plant height 
(em) 

! • I : ' !.. ' ; ~ 

50% silldng 
(day) --~+· 

--------------------------------------------------------~------~~~-~-

GH22 -324.8 

GH23 -63.7 

GH24 284.7 
(:! 

·I· 

GH26 -296.2 (!', 

... . 
GH27 -478.2 

; . : ,...~ 'I ''t'-

GH29 n· ;:.' -291.4 
' -

GH32 i ( I ~ • i . r , -~ . : f 
37.2 

GHI 66.6 

GH2 116.8 

-7.8 

-2.2 

12.1 
'_I_:"' 

-1.0 

~3.0 
., 
... -3.0 

7.6 

6.4 

·r 
,. 
J ~-

..-_J 1-

~: . ~--

I" 

'• 

( :.· 

; I 

r,. .. . 

.1. 

. 'I 

,: 0.22 ~~; J 

. r.. ...... 
•' I 1 

:.: .-1.27 -. r ~ ~.) 

0.88 
t;~ I i:_j 

\:t _ r: l:; 
-,:_-:0.85 

: I 

'o.'o2 
.,, 

• 
•.. ,.) 

u.-0.52 ,::·-:i 

I. f 0.11 ;·, .. 
. ' 

0.88 
;; ~- t: : .i ~- i ?. i <' :: •'-' ,j, ' 

:i 1.7. l ·' •• .; •: I i. !- :-0.27 I .·L·'· 

GH3 .... ·, .• .: • ... < :'_.!.-,538.9 ~·!·',.. r;: . .t.7·.·· .. _.:.: ·. " .;·· 0.96!.::. ;i1 

.J.!:,\·-<·) ·_.:l.:·-~r-.1 -·~·r::; ·-~'~l~-1:!_ .• , -~ ..... ,~?-··?': .:·.·~··.;; ... ,~.'-'.,~-_i"'-f,i~.:)·:·:!: 

·.1~68 .. , ..... , .. ~::: .. · ·:·.-.:439.0:· .. , .. ;-, .·' •'\i8.1u;·r; .·• :J:.'· -0.47 '·J~··.Ii 
• •)' t· ·, !· •,; ~~ . '':. •:1 -, ; :r· ·,, !.l~ ~:·• ,L· .... , ;) , '!:j' ,, ~,; /; •... ~'J '_ ,·1 ~::·_;1 

,1393 .·'.·, ··:;.l ,•'r204.6 ..... _:• .. ,,: · ·, :-20.5·,i".·.·:·.:· ;• 0.32.':: -:··· 
. I :,··,• ·; ~·.·- ,i,! -~ ;• ~'. ··~ .~~' ~ \~ ~ · .. ::r; 

.-' ~' ' I ' ; 6 • • '- ~ • 

S. E. (gi-gi) :_:. J,-).171.7.·, '. ,.,, ,:;._, .:· '. 4.0 •!: ·:1 ·.~·Jt ::·i0.40l :-;: •,iL 1i 

1°' '1. 1 ,_'\ .~'o.! .lr ,,,''~', ~!~' ''•l'J~!I' I I 1
1

1 I~ ·.•!:!; .,: 

' '' ',. • ~ j ' ' o' : '~ ' l ' ~ ' I " ' f: f I(~ 

" :, ' '' I ' · ... ' •• } I • ;.. 't I ~ 1 • ~,. : l 1 ' f, .. I i' , ·_t 

' I! : 1 J' I".. ,., • 't ... ,.:·· .: 

; (I~ : 1 ( • I f \ ; t ~ . . - : ~. ) ' I ~ . I :. f : ; 

: .' IJ I' I. . ..1 • ~: i .- ,-, r ~ i ,..,I :- - I J • 1 : , ; j ) ; ; • : ; ' ~ ' • : ! I' ·, ; 

.) j • ; r _. . ~ -, • f! •. ; ,q .. _,, . :. :• 

;.·!I' ... ,t I 

1 I L;.' .. ~ t: ~ .. - :· !-: I • ~.;' ... .: ~ ' t ', • I • : :- ' . . : . • ~ J • ' ·'I~ j' ~ I ·J I: .• : ' ... 

.. ,, 
:.J' r ~L ·.•· r J~:: , ·· -. . ' 

.t· ..... 
, •. : ·.·.' l ~-.I:· j - ... o{ ... ~ Ii ,.,, I.,. 11 '-..H•':f p'_; 
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Table 3 •.. ~ · Estimate of specific combining ability constants (sij) for maize:grnirl' 
yield of 12 inbred lines tested in diallel combinations in Ghana, 1989. ,. ' '. '.· · ' : · .. , 

1368 GH22 GH23 GH24 GH26 _ GH27 GH29_G!I32 _ GHI GH2 _ GH3 _1368 1393 

GH22 I. '• 
\ ' " ~ I 

GH23. .187 

GH24 . -631 242 

GH26 493 63 534 

GH27 -~- 722 -82 9 '. 277 
GH29 266 -38 -23 '7306 -138 

GH32 98 -24 -145 -302 87 

GHI ,- ~. 1J67 -139 218 'I ' 17 -520 

GH2 -1163 -240 _,, ,' 
335 . 279 287 

GH3 333 -238 917 -64 -629 

1368 . :.-::-689 464 -97 '; ' 82 -87 

1393 
! ' 1,)16 -196 -293 . -7 72 

I\ 

S.E. (sij-sik) 515 i = j, k; j = k 
S.E. (sij-'skl) 485 i = j. k, I; j = k, I; k = 1 

.. 

70 

665 - 171 

-291 -37, 29 

-106 -262 -108 

-248 43 -561 

149 302 -140 

I ~ ' 

-195 

929 245 

67 108 

,, 

'j,..' 

_;H"'• 

I~. i ! • .\ 

''I 

-81 . , ' 
. " 

I '' . lo 

· Hybrid array mean values for grain yield for Fl's when each inbred line served as 
a parent in a series of single crosses indicated that GH24, GH3, 1368 and J 393 gave 
the top yields (Fig. 1). Depending on the character of interest, both positive ·and 
negative effects are of importance in combining ability analyses. Estimates of the 
GCA effeCts for grain yield indicated that the four inbred lines, GH24, GH3, 1368 
and 1393 also gave the highest positive GCA effects (Table 2). Of these four inbred 
lines, GH3 and 1368 tended to increase plant height in hybrid combination as 
indicated by the high positive GCA effects for plant height. On the contrary; 1393 
had the tendency to decrease plant height. Also, there was the tendency of Fl's 
involving GH24 to flower later than expected. . _ _ . _ . ·- -- .. 

Estimates of SCA effects indicated that for grain yield, high positive values were 
obtained for several crosses, prominent among them were: 1368 x GH2, GH3 x 
GH24, GH27 x GH22 and GH32 x GH29 (Table 3). The significant SCA effects 
indicated that these crosses yielded more than would be expected on the basis of 
average performance. Estimates of the SCA effects of the four inbred lines with the 
highest positive GCA effects for grain yield were compared to determine particular 
combinations that gave increased performance. From the results presented, it is 
evident that GH24 combined well with GH23, GHI, GH2 and GH3 while GH3 
combined well with GH22, GH24 and 1368. In addition, 1368 combined well with 
GH23, GH2 and GH3 while the inbred line 1393 combined well with GH32. 
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Table 4. 1( ••• t~Estimates o(general combining ;1bility variances ass_9eiated:with each 
maize inbred parent on plot basis for three characters, Ghana, 1989. .:: ,·11< 

_parent : ,--
',' / •.' I 

GH22 

GH23, 
•• 'J 

GH24,_ 

;_t _, -, 

GH2~ ,.-; 
,-:.r., •, 

GH27 o- .. 

li ·-!. 

GH29_:•. 

GH32-

_qr:ain yield 
(kglha) 

.:7:.6: 
-29 . : :715.0 

1131 .. 129.9 
'\( -· 

-54 )33.8 

. I ~ 

-47 I .. 488.4 

93 -473.1 

i .. · 

- .:.}33 800.4 
j ,l•; I' , 

'GH1 '• 1 -- - ":!; -tJO · ·' i49:6' 
.• ':- I J i • ' J • ~-).. • .... : II ; . . . . . ( i. . ~ .. -.' ' ._ 1 . 

Plant_height 
(em):. 

- '~7.87 ~ \.'-' ' 
- 'I 

. -2.23 ;: 

'J 

12.07 ··-·' 
· ... 

' -~0.95 

! r.; 

-;2.99 

. 
' . -

50% Silldng 
(days} 

1. 27 !•.! 

2.83 

.!..' :L.l 

I. 94,:r:J 

I. 22},_ 
' I 

I 

I. 49 ''' 

1~ 23 
, • ~ lr i • •: l, ;• , _,.} 

\"~, t'lf.•lt-;' .lt' ... rj 

'1.2~- •'> _!. ' • ... •• j ' ~. 

:u't1;, ·.!dr--~::~. ·, · .:::~:. ,~IT' :.r• 1 ;: 1 ·:, ••· 11~·,:·,r;, ... , ;:·,,··:: 1 ,J; •; j ,I ~~~ 0 f t 

-":2d5.-ii·!-· .. GH3:·1:11:J.,c:·15Si;i'i264.5 o;i,l',:t.· 1 1 L69 .. •:, -·.!. 'l 

I ~-. ' • . 
,_J • • ~ 

1393 -93 324.5 

~- • 't. ~ • !. { J 

.I : ; :. ; • ,~ • ; • 

·' 

• I _... a I• I ! • •.. ; , '-. .· . .J • J • , r.~ . . :· •• : J l. ! . ! ·. . 

~· t ) '. ~ · r: t • -4' J , 1 ~ ~ • t. t • •-. • , :; 

,: i 

..... t i 8.07'!"1 '· _ .. ~ • :.._\·. (. ;.~~:';'_)~4! t;:44 
:,·~ .·:·-~' ... ,;; . ·• Lt:4._. · · · 

-20.50-~ I. 32 

.; 'i _._.- ;· .- r,;. 
!'1, .... ... ,, ~ 1 " o • • I • ~:. • f~ r • :_.. ' • 

• :.:.,. .:; i 

' ; 

r ~ • · , 
.. · .• I. · .. 1 (·;~r .. i ~") .· ~ .. ,, .... ~": 

~ • r • • 
·- • '-r ' ~-~·. ~ I :~. I I., /,~ ,I~ / 
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Taiife-·s.~·- -Estimates· of spec-ific combining -ability. v·ariiinces ·on .plot ba-sis 
associated 'with"each maize inbreCJ parent' for three characters irl' a combining a6iiity 
study. . . , . , .. ~~_,: .~I. ~~ ••• , ~ llt. ;1 l'·~ J. '~ ·J< .. 1 :,· 

. - -- -· 

·Parent - . :. Grain'yield Plant height 50% Silkiri'g 
.-. v J (kglha) (em)· . (days) 

GH22 202 694.4 -28.56 -0. 16 --. . .,. 1(' .l .. -1 

GH23· -83 330.2 -11.47 -o. so·-' (' 

GH24 53 101.9 -27.93 -0.56 
'I r. 

: .·38.5.6 -21.82 . 
'I 11-0.62 ,-ii ~ GH26 -44 

GH27 6 619.9 -17.99 11-0.38 
, .. ,i c '' . 'I ,_i_ ~6 . .59 

' ,- \ ·. -... 
GH29 .. -51 342.2 11-0.58 .• ' 

GH32 -99 959.3 54.66 11-0.4.5 
GHI!I' :·I 

'hs.2 i:n.44 
,·. 

II 0. 0.5 'i -3 

GH2 134 893..5 28 . .58 li-0.25 
r' . { /j' - ... 1 1•" 

GH3·- · . 28 260.8 34.44 '·' ll-0.40 ,,,, 

1368 694 438.5 -36.97 li-0. 11 
1393-; r .. ' >· . H-0. 11 ' ; ; ~ -I ().J 1.57.5 '· ' 285.60 

I tl' I' • I' •' '' < 1 

Generally, GCA variances for grain yield associated with the inbred lines were 
low, except for GH23 and GH3 .(Table 4). The four lines with the highest .GCA 
differed in their effects. The inbred Jines GH24 and GH3 had low SCA variances 
(Table 5) hence, they transmit their high yielding ability uniformly to all their Fl's. 
On th~ other hand, 1368 had a high SCA variance a·ssociatcd with it, thus indicating 
that certain specific combinations involving this line yielded considerably more 
while ·others yieldless than expected. Overall, GH24 ana GH3 appeared superior to 
1368 especially where the interest is in the formation of synthetic varieties. But 
where the interest is for the formation of specific high yielding Fl's, then inbred line 
1368 wo~ld be preferred. · · · 

• • .. 1 
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i(r.he mhentance.of the.soft and floury.endospenn of some local maize varieties of 
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G~ana, ~pgo .~.~ .ca~eroon w~~ studied, ~n ~ ~a~h ·or five ge~~nition~ ~eri~ed f~iri ~a 
F~9~S. betw~l\,eac.h ,l~~al,vari~ty attd .~he. ~onnal eri~ospe~ ·v.ari,eJy, ,TZ~SR'W: 9~ 
8321-,1.8.1• The .gen-erations ·Consisted of. the F2, Fl, reciprocal·Ft crosses, 

- ' - ~'I o oj 'o " ' • •' ! ' • • ) ' j ~,I I o I I r ' ' '•fj 

backcrosses and reciprocal backcrosses. In addition:Ft crosses we're made among 
the local varie-ties and the progenies selfed to obtain the F2 generation for testS. for 
allelism ... ~~i~sg~.are p~~~ys~s.~f ~~~ ~a.t.~. ~~dicated .t~~t ,t,h~ q~!l~a1 ~nd Togo .L?C~Is 
possess the same single recessiye, gene for the. floury endosperm .. The ·cameroon 
Local, hQwever, was 'foutld to possess ~·different single rec.essive. gene 'fdr .the floilry 
endosperm. Gene designation~ 'would be 'assigned 'io the 'two' diffe~eiit'single 

~ - • • , , • • ..,_ t 1, "' , t, , 1 , t I "' / ' r { I • '' • 

reces~!Y~: s.enesicondit~c;>_ning ~~ ~~I!~~s~i~~. 9~ th~ ,fl~~ry, e~d~~P.~frn. !~ ,t~c)h~e~ 
local varteties after tests for allehsm wtth other named genes are completed. · · · 
11''' ' l' .. •, ,...,,_... 1 1 ' • t, ,~ 0

1 °\• I ' 
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i .;pf .':,.ttJ' 'r·, I.:-:: .. :I: ~ 'I!'·· . . r;; ..- f'J'l ·,,- ·, • .', ;, . ~ ~. , • ., . ..- .,.J, 

. '. Maiz~ 5Ze~ ,pfiy~}:·). ~s. tpc, .doqiinari.t. food I cr~p in ~ost. of ~ e~t _an(<;~nt~~l 
Africa. Maize forms the bal>is,of the·.a~wide range of local.dishcs 'and it is often 

• •- • "• • I ·' • ' • ' 1 ~~ f ' 'I 0 
"' t < I ' ' ' •I' ' 1 I • ' -., tl ( 1 I • 

consumed fresh on the cob. In the high inaize-co'risliming countiie~. the ·lo'cal 
vari~ti~s .\yith s~~t, floury .e_nd9.spe,~, .~c ~;~~rapy pre~e.r.re,d ~e,c~us.e th~Y, ;~~m~ke 
better com meal or dough .. , Even though ·a number of improved varieties wh1ch arc 
higher-yielding have beer1 r'efe~sed' b}r''the'·nationai 'maize 'p~ogtammes'in: col
laboration with: the international research centres (liT A, CIMMYT and SAFGRAD), 

• • " ' • ,; •• J .._. • - 'I • t ·- II ,.,. '. ·_, • ', /1. • ' I ' • I • j' ! . I ~ • i t I I" 

their adoption are not very high. The result is that the improved ,varieties 'have not 
had the expected impact on production. In Gh.ana; ro'f"e'xamplci, ·during J:iar~esting 
time when maize is abundant, a premium price is usually paid ,for: the local maize. 
A major reason for the reluctance of some fanners to adopt .the· av~ilable i'mproved 

. varie-ties,is that. they do,not possess the desirable.grain ty~ of the local varieties. 
For ~ iong time; the ·national maize breeders' and the. scicintistS oftiie' intenui'tional 

, • ' ' f •· • • ~ - l ., ', ' ' • • I I • I I f' ~~ , f 1 J •l J •' '' f' 
research centres did not take into.serious consideration consumer preference ·ror the 

• .. - •• • .. ' ' I •' ' .J•'"' • • 1 

soft,·floury_grain texture in the. development of improyed varieties. ,However: there 
• I ~ ' I ' ' j ' • I .J I'( • I ' ' ' • 1 J.,l (' 

. is now an increasing awareness of the need for .the incorporation of the' destrable 
.grain characteri.sti~s ofiocal vari~ti~s into.i~p~oved c~ltivars:· As·a f'~ult, bttempts 
.~are currently being made to incor{Jorate the soft and' floury "!~hfu.acteristics' ~flhe 
: local.varielies into improved .varieties by maize. breeder8

1 
in 'Ghana; Togo! cantero6n 

, • j • o,..., ·I~., J"J • .j,L '' • ' ' '' ' ' 1'• •'' 

. and Nigeria. ' f e IT' . ' • . • .. • . . • .. r • • . • . . . • . • . 
'· . !I'-; •·''- • ''· •'. ·•'• •:,;;! •tf'J 1•',: ,' •'·.~·~: ·- I '.l' tf\, ,' ~-. •' 

,{· ,· . .- . · ·.; ·· i! . < , ~ .-, · · . , . : , . r· •. . r 1 r ,,. .• 

Coe er al. (1988) have reviewed the inheritance of the floury gfain texture in the 
maize endospenn and reported that the expression of this character is conditioned by 
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several genetic factors, these including cfl2, f11, f12, fl3, h, Me, 01, 02, 05, 07, 09, 
ow; ort:.9t2, 013, pro, se~.J through scn:6 eb ... and sup,l.,·The h, Ql, 02,.05, 07; 
09,011,012,013 and pro assort aS simple mendelian ihe·other:hand, 'ille expression 

.. 'I". r •1· '·,l, '• t,., It': '" •t 

of fl 1, fl2, and fl3 are dosage - dependent. The segregation of these· genes is 
clearly displayed through the female side in accordance with the two-dose (2n) 
contribution from the female parent to the.:enc:iosperm: 'Ke'rm!~llc&~ee):hlis 
indicated that a group of genes acting in maize endosperm function in a manner that 
reflects their prior mode. of sexual' transmission'~ 1 He used the te;rfri' imprinting \6 
denote the persistent influence of parentage and pointed out' that tile· imprin'ting 
effects consist of parental influence that result in phenotypic inequality following 
reciprocal crosses. Variation imposed by the genotype of the maternal sporophyte 
and also instances of differential transmission by the two sexes involvirig'either 
nuclear or extranuclear factors are not considered as effects of imprinting. Two 
ch:i~cterlstics' us'eful for distinguishing imprinting from other ·geite' tiction control 
syst~ms arc: (a) obscr\le'd 'r:itios that reflect the gametic 'cont:rlbutio'n· 'Of only one 'sex 
(Le: phenotype in the immediate generatio·n 'is not influenced by 'one parent) and, (b) 
the' presence 'Or two' distidd phenotypes corresponding'to ;the same' heterozygous 
gencotype ·· ·. ·_·· ···· • · · ·• · ·· : .. ·. ··.·:, ;·. '" .... , ,_. ... 1 

• f'' 'I •;' ' • ' ( :- ~ • ' I I : I I ' / I : ,. I ) j / I) :J ) { ~ ~I 

·<sbverai ~as~s ofpref~~eriti~l ~atemal expression hav'e.beeii reported 'for which the 
~sual' criteria 'of' ~ytoplasmic inheritance and materna] sporoPhyte effects seemed 
inapplicable.;, These' i!lc~uCJe .. the. floury 1Vcrsus flintY. composition·~ of maize 
endosperm,) in'brphology of Pi kernels borne.by mize-tecisinte hybrids, the esterdse'~ 
2 'priliein. dichwartz: 1965) arid If- mottling' of maize kernels (kermide~·1977):" ·, ' ·. 

, I ~ , o: ' , ;' ~ . ! . : '• \ ', ; ' 1 °' , ' } 0 : ( ; I. • : 1
1 

I 0' J; l 1 ' l •I, I 1 :', • ~· r-, 

Published information on the inheritance of the soft floury endosperm of local 
maize varieties in West and Central Africa is completely lacking. A krlovllcdgeTof 
.the, mode of inheritance ,of the trait goyerning the floury en_dosperm of the local 
'vanetles~would be useful in des·i.gning breeding strategies for incocpornUng tne'gcne 
(s) into improved 'varieties: The objecti'ves of this sttidfwere/the.reforc, to: · · · ' "· 
•'."'' ', "''I ' l •' , I 1 I 

1
' ' ' I • J I ~' ( 'j IJ i, ,; ; ) -. ' r:: •! , l , 'j I: ~ , '• : 

; . a> Ex~min~ ~he ~~de ~r inheritance of' the ·sari; nou& ·endosp~rn;:·or s~me loeai I.;:, 
_.;,. maiicva&tiesrromohana,Tog(nirid·cameroan:and'·;~ ·.)~- .. ~ ··. ,:_ · ~ 1 ·' 

-.... :i· .... ~:·-~·· .. 1! •. ·,1. ;··.r.' ·.· ... i•": .. · ..... _1,!' , .•. ~ .·· '\' ·~_:;~· 

:: b) Det¢nhine .whe_ther the· same genc'ccind.itions·the expression ofthc'soft; floucy'· 1 

' ' endo'sperm 'or'ttiese i~cai ·varieties .. , . ' .. ' ·.: > J ,, ; - .. • ,., ·,~. r- •.' 
' I • • :' ... 'fl •• j • :' • I •• • ) I t ·I 'I' ' 'I' • I • : • I. I \ I . ' \'; .} .... ~' . )'. 

... ''M:~lti~i~~d ~ethods: .. :·!·' · ··-' :·· .,, · ·, •-·· · ... , •... ;.,. ,. :·: 
' ' I ,· ' I • ' ' ~ o I ~ "' J • ',If I l : ' ' ; i ! ' ' ' 

' I' I ' '' I ' •' ' • '• ' I ~ ~ I' ~ • l .~' ._, f <' f 

Three floury· c·ndosperm local varieties ·designated as Volta Region Local; -Togo 
Local' and Camero:ori local' were' obtained from Ghana;' Togo. and Catherociil, 

0 II I j., O e 11, o ' :1 • :1 0 - l ' 'I e' 1 ,. , • o ; 

. respectively, for thts study. Rectprocal Fl crosses·were made between the early, 
:. whitri,' normal end'osperm vai'lety,'TZESR - (w) an'd 'eacli·or the local varieties, 

1 
, I ' ~ 1 

1 , • ' , ' 
1 

• 1 o 1 , , 1 0 .. , t , , • I 

except Togo Local whtch was rectprocally crossed onto the whttc, 'normal 
._:'endosi}erni' sin!gle cross hybrid, 8321~1S.'· A few Fl kernels'froin each cross were 
lj, , 1 o •\ + • } • ' 

bulked,, planted in the field ·at Ibadan, Nigeria, and selfed to obtain the F2 · 
'·generation .. Also· fic.iprocal backcrosses of the Fl progeny to the respective·local 

variety were produced. In addition, Fl crosses were made among the local varieties 
.and the progenies were selfed to obtain the F2 generation. 

0 
I, o 1 • , , , I,":. ,• .' , , • j , • '' • •' ~ I f ' f' 

0 
' 1 l t I I \ ', '• , ) 

',r, J :' : • • • • I ' I ~ I 
• . .'\!; ; ' 
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In 1990, the kernels. from the reciprocal F 1 r=rosses (Local x ·normal o and nof1:Dal o, 1• , , 1 
x (Local), backcross (local/normal o x local, an~ local ox loca~norinal).and Pte F2 , .. , 1: 
genemtions. were screen~d to determine the distribution. of normal (tmnslucent) and, .... ·. 
floury (opaque and semi-opaque) kernels from fndividual.ears. The.scree~ing·.~~.~: ·

1
• 

done with the aid of flourescent light armnged in a box so that tmnsmission of light 
through the endosperm could be obseryed. : ;~·:·. , (:,, ·' "' ... , , ... , n .. _.l: ;··r 

!' .. ,..··~,.;: ..... ·,··,J,,· ...• ~· ·.,·..,..,'. ~~r~·~~,.!, J,Jlli:.. ,,._,·;!·.:~ 

The number of ears screened for each gcnemtion was 6-10,-10-15 and 20 for the, .. · 
• _, •· 4 ~.. • ' I • .1<~) 

Fl, backcross and F2, respectively. The opaque and semi-opaque kernels were 
combine<! intcni'ne category to flfciinate cJii::squarc tests"'and ·genetic interpretation:--
Chi-square analyse~· were tlfiiized to test the.goodtiess of fit of the individual 

t segregation mtios to variou's models. . .... __ · · 
' ·~- '. ! ,J ·:' 

1 ~. • .. r; •• r 
ResultS ana niS"Ciission·· --. - --· -- -·- ·-

:; j I 
1 

- i !. \1 I 

···1':1 ._~ .. ,,_ :: "'='" ~·~'i :·.'. ''' ,. f' •••• ,. 

a) Volta Region and Togo Locals. The results showed. tb~t · o~ly a fe~ of th~ · · 
, kernels of the Fl ears from the crosses, 8321-18 ox Togo Local o and.;I'ZESRW ox!,· 

Volta Region Local o were floury (Tables 1 and 2), indicating recessiveness of the .·. , 
trait conditioning the .floury 'endosperm. of the locai varieties. However, in the 
reciprocal matings, about 30% (223 of738 kernels) and 37% (309 of 830 kernels) of ... " 

' the F1 progrny of the crosses involving Volta kegion local and Togo local;·::; 
respectively, were floury, whereas only, normal k~rnels were expected. The F2 
kernels segretated in a ratio of 3 normal to 1 flouiy, suggestin!fthat'the fioury :r 

endosperm of each bf the local 1varieties is conditioned by a single recessive gene. ~ 
-.. , I ' .• ' J.. 1,1 • #' ~ ' l 

The progeny-a of-the-backcross to.the.floury endosperm parents,_TogQLocat x ·-· 
(Togo Local x 8321-18) o and Volta Region local ox (Volta1Region-Local.x·, 
TZESRW) o segregated in a normal floury mtio of 1:1, again providing a'gooct'fit~ 
for a single.recessive.gene model:of inheritance. -In the reciprocal .backcrosses, the •,,·1 

kernels segregated in a mtio of 3 norynal to 1 floury,_ instead 9f_!Jte e~Pec~ed pt~o-~f "':;: .. 
one no~al to one floury. ::: ., :; , ·.· :: '·'. , · i .. ,· .·;·, 1::: 1•,. 1 .. !;. ; , 

Contrary io ·ex}leciatioii~-a smalf perceritiige of the-kernels· were rated ·as floury· in-
the Fl crosses in which the normal endosperm parents' served as female. This was 
probably due to- ili.isclissificaiion· ofSoine-keinels fue to-their thickneSs which made .. 1 

' it difficult for light to'pass.through, everi'titougb'they might have possessed normal_. __ 
endosperm. The presence of'floury endosperm kernels instead of only normal.·: 
kernels. in 'the Fl cro-sses in. which the floury parents served as females and the -· 

· deviation of the reciprocal backrosses (floury parent as male) from the expected 
normru to floury ratio of 1:1 suggests that the inheritance of the floury endosPc:nri in . ) 
Togo and Volta Region locals are not dosage-dependent. Mendelian inheritiulce 
assumes equivalent gene expression following passage through male and_ female 
gametophytes. In this study, there was phenotypic inequality in ·ifie segregation of' 

· the kernels in Fl whenever the floury endosperm parent was used as the female, . 
indicating that parental influences were 'involved in the inheritan&; of ih~' floury. 
endosperm in the·,Togo and _:Yolta Region local~ .. This finding is in: support of·;. 
kermicle (1977) who reported that _the class of genes acting in the maize endosperm 
function in-a·way·tharreflects their prior mode ohexuaJ-transmission -and -denoted -
the persistent influence of parentage as imprinting. According .tQ this .worker, two. 
distinguishing features of imprinting are that the observed ratios should reflect the 
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gametic.coiliifbutioii-or"only.one parent and two ctTstinci phenoiypes corresponding---
to the s'amc heterozygous·:genotype should be 'present. • The'• occurrence'of both; r: 

floury and ~orma:t· k'etltels phenotypes ori individuat·FI· ears ri.lles'agai'nst 1
: :-·. 

deterriiinrition· of thls•vanation by 'the gentitype of the materrial sporophyte,. either . ·! : 
• . , .., • ' , ' \ t nuclearorcytoplasmic: · ·· • •.· · ···' •· · · :· .. 1. ; :·.:" • • ·· :. ·:··'·-.. ! 

'i{,:,''·'(•;'f,,.,HI}' .~.fj: ~,, 1 ,1> ·.•.: ... 1 ~ 1 l.\'' •,!:'t•tJ;,·q 

Table 1. Distributions of floury (opaque) arid translucerit'ketnets·of generaiions-·· ·l : 

derived from a cross between a soft, floury endosperm maize variety, Volta Region 
local'and'normai endosperm maiievariety, TZESRW.. ,.-. :· ,;,·.· · ;- ... · .. · · '' · · ·-

';' •• ;~JI'J1:~·, '••' •' ::·~ ,r -,- 'f'!1 ,.·:1· , ) - 1 \i· ·j;· ·,!'' ,t"·i • .. (''1 ,'J'"';·1 :J ~,._1 

' '._ ~ J ~ - • "' • t J .- ' I I ) ..._ 
1 .II I ., ~ / _, , .J :-, t I f 1 \ 1 ! ; ' I 

; 1• _ • , ;~- .,: ~- , . --.. , ; .-. , .•• O.bse~~~tem.et .. , 1 ... ~~~~rme! _,~·.-, ,._:: _ . 1, : _. _ ., :--• 

.\ ol 10 ~ ... ,. .~tl' • " " l • If 1 , ~ ;: ' '' : j I": 
Generotions Tronslueent Opaque Trnnslucente Opaque P vnlue 

(Volta region locnl x 
1 fo f I' ~ I 

TZESRW) 9 x Volta region loc:~ld' 3543 1186 2364.5 23645 1173.7• 
:;,1•· ~~ ·'", ,'L' ·, ·~ .• '"'.l•)r:, -..;:•, · .... ·:l' .. ". i•.,;· ·-~, ·;· •, ,·r, .~ ,. .•... ,·,:r .. ·ij :.-.. 

Voltareiionalloeill9x: 'l·:.:•i• .. _.-:i '-· · ir-;_-:_ ..... -•. ,n:.-:'r::u,·:.~·J:·-,;:r 1· ..• ":../ 

(Volta:regiorilocnlx·~RW)d': ·:ls22 · :, ·· 14s7 i·' ···!849~9· 1 .,, .. 'i489S -'•·· 'Jjg:' • ::·f,· 
"•'.! · • .1~'l /.':.)' '•I' ~: 1 ~H-!t 1 

• '! 1~J £\·1."':•'! ~~~· •:;, ,~:. · .. •! 1 
• • , ,.•r : :.·..- 1; ).1 

Voltaregionlocal~9x· ·· .. · j \':: '/'. • .' .. · ... ::;_ · t · '·,,_\ · • J• ·r'· .. <•• , .-. , .. :.,. 
TZESRWd'.-..... 1., I"~'; I r ~ n•·::,SlS ;I' . 2_23;. ::: 'lo! -~,--. · ... d• ,., ·.' '.: ''I ' 

('~ • t o I ' o i .- I • • ., o 0 , , • f , • 0 , I • 0 o [ 

• l ~ I• .~Jl..-.• o1 o \, 224i." ''j_'J!j'l (t' J. '·,",,., •',' "\l ·. ,' ,\',!1,-: 

TZES~\Y9x:yolta.~gi~~I!JC~d',_, ,_ : .,, . . . '· -,. ,)',. . : \ ·;,,·• .·•. :··· 

*Sig~if.lca'ntatP,.;,·o.os·.: .. '· ·'· .' ;J,•V ,;::·- i,:I--1•: : •.•. :_. J'~··,;· 
~! I ~)tJ,1- t. ·~rJ' .. c·~\ ..... ~' ·';I . .. L fL')! n; ~ , ~~ '~~-~ ·. ·.··-f ... ·~~·~· 

Table'2;: · ·' Distriliutiori of floury (opaque) and trdnslu'cent kemels.of.generfttions. --' 
derived from··a·cross betweeh ·a soft, floury ehdospenri maize ·variety;.Togo local,.:--.- ; 
and a normal endosperm maize variety, 8321-18. -· · . -n •· • .- [[,.,., .... _. 

•• \.'·· ... J, I, •'•j ' Observed kernel ·- '· :· ,, ,·) E.xPe'cted keniei · · 
:• '· · . -(n°) r" · ;· -;. ·-: .::.: ·,1 (n°) ,, '·'' '• ' _I' : ~ r \' 

i ,.,<· 
-· · ':· •'-Trnnshieenl ·.opaque'· Tronslu~nt: '·'apncjue " 

--~-~~-··-r_._~ __ ·_v_._,~~---·~·~·--·~·-"-•--~·-·-'~"~"--·~·~·-~~-~-~-----~-~·~·--~;----~~· 1 ! 1 ~ 1 
(Togolocalx~321-18)9.x-Togo ,>;rr:•: · ·. · .. : • · .. -, :.· _ ·_•: · ·,-... , 1 • 

locald'' .. ·:·• ·•·:·1 . ,_ ••• ,. _ _3!~6<1. 11 _.1415:,, .... 2~10~.; .. ~-~~~-~ _ !F2:o4*_' .. ::·. 

'Pvnlu~-: :'•;._; 

; .r~;· 1 ~ ::: ,: .' ••,.'•.z:: ·· • .'' • I .'.~·J/1: ~ ... 
(Togo locnl ~ x (T~go local ... ~· · . ·1388 .... . ·1296 ·: 

x8321-18)~ .. ,, ,, : .. ,. _. . .•.. ,·, '·- .. 

,..-,, 1 1' ~ ..: : f : ".- ''; t r
0 

't,' 

-. 1342 !·. ~, 1342 -~~ .... ,. 3.qs,r. , 

: . ' • !!. l ! ,,.. ) . .J; • - ~ r I t , 1 r . ,.,- ' , ~ • " . ., , 
Togolocal,9x8321-i~d'·,-· ... 

1 
,' • __ 521 "309' .. ,. ·.• .•. ,. r:·.•,:;.<.j;· _,,.,'~<'-:· 

I 'l , ':. • I., • ' I ', , f • 
0 

,I' 0 .' I ~ :, , ' .. ',' 
0 J,' ·:: , ~ o '\~ -: _ (" : 

1 ;} ' ; • / '_1' :1 :.~ \' ): 
1

; J,' 

• r ·-! ., ... I •• t ,, ',rl .. , • I.~·· • ' • I I I 
8321-ISxTogoloenld' · .. '. · · '("' i · · r; ,_: :i'·'l"t • ·'' ::· •. · :;:.• 

.. · 1 ,·· -~ ·.·.: • 1 ,; -:.3247 .lu .311 " .•.. ,.,,.·J·l I •. , 11 .... ,. 1
--- ... 

1 
i. 

" • ' ' o o ' • ~ ,:J I ' ' I ' '• 

· i532 ,; :·i'· 453~ -· =.·r5t2·· ·; •(' o.3r':: ·· 
• 't'.i:. ~ •••. : 1 : 1..-"t, ,-, ~ ~ ''/' f ·:·,\·i'l; ·:;'"- 'r~- ~' 

(Togoloclx.8321-18)F2• ·;_ ._·.1 .. ·· , 451·6 
' - .,, ·'\: · ... >: '~ -!.: '· .. " .... -

' I l I • 1 • • • • ' •' J I , , f , I I 1 ' 4 ' • ~ 1 ' 1 _I, ' 't~ , 

"'Signific~t at P ~ 0.9S. :.~, ··'' 
• • ~J 1 1 l - :' ~ ... o I f j: I 

0 
• : 



t,'ll ,•,~J '•:'".:1,· I ' .· ~.·~•· '.~·#o• 1 ' ' ,,l" ··:·· ... ·,'\• '•'t ~·)1 

1. ·. ·\. " • '-' ' '_, ..... . 
·.·orcameroon'Locat.· The Fl kernels froni the cross·TZESRW'x Carneroon·Local 
were mostly normal (Table 3), indicating that the gene for'the floury endosperm was 
recessive. In the reciprocal cross, Cameroon Local x TZESRW, 58% of the kernels 
were dlassified ns:noimal while 42%-were flouiji.'"The F2'kernels'segregatcil in' a 

. normal floury 'ratio of·3: I, thlisrproviding a good fit to ·a slngle-gene'model of 
· inheritance.' The -backcrosses 1 to~1ZESRW segregated in·a·ratio1of t·'flouiy ·icn 
~ ndrmal;'thus SUpporting .the hypOthesis that'D single· recessiV(f gene· controls tthe 

fl'oury·· en(Jospemi in'Jthe'local ·variety:· In ·the reciprocal backcross: in -which •tne 
. floury paretit 1serve'd as'the female, there·\vas.a'·significant deviation from· the 
, expected ll :1-'ratio of floury to:normal kernels: • For. example, :in:the recirpocal 
:backcross to Cameroon Ioeal,-the percentage of-floury kernels was 60.1%(2334·of 
3834 kernels) as compared to 39.9% normal kernels. The results suggest that the 

:Came-roon local carries a single, recessive gene for the floury endosperm. The Fl 
ikernels in' which the'TZESRW served as female parent, the'F2 and backcross with 
\the floury:parent as feinate·followed the ratios expected for a singie,.-recessive gene 
;model of inheritance:· · i ;·_, u .. '· .... _, -c · ·• · ·!•u· 1 ··;.-1· · r ... _i :: · ... · '."Y ~~- ,.;: :·. 
;·.'f!-•'i,~~.!r")· ,. '.:' .. 1r .,, .. , ..• 1 ' ~, .~· ,, 1 t •• , rr··· .l,f,- 1, .• , .... 
I .., • ' , ... • I lo I , , , ~ l • . . , , i. 1 , ' 1 • # l ·,,, • • 

Table·J •. 1:..·~ Distributions of flour)i (opaque)' and translucent kernels bf generations 
derived from a cross between a soft, floury, endosperm maize variety; Cameroon 
Local, and normal endosperm maize variety, 1ZESRW. 
~~·'i, •. i! 'J•·~ !;,·: ····• '_, j;; t"''.!!ri• 1 .··: :".~ll 0~ ~.·~=~·'Lt.· •. ~~~ f·:r·~~.· .j· ·J 1 1!~ :.1 iw.' 

! ,.,,, :· ; .,, ' ,. d If~ • I ... i .- ' ; . f; • •• '· .. ,, ....... ,., ... ' • , 1 •.•'' 0 ' '' or, I •\ 

'r.> ' 1 ~ ''" • ctobservedkemel 1
' .: • 'IExpectedkeinel -•:•· '· •:i · i !. 

(n°) (no);: • ; ·H .. ; -;. 1 i · ( .. ~ 
Genemtions Tmnslucent Opaque Translucent Opaque P value 

--·-· • ·---·- --~·· ........ - •• ----- --·-. ----·· .. # .... -- .... ___ ........ ...-- • -·----

Cameroon local ~ x (Cameroon;,· '· 

local x TZESRW) cJ 

I 
Cnmeroon local ~ x TZESRW cJ 

1500 ' ' 323-f ·'.' 1917 
'·l 

lll6,·.: 783,1'· ,. 

1917 180.98* 

I ·, ' 0 .. 0 j 0.J ~ 1 , 0 I} 

(TZESRw x canietOOn local> F2 c. .. ; 4924 ~ . 1709, .. 4974.~5 ... · • .,165~.75 ... ' . .'l 2.03. 
'. 1: 

. 1 . , ' I ·-.: .. I · .; I 

.. '* Sigt\lficant at P0.05 -- - · - ·-· -· - ·- · 

The presence of a few floury kernels in the Fl in which the normal parent -served 
as a females may have resulted from mis-classification of some kernels due to their 
abnonnal shape and/or ·thicknessYllie 'tlneic.pected segregation of the'kemels in'the 
Fl''ilnd "the 'deviation from toe ·expected 1· normal to 1 ·flouiY: in ~the backcross 
progenies _in the matings in which the Cameroon local served as the female, niay. tie 
explained in terms of epigenetic variation which presumes that the genetic material 
has' the' potential to' reflect 'soine-prior influence of parentril·sex in -its subsequent 
expression (Kenriicle, 19'77).'! In otliervio.rds, the observed deviations· could be due 
to diff'?ences in the expression of the gene for floury endosperm fol1owing meternal 
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l ••• :. '' '·I I •• ~ ' ' ,,1_' ', '\' ,; ' '\ ,.-_ .... ~ • ' ' ' •• 

and paternal transmission·to the·endosperm;i.e. to imprinting (Kermicle, 1977}:-·Al 
any rate; the overall data support a single, recessive gene.model of inheritance of the 
flouryendospermintheCameroo~]ocal.l, · .. ;· ·, . ..- <· : · · .1. ·., ·: • ,·, ~, • 

• : ; ,-1 1 , .' ! i '; ' "' , .... ,- 1 , '-· l , • J . _, , • _ .... I· ... ~ I ~; r • : ~' \ • _. •_~ J 

··C) Genetic Allelism of Floury Endosperm •. -The.results,pCthe test for allelism 
conducted to ascertain -whether the genes for the floury endosperm in the three local 
varieties ~ere. the :same or. different are presented in .Table 4 .. • The F2 kernels 
derived from: the cross between .Togo local and Volta Region local-were uniformly 
floury,,cxcept .for some few kernels. ·The low frequency of floury. kernels 
unexpectedly observed in the F2 generation could be attributed to misclassification 
of· some few· kernels. -It is,·therefore, assumed that the Togo and ,V,Oha Region 
locals have the same single recessive gene conditioning the expression of the floury 
endosperm .. ':• .!. · 1 . ····:' _., .• . ·. ,·; ··~ !'.· j .. •·• 

,:; '"' ,;;,:·:;""''•:'.L ,''' • 'It ': '' l··-' . :·;~. I" ~- '· )! ,,.~ 1 ;!,'' l 

.:AparJ-from the cross between Volta Region Local and Togo Local, the F,2 kernels 
of the other crosses involving the local varieties segregated in a normal to floury 
ratio of 9:7, which is consistent with a two-gene model of inheritnnce.·.Therefore, .it 
is assumed that only the Volta Region local and Togo local tiave the same gene for 
the floury endosperm, and that BSRS 1 has a different single recessive gene for the 
floury endosperm. :.· ., . , ··: .~ · .. , ,, ... , . ,,.. , . ,_ ... ,. r. 1• ,., 

. /,· )1 • ' > ~., ) 1 '' .. ,I : ! "',',. 'i' J J I•' :, , '•.. : ·' ,I 1 t 

Gene symbols would be assigned to the two different genes for the floury 
endosperm in the five local.varieties _when the allelism tests with the other named 
genes for floury endosperm (fl 1, fl2, fl3} and when the additional studies currently 
going on are co_mpleted. r ' 

'. ' 
I • 'f 

Table 4;· · Segregation·offloury (opaque) and translucent kernels ofF2·generation 
derived from crosses involving soft, floury endosperm local variety.' . ·' ' . ' ~~ .'.> . 

.. , ·- • --- • j. ·-·! . ., J·-=:.~ r 

Crosses 

Observed kernel 
(no) 

Expected kernel ~· · , . :_ .. 
(no) , .. :T' " ': 

Translueerit Opaque· · Translucente Opnque ' . . , P value ~ 

(Volta region x Togo local) F2 697 ·' 6474
1 

('/btraregion 1~1 xCame~; · 2349 1726 2292.21· , . 1782.83 ~- ... 3.16. I· 
locai)F2 

(Cameroon local x Togo local) F2 1882 1382 1836 1428 2.58 

~ ' . :) ~ ' 
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Effects .of.Six-Cycles of ~ecurrent Selection on ,the.NitrC?ge~ 
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Glzaria Grains Development Project, Taiilale, Ghana. · ,. · · . •·: · 
: \' .. : : j : ~ , ; 1 , , 1, ! 1 ' 

AbStract '' .: , . .,. ·. : rt :.:" .. :·:. 'I· .,;• 'I '" .:' .1. 

Nitrogen is an !important !nutrient which direetly influences ·the yield of maize (Zea. 
ma)•i,' 1L.) and other non-leguminous~ crop ·plants~: This·study·was conducted 'tO·' 

1 
dete'rminc·wnether the paiteri{of:nitrogen rcsponse.in a lowland iropical.mnize.r 

1 populrition·wa5' alte·red by six ·cycles of recurrent selection for improved agronomic · 

l perfonnance. In 1986, cycle 0, 2, 4 and 6·of CIMMYT Population 43; improved . 
. using full-sib family selection for high grain yield arid other important agronomic 
! traits;· w'ere · cvaiuated' iri replicated field experiments at 0, 80 ·and 160 kg Nlha and 
uridefSO,OOO plants/tin density arsix locations in Ghana: • ·, · :: •. r ,: _.: 1·· .. • ::·· • ·i 

,''! ,, .,•1· "·-= ~ .. ,·•I••; <t ;.•'" ,: 'f)'_,,:_:.,. \ 1 , I , "h, ''I J •• •, I '!;."_" ~~· • '.t. 1 •• ~ • .' _..;
1 

Individu"al cycle responses showed 'that grain .yield;plant·height;'lodging, and ear:; 
acceptability increased; dayS'to mid-silk decreased, and grain moisture and number'· 

llof ears per plant did not change as fertilizer N was increased. However, most of 
,these changes occurred at 80 kg N/ha .. Identical N response' patterns :Were observed 
lin cycles 0 through 4. The pattern observed in cycle 6 for grain yield was different 
. from the other cycles .. Progress' per cycle of seleciion for grain yield; days to mid~ 
silk,' pllint height: artd' lodging were :an highly significant .. 'Full-sib .selection was f 
effective 'for improving grnin'}'ietdj days·to mig-silk; plant height, and lodging in the.; 
population at 80 or 160 kg N/ha.· 'Also,'recurrerit selection seemed to have indirectly,· 
altered theN fertilizer response of tile ,Population.•·; · . ,. .' · ~ .. · · !L : - " · • ' i :'! 

.d;~,~~~r;' ,I'~- •{ 1·,_'/'_' '1.,. ': ::·.·r •• ~ '. il'•_) , 1t .. : ... 1 r'J1Lf ',!'•,f.·J 

f_ 1
_" 11 

• .. •.'! I ' , •. 1;1 ~ · '•'·~~·. ~ r:1 ,,, ;~ ';·_. ··r: · ·····. t; 0 ~ ·~~ f ),!-·.!· .·j' -l~ .. ~ 

'IntrOduction · · · .. : · ·: -.r. ·:1 • .. '. _ . 1J :,.. . ' 1 r ;' !
1 :o~·~l. · l. t~l .~! 

Nitrog·e·n,(N)' is· an ·essential plant :nutrient which ·influences.t~e 1growth,' 
development 'and productivity·of maize (Zea' tilays'I.i.) and other non-leguminous • 
cfop plan't5. I Because the available N·is limited iifmost soils, inorganic_N fertilizers 
are usually applied to maize:: Increase'in theN supply may 'influence the grain yield; 
or maize 'through 'increase in 'the harvest index' (Viets; .1965), average ear weight,. 
weight of the second ear in two-eared varieties as well as the number of' ears per. 
plant in multiple ear hy~rids (Krantz and Chandler, 1954). 
~~~ .. \l:.j{•fn:, • .-,f ·.:••,','!'. ~·-··,'ll,."'11·,·, .i ,·I(~ ,.,-,• .':!:'-,•,, 1 ~' ~ L:'t 

·Nitrogen 'utilization in ·maize is under' polygenic control ·(Harvey, 1939);· Pollmer et_ · 
al:, :1979)' and variations exists among maize genotypes for N utilization (Harvey: 
1939; Chevalier' and Schroder, 1917; Pollmer et al., 1979). Genotypic variation for 
N'utilization has pennitted selectiort for this trait in maize (Muhtli and Paulsen;·. 
1981;·Mo11 etal.: 1987); · ·" · ,;-.. · · ·': ·· :;:,. .. ...· ,,., : ': ·' ~· ',.; .. 11 

' '·; I v. .-. :: I·; ~: . ~- I, I' ) ' • _, I' I' ' . '' ' . : ' '.: .• u j } : '.;. j:: 'II I , J! ·.I'._. •· • 

• -~ ; • ' '; , o • _ :... , • l ~, l \ · .. .._ .· ~ · ~ . I , 1.. r J • , 1 ! I!,: -: \ 

·::'.:I: ' · .. : ·; :' . J • ' ' • I:. :• ' . ; I 1 ~! ' T ' ! ' '- ' j I 'I' ., Jl I' ;j t I • r 
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Maize brb~ding'progranimcs traditionally (levelop varieties under h.igh levels of N. · 
fertilization. Since genotypic ·variation for N-utiliiation cxisUn inaize;. th~ N. 1 

response of the original population is probably altered in successive cycles through · 
recurrent selection for improved agronomic performance. Preliminary_ w.ork in_thc 1 

U.S.A. (Muruli and Paulsen, 1981; Kamprath eta/., 1982) and in Kenya (Allan and 
Darrah, J 978) appear to support this hypothesis. However, little infom1ation is , 
available for maize adapted to the lowland tropics. 

Tropical maize plants are profusely vegetative and have low harvest;index 
(Yamaguchi, 1974; Fischer and Palmer, 1980). Grain yields of tropical maize are 
relatively unresponsive to increased fertilization:and high plant P.Opulations, 
probably because the increase in productivity .associated with increase in;t~e.s_e . 
factors goes !O increase non-yield plant components (Golds'Yorthy et al., ,1974) .. ;To, 
what extel!t recurrent selection for improved agronomic performance als~ affects_ the r, 
N response of tropical maize is not known. : ,• · ~ '' ·.• ·, ; ._ 1 r . _ . , ~ .. 

• I• .,, I • I 
, I , 1J' 

The objectives of the :present study .were, therefore, to: (a) detennine if cha~ges : 
have occurred in terms of response to :N: fertilizer in a lowland ,tropical m1;1ize . 
population following six cycles of recurrent selection, and (b) estimate genetic gains 
from full-sib family selection for grain yield:and other-imiJ9rtant agronomic traits in 
the population under different rates of applied N fertilizer. . , . ~ .. : , ,, .. 1:i -1 

k .. "' . :.': .. ,.,. 
• I .' i oj I : 'I) !j: ~-: ' I~ -' 

Materials and Methods 1, . • · , • : .• L • • • • · • : • ' 

. ' ' 
L' • • • • J L t I . , I i ~ . ,'' l• {; : • .: .,. ,) 

Nitrogen response ofcycles 0,·2, 4 and 6 ofCIMMYT.maize.Population 43 (4. 
Posta) was studied in Ghana, West ;Africa:. CIMMYT Population 43 is a white dent, .· 
late maturing Tuxpen0:-related synthetic maize ,which ~produces tall and vigourous-: 
growing plants; .well adapted to lowland tropics .(Pandey et al.-, 1986;, CIMMYT,. 
1987). Cycles I and 2 were developed using full-sib selection in which only among! 
family selection was done. Cycles 3 through 6 were developed using a modified 
full-sib selection in which both among and within family selection was practiced.' 
Both selection schemes were based on an international progeny testing programme' 
with one test located in CIMMYT, Mexico, and in five other countries in the 
Iowland·tropics. :Some 250 full-sib families were~evaluated in each.country and. 
based on :the· international yield trial and stress nursery (CIMMYT .only) data,i, 
approximately'40% superior·families were selected u·sing an independenl.c!Jlling. 
procedure: Grain yield, days to mid-silk, plant and ear heights, lodging, and ~lis~:ise., 
reaction were the major traits considered for :improvement. Details o( the.~selection: 
schemes have been well described (Pandey et nl., 1986)., . . .. , . . , ... I -, , •~.::. , 

',:~_-:· ·~·~t •. · .. · . 1 ~;-·J· .. ·::· ··l·itlt ri:~,.·rr'· 
The experimental design employed in evaluating the cycles was a randomized 

complete block in split-plot nrrangement,_with four replications each atNyankpah!, 
Damongo, Pokunse, Ejura, Kpeve and Kwadaso, Ghana, in .1986. Nitrogen rate~ 
were assigned'to main plots and selection cycles were .the.sub-plots .. ))ub-plots. 
consisted of two Sm rows spaced 0.8m apart. Hills _were spaced 0.5m, over~p)~nted 
and thinned to two plants per hill nt the 6-8 leaf stage to give. a·unjform population 
density of 50,000 plants/ha. All trials were rainfed, except at Kwadaso where 
irrigation was applied. Nitrogen rates of 0, 80 and 160 kg N/ha were applied as 
ammonium sulfate in a split dose, with half applied at 2 weeks and the remainder at 

--·-~·- - . . - .. - . 
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4 weeks after emergence. Phosphorus was applied at 60 kg P205/ha to all plots as· .:', 
triple.superphosphate prior to planting. No potassium (K) was. applied because·of·.-·.-: 
consistent" lack of response of.riiaize to this nutrient element in'Ghana (Ahn, 1970; 
Dennis.'t9S3). '·.· · · ·' .. ' · · · · .. , ... ·· '' ' 

---·- -- ··- ·- ·- ---- ~- .. ..- .... ·- ... -- - - -·---- --- ---- - ·- .. --. ----- .... ------
. Bordered 2-plant hills were hand-harvested, ears of each sub-plot weighed and the'' ·-; 
'equivalent weight of the shelled grain determined by multiplying total ear weigh( ' ;, 
·per sub-plot by an assumed 0.8 sheliing factor: A 250-g grain sample from 'each,,:. 
SUb-plot WaS analyserl USing an eleCtronic mo'ist~re meter to estimate grain moisture': ; ,;; 
, at harvest (fresh weigh_t basis). Grain yield ·was expressed as Mglha adjusted to . ,-:., 
.150g/kg moisture. Lodging was visually scored on a 1-5 scale, where I =all plantS.- ·: 
I • ' • , - l ·t ' erect and 5 =all plants.broken below the ear or leamng at an' angle greater than 45_. ·. 
Ears were visually scored for acceptability als.~'on a 1-5 sdlle, wherell =good arid'S '.,:: 
=poor ears'.based on uniformity o(size, kemeJ rows, kernel texture, and damage ·:.:; 
. I • ,. 

from ear rots and insects. Plant height was measured as the distance between the 
base ofihe plari'f and the -point .. whcre. tissef branching began.' Numilei-. or ears .per- ·--
plant, and days to mid-silk were computed. t~ ',I: : ' 1 j • • ~ T 'f• r~d 

: t i j : r I • ! I I, \ •f ' 1 o '' , ; ,.- J :..1 d I( j! 1 ; '1 -, ;; !',- i: I;,~ ; 

1 

Cycles of selection and N levels were considered fixed eff~ts and environments 
rere considered random effects. Analyses of variance were computed in each 
cnviron~ent (location) and .combined over locations for all traits (Steel. and Torrie,~··:ld 
I 'I' • ' ' I • J ' ' '' ' - ~· • ' • ~ • • ' ' • 

1980). Resj>orise to selection was estimated as the regression coefficient of: the . ·1 ;·: 

linear regression of the mean value of trait on number·of-selection cycles (Hallauer· -.-· 
~ I ' ' • I ; ' ' • I • - • • ' • • ' I • • : : I' 

and Miranda, 1981); -~ ., , . . . , .· ;_ . .. ,·: .~;. " 
· .. _ . ., 

Results iind Discussion- ·· -·· · ·· · · ·· ··- · . - - -·· .. _ - .. - -...... --· ·-- . - .. -- ·- - -- - .. 

The combined analys~ of variance fo~ ·au traits measured ~e presented in Table 1. · 
Environments (locations), N, and cycles· were significant,sources.of variation in all 
traits. The N x environment interaction effects were significant for days to mid-silk, 
lodging and ~ar acceptability, while the cycle x ~nvironment interaction effects were 
significant for grain yield, mid-silk and plant height. These significant interactions 
were due to' differences in magnitude rather than the rank order .of values .of the 
traits in the.- different"; environments. No significant N x cycle interaction effects 
were detected for any trait, indicating that the relative performance of the cycles did 
not change under the ~ifffereni N regimes. In ot~er words,- the nature of the· .N and 
cycle responses can be explained entirely by their main effects (Table 2). · · 

• : ~ I ' ,' ; ' ,.. I• ' ,• 
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Table ~~--·-··combineci-an~lyse~ ~f variance for the agronomic traits measured,, . 
1986> :>f'J!'! h ·" •:.:.1.J' -~ '· i'•) •i> ,::·.~. ,f.' '!1;'>,:'(· .•• · 1 ·:-•.;,' ,· .ftL .ci.Jo '-•'· H.' •: 

1 ~ , , • • ,f , , ! '- , t , ~ 0 • f , ' o t, / ' ~~'I l \- 0 

SourCe'of ... •. '.'-~Grainyield, Mid-silk .,Pionthdght, Lodging+.·,. .:.J:ar, .. ) ., ... , 
•. I . .r I!{' h' J'll •. -' <I' ' ' ., i' ' ' 1 '' ·, L ( ., •/.\".. ' 1 . ; J• • ~cccptobility+· ' 

Vnrhit~on · ' · ' · "' · ~ (mg/ha) · · '(days) (em) (score) . (lcOre) .·. · 1 <~ -~ · 

1 j ~- ,; ' ·; ·~u ..._· ... !''· ·: .. : ~:J ~ ;~~ 

* Significant at P = 0.05. .:. • 1 , _ o";U"~ •J ;·, 

Data from 5 environments, l = n° lodging or good ear ; 5 = all plants . _ 
:,•10gdged Orpoorenr:l:: 0 '·•' 1•1 ; I ":·:. ~ •. , il·,, ·,• ,"!; ;, .· u(n ,: ;,~. <J:;i ) 

j: '. 1:· ). :;J:)II,. 1 .,-~'.// ','~fti';ll '..,.• ,: '•/- 1!'_:1; 1'J :·.~/'j•':! f.'.lo!l~,rOo\ \ '.,.l,) 

+' 

Table '2. r, 1 Me~~-~csporise·ar'six' cyc;lc~ 'of selection lit ·c~~ Po~ui~ti~n'~~ '{0 :;
1
• · ~- : 

N fertilization. 1 ·• 11 ;,.~ ·.·: •1 • ·····:,·,, •• • • • .. • ' ' ·' •· :I .. · J>" ··' ·! -· t. · 
, ' , r • ~ 

Nitrogen ' .. flopul:ition · · t Grain · Mid-iilx · 
(da)") 

Grnin 
mob tun: 
(g/kg) 

Plnn! 
height 
(em) 

E:tn~ 
plant 
(N") 

Lodginll • , , . Ear . , , •••.• 
tceore ' ' ~cepta6ility ' ' '' npplied cycle yield 

mglh:l 

kg/ho 

0 

80 

160 

score 

co 2.89 58.1 248 192 0.90 1.9 J.S 
r ,, 1 ·C2~1 ·l • .2,93 r 1 57.3 tlr( •.2421 1 I· '18J,~-.,, 0.90 \/ .. lu;J.9: · .. i:3.6 !; .. !JJ!Jt'J 

' 'C4' ·. · ',2.81(' · 's6.6' '0 . _239 178 1 o.93 .• 1.9~. ') J.S ., '(' .. :1 
~:t ··' C6t'~···~- v 3.'rs:-.··,·is6.o'' '· ll 247 ... , .. ,Jt74 I • 1 • •• )0.9t· ~ • ,._ .. ·,~s'~' 14 .'' 1 3..3'-; '·· 1 

,:1.;'-L'h ,.; ._·1 ,;;2.96: H;:,~7.0.r~.· .... 244 ! ,_.'181, .1 ·, 0.91.1: :,>'Ji11.9 ''-'"::. :JA. ; .. ~! , I• ·:: 
. • ,. ., ~~ 1•""" { '•' ) : j ' I ' •• •I • I '' f .J ';t;,.;, :It ,"\'!(, . 'I f) '[ I' I: I •,,• I 

,·,:.· • ·co· ·: '·lt~6 · ·· :;6.7 '" '·'IS · "203 · · 0.92 '-··' 2.3 • .. • 2.9 . - . 
-:·.·,:•:;C2 ·r:i ·::1 :4:42 •. :: · S6.J'!·,· •, 2-17!: 19S·.'P ·0.9S.il·l .1.12.:3' ~r·, '·' ~.9' ;y,-_:i ~ ··· 
··"'I -1 ,C4 .,r - .. ·,.~.7S , 54-1·, L 243 .. · :186 : 1• 1:·0.95 ·• .... ,2.0 -:1 ;. i:2·8 . . . ,_ .. ,, 
.... LC6 1

'· 11• • 5.06 ' · .54.3 • · . · 2-12 · 181 ·o.9s . · 1.9 . 2.6 , 
.;-:.·.~·· x.:·.1!1~ .-,·;4.70 ::.ss.4 ~-· '·' ·246· .' 193~ . :o.94 .·.··:: '•'2.1·n_t; .•. 2.8··:.' r·' i:;~; 
IJ"' .• ' • , I ~ 'I ~(' c. J'. r: •r .' t • , 

. . co~ •'• s.oo 56.6 
1_.:;· .• ,..-:o·11 'o ·::~s.crr ·:·'·Sl8 • ,,.. 

e-1 _. -~ :..S-09 r: , :ss.J .. , , 
C6 5.63 S4.0 
X S.20 .54.8 

co 4.15 S1.1 
C2 4.14 56.4 

:.. ;, · ~;,~.ill ..... ;) i. ,n: · , r·· '\J 1 1• -;-.~ ~-- !J 'J): 
2SO 

'24-i • 
249 . 
244 
247 

2SO 
244 

201 0.92 ., .2.5 ., . I 2.9 , . ri·' '·• 
·i961 I:·.; 0.94·: ;·_., 2.6 ' ' '2.8 <"• . " 1 

,~J82!j ,:1.,·0.96 '1·,_· .• .-2.2 I j':JJ '.2.9'L ·:~ ... : ~.· ... 
- 181 0.93 2.2 2.7 
192 0.93 2.3 2.8 

198 0.91 2.2 3.1 
198 0.93 2.3 :u 

Ovemll C4 4.23 ss.s 244 182 0.93 2.0 3.1 
C6 4.62 S4.8 245 183 0.93 1.9 2.8 
X 4.29 56.0 246 189 0.93 2.1 3.0 

SE: 11.2.5 0.3 NS 5 NS 0.1 11.1 
Nill\lFCn mean.• tliU 11.2 NS 2 NS Ill U.l 
Cycle means 0.17 11.2 NS l NS 0.2 11.2 
Cycle mean.• II 101l11C N k:vcl 0.29 0.4 NS 5. NS IU 0.2 
N means at .. mcltldT...,. .,.to 
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Mean grain yield at zcro.fertilizer_ N was about 37 and 43% lower than grain_yield : • 
at 80.anqr160.kg N(ha,:resp,c~tively; 1Gra!n yield at)60 kg N/ha_was1:10%;highcr· .. · . 
than at. 80.~g N/ha,.but the difference-was not significant., The relatively high·yield .... · 
unde~, unfe<rt!J!~ed condi_tions ,indica~cd a high.s9iltresiduai,N1at the el(p_erimental- Jr·i 
sites., );;L,• "• 't,• :,·r 'i,lo ~ •.• t' \fj ',~11 , ~~ 1 f ',/ ,:•r,: 11 ," ; 1f~;_.. ·~· *1' '\'

1 'j;•f ':; h _•' ,r·.(! 

··, ;"" 1 . ti".·C 'JI;·-r, :10!" 1.:" !.' ·. L l'·' u· .. :. !: · .-: :_·;~rjl •;:J·ii. J~ :·1• j ... , '1t1J 1•• •.1 

Treatment means for the other agronomic traits showed their response to N 
fertilization W!lS silp_ilar at. 80 pndJ 60 kg Ntra. Ther~ w.~ a significant delay ir silk·. · 
emergen~c; and a sign_ific~nt_.rc::duction ·in plant heigh~ a,nd ,Iqdging in the absence of ... :, 
N. Maize ears f~om plants;g~~wn, .wJ!hout N fertilize~. were. ratedles~ .acceptaplc.~:..i ._ 

· than .ears- from. plants. :whichJcc.~ived f!~rtilizer~ N. :J'hough silk!ng -.yas delayed by . .: 
two days when fertilizer N was not applied, no sig"ificant,differences.were observed · 
among N treatments for grain moisture content at harvest, indicating that the grains 
driedatnfaster.rate_inr'{~deprivedplants .... , :·.: .... ·: •: :,•,,: '''·'· ~·: ._ .. ,. -~· .. ·: 

:·.;:I ~ ~\ .. : ~.;, ........ ;} I .J•f· ~-~. rr,' ~ ... J,f' ',:,o~· ,1, ·:i r·:·;., ,'"'; ,''J•' ~ .. J ·.~-~t ~ 1 ·1 

Thc,grain yield-of indivi.dual cycles _as affected by .N fertilization i~ illus~rated:in ; .· 
Fig .. L .;Grain yi_eld of1all,cycl_es ,inc_reased as fertilizer N supply was increased, b_ut.a, ; 1 

much: greater yJcld ·.respo~sc, -~.a~ o~taincd .~hen .80 kg . .N/l;m ~a,s ;~pplied tha,n, wit~,:. 1; 

160 ,kg ~/ha. The yield_ response, ~aS similar for eye!~ O,tnrough,4 ~n~ slight_ly .. but, .-r;. 
signWc.a~_tlyh)gherforcycle~.·'·: ,·,-,. • •. ~. '· ·.i'J ····"Ft',r;u; 1·.:. ;:··.::;'•:.· 
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The. effci:ts' of:N lfertiliiation on days to' mitt-silk,: plrindlcight,lto'dging Ian'd ear.; : 
acceptabilitflollowed the same trendlas observed for grhin·;yield; Days'to ·mitl"silk ~. •r: 
decrcascd1alid piani h~ight;'lodging 1Ani:1 erir acceptability increased hs N 'supply \vas !l 1 n 
increased~,; 'Griiin~moisturc ·and hun1bcr bf 'cars ~pcr;lplimr ·wcrc!1'not':sighificantly·: m•' 
influenced by fertilizer N application. Nitrogen response of the original population···~·i, 
did alter significantly through selection for increased agronomic performance. 

· .. ~ L· ·_J n J'ri'.',; :i '.:· !.·, ~~·~r'.· .j!{:'ti .. ;• i~ 4 tjl'_l l,,rit•~ ';!fj 'JD-1 ·~!" :.:~ ~'l'..- ;'·r···l 

Lea.st'sqi.uircf~stiinatcs'oi"'inear· response per ·cycta 'or futf-sib· family selection''rirJi 1 .t 
shown in Table ·3:: Lirienf galris pcr'selebiort cyCle! \ver~ highly ~igniflcm1t for grairi '· : · · 
yield,lmid;silk, plakheighti arid lodging at 80 ahd 160 kg/n·ha-";Gfains were hlghly .: ·. 
signitidrit' also for' mid·~ilk' and 'pian:C. height' under'ihe .. unfertilized ton'dition and •f.!: 
when estimate<l'over'-tlie thi"f!eN levels~; ... : .. .;-:.•·· ''-'If<~·"' 1•, ·.··.·1>·:;:;1 1 ~I· · :rL ·:.·y 

:t'.J!;- ... J .' r•:.~; '·~·r;. >:f' L .1. j\rr,.,~ 11 :it--,r:tr.J =.. .. ui.~il ~-r~ f i. 1 ~ -:•d t'.~P ·.r~· ... • -< ~'·· ~'f' 

Linear increase in grain yield per cycle was 2:1% .. at 80:kg'Nlfla'nnd l'l8%;ht 160'•i.L 
kg Nlha. These rates of linear increase were low compared with the 2.5% reported 
by Prin'dey' 'er: ·at.; (1986)' ·and '5.4% reported ·elscwne~c,.i~ 'ihe'literdture. ···The "!I 
relatively·low selct:tiori intensity (40o/o) tised'by be·the'reason~fdr tl1e low linear··/! 
incrcas·c· in· ·~raiid,ield;·per cycle:. c(nnparable p·rogtess per cycle of 1scl~ctioil-w·erc·1 " ., 

made I i'n 'r~duCink1'planfhcight: bn'd mid-silk at' I so· ana) 160 •kg~ Ntha, 'but the 'gains ( '1 i 
were less than those reported by Pandy eta/., (1986). The greatest'gain'\v~ made inr. ~ :. 
reducing lodging at 80 kg N/ha (by 3.5%) and at 160 kg Nlha (by 2.8%). No 
significunCrcs~ponse·froni'sclectioifWas obscYvco for' gruin-irio,isliir"e;. eaf - ·~ 

acceptability, and number of ears per plant at both N levels. Pan'tly ·~{ar.'. ( 1986) did ~ 
not report on grain moisture, but they also did not observe any signilicant progress 

I 

in the selection for ear acceptability and ears per plant. i ; 
f. .. •. - .. _ J.,. ! 
. -..... I 

Table 3. Progress per ,cycle of full-sib -selection for four traits under three N rates 
and across N rates. · -~ :,, ·:~- ·· - - '-., ' ~ 

., ·-.-~ _- ... - . ,.-. ..... ! 

N treatment 
(kg N/ha) 

I' 

0 

80 

Grain 
yield 

,~ "I • \: 
1.56 
·: e '.·' •. 

: ..... 

1.80** 

-.. -.: -. -. ..... · .... 
Mid-silk-.,..~·<:: -...'Plnpt 

·height. 
ddging 

; ,r 

' ·.: .. ~, .... , 
... ,. ~ ...... ~,_ '· t 

- . _.- 0.60** - 1.46** ., ·. . - 1.05 

- 0.76** - 1.48** 

--- --- ---------· ~- --· ----. -4 
r. n • 

- 0.74** - 1.39** 
( t. ~~. I_'\. I ~: • ~" I • l ~ 

'··. ,,I 
'l·,, t :: ., 

I 
- 3.48** 

I 
I 

- --4 ~ 
r 

- 2.80** 

'1 

.I 
~ 

., 
....... ':,.,- .:r;;..·. ·-- --· ..:...o...;.. •""-·• ;; .·-. --~ •• :.o. -- .·.- • .. ··-~- • ...: •••. -• ..1 

Mean 1.57 -0.68** - 1.39** -2.78 
:::}:). · ... ~~. lt':, I '-~ Ll 11 I . ' :: ,, 1' 1 ~(~: .i I; ,·j /}"'"'J IPt; "i>.i·· :J .t -:Ji ~ 

... " ... 

*,**Significant at P = 0.05 and O.OIIevels of probability, respectively. 



----·-.....--.. y·------
Much' l~ss rpi-Jg~css 1 fr(irk'selcction was 'bbscryed for :mid-silk·and plant height than; 1.• I 

reported by Pandy eta/., (1986), probably due to differences in·environments and i!l· ,;,, 
the method used in estimating the progress. · · 

f•l~~,.-.l. .. )~i~i·f ""'rr~' ilr ,:,f ,, 1 ~··, j"'\1 1 . ., •• --~ J .. Qi .. t'-~·· .~1 .... -, ,, ·1r! ;"'!" 1 ., , ·~ 
t. - ~ •' 

1
' '"- *• " • • I.,; IJ, ... -· t 

1 
•\\tf. '_,-\_ ,',,ailt:1/ ... 

In conclusion. it is evident that Nitrogen fertilizer effects on.lhe .number of days ~9.r:·. • 
.mid-silk, .grain moisture, plant height, lodging, ears per plant, and maize ear 
acccpthllil ity' w·e·re similar' In -:itt the cycles· eva! unfed. , Iden_tical N effects ;were: .. 
observed for these traits at 80.iiu\d 160.kg/N: ·'J'he N.response patt~m obseryed_in·::·~ 
icycle 6 for grain yield was different from the other cycles. Significant progress was 
;made :iii' iiicrerisihg 'gniin :~ield a~d ·re.ctuc_irig the'number.·of. days, to mid-silk,iplant 'l· 
height, and lodging under 80 and 160 kg N/ha.·. Resullsfrom.the;6 tycles.stl}died. 1,,, 

1sugges~ that: (i) full-sib selection was effective in improving grain yield, mid-silk, 
plant hcig~1; and_ lodging 'in· tlie population· uhder :so ·or 160 :kg N ha- ~ .and,~.(iil· 1 
:recurrent 's'eleciiorl'fcir'improved agronomic performance seemed, to have indirect!n . 
ultered theN response of the population. ~ .. 1.' • : .,: 

I 
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Comparaison de Methodes d'Appreciation de Ia Stabilite. de ..... 1 

Ia Productivite de Varietes de Ma'is en Zone Seml-~Aride~ · .. · ·· ·' · 
j._... ~:: ~;t, ~l~;;f(•J :r;l tnJ: ~.'"-''!I '· · .. ~_. _:;··\:i :' -.~'di•.J 1 J !~ • .. ' ·.~:~!f. .. ,Ii~~ ;;~·l 11: ,·/ ;,rl-i 

ABDOUNDJAYE-- .·L j· •, ' :' • ,::.'.·~<·: I,,,, ... · •. ·;'I ' ' ,., ;!.' . 'I ·. 1/ j •,l 

J 1. ~~: .•• :.~J,·J··'_.j·:,_., ~··, ; .. :.·Jr ··_.r ·.·, ;_ .-:,~•;·!r~r·>!t ,~': .. 
1

1 ' __ n:nrl:r·n:• ;···· ;-y--,~!."'1 
lnstitut Senega/ais de Recherche Agrico]e (ISRA). ·: , .. J J~: ·,r -';:J ::,; • 1 :u·._ , ~ ·: ·~· .<') 

·. -i:' .~ .. ,h.:_ J _., :· !,t. I"'-. .,:, ,P~'. ~, 1:':H~ • .. ;JI, ,:: r.~J;••,·;.~ t·:·c:..a:·.· .... ·!: 't' I' :1, .J 
·. :Resume··.!r:·.·.~ ·.i'.l · ·. ·)1' •·· :· .... / ,·:···i:l:.r()~. ·J:.",: ;: -:;,~.!.·~· .. ;-:·;i·~':'(', 

' :; • ttl:-,;.~) & ,, j~ ,_.~l,"'~ !1 ''• ~-:~f • 1- ·,1 .. .-0 ,:•, ?!i!",I~::J)! •. ' ;.• ;•_. : ::'t:"': .'!, '; :i.(. ~~~~ 

1: 'L'adaptabilite de 13 varietes de maYs resistantes·et/ou tolerantes i'l'la s&:heresse est 
etudiee sur Ia base de·leurs·rendcments:rnoycnnlans-.14 Jocalites reparties dans 9 
pays. La stabilire du rendement a etc discutec afin de proposer unc strategic d'action 

·."qui maxlmisera les chrinces.de:-mettre h Ia disposition,~e l'agriculteur moyen;de Ia 

I 
... :isous-i't5glon·unergam"irie de varietes stables et pcrformantes·Jui ·permcttant d'ajustcr 

w·ses'plans de'culture en fonction 'des aleas·climatiques,:de.la p~t;s5ion parasitaire,et 
•,J des·bcsoihs du·mnrc'he.: '•. -::1 ' · .... ,_ .. ·. r:: i ~·-·:· 1..>", .. ·.: ;! • '!'.' ::;'1! ..... ! ,·,;-: 
If' '"\ ~~~·: j( _; h~t'o. ;,~:· ,._...,fj •I ,•;·:~. )• l;',jt \1•,·") ~;;,,~,.. •['• 1'j ')•':l :•. ';,If:. ~ 

·'Introduction-:~ .... · .. :,··::_, :1 1:.::.~.•:::'i'· IO(.';J: •· .•• ..; ·:! ·::"!' :-'.:~!~. ,.,. "c' 
. ....,: ,1.;{! .. :

1 
', j,f~,J'· I tf.i.-'t•'',• ... ic.t "\ ;-:.• • f,i ~::r,': ,:_,!"1, ;r_l''l If 1' 1 t-;Jf· ,:.'~,~ 1~; 

Obtenir des rendemerits cleves et reguJiers:a toujours ete une·preoccupation 
majeure des selectionneurs et des agriculteurs. Dans Ia zone semi-aride d'Afrique 

· ' Occidentale. el' Centrale;· l'adaptabilite :etlou: Ia stabilite generate· des varietes a ete 
1 ·' i toujollrs · d'une ·importance paiticulii!:re suite: aux gran des· ~ariations .edaphiques ct 

<·saisonni~resentrcles·differente5localites .. c" ... ~-,• •;,.: : (,·Y.y "· 1 "'r'~ .;::: 
;'.) •·:~rt . ., ~·· ·;;}. !'J.~·~~: .. r~ .. ·.L·.--···.· ··:·' ,·f; ~,u::· :.,~ .· .. J"'j :;·1•:* :~ ·:·, ... ;t:; tt~·;rl 

Dire, cependant, que tous;les milieux n'ont pas la·rneme aptitude a.revel_er11es 
potentialites v~etales c'est conclure, en sommc, h !'existence d'inleraction genotype 
x:environnement·constituarit eri elle-meme unc:information. riche; De ce. fait, la 

·: .. regularite du ;rendemeilt'correspondrait a un des aspects rnombrcux ;etJ d~vers .des 
· :. relations. genotype .x:environn'emcnvlesqucllcs ont donne l.ieu ·11 ,unc. terminologie 

1 
:! ·tlbondante:1Differentes·-methodes· d'etude de ·la.stabilite .du rendemcnt; ont etc mises 
: l·au point'p(>ur obtenir des:vari6tes stables' a partir .des resultats de reseau~ d'es~ais 

varieta'ux ·(.Freeman ·efPerkin, 1973; :Jacquot, 1974: <Weil et: Ngoc. Qu~i,,.l 974; 
Sanou ct Sauvaire, 1988 ). 

' •. ~··i !i'"· ; ~' f~! lP .,, ~;~.loJ:v,:~.: --~.: ·./:..:. ·~,,J ·." ·(·1 , .11:.~"; :- ,.,1 n ••.. , ,,'t • 

. :, ; ~ans c~ t~va~x. J~s iJ?.l~~c~ions,.g~_!1oty~. x ,~ny,~~on!lr,t}]~m ~u g~n~.type: x ~~ison 
.. ::~nt .ete .l~s pp~cjpru,~s so~~c~s ,d~. ~~u~!l~~-!'~~~P~~-~.il!~e. v,ar!etal~. L~ )~~bilit~, d~ 

rcndement etant ainst A l'oi'drc du JOUr, dans les preoccupations des selectlonneurs. d 
!·' ~citi~· a p'liru uiilthiiNaire fe poinfde ce 'que ·roil' connait ccirrime1 metno<Jes sur Ia 

question. : .·.;··! ) :•P· .· J;.·;· 

· · :; u Pour ce :faire, no~s .avons profile du large. re~eau d~~J.Cperit:nent~tiol) ,m.~l.til~ale du 
, 1.:SAFGRAD pour, ai!lsi etudier Ia ~ta~iljte_,d.cJa ;P,f~d~ctiy\t6,·~~~~~.etes ,~~: m~~ en 
... zone semi7aride- par le biais des principales. methodes de mesure jusqu'alors 
' p'roposees'.' 'cectnous pennettra ae 'raire;· a•Jne'·park 'ta com~araison. desdites 
· :; · th'~thodes et de 'fai~; d'autre' patt, des' propo!sitioris alia'nt' dans ·lc 'seris · d.e.t'adoption 
:· ~ chine strategic bonnc.(A 'rmtximiser les chances de:choisir ·des variet~s stables et 

performantes, · .~ ""-;•;,. ' 0 , :< ::. ;:,•· I • .. , : ·:, ·.,• ,,'.' ·.q:- <,: 'II, 1 
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Mat~Jb{§1~bvi~l~oH~·L tJn.!.h;i<··, .. fl, 1' 'b :,~·!;(,·il:Jl.'J ~;h IJ\) •• :·m:rfnHO 
.-;.~:li·U.-!tn·J? '.'twS tr't :...,·i!:l'/, ~1ll /_.!·.~··:;J '}) ~t:·,iL;:;bo·Jr; ~;! 

Les varic5tes ctudiees sont essentiellcment des composites provcnant de l'essai 
RUVT 1 ; varietes tolcrantcs ct/ou rcsistnntes h Ia secheresse:~Bien:que d'autres 
carnct~res morphologiques. agronomiques et de regularitc du rendement aient ete 
observes, seulle rendement en grnin1a 'et6'pris.e:n c:Ompte .... i ~· •. ·· \· .. ~·~.~·.•\:'. : .1\·n·._n\ 

Le dispositif experimentnl utilise pour l'evnluation est du type essni en blocs 
complets rnndomiscs avec 4 rc¢titions. Ln pnrcelle elementnire comporte 4 lignes 
de 5,0 m de long ; les ecartements etnnt de 0,75 m entre les !ignes et de 0,40 m entre 

: ~ les poquet5. Differentes. techniques stntistiques ont etc devcloppees pour compnrcr Ia 
r, pcrfonnancC:du lot de varietcS,!Parmi celles-ci'on peut citer-:~ I ::·>r.~l 1: I llJ ~ • •' :I ;;:~. 
t:oiL,::'~l '.':·: :';il? -~r~•' ···~·:r:f!-:._·1 1 d :II.'!: ~J· ;u ;.!ii• ~'~ ... ~~~,.,,,,:J~/·J:. ~ ~1b ~1;p-;,~J~ ~~.1 .. ~c t 
r.! : •• J~identificati6n de)'Maptabilitc des varietes b partir de,Ja mise en evidence et. de 
1:.ln pattition·dc l'internction.vari~tch cnvironnemcnt. Deux diff~rentes appro,ches sont 
!~·poS'sibles : (i) !'approche! des sites homog~nes relntive .. llJa classification des sites. en 

groupcs homog~nes de fa9on que !'interaction genotype x environnement ne_soit pas 
significative. (ii) !'approche des trnitements homog~nes qui consiste hidentifier Ia ou 
les varit5te(s) dont In contribution at'interaction genotype x environnement est 
importantc ou mieux, les varietcs dont Ia performance varie largement b travers les 

fl' SiteS' tt qui ·Seront cohsidcrces comme· ilyailt une ndaptabiJitC trOp clroite. : i :: •_!d (t . 

!'~JJ)'_:.f/ 'v :.~·:·,r!~icuy:. :..·:r·~ ::• ,·~~ .• (: .~ li' ,; 1 .j",i,· 1,, •. 1 \ ~~ ~tll'•!lPt>~1-~ ;·:· t~. qlJ.:.'i_Lf!~ 

.,,;; ~: l'utillsation'de:ra:tecbniql.ie de regrcssion;:idce ,dc.Yatcs·et Cochran.(1938) que 
J '1 reprire'nt Finlay ;cr Wilkinson'( I 963) :qui caracterise1 chaque~~nvironnement: pnr, Je 

rendement.moyen de tous les gcnotypes.testes:dans .cet ~nvironnementtet:caJcule 
pour chaque genotype Ia regression du rendement individucl sur Je rendemcnt 

z· ·hioyerlde to us les ·genotypes dans chaque environnement; ~" n . 'r• r; 1.•:. :..'!.., ) • : 'I'-' 
~~·:]"':" ~~~; n jJ~:.. ':.'l':l u ·:;··~l)"p·~ .. ( ,· :~ •: ,.· ... : ~~· .. ~·· Jt{:.nr•:tJ~~/:.: '..;:·4~· :11.'/ .• :i!.uJf;j:jl·}·· ~ 

r.: ...:, i.ieux·:autres··nuteurs,'~Eberhart et ·Russel:( l966),~.ont,fourni :une· importante : 
· ~confrib'ution'll'laidefinition de lalstnbiliteidli·rendement.,Etanudonne qu:une meme 
~i!droite'de ·regression peut -M·c ·en effet trnc~e.l11partir,d'un nuage pl_usrou. moins large 
~::·oclp.olnts: ils ont' ajoutc riu cocifficlerit·de regression b. Ia somme.des cams des ~!carts 
~ 1; par 'rap~ort b ld' droile· de regre'ssion;' Sd2J1pour, 'Carnctcriseri tine .variete ;;, b .et Sd2 
Ysoht, ;pour ces ·deux auteurs, les' deux parametre~ de ila:stabilite d'une vari.et6.; ·~.;11:-, 

D'autre part, les memes auteurs caracterisent l'environnement Ej par un index Ij 
'·: ~~~duh' de 1i ~oycn~€f'M) (J~ :iciiites ·Jes :v~ri~t~s'test~eS' Cfai\s l'environnenieht !Ejet de · 
':··~~ mby~riri~·g~ne~~l~ 'M1111~~~1~)iJmiufelJI}'!,;: Mj~-·M>)'t<s1~glidtin'c eh filit 1d1un. 

;:·,· ~ha-~s·~~~~tj d~9riii~·~~ :P~[.~i>P.<>11 .h J r~ ~e~~~:~~.',#~~··.:~~Yk~"~~~~.~r·~: ~~6fP,i,~~~r. et . 
Wilkinson ( 1963 ). ,, •iJrJu:1 ' 

u! · : ~ ·I.SC'(~'urmy''(J 989): iraisant Iii synth~se· des ·:dlfferentes ·approches, :propose une · 
W• tTI~tllQdoJO'g'ie1d1etuae· 1 d~ ··ui; 1stabj)J tc' 'du' ren'de'mcht 1 danS ')eS ;regroupemerits ·'d'CSSaiS 
~ .:\~ri~l~ax:'.liil~''teii~ ~~tH~d~ :~·~iJd~ 'et: d'rin~t~'se '&e~ ¥Jslilints' s\~treciuc en :tr~is 
~~~:.¢~~~~. ·=~(i>

1

;~~~~~~. d.~~. <:~~~i~ i~·~~~~~~~ls -~ dt~J~i~bli?.~J~s'?sf.ti~~~ M~m.~ ~~~#ce · 
!:.; .residuelle par:les tests d'~galit~ dcs;yariances. U,e~~de,B~~~t~.par.,e.~).;;_(iii)_ ~.I!~ysc 

dans chaque groupe d'ess.ais de variance homog~nes. . ?.J1r:r.n ~ • .~ .!FJ 

---~------------·------ .. ·---~-~-- .. ·-· -------- ···-- --·-----
1.-i": 
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-------~----------------------------...._ __ __._'. . ----- ----- ·- ---- ... ---·~------- - .. -·----
- enfin, l'utilisation des tests non-param~triques. 
>~ I o • ! . - . - I i . 
.. .. I •• ' <' ' ·• ' 

J?ans tes calcuis de moyennes e~ de r~gression qui vpnt'-~uivre, la transformation 
logaritlimique a· 6t6 utflis~e pour la .variable rendemeilt car ede permet d'obtenir, 
d'une plu1, un haut degre de lin~arit6 dans Ia r~gressio~ des rendements individuels 
sur les moyennes ode rendement par site et, d'auti:c part d'induire un degr6 ' ' ..... . . 
raisonnable d'homog6n6it6 de l'erreur ex¢rimentale (Finlay et Wilkinson 1963 ). 

'.. . t 

:; , o .. ! c I 
R&ultats et Discussions . o , .-

1 • 
:: ,, 

. , I ' ', I 

I .i\oalyses Statistlques : Regroupem~nt des essais ! : c: r.: 
' • . .,_ - I .. I ' 

~~ana~ys~ de.'ia ·Jaii~nce faite 1~par~men~ pour c~ac:ne _des 14 lo~alit~;:: b~t 
consign~·dans le Tableau 1. _ . ~ ' ... ? 

::. ; ,. ~ ! :: ' .. ~. -~· ~. . : :.: l ·~. '<. 
pes tegroupements d'essais vari6taux ont 6t6 test6s eri tenant compte de 

, ' t - I ' ~ • 

l'homog6n6it6 des' variances r~siduelles des exp~riences grace A Ia m~thode ·de 
• 1 .._. - ~ - - ' .. 0 I -

Bartlett.' Le Tableau 2 montre les diff~ents ·groupes• ailisi obtenus. L'analyse de 
valianci:r6alis6e P.our les groupes I et n ( Tableau 3 ) mantic un effet "localit6" 
sigrufibatif. L'interltction g6notyp~ x lo~alit6 6tant no~ significative pour le groupe 
ll, on en (16duifque l£r6ponse vari6tale est ideiltique sur l'ensemble des essais et des 
lieux doncern6s. Quarii au groupe I, !'interaction g6nocype x Iociltit6 est significative, 
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Test F significatif aJ%~· :-, ~· -~ ·-
Test F"Significatif85% . ··; ~- · --:·~ ' 

1- .;) #J .. - ~ J • ' 

Dang. Nygpla. B. Khan. Sotba.. Gassi. Ttgou. Brook. 

0.014 0.002 0.079 0.001 0.073 0.024 0.033 

0.025 o.oos• 0.004 o.004 0.031 0.091 0.011 

0.022 0.002 0.004 0.003 0.029 0.092 0.006 

4.25% 1.32% 1.79% 1.52% 5.32% 8.62% 2.12% 

GHANA GHANA GUINEE MALI TCHAD TOGO TOGO 
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Tableau2 •. R6sultats de regroupement des esSaislfest de Bartlett. ·~~l;' r t 

•• ,~ •.1. ~ J1!·t ·.J_~.··J '.~;,,.._.::r" ·;, : .. 'll·tr~·.: _ :.: 111 r";· ll., J!J l'o~_; · • J': , ··• ......... · · 1 ••1•····1L •• 

.. ;:.":flp~u~~ :..,;, ~~s ~ys) .. : !•!'<~!l''='''.•· ~ ;r.!•'t• :.::: .. ,, ;L'• ·~· ~ xzobs J--<. x:£.5;5% 
• "' 1 , _ • : •, I , , ~ ' .., , , •,, , , , I <to; 9, •, ' t ::. j ·-~-____ __; ____ :..;__.. __ ..;;..;....,.;_...:.;..~..;...;.-..;.;..:....~;....;~~...;.;...:...;..:.;;.:...;.;.....:..._ 

I Ina (BI5nin), Niangoloko (Burkina Faso), Sangu~re:c .;n6,83 ,,.,·,: :il:Cl7 
(Cameroun), Nyankpala (Ghana), Bordo Kankan 

:·1:,:,rlf!· .. ·· '!:•j;5G~ip~>~-~~t.~~~.~~li).~ .. ::r- ll"' • :::t :; .·: ·. :~ 1,1 ·.'• .·<]. 1 . 1 :'~; 
l .... ·, .. :·i~i 1 V:' ::... ·,·:··:,;·: ~ :J ~ '~o,~1\·1 ::: !·::··;:" ,./ ;,_ ,:· iJ :--·J , 1 '-·.··tr~~ ... ~, .:~· .. !tJu H.c~·~ 

· .. ::·,·.-. -~··li' ._.:: ···Farak~~ann·:·F~sb>.t s6'~-~~otin;do~"(dm~~~~h), :~ ,~. 9:~7' :· :: \'~:b1 
J •• ~· 6i,lr;" ·~.soiimbr6'(R:t.~A.:5.t>amorlgo <dil~a>;'Fernie <te '~ 1

! ..... : :·~r···-~'<"· 
( __ , 'If r· .,.,.~ ' .. "'• h' I t.' • • • • l ~ ... l I l ~>.· 1il • 'I' 

~·-.:.' :I J•;•• I Gassi (Tchad); urotikou(Togo).' .... ·;, .,., ,,,, : '''" ' ;. '·- •' 'JI :· 

.··-~~:r::r~~ .. 'Jt .~. 1·::·:·-,:·;'..,~ .. l·r"·:~·-~·~.::!·rln~aJ :'.--' 

.,:_.:>.:,_; 111: ': 'J'IrBagou (B~in);:ranti~gou (Togo). !r·.: .. ,r, · .r< ." •'<!! 2,26 • •· ~;. :3,83 
I·_.~ •. t·--· ·..._·..._· ..... ..,._.;.......;.._.__._. _..._ . ._,_;.,_;.· •' ·.;..' ..;.'.;.· ..;.·:..> .... _.. ............. _ • ....-....;...;...;..· '.;.,· .;.• .;.,· •' ·..;.''.o.• ~-~-~--' ,.;.· -

I ! 1} • .,1 ;.'·, J .( .' !,1!' ·.~ r} ~::~=) ·-4-'tr·,;-: :' ·:· 1 t'Fi-~·l.,·~(~ ~.'\:~.c.; ;~r ::'(.'! :: ~ ': J ~ {}~ 

:.~J .i?·~·.•~ .~ ~-!.•.' ·tl~J~ .~J!•,; .'·'~-~ ~ ·_,:lr ;r··J, !:·,r~ f,J, ·n;~. · ·" i ..... :: :':i'"li:J ... ·~' r:~
Tablea~ ~~:;" i .· .. An.alys~ .d~_:v¢aq~ intragroupe des ~ 3 .vari6t6s t~t6es. · _.:: ~).'. 

~~ · source·de\'iiiiation · ·· · 
I ' 

~~ -· ....... -·- .... ,. ~ . ·--· 
ddl Groupe I Groupe']I. 

Localit6 
: l •:. I' • ~· • ..., 

- ~~.347*** 
1 I ~ I 

0,891*~-· 
: .~' ..... :; "! 

Rl5p. (localit15s) 18 0,036 0,053 I. 

,,, ... "" ... 
. • .. -Genotype--·~- ·--- -- 12-· ---· 0,008*** -- - --·- --- -o.023 n! 
·. j ·.; ..... ~........ . " t 

~ ::: G~notypex.local ..-- :60 ::.::::- ~-=:-<:--.: .. ::-.:o,oos•• o,022ns 
~! . . .... .::.:--_.~, .. ::~: :.·~;:_-'-~:~:~=:~ .. -, .. ::· >:: ·. I 

; ; Rl5~s~ions 12 •• -·-- b,459~** --:; -~--,:·-;·.::-· .. '-.~~-:~t:; 
! ; ~viation 48 00121*•· '"''·.-:-. -. -::.·.:.:?- i i 

I I "· ".,. ,~···· ' - •, ... ·,r" ! ~ 

\ ! -~~id~-~~~~- __ _l... .. --·-. ~!~---- --- .. - _0,003.. - ---~~~ ·- ·- --· -· 0,0~0.: 
! • ! 
I CV(%)_ 
I 

• 
r *** 
~ . ** 

* .. 
·~-·ns ·· 

• t ', 'J t ., "t ·,:A"' 

.• ... . F significatif ~ ,0.1 %, 
~ F significatif h 1%, I.: :: ',\' --· F signific~tifA'5%,-

• :-'·-· ••• -c .. Fnon·significatif.·· · ...... ··-

lJ 

4,16 

- \\f 

I." .t, t •• \ . ,, 
'-,. •• - ...... _ .p ·- • • 

(. Ainsi"oh :petit noteHiii~ 83%''ae ·Iii" b'omp'O's~nte"'de-1~ 'vanan'b~ g6rlotyJe X 

environnement est attribuable aux r6gressions lin6aire·s:tLa'Varlanbe r6siduelle 
g6notype x environnement (0.0121) est tr~s largement-sup6rieure h Ia variance 
experimentale. · 



----u'stabilltc!·correspond eJfgc!ii~mr atnermereguliiiitc! ou lufaptatiiHt6~Eiie.peut se 
:•oc!finir Jci comrne Ia capacite d'une population de s'aceomm'oder de cliangelnents 

·- _d~en vironnemen ts,.c~est-A-dire -de -demeurer -fonctionnelle -dans-une-serie 
-d'environnementsdifferents',' .\·.·. 1·1 ~.:.:..q,,L,. ··•t.J;-·;r:l.; :r:·:.:·.:~ •. ' 1 
\• ... 

i'L;,,. -.') ·~•:·J·:Il •~n, A~)) t: 1 '.fJ.1t .. ."!~~ ,:, ;~·• :-·z·.' ., 

L'analyse de Ia stabilit6 a porte sur six (6)' localitis'rDe\i~ prlncipales mc!thodes 
sont utilis6es et comparees dans ce document : Ia rn~thode de Finlay et Wilkinson ( 
1963 ) et celle de Eberhart et Russel ( 1966 ). Auparavant,,Ia methode d'approche 
'~raphique"pour Ia ~~~~e.:e~;·~vJ~enc~ de~J'i_~·•¥·~~t~~n)g~notype: X )ocailte a etc! 
effectuc!e. La Figure 1 montre que Acmss 86

1 
~<?<>116P.~.~tJ!arly, 86 Pool 16 DR ont 

des comportement& diff~rents par rapport aux autres. 

~_J;.a d6composition de !'interaction genotype x 'localitc! p6ur. cha"cune des' varietes 
___ pennetde retenir.quatre.varic!tes stables au.sens de Eberhart et Russel·(-1966-1 !.Pool 

16 DR Cl Poo116 DR C2 DMR-ESRY et Safita-2 (RE) (Tableau 4 ). Les valeurs 
du coefficient de regression (b) sont comprises dans l'in~er~alle 0,~4 et ~~9~: Les 
droites de regteision dec quelques· varietEs sont represen~es 'lt: Ia Figure 2:: i ' 0 ': I 
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, . due, a.l'c~vir<?nnemc~t Methode de EBERHART,e~RUSSEL'(l966);':, -. . : ;.: 

. 
i 

' • ! • , ' I ' ' r: <'• 0 ' I-', l 1 1 ' 1 • ;, o '. i ')• ,·,:1, . ,·~ . . ' 

---·N°-··Vnri~tes ~ ...... --·-Edt. may.·.· 
kglhn 

b Sd2 Test d~v/err. 1 Conclusion 
-" I ~ ,- .. ' 

Ac.86.P16 DR. 4504 
'-

1,20 0,241 
\ \ 

s 
f: . .. 

2 Early 86PI6 DR 
'-. 

'4485 '• 1,46 ·,0,137 s 

3 'F.Ba PJ6 DRHD 
-~~ ·< 

I •' o 

4 ;·~.86 P16 DR 

' ....... 
"' 4586 . · o,83 -~: . o,048 . 

..... , .. ~ ' . '\ . .,_"'-,. '• ·, 

o,87 ·-,o;t92 -. \ s 
-.. •. -\ 

s 

4491 

5 P16DRCo 4440 
~ . 

PICi,~R~I 

0,70 0,174 
i 
I • 

I 6 ,. 
: Vnri~t~ stable 

I l 
4644 0,95 0,133 

4541 0,94 0.185 NS Vari~t6 stable 
'~ • .r·> '., ·~ ... ·-- ...... -----··-- --

.. ~ _)~(1) 84 'JZESRW."-~ . .4530 , _ J ,20 .. 0,079 . _ .S ~· 

:·- .. -1L- TZE-C3xF4 .... · .. 5024.- -~0,70 ····0,118- -· S . 

'! 

12 

I 3 Safita-2 (RE) 4427 0,98 O,IJ3 NS. .Vari~t~ stable 
# I ' ~ ' • o 

i .. '·------~---- ... -----~- ---- -···· _t'• 
S :: significatif;NS = non significatif. 

~ -~~- .... ·.· ... -~ .. :.· .. ----- --- ... -~ .. ~ ~--· .. .. ·i ~~ 
Seton Finlay et Wilkinson ( 1963 ), les vari~t~ dont le coefficient,CJe regression 

soot proches de r.o auront une stabilite moyenne ; tel est le cas 'des vari~t6s 
identifi~es ainsi:: Pooll6 DRC1, Pool 16 DRC2, DMR-ESRY et Safita'-2. 

l--·- _______ : ·-~----------- ---- ,_, - -- -----~-

Les vari~tes Across Pool 16 DR et Early 86 Pool i6 DR dont les coefficients de 
regression sont sup~rieurs a. Lo. ont' une -~tabilit~ jnferieure h Ia .moyenne et I sont 
spe,i:ifiqueineiifaaapiees- au~ .envtro~nem.~~~s favombles. A !'oppose, les vaqet6s 
Pool 16 DRCo, Kawanzie et TZE Comp. 3x4 F4 ayant des coefficients ide regression 
inferieurs ·a 1.0, o'itt une· stabilite' superietire- A hi nioyenrie et sontirelativeinent 
ad~pt~es aux environnements defavorables:" · • ' ·. · ' · · ·· " · .· ' 

~ .. 
• 4 .. :~ :··.•._: .. _·· :- ..... :,•.-.._,•'~-. .. ,· •. , ... c; .. ,,·- "'', - ·~ • :_ •• ~---• I~ 

._ .. 'En·'soiimie, Finlay et Wilkinson ( 1963) 'caracterisent"donc tine varie~ par son 
· ·:· rendeiiterit' rrtoyeri ei ~on coeffici.ent de regresslo~ aloi:s que Eberb'art 

1
et ~ussel 

(1966) consid~rent plut6fque le·coefficientb doit tendre vers t.b·et les deviations A 
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--nn·egressf0if5d2 tendre vers-b"Talors: les ·viuitiils -stabksso-ntcelles -ayant ~~~ Sd2 
-:.daible et qui·sont representees dans Ia 'partle.hachi.Jree:(Fig;·.3):'cene~ti cot:cspond A 

Ia pointe duanangteaiiiis-'lri tepreseniaiiorFtJonri~e ~ar'Finlriy etWilklnsbr'r ("'1963 ) 
avec les memes coordonnees (Fig. 4). -------·-------- --- ----·-·---··--........ - ····-~·~ ... _____________ .__... 

It ~• 11',\ .. ,•)~)1 'l ...... 

=~- -· ···-·-··-·---·--·-·--""·-··~-·---~;·'!'_ ______ ~Vt•MSPI~DR-. 
S ... ! . ..~·~J.''':;·_JA • . . ,. . 

• _. ,V2•EB6PI6DR 
~ !l:;·~:·!·J·~··i:.r 

., 
'· 

\1, I • ' <"( (dr; 
v3 ~ FBP1BDRND 

,V4•KAMPI6DR 
bel v5 ~P16DRCO ' 'c 

Vt1•T2EComp3x4F4 
,::·~,.:,,· tp/ ;i,J.(J ,~, 1: .• ~ ~·J}ti\1·,:·1 \ 

L-.;_-------------------- IWI...,....,r ... ln.....,.... 

~ I ' (I (,,.. r 

Fig. 2. Finlay et Wilkinson~: .. Exemples de droites de regression triiduisant Ia 
, , r,~lation e~~re les ~~n~ement.~, individuels de div~~~-es _y~~~ete~(et le 

::1:' .. : ·. · J• • rendcment moyen de l'ensembte·aes varietes dans les tests: ·· ~ · 
•.-I ........... -· '' 

MO.~E,LE E~ERHAR:J:~RU88EL, ; . , ;'\T 

Stablllte: Rdt moyen-r(ooeff. regr) 
r-• _, 

+ 14 

~t-------------------------------------~-k~~;·~~-... ~:----------.....:.:1 ~~· '....;'·_:' ·~··;.;.l:·.:_r ...:;_· ..:.·::_:'_-~<f.:~..:.·~~~~~-~~~' 

l\( 1:;' ·;._, ~ ~1_._• 4 ]•,' '.,.••:~ .'f, ', 1 !t{ (:: < ,L 1 I ,· i I , 11',f•' • ~I[>{, 0' \_L~tiJ r , .... ,ll;l'll, 1-

:.- ,,.,f:Jg~~·.: ~~~~~Aart,~~ ~~~s~t.: .L.es, ~ari~t~s ~-t;a~le~. so~t .~ellesJq~~ ~ 1~. fois,pr~se!ltent 
, :r···,: ;·;!,[) u_n~~d2.fajblcetson\situeesdans!ap~e-~achu~.,:.r2:);~.1 .,:. 1 ,):•C'!. 
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Coeff1CK!nl 
. ·de regressiOn 

de Ia vart~t~ 
:·'r 1 .';I I '," J1 

'·~ ..... 

,! '. 

,· ... )·,·:·.~.: .r·~··.~ ~ 

, • '": -:J;r ,. 1 •• # 

! ; ~ '. 

•. I .. 
'I 

· .. ,·.· 
~ q d , I . 

•: I,} , ',;( 1 ', ~ 

! rl I I,:'', 

,. ' .. : .. ~ .... , ' 

Rondemonl 

' { ' 1 \ ~ ~Vu; ~n l !P '!!IP ~· t.J 

.. I 

(' ! • ' J I . I " Rg. ... : Rnfay. Wlll<irl~ rlnterpretatiOn deS dlve~ses' ~~u~r~ ~sibteS' ~.;;.;., vaooi~ : ... \ -< ' 
selonsoncoefllclentden!gresslonetsonrendementm~n.·: _. ... 1. '!'.',(1::1 1 :; ... 

.. ,, j '~ •• 

~: 

v,. Acrcss es.P.16.DR 

•. , : V2•Ear!y86P •• 1~DR;1':". ;r 
V3 • Farako-BA P16 DR HD 

V4 • Kamb. 86 P 16 DR 

V5 • Poo116 DR Co 
V6 • POOI16 DR Cl 

V7 • Pool16 DR C2 

Conclusion 

. ~ . 
•' I\, i I I • I ~ j ·, ... : ~ ; ' • f • .• t l 

V5 • Kam (1) 84 TZESR·WAcrcss 86.P.16.DR 

, . v9_~ Ka'?rme. , '·\'I :· ., . , ., 
V1o•DMR·ESRY 
V11 aTZEComp. 33x4 F4 
V 12 • DR Comp. Early 

V 13 • Safl!a·2 (RE) 

M " Moyenne population 

. ; ,. 

Apr~s avoir examine les methodes d1analyse des relations genotypes x 
environnement et a Ia lu!Tii~re des etudes relatees ici, nous pouvons retenir lc 
coefficient de regression b comme param~tre de Ia rcgularite bien qu'il ne saurait 
t!tre question de lui fixer unc valeur optimum (Jacquot. 1974). 

Pour les milieux favorables. les· agriculteurs choisiraicnt les varietes ayant un b 
superieur a I; par contre dans lcs milieux dcfavorables, ils choisiraient plutl'lt des 
varietes avec un b inferieur a I ct a potentiel de rendemcnt acceptable. 

En definitive, Ia valeur souhaitable pour le cocrficient b de varictes est en fait unc 
fonction du milieu de culture. 
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. Contribution a l'.Evaluation de.Ja Variabilite·des Cultivars 
·· Traditionnels de Mais du Centre de Ia Cote·d'lvoire. 

• .. 
! K.ATIJEY 
. .r -- ·- .• _ 
; lnstitut Des Savanes, · Bouakt, Cote d'lvoire. 

\ ·. ·' ~ 
i; .. 

' . .. ....... .._ ...... . .. .. -.. .. . ·~ " ' . : ' 

~ L'evaluation d~ 'hi ~~~iabilit¢ .g~n~tlque, d'u.ne ·c~llection permct de repertorier 'te 
materiel vegetal local el introdu.it Apartir de ses caraet~risliques A Ia fois generales et 
particulicrcs ~uvani.in.teresscr ;1es :tfa\iaux de creation et d'amelioration varietal~s. 
Ainsi 189 c'~tiivars ti"aditionneis _cle' la~r¢gion. Centre Eburneem1~ et It cultivars 

#I r - ' ' ""' • o' 

selectionncs en provenance de l'etranger • .ont cte etudies en 1989 pour 16 carneteres. 
Par )'analyse en cbmposantes principales, Ia classification tiScendante hierarchique, 
)'analyse factorielle discriminante' et 'Ia Distance' ni'dc. Mahalanobis, 5 groupes de 
cultivars ont etc dcfinis et discnts. Ces-s groupes varietaux- vont servir de base a un 

-. • I 

programme de creation ct d'amelioration varictale~ de mai's. Nombreuses 
associations significatives entre carnctcres d'interl!t agron'omique ont etc trouvees. 
Elles peuvcnt (!tre auribuecs, dans certains cas, a des effcts genctiques (par exemple 
I~ plc5iotropic), de selection, a des effets multivariablcs (correlations multiples),1 a 
des effets d'echantillonnagc ou de des~quilibre gcneticjue: · ~ ·! 

I- • ·-. 

Introduction 

Une mission de prospection effectuee en avril 1989, a perm is de collectcr les 
: principn~x ~c~itiva~· t'mditioiuicls 1de n1itts ·du· centre de· ia Cllt~·d·lvoirc: (.fig. '.i ,). 

' ' ' v \ I .. ' . ' . I 'I . I I ' ' . lj :· ''I I 1 I ~·~ I ' Dans cette region, on 'rencontre surtout d'ti mai's lilanc avec 'uric 'tache de mai"s VJolct 
'dans ra rcgioil'de Katiola. Des grUins violets sc renc'~ntrent dans les ma:is'blancs·~es 
'r6gions a~oisinantes (Dabakaia:·nouakc).' . ' .. ···· .,.. ' ' . ' ,, :. .. . ' '•,,)I 

;•""; ~( .,• ;~ _;.;~r. ~-';.; ,:· ~,' 1 ,•:., ' ;; •• ·_ • ·,..,~·~:·~,,·,:i : ·~ ~.·:f '' ·• 
..- • • '' • • 1 • ' ; • ' \ ~ • • • I - r • ~- , 1 • '' t j ~ ., :; i.,. • ' 't' 

Ce fut une recoltc "en g'renier", cc qui intcrdit, 'dans certains cas~ toutc designation 
varietale; 106 echantillons de.mals comprenant un ou plusieurs cpis ont ete pris.en 
'i0 1poh1tsCI'•e'nquetcs: · · · ·· ·· · · ··' · ····· .).·. · ·:·· · · i · · · ·, · ·· · · · · '· :---: 
_.~ 'tu, ·,~ ) ;,:: ' II o.ll !'~ • ~~I' ,• ,11 I •, •::~ ..} ;li I 1 ', < ,- ~ d ·.:, ~·, 

'Dans· Ia 'prcscnrc ·coriimuni~ritioit,- on 'procede h: uiic·:~nalys'e de' Ia: vaiinbilitl! 
gcnetique tie ce~ dlltivarnraoitionncls de mars quant ti 'divers ciu'iu':teres (cai'acteres 
·agronomiques et caracteres·q'uantitatifs assocics riu rendemcrit). On a ainsi·eherche, 
par"Une a·pproche.morphologique qui fait appeHt .Ia biometric, nux statistiques eta 

, l'informatique, ( i·) a decrirc et representer lcs grnndes orientations de Ia divcrsite de 
cette collectlon,,qui comprenait -aussi ·II cultivars adaptcs ·etJou vulgarises en 
,provenance,de;l'etranger, .( ii )_a rcgroupcr. lcs individus scion •des criteres. de 
ressemblance. · · -~. ,. • 

L'evaluation a ete faite a Ia station IDESSAIDCV de Bouake, situcc en plein centre 
de Ia COte d1voire, dans le contexte ccologique d'origine du materiel prospectc, ce 
qui pcrmct !'utilisation immediate des rcsultats des analyses ainsHiu1tme rricilleurc 
signification des observations par rapport h toutc experimentation hors contexte. 
·,, ; ... ,:~;; .. ~_..·:~· _; •t,~t.;:.,-J ·~; '_ •. ~·: ·- , ,,-.. ··.!~·r"'l )'!i'·l"o :~·~- :,1':;-

~"' ·'~ 1~,;-~ ';·;;, ~: 
. ' 

'~\ ~ 'I · ... ... ' l -~ . J ~ _ r • ~ '. ·_, ; • ~ I 
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, .. ,,. l~d ':r; .- i -., 
,1::•: 1 Jl 11 1i!• I 

... · ' ' '" 

.. :. ··.! :! :.'• · i·n~: Jr· .,. 

• ' I I ' . . • ;. . • -' f • ~ ' ~ • • • ; \ I I : 

Materiels et Methodes 

• r '' ' I ~ ., 

.·. 
Ill ZONE CUMATIOUE NORD 

(2 SAISONS) 

~ : ... ', ~ .., • • l: r' ... 

I l I 1.., •·'! 

·' :\ '.·.: • • • 4 

I: J; 1 ·.~ '• 1 
I '~ _: f l 

·t~'iriiit~de{v~g·~~arutm'~~- ~o~.P~e~ti i s9 :tr~-~~e~·~~c:~-~~~·~~ · Jc~·~;;;;'cib''tti'tbte 
~·iv~i~e. 'et 't'l 'cultivars st5tccti~nh~s ou Httr6duits·cr'd:·ti64.' Mi62w 'x)~1164W. 
:ti; C:Ji3; co·, Fl63S.'Fi928, Poofl2. Pool' I3 et Pool IS): cc'iriai~riet'ri ~~6 senic .en 
'i~'in ·t9's9; ~pi:h Ia iig·~e (on~ llgne deS '¥'~a~' entrce),',s;.i?r:·u~Jdisposjtif/e~ ~~~s 
randomises a 2 repetitions, nux ecartements de 0,80 m interlignes et 0,25 m 
intrnligne. Le demariage a etc effectuc a un plnnt pnr. poquet, , ... , ... ) . . , , , .. ) 

rt·JJ'•tl j•.,L'.,.~:IJ1~·- ·.':...r.J)I'•'•'·' •. !!,.• '··I .:' ..... :1.1 ,,,,._I I,). 1.• 

c•J" .·,1r-, ·,,r, ~i·:·l 't'::, • : .. :~·'''' ~.rl :··· j; I::# 1' '!' •.· ··:;•r,, .·J - •• ~:~~J: .;f~'~· '; .• : ~, •I ,,,~v 
'Les observnt1ons ont p(>rt~ sur 16 cnrnct~res ( d~cnts en annex.e '·) et ,les r~sultats, 

' • , , 1 I I \. ., ~ ol 1 t , , ~ 
exprimcs en moyenne par cultivar, sont soumis a unc analyse en composantes 
:r>!in~,ipnles.( ~ag~.eF~.· ,1,975; P~ilipc_!lu, .1986 ); celle~i ~q.me .~_tope_ p~rm~tt~nt Ia 
;~es~r!p~iqn phen_otypique, des :cu!tivnrs ·en mesurant.l_cs ~o~~¢lations qui.-~xistent 
. er)trc .les .moyennes .de. chncun d'entrc eux. Ensuite,·l'analyse:de ccs rcsultnts,a.~u 
:pour but1le classement des cultivars en groupes·homogenes. Les·'donnees.ont etc 
·soumis.es a .une .analyse factorielle discriminimte;, compl~tce:par, l'cmploi ·de :Ia 
·distimce .de Mahalanobis·qui donne une autre expression·.du .volsinnge ou de 
:J'eloignement ;des inoychnes :des cu'ltivnrs dahS l'espace des •variables ( 'foniassone, 
1988). ·.·. •:! if;:·., .. ,, 

) I .I' 'J (--~ • : • ' ( ' ~... -' t, ·, !:. : .. 

... ~/ .. ''""' '.<~"·;/ ;,:,T'i :';.·11 .. · r· ''. _ _-, 1 ' ., 1 II ,J ~:''Jo~,...:·,~J/':. • /, fl) • ... ,!;liflC;; 

Association entre Caractere. La matrice de correlation des caracteres 'est 
rapportce dans 1e Tableau 1 et donne les relations suivantes : les caractcres hauteurs 

; t •. 



, .'.:.. Contribution a I'E1•aluation de 'Ia .Variabilirl des Cultivars Traditionnel.r de MaTs :215 

(hauteur de-la,plante et hauteur' d'insertion~dc l'epL)'et longtieur·des feuilles soot 
,l·Ar~·lies!.Les hauteurs soot positivement correlees avec les autres caract~res de 
1·· )•developpement et·la structure de l'epi·; Ia tardivit6 est:forteme.nt lice positivement 
: , .avec Ia hauteur de-Ja plante ct ·missi avec Ia hauteur.d'insertion· de l'epi; ]-a tardivit6 

r : ·est positivement. corr¢1ee avec ·les ·autres caracteres 'de dcveloppement ; Ia tardivit6 
est negativement correlee avec lcs caracteristiques du grain, le poids de·IOOO grains, 
le nombre d'epis ct le poids d'cpis. En d'autres termes, il existe une liaison n6gative 

• · 1, entre Ia productivite et Ia pr~cocite. En effet,•ayec Ia' pr&=ocite, le·cycle vegetalif se 
·. ·;•raccourcil;·le nombre de feuilles et Ia taille de la plante diminuent, ce.qui.handicape 
·. lescapacitesdeproductionderriaticre~ 1. ,, · ··,: : . :i ::· ... ~_·,·, : ;;,., ... ,_,, 

- ,~) .l.·~ ·:· ·,: 1 .. ~- ..• >~ .11..: , tt . :-1-I- .... rr -~·- .: · · i ~-#·t ~ ·~ . , ...... ···~:·! 

... ,:Lesrcauses .suivantes peu\'ent explicjuer ices associations' de ·caracteres J: I a 
pleiotropic genetique assimilable a une correlation pbysiologique,· Je:linkage 
chromosomique, le descquilibre gametique, Ia selection, !'association fortuite par 

· J' derive genetique'ou plus simplemcnt·par effet d'cchantillonnagc,entre autres~· ! 

Tableau 1. .I Matrice 'des correlations (· Tous Ies coefficients· spnt multiplies par 
1000 ). 

·:; 't, , ·. ', .. r, bt hme · lofe · Jafe · .. ·Joe "lae . nbie ·Jogi- .. lngr:; egr.-_. 1m (l : ff • · .nCp • pep piiXD. hum 

[, 

hum ·181 -1.50 -139 22 9 6 -86 1.5 28 ::1 . 1 .·1~2 :-147, , 194. •294 _ -~.;jOOO 

pep .59 -4 22.5 333 498 428 233 462 270 -8 -239 -2.54 .596 I 000 

nep': -99 -86 '. -61' 113 100 _,9 ·124 187 .5.5 :104 -224 -2.54 1000 , . 
.. . -- . --

IT 629 695 397 165 2.5 I 200 -378 -394 -243 982 1000 r -; ,., ' ')' l, ~' J,. 

____ •. fm .. _6JJ •• 694 -· 401.. 17S-- 33-- 0 .• 206 -377.-386 .-241 .JOOO _____ .. --
I I ' ~ ' ' ~-· ... '.). ', 

egr -133 ·ISS -13 71 

Jagr 68 -1.53 83 30 , 
.• 't ., ! ,• 

Jogr -148 -231 73 174 

nbrc 267 238 313 357 
.. ·: . ' ,, ; -'' 

lac 2.5.5 ISO 380 382 

Joe 271 229 37.5 387 

Jafc 262 21:1 274 1000 

lore 703 S% 1000 

'. '. .,, 
I 

138 177 42 76 

149 327 -196 442 
•:.--; I 

246 4.52 182 1000 

384 !182 1000 
I, '~~ . ~ ~ 

373 1000 

~~. (ll.) ... 

-· . . - ~ 
J. • ... ·- • 

I " 

226 1000 

1000 
~ ~ 

~. ~. ' 
' ~ ' . ' 

,I,' 

1-) 

' 

..... ! }': .... :. 

''1. 

.. _,; 

'•'' I 

' ' I 

·, I_.}, 
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'"'' ·. Analyse de Ia VariabilitC Morphologiqu·~ L'nnalysc en·compdsantcs princ!ipalcs 
··'• :presentee dans.Je Tableau 2.tlonnc unc estimation:du poul'centagc:dc;variabilite · 

· ·represen~e par chaque axe. Nous. nous somnics limites nux quatrc premiers axcs'pour . 
:. · · decrirc'la variabilite totalc·des cultivars.· En' effct: ces1nxes rcpresentent ft'eux·seuls : 
·, = • 67.5% de' In • v!}rhibilite, les ·deux~ premiers ·ilxesrcom·portant l'cssentiel de Ia 

::,variabilite'totalc;·':.;,~:·.··t::: .·Jr.·l ,;_· .. ,! • . _··);,. · .. 'J!~'l·.••l:·· ···T ';"n:· 

_ ·,; .Le premier: axe decrit lc lleveloppcrrient vegetntif general de et Ja.~'precocite'\ Cettc 
: ··.~ composnntc··est definie.du: cote ·positif, par.la -taillc~dc In ph1nte ( HT •),1la hauteur 

d'insertion de l'cpi ( HME ), Ia longueur dc.hi'feuillc.dc l'epi superieu-r ( LOFE·). ct 
Jes flornisons male ( FM ) ct femellc ( FF ). En definitive, les cultivars projetes du · 

1· l :c61e positifsemblent !tre de·grandcs plnntes tnrdives; ·Du·cotc riegatif,. il s'aginiit des · 
·· T'Phintcscourfesetprecoces ('Fig;2,). ··" r: Ji 'r.11:"!,.,., ·.: :-:: 1·'! .;: .:lfi'.·Jr~". 

Lc.deuxieme nxe caracterisc Jes·COinposantes de·base dli'rendement.•ll oppose les · 
cultivars a haut potenticl de rendemcnt ( epis complclement devcloppcs, poids de 

.. n 1000 grains·optimum ~nux cultivars au rcndement limte (.Fig:2 ). .! '):._. :.:·: 
I •J:·,•t 

Les composantes principalcs 3 ct 4 apportcnt un complement d'information· 
. ---pemlettant·d'opposer a l'interieur d'une meme gamme-de precocit~. lcs plantes ayant 
.~ ··un nombre eleve d'epis ou un •nombrc ~I eve de mngs par ~pi, done les pi antes avec 

-un·nombrc eleve d'ovules-formes et un bon pourcentage de fecondation nux plantes 
r.c··de'fecoridation d~fectueuse. · · ':; · • ': 

.. j.', .• '•.\ (l• 

Axe2 ' Axe3 

i' r ': : • r • ~· •• I''- i 'I - ' ' 
% d'inertie tot:lle 27,2 27). 9,9 7,7 

''', 'J 

Vnrinble HT (+)0.721 NRE(+)0,434 · 
' ,, ~ ·r1 1·, 

:. .. ,, "'•I, 

contribuant HME (t) 0,763 PEP (+) 0,581 EGR (+) 0,581 
I 'l -

' !.: tl' I, '., :~. ' ' 

1.r.! '. I . ·:·• ., 
FM (+) 0,798 LOGR (+) 0.430 HUM(+) 0,268 llln vnriabilit~ 

I• : '. "IJ; 

del'nxe FF (+) 0,799 LOE (+) 0,42S 'I 
., 
. '· ;:.•· . ~ ~ :\: ,.,: 

I·'H ' , - ~ :t... 

LOFE (+) 0,384 Puro (+) 0~151 ..... r ', J 

1.• .• 

N.B. Le chiffre qui suit chaque carnct~re representc Ia contribution relative de ce 
.. --- ·- · -·- ·- demier h Ia definition de I' axe.- · - · --~- -·- - -... ·-- -· -- -- -------· 
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-~ - - • - ': • ., •• ,K~ • '"•.· • - - •• • - • • -...... - -- ..... 

Fig. 2 : Repres~ntation Plan 1 2 des cultlvars sur les moyennes 
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~ Repartition d~s c~iiivars .. en Groupes VarUt~~~~: 'La ci~ssification' :as~~ndant~ 
'hierarchique sui vie de l'analyse~ factorielle discriminante appliquee aux deux 
I 

I premiers axes permeltent de classer les 200 cultivars en cinq groupes varietaux ( 
I Fig. 3, Tableau 3 ) .. L'annexe II donne Ia repartition des 200 ·cultivars dans ces 
; groupes dont les caracteristiques peuvent·8tre resumees de Ia maniere suivante : I~ 
:·groupe I est constituc de cultivars tardifs, de grande taille et de potentialites de 
:·rendement superieures;_le groupe 2 comprend des culti'{ars semi-precoces, de taille 
•reduite et de bonnes potentialites de rendement ; le groupe. 3 est compose de 
l cultivars precoces, de taille reduite et d'assez bonnes potentialites de rendement; le 
' groupe' 4 est consitue de 'cultivar's tardifs, de -grande taillc' ct d'assez bon'ncs 
potentialites de rendement ; le-groupe 5 comprend des cultivars tardifs, de grande 
taille ~t ae potentialite de rendement' mediocres. . ' ·:::"I ) ~ •, •, I'•• I : ... I 

·•i', •Jfi,T·• ·.~ i· ;;r • 1 • •_.·,·.• .,·, ~-"'·.1_.•1 1 .c •·· ~ '; ••• • ', 

Perspectives de Recllerclle. La determination de' ces 'groupes varietatix va servir de 
base h u'n''progriunine de creation et d'amelioration des varietcs' de ma'is 'pour Je 
centre'cbumccn. On peut schematiser lc proc·essus de Ia inaniere suivante. ·.r. · i •· 

' ' J _' • ~ ,' ' 0.1 • J- , 1/ , .'I ~ ~ 1 0 I I 
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: :y :·. '' ' ' 1 • '·. • . I. I • ~ ' - \. : j I I 

• ' •- -;' o J •:;. I~ ''' ol ,·, ' 
: . 

1 ~ .... 

!;:.:. 

- - Les chlffres 1, 2, 3, 4, 5 representant· 
,les moyennes des diff6rents groupes 

, I • ' I , ~ ' ~ _ 
1 

: • 1 I 
0 

I 
1 ! 1 • , ' - - ' I ' ! ., .. 1,1 

c ,,, ~. • , r •:. r• •• , •• ·=, • i 1 I·· 

I . -_ -~···i 

':.{·:--.-.--
0 \ .·,o,• :; j' I' 

0 \ 

............ " 
-~ o ........ · 0)-.. _________ / 

~ . 

. ,. 
I' 

-·~• I 

) \'. '~-···\·.~·\'", ... •, ··~,.···. '-•\·~· 

•· :I 'I , ~; I' : • ' I • I l j • ' • I (. "';: I f I 

• I I ;·. 1 ~ ·: I • • • --·· t~ • I 1 . ' ,' ., ' 'I. ',J·.IJ'•"', .,) ; )', ; .. , __ ,' 
: ·' ·Fig. 3: "Dispersion des cultlvars dans le plan canonlque · 

''' '•' .> ·: • •• • ,, : ,. • 1 -2 de !'analyse dlscrlmlnante . :~ • ,, . _ • _ . ~ • • I• ' •. ! • , 

,I •' • ~ j ' ' .. ' ' '. 

'··.! ~ -' . · .6. groupe 1 :: ~ •• ·groupe 2 : : • groupe 3 : · 6. groupe 4 J: ·· '! "· ·, :;·- • 

;J·: .,,~, ~-•. ·"; Ogroupes .. : .! ., ··I • ~ ;·: ·:.: • ..... : •• ; ·~·· ... .l .. l:l·~J: 

·J J J :; • • ·! · · . ::11 ; ·}·, . ·. .·.: · , ( :, ri ' · 
,_ ,, 1( I J '. -'. ,' ;, J 'I ~·: ·•' ·' . ' ' ' ~. 

'-~-,1 -- .. ' .•• :,·,. j:, · ,'' · ·l 1
1: ~ . · :. :· ·,.. : ~ r:~ :." ... · ' ·<. i! .:Jl 'i 

Pour chaque groupe, les cultivars peuvent.l!tre. brass~s et:t. vu!' .d:obtenir 1 un 
composite. Ce brassage s'opcrera par ctapcs successives, et en donnant un poids ~gal 
A _chaque composnnte, le composite pesant le nombre de culth:ars qui Je constituent. 
Le brassage peut se, faire seton .}c processus,des polycross,_ chaque. culti~ar ~tan~ 
crois~ manuellement .avec tous lcs autres ; mais ce brassag~ par ~lyc~_ss dev.ie_Ilt 
tres lourd quand lc nombre des cultivars augmente (cas des groupes t, 2 et 4 ). 



~l Tableau 3. Moye'nne des carncteres des'SdiffireniS groupes. ,•: I :I .• ,; i; In I'; 
, ! , 

1 
.' • ' i '1 .. '' I , 1; , ' ' , , ~ ·.J , ; , ' : ,. ' ~ , , , I ~ 1; I ;· • • 

!•', ., •• or, • ' ~ I ' ••• ' r • ' I I 

Caract~res 
"'l' ·. 'H, •'f'T 

a, 
: .. , .. ' ~', ~· 

HT 277,896 :• ~1,7~~ .. " .~16,07~ .. ,_; . 287,?54 , ,.. ~O.IJ6 
HME Li. • : 1 •• ·j55,3'1'3 · l · 132Js2 · ~· .t ·ros,462. 1 

· · •• 167,807 -· t4o,l76 
· ·Lof:Ir--· : ,·;'. ,·· 91f778 ·· -· '94'257'~~- .,, ··8633t"'· · ·. ·97827. 1 :· •• · 87406 

' ~ ' I ' I ' • ' t ' ··'I.AFE·.: · .. ,. to'i9s·: ···:9.81(; .•... ! 9·i7o··.··-.' -983·6·:· :~' 93i9 
' •• 1 1 1 t: I ' • , i' , 1 

, 1 ' r ' t • t , , t , .I · f) '• ' ' 

. LOE' : '- . ' . 13,505 ' . 12,580 ' . :t2,458·. . l2,746 . . ii;570 
I ' ' I r ~ • • , t .... ' ', , ~ ' t I f T 1 I , , : ' t / ) I 0 I I ~ 1 I 

LAE· . '"'- .. 3,469: : 3.247 ' .' .· 3,200' :. 3,238.' · . _·3,014 
· ··NEE .•. : .I·_< ~- ·. '14',o78 · · .'· ·· 13,420' ·· ,:· "h936 ,. =: 1 13~864' 1 • :::-: ·. f2.886 
: u)aR .. ·· ~ -~ 9,2o7;· ·· ·;; 19,095. L • ,;~ .• 9.174·· .. --.. '.'·8'.556 :· · ·l .. · .. 8,ri6 

· LAGR · · ( ·' ·: 7,99(' ·.<~·. · -7,998' ··' :_ 8·,258 .. ,.~ .. , ·· · 1,~3ii · ·. · ·7~~59 
EGR 3,486 '3',4Si : ·' '·' ··3,625~' .:.r '·.' 3,438 .. ,.;: ; 3,344 

FM 69.134 65,435 57,615 71,263 70,529 
FF 73,284 69,913 61,077 76,088:·:J.-'··74;706 
NEP 16,851 15,978 16,462 _ .. 15,737 , 16,529 
PEP <• :o;,il' ' I.790 :··., 'i.4J3 •),,I • .·;'J',so9 ' ·: ; ·:\308 '''.':Hr '1.226 
P1ooo· 18,082 18,062 , ·· ·18,415!' .! .. · 1'5.soi{' · .. ·'14.724 
:~~~-·:r !•. ·'':'•_·J~~17~~'·'-. 26,~9~ ,·,·. _i 26,~95_;-:;· i .25,~,?7)';: ,:)1;,~1 

.. ' . ~ •' I .L • " 

., ' Une: nutrc!'tn~ihode: I celle de: Hairisso'n '( ICisti method: )"p~ut eire iltills~e: Elle 
• ' ~· ••• ' ' • • F I ,... #' '~ ' • 

consistc h semer, en isolement, unc ligne de chaque composante·comrrie feineite·et 
un m~lange m~canique de toutes les composantes comme mfiles ( les composantes 

'·femelles' s'ont :castr~es m~n~eJJe'itieni "j. ·ICi: le' probl~me_.de. concordanccs'des 
floraisons ne se pose pas, carIes cultivars d'un groupe'donn~'sonfde pr~coClt~ 
similaire. 

J 'I ' •;: 1 I! • 'I . '1 °11 j ! _l '~~ +• r 1 J ;-:. '' 
1

' ! ; '1 '• • ~ 

· Mais poilfquoi constitucr'des ~corllpbsan·t~i? r_.e; ~ultivar8 1 rlu ce~tre ~b~m~ri:~nt 
c5t~ multipli~s dans des conditions de culture traditionnelle pendant de nombreuses 
g~n6rations et ont done acquis une tolerance appreciable nux nl~as du climat et de Ia 
culture. La premiere raison est done de sauvegarder cet acquis sous Ia forme 
ais~ment mnniable d'un composite. La deuxieme raison est que ces cultivars 
repr~sentent les formes actuellement les mieux ndapt6es au centre de Ia COte 
d'Ivoire. Cette ndaptat~on est pr~cieuse pour ntteindre l'un de nos objectifs majeurs 
de sc51ection, Ia stabilit6 du rendement et Ia large ndaptabilit~. 

· L'ex¢rience montre que les ~cotypes, malgre ou h cause de cette bonne adaptation 
h Ia culture traditionnelle, ont des potentialites de rendement r6duites et une base 
g6n6tique faible. Leur brassage permet de pallier ces deux inconv~nients en 
foumissant un composite de large base g6n~tique et de rendement am~liore. 

Le composite se pr8te particulierement bien h une amelioration par les m6thodes 
de la s~lection r~currente ( Marchand, 1975 ), m~thodes tres utilisees depuis les 



\ ,210. I,', Contrib~.~lon_ ~.l'~v~!uat/on d~la rariabllit4 f/ts Cultiva~ Trculitionntb dt Mars 

premiers travaux ~u .~IMMYI:· ( Wel!1aus.en, 1~65 ). En effct, · il existe.,toute une 
gamme de techniques de s61ection r~currente pour l'am6lioration intravari6tale 
_(s6lection massale, epi h Ia ligne modifi6e, top-cross, full.sib,.Sl ) et intervari6tale 
(top-cross, full-sib ); portant sur tous les caract~res int6ressants, y compris le 

_rendement. ___ __ . , . · r• · 

•'· ' -· 

·1.... \' •• • •r (' \ 1 • , ' • , ; ... ,''· " ·1 ... ~ f ;-1 
' _Deu~ des groupes varietaux d~termln6s ( G2 et G3 ) appamissent plus interessants 
'p<)ur)b cent~ 'ehufu6en. Ils' coinp'rennenflil plupart des ,cult~v'ars d6jh seleetlonn6s, 
:y~ir;e"vulgari~~~··c'est-h-di~~~es cullivars

1
cai?ables de couv~r de fa~on co~te Ia 

plupart des besoins des cult1vateurs eburn~cns. II s'agit de5 cultivars semi-precoces 
(55 A 60 jours' de' floraison 'm'tue' ) et precoc'es I ( 40 h s2 JOUfs de floraison maie ), 
n:Y.a:nt une h~~-te~r d'inser,~i,on, d'epi ( .i.~O m h l,~Q 1 P,l) acceptabte;~et:des 
'poteritialites de rendement.correctes. Des· composites CG2 et CG3, issus de, ces 
griiu'pes vari6tatix' pourront 'etre'.soumis A iine~am61ioration. intravarietalc resp~ctive 
ou bien interVari'etale ( reciproque CG2 X CG3'). . ,•' ' . ~ : 
•• ' J..,, • • •• ( • • • • • ~ :. ':_ • 

... ~ - . .. 
~--R~i'erences.·· ' . 
' t.. ' ' j \ '~ '~ I I ) \ 

.. '. ' ( ••• j 

• { I~ • ', 
' '! 

,,,,...,r ,.~...... , .·, ·.-\ ·: ,, .... ,~.~ ·::ti~ 

Dagnelie, P:; .1975. Analyse statistiquc ll plusieurs variables. Presses 
:Ag·ronomique8' de'Gcmbloux; Belgique. . : ' I· ' "''i :

1
• ; 

, • • l • 1 ._ • • l r t _ ' 1 ,, • ~~ '\' J :. I • · 
r. •t • . ·r'l ,.~ ~~·, ,,f I I~~,. ( '~Jjj 
'Marchand J:L·., 1975.' La selection r~currente,' objectifs ct methodes. 
L'Agronomie Tropicale ( Paris;_France');XXX;·3,·2J7-30:··· --- ·-~ • ·--~- -- ··-

_-~:_Phillp~au.;,G.,,1~86:. ~o~m~n~~i~terpr~tcr ~~-~ ~~~~~~~-~~~~'ul_le,.~palyse en 
, ,compP~n~e~ ppnc~p~l.cs 7,f!'CF~ Paris.. ..:, li .-:l:' ,!:1 :·· 1·!!r.:r; :· , ..•. 1 , 1: -;: ,;)f • ;: • 

. ' I 
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- 1 ~i~cri~in~nt~.?IT.C:I;7 •. ~ari~·,·. " 1., ;,.;,i ·,··. -1:·j .'! .. J-,., ~·.· .·r 1 r~:·i;;. 1!1 

Wbelhausen E.J., 1965. Exotic gcrmplasm for improvement of corn bel:~ ~~i~. 
1 ,Prp~~.in~ ofthc 20th ~n~ua~ ~ybrid C:~rn ~~~~stry __ ~es~h C~n~e~nce~ 3J~~· 
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~·~':1,1, !t r,;: -'·' ~!I;,. I " J I /- ... ~· • ·, o~;. :. :.~~, (!'):~:) .• r ._:,rr.~.;:-1 t .f:nnrl_~ . 

, ~, 1 • i · ~ · ~ ~ ·. · r. J' . r • • : 

~ r\'"\~ '1 ~·I _-.:J '. 1' 1 ~I 1 (, 

' , ! , , . " '. r :~ • : • '' ;_ , : 

. ·:,·~ · ,, ... \-. r.~. t·r,J·',i'( ·. r;i, i .. .- -.:1,'.• ; 1i! L1"~:·.~.; :r 
... 1 ,, il1i • .• r:· ·d~.~·}.l, ·r.~.r; ... ,'r (: • !·!~HI". ;•.,-.... ,~ ·, 

'. ·:. l :•> ; , , -:f, J,,, 1' - t
1 j t •I 't 

,; 

I!.' • 't • 't. ' '.' •'f., j , i ': ': t • r ~ I, . :, ; . _' · : ";. 
1 

') ,, • , • :. , :, 1• _ , ! .. : j, - , • ; _ 11 , ~ t:.: _,. 

,. 
I 

• .,\;,'! •. t r . t 



'i 

. .'·Contribution d /'Evaluation de Ia Variabilitl des t;:ulti1•arsTraditio11neiJ de Mars .221 

'·. ! '• I "'J '- • ; ; , : ';I' . ,~ I ,- ; -~ '•' ·, r- '•. • . 

• • J • ' 1 I I ' ' ' ) I ' f ' ·, ' ~ t ' I ~~ ' '' j ' I ' ' ' . I ( ' . I I ; 1 : ~ •• ' ! I . I : 

Caracteres quantitatlfs observes. I ' ' • ; i I ' :' ~ ! . ; '_;I • '' 1 • ' 

. Date de floraison male en quantiemes depuis Ia date de semis ( FM ) .. 
~-'- : '•,, .. -', I '" \ i: t ~ I ' ' i~ ,•.o .,t •,'! \ ,._.: , . •,o" ,' 01

• , l •' ' , J 

Date de floraison femelle en-·quimti~mes depuis Ia date de semis ( FF ) 
I 'I' ... ~,-~., _,, l ·'.. .., ·<. •.· __ . : -~: ~:_·· _;-:;• ~·- . ··.';I 

. ~ !f~uteurtotale d~ _Ia pi ante du, sol 4 Ia b~e d~ Ia pre~iere ramification de 

· 1 - :. : l;inflores~en~e ~~~~ e~ cin ( HT·},' ~ -· · · ' :·:~ ~ )~ ... ·.· 
.-•• ·'-"' • •' •• \~' • \ .·: •• ' '. • • : ' •• j ·- \ , • : • .) 

>.·, ~ . ~ l ~·;Hauteur to tale de Ia phinte ·au sol h Ia base· de l'insertion de l't5pi su¢rieur 
.. ' ,. ... • '· ~ \. J : • ~. ~· '', - • ' : ,' • •• ~--; ~ • -) f ~ • J ;· • 

, ;,~·:~npe_m,(HME) :; · · .: .c· ·., .• !- ."..' . .'·.': 

. : , .. ! ' Lbng~eul d~ I~ feuilie de 'rJpi. ~tt¢'~ieur' en 'cin ( 'LoFE ) 
. \- t r·~ ~ • f I ' '- , I • t !, 1 ~ ' : • ' I ; , ,~ ! I '\ '"' 

Largeur de Ia feuille de-l't5pi sup~rieur en em ( LAFE.) 

.. --- 'Nombre d'6pis existants·h Ia r~olte ( NEP) 
.-,T · - : "' "" , . ,. \. • · -~ -- r · 1 • - •. , • - • • 

·~Poids d'epls existan.~'irla recolte en ,kg(PEP) -~. . . ) .. ' -, ' . . . . \., ' . . . . ' , 
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Annexe II Repartition de 200 cultivars dans Jes cinq groupes CJ6finis par 
!'utilisation conjointe d'une classification ascendante hicrarchique ct d'une analyse 
factoriellediscriminante. ,:'· .. · ··'· .;H.'iin"''t' · · ,._. ... :::, · 

GRduPE ·c-·· ~c~:Z-82-6: 'ccii't38~3'; 1c~z'96~2,
1

C~Z 82~1':·cJi i'o6~1. cez'97-2, 
( . ~: .·· r:.· · !· Nanda1a J,CeZ31-1,.CeZ!82-3, .. ,. · ·. -~~·(! •'1 . ·: 

(67 cu1tivars) CcZ91-1, CeZ 85-1, CcZ 26-2, CcZ 101-1, CeZ 82-2, CeZ 90-1, 
• :, • -: 1 • ·q:--.·:, ' 1'CcZ 30~1. T3; Cei66-3.'CcZ 26~1.:CeZ 28-1,-CeZ 28-2, CeZ 73-

1, Ml6W x M164W, Ct:~ 1~6~3, CeZ5~~2':~~-e~ Bq;3! CeZ2-l, 
CeZ 65-2, CeZ 9-1, CcZ 91-1, CcZ 17-1, CeZ 88-3, CcZ 56-1, 

w·,!·;·• :r.> i ·' ... , · TJl,.CcZ22-h CeZ 1-l,•CcZ 145-4, CcZ!145~l; CeZ.104-1, CcZ 
128-1, CeZ 25-1, CeZ 162-1, CeZ 73-2, CeZ 73-4, CeZ 17-2, CeZ 
145-3, eez 35-1, cez 96-3, cez 81-1; cez 1 t ~2.:Ccz 101-3. 

: Ce~96-~ •• ce~.~46~1, •. ~eZ,88~1, ~~~~1-~.·.~.e.~ p~-1. CeZ ?2-2, 
CeZ 75-1, CeZ 151-1, CcZ i51-2, CeZ 83-1, CeZ 36-1, CeZ72-1, 
CeZ 94-2, CeZ 146-2, ~ez 145-6, CeZ 69-l.', ,,, .. t 

GROUPE 2 CcZ 20-21 CcZ J 5-J, ~. CcZ 5871, CeZ 45-1, QI!, 
'• • J , f < • , 'o '' • 1' ·' : j .J •-''-' •- ~ 

CcZ 60-2, CeZ 22-3, CcZ 9-2, CcZ 22-2, 
\ '(46~ultivnrs)· ,;CeZ25-2~CeZ 29-2, C~Z 76-1, CeZ 31-?,•CeZ'l08-4; CcZ 107-1, 

CeZ 3-1, CeZ 51-3, CeZ 48-1, CeZ 98-2, CeZ 65-1, CeZ 55-6, 
CeZ 55-4, CcZ 27-1, CeZ 62-1;CcZ 1146-3~CeZ 122-l, Nandala 
2, CeZ 114-1, CeZ 82-3, CeZ44-.1,,CeZ ~7:·1_, ~eZ,22-4, Ce~ 
138-6, E..122a. CeZ 127-2, CcZ 55-3, CeZ 57-7; CcZ 160-2, 

GROUPE3 

(13 cultivars) 

GROUPE4 

(57 cuttivars) 

CeZ 160-2, CeZ26-2; CeZ 2-2, CcZJ53-3,-.CeZ·82-4, CeZ 81-3, ' 
CeZ 106-2, CeZ 20-1. 

f, f' • 1 ;, ) ',: ;t .".~Ll:: CfFjl c_'J .. l ... ' ,' i 

j , • = ... :-. ' , 'l' .... : "r, ." .. , . ~. .. . . ~ , 
CeZ 2-3, CeZ 164-2: CeZ55-5,'CeZ96.:7; o..M,·CeZ 113-1, 
CeZ2-5,CcZ55-2,Pool·l3,·fQQJ., .! ;;·,n~ u,: •• ·,,~,,! 

18.. m. :&ml.12, ccz 1_4~-r . . 
1 ! _ • 'L .~ ,1•; 1~. ,,~ l'f; ·:r,.,.; . 1 i,',_~ 

CeZ 82-1, CcZ 31-1, CeZ 116-1, CeZ 155-1, CcZ 29-1, 
CeZ 116-3, CeZ 52-1, CeZ 82-3, CeZ 51-1, 
CeZ 26-5, CeZ 121-3, CeZ 26-1, CeZ 103-1, CcZ 98-1, CeZ 78-l, 
CcZ 82-2, CeZ 108-2, CeZ 82-4, CEZ 24-1, CeZ 107-2, 
CcZ 121-2, CeZ 103-2, Kogbcra, CeZ 120-1, CeZ 26-4, 
CeZ 138-1, CeZ 126-2, CeZ 159-2, CeZ42-l, CcZ40-t, 
CeZ 82-5, CcZ 104-2, CeZ 112-2, CeZ 103-3, CeZ 67-1, 
CeZ 163-1, CcZ 164-1, CeZ 145-5, CeZ 143-1, CeZ96-1, 
CeZ 104-3, CcZ 131-1, CcZ 129-1, CeZ 124-3, CcZ 153-2, 
CeZ 11-1, CcZ 126-1, CcZ 131-1, CcZ 117-2, CeZ 125-2, 
CcZ 26~3, CcZ 59-1, CcZ 108-1, CeZ 108-5, CcZ 127-1, 
CeZ 108-3, CeZ 132-1. 
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GROUPE 5 'CcZ 96-4, CeZ 56-2, CeZ 56-3, CeZ 54-1, CeZ 159-3, CeZ 121-1, 
CeZ 124-J, CeZ 113-3, CeZ 77-1, 

(17cultivars) CeZ 120-2,CeZ 117-l,CeZ54-2,CeZ 105-1,CeZ47-1, 
CeZ 97-3, CeZ 123-2, CeZ 73-3. 
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j ·Field ·Evaluation of Nigeria.: made Granular -Urea ·on'·Maize 
'Production in'theSemi-Arid Zone of Nigeria~; ·. · .. · · ·· >!' . 
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.. Abstract 
•_ •_:, ' ~, > _. I·~ t f ·,-: •• I '' T', -·· l. '...: •• : •••• !. -' 

' 't ,· ' ' 1 I~ ' ' ' ' • ~ f 0 I 0 0 '' ' I ' 
0 

' 
0 

• \ 
0 

• • ( I , ' o , ;- J 0 j ' ' ' I I ' l \ 

.. :. Field trials _were conducted at five locations 'iri the semi--arid zorie,of Nigeria during 
.· '198'8-90 to' evaluate tlie' efficiency. of Nigerian.'..' made granulated urea I fertilizer 
' . 'aiong' with )mported prilied' urea and 'c'alcium immionium ~itdtte (CAN) at rates ()r 0, 

[ o , 1 t , ,•' ' , ' I lr I I I' ••• I f ' ,o '' 1'1} 

. 50, J 00 and 150 kg N/ha apphed as surface uncovered and surface co~ered." Source, 
• , I I, t_ I ",I I J 1 I' 

1 
, , 1' ' ~ 0 L 0 ° , ' I 1 ' ' 1 'I j I 1 1 ' I ' ' / 0 

t 
1 1 , 

. rate and method iriteractions.were not significant at ali locations although there.was 
'.significant 'me'thcid X rate,' method X 'sourCe and sou fee ,(· ratJ' interaCtions at two' out 
.ofth(}'ii've locations: Gene'raiiy' the Nig~rlan· made 'ure~ g~ve higher g~ain 'and 'straw 
'dry! matter y'ields than p~illed 'ure~ btii .siightty I<'>wer yii~IdS, than cAN :at 'an 

. 'tOC~tiOits. , ..... , . . , ~. , , .·I , •. :~ ··.~f., _ _. . . , I) • .•• ·'···-

... ~,,,'t 1, 1l',r1 I :i.! •" ,I 
1 

t • , ~ ,;t .'•, .·,r I' ',,• 1 • .' ;~ ~~''~' •\,', 

:; =the 6i>tiinuin .N- .rcquirem~~t.~~r m~ize'iri. a1~_the'1oc~ti6~·s':ive·i~ o~~e~~~d at 
between 100 ~nd l50 kg ha-1.· Althougit'srnin yields"we

1

re riot affected b{inetlibds 
.of application, there was evidence that surface covered seemed

1
to be superior at the 

"i:lrier locations.·'' "' • · '·:.,J• ~ · ·., · ·I •• • •• •• ",'· • · • ·J. '": · • ·• · 

. . .. ,~ ·1. 'o~! ··' -~" .. ·' • .;':~rn 

Introduction 

f•r· ·r·h·~g~n i1s i'h~ ~ost.iiiltiti~~ n'u:trle~t erbrii~~t ·t~ ~~~eat' pro<lu.dtioriiil 'llie'·~~tri·i~arid 
• I zon'e of Nigeria. : (Jones and Wtld 1973, LOmbin,' 1988).' I Most. of the soils ~Or 'the 

• ', 1 • , ~ r, · , · ~' • 1 • t• , · • • • , , 1 • L ' 
area which stretches from Latitude .10" to 14" N are derived froiit'rece.rit eaolian 

·.·.depOsits.'. TheSe soiis are dc)minated by .weil-d~~ed but shallow E~ilsols', Aifisols 
,i .,. , t ' l ' ' j 1 , ' l I 

1 
0 ~ , ' I , I 0 I ( 1 1 , • ' I ' / • 1 , I , , j I , , I '• 

and Inccptisols (Fertilizer use. <:ommittee, 1 989). They are. coarse textur~d and 
'" consisteittly low in organic maiter' co"ntent,' available phosphorus: effecti~e "cation 
.. exdilu1ge capaCity ·and mi'n'eral nitrogen. As. a· result of the low soil test 'N,· 'the 

production of cereals especially maize is only economical when nitrogen fertilizers 
.. are applied in combination with. those of phosphorus and potassium., To ensure 
' ma'ximuin upiake' of fertilize~ by crops' and also' avoid reduction. in ilie. avallallility 
·:·.at rerti'lizers ·due to: ~nfavourable:'soiHertiiizer interactions, proper. ferUiizer 

1','placement, correct timing and efficient source are:very,crucial. 'Results of studies on 
I• I 0 - "• _ , 0 • t t ~ 1 0 ' '• • • ~ f.' ,#I I I .f ',, j • 

effects of placement methods, tumng .and source. of. mtrogen fertthier ,on matze 
• ... ' ' • I :I ' ' ~ • • • • .I 'F ' ·, • ' • • J < • I . I ' • ' ' J'. I ,u 

yields and .soil properties have been extenstvely. reported .in literature (Greenwood, 
.· t'949; Greenwood, 19st;.'Jone·s,

1
'1974; Jon6s.and Wild '1975; Bactie'',i96s; 

: '. Stocking,er 1976;' Balasubraniiu1i~n 1978;. Bata'subfamanian. and Sing~ ;i 982; 
. Lomb in I9S8): .. The c'once~sus or opi~io~ on ilie er(ect ·or timing N reriilized~· that 
there are n'o"comparative advantages in splitting N feqltizer.ci_ver'singleappliatlon 

• • • , • \ _ l • • o '_ • -' l • • • ,..• I " \ • l,, o! l , I , , 0 , I , , 0 .t 

O':J. m~~ze_ yi~l~ ~x~ept ~t big~ ptt~~ ~f applic~tton. , , .. ·.;. , . _ 1,.. ·: 11 . - 1 ~ ,. • , , , ,. r ; 

225 
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.':-. Similarly, no particular. method ofapplication seems to be .. supcrior to the other,·but 
incorporation of N fertilizer .into the soil rcmains.the existing recommendation.-.In 
the savanna region, non:signfficant diO"erdnces between ammonium sulphate: prilled 
urea and calcium ammoniu~ nitr11te on .the yield of. maize have, been ,~eported. 
However, considering the side e'ffeets of'ihese N-sources ori 'th'e soii, ammonium 

.sulphate is known to acidify the soil more rapidly than urea ~nd calcium ammonium 
· 'nitrate:. Moreover,' reduction .. in the ieveis or exbhiu1geable' cati'ons imct' increased 

solubilization of aluminium and,manganese in ammonium sulphate-induc~d· aCidity 
is common fllace. 

The urea evaluated in the semi-arid savanna before 1988 was the imported ·Mmed 
_type which has now been completely replaced by granulated urea' a product of the 

! 'National Fertlliz~r .. Company of Nigeria' {NAFCON);' Onn·e: 'Pcirth'ari:ourt Nigeria. 
l(: ·~~·fat a~ ... i~,~ ~u!ho~~.l#~ r\Yare •. ~o. ~ei~ evaluati.~n· of ~is ~~~~~.r.ha,s. ~~e.n.~~.ed 

out. · However,-the manufacturers of'granular urea have descnbe the product as an 
·J·'agronomicaii)i' effici~nt' arid' most econoiiilc: fcrtilizcr.''In 'c~inpari~on1 ti:i'prilled urea, 
'r:·)~~y:·aairlj ~th~t g~a~ular urea' .ti~s ri 'highe_r crus~'irig '*treng~h 'a·~·d}esis'~a:.~ce 'to 

abraSion,· higher· N efficiencY' to field crops 'a5 a ·result' ofits 'superior placeiticnt 
I . Pr?~e~y ,a~~-r~~~~ed s~~~~~c.~ ~re~ 'per _kg w~ig~i. . :~e;~e,siduaf at:'i.~ity )'~' sn\d .. ~: ~e 

comparable to that of calciUm ammomum mtrate but lower than that of ammomum 
sulphate. Considering that NAFCON produces about 1,500 metric tons of granular 
~ype available to the Nigerian. farmer, it was considered necessary to verify some of 

~ " ' , • ' ' • • • ~ • ' ' ' ' ' • I I. I • I 1 , ' • ' ' , ' ' ~I. '1 J ' I I • !1 I 

: ;}~~~ Ma~~~actu!f.(s c,lai~~~ .~~~~~ fi~l~. c.~~~u~~!P~ 6~ ~~ p;rod·~~t., .:, ,. ~:')·; ~; ·~· ~ .... , .. 1 
..-~ 1 1· , • ··,)· ,., • 1 ' • , - · . · ,. • u . L , -, ·r '". •, 1 · .. , •. - · , .- , r (,. - . • 1 _,, ·~ • 

. '_ The 'objective "of the study was 'to investigate· the relative' efficiency :of Nigenan-
made granulated urea and two other N-carriers. ·'' _; · ' · ·~ •l · 

Materials and Methods 

, . S~u.dJ,,~r~a~, f.iye.site1~ ~aga~~a.,K~fin,-~!'iY~~~· ~al~mfa~h} .• }?~~~!l~~.and .··,'ausau) representing different land resource areas 'and 'varying in climatic conditions 
'""and'sbii ty'pes' were' chose'ri for thc-inve~tigation:·'·betailed d~scription 'ofihe 
~';·exp:Crilrientafsit~s 'is given in .. Table I.' The'Daudawa and Maltnnfashi'lociitioits'·rall 
;·:.=.~~i~~i~,tll~·-~~n~it~o?at zone be~~~? s~(J~ .. ~~·Nort~,~~ .9lli~ea ~~v~n~~ w~~~::the 

6ther locations are m the Sudan savanna·eone. Although the'sotls are'mhercntly low 
':· J in fe-~li'tft.Y: 'iile'locatioits selected 'rire conside'rect high ill. wtenthll for ccreafpro<Juc-
:.:,'tiOn ~'::.· 11 ...... •. J. ·,::. • :: ~. (. 1 • :._. ~~·~, 1 • ,, t •• 1 :_ .:-; •• ,(, .~ \(. 

~:· .. .. td1i~ -~~::'·· r·!' ,• lt . 1 
• .... ..' .... ~~.,, •• • ·: • .~: ~~~~:: • ····;. ri t·,!.~.,.~ •:, ,, 1:. : · ·:! 

< 111 •. ,.,·r ,.,.,,. " ": . . ' '. '( f ~- '(' i' ,· .. ~Of •• •• • • • ' ' ti r• ~ 

· :. ·~erlmental Details. The trial was· conducted during 1988-90 season.'. Three 
·. · ~ourc~s ·o(N'(NAFCON ~ranutlued urea, (46%j prillcd 'lmporieci' urea (46%Nfand 
1

' ·calCium' 'anmibnium nitrate' '(i6%N))-'at riues of o: so; 11 ob and iso-·i<g. N/hii were 
•• J fictoriaiiy combined with· two 'inethods 'or nitrogen· apptic.atiori {surface covered 1and 

".\ siNface :uncovered): ·The' 24 treatment c'ombinations were' replicated ihree· times in a 
. randomisect complete block C:tesigh.,The' N':was spllt';.-spiit applied·, hat·r.at ptan'ting 
·: an& the~r~t at 6 weeks after'ptantfng.'_ .Das~l p''ana K'at "tite· hites' of"60 'kg/ha each 

and in' lbe forms of single' 1supeiphosphate 'and muritite of pBtash respectivelY' were 
,, . ~ppiieci ai planting:· 'sub' plot 'size was 5 ·x':S.25m', consisting of seven 'ridges spaeed 
'~i IS. :Cm; apart>' The alleys1 betwe(:n' sub plots ·were o:s. ~'while lliose b'e-tween 
blocks were 1.5 m. Maize (Zea ~~:s L~) variety TzSR·w~s'pianted 18n' rldges' at 25 

- ----·-···"' .... --- ., '- - . -.. ·-· -.. ·--· ... -··-- ····- .... ------ ..... __ .. 
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'em spacing between plantS, giving'an estimated population of 53,000 plant.slha after 
thinning to one plant per stand. The net plot from where yields were estimated 
consisted of the three middle rows of each plot. -

Table 1. Rainfall, parent material and soil classification of ex~rimental sites: · · 

Site Latitude Soil grouping 

Bngnuda 1200t"N 

parent material 

Loess overlying undifferentinted 
complex rocks 

Knfin·MIIiynki i I0.50'N Loess overlying undifferentintcd 
bnsement complex rocks 

Mlliunfasbi II 047"N LesS leached nature shnllow soils 
· ,. overlying bnsement complex rocks 

Dnudnwa ll 03l"N Shnllow soils on acid crystalline rocks 

Gusnu 13~4"N Well druincd shnllow soils on 
bnsement complex rocks 

3-yenr I11Cllll USDAJFAO Soil 
annual : classificntion 
ruin fall 
(mm) 

631 UdicUstochrept/ 
Dystric Glcysol 

604 Hnplustnlr/Luvlsol 

71S Hnplustalf/Luvisol 

897 Hnplustalf/Luvlsol 

S92 Fluventlc 
Ustoc:brepl/ Dystrlc 
Olcysol 

. SoU Samples~ Pre-crop composite 'soil samples were taken from the top soil (0-15 
em) 'at each exj,erimental site' in' the first year of the trial.' The soils were air-dried 
and sieved to .paSs' a 2 mm mesh sieve before analysis. Sub-samples were further 
. ground' imd screened through a l ()() mesh sieve for organic matter . determination . 
. ~oil pH was I measured ht 1: 2.5 soll(solution ratio in water arid 0.01 m 'CaC12: 
organic' carbOn WaS estimated by dichromate wet combustion method of Walkley 
and Black; exchangeable cations were extracted with IN neutral ammonium acetate; 
Mg and Cain solution were determined by·atomic absorption SpeCtrophotometer 
.while K and ~a was by.the flaine·photometer. Exghangeable acidity was by 
titration method and effective cation exchange capacity was· by summation. Total N 
was determined by the semi-microkjeldahl method (Breniner;·t960); Available P 
was extracted by the.Bray nO 1 extraction and Pin solution determined by the 
Molybdate Blue colour method as modified by Murphy and Riley (1962). Available 
Zn, Fe, Mn and Cu were' extracted with 0. IN HC1 and 'determined by atomic 
·absorption spectrophotometer. Minerill N was determined' using the IN KC1 
extraction and distiltation for NH+4- Nand NO-~ - N. · · ' · · · · · 

• i I. :,; J 

Results and Dlsc:usslon . · '. ' 

Data in Table 2 shows clearly that the soils were generatty low in major' nutrients, 
organic carbon, extractable Zn and Cu, but adequate' itt extractable Mn and Fe. 
Based on similar resultS obtained earlier, Lombin and Singh, (1986) associated the 
soils With low inherent fertility arid productivity potentiat. 1 

'' · 
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Table 2. ·Physico-chemical properties surface soils (0-15 em) of the experimental 
sitc;s, (1988)._ _ ... • 

1 
..• • •. , . 1 

Soil variables 

pH(HlO) 

pH(CnCil) 

ori:uiii: cnibon <iJkg> 
Bruy·I·P (mglkg) 

Exch K (cmollkg) 

Exch Cn (cmollkg) 

Elch Mg (cmollkg) 

Exch Na (cmollkg) 

Exch Acidity (cmollkg) 

Tot:ll N (glkg) 

N~ • N (mglkg) 

NH4 • N (mglkg) . 

ECEC (cmollkg) 

HCI· Zn (mglkg) 

HCI : Mn (mglkg) 

HCI· Fe (mglkg) 

HCI • Cu (mglkg) 

Tcxturul class 

Daudawa Gusau Molumfashl Bagauda Kafin-Maiyaki 

5.2 5.3 6.0 ' . . 5.8 .. . 6.0 j 

4.4 

1.20 

9.22 

0.18 

0.94 

0.26 

0.06 

4.3 

3.6 

3.8 

0.14 

1.25 

0.41 

0.07 

0.04 0.40 

0.23 0.32 

20.00 4.00' 

21.00 5.50 
1.48 . 221 

1.06 1.00 

27.00 

140.00 

0.80 

5.1 4.7 5.0 
3.5 ~---4.0- ---- - ----4.3' 

20.5 4.51 

0.13 0.13 

1.10 1.37 
O:J2- ~ .. -. "0:47 ... 

0,03 

0.01 

0.60 

30.00 

25.00 

1.59 

1.60 

20.00 

56.00 

0.50 

0.03 

0.60 

0.30 

2.00 

3.50 

2.90 

2.00 

40.00 

120.00 

' -0.74 

3.45 

0.13 

1.60 

: ' 0.64 
0.06 

0.14 

'.0.42 

5.00 

6.50 

2.57 

2.20 

49.00 

200.00 

0.65 

Sandy Loom Sandy Sandy Loam ·Loamy Sand 

32.6 

100.00 

0.68 

LoomySand 

. Erre~~ or Treatment on Grain Yield. . The mean effects of nitrogen rates at 
different sites for the individual year5 and the pooled analysis are shown in Table 3 
whiie .the analysis of variance showing mean squares is in Table 4. r In the first year 
.Of the Study, 'ihere WaS a .linear relationship between nitrogen rateS rutd grain :yield at . 
. Kafin-Maiyaki, ,Malumfashi and Gusau. Although yie~ds' i~c~ linearty>vith 
increase inN application, differences were significant only between 50, 100 and .150 
. kg NJJia and ~~ ~on~~ at Kafin-maiyaki and Gusau. . At Malunfashi, differences 
were only significant.between 100, 150 kg N/ha and the control.. The highest grain 
yields ()r 2.68 '2.26 'and 2.75tlha at the three,locations res~tively, we-:e produced at 
ISO kg N/ha .. Their fO~po~-ding response ratios (kg grain/kg N) were 17.8, 15.1 
and 18.3 at theN _rates gi~~ng maxi~UIT! grain yield., This dramatic yield increase to 
Jtigh rates of N. ev~n in drier a~ in \988 ~ay have been due to favourabie rainfall 
obtained that year. Moreover, the soil test N values for the three location were 
critically low for, maize (Table. 1 ). In. related studies, Balasubramanlan· and Singh 
reported that their calculated N rates for maximum maize gfain yield was. 177.5 ·kg 
N/ha at Kadawa In the Similar responses to.N by mlli~. ~ere ob~n'~ by.Ba)~~t>. 
ramanian et al., (1978) and Jones (1973). The relationships between grain yield and 
N rates were not consistent in allthe.localion in 1989. t()f ex~ples, at Kafin
Maiyaki, the relationship, Gusau and Daudawa groin yields increa5ed from o to 100 
kg N/ha but dropped thereafter. At Bagauda, grain yield increased at all levels of N, 
although the increas'es did not attain. any statistical significance: Similar results 
were obtained at the other four locations. In 1990, three out,of the five trials failed 
due to droughL The rainfall at each of the three lOcations ,was below: 600 mm: '' I -'' 

'I ~ •'' ' • ' 'o. #-I' ' ' ' ' ' ' ' 



Table 3. · ·Maize gfain yield (tllia) respcinse to nitrogen rat~· at different sites. · 

Location 
Treatments 

KaOn-MaJyakl 

1988 

. 0.857 ON/ha ''I 
50Niha· · · 
100N/ha . 
150N/ha r. 

,-,, 1.843' ,I' 

., '2.539 . : 
2.680' 

' I' 1' , 1 
I - '-

LSD (0.05) I' '• 0.740 . ' 
'! I '. 

, Malumfashl. ,.,, I I i 

ON/ha, 
SON/ha' 
100Niha 
150Niha· · 
LSD (0.05) .. 

Gusau · 

0.847 
... 1.577. 

1.880 
2.260' •' 

. . 0.580 

. I 

0 Nitta"· : · : 0.188 : · 
so Nitta : · . '1.728 . · 
tOO Nlha . , 2.394 , · 
150Niha _ ........ ~- _ 2.751. . 
LSD (0.05) 0.60 

Bagauda 
ON/ha' 

i 50 N/ha ~ · ' ; 
tOON/ha · 
150Niha ' · · · ... .: 
LSD (0.05) . I ' ' • 

• ,1, 

Daudawa. 
-ON/ha .,::· .. · -· . I 

SON/ha 
IOON/ha · ' 
t50Niha i···· . 

LSD(0.05) 

' .. .. 

1989 

0.150 
0.160 
0.150 
0.160 

NS 1 • 

0.740 
0.870 
0.930 
0.840 
NS· 

0.36 
0.47. 
0.50 
0.42 
NS 

3.320 
3.440 
'3.680 
3.950 
NS '· 

2.910 
3.130 
3.940. 

. 3.290 
NS 

1990 Mean 

'. ··p 

F 
., F 

F 

. ,, "; ·-

F 
F 
F 

.. F 

F 
F 

,.F 
.F 

0.503 
1.001 
1.344 
1.420 

0.16* 

0.793 
1.223 
1.405 
1.550 
0.18~: . 

0.589 
L099· 
1.447 t 

.1.585_ 
0.18* 

2.071 2.695 
' . '2.201 2.821 . 

2.270 . : 2.975 
. 2.155 ' 3.052 
NS NS 

• .. ·. 
3.607-
3.567 
3.837 
3.954 

:. NS 

3.259 ·.·· 
3.349. 
3.889 
-3.622 
NS · 

* · = · ·: Significant at 5% level of probability · · 
NS · ·· = · :·Not significant· · · ,, · 
F · '= · · •- ' /. Trials failed at all three locations due to drought 

•• I'':, 

, 1, I '. 
'I 

.. I! 

: ' 
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Table 4. Analysis of variance showing mean square values for maize grain yield 
at different sites averaged over 2 years. ' ' . 

Source of 
variation 

df Daudawa Gusau Malumfashi Bagauda Kafinmalyald 

Replication 2 

Year(yr) 

Method(M) I 

Rates (R) 3 

Source (S) 2 

MxR 3 

MxS 2 

RxS 6 

YrxM 

YrxR 3 

YrxS 2 

MxRxS 6 

YrxMxR " 3 

YrxMxS ~ 2 

0.4349 

10.054 

0.1388 

'1.0941* . 
5.6422 

0.4284 

2.6912 

0.8357 

0.0003 
I 

0.4073 

2.9483 

1.8710 

0.4750 

0.1970 

YrxM xS · 

Residual · · 

6 0.7011 

98 0.4105 

0.2048 

75.9217* 

0.0870 

4.3516* 

0.6490 

0.0869 

0.2262 

0.5661 

0.5725 

0.7715 

0.0001 

0.1727 

0.0986 

0.4150 

0.1331 

0.1610 

* Significant at 5% level of probability. 

0.1828 3.390 

27.1250* 44.001* 

0.1831 ' 0.026 

5.195* 
·'· 0.2063 

0.345 

1.869 

0.1476 ') 0.220 

0.1427 0.257 

0.1499 1.910 
. ' 

0.0031 1.166 

2.3410* . 0.427 

0.3924 ' . 0.165 

0.0691 ' 0.518 

0.2920 1.604 

0.4320 2.045 

0.1206 

0.1641 

0.624 

1.001 

(. 

0.0520. 

113.0066* 

0.3546 

'· 

'I 

': 

6.1397*.:.: ., . 
0.2197 

0.0835 ' ' . ' ' ' 

0.0415 

o.2to2·· ' ·, 
0.0812 . 

7.1783* · r , 

0.2830 

0.0254 

0.1051 

0.107~ ·.' \ 
0.1642 .. 

0.0549\ . 

• l,r 1,1, 

At Bagauda, maize responded toN up to 100 kg N/ha while at Daudawa. 150 kg 
N/ha gave the highest yield. The drop in yield above 100 kg N/ha at Bagauda may 
be due to toxicity effect at higher rates of N, especially in the event of limited soil 
moisture. For both locations, the yield differences among treatments were not 
significantly different.· The pooled analysis showed that treatment effect was sif
nificant at Kafin-Maiyaki, Malumfashi and Gusau only (Table 3). At all three 

locations, 150 kg N/ha gave the highest yield, but these were not significantly 
different from yields at 100 kg Nlha. ·The corresponding response ratios were 9.S, 
10.3 and 10.6. The treatment effect at Bagauda and Daudawa were not significant, 
but there' was evidence that the highest yields were attained at 150 kg N/ha at 
Daudawa and.100 kg N/ha at Bagauda. The optimum N rates for these soils seem to 
range from 100-150 kg N/ha. 

Grain yields of maize in response to s~urce and method of application averaged 
over years are shown in Table 5. There was no significant difference among the 
sources at all locations. However, clear evidence existed that CAN was superior at 
Kafin-Maiyaki, Malumfashi, Gusau and Daudawa, followed by Nigerian-made 
granular urea and prilled urea, in that order. At Gusau, prilled urea gave a marginal 
yield increase over CAN and granular urea. Although the effect of method did not 
attain significance at any of the locations, the surface covered method tended to give 
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higher maize yield. Among the first order interactions, source ~ rate, source x 
method and rate x method were significant at only Kafin-Maiyaki,and Gusau. 
While increasing rates of granular urea and prilled urea resulted in increased yields, 
CAN drastically reduced yield at lSO'kfN/hil at both ·locations. Whcm·applied 
covered, granular urea was superior to the other two sources: but the reverse was the 
case when N was applied surface uncovered. The use of CAN followed by granular 
urea gave the highest grain yield at Kafin-Maiyaki. . The situation was 'different at 
Gusau; when applied surface covered, Can produced the best crop, followed by 
prilled urea. Conversely' prllled urea gave the highest yield when applied surface 
uncovered followed by CAN. The N rate and methods were linearly related at 'the 
two locations suggesting that both methods are comparable at all the N rates tested. 
This study has shown that the Nigerian made granulated urea is as effective as any 
N fertilizer for maize grain production. . ... , ·· . 

• ~ • . .. ' . ' ' ' • f l • • :: _.:I I 'I 

Table s. Maize grain yields (t/ha) response to source and method of N application 
at different sites averaged over 2 years. , , , 

Surf~ce revered · I · · : ~ t.l4i H 
I 

Surface un~~ered .' . . . ·. 

LSD(0.05) .. . •' 

~ ' ' . 
lnJtractlon 

1.040' 

NS , 

1.247 
,• l' '. ' 

1.176' 
'.• 

···"L239'~ · :r·2.740···:"'3~5os '-'•:.· 

1:190.'. i2.713 ·: 1:3.446 !.' ' ': 
• '''j•;. 1 1 'f', [ • •'• ,, ;r 1 1 

NSJ: .. , .NSI I ,,, ,NS
1 

r.,t.. ,1NS , . 1 1 •• : 

' •.:. : '· I ~ ! ' ; ':! : \.: .... ,, .. {"I ' ~ 

• • ~ ~ ' • - i ~ I • : l ' ' : ,' .... . I ' : '. • I . '! .. , ·; ,. ~ •r. ' • 

Source x Rate 

Source x Method 

Rate x Method 

• 
• 
• 

Source x Method x ~te, . . , . ~S 

NS 

NS 

NS 

NS 

• ·. 
• 
• 

NS 
'•' 

'I· .N,S 
NS 

NS 

NS ·. I ..J,'"I 
I •''·• 

·r· .. ~s • .. ··!.· .. , 
NS 

r;·Ns·~ ·'·' ; 

. ~s . 
•, ~ #.. I ' I ~ !j 

I ' r, I ' : '. , I ~ :I 0 I 0 I ' o ' £ 1 'J 1 l 

,1 :.,'l ., .. I. I • ' ' I I '' \ : ... ' ; I ... -, '... ) • ~. If: 

NS 
= Significantal 5% level of probability ·' . , 
· = N<?~ significant. ,· '· · · · 

'I I '' ' , ; . r. • ,. '~' • I . ·~' • r:.: ·* 
(,1 • ~, ' I _)! ·'· ,•i''t'.·_, .... 

• I ' 
' ' ' - " 0. I: I- J I 
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Table 6. Maize stover yield (kglha) response to nitrogen rates, source and 
methods at different sites averaged over 2 years. : 

.,. (kg Nllul) · . 
.0 
so ' :. '.,. 
100 . 
150 I 

LSD (0.05) :. 

Sourre 
Granulated urea 
Prllled urea 
CAN 
LSD(0.05) 

Method .. 

Surface covered . 
Surface uncovered 
LSD(O.OS) 

Immzction . 

'I • 

Source x Rate · '. ·: 
Source x Method . : : 
Source x Rate 
Source x Rate x Meth6cJ 

NS: Not significant 

; ' 

Kafin
Malyakl 

1491 
3062 
2993 
3373 
284 

2371 
2519 . 
3300 

NS 

2682. 
2778 

NS 

rNS 
.. ,NS 

NS 
',:NS 

Gusau 

2800 
4615 
5513' 
5917 
502' 

4348 
4662 . 
5169 

NS 

'I'' 

Bagauda 

'' . : 

1938 
3733 
3714 
3658 
474 

3465 
2893' 

•3425 .. 
NS 

. 4975 - . -· -~ .. 3465 - -
4478 3056 

NS NS 

: NS 
. NS 

NS 
NS 

NS 
NS 
NS 
NS 

Daudawa 

4890 
5452 
5145' .: 

" '• 4968 
NS 

, •1, 

5204 
5163 I:,, 

'• ·49741.: 
NS 

5031 
5195 

NS 

Efl'ect or Treatment on Stover Yield. The pooled data for stover yield is shown 
in Table _6 .. The use of N significantly increased maize stover yields at Kafin
Maiyaki, Gusau and Bagauda but not at Daudawa: Increases in the mean stover 
yield of ril.:.treated plots over colnrol were S I, SO and 58% for Knfin-Maiyaki; 40, 49 
and 52% for Gusau; 48, 48 and 47% for Bagauda at 50, tOO and ISO kg N/ha, 
respectively. ·The nitrogen level for maximum stover yield was ISO kg N/ha at , 
Kafin-Maiyaki and Gusau, and SO kg N/ha at Daudawa and Bagauda. However, 
using a mean response function, 100-150 kg N/ha is a more rational rate for the 
production of maize in the study area. 

''· 
Conduslon 

The st~d~ has cd~firmed ~lier findings to the efr~t that N ·is ~ritl~lly low in i 
soiliof tile semi-arid region to -the-extent that rates of between ·t 00-1 SO kg N/ha are 
necessary for optimum maize production. The source of N and method of 
application did not have any drarfflitlt11influence on the:N use effiCiency. The 
suggestion, therefore, is to the effect that the Nigerian--made granular urea is as 
efficient and effective as either calcium ammonium nitrate or imported prilled urea. 
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740,000 km2 of the N1genan savanna. · 
1.-,r:,d;; t.••.:J:·r~···,..-_., ....... 'i'~-~~-. 

Alfisols and inccptisols/Entisols are the dominant soil types which are fonned 
largely on drift materials overlying basement complex. The soils are well-drained 

• • t> <' • i •J ~ '," ~ • t~ I J. • 4 r ltr""_j ' 

and coarse textured. They are mherently low to very low m orgamc matter, CEC, 
I. , clay'., ':YP;ich .Js 1 P,rcd~~in~~!IY. ~ap!i~i_tic and. ,a~~ ~~~~_er~t~,l.r_. ~c~~~.; ,~c.~o~~.ing to 

... Martcns.(l968)and John,(I~72) these cond1t10ns .are.often associated w1th low 
j• leveis' 'or pliu1t nvaila~ie'.'zinc.' . Lombin '(t983freportCd '~~lu~s of 0.69.:4.4 f;illlitkg 
•; •. \ • * • I • i I ' • ' ".' •• ' • J '' •• • • ' • ',I!J "\ II' J ' •• •l' I L , . i I' i , 

. 0 .. 1 N HCI.extractable zinc for some Nigerian savarina ·soils: .. Values. of t:0-9.5 
•l'. •I' 11 ol, ,,' ,_._. ··,~· ,,•.,..L: , •'"~·'''' ''••• ··•~•,'''.•uii•''J,:. 

· mglkg O.JN HCI extractable zme were reported for some soils of tlie dry N1genan 
;,~· ~~ya~na ~a.~ .. _1,990).·> qs'i~a.tri~ ·c~~7_2); .o~i~a~e ~i.-~r:~ (i~.13>_' ~~~ci ,~~~~f~~~)ow 

zmc levels in some smls of the denved N1genan savanna. 1 Zmc.rnay, therefore, be a 
limiting factor to maize production in the savanna in gcncnil,·lespedinity· as tiigh

.. · yielding cultivars arc now commonly used under intensive culture. , . . .. 
I 'I -. ) 1.1.• HI, •, • _.' ·• ' ..... .' •' ' • ' ' ,.. ) .': 1.\\\'\' 4 '·' ! - '.~~·., ' • . . \ 

11
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• 1• Infonnatmn of the response,of crops to zmc m the zone 1s meagre. ·There are, 
, I :..• I , • ', • 1 I • o ~' , 0 • i ol • '• , ' t, • 1 • , , •,' j , '•I'' (' '• ' 1 I , J ~ 1 ;1 •"' .' .' ':' !~ 
, however, reports on the occurrence of zmc deficiency on ma1ze tn rmnfed 
• ' ' ' ,, ' '1, ... 1,, • t' •• I ' ' I • • .. --:: ' ••••• • ) ; ,'1 '•· ,• •• 1'."!1 ,,.,,, ., I ' ;ll • 

agriculture .and on nee and wheat under 1mgated _agnculture m northern N1gena 
· · ~~b,i~·~ X ~89). -~!!l~rhe ~~ ~~: ·j< t9,7~_)/e.P?~p~ · ~ig~~fic~ri~ · ~a!~~f.es~~~ :•?/inc 

m .~~,onJ~e S!J!l.~Y l!lc~pt!~o~~ ~f.t~~ .~es~~~ ~~g~r~a, ~e~~v~d sa~f~~~: , ·• .. ·:-;t. 
!-r·· l::P•: ~·1 ... ::.,.: ... r rli•'J;;t·;i.·:r 11 ' <~·~ .·~.;··u.ir:.- ·. '1 l_,,. .... ; j :_.;;:l~ :_,.II·.J';it·~ 
r· . , This study, therefore, assessed the level of zmc responses of ma1ze m the southern 
. "f'ringe~ofthesemi-arlcl1zone'wh~reimaiz~c~rithiive.'' ·, .. ~ ·._ n .,; : '•:''}'': 
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.,.)·,Materials,andMcthods ·•·1 ,. ,, -; •• ,;. ,. 1 . 1J •1 .·i:·•; ·,·,. ~ ... 1::.,·: .;..; · 
)f.~- ,..,.., •• ~· i- • • •• - , . ~ ' I 1 ~ 1 • l, ~ ' .. , • <-

. .~.; ,.,,.,; ,/' ~I r}·······' ~~.~ .... ,' .... -,(~- ,:~ 
Field experiments were conducted for three'years "at Gusali,' Kafin~Malyald 'and 

Malumfashi and for two years at Bagaud~ and Daudawa (Table 1 ) .. Zinc. a~ th~ rates 
of absolute check (AC) o, 1.0. 2.0 ·ana 3.o' kg

1
Zn/ha; as1 hoc sulpllat'e/Were 

. investigated usif!g rand~mized complete .block design w!t~ .t~rcc replications. Each 
· '· · ploi 'receifcd a basal npp'l icalion' or N~ ·p and K' ·rer~mze'rs'a(th(f r~te~ of'I 2o' kg'N. 26 

kg P and 50 kg K/ha as Urea, single superptiosphatth\n'd li1urhiic 'o'fpotash. 
respectively. All P and K and half of N were surface broadcast at land preparation. 
The remaining Nand all the zinc treatments were given at 4 weeks after planting by 
band application. Three maize seeds (var. TZSR) were planted per hiil at 75 em 

,.;, i.~~~~-~~d. 2~-~~ .. !~tr~:~~V: .sl'~~.ing ~n~. ~h!nned to 9n.~. se.ed.linglhol~ a.~~ ~v~e~~s: after 
·• ·-emergence,1 giVIng tfplant populat1on of 53,300 plantslha. ·weed~ 'were controlled 

f 'b·'/h~'' l":l{, ,·''d• .-..,- ' 1 I '1 ••·•, •I' 1' I • ... -J !''1' 1• • •o•l• 'J) 'j'' ()l f' '-,',·, 4, 1 1 I.'T•"1••t ... y oe wee thg:"' -... · · · .. · ... · ·· · .. ·. · 
r.:':l\ ~ ... ~ j~.'~ ~:•"'tt ... :· :. r; 1) :' • . : j',,;~, 'li· . ') ~ .'! j ..... L·. {. I .-:,r··,.r·~.r··;t: rtr 
·: ,·co'mposit~ ~tirface· sbiPsamprcs· (~1·s·cmj',vere''c6ueCiei:l'from e~ch'site'piior to 
:' •; 'l£'fic:(preparati'Oil. for .. tlie: purpo~e. of tharncterizatiori. ;&tii sal~ptc\vas. air-drled, 
.. sieve·d· io''iia'ss .. ihrough a 2'mm mesh-'rln1d anatysC'cffo}~orgh\1\c 'c·sy: tile w'alktey 

Black method (Allison, 1965); 'exchangeable bas~~- using 'NI140AC' cxtl-action 
method (Chapman, 1965), soil pH in 1:1 soil to water using glass electrode, 
available P by the Bray NO. 1 method. Available Zn was extracted. with O.IN HCI 
solution. Ear leaf samples were digested with HCIO~-H2504-HNO~ acid :mixture 
using Aluminium block digestor (Juo, 1979). Phosphorus was determined ,with a 

,. - t l' •. • ~ l '·'.,, 1 ·' , r: · '_:..: : t · • , . L • ,, • • _ j • ' l • : • , 1 f •. • •• •• '-. - •, ,&~ •1r 1 • • 

spectrophotdmeter; potassmm, calc1um, magnes1um, 1ron and Zane were measured 
-.)'by, ~tomic' ~bs~rption spectfo.scopy .. Total N wad detem1ine'd tiy thi: 'ffi'AcrO-kjCidahl 
: ~ techriiqu¢ as· descrlbea 'by Bicmner ( j 965)~ 'pa'rticte s'iic: anaiysis. ~as ·~·articd out by 
''th1

e· hyd~omc.ter ·~clh<xi ·asJil~scrib~d ·by DayJ 19~5)·.; q,~hi~' ~~U~sir~·w·,dry:w~ucr 
yields were computed at harvest. ' ·· · · 1 

• ' ... "· •• ' 
1 

· • •• • ,. · 
1 1 

L·::: ~ ~~ · .. .n: ~~ _ ·· .'. , ... :~ i·, .. ' ,. ! l;til~·,•, '}';' · ·: ··~. ;J~.:~\rJ~, :L ~·: ,,i ~ '·. · ;.4.,·rtiJ\ • 
f ·r1 1~,J 11• l'' - .. 1· . · 1' •. ,, ·t) •t1 r 1 ... ) • • ·,.l. • '· :, '!'I, ' ( ,1 •.•• ~ 
~·-.~KesUitsandDiscussion ···· :· • .. · '· ''· .... · · .. ··' ... 
J . ..-.I' 'j .'' _.,l'r ~-J. 1 '! · '•, !'·/ ~~ 1 1 ··' ·~ ·, 1,; ~J ~.~···I 1 ' 

1
;,; ,· •.· ··,, ':• '.';1' 

) . :- ~~ir'tiittrie~i srdius~ 'Ii~suiis' or anaiyki's; or the soli ·~~mpte~ 1taken· prior 't61iand 
~ .··~P~im~t~~~·_i?di~~~c 'i~·at 1(hf; ~xp~~(rii_c.nt,at s]tes' w~r~ ~~n~r4!Iy' to\v~',i~ 1f~rt~i~ty'(T~ble 
( .~). 1 Tfus_:~s, .a. comtp~~ ~ea~~~f? o~ maJor uplan~ s?Jis ~!. thc:~ay~n~~~cc~l?g~cal, zone . 

. ·The low avmlable Zn values (0.97-2.20 mglkg) are expected, cons1.denng the sandy 
(1• II '' \ l '• ' 11 1 }'' •I• , 'r ' J ' \ • - •' I- \ ', I f ' • 

· nature and low organic content of the 'soils. It is impcrati ve, therefore,' that judicious 
·' .Use' 'dr hdeqtlate anio'unis ~or' feitilizcr ~is impor'iani for imp1roved a~d 'sustained 
I':: prtlductiVity ohhe stiits: ;• ll .... ' l. :·. . . ' !J" ..... I!'J -· ' . ·· 1 .• ..•. :J'ii.', 
-~tr> .. 1i.t,. ,;;,·:) .·, ' • :·! ;:,1:".' ·. · ·,.:; ·; J •• ·:r;--:-1 ''(' ·;~·: ,·~ ~,::.·~~l ~ .. ,·:11nii 

I I:! • "-,' · • r I ' ' ; 1 • 1 : • ·I • ) • ro: 1 • •• • • ' • 1 ' • 1 1 j! 4 p ~ 

Grai11 a11d Stover Yields: Maize response to zinc fertilizer at the various sltCs for 
. a1l.the yea~s .is ~hown i.t:t Tiible 3. There werc,general_ly graip yield increas.es with 

; '. Liric'rc~ing levels of applied Zn, up 'to 2 kg Zlllha,'ti2yonU' \vhich there·was' no' benefit 
-'· 'thim Zn applic~tion:· Sig~ificant respons'es weh~'obt~ined ontVni Bagauda11and 
j ! 0

': ' ~ I : t : ._ • ' li ' 1 1 
' ' l ' ) • 0

'' ~ • I ..,0 ' ' f f 'l• 1 ' ' , •• • + 1 •, ~ o 1 

Gusau. Wtth the relatively low level of sot I Zn, the' results are nor unexpected. 
- ,:·Acc6rai~·g 'to 'A.gar~ata: 'er at. '(t98o) 'tlie' re~po.nse of' mafic io -zinc·refrtiliier is 

. dependent 'u'pon the native izn''sta't~s:· The. zinc status 'a( Daudawa an'cfG~sau'were 
_below the .critical level at the beginning of the investigation. The lack of significant 

' 0 } 1 ' ' 1 J I I ' { • ! i ' I I' • 0 I ' 1 
• , ) r ( ~ t ~~~ o 1 ' f • 

.. response at Bagauda, Kafin-Maiyaki 'and Malumfashi hmy' suggest thaf O.'lN HCI 
• I • ~}. ' I l ' : • •( •. I ' ' I'. ·..~ . = ' : ! ';!. , .. 
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--Tobie i:· ~'Rair1r31Cj;a;c;rt in;ie-;.i~i ~~-ci ~-~it-c~~;~ifl~ti~~· or·~;·p~rlm~~-t~l-~-!~~-: 
.... \ ! , ~I' .. , ' J l / . _.'' . '.- ' . i 1 ' .. ..::. ., j I " 

.sfte .•. 

Bagauda 

'' 

1•',• 

Daud:1wa 

... 
G~s:iu 

I•,'' 

I ~ ' ' 

'I 

Kafin-Maiyaki 

,! t; 

r' .' 

,, 

". . 

Lntitude 
(•N) • 

12"01'N 

11"31'N 
.·· 

'~ \ 

'•· 

3-ye:~r me:m Soil grouping and 
"" precipit:1tion · · · parent m:tteri:~l 

USDAIFAO soil 
cla.~siliClltion 

, I 

(•!'.m) ___ • .. .. _ . __ _ _ . 

631 

897 

592 

604 

Loess overlying 

undifferentiated 

.ba.~emcnt complex 

rocks 

I.: •' t• f' 

lnceptisol (Udic 
I l' , ;. ' 

Usto chrept Dystric 

cl:~ysol) 

Sh:1llow soils on Alfisol 
4 t o. ,·•}; I/ '• ), t ,)t I 

acid cryst:~llinc (Haplustalfll0:1rnsol) 

· rocks • 4 t. 

... ' ', '··'. 

1 • , • '~ , • _ • ., •• I~ . 
Well dmined lnceptisol (Fiuventie 

• shallow soils 0!' . J -ustochrept/Dystric 

basement complex Gleysol) 
• 

1 rocks :;!': ·~· ' ..... 

Alfisol t 

(H:!plu.~talf/Luvisol) 

1 °1 , ,f:, , .. •' ·: t ·•, 

Loess overlying 

undifferentiated 

b:~:~ement complex 

rock 

Malumfashi 

.
('.I' 

. I 

.. 'J, 

I' /·' 

11"47'N 715 
I ,,, 

f' ' '. 

I ! ' J; ~' • '. ' "'~ 

''' ·'' ... 

. -·-- -~-- ---· 
Alfisol (Haplus-

Less le:1ched Luvisol) 

rniltureshnllow·· ··: ', · '· 1' i "' ::: 

· Gfllsoi'ls overiying. · .. 
' • j " ', 'l \ ) . ,:. •, ! il'! . .-~' ' ~ 

I b:lSCnlCnt COmpleX'··' 

rocks 

- ' ~ ' , ·' •• . ' t•,t ••• • ,, ()' ', \ ' ,', 'I .. 

l! ' 1 1 1. : , l t , ,. I"", '"j ~~: , t - : r (, I ' :, , • , l • ~ I I • 1 ' , • • • ' j 't; -~ '..) :l ~ 

extractable Zn greater, than 1.0 mglkg was sufficient to meet lhe zinc needs ·of the 
;·maize crop .at :these locations: The relatively low' yields' obtained at·some~·of'the 
: locations.and·the total crop failure at three of the five' sites in· 1990'were'(Hic to 
• severe moisture stress durihg.the grain filling stage (Table 3). · ~ ·: ·' ·, · .. : ,:._,i '· - · 
1-:.\1(.,~.·, .. •:: -~n ... :_ . .~ .: r:-.. ~· 1. ·.1 ·.- -~ !-· d-~·,·_; '! ,:....;! ·;·;' 

,, .. ; ,.,.: '" 
• ' ~ • ' ~ l I 

I } ) • '} ~ 1/ • l o ' 

''. •t -,.j 

••• • ! t. 

··.:. 1 

'. t ,· J''.'.'. ' . . . ' ~ 
• L. J. • • 
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' J•J f,r l _, 
4 

.' , .. 
0 
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Table 2. Soil characteristics of experimental sites. 
-----·-

,,•_ 

•" I I 

Organic~C (glkg) __ .. ----

Soil pH (H20) ;· ·- ' ; _.•J. 

Total N (g/kg·l) ' 

Bagauda 

3.8 
•J 

, 1, 5,8 

. ' 
0.32 
.. , 

Bray P- I (mglkg) 4_'1 I 

' -~,, r I ,I 

Exch:mgeable ea. (cmol/kg) 1.29 
1'l '.&!'\.. \1 ,1 1!,.•' I, • 4 

Exclw.ngeable Mg (cmol/kg) , 0.52 

Exch:mgeable K (cmol/kg) 
• • ; 1' .. ' l ~ I ' . - . ,.. i ' ~ I ' . I 

O.t3 

O.lN Eittroctnble Zn (mglkg) :' ·1.93 
r l. , ~~I 

Sand (glkg) 860 
'• 

Silt (glkg) ' '" · 60 

-~ ~ -- ·-- - - -·. ---· -- -----·- ... 

, r 

Daudawa 
•'' 

t"!' ,'t 

.,. ' . 
oiis:i~. · Knfin· 

Maiyakl 
Malumfashi 

-· --· 8.9 -. -·--3.6. --··--4.0 - - _.. ·~3.'2-

5.1 

0.51 

8.32 

0.94 

0.3t 

0.18 

1.04 

750 

120 
·4·, 

. 5.2 5.9 

0.33 0.36 

3.8 2.05 

0.44 0.56 

~.JL;' 

0.97 

900 

60 

0.11 

2.20 

860 

so 

f.l .c. ;tl 

6.1 

0.40 

5.20 

1.22 

0.32 

1.60 

810 

100 
.1·,,.' 

Clay (g/kg) : ·,, ! .... 100 130 40 90 100 

Textural class 
''i') .• , ·-· < 

Loamy snnd Sandy lonm Snnd Loamy ~d Snndy loam 

'• •'l' ,o I 

,:1 ;,_.I I.,· , 1 ' ' ,. . ;.i ,I I··.: . .- i 

Straw (stover) yield followed a similar trend as grain yield (Table 4). In general, I 
Zn application significantly increased stmw yield up to 1-2 kg Znlha. Osiname' 
(1973) and Ritchey (1986) reported critical values of soil Zn at between 1.0-1.4 mg 
Znlha. . · · · · · · · · 

' ,~ 

_ll{rttljell(Concentration in Ear Leaf. .The.concentration.of.nutrient.elements in 
the ear leaf sampled at 50% silk stage is shown in Table 5. Zinc concentration 

:::i~c~e~sC?d 1with increasing addition. of. zinc fertilizer .. Significant :increases1wcre . 
•.. observed nt:all.locations· with the use _of2 and 3,kg. Zn/ha, · ,The.effect ·of·zinc 
r, fertilizer. on 1ear-Jeaf. contents of, P. and Fe were not consistent, but at :most ·of. the 

iocations. ear leaf P was lower at higher rates of applied zinc.•- At1Daudawa and: 
Gusau, P concentration was significantly reduced at high levels of Zn fertilizer.' 
This inverse relationship, which has been widely reported (Rudgers, eta/., 1970;i 
Farah and Soliman, 1986) may be due to P-Zn interaction in the soil which makes 
the P Jess available. It could also be due to a metabolic disorder within the maize· 
plant due to imbalance between the two nutrient elements. 
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-Tobie 3~ .. -Miifze groin yield resp;~se tO" ~inc r~rtiii~llo~ at diff~;ent -l~c~ti~~s-.-
' !). •' ',~I''.: t, ;, ','l:,l•of _;t,;'~ 1 1 'J• I !j·,; t, )

0

o 
1
."'1 •~ ,'t 

0
' 

1 0 ~·~-~~ 

Treatments 1988 1989 1990 Mean 
...... ---- - ---- .. ._.- -- . ~-- --- .... -- - -·------ ·- . -

:Bagaitda· : .. I~ ' ( ~ 'I • ' ; '•!'', . ' . ( 
.. .. · .. , .. 

Absolute check (A C): 3.28 1.56 2:42 
. --- ... Okg Zn/ha. -, ··-- .. --3.64 .... - - 1.63 ----- ---·· 2.63 

·· .. -:I kg Znlha 3.88 . 1.51 2.70 ' . 
2 kg Znlha 3.76 2.22 2.99 
3 kgZnlha 3.91 1.65 2.78 

LSD (0.05) NS, NS NS ,, 
\ i .. ., 

Daudawa 1.74 1.48 1.61 
AC 1.74 1.48 1.61 

' ; OkgZnlha ,, -· 2:62· 
.. - ' 

•' ·2.95 2.78 
I kgZnlha 3.04 3.00 3.02 
2 kgZnlha 3.22 3.18 3.20 

· 3 kgZnlha ' 2.90' l2.45 2.68 
LSD(0.05) 0.61 0.60 0.47 

Gus au. ~ - .. ···- £ . . ~ - . . ... -
AC 2.89 0.16 +F 1.57 
OkgZnlha 3.19 0.72 F 1.95 

.•... 1 kgZnlha ,·, 3.17 ( 0.85 
' ' F ,1.97 , t 

'2kgZnlha 2.39 0.63 
.. 

F 1.51 
3 kgZnlha 1.54 1.47 .. ___ J: .. 1.38 --o.c,{- .. ----· - 0.51 . - ·" . LSD-(0.05)- -·- . --- F 4.5 

Kaji11-Malyaki 
AC 2.04 0.11 F 0.45 
OkgZnlha 2.74 0.34 F 1.07 
I kg Znlha 2.60 0.53 F 1.54 
2kgZn/ha 2.74 0.59 F 1.56 
3 kgZnlha 1.69 0.32 F 1.00 

LSD (0.05) NS NS NS 

Malumfaslzi 
AC 1.33 0.77 F 1.02 
OkgZnlha 1.63 1.07 F 1.35 
I kgZnlha 1.99 0.86 F 1.42 

2 kgZnlha 2.06 0.95 F 1.51 

3 kgZnlha 1.82 1.06 F 1.44 

LSD (0.05) NS NS F NS 

+F.= Trials failed in 1990 due to drought. 
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Table 4. Maize straw yield response to zinc fertilizer at different locations 
avcrngcd oyer 2 years._-· .. ··-. - ------

Znratc 
(kg Znlha) 

~ j.. -

AC ,.,- r-'. -· 
<'· 
~~ \ 

0 
~)v: 

.I 

tr:·.J .. 
~ 

' ,... i' _,, 

2 ' \ 
.. (~ 

3 
: ' I ,,l 

LSD (<1:05) 
'.I 

., . 
~ '· 

:l .. ll 
r:;; 

., . 
' ... ·. 

~· -' .. ~ 

·' ,, 

Bagauda 

:_ \~ ' 

{i4.15 

., ! 

'4.91 

• l 

::•:6:25 
f..•.t 

'J ! ~ 

:6.44 

6.55 

I 

1.12 
' 

., 

. , 

'.! 

Daudawa 

5.85 

' 
6.71' 

7.11 

7.14 
', (1 

4.58 
, I i; 

( ~ I' . ' 
; .. (, 

1.35 

·,! r 

I i: 
. i •,\ 

• l• 

. · ',! 

Gusau 

3.42 

3.67 

3.82 

4.81 

.··! 

Kafin- Malumfashi ... "• .. 
Maiyak~.;· > l,·:;,··, .. ;.-

3.95 

4.34 

T '·~·,···,t.J 

·'·. 
5.57 ; '• :, ~ 1)4.55 

5.73 

- ( ·_\.:..! 

r :1'J .. : .'· '• 
j'':•,. :. ~-· i.4.55 

{~_r)d'J·,~f 

2.49 5.54 
t ..._ -
IP I ' . 
",'1 i 

1.09 

;.r .. J 

I, t) ~J 

·, IJ ~ 
, . 
t I.' 

U.l 
tit. I 

.1.21 

':\1'~: ~! {l 

r;·~"·:1'1'. ,_:: 

; 1·!:' ;,! ::7.58 
r:~· 1.\ ~~, · 

I, ~ ,... '.' I ! 

~,, ·., .~, ; ' 
I r .' :: l <Jt.!.l 

i i·,. l· • 'l I 

') '. 

.. 
'' 
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Table 5. Effect of zinc fertilize on the concentration of P, Zn and Fe' in maize 
ear leaf. 1989. . . .. ' .. ~ ' • '\ : t ~; 'w I' , •'' • ~ •' 'I I j. (• • ~ ' o ' ' ' ~ ~ 1 • " I ,...f ' I ' ' ,• •' 

, Treatment·. . . 

Dagauda 

Absolute check (AC) 

OkgZn/ha 

. I kgZnlha 

'I '' ;,. 

0.11 

0.16 

0.16 . ·•.:" , .. , ).'), l'. "I. ' 0.16:'" 

. ·l·- ·.,{ • 

2 kg Zn!hil . 
· 3 kg'z.vh~ • • 

j • ,. ' i ' • I ' ~ I 
.. 0.13 . ' 

um(0.05) 

Daudawa 

_AC .: ·;:! ,, ., 

1 0kg~~. 
I kgZnlha 

2kgZnlha 

0.06 

'•' ·; ,. :0}3 
. I : .,, !!'.~.59 ,; ; 

0.43 

0.45 

; ~ -. ~ . . . / ' . ~ 
I .. I':, 1 ~ t I 

,Zn ' • : • :·' ,. ' ,Fe .... ---·-m&lJcg ·- . , ·:. 
• • J ' '... • ! - .• -

24.43 

26.10 

31.63 

19.25 
22.38' 

28.60 

: !•"' 

295 
·iss 11:: ·· ·1 ._ 

308 

' .. 3kg Znlha . , , I 1·0~9 

.' ,, -~--0.08 
•' ". '' " 31.23 -'' - ' ~ 301 . i . • ,• 'I~ .I' I: } .·,..! , •~•P·~ 0 1 ~-1' .. r 

-t·.: LSD (0.05) .... I' 

Gusau 
-~~ AC ·:·: !· ·,. 
: ·:.o kg Zrilha 

I kgZnlha 

2 kgZn/ha 

'3 kgzniha 

LSD(0:05) 

Knfin-Maiyakl 
.>'Ac·:-:~ •• >.-

.. 
0.36 ,, 

'• ::·!:.0.48: ! 

0.44 
0.48 

! • , 1 •: • : I 8.62 .:.,, , ,. l,. • 18,34 , . 
ol' , , a ~I l j ./ , o 't • , .,; \, < 1 

: l .:. ·:.' .;·,..1~·~.7.' 
(, .: ), .;·. ,24.10 :•·· l 

30.48 

35.68 . 

: ... ,._. 'I' 

,',\.•' .. 
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.1~9:! -~' ! 
168 

·.~ 0.38i~ .n ,·' 'J' ,, ;,·.37.25 ::185 (' ;-·1' • 

·. 0.35' ·, '' . ' 'j. 

I[" •:··· · '<r31.34_;. :.' 

., r • • :!i .I.">-.;;'_:;:·: 

,,. ~ .. ,• 195' '~: ;, 
. · 'o' kg bib~ · .-J . 

.. . 
cr' 0.43 c:•' ' :; '~-· .... ; ' 

'·29.90' I . 

.. 29.90 

31.78 . 

35.15 

• ·' ·, ·' • L .. ; 19.5' :.• ·' 

(, 

I kgZn/ha 0.40 

0.42 

.• ·: . I ·: ' 21S .'.' ·,, ! 

200 2kgZn/ha . 
: • J., , ~' I • } f" I 

3 kgZnlha 
~ ~;.·i v~ ·o:4~0. :.-!j~·. '·U.! 34:23"·',.:: 

.!:: ·7.3s :·; · .. · 

.', : J45 ~ !' ~ 

LSD (0.05) 

--: ' ) :-. ;..,[,t4 ;·. 
Malumfaslli 

AC 

Okg Zn/h:i ; ,, .. 
i 

I kgZnlhn 
~kgZnlha !.-'': j,_, 

3 kgZnlha 

LSD(0.05) . , ~ '; . , .. ... 
' 

0.12 

, • '• 1. ··- ~·. ! ; : . ·. ·. : : ', :; .· · .. ~. 1 _ •. !-! • ~: r 

·.:·,· 

\ •• ~ 1 t 

0.30 -18.30 

'0.37. 

2.45 
. • '0.49 I 

0.62 

0.05 

:. ~i. ,· 

j: .. · 1.• •. _, ' 

29.22 

; 31.50' 

'.31.90 

8.72 
. , .. '' . ' ' , ..• i -, . 1 _.... . j ,~I 

~ ! ' '. 
. ' , ~ : .. ,. ~ \ . 

250 '·. " 

'; j'30~ 

275 

.... .. ' 

.: '240 '::.·.: 

380 .•. 

61.53 
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. ; ,Conclusion , · r ... - r• 
' . _;• I ~ I I.! 

The results of the study indicate that Zn deficiency is already incipient at Daudawa 
and-Gusau.--It-has also-been shown-that responses to zinc-in-these-soils-would-be 
expected when the O.JN HCI ~xtractable zinc falls below 1.0 mglkg. Based· on the 
overali results; .bet~een~Lio 2 kg Znlba is suggested to meet the.zinc needs of good 
maize crop in the study areas. . . , , '· 
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Determination of Optimum Harvesting Date for.. Seed Maize Using 
Some Seed Characteristics. 

ERNESTA; ASEIDU.~ .. , .. ·: ·? ·, '-···· • .... ; :; 
: N .·: ,, 7. '; J 1,:•\' .',,! 

Ghana Grains Developmefll Project, Crops Research lllStitute: Ktimasi, Ghaira. : • 'i · 

: '' • I~ I : I I ~, :-I : l , I , j : 1 
) I 

Abstract ~:''; ' • I ! l . . I~ 

: , ~ j ' '! : ~ 'j • 
1 

' 1 1 I 
1
• ~ ~~ f ,1'',;1 1 ,'.; I J• ~: t, ·)~'1 ~j lof 

Optimum harvesting date is required for the production of good quality seed. It is 
generally. accepted that seed harvested carJier or later than' ojHitriU'm rdate 'are 
invariably of·poor: quality. An experiment was conducted in the major•season· Of 
1989 nt1 Fumesua (Forest zone), ·Ejum (Transitional· zone) ·and Nyankpala' (Guinea 
savannah zbne)·to determine optimum harvesting dates for seed maize.·· Seeds'of•an 
early-maturing variety (Safita-2) were harve.Sted at 80, 90, 100 arii!HO'dayslafter 
planting. Also, seeds of medium-maturing variety I\Aburotia"· were harvesied at 90; 
100 110 and 120 days after planting while those of late-maturing "Dobidi" were 
harvested at 100, IJO,' 120 and-130 days after planting. ·• ·., , .. ·. 1' · .. ·• ~: • · :: ·• ~, 
.. :~~~ ~"_,!;~_, _ _.;,~.-; :.:.· ·;,., rll·~ ·_.,·f: ;-~ .. ·· ·.·., ·c:.r ··: ···:• ;•~ .· L.~···. 

Optimum' seed germination· occurred after maximunl'-sccd ory weight had·beeit · 
·attained. 1· Maxim tim seed germination were observed· between' 80-100 dhy.s' for 
Safita-2,·.100 days- for .Aburotia and ·100-110 days for· Dobidi)'::Germinabllit.f Of 
seeds harvested at Nyankpnla :was low as a' result of·excessive ·nood th'at 'caused higli 
humidity in the area. Seeds harvested earlier than these days were generally lower 
in weight and percentage germination. Undue delay in harvesting significantly led 
to the reduction of seed moisture and yield. The transitional zone was more 
productiv~ In tcrrits ·of seed yield ·than the Forest nfid Guinea savanna zones.' '·' · .. · ' 
.,;·1: If ·~1' .. I .,,•· f.,.::, •,'J,__ I ~:,:. ·' I . : .... ~ l'l j ;'l''.'J ,• t' .... 

' ! • t' •' .. 0 I ~ ' 

Introduction.:: · ·: .· '. · · .··< · ; -' : ·._:, j 1 
1

0 \: ·~' I "', ,1 [ 0 I,- I i ' 1 I I ;1! ~.' • ~ f 
;, ·'. 14;•' '! ," •,I '. ..::J >I l •; ',,•:'••r :•J ',; :_ ~ 1'1, ~•: i l • .'l;·~JJ f: "'· :~';: •:• 

Crop harvesting is perhaps· the most :critical step in ·the overall seed •production' 
proCess .. :The timirig' of harvest is important' because any delay nfter the seeds have 
attained :physiological maturity increases' 1he'possibility of their deterioration 'as' ii 
result of adverse climatic conditions (Cadwell,· 1972; Anderson and Dal<er, '1983).' 
Seeds attain physiological maturity at moisture contents ranging from 32:.35% for 
cereals and 50-55% for leguminous crops and cotton. Following physiological 
matuhition• :seeds ·continue ·to dry. down until,"they ·reach harvest:maturity..! the 
moisture 'con'tent at· which'they can be cffectively'threshed with' mechanical 
harvesters: ·This infers lthaf:frequent rainfall, combined with high tempeiatures',• 
result in.rapid 16ssenif viability and vigor of seed in sta'nding"crops'(Delouche~ 
1972) . .. .: .:j-1 • .t~', 1 ' r~ :: -I .. •ti! J. :~ ;:•.' ;~ 1 ',: ; ·" '"1 ., , 

The objectives of the study was, therefore; experiment were 'to' determine· the' 
effects of harvesting period on seed quality, yield and other characteristics in 
various agro-ecological zones of Ghana. 
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246 D~ttrmination of Optimum Harvt.rtin~: Date for Seed Maize UsinK Somt Sud Characteristics. 

J .M· 't~-"f ... i''(d.Mt·h·:.:~~··tr·:•~r·t." .,,.t· ., ,.;., .. ;.·;.,, ••.. ,; • ·.,;·,<,\:;1; :... a e,·,ws·an e uu:~ • · ·. • . ·, ' ' · • · · · · · • '- • • · · · · 

11 '\, ~ J~•'._tj) i! .• ,.,: _; ~I'· l~~ -:{f&{_:~~ 

The experiment was conducted at three locations in Ghana in 1989 to evaluate seed 
performance of three varieties of maize, namely Safita-2'(90-day whitdfetit), 
Aburotia (105-day, white dent) and Dobidi (120-day, white dent) harvested at four 
differen~.dates.as follows: .1 •\ , .··' · • •. · •. ··~·'\.! 1' ·~ .• ••• .• :, ~ ··\·) • .• 

Safita-2 harvested 80, 90, I 00 and 110 days after planting; 
Aburotia harvested 80, 100, I I 0 and 120 days after planting, 
and Dobidi harvested I 00, II 0, 120 and 130 days after planting 

_fjr .~)'''r~•._J;{:.~•;.:L~,' 1 _-r· ·' .. 1'!; 1 .-~'""a':. 1 1J) •:·~·,>•r, ;J"~~dr'••''I.<Hf'h I'·.'~J 

." The:~~perimenta1,design .used was a split-plot, .with:four :replications .. 1 Variety 
constituted the m·ain plots and harvesti.ng dates constituted tlie sub-plots.• A' sub-plot 
consist~d.of;4:rows of·S,m length and 80 em between rows.,:One·maize plant was 
maintained: per hill spaced '40 em apart., The. trials were·sown in •the;4th ·week ·of 
April, .,t 989 !in Fumesua :(Forest. zone) and: Ejurn (transition .. zone) and :in the 2nd 
weekofJune.inNyankpala(Guineasavannazone) .. l:',; · .. ;. ·1:. I:;: I .'I':/· .,,;.,! r• 

li .. I ;1 •. I !(1 11
; ''~!rJJ!.!d 4]_..• ., '_"<~',, ~ f i:l·l i~., ·::.\i;L. ,' !,!• ·~-.~ L···· ~~: i ,_:""~. 

Seed characteristics observed at ~r. soon after, harveSt included germination count 
based on 50 seeds per plot and in a·ccordance with the seed testing rules of the 
Associa~ioP.. of Official Seed Analysts .0981);. 1000-seed ·weigh! at 15% mois~ure 
content;, see~ mois!ure; content at harvest using ,a moisture tester,: and. total grain 
yield ,at J 15~. moisture content and 80% shelling .percentage ... : TI1e ·seed yield was 
then computed, .after discarding grains that did not meet seed standards. ' .. · ;. .... ·,; 
, ...... ;·o: ·:'•·1'lf;'•r' ',"· . '·•!:!J <~ tr ,•, : ;I ; ,-_ . .., .-~ .t··~' .L• t. ' ! ! ·,:. :,f{fJ:J! 

~Resqlts.andDi~!=llssion·l .. , ·,~.'· ~'. :' :·:.r .n1,:· .. ·J:·_"l •. · ;.,lji'J' :· :< .. i:•t< ,,; 
__.•· .... 1r ?:~· 1 ."-n' f!' t.;d; ':···l~ 'J" :· l1 1 .1i ~· !l.:! · ,·1: ., ,;•J ; .... ·.·~· • j•, q·,•·_;r;n.d ::..1!J f;l 

a) Seed Moisture. Content~;_, The effect of; variety and harvesting· date ·on seed 
moisture content is presented in Table 1. Percent seed moisture content was 
observed to drop progressively from the initial harvesting dates at all three locations. 
The initial moisture content at Nyankpala was observed to be exceptionally.high, 
probably as a result of prolonged growth period due to excessive floods experienced 
that y~ar, i,n .. t~e Guinea .savann.a. During .the. process ,of seed d_evelopment,• the 
moisture COf!tent is known to.increase after fe~ilization to a high level and therenfter1 

declines as .dry matter acumulates into the·seed., After the.accumulation of dry 
matter,. seed 1moisturc content. begins .to d~cline until it equiiibrates .with' the 
environmentalrelatJvehumidity.:.,.· ·:~ :. : ,, '.1:,·· ,,; ':·;>!'''';. ,,;1, ::'!,: ~:.:.,;; 
!!·~j;·c~: : !,·.:r1 • r:r: ,.:J; .• ,~·t, ·~ 'r. , 

1 
_.> t1 •_•f·:.r,i1L''!·d :o·l _., ... r .. r~': !. 1'• • .: 1' ....... - ··1 

: b)Seed, Germination. ,Germ~nation percentages.observed at Fumesua and Ejura 
were satisfactorily high (Table 2); •.However,.gerrnination.count at Nyankpala was 
unusu;tlly.Jow,·probably as a result of. the excessive, flood ,that I occurred ·that year: 
during plant.gTQwt~ and.seed development. At Fumesua, lhe highest germination. 
score of 92% in respect of Safita-2 was observed when the maize crop .was 
harvested 100 days aftl!r planting. Thereafter, gennination declined to only 61% at 
the.finalh1lf"eSt,llO.daysafterplanling. "•!• ·::, :·: ·. ,c . ·•: ,·;: • .r•:.., t 

i 1 r , '•'; 1 o •' ' i 1 , :, , :, 'i •, I_..;' 1 
1 ' t 11. ~ : i 1 I t' i r t 1 ~I:) ~ _ 
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Tabl~ 1 ••.... M~~~-e~fect_.of·variety·an,d:harvesting,date on maize seed moisture-l 
co~te':lt(%),,198~." ,.,_., ,;-..: .·: ;, l:i · ·:· !.:· ~~ ~:·:·, :;·:: :"''~ 1:; ·. · · · ·;· 

--~-----"--~.;....~·.:..' ...;·;.;· '...;.·...:;'";.:.· .....;_...;.....:..;. __ :..;· ·:..':.:.:·•1~·'...:.·.:...· .::.~.:.:.·:.;..::•...::,::..::;;,....;_'- \:! ;, 

Maize variety Harvesting 
(DAP)* Fumesua Ejum 

..... ·.~l:fl ::· l:._.i;., .~1, 
Nyankpala 

---:,"":', ,"":'"--:':'"~' .~."":'_.--:---~-:----.. ~. -~. ------....:~---...:...!.-___:.~ .l ,'I 

Safita-2 80 
90 

-----100 
110 

'•' '1 

Aburotia . - ··---7"90--
100 

,,~ 110 
120 

Dobidi 10 

'· 110 
120 

: 

27.4 
27.5 

----··20.4 __ ,' 

18.9 
{~ 

23.3. _,-
1:1 22.4 

I 
\· 21.2 

. , 18.5 
. r 
~. ' 

23.1 
20.8 

I•' 21.4 

30.7 41.2~ .. :\ ' J .:-j j 
20.2 28.5 
23.8---·- .. '-·--------25:5 ---.: --· 

23.6 
I • • ' ,"·~ l 

• !'J(Jo • 'J''; ... ! l, 

'·-·33.8·-- ------· ··- -· 46.7 .. -- ~ -· 

32.1 .. -•.!·::;.' 

26.1 
23.3 I' 

25.4 '') 

23.2 ',. 
I ·~, .. 25.8 

; ,) 'J,! 

30.2 48.8 

27.2 I··' 30.5 :•. I ·.~/ 

24.0 '\.J! 25.4 
. ~ 130 18.4 24.7 !1 22.0 

' 
._ ~ ': 

' 
L• 

CV(%) 7.3 3.9 6.1 

LSD (0.05) r-

-·' 2.2 1.5 

... ., . 
DAP* = Days after planting. J ;:- ~ 

~. . i. -

At Ejura,_,se~ds of Safita-2 harvested early at.SO or 90 days after plantin'g1Were:.i 
high at90 and 81 %,Iespectively .. Delaying the. harvest until .100 and I JO days after· ... 

: planting resulted in reduced germination to a level significantly lower than when 
seeds were harvested 80 days after planting (Table 2). A similar observation Was :.1 
made by Simpson and Stone (1935). · 

Seed harvested .at 80 and 90.days at Nyankpala were lowin~gcrmination as a result ' 
of delayed. development.due. to :flood ,stress .. Delouche (1980) observed that seed • .' 
germin~blllty i~creases pro'gressi vcly until phys.iological maturity .is attained. · .. , : r · ,. ... 

'f • I 
r j : i- ( } ;' 

The;variety Aburotia did not show.-any significant decline· in germination in any of f f. 

the locations, pro_bably as a I:Csult .of its improved hus~ cover, r:: ": J :;:r:·. · : .. ~:·t:~··_.: .: : · 
.,• ·~ ',., ~· ~ i 1 ,_.~ •f ~ 1 t ,(; f,j_r:-tl, .. • ·, ,-'':•,·~·.,...· ;. ,• !1~: l,r, :r,',';"! • \ I,'' 1 I '' .'~:· f 

At H,tmesua,· the germination percentage of. the variety Dobidi ·was· significantly · .. · ·1 

high at,tii,e .first :harvest but declined ,.subsequently I :probably ,as a :result,oL · ,; 
unfavourable weather such as higb_temperature.and high relative humidity~:.:~· .. ~ ; ''l : 

. _ ~·.< • ·~: ·· 11 • ::, .!-J•j:·J~/ ~·ffl ~~/~ ,'(t;. r• .i ,f• 1; ,,; ~· '!) !~. ;·; 1 ~ i.:.··-·)~·) 
c) IOOO~Seed Weight • . Generally, values:of 1000-seed weight·.were relatively loW"·~··: 

for the cd'rly harvest and increased in later harvests for virutally all.the. varieties and· .r 1 · 

locations (Table 3). 



248 'Determination o/Oplimum Harvesting Dattfor Sud Maiz't Using So':n~ Sted ¢.11~rac/~rl~i~~-. ~- ' __ 

For example; 1000-seed weight of Saflta-2 harvested BO'of9o:days1after plantifit.T 
at Fumesua and Ejura were significantly lower than when harvested 'ai· 100 'or! 110''· ' 
days .. ..A.similar_trend was observed at-Nyankpala,-but-the differences were-not-· 
statistical signifi~ant. ~: : ' . , , , 1 : 

( ... ''r.tf'·~~, \, !!~ :r 'T•l • ,.,if I :1; 

Table 2. --Mean effect of-variety· and harvesting date on maize seed germination-· 
(%},1989. (j. I :• ;_~,- '•:· ~ ,,·~,:r, 

~· ; 
Maize varietY Harvesting 

(DAP)* 

,\\. 

Fumesua 

,. 

Ejura Nyankpala 

----:---------:-----~-----_;:..:-:------·1/ 
Safita-2 : : '· 80 - .. 80 90 (: l I 29 

90 4, < ~ 70 J-
• 81 orr 49 _,j •• 

100 
., 92 - . ' r 78 0':! 58 

110 61 73 54 
r ' ' ,, ..... 

'' ! :..!. ,. '_,; t·~~ , .. 
90 ... 86 Aburotia, r::_ ., ,,· . 86 u!. 55 

100 'J,!..~ 90 ·~. 1 ~. 88 ! ~: 50 
110 -. •r 75 \,·.!., t.;,f 85 ; :f. ~ 49 
120 75 87 54 

• J 
- ( ~· ) \ :J \ 

Dabidi 10 ,- 1 87 72 38 ' · l! 1 ' P J 
- ---- -· .......... 110 -·--- .. - ··12 --· -· --- -68--.. - -,---- ·- 43 ·- -·-- -· 

120 62 64 36 
130 62 68 "f'il-;-[rl•~;•;·,32fl~- 'j,'"-(.; 

CV(%) 
LSD (0.05)i'"' q •·,1·i: 

......... ,l t l ! • ' 

15.9 
•· ... :_. T · l '17.0 
, '··-··. , ... r 

12.4 36.0 

_, t ' ". '"h' 
.. '23.0 J. ,)) ~~~ I/ 
' \. : I" ' 11 t'' ~ ,. i~J.: j l t 

, I t ' • -. r-_1. ' ·.',I • ' '· \. • ' .• ' • ,'!I ! f-~ ' -. , •• •') •• ~ ' ..... _ .' 'I', .1.. 'If IJ -' '· •.• ' .•·' ,' ! ; '.· ~;·J! v: (l;, ',,,, ,,, " .. '. '. ·.: ... - . 

DAP.'!' Days after planting. : 

Seed ·and Grain' •Yield. In: generali' yields declined -with 'detay in :'harvesting.'.: For '· 
instance, when harvesting'of Safita-2· was delayed from ·go to 110 'days;:-seed yield' . 
declined by ·.SO% ·at Fumesua, 11'5% _at' Ejura and '46%-·at:Nyankpala. ''Also &laY·iri I·:' . 

harvesting of Aburotia variety from 90 to 120 days led to decline in seed yield by 
31% at rFumestia;· 12% at iEjura and :t8% ·at Nyankpala;. In addition, delay fin L 
harvesting ofDobidi from 100 days to 130days led to i:lecline in seed yield by:33% · ·. '· i 
at Fumesua, 14% at Ejura and 31% at Nyankpala. Mean percent seed loss across : 
locations·was:37% for Safita-2, 20% for· Aburotia and 21 %'for Dobidi; ·The greater 1. I, 

loss suffered·by a result ofSafita:.2:was·a·early·mnrurity when it suffered damage by·':··' ; 
birds. In addition.- because the variety matured 'ar:the·time· the rains had not' ceased~' I. : . 

it suffered ear losses due to high humidity. Among locations, the greatest seed loss · 
was at Fuinesua (33% due to its:warm and humid weatlier);Nyankpata~31%; due to I·. 

flood)andEjura(14%).~;:_.::;:.,-:: .·•·. ·•i ·:·· r:·_;•:~ ·.·l· -1· ··:.• ·.:'1:.'' 

(_ -~. . . ; ' ' } ... '~: . ~ .. (,. 
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Table 3. Mean effect of maize variety and harvesting date on IOOO-seed·Weight 1 ·:-· 

(g), 1989. 
,.,, •• l · r, , '~'' , 11. I, 1.. ~ '. , · 1 J ,,~ II 

I '· :.· .,;.\··· Harvesting:·,:,:·~. ··- · · ··.<~ 

I 
Mnize.vnric:ty_ 1 . ·: (DAP)• .,., , Fumesva. •. · 

• ·: I f", • ' ) .; '•. ' - ; , '1' ! .. f 

,,,.•Ejum ': .. · :·· Nyankpala:"·:,::Y•. 
I , l•o oo' ., '. ' ' '-~~·~·i-~··· i:-r~_. __ .. ,.. .... ) 

/ Snfitn-~; •; li -~ .·,il:~' _
9
80
0 

-~·-: ,-,: ··229 . ''\l: ·· .. 200"' · · !.i : •_,\ , 288~ ·;q· · ,:; '. 

I 229 ' I 'I' •l 246 ' :, ili: l '.: •. ::278 L'-. •!_;- ".': i· 
' 100 264 ._, Jl5 32.S . 
1 110 280 313 303 

Aburotin 

. '' 
• I 

I Dobidi 

'. ~ .... ".. 

90 
100 
110 

11 ': 120 ,, 

100 

l ... II~,. 
. - 120' 

130 

230 
258 
268 

1 r,:'i '274 

278 
_324' 
311 
308 

CV(%), ,., ,; ,_ 1_ .·: •: .~-:,. ··.·.: .. 9.6 

LSD(0.05)_ "'" .. ,I·.<.;:-:.···.·,:- ~6-~ 

·, DAP~" =Days :after planting 

'i. 

236 250 . .. . ~ 

308 278 

"!•1313 .'1-'. 1.' ht~ t-,290. ~-. ·,.,: 
•• " -3 I 2 ~ :' 303 : . ' ' ' - I . 

,, 'I 

... , / ~ ! ' ' \ I ' , '- : ... , _ ~·' • f •.1 ' 

312 308 
.·355 'J····· i .•.. 1 ,31:;, .,.·,,, .. _.: 
'.· 323 -~·· .. ,:· ·:,· •::.' ~)j ,·,.I 1 ~; ~; ,-_.1 
' ' 33 11 : I - • '' I • 360' ' . . ' 

r i I 1.3, _ 
47.2: 

.::.-. ~ : 18.8 ' ; : '.:: :·~·-

~ ~ ; • , , ., '77.6 • :. ·:;,I ',', .. > 

' ~ ". 
I !~L'~ •• ' .. 

. I, L • I • ' ' , • ; '. ~. J ; ~ i I ' '; .'·~ I j , I : # ' ( ••• ' I • ' f ':i'! 

Table ~· , r)Mea1_1 effects of variety .and harvesting date on maize sccii tOtal grilin ~ ~ .-.-
yields (kglha), 1989. , · '· ·. · .· .. · .. l -.:• ·,. : 

Maize ·''. ·' 
Variety 

Snfita-2 
I 

Aburotin 

Dobitli 

CV(%) 
LSD (0.05) 

DAP* 

·· ··Fuinesu3 ~--·· · 

Harvesting 
Seed Gmin Seed (DAP)* 

80 3011 4228 4423 
90 2899 4035 4302 

100 2180 3890 3676 
110 1501 3170 3764 

90 3809 51cyl 4325 
100 2895 4355 3994 
110 2322 3983 3880 
120 2640 3915 3826 

100 2857 5203 4373 
110 2881 4765 4819 
120 3373 4807 4204 
130 2355 3600 3729 

26.2' 16.2 21.3 
lOll 975 1236 

Days after planting. 

Gmin Seed Gmin 

6322 2977 4137 
6181 2738 4462 
5781 2235 4492 
5726 1619 4496 

5871 2834 3885 
5660 2814 4647 
5704 2997 5040 
5072 2338 3897 

6603 3069 3927 
7306 4234 5991 
6126 3305 5101 
5345 ' 2179 4376 

15.0 22.8 16.2 
1267 . 895.2 1038.7 



250 Dete!mination of Optimum·Harvesting Date for Sud Malr.e Using Soint 'sud Characteristic~:'."·.~:~~ _ 

It is evident from the results preseJ!t_ed that the optimum harvesting date .for seed ..... 
maize 'is-wlicn.the (iccurrence of the best seed germin.~t,i~_m).s achieved in , 
combination. with high seed weght, low see moisture content and minimill ·seed · · 
loses. On th.e basis of this criterium, it.is.conducted that the'optimum.harvcsting-
dates forseecimaiiein-the.study-are 100 days after planting for Safita-2, 100-1 io ·: 
days for Aburotia and I 10 days for Dobidi. ': : .. 

(' ~ { • ' • f •• '.. ' ~ 

,; ; :~··. ! ~ 
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Response of Improved Maize and Sorghum Varieties to Different 
Seed Treatments on-Station and in Farmers' Fields in the 
Lowland Savanna of North Cameroon. 

,.TALLEYRAND, H., A. EBETE, T. NGOUMOU and W. KATSALA. 

1 NCRE Cereals Agronomy Unit, Institute of Agricultural Research, Gciroua, 
~enoon · · 

.Abstract 

' A set of 20 on-station and on-fann.trials were 1:onducted from 1985 ·to 88 in the 
·· ' lowland savanna of North .CameroOn ·to determine the effects of different sources · 
. : and rates 'of cheinicaJ 'leecl treatments on the performance and yields of several 
; improved varieties' of maize and sorghum· at several locations. It was fo'urid that the 

.... ·use of iced treatments was ·bCne(icial in substantially increasing ·the yields of maize 
·. · .. OOJ%) and. sorghum (130%), .with M~hal 25 STand Furadan 10 G performing· • · 

.. ! best.: Preliminary economic analysis .suggested a 33: I benefit/cost' ratio in favor of . 
·j the use of.Marshal over that of Thioral :~hich 'is widely used by farmers· ii'i·the 
: region.' ·. : · · 

· IDtroductlon 
. . 

The' lowland ·savanna of North Caineroon: inciudes all the area lOcated North of 7• 
latitu~e. 1be most important factor affecting crop·yields in the area is insufficient 
and/or erratic rainfall (Rodriguez,· 1986).' Maize (Zea mays L.) and sorghum 
(Sorghum bicolor L. Moench) are the two rriain food crops in the region. Both CroPS 

are grown by small-holder farmerS, u'sualty in rotation with cotton or legumes. ' 
Since 1982, intensive agronomic research has been on-going towards increasing 
yields and productivity. One major constraint for the successful production o( 
maize and sorghum by farmers, inspite of new and improved varieties, is the 
relatively high incidence of soil insects pests and particularly termites (Sub, 1987; · 
Talteyrand et. al. 1985-88). Other soil organisms are known to constrain crop 
production in the lowlands savanna of the country. Consequently, the present study 
was initiated to determine the effect of different seed treatments on the yield 
performances of some improved maize and sorghum varieties. 

Materials and Methods 

A set of 20 (on-station) trials involving cheriticat seed treatments and improved 
maize and sorghum varieties were conducted at six locations from 1985-88. Trials ... 
were designed in randomized complete blocks, with four replications. · 

The seed treatments used were: 

a) Thiorat (25% TMTD and 25% heptactore), whiCh is commonty used by the 
farmers; 

251 
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b) Marsha/25 ST(carbosulfan); 
c) Furada_n 10 G (Carbofuran) applied as a spot treatment in the hills on the seeds. 

The five maize varieties used included TZPB, Mexican 17E, Safita-2 B, CMS-
8501, and CMS-8507 .. Four sorghum varieties were used: CS-95, CS-61, CS-63 and 
S-35. The trials were located at Sanguere (with 900 mm of rainfall per annum), 
Djalingo (920 mm) Kismatari (900 mm), Soucoundou (700 mm) and Makebi (650 
mm) for maize. The experimental sites ·ror sorghum were Sanguere, Djalingo, 
Kismatari, soucoundou and Guetale (with 650 mm of rain per annum). The soils at 
both locations are classified as Alfisols. Rainfall, which follows a monomodal 
pattern, usually starts in May and ends in September. 

. . 
All the maize trials were planted in June and harvested in October. A population 

density of 50,000 plants/has was maintained with fertilization rate of 150 N .+ 60 
P205 + 60 K20 kglha. Each plot consisted of eight 5 m rows spaced 80 em apart. 
For sorghum, the trials· were planted in early July and harvested in October. A 
population density of 83,333 plants/ha was maintained with 80 N + 40 P205 + 40 
K20 kgslha of fertilizers applied. The plot size and arrangement was. the saine as 
described for maize. .. 

On-Farm Testing. In addition to the trials described'above, a series of on-farm 
investigations were also carried out in 12 vilhiges (Table 3) located in ·west and 
South-East Benoue in the Sudan-Guinea savanna to compare the effect of 2 seed 
treatments (Thioral VS Marshal 25 ST) on the performimce.of tmee improved maize" 
varieties (TZPB, CMS-850 and CMS-8507). The experimental design was a 
randomized complete biock and using the system of .;'blocs disperses" whereby each 
location represented one replication .. Each (farinefs) field measured 2500 m2 (50 x 
50 m) and each plot consisted of 20 rows of 24 m width and so em 'between rows. 
The ultimate objective was to compare the resultS obtained with seed treatments on-· 
station with those from farmer's fields. · · · 

Results and Discussion 

- a) On_-Station Trials. 

· 'JPere w~·a generally high.res~·ro ihe ~-~f~:ti-ei~e~ts rfabl~-1 ~nd 2) .. 
. Relative to -untreated cheek$. :ThiorUi yield-ed <i2% more maize grain for variety . 

:: .. TZPB ·_compilt'Cd with .13%-'for Marshal and l H)% for Funidan .. The comparable . 
effect of-seed treatments on sorghum variety CS~95 was 48% for Thioral, 96% for 

·Marshal and 130% for Foradail. ' . · .. . . · . · · 

In general, plots. treated with Furadim and Mars3hi 'out yielded significantly those , . 
receiving Thioral. ·,The use of either Furadan or Marshall Thioral (which is widely · 

· used by the farmers as seed treatments for maize and sorghum) did not offer; in most 
cases, an effective protection against soil insects, termites and the insect Spodoptera 
exempta (which caused widespread damage to the seedlings following prolonged 
dry spells in 1987, and 88). . 

:. 
I 
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Table 1. Effect of seed treatment on the grain yield of TZPB maize at selected 
locations in Cameroon~ : · · · 

Sanguere (1987) Djalingo (1987) Djalingo {1988) 

Seed.ttcabnents (tlha) ROY(%)• (1/ha). ROY(%) (t/ha) ROY(%) 

.... 
Control 

(N° seed treatment) 3.SO 100 4.00 100 -4.13 100 

Thiorul . 

I (200 g/100 kgs. seeds) 4.00 . lOS· 4.20 lOS ·S.OS 122 

Marshal 2S ST 

I 
(I kg/100 kgs, seeds) 4.60 121 4.80 "120 6.S4 ISS 

Marshai2S ST 

(2 kg/100 kgs. seeds) 4.90 129 S.90 148 6.90 167 

Marshal 2S ST 

(3 kg/100 kgs, seeds) S.lO 134 6.10 1S2 7.13 173 

Furudan JOg 

(S kgslha) 6.20 163 6.12 lS3 8.11 196 

Furadan lOg 

0.0 ~gslha) 7.20 189 6.30 ISS . 8.30 201 

LSD(O.OS) 0.77 0.90 . 0.43 

CV(%) 12 13 8 

* RGY a relative grain yield. 
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Table2. Effect of seed treatment on the grain yield of CS-95 sorghum at selected · 
locations in Cameroon. 1:: 

. ' . -· ~ . -

Sanguere (1987) Djalingo (1987) Djalingo (1988) 
Seed treatments 

. (t/ha) RGY(%)* (tlha). RGY(%) (tlha) RGY(%) 

Control 

(N° seed treatment) 1.93 100 3.00 100 1.31 . 100 

Thioral 

(200 g/ I 00 kgs, seeds) . 2 .• 85 .. J48 3.95 132 1.53 117 ':' 
.. ,, 

l ' 

Marshal 25 ST 

(I kg/100 kgs, seeds) . 3.15 163 4.60 153 1.97 150 

Marshal25 ST 

(2 kg/100 kgs, seeds) 3.48 . 180 4.80 160 2.15 164 

Marshal25 ST 

(3 kg/100 kgs, seeds) .. 3.80 196 5.00 166 2.28 174 

Furadan 10 g 
(5 kgslha) 4.25 220 5.10 170 2.50 190 

Furadan 10 g · I' 

(10 kgslha) 4.43 230 5.30 177 2.65 202 

LSD (0.05) 0.73 0.92 0.17 

CV(%) 10 14 7 

* RGY = relative grain yield. 

In the plots treated with Marshal and Furadan, maize 'had no appreciable negative 
effect on seedling emergence, plant stand, seedling vigor, growth, lodging or grain 

· yields. No replanting was necessary by the use of both seed chemicals. By 
comparison, hi the untreated plots or by the use of Thioral, there were, in mimy 
cases, reduced/poor:paant.stand,less seedling vigour, as well as reduced growth and 
grain yield. . 

Values of 1000-grain weight in respect of maize treated with Marshal and Furadan 
was about 13 and 20% higher than recorded for untreated checks, respectively. 
Although no measurement was made, it appeared from visual observation that both 
maize and sorghum protected with ei~her Marshal or Furadan were more tolerant to 
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~ . . . ,. 

water stress than the untreated plots. On the average, the.reSpo~ of sorghum·~ 
seed treatmen.t was greater than in maize .. 

. - . . 
b) On·F~ 'friDls, Results obtained from the on-fartn study are preseirted·in 

Table 3. It is evident from 'the results that plots treated with ·Marshal 25 :sT:.(J 
kg/100 kg seed) produced significantly higher maize yield than the use of Thioral 
(200 gliOO kgs seed). Yield increases resulting from the use of Marshall were 0.75 
tonlha for TZPB maize, 0.82 tonlha for CMS-8507 and 0.87 tonlha for CMS-8501. 
Plant stand in plots receiving Thioral were significantly lower than those receiving 

. Milrsf1al. The results, thus, generally confirm those obtained from the on-station 
. tri~s; i~cluding the superiority of ~hal25 STover Thioral . 

. , . Table 3. . Effects of two seed treatments on grain yield of three maize varieties at 
. .12 locations· of Benoue region of Cameroon, 1998 (tonlha). 

TICI!ments• Flpolc Godc Poll Dout.a Ndouma t.n.n NJOUIIII MbiiOID 1Aouyaa Mbon1o ~ a.a.icb. 11a. 

·"' 

TZPB+ 

Thloral 3.38 3.35 3.57 3.77 5.60 4-.58 ' 3.57 3.13 3.92 4.62 2.64 3.25 4.78 

TZPB+ 

Manhal 4.98 4.33 3.38 5.D2 5.79 4.74 3.76 4.20 4,6J. ·5.62 3.88 4.18 4.53 

CMS-II50t + 

Thiont 4.04 4.05 ·3.09 6.12 5.50 4.95 3.59 ·4.43 4.28. '·" 'Jj~ 3.29. 4.25 

CMS-8051+ 

Thloral 4.70 4.56.·3.91 6.14 6.63 5.49 5.21 5.60 5.15 5.57 4.32 4.27 5.12 

CMS-8507·+ 

'Ibioraf 3.30 4.18 3.42 2.99 5.54 4.89 4.13 4.01 3.98 '-<IS 3.82 3.14 4m 

CMS-8507+ 

M..WI 4.~ 4.~ 4.20 5.17 6.52 5.26 4.93 5.09 5.10 .. 5.74 4.02 4.15 .• 4 . .89' 

LSD (0.05) • 0.1610111ba for Ieee! treatment :0.26 tonlha for variety: 0.52101111ii for locldon . . . . 

• Marshal 25 ST (Carbosulfan) at 1 kg of the product/100 kg of maize seeds. 
Thioral was used at the rate of 60 ~0 kgs of ritaize Seed. · · 

c) Other Observatiom. PreliMinary economic analysis based on the results of on
fann trials indicate a cost-benefit ratio of 33 to 1 in favor of the use of Marshal at 1 
kg/100 kg seed. Considering its cost and.the ease of its application as well as·its 
relatively--low toxicity, Marshall holds ·more attraction relative to Furadan which 
handling is more difficult and hazardous. · 
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Incidence of Blights and Races of Excerohilum·Turcicum in 
Cameroon. · · 

CLAUDE NANKAM. 

Institute of Agricultural Research, Bambui Station. Bamenda, Cameroon. 

I 
Abstract 

Excerohilum turcicum (Pass.) Leonard & Suggs. and Bipolaris maydis 9ecur in· 
high frequencies (80% and 22~. resp_Cetivcly) in Cameroon:· Three races (l, 2 and I 

3) and their distribution in the maize growing zone of the country are discussed . 
• I 

I 
I 

Introduction 

Maize is the most important cereal grown all over Cameroon, although the high 
altitudes remain the main growing areas. For example, from Fig. 1, zone 1 alone 
produces about 70% of the total production of the country. 

Fajemisin (1985) has reparted that maize diseases remain the major yield reducing 
factor in farmers' fields, causing '15-50% yield loss annually. In Cameroon, for 
instance, maize diseases are important in number and intensity; leaf blights and rusts 
being ~e most prevalent, beside maize streak virus (Naitkam, 1989). Heavy attack 
of Excerohilum turcicum and Bipolaris maydis was observed in· 1988 and 1989, 
respectively, at Nkolbisson (600 m) and Foumbot (1100 m). Likewise, Puccinia 
polysora, the lowland rust, is being.observed more and more in the higher altitudes. 

' ,• 

.The objective of the study ~~ ·t~ estimate the relative prevalence of Bipolaris and 
Excerohilum species in leaves of maize plants in the field; to determine pathogenic · 
races existing in Cameroon for both pathogens, and to obtain an estimate of the 
prevalen~e «;>f each race and the· mating types among isolates. 

'Materials and Methods · 

: · In 19S9, rrimie fields were inspected and sampled for lead inhabiting species of 
Bipolaris and &cerohilum in 141ocalities of four Provinces in Cameroon. Leaves 
exhibiting disease symptoms were collected. Although the sampled leaves were. the . 
lowest on the plant, they were not senesced. The leaf samples were dried in a plant : 
press and kept at room temperature until they could be incubated 'for isolation of 
Bipolaris and Excerohilum species. 

Pieces of leaves 3-5 em long and 2-3 em wide were cut out and surface-sterilized · 
by immersion for 3-5 minutes fn 10% sodium hypochlorite solution. The leaf pieces 
were rinsed in tap water and incubated on wet filter paper in petri dishes at room 
temperature. After 2-4 days, the incubated leaf pieces were examined under a siereo · 
microscope at SOX for conidiophores and conidia of large-spored species of 
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Bipolaris ·and Excerohilum. Pure culture of each type and for each locality was 
. obtained by picking conidia 'directly from conldiophores: wlth a steriie ~~le and 
transferring to potato dextrose agai (PDA):ihen transferring once to either PDAor 
com meal agar (CMA) io rJ1sure purity. "· · · · 1 

• • ' • • ' '·· ' 
7 

' , f I ' I • ' ' - 1 { ' : , I! ' , 

. Inocula for tests of virulence of Excerohilum isolates were prepared by. washing 
conidia from 7 to 10-day-old cultures on PDA or CMA.: The conidial suspension 
was sprayed onto maize seedlings at the 4-6 leaf stage using a hand sprayer. The 
·sprayer was washed abundantly in tap water and rinsed with 70% ethanol between 
inocuiations. The .inoculated plants were incubated in the growth chamber at 25•c 
under continuous fluorescent light and relative humidity around saturation (100%): 
Inoculated plants were examined after 14 days for disease reactions. · 

- - • ' ' I ' 
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Three dominant genes which condition chlorotic-type lesion resistance to 
Helminthosporium turcicum (Hooker, 1977; Hooker and Perkins, 1980) and three 
races (Bergquist and Masias, 1974; Smith and Kinsey, 1980; Turner and Johnson, 
1980) have been identified. 

' Four differentials of the inbred line H4460 with specific genes of resistance, Htl, 
Ht2 or Ht3, were used for race characterization of the isolates. (These genotypes 
were obtained from Dr. Paul Christensen of DEKALB-PFIZER GENETICS). 

· Because of lack of differentials with specific genes of resistance to B. maydis, 
isolates of these pathogens are yet to be characterized. · 

Table 1 • Phenotypic response of four maize genotypes inoculated with 14 
• isolates of E. turcicum 15 days after inoculation. 

Sitesllsolates Altitude GENOTYPES 
(MASL)* 

H4460 H4460Ht!Htl H4460Ht2Ht2 H4460Ht3Ht3 

Batie 1900 N c N N 

Foumbot 1050 N N N c 
Mbang-Mbimi 1200 N N c N. 

Be fang 600 N N c c 
Upper-Farm 1980 N c c c 
Nkolbisson 700 N N c N 

Mfonta 1200 N c c N 

Santa 1700 N c N c 
Bansoa 1400 N N c c 
Babungo 1100 N N c c 
Mbiame 1800 N N c c 
Bafou 1400 N N N c 
Ngondzen 2000 c c N c 
Ndonko~ c c c c 

c = Chlorotic lesions 
N =Necrotic lesions 
* MASL = Metres above sea level 

Results and Discussion 

a) Inclden~e. Excerohilum turcicum an·d Bipolarls maydls occurred at high 
frequencies of 80 and 22%, respectively, in leaves collected from 14 localities. B. 
maydis was isolated from samples collected at Nkolbisson, Foumbot, Babungo and 
Mbang-Mbimi, which are located in the mid-altitude (or lowland) zones. E. 
turcicum occurred both in the highland arid lowland (Nkolbisson) environments. 
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b) Race Clzaractcrization. The Ht gene has been shown to condition resistance to 
races I and 3 but not to race 2, whereas the Ht2 and Ht3 genes condition resistance 
to races 1 and 2 but not to race 3. Table 1 presents the phenotypic response of the 
four genotypes when inoculated with 14 isolates of E. turcicum. A chlorotic lesion 
is a resistance reaction whereas the necrotic lesion indicates susceptibility (Hooker, 
1961; 1963). 

A virulence formula and designated race of each isolate were determined (Table 2) 
based on the Smith and Kinsey (1980) theory which states that the virulence formula 
of a race is XN, where X represents effective gene(s) and Y non-effective gene(s). 

Highland leaf blight caused by E. turcicum is one of the· most prevalent maize 
diseases in the maize growing areas of Cameroon and has been demonstrated to 
reduce yield considerably (Nankam, 1990). The appellation highland leaf blight 
seems not to hold, since the disease is also found in lowland environments 
(Nkolbisson, 600 m. and Befang, 700 m.). 

Table 2. _Virulence formula and designated races of the isolates. 

Sites/isolates Altitude Virulence formula _ Races 
(MASL)* 

Batie 1900 Hti/Ht2Ht3 3 
Foumbot 1050 Ht3/Ht1Ht2 2 

Mbang-Mbimi 1200 Ht2/Ht1Ht3 2 

Befang 600 Ht2/Ht3Htl 2 

Upper-Farm 1980 Hti/Ht2Ht3 
Nkolbisson 700 Ht21Ht1Ht3 2 

Mfonta 1200 Hti/Ht2Ht3 I 

Bansoa 1400 Ht2/Ht3Htl 2 

Babungo 1100 Ht2/Ht3Htl 2 
Mbiame 1300 Ht2/Ht3Htl 2 
Bafou 1400 Ht3/Ht1Ht2 2 
Ngondzen 2000 Hti/Ht3Ht2 3 
Santa 1700 Hti/Ht3Ht2 3 
Ndonkole Hti/Ht2Ht3 

* MASL = Metres above sea level. 

The three races described exist in Cameroon. Race 1 appears confined to two 
experimental farms, about 30 km away from each other: Upper-Farm (1980 m) and 
Mfonta (1200 m). Race 3 has been found in three environments not very different in 
altitude: Ngondzen (2000 m), Batie (1900 m) and Santa (1700 m). Race 2 is the 
most widespread and found in lowland environments (Befang, 600m; Nkolbisson, 
700 m), intermediate zones (Foumbot, 1050 m; Babungo; 1100 m; Mbang-Mbimi 
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1200 m) and in the highlands (Bansoa, 1400 m; Bafou, 1400 m; Mbiame, 1800 m). 
Selection at Foumbot is for resistance to Race 2 while at Mfonta, it is for Race 1; the 
two locations presently serve as the highland breeding nurseries. It would be 
desirable for promising lines selected at either location to be tested at both sites and 
at Santa (1700 m) for resistance/tolerance to Race 3. 
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Development of Striga hermonthica Tolerant, Open-pollinated 
Maize Varieties in Africa. 
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Abstract 

Breeding for Striga tolerance and resistance (STR) in maize was initiated in 
1 Nigeria by llTA scientists in 1982. Tolerant hybrids were selected at Mokwa in 
[Niger State under a heavy natural infestation of Strlga hermonthlca in 1983. Seeds 
1 
of the tolerant hybrids have been marketed in Nigeria since 1985. Selection of 
i tolerant open-pollinated (OP) varieties of maize was not successful due to lack of 
i uniform infestation. In 1988, an infestation technique involving the use of low level 
, of nitrogen (less than 60 kglha), a large quantity of Strlga seeds (20,000 germinable 
:seeds per square meter) and ridging was developed. Maize breeding efforts for STR 
. have doubled through the annual use of two breeding cycles inside the screenhouse 
·and one cycle at the Mokwa hot spot. Eight synthetlc$~with moderate levels of 
tolerance have been developed and selection for the imP.fu~ement of the level of 
Strlga tolerance has been achieved. Three international observation trials involving 
STR OP varieties, STR hybrids and STR inbreds were offered to interested national 
programmes during the 1991 cropping season. A modified single-seed descent 
method which involves planting ear-to-hill inside the screenhouse and ear-to-row in 
the field have been effective in improving Strlga tolerance, yield potential, disease 
and insect resistance, simultaneously. 

Introduction 

The parasitic weed, Strlga hermonthlca is considered a major production constraint 
of maize in the potentially high-yielding savanna belt of sub-Saharan Africa. It 
causes yield losses estimated at 7 billion US dollars annually (Lagoke et al., 1988). 
Maize, as a new crop in the savanna. has a great potential to boost food production. 
Drought,-Strlga and maize streak virus, are the major production constraints. Striga 
attacks cereal crops including sorghum, millet and maize and it is the most widely 
distributed genus. Maize is the most susceptible cereal since it has a very short 
history of cultivation in the savanna belt (Kim, 1991a; and 1991e). The llTA Maize 
Programme started screening maize germplasm against Strlga in 1982 at Gusau in 

· Sokoto State of Nigeria and found sources of tolerance in 1983 in the US Com Belt 
materials tested at Mokwa (Kim et al., 1984 and 1985, Kim and Winslow 1991b). 
Strlga infestations at both Gusau and Mokwa were under natural conditions and 
high infestation observed in one year at the initial stage did not occur In the 
succeeding years (Efron et al., 1986). Therefore, progress In resistance and 
tolerance breeding has been slow due to lack of uniform and high infestation (Kim, 
1988; Kim and Akintunde, 1989; Kim and Winslow, 1991a). Similar observations 
of the disappearance of natural Striga infestation in experiment stations and 
commercial farms have been reported (Aggarwal, 1988; ~m. 1988; Kim, 199la). 

'· 263 
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The deyelopment of artificial infestation has been a prerequisite for tack1ing the · 
Striga problem. In 1988, the ITT A Maize Programme identified some causes of the 
declining natural infestation in the experiment stations. High nitrogen application 
appeared to be one of the causes. After a series of studies with nitrogen levels, . 
Striga seed- quantities, methods of land preparation and infestation, periods of 
preconditioning and evaluation methods, less than 60 kglha of nitrogen and a high 
quantity of Striga seeds (approximately 10,000 seeds per maize plant) were 
identified as important in achieving high and uniform infestation (Kim and 
Akintunde, unpublished). Under field conditions, planting on ridges resuhed in 
hig~er Striga infestation than flat land cultivation (Kim and Winslow, 1991a). 

Striga significantly affects agronomic traits and yield of maize varieties in Africa .. 
The result of eight different experiments showed that the average yield reduction of 
susceptible varieties was 67% with a range of 41 to 91% (Kim, 1991b). Among the 
yield components, number of cars was the most adversely affected. Susceptible , 
plants showed changes in leaf colour (chlorosis), scorching, plant height reduction 
and severe lodging. . 1 . . • 

A genetic stuCly on th~ inh~rit~nce of Striga' tolerance u·sing 10 X: 10 inbred diallel 
crosses revealed that Striga tolerance was governed mostly by general combining 
ability (GCA) effects (66%). Tolerance was coritrolied by polygenes with additive 
gene action andwas therefore inherited _quantitatively (Kim, 1991c). Among the ten 
inbred Jines used, TZi 12 conferred the highest GCA value for Striga tolerance. 
Another diallel study involving the same 45 crosses (under artificial infestation) : 
showed 'tliat Striga emergence was governed mainly' by specific combining ability 
(SCA) effects (65%) with a negligible influence of GCA effects (16%) (Kiin, 
1991d). Emergence appeared to' be controlled by genes-different from' those for 1 

Striga tolerance. · 

Studies with 13 different collections of Striga hen11onthica and three cereal hosts, 
maize, sorghum, and millet, revealed that maize was more susceptible than the other 
two cereals. Significant interactions were present between the parasite collections 
and the three cereal hosts. Both inter -and intra-strain variations were also observed 
among ihe collections. Tolerant varieties of maize and sorghum reacted horizontally 
across the 13 collections, while two millet varieties reacted vertically (Kim, 1991e). . - . 

Striga Seed Colle.ctlon 

A large quantity of Striga seeds was collected frotri Striga endemic areas. Matured 
Srriga plants were cut at about two weeks after the last flowe'ring and dried on 
polythene sheet for a week, turned over a couple of times and later threshed by 
hand. The seeds were sieved with 250 em sieves and the clea.ned seeds were 
collected and put in sealed jars. They were stored at room temperature. One hectare 
infestation required about 2 kg of clean Striga seeds. It was found that Striga plants, 
with maize as the host, produced a smaller amount of seeds than with sorghum and 
millet as hosts. Because maize is a new crop in the savanna belt and Striga 
hennonthica has evolved with millet and sorghum, collection of Striga seeds from 
sorghum and millet is hig~ly desirable. Well dried Striga seeds showed relatively 
low germination initially b"ut germinability increased with time. Six-month old seeds 
showed about 75 percent germination (Kim and Winslow, 1991a). 
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. Land P~pari;ttion · 

After conventional tillage of the land, ridges (7~cms ap~) were made. A metal 
bed firmer was used to firm the ridges andi hi the .same time, open a 10-cm V
shaped furrow on top of the ridge. Rows were s· m in length. The first 2 m of each 
row was used 'for infestation while the last 2 m served as the non-infested control 
with a 1-m gap in between to prevent contamination of the control plots. Tltl! plots 
were maintained that way for several years. 

Fertilization .. ,. 

A low level of nitrogen was important to ensure a high.'Striga infestation;· 
' approximately 30 kg N/ha was applied with the recommended quantity of P205 and 
.' K20. If soil fertility is high, it may not be necessary to apply any nitrogen at 
: planting: Low nitrogen during the first three weeks of maize growth might enhance 
! haustoria] development of Striga. Additional 30 kg of nitrogen was applied 5 weeks 
, after maize emergence in the form of calcium ammonium nitrate (CAN). Four litres 
· of atrazine .were applied as a pre-emergence herbicide immediately after planting of 
maize. 

Striga Infestation and Maize Planting 

0.2 gram of Striga seeds (40,000 seeds with 75% germination) was thoroughly 
mixed with 90 grams of fine dried sand in an envelope before infestation. This 
mbdng could be done mechanically with a larger volume of seed. The sand-mixed 
Striga seeds were uniformly drilled by hand into the first 2 m of a 5-m row. 
Immediately after drilling, the infested row was covered with soil at a 5-cm depth. 
Maize seeds were planted by hand one or two weeks after planting of the Striga seed 
to allow preconditioning of the Striga seed. Both infested and non-infested plots 
were planted at the same time by two different groups· of people, and steps were 
rtaken to prevent Striga seed movement from the infested to the non-infested plot. 
The maize plants were spaced 75 and 25 em, respectively between rows and 
between hills. Two seeds of maize were sown and thinned to one plant per hill two 
weeks after planting. 

Estimate of STR Level 

Selection and improvement of STR could be achieved only under uniform Striga 
infestation. Among various criteria used, Striga symptom ratings based on a 1 to 9 
scale (1= no symptoms, 9 =severe symptoms) appeared to be the most reliable way 
of assessing host tolerance to the pa~ite (Table 1). The use of numbers of emerged 
Striga.pJants by most researchers, so far, has led to misinterpretation of the progress 
in Stri~a research world-wide, except for single gene controlled strain-specific type 
of resistance. The most critical damage of the host plant by Striga occurs before 
Striga emergence and correlation .coefficients between Striga emergence and grain 
yield are very low.· Therefore, host plant tolerance .should be based on grain yield 

' and agronomic-traits including stover weig~t .and plant height: , ~ · 

•· . 
. · 
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Table 1. Striga syndrome ratings used for measurement of tolerance of maize to 
Striga. 

Rating Description of host response 

1 No damage symptoms with nonnal maize growth, no plant height 
reduction, no blotch, no chlorosis or scorching, no Striga 
infection. A single gene resistance or immune type of resistance 
could be rated as 1. 

2 No apparent reduction in plant height, mild blotches and mild 
chlorosis. 

3 Definite blotches and chlorosis, not spread to entire plant and 
approximately 5 ~rcent reduction in height and ear size. 

4 ·About 10 percent reduction in height and ear size, mild leaf 
chlorosis and scorching. 

S About 20 percent reduction in height and ear size, some leaf 
chlorosis and scorching. 

6 About 30 percent reduction in height and ear size, some leaf 
chlorosis and scorching. 

7 About 40 percent reduction In height and ear size, severe leaf 
scorching and stalk lodging; plants often show symptoms of · 
wilting. 

8 About 50 percent reduction in height and ear size, very poor tassel 
and ear development with husk open, thin stalk and severe 
lodging and wilting at early stage. 

9 Symptoms of damage; above 60 percent reduction In height and 
ear size, severe scorching; plants die at early stage and do not 
produce tassel and pollen. 

The above rating scale may be used to ~cord the average rating of each plot under 
uniform and high Striga infestation. However, under non-uniformly Infested 
conditions, only infested plants with Striga symptoms can be used to asses host 
tolerance. Non-infested plants could have escaped the infestation. Some entries may 
show severe leaf scorching without any Striga emergence, while others may show 
tolerance symptoms with multiple Striga emergence. Correlation coefficient (r) 
between Striga syndrome rating and Striga emergence count have been .found to be 
low and non-significant. A diallel study involving 10 inbred lines under artificial 
Striga infestation showed r=- 0.061 {Kim, 199ld). Studies on correlations among 
Striga emergence, Striga rating, stover weight and grain yield of malze are 
underway. For the mean time, host plant response data based on a 1 to 9 Striga . 
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syndrome rating scale (as described above) is hereby proposed. The best time to take 
Striga ratings is 15 weeks after mid-silking. 

Striga Tolerance and Resistance (STR) Breeding 

Breeding for STR involves the accumulation of polygenes for yield as well as 
against major biotic constraints such as maize streak virus (MSV) and Striga. Most 

: materials used to develop STR varieties and hybrids possess resistance genes to 
MSV. Because of the nature of the genes involved in tolerance to Striga. selection is 

• effective only under uniformly infested conditions of inoculum (Striga seeds). STR 
plants may have similar levels of underground attachment of Striga as well as 
similar or fewer numbers of Striga emergence of their susceptible counterparts. 
Average ratings of each family row compared to adjacent non-infested control plots 

I can be. used to assess the level of STR. Only STR lines should be selected and 
:recombined. ' 
I 

' ' 

Breeding Procedures 

In the 1988 first (A) season, 18 OP varieties were tested in a large scrcenhouse, 
250 m2 under artificial infestation. Almost all varieties were highly susceptible to 
·striga hennonthica (Kim and Akintunde, 1989). The results confirmed the earlier 
observation of high susceptibility of most OP varieties which were selected at 
Mokwa and other locations under natural infestation in farmers' fields as well as 
other testing sites (Kim et al .• 1984, 198S, and Kim 1991a) .. Among maize racial 
groups. Tuxpeno~ Nal-Tel, and Chapalote showed high susceptibility. Perennial 
maize (Zea dip/operrenis), Teosinte and Tripsacum had levels of underground 
Striga .attachment which were similar to those of normal maize, but they showed 
less emergence above ground (Kim et al.. unpublished). 

Selected OP varieties with high yield potential and resistance to maize streak virus 
(except Tuxpeno sequia) were crossed with Striga tolerant sources which were 
planted in the same screenhouse (Table 1). Sources of tolerance were 1Zi 12 and 
TZi It inbreds for white grained OP varieties and TZi 25 for yellow grained 
varieties. After the first backcross during the 1988 B season with the susceptible 
recurrent parents, all families were selfed during the 1988 C season. After testing of 
Sl families at Mokwa in the 1989 A season, selected farriilies'tolerantto Striga were 
used to make the second generation backcrosses in Jbadan during 1989 B season. 
An IITA droughttolcriint population, TZDT-SR was also crossed with ielected STR 
sources, TZi 12 and TZi 3. The Sl and half sib testing and recombination schemes 
were adopted to improve STR'Jevels as well as yield potential of the original OP 
varieties. Since 1988. three cycles of breCding have been conducted in Nigeria (one· 
cycle of testing at Mokwa during the main growing season and two cycles of 
additional screening for STR inside the screenhouse at IITA headquarters, lbadan) 
and recombination of selected families in the field. Details of the breeding history 
of STR are summarized in Table 2. · 

' ' 
,. 
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Table 2. · History of OP breeding for STR. 

Year 

- 1988 

1989 

I, 

J99o' 
. I' 

• • t ' ~ 

. ' ...... 

Season Site Breeding procedures 

A lbndan screen-house (SH} Screened OP varieties under Striga 
and crossed susceptible plants to 

B · lbadan • SH 

· STR lines. · 

Backcrossed with the original OP. 
variety. 

C , · . . lbadan • field (non Infested) Selfed BCI genemtion 

A Mokwn-hot spot 

B lbadan • SH 

C. . lbadanSH 

1 · lbndan • field (non-infested) 

I 

Mokwa-hot spot 

Tested BCI Sl for STR nnd yield,

Bnckcrossed Mokwa selected STR 
families to the original variety. · · 

Screened BC2 materials for STR. 

Screened BC2 materials for streak 
resistance (SR) and sibbed all STR 
and SR families. 

Tested sibbed families for STR nnd 
yield. · · 

. B· lbadan-SH · Screened Mokwa selected. families ·; 
forSTR." 

c 

,. 
,. 

., ' 

lbndan-field (non-Infested) 

lbadan-SH 

lbadan-field 
(non-infes~ed) 

'I 

.I 

Recombined half-sib STR'families ... · 

Rescreened the recombined STR · 
families for STR . 

' I •- . . 

Recombined SH selected STR 
families and also developed Sl 
families. · ' 

• .- ' ~j '1".' l' / 

In the 1989·A season.- a total of 788 families of STROP families were tested at 
Mokwa under artificial Striga infestation. One hundred and eighty-one. families 
(23%} were selected (Table 3}. Average Striga ratings (based on a I to 9 scale, 
where 1 = highly resistant, 9 = highly susceptible) were 3.9 for families tested and . 
2.9 for 'selected ones, indicating an increase of Striga tolerance of about 26 percent 
through the selection.· Average numbers of emerged Striga plants per square meter 
were 12.3 for all families and 8.6 for the selected families; again, indicating the 
effectiveness of selection in reducing Striga emergence. However, other data with 
681 inbreds and inbreeding lines showed that Striga numbers of all lines (681) and 
selected lines (141} were 8.7 and 12.5 per m2, respectively, indicating that different 
genes control host plant STR !evel and Striga emergence (Kim, unpublished). 'A 
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genetic study on Striga emergence using 10 x 10 inbred diallel crosses'also 
supported the finding that different genes are· involved in STR (Kim. 1991d). 

Table3. Summary of selected OP families under Striga infestation at Mokwa. 
1989. 

Pedigree N° of families Striga rating (1-9) N° Striga at IOWAP 
(I ml), 

Tested Sleeted Tested Sleeted Tested Sleeted 
' 

Syn. 114 128 46 3.8 3.2 13.S. ' 1.5 

i 
48 3.4 

.. 6.4 1 Syn. S/6 II 4.7 13.9 . 
i 

9.6 .· ;TZB-SR 286 64 2.8 '24. '9.3 
I 10.9 

I 

;OP-STR. 326 60 4.3 2.5 12.4 
' 

Total or mean 788 181 3.9 2.9 12.3 8.6 

Striga rating (I to 9): 1 =high tolerance/resistance, 9 =high susceptibility, N". of 
Striga: numbers of emerged Striga plants on I m2. 

In the 1990 A season, a total of 738 families of eight OP varieties which were 
previously crossed with STR sources were planted at Mokwa in 2 m rows with and 
without Striga infestation. A I m gap was left between the infested and non-infested 
portions of each S m row. A randomized complete block design with two' 
replications was used (Table 2). Both susceptible and tolerant materials were 
planted inside the same block as check and along the block to monitor the level of · 
infestation. Based on the comparative host plant damage ratings as well as·yield 
potential from the uninfested counterpart, 170 promising families were selected 
(Table 4). Because of the limited amount of seeds and relatively smaller number of 
families selected (mostly less than 30), the same materials were later planted in the 
field at liT A headquarters in ·lbadan without· Striga infestation. but with maize· 
streak virus (MSV) infestation. At flowering, families with resistance toMSV, stem 
borers and lodging were selected and sib-pollination was done within each famii)O: 
At harvesting, families resistant to streak, Puccinia polysora rust and Bioplorls 
maydis blight, and ear rot complex were selected arid kept until the resuhs from 
Mokwa were obtained. Selection intensity was low because of ihe key objective of 
Striga tolerance and resistance. · : · ; · 

~ .. .. '~ ~' : 

• .. ~ t 

During the 1990 second rainy season (B). only selected families from Mcikwa were 
re-screened inside the screenhouse at liT A, lbadan, under Striga infestation. Mmze 
seeds of families sib-mated during the A season in lbadan and 656 ears·of the 170 · 
selected families of maize from Mokwa were used (Table 4). Each family had an 
average of 3.9 ears. The ears were planted ear-to-hill inside the screenhouse and 
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ear-to-row in the field. Two weeks after the planting of the materials in the 
screen house,· remnant seeds of the same selected families (ears) were planted in the 
field without Striga infestation. Host plant Striga syndrome ratings were taken from 
the scrcenhouse materials at around flowering time and the materials with ratings of 
5 and above were rejected and only selected STR families with good agronomic 
traits were recombined as half-sibs. Average Striga ratings of eight OP varieties 
were higher than those of the previous cycle at Mokwa. Although all. the 
screerihouse tested -materials were selected at Mokwa for STR, the same materials 
showed further segregation inside the screenhouse because of additional sibbed cars 
and also probably due to higher Strlga infestation in the screenhouse 'than the 
Mok'wa field infestation. · 

During the 1990 dry season (C), n total of 273 half sib families (781 ears) of the 
OP varieties were replanted (Table 4) inside the scrcenhousc under,Striga 
infestation (ear-to-hill) and in the field with streak infestation (car-to-row). Only 
families selected for STR and streak resistance (SR) were recombined in the field. 
Preliminary Striga data from the screcnhouse indicated that the level of STR had 
improved, further demonstrating the effectiveness of the recurrent selection scheme 
in STR breeding in maize. This confirms that additive genes play a major role in the 
inheritance of STR in maize (Kim, 1991c). At the same time, results of streak virus 
rating showed that almost all families were resistant to MSV. The high levels of 
streak resistance was not surprising beCause both-Striga susceptible varieties-and 
STR donor sources were streak resistant. In addition to half sib ·recombination, 
selected families would be selfed for Sl testing at Mokwa during the 1991 growing 
season. 

Table 4. - Number of selected families and e:1rs of eight OP v:1rieti~s under Striga 
infestation at Mokwa during 1990 A rainy se:lSon (field) and llT A he:1dquarters in 
lb:ldan during 1990 B and C seasons (screen house with infestation and field without 
infestation). , · · • · 

, I 

Varie~y .• ~ · ·· . MokwaA· . · lbad:1n B lbadanC 
••• ! . - :_ . . . ' ~ 

1 ~~ l • l( IT I I n" ,., 'Tested . Selected·· Tested Selected Tested Selected 
' ' ....... • 1 ;families familles ears families ears families 

S1'R syri~w-t ·:- IS9 38 153 46 154 6S 
" ' I • ' 
~Sy~·.Y-1 ,. 26 10 41 26 69 22 

STI{.~s-~~' ' l ' 
78 .23 69 41 liS 33 

~,TZ~·SR. · ,r': : .54 J J ' 
8 44 26 58 32 

STRTZPB-SR 
'I 

.94 
' 

19; . 73 34 34 19 
_ STR TZPB-SR 116 2S 106 31 121 S4 
STRTZSR-W 76 23 98 30 9S 47 
STR Suwan-1. .. ,,105 ... 24 72 39 135 70 . ~ ' ' 

Total or mean 
'' psi. 170 656 273 781 342 

" 

:A= major season C =dry season (under irrigation) 
: B·= minor season.:· . ' , : · 
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In 199 I, the first International Trials involving STR OP varieties would be offered 
to national programmes. In addition, two other International Trials involving STR 
hybrids and STR inbreds would be offered to interested national programmes. 
Because of the encouraging preliminary observations made in 1990 under both 
artificial infestations at Mokwa, Nigeria (kim, unpublished) and Sangu~r~. 
Cameroon (C. The, unpublished) and natural infestation in a few farmers' fields in 
Nigeria (G. Weber and S. Lagoke, unpublished), the FAO Pan-African Striga 
Project and the SAFGRAD Maize Network plan to offer the same STR materials to 
interested national programmes. for on-farm testing in the 1991 cropping season. 

Multi-location testing of the STR materials will be intensified so as to improve the 
stability of STR (Table 5). The liT A Maize Programme plans to establish additional 
testing sites with national programmes in Samaru (hermonthica, S. Lagoke), Kano 
(hermonthica and aspera) and Jos (aspera) in Nigeria, Sinematialie or 
Ferkessedougou in COte d'Ivoire (hermonthica, K. Attiey), Garoua in Cameroon 
(hermonthica, C. The and Talleyrand), Togo (asiatica) and Benin (hermonthica). 
Inter-Centre collaboration with CIMMYT and ICRISAT Striga research teams will 
be further strengthened. In addition, IITA Striga team also collaborates with several 
advanced laboratories including the University College of London. So far, the 
indications are that the IITA STR materials resistant to S. hermonthica are higly 
susceptible to S. aspera in Nigeria (Kim, 1988). However, some of the STR sources 
such as TZi 30 have shown resistance to S. asiatica in North Carolina, USA 
(Ransom eta/., 1991 ). 

Table 5. Multi-locational testing sites ofiiTA Striga tolerant maize materials. 
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A multi-disciplinary Striga research team involving breeders, agronomists, Striga 
biologists, physiologists, pathologists, entomologists, weed specialists and 
eco.nomists is making efforts to understand the long standing Striga problems in 
Africa. An integrated approach to combat Striga is still being searched for. Any 
national programme interested in Striga research is welcome to collaborate with the 
IITA Striga thrust team. After solving the maize streak virus problems, in 
c'ollaboration ·with scientists from CIMMYT and African national programmes, 
IITA scientists would like to approach Striga in a similar way. Striga has become a 
top research priority. 
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Abstract 

, In attempts to meet set.objectives, the West and Central Africa Sorghum Research 
Neiwork, which has 17 participating member countries, places emphasis on 

. activities that contribute towards strengthening sorghum programmes of National 
, Agricultural Research Systems (NARS). Since 1987, the network ~as organized 
regional trials and nurseries with the participation of scientists from NARS through 
which promising early and medium-maturing genotypes and hybrids have been 
identified. Promising lines for tolerance to Striga and resistance to the three major 
sorghum leaf diseases in the region have also been identified. In addition to 
regional trials, five research projects were initiated i'n 1989 and their execution 
charged to Lead NARS Centres. For example, in Burkina Faso, Niger. and Mali, 
scientists arc working on, among other things, the identification of resistance to leaf 
anthracnose, long smut and head bugs, respectively. Studies on some aspects of the 
epidemiology and population dynamics of the causal agents of the three biotic 
stresses arc also underway. In Nigeria, scientists have identified a suitable local 
sorghum variety (Farafara) for use in wheat/sorghum composite nour. The 
Cameroon lead Centre is to provide sorghum genotypes ,with good resistance to 
Striga for further testing in the region. Other activities undertaken by the Sorghum 
network include, monitoring tours, training and workshops . 

. Introduction ... ,, 

There appears to be a concensus on the inability of many countries in sub-Saharan 
Africa to grow. sufficient food to feed their rapidly increasing human population 
(Youdeowei, 1987). Irrespective of the complexity of the factors which are 
responsible for this situation, long-run human capability, scientific and institutional, 
and social organizational issues- the prime movers of agricultural development
have been seriously neglected by both African policy makers and donors (Eicher, 
.)988). Youdeowei (1987) is of the view that although biological, social, economic 
and ill~defined agricultural policy issues contribute to the food crisis in Africa, 
~drought~strcss, poor soils and 'ack of efficient soil-water management techniques 
arc the most severe constraints in semi·arid Africa. 

Sorghum :(Sorghum bico/or (L) Moench) is grown widely in many countries in 
semi-arid West Africa. Most of the sorghum is grown in the Sudanian zone (500-
IOOO.mm annual rainfall) and the northern Guinean zone (1000-1200 mm annual 
rainfall) .. Sorghum is also grown in the southern fringes of the Sahel (400-500 rnm 
annual rainfall). Along with pearl millet (Pennisetum glaucum (L.) R.Br.), sorghum 
provides the main energy source for the people of the Sudan and Northern Guinean 
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zones (Curtis. 1965). But as it were: l~cal varieties are low-yielding and hre! 
generally not responsive to high levels of fertilizer (Zummo. 1984).' The need for! 
improved cultivation of sorghum through research and extension cannot, therefore. I 
be over-emphasized. The establishment of the Sorghum Network with regio'nal, 
responsibility is towards ultimately enhancing sorghum production in West and 
Central Africa. 

Background and Objectives of the Sorghum Network 

The West and Central Africa Sorghum Network became operational in 1985 under 
the auspices of SAFGRAD-OA U/STRC, with ICRISAT providing the technological 
support and backstopping. The Network is charged with addressing problems and 
constraints of sorghum production that are of regional significance and to resolve 
them by establishing necessary links with national, regional and international 
institutions and agencies. More specifically, the Sorghum Network is to work 

· towards the following 'objectives: · ·' 

a) 

b) 

c) 

d) 

c) 

f) 

Increasing the production of sorghum thereby contributing to the 
· stabilization of food supplies and contributing to improved nutrition and · 
income for farmers in the region. · 

Assisting and strengthening national sorghum improvement programmes 
and contributing to their research needs. · '· · ·· 

Developing improved varieties and hybrids and agronomic/management 
practices capable of giving increased and more stable economic yields. 

organizing and promoting systematic regional testing of available nnd' 
improved genetic material and technology. 

Facilitating the development of agricultural research manpower amon'g the 
17 member countries. 

Organizing training workshops, seminars and monitoring visits of network 
activities. · · · 

Set-up of Sorghum Network 

Administrative and technical support arc given by ICRISAT mainly through its 
Mali and Nigerian sub-stations. ICRISAT provides the Network Coordinatonvho 
operates from the Mali sub-station in Bamako. The Coordinator implements the 
decisions of the Steering Committee of the Network and serves as the driving force 
behind the Network. The Steering Committee comprises 6-7 NARS scientists 
elected every two years, but its meetings are also attended by the Network 
Coordinator (as member) and representatives of SAFGRAD Coordination· Office, 
USAID, ICRISAT, INSAH·, IRAT and Global 2000 (as observers). ·The 
Coordinator rep.orts to the Executive Director of ICIUSAT Sahelian Centre (ISC)·in 
Niamey and works in close consultation with the Team l.l':tdcr of WASIP-Mati. 
Direct Jinks exist between the Coordinator and the SAFGR,\1 l Coordination Office 
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in Ouagadougou. Yearly progress repons are prepared by. the Coordinator and 
submitted to USAID, Ouagadougou, through the Executive Director of ISC. The 
Coordinator disburses funds for the activities of the Network and financial repons 
arc prepared on a monthly basis by W ASIP-Mati accounts section and sent directly 
to ICRISAT headquarters in Hyderabad, India, which has the· responsibility to 
submit them to USAID, Ouagadougou. , 

Network_ Programmes and Implementation Stratc:gy. 

The main activities of the Sorghum Network include regional trials and nurseries, 
assigned research, monitoring tours, training workshops and seminars. The 
Network places much emphasis on the regional trials to the extent that it can rightly 
be described as a "Trials" Network. However, since 1989 the Network has been 
pursuing specific technology-generating projects assigned to some NARS 
institutions that have proven abilities for their implementation.' 

a) Regional TrialS and Nurseries. In 1986, the Sorghum Network organized three 
regional sorghum trials comprising 20 each of early and medium-duration varieties 
and 36 hybrid adaptation trials. A total of five countries each were sent packages 
for the early-duration and medium-duration variety. trials and eight for the hybrid 
series. 

From 1987 to 1991, the type of sorghum regional trials in West and Central Africa . 
evolved from four to five. The number entries of the regional trials varied 
according to the type and purpose of the trial. The early and medium duration 
variety trials had 20 entries, whereas the hybrid and disease nursery trials varied 
from year to year as indicated in Table I. 

As shown in same Table, the top yielding cultivars are Nagawtiite, from the early
maturity adaption trials; ICSV 1063 BF, which yielded highest in the medium
maturity cycles; and ICSH 567, from the hybrid trials: 

InCluded in the entries for the regional trials were elite breeding tines and hybrids 
contributed by ICRISAT and the national programmes of Burkina Paso and Mali. 
The' entries were mostly of recent origin and represented promising lines. The 
various member countries of the Network who served as cooperators for the 
regional trials were expected to select useful entries from these trials for their 
further testing and advancement as desired. 

b) Research Projects with National Agricultural Research Systems 

Spe~if;'~ Res~arc/1 Projects: The Sorghum N~two~k i~ltiat~d-f~ur R;eareh projects 
at four NARS institutions in June 1989 which are ·partly _funded by the Network. 
These include the anthracnose project whose main objective· is to determine whether 
pathotypcs of the pathogen occur in Burkina .Faso ·and to identify genotypes . 
resistant to the pathotypes. The long smut project in .Niger is to develop a simple 
and effective inoculation method' for. use in screening techniques. The project on 
head bugs in Mali emphasizes, among other things,· the biology of the insect, its 
economic importance, and identification of resistant sources. In Nigeria, the project 
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hopes to develop a technology for producing acceptable wheat-sorghum composite 
flour for bread and confectionery, aimed at increasing the sorghum component as 
high as, possible. In 1990, a project was started by the Cameroon national 
programme on the identification of Striga resistant lines. 

· I 'r I r, I 

Table 1. Summary of regional trials of the West and Central Africa sorghum 
network. 

.. · 

Year 

I) Eatty -urlnJ c,n: ~ IIIII 
(WASVAT·El 

II) t.blltim mauriq c7ctc ldlputlon ltW 
(WA.,YAT·N) , . 

01) SorJht~~~~hyllcld ut•IIWA.,..ATJ 
lv) Ol.:uc-YvioltWASDN)' 

I) WASVAT.£ . ',J·I: 
1 

, 

II) ':WA.,YAT·N 
, llll ,WASHAT•,. 

I•J Sutp """· (W AS..m 
,, •• Diu.'IC IIUillerY (W A!lDN) ' 

19119 I) WA.~VAT·E 

• . , , II) WASVAT·N 

1 Ill) WASHAT 
11v)' WA.~LDN 

~ . : 

19911 1J WASVAT·E 
II) WA.~VAT·N 
Ill). WASHAT 

1 '.' ... _.. • f r: · · 
lv) WASST 
v) WA.'ilDN 

•1• ! r • 1n , , 

, 1991 I) WASVAT·E . 

' ,c. 

j, ' ~ I I . \ ! 

·!· 0)' WASVAT·N .• • 
, 1111,, WASHAT 

lv) WASST 
•, :' 

v) WASLDN 

,. !. 

t ',• 

f I', 

I I ; ~ ' , , t 
0 

I '~ 1 : , J • • 1 , , I 
1 

I 

Numllo.T 
o(cnub 

20 

·211 

2S 
.16 

211 
211 
211 
II 

.16 

211 
211 
20 
2S 

II 

20 
20 
211 

12 
2S 

... 
211 
20 
12 

14. 

&'\lot 1\'1\'l:lllap! Pn1111111nJ llldlllp Jio:ldinJ cuiiiYWI 
lllala o(dall \OIIIIIIa 
~ II.'CU0\'1)' 

Ill til Napwtllld•U 

ll 9l ICSY 111113 liP 2.6 

., llll ICSH-1).162.11 

' 1111 I) l'ftlllllalnJIIact _, lcbllllt:d 

'" 16 . N•pwllllc 16 
19 1111 IYSV 10li.U •• 1 ICSV 1171 2.4 
12 1111 ICSI007 16 
6 50 ICSYIIIIIIIP.ICSVI111711F,ICSY 

1164 BP 111111C91lll "M.WI'ftlllllslnJ. 
7 1111 11m:c ~· JCIIOIJPCI'M.W 

lcl.'lllll'lr.:'ll. 

12 7S Nlpwlll1r:U ICSVI079 2.7 
19 611 ICSVII712.4 
9 119 ICSH ).7 
10 211 Dbt:uc n:sblanlllncs lndudc MS81. 

114-S.I)O, 
9 67 ICSYI111711F,ICSVII64 BPIIId 

IS21.'10. 

., 17 C£..196-7·2·12.5 
19 611 CS85 2.1 
10 1111 liCit JlddlnJ hyllrlds "M.WICSN· 

IJIXIIIN0:\7 
II 27 frllllkiiiiiiiiCSV•II1711 
I 511 114-SIIJIJ IIIII L~~l _, rnblaniiO 

ll:afdla:u:s 

., Ill VIC llllw·ll6 2.5 
NlpwiiiiC 2.1 

II 77 VIC.S219 2..1 
14 93 Tile byllcld ICSIOOJIJ NO 17 
7 ' 4) S..-.cn StrliGiolt:nm JCIIOIJPCI wm 

lcl.'DIIIIcd. 
9 55 N..'W lines o( IOIJIIUDI f2.21J -

found MillaiiiiO ll:arlllllnmooc; 
us-12- r.-t n:s1sun110 1c1r 
dbcucs. 

WASV AT-E ; = . West African Sorghum Variety Adaptation Trial, Early 
. · ,. . · · · · Maturing Cycle. 

M:· ·:~ ·: ·, :11 -1= ·Medium Cycle 
WASHA T · . :. , = West Mrican Sorghum Hybrid Adaptation Trial. 

.. WASLDN ; · = · West African Sorghum Leaf Disease Nursery 

. · W ASST = . West African Sorghum Striga Trial. 
·Source· 1.' •• :: 'SAFGRADPhaseiiRepon, 1987-1991. 
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Progress Made 
', ' ·'' 'I : 

~ Research Projects. Using the spreader row technique, the project in Burkina Paso 
screened a total of 80 sorghum lines of which 56 were local varieties·and-24-were 
introduced genotypes. Out of the 80 lines tested, 74 were resistant to the foliar 
stage of the disease. Of the six susceptible lines, four were introduced genotypes. 
,Only one introduced genotype was susceptible to stem infection. Grains of30 out of 
the 80 lines were free of-the fungus. The level of grain-contamination-by-C. 
~graminico/a was higher in introduced genotypes. In addition to confirming these 
·first year results, work on the variability of the pathogen will be undertaken during 
the second year. 

Results from the project on head bugs in Mali indicated that the population of 
Eurystylus marginatus was more abundant towards the end of September and 
October. Early planting resulted in no attack by E. marginatus, whereas two 
generations of the insect developed in late planted sorghums. In a screening 
experiment, 25 out of 100 lines were resistant to E. marginatus. Further resistant 
lines were identified in an advance trial and in an international nursery. A limited 

: survey in farmers' fields revealed that in certain localities, E. marginatus attack was 
I higher in introduced lines than in local lines. However, the level of attack depended 
; on the locality; some local varieties were severely attacked in some areas. 

The project on long smut in Niger encountered problems with flooding in the field 
due to high rainfall. In addition, attempts at artificial inoculation were unsuccessful. 

Results from the project in Nigeria indicate that the local variety "Farafara" is 
suitable for wheat-sorghum composite bread and confectionery. In the laboratory, 
acceptable bread can be produced with up to 50% level of wheat substitution by 
sorghum. Similarly, acceptable confectionery can be produced with up to 60% level 
of substitution with sorghum. Generally, composite bread is of lower volume and 
of shorter shelnife than 100% wheat bread. Future work will emphasize the area of 
pilot production. The technology developed at the laboratory level will be followed 
by pilot production. Two bakeries," one for bread and another for confectionery with 
pilot baking facilities will be involved. The economics of production wilt also be 
determined. 

The significant results of the above mentioned projects are summ~zed in Table 2. 

'.:.1• 
I • 

': .' 
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Table l. Significant results on a yearly basis of resenrch project activities of the 
West and Central Africa sorghum network. 

Pro):ct Country y,.., 
Slpllfklnt """'''" 

pmjcct 
..--.~ 

Cnlf'Pinr Rcsulu ........ 

I. Allllncnooe Durllnafa."' 191!'J 191111 I. · ..._'fttil\:d 7~ 111rt 111' 110 lin. .. """"on.-.1 u n:ol~~an~ "' rolllr 
tnr • .,,,.,, 

2. Oraln or 311 lines WCt\l rn'\l or lhc ruaras. Oraln 
n""""'llllllon was hiP.-r In lnlrod10.'\'d nrl..'llcs. 

19911 I. The n:slsllncc lo roll•r lnr.ocllon Phi.'fYo:d In 19119 wu 
C<Oifirm.."llln 7111ino.-s. 

2. A kllal o( 44 lines. all hal nrk.1b. wm: n:olswtl kl leaf, 
"""" IIIII min lnrcl.'d•"'-

:1. DIA:u: ~ IliON npid In lnll\1Ciuccd nrlo:llca. 

1991 I. ldo.'ftllfied 19 looll nrk.1k.'l and IIIII>: Introduced nrlcllca 
with ..., ••:dudnr·lltc n:ol!unalll•lcar tnrlll.'llllll. 

2......,.._ Nip 19911 I. a,._ 0U1 o( 7S Y1111.1icl """"""" """' hi ply n:slswu. 
2. u~~: mllurlnr nrk.'lk:s ,..,.,. mrre IIUJC'CI'II~Ic. 

1991 I. N,ow ICU of 24 nrlcllcs ldcnllfi•..t U mlsUnl II lwo 
knllaM. . 

2. Lonrcvlly or IA:IIosponll or lho: lonr 1mu1 f1n1 .. wu 
llk'ft......Jw!l..'ftllllll.'ddry. 

3. lor.'CIIon was hiJho:r who:n rl1n11 WCnl lnoo:ullled wllh 
IJIIII'WIIIhlft wllh ICIIIlspoM. 

l.Hcadllllp M.tll 191111 191111 I. Pnrul•llon or the h.'ld ~~ ln11.'CI -· hlrh •• tho: and or 
5.'!*-'ftlhct IIIII Oclollo:r. 

2. [llfy rlantlnr """'h.-.1 In no IIUL't. whctl.'u IW\1 f'-n.'rllkOII 
~~. .... ...,.-.~lnll~~:rllftllldiiiiJIIIHIIL 

3. TM.'ftlJ·fiW IIIII .... 111111""""""' n.-.lstlnt. 

.. sm.., Omcroull 1111111 19911 I • Rcsulliiii!Uino:d In 19119 ,..,.,. a01fonno:d. 

1991 I. Jdcnllficd 21 new IIIUIWI of ll!lliUIII.'C IIUI Of Sl 11111.'1 
IICII!CIIL'd Ill a rn:Jimllllr)' nuncoy. 

2. Tho: II:IIJiana: of nine nrictlcs ldo.'fttlfied In 1911911111 19911 
were confirmed by 11111ldlllnoculltlon. 

s. Wllcal....,twnl no..- Nlp:rll 19911 I. The pmjoo:t mulllpllo:d clfbl nrt..'lles IIIII ._ jcnnplum 
2. lln.'l n:sisun1 "'Srrl,a ror cntr1ct In qllllllll Stri,. !rials. 

1991 I. founo.'CIIIIn.'l wltlllow Strllfti.'OIIIIllldo:lllllbl. 
2. All 12 cnlrlcaln lho: Strltn ll!llonalul•l came fn1111 lhc 

pmjcct. 

IIIR'J I. Local Fnr1111 nrt..1y klcntllbl u - 1111l1hlc aorrhum 
nrlcly ror the compolitc flour. 

2. Up 10 SIIIJ. aublllludon of aorrhum ror hn:ld 11111 up "' (ill'J 
for conf«<lonery. 

l. Addition of UJ 'J cmaniWI:IIIlour 1o lllc coonpi.u~e flour 
rroddccd moN aponn bt\l1d, closer IA:llured and leu 
crumhlln,. bul llhelfllfc wullloneno:d. 

... Wlai·IDIJinlm compoiiiC nour hn:ld 11101\l popollr lftllliiJ 
low Income croup bccaUtC II wu more fillln1 thon puN 
whca hn:ld. 

a. Work was not carried out according to cropping season. 

Synthesis of Primary Data Volume Two: The West and Central Africa Sorghum 
Research Network 1992. ICRISAT/SAFGRAD Collaborative Programme. 

' 
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Future Thrust or Sorghum Network 
,I '· ' ( ,_. ' I' ' • 

The following activities are proposed for the future activities of the Sorghum 
Network in West and Central Africa: · 

a) Expand the on-going specific and targetted research projects with NARS 
· . ' · · and initiate new ones. , 

,' ' ~ • ' ? 

b) · . Organize in-service training In various disciplines, but with emphasis on 
· agronomy and food technology. 

c) Supervise seed multiplication and dispersal of regional trials and nurseries 
· both by ICRISAT and by strong NARS with the requisite capability: · · 

d) Encourage degree training up to M.Sc. and Ph.D. levels according to the . 
'' 'needs of the NARS. · 

~ I ' I 

e) Continued backstopping by ICRISAT especially relating to developing 
promising varieties and hybrids with high and stable yields. · 

0 Facilitate the exchange of germplasm between member states .. 

g) . Organize annual research working groups on the research projects with ... · 
active partiCipation ofNARS. · 

h) · Organize germplasm collection and evaluation within agronomic packages·.~ 
for the NARS. 

i) · ·' Organize (once every two years) scientific meetings and regional 
workshops as the forum for evaluating progress and planning for the 
·future. · · ·. · ' · : · · · · · 

j) Organize monitoring tours in years when scientific meetings and regional 
. ~orkshops are not scheduled. 

• tl I o 

k) 1 Set up agronomy-based regional trials to evaluate elite genotypes at 
'different technological levels such as fertility level of N and P, land 
preparation methods, and plant populations. Also genotypes in sole versus 
intercropplng trials. Information needed from research sites Include 
rainfall and soil analysis. These trials should be conducted initially on
station but to be extended to on-farm sites later. 
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Abstract 

' ) ' ' ' ' 
Much has been achieved during Phase ll of the SAFGRADnCRISAT proglumme. 

Production constraints have been identified, research priorities formulated, .and 
Lead NARS Centres identified to carry. out speci.fic technology-generation remh 

. , , " I " , , ' ' 

projects in addition to the backstopping provided by ICRISAT. . · . ·. .. . · 
. . .. .. ... ' - . j,. ' . •·' ' 

1
• : I - ~ ' ' ' • • • ' '.: , • t I 

Members of the Eastern Africa Regional Sorghum And Millet (EARSAM) 
Network Steering Committee meet once or twice each year to monitor, review and 
evaluate Network nctiyities an(fto discuss a_ch.iev~merits and ·prepare. future Neiwork 
plans based on regional priorities., ICRISAT monitors recommendations .made by 
the Steering .Committee and facilitates the implementation of,Network activities. 
ICRISATs main objective is to facilitate the attainmeill of food sufficiency in .the 

I' • ' I •'' I 

region. ICRISAT has tried to enhance the. development of research leadership 
within NARS, giving their young Scientists opponunities to look at problems~ not 
only at local but also at regional levels. ICRISAT also tries to improve the research 
base of NARS through research suppo~. training, and o~er activities. 

During SAFGRAD Phase.n, intensive exchange of.ge~plasm and techn~logies 
took place among NARS in· Eastern Africa. These exchanges substantia11y 
improved-NARS feSearch -capabilities aS iefiicted in ihe"quaifty and standard.~( the 
scientific papers presented by NARS scientists during regional workshops. 
However, the challenges faced by the Network will not be over until the products of 
research reach the farmer and stabilize foOd supplies in the region. In the likelihood 
of the present trends of under-production and high population growth continuin'g, 
the net food shonfall in Eastern Africa will be quite substantial by the year 2000. 
Herein lies the challenge faced by EARSAM Network: to facilitate the attainment of 
fOOd sufficiency in the region in the 1990s. · ' ' · 

. Introduction . , 

The region herein referred to as Eastern Africa Includes Burundi, Ethiopia, Kenya, 
Rwanda, Somalia, Sudan, Tan1.0nln and Usandn. Almost all the major sorghum 
ecological zones found world-wide arc represented In Eastern Africa, from sealevel 
to 2,SOO m above sea level (Gebrekidan, 1986). Welt"over7S%'ofthe'region has an 
average annual rainfall between 400 to 1,000 mm. The bimodal rainfall generally 

-ralls for about 3 to·s-months and is highly variable; Temperatures in the different 
ecological zones are vari~ble and can range from 6"C (Highland), to 4S"<;: (Lowland) 
(ICRISAT, 1989). . ·, ·. . . , 
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· , , AI. though to~ I sorghum. and millet production in .Eastern Africa has increased in 
both hectarage and, to some extent, yield per hectare, food production still does not 

; keep pace with'the more than.3% j>opulation growth (Table 1). There is. therefore, 
an urgent need to increase sorghum and millet production in order to help alleviate 
hunger and malnutrition (Guiragossian et al., 1991 ) . 

• • J• ' ' • 

Recognizing the need to improve productivity in this region, breeders have made 
efforts to increase yield through improved varieties. ' Despite the efforts by breeders 
to develop improved sorghum and millet varieties, their spread and rate of adoption 
is discouragingly low and slow. 

Major Constraints to Production 
.: 1".. . . . • ·• 

:: .'' ', ' I I 

'. ·a) Ltick of Improved Cultlvar~: Low~yielding, traditional Jandraces are 
predominantly grown; there is thus Jx>tentialto improve the yield and stabllity of the 
existing sorghum and millet' varieties and Jandraces. Seed set, crop maturity and 
plant height are important traits to be considered . 
• I ' :' ·.I ' • I \ ': . • I • I I ~ i I ' ' ' • , • ' ' I . ; . : . I 

',.b) 'Drought and Soil Management. 'Many of the' soils in the 'region whether, 
heav}'"'or light, are of low fertility. Increases in production on such soils are only 

','Jjossible when improved varieties are grown with improvemeri,t in soil management. 
Drought, siand establisbment, temperature, and nutrient 'stresses all significarllly 

"affect'production. ''lnic:'rcropping and sole cropping are'both practised, but' the 
, 
1felatiOnShipS Of interplanted CropS Still remain little Understood. . 1 

' ' '. ) I , • 

' • ' " '._ ! ' I ~ " I ) ' I! ' ' • ~ ' I • I ' I ' I l ' ' ' l ' ' • I ' 

• f , r,- . '~ 

Table 1. 'Statistics· of sorghum, millet and total cereal production for eight 
countries in Eastern Africa. 

: CroP toea! · · · · · · Burundi : Ethiopia · Kenya Rwanda Somalia ; Sudan· , Tanzania : Uaandll Africa· 

~ti.;.,.' '·.' 
Area (000 ha) ' 58 900 

964" 
'• I • 

.. ' ' .~ . . 
Produttlon (000 ron) 88 . , .. " 
Yield Ck&Jha) ' 1514 1071 

I, 

MUlct. r·· 
AICI(OOOha) 13 200 

Produttion (000 ron) 10 180 

Yield (ka/ha) 769 900 

• ~ J ' I : • 0 

,Tocal ftrnb . 
'AICI(OOOha) ., , ' ;215 I ~~7 

I 

146 173 I • 

143 164 

,979 ~. 

' I' 
96 2 

fj() 2 

625 833 

1982 ' 1263 

'~ 3682 ' . 514 ' . 180 ; 16963 

291 t924 · '· 503 · · 260 · t399s' 

.· 529 523 979 1444 : 825 

I'• : : ~ . ' \ 

0 ' 
1.5~ 300 

' .,, 

'no 
....... 

!4263 
' .. 

0 167 300 380 9302 

0 108 1000 

•:' 

1148 '1.5448 ·! i ' 3168 773' . 739.57 

Produclion (000 lon) .321 5~25 . 3460 268 ••. ~ 2369 4634 970 .. . . 9084.5 
I , , f I I ' ~ I 

·. Ytcld Cka/ha) · 1 1489 ' ' 1181 1746 . 101~ . '716' -. '• -l)5 J463 I 1255 ' 1228 
j •. 

: ·source: ·FAO Production Yearbook 1989, Food and Agricul1ure Organization of 
the United Nations, Rome. Italy: FAO. 1 

' ·: ' 



Sorghum and Milltt lmprol'tmtnl in Ecuttm Africa: Current Status of EARSAM Nen1vrk · 287 

c) Diseases.. Priority disease~ for regional research include pathogens that cause 
anthracnose, covered smut; groin mold· and ergot of sorghum. · For finger millet, 
head blast and pearl millet (and sorghum) ergot nrc the most wide-·sprcad diseases in 
the region and sometimes cause heavy damage. Downy mildew, rust and smut are 
also common in the region; these diseases do not appear to do much damage ·to the 
local landraces but the situation could change with the introduction· of improved 
cultivars. . . 

' 
d) Insect Pests and Birds. : The predominant pests of sorghum· are stem· borers, 

shootny, sorghum midge, and storagelinsects. Severo] of the insec'ts.found on 
sorghum also attack millets, but do not appear to significantly damage the crop . 

.. Que lea and other species of birds cause significant damage to both crops. The 
:actual extent of such damage has not been critically evaluated.:. 

'I •' 

e) Striga. Severo! species of this parasitic weed attack sorghum and finger millet 
crops resulting in significant production losses. 

•' -,I ,- , , a • , , .' :, , ~ , 

~ f) On·Fatm Trials •. To effectively tronslate·research results ·for adoption, it is 
:important to conduct•verification trials on farmers' fields and with farmers' 
'participation towards ensuring that the iechriology·in question is backed with socio-
economic considerotions. . . . . · . ':_ · ' 

· ' g) Marketing and Price Co11trol. · Most countries· have no official market or 
pricing policies especially for food crops and, consequently, such crops do not enter 
into the official trading system. Proper and cost-effective distribution of grain with 
adequate price control is essential to absorb excess production. · · 

., ... \' 

h) Post-11arve:st Handling and Utilization. Eastern African countries arc 
•increasingly expressing concern about the post harvest-handling, storoge insects, 
and utilization aspects of sorghum and millet. It is important that for rapid 
acceptance, improved cultivars be of good and high quality for food products, 
brewing and as liVeStoCk and poultry feedS. c· . , ; ' . ' .. . I ' 

7 

• ' 0 ' ,I ; 0 l: <I •o 

i) Seed Production. One of the bottlenecks to ropid movement and adoption of 
. improved crop varieties and hybrids in the region is the lack of effective seed 
industries. Kenya is the only country with a 'good and well established seed 
industries. It is, therefore, essential to strengthen the seed industry in each of the 
'countries. .. ' · · · ; · • · · · · ; · 

_: 1: I•'' 

Historical Perspective of SAFGRAD-ICRISAT EARSAM Network 
• , . , ' , ' . . • • ' . • ' r ~ • • I 

Since 1982, USAID has funded SAFGRAD for the implementation of sorghum 
·and'm'iliet improvement in Eastern Africa 'through ICRISAT. As a project of the 

' ·oAU, SAFGRAD mobilizes the efforts and strengths of national rigricultural 
research systems through a networking approach in achieving the;objective of 
improving sorghum, and mille! production in the region ... \Yhile ICRISAT has 
provided improved technologies and· supported NARS in their troining and other 

· ·needs, 'the' OAU umbrella under which SAFGRAD functions·has 'facilitated the 
· ' mobility of seientists and research materials. ' · .. 
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Between 1982-86 which period coincided with SAFGRAD phase I. 
ICRISAT/SAFGRAD made commendable progress in tmining NARS scientists and 
enhanced the interaction between scientists within and between participating 
·countries and regions. As a result, there has been an increased sharing of research 
results and exchange of gennplasm. Elite genotypes were evaluated on a regional 
basis. Thus, SAFGRAD Phase I activities established the groundwork for the 
second phase of the project. 

·. In 1986, which fonned the commencement of SAFGRAD phase II (1986-91), 
, further efforts were needed to expand and strengthen sorghum and millet research in 
. Eastern Africa. This was achieved by developing a strong and efficient networking 

, ·model, the EARSAM Network. This model was designed to further strengthen the 
ties among the NARS of the region, not only in the interchange of scientific results, 
experiences and gennplasm, but also in the sharing of responsibilities for common 
·regional problems and, thus, avoid duplication of efforts. 

In 1986, a Steering Committee comprising one elected NARS sorghum/millet 
scientist· from each of the eight member-countries of EARSAM Network was 
fonned. to provide overall guidance for Network activities. Together with the 
Network Coordinator who is a member, representatives of SAFGRAD, ICRISAT 
and USAID attend Steering Committe meetings as observers. 

··· In 'the context of providing overall technical direction to the ·Network and its 
: activities, the EARSAM Steering Committee functions to: · 1 

,I, •• '' • I i 
a) Prepare shon and ·tong-tenn Network action plans based on prioritized 

problems of regional significance. 

b) Monitor the implementation of workshop recommendations and Steering 
.. Committee decisions. 

Facilitate the implementation of research Network activities in members' 
respective countries in particular, and in the region in geneml. · ' 

c) 

d) Detennine themes for training workshops, seminars and regional short-
cou~ training programmes. - . . 'f 

The day-to-day execution of Steering Committee decisions and Network activities 
rests with the Coordinator. · · · 

EARSAM Netw~rk ObJectives and Progralnmes 

. • i In the oyerall coinext of SAFGRAD mandate io enhance food grain production .in 
._sub-Saharan Africa, the EARSAM Network has the following objectives relating;to 
Eastern Africa: , 

I 

. -< . ·: . ' . ' '. l 
a). .To assist NARS in the development of improved sorghum arid millet , · · 

·varieties mid hybrids that, together with agronomic and soil management ahd 
conservation pmctices, will result in higher and more stable economic yieids 
• • . I 
10 the reg10n. 
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b) To assist NARS to develop or adapt screening techniques to identify broad -
based genetic resistances/tolerances to abiotic and biotic stresses. to 
incorporate them in elite breeding material and to identify materials adapted 
to the various ecological zones in Eastern Africa. 

c) To organize and promote ~o;stematic regional cooperative testing of available 
elite cultivars. 

d) To develop coJiaborative research projects on specific production constraints 
of major significance in the region with strong NARS institutions (Lead 
NARS Centres) and provide critical inputs to enable them carry out such 
assigned research adequately and satisfactorily. 

e) To assist NARS in their training and manpower needs and development. 

I) To organize regional workshops. monitoring tours and field days in order to 
repon research findings. interchange ideas and breeding materials and foster 
closer national programme cooperation. 

At the inception of the Network in 1986, the major and common constraints to 
sorghum and millet production were identified by the Steering Committee, research 
priorities were formulated and Lead NARS Centres identified to carry out specific 
and assigned technology-generation research projects of regional implications, in 
addition to the backstopping provided by ICRISAT. In this context. JCRJSAT 
forged greater collaboration with NARS and transferred specific aspects of research 
to Lead Centres which assigned projects are partly supported by SAFGRAD · 
through ICRISAT. 

The concept of assigning research roles to Lead NARS Centres and their 
consequent close collaboration with ICRISAT is not only for the generation of 
needed technologies. but also towards developing research leadership of NARS 
scientists and strengthening their ability to carry out effective ~h.· · 

EARSAM Network Achievements 

a)_ Lead Centre Collllboratlvt Pro}tcu. 

i. Strlga ~sistance screening by the Institute of Agricultural Research.· Ethiopia. 
has recorded commendable progress and achievements and especially relating to the 
screening of several hundred breeding and germplasm lines for resistance to Strlga 
in field-sick plots· out of which 27 resistant lines have been identified. In pot 
experiments .at Holeut Research Station. five sorghum lines (SAR 24, Gambella 
I JOi, N 13. ICSV 1006, and ICSV 1007) have been identified as resistant to both S. 
htnnotJthlca and S. asiatica. · · . ', ' . 

' •• 4 

ii .. ~h on long. smut at the Ke~ya Agricultural R~h Instit~te hils led to 
the selection of 18 sorghum lines that have shown resistance to long smut at 
Marimanti. A screening technique for long smut has also been developed in the 
greenhouse using artificial inoculation. Sporidia .were found t~ be a mo~ el"feclive 
source of inoculum when inoculation occurred at the boot stage. · 
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The resistance' of IS 8595 may not be wholly attributed to its· long glumes as 1 

presently believed, in light of recent findings rit the· Kenya Agricultural Research 
Institute (Lead ·Centre for long smut) to the effect that other long-glumed sorghum 
genotypes have been found highly susceptible. Also of note in terms of achieve
ments at the Kenya Lead Centre Is the confirmation that seed treatment with 
systemic fungicides available·in Kenya (Rocol and Bayleton) are·ineffective in the 
control of long smut. 

iii. The Kenya Lead Centre has also developed a simple and reliable technique to 
screen sorghum gcrmplasin and breeding lines for resistance to covered smut. By 
this·technique that is now in wide usc by NARS institutions, maximum infection 

. results when I 0 g of seed is mixed with 50 mg of dry teliospores. · 

iv. Out of over 300 sorghum lines screened for ergot resistance at the Ethiopia · 
Lead Centre. about 48 have been identified that show less than 10% ergot-Infected 
florets--· of which six lines (ETS. 1446, 2448, 2465, 3155, 4457 and 4927) have 
been ·co.nfirmed as having resistance to ergot following further screening. The same 
technique used at the Rwanda Lead Centre (I'Institut des Sciences Agronomiques) 
resulted in the identification of 8 resistant lines (IS. 25531, 25485, 25489, 25521, 
255530, 25533, 25537 and 25542). Also identified are the common grasses 
Panicum maximum and Cenchrus diliafis which may serve as primary sources of · 
ergot inoculum, having been confirmed as alternate/collateral hosts of the sorghum 
ergot pathogen in· Rwanda. These grasses may serve as primary sources of ergot ' 
inoculum. .·, . , . : 

. ' . 
v. The Ethiopian Lead Centre has used the ICRISAT artificial screening technique . 

for anthracnose to identify 67 anthracnose-resistant sorghum lines out of lilt · 
screened. 

vi. The Kenya Lead Centre has screened about 960 firiger'millet gcrmplasm'!ines 1 

for resistance· to finger millet head blast disease, out of which 201 selected lines are; 
being screened again at "hot spot" locations in Eastern Africa to identify lines with' 
stable resistance. 

' . ' 

vii. Facilities for insect rearing on artificial diets have been established and 
successful rearing of sorghum stem borer (Chilo parte/Ius) initiated'afthe Somalia' 
Lead Centre. The growth, development and reproduction of C. parte/Ius on the 
artificial diet were similar to those on' its natural host, sorghum. ' · · 

' ' . ' - ', • • • '• lr' 

viii. The joint ~ffort of Lead Centres on food crop utilisation ·in Ethiopia (Institute' 
o(Agricultural Research), Kenya (University of Nairobi) and Sudan (Food 
Research Centre) has shown a' wide variation in the physico-chemical characteristics 
of sorghum cultivars commonly cultivated 'in each of the three countries: evahiated 
the organo-leptic qualities of such traditional foods as injem.and nifro (Ethiopia); 
ugali (Kenya) and kisra (Sudan); observed comparatively high ratings for overall 
food quali'ty i~· respect of sorghum cultfvar SPV 475 (india), Dabar (Sudan) a'n(f IS. 
24129' {Tanzani'a); established significant associations between starch chamcteristics 
and injera·~uality, and protein conteni with';itjthdind 'kim:J'quality; u'sed the 
tangential abrasive dehulling dcvic'e to ,detiull large numbers' of sorghuin samples ... 

, •,.. , ~ , ! I • 1 
' I ' j 

0 
, • ' 

0 
' 1 : ; ' • 
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and to screen for grain hardness; and observed significantly improved injera 
dehulled sorghum grain used for its preparation. 

b) Regional Germplasm Movement and Evaluation 

The model guiding the movement and evaluation of germplasm in EARSAM 
Network is depicted in Fig. I. Adopted in July 1988, the model was used in the 
1989/90 cropping season to organise the Network regional advanced 'elite yield 
trials. Resulting from such regional activities, several cultivars of sorghum and 
millet have been released by NARS as shown in Table 2 . 

. ·. ·· · Diverses source$:· · ·· ·· 
..,- "'· ·, ·:: : ICRlSA'I'~··INTsoliMJL: -:-:: · 

:,:: .. ·. :·· ... :::..:_::an<to~~t·· .. : ,_·. \.\\::-

.... :"·,. ;··: :: ; -~.,<<t·"._ ,':>:.·· 
:~.J-.·>,;;;: ·_::/.:·.::: .~R~onal_: ::>,:'{ ::· :: ... , ,:. ·: ~·.}·~ 
· ·.: .. ., · ,,.,..,_ "'-" · ·Advanceetite' · · .- ·. ··.:.· · ·. ·· · . · .. · ·, :, .. ·. :· ... >::~-: ·/~::- > ... ·'ije!<(tria( '\:::--_:,:· / :.: .. ,., ·;-- ,. ·· :_ · '< .. :";· 

Between 1986 and 90, seed material of sorghum and millet germplasm and 
breeding lines, resistant or tolerant to Striga, stem borer, shootfly, downy mildew, 
midge, leaf diseases, ·ergot and·to cold conditions· have been provided ·to NARS 
institutions as follows: 

Burundi 731: Somalia 583 
lt 1 ) 

Ethiopia 1052 Sudan 534 

Kenya 3451 Tanzania 525 

Rwanda 615 Uganda 825 
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Most of the germplasm has been evaluated by the NARS, useful data generated 
and productive/adaptive cultivars selected for further testing as desired by each 
institution. EARSAM Network preliminary observation nurseries have been 
organised for evaluation to commence in the 1991 season in the different agro
ecological zones of Eastern Africa. 

Table 2. Sorghum and millet cultivars released in eight Eastern African 
countries through SAFGRAD-ICRISAT EARSAM Network. 

Crop 

Country SorJhum Penrl millet Finger millet 

Burundi 5Dx 160 

Gambella 1107 

Ethiopia Melkonmh 

Oombella 1107 

Dinlunash 

Seredo 

Kenya Sereno 

Seredo 

1576 

2Kx 17 

Rwonda Ama~ugl 

5Dx 160 

Somalia pp 290 

Sudan White Dwarf Milo UJlllldi 

Hagee~~ DuiTDI 

OodonH11lt11111'1 

TIIIIZIII!ia Sereno Serere I 

Lulu Serere composite 

Tegemeo 

UJlllldo Sereno Serere I Enzeny 
Seredo Serere composite P224 

c) Training. During the period 1986-90, short-duration training courses were 
offered to NARS scientists and technicians covering seed production (43 
participants, Nairobi, Kenya); cereal entomology ( 16 participants, India); cereal 
pathology (16 participants, India) and breeding (planned for Kenya in June 1991 for 1 

16 participants). 
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d) Workshops. One facet of EARSAM Network activity that has grown markedly 
in size and quality has been the biennial regional workshops. The workshops are 
usually well attended by NARS scientists who present the results obtained from 
collaborative (Lead Centre) research projects and other studies. Scientists from 
ICRISAT, other international organizations as well as from Universities also attend 
towards sharing knowledge, expertise and experiences with NARS scientists and in 
the development of research plans and strategies for the following years. The 
regional workshops are organized jointly with the NARS institution hosting the 
event. Three regional workshops have been held since 1986: July 1986 in Burundi 
with 50 scientists participating, September 1988 in Somalia with 55 scientists; and 
June 1990 in Kenya with 67 scientists attending. Proceedings from all three 
regional workshops have been published and widely circulated. 

e) Monitoring Tours and Field Days. The Network organises monitoring 
research tours and field days for NARS scientists to enable them visit and evaluate 
one another's research activities, to evaluate the various entries in the regional trials 
and nurseries, and to appreciate' the interaction· between· genotypes and locations. 
Such visits also enable scientists to select or request genetic material of direct 
interest for utilization by their national programmes. Monitoring tours have so far 
been organized in Burundi (1986), Somalia (1988), Sudan (1989), Ethiopia (1990) 
and Kenya (1990). · · · 

In addition to tours and field days undertaken by NARS sCientists: staff of 
ICRISAT in the regional programme also travel regularly in the region to observe 
Network activities, to interact with NARS scientists; and to offer on~the-spot 
suggestions towards strengthening the ability of NARS scientists to carry out 
effective research. 

Challenges in the 1990s 

Even though SAFGRADIICRISAT in general and EARSAM Network in 
particular have recorded commcndabble achievements relating to sorghum and 
millet research, much remains to be done especially considering the widening food 
gap between demand and supply. Thus, in addition to continuing with and 

·strengthening the activities pursued in the second phase ·of the 
SAFGRADIICRISA T programme and employing the networking approach, the 
EARSAM Network would pay particular attention to the following aspects: 

• . I 

a) Manpower development: Well-trained scientists and support staff are assets to 
' a good national programme ... The establishment of practical/applied training 

opportunities for technicians in the region 'in a well organized training centre with 
adequate facilities is needed to meet expanding manpower requirements. In 
addition, degree-level training at the Masters and Doctoral degree levels and 
covering all disciplines is of high NARS priority. · 

• l l- r 

b) Researclr Station Improvement. One of the limitations to goo<J quality research 
within NARS is the paucity of effective research station facilities and management. 
Every year a substantial percentage of the data collected is inaccurate because it has 
b~n collected in poor experimental fields that lack proper management. It will, 
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therefore, be necessary in the 1990s for NARS, in cooperation with other institutes 
. involved in research station improvement and management, to train young scientists 

in station management in order to improve the research plots. 

c) Resolving Constraints to Productivity: More emphasis would need to be given 
to research towards resolving constraints relating to drought, Striga. insect pests and 
notably stem borers (Chilo), diseases and notably head blast (finger millet) and 
anthracnose (sorghum), grain molds (sorghum) and ergot (pearl millet), bird 
problems, post harvest handling and storage insect problems as well as sorghum and 
millet utilization. 
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Besoins Agronomiques des Genotypes de Sorgho sous Condition 
de Culture Pluviale au Mali. . ' 
D. SOGODOGO et S.V.R. SHETIY. 

t., I 

ICR/SAT- WASIP, Bamako- Mali 

i''• 11 

Resume 
'\' 'I 

Une ~tude sur les besoins agronomiques du sorgho so us coni:titiorl ·de culture 
pluviale a ~t~ conduite au Mali de 1985 h 1989 dans Ia zo'rie saMiienne et Ia zone 
soudano-Sah61ienne, deux r~gions pr~sentant des· technologies de production · 
diff~rentes sur plusieurs points. Dans Je sahel ob Ia ¢riode de· v~g~tation est'Ja plus 
courte, les vari~t~s am~liorees et precoces ont donn~ Jes meilleurs rendementS pour 
des semis dans Ia seconde moiti~ de juiilet. sur labour simple. Vapport d'engrais et 
Je semis h 53333 plantslha ont ~t~ favorables au sorgho. 

Dans Ia zone Soudano-Sah~lienne caract~risoo par un cycle de culture relativement 
plus long, les viui~t6s am61ioroos· h cycle intemi6diaire ont 6tc les plus perforinantes 
sur'un billonnage de d6but de saison. Le semis h 76.190 plantS/ha ver8 Ia mi-juin et 
l'apport d'engrais ont consid6rablement am61iore Je rendement du sorgho. · ' ' · 

IntroduCtion 
'' '· 

·' 

' .. . ' 
:· '., .. , 

' . 

La culture du: so.rgho s'6terid au Mali; du ·sud au Nord·. Le sorgho' c~de 
progressivement le terrain au petit mil vers le Nord ob iJ r~pparait tr~s localis6 dans ... 
les lits de cours d'eau ou de mares comme culture de d6crue. Sa culture s'est accrue 
ces demi~res ann6es dans le Sud h cause de Ia pluviom6trie peti favorable h Ia 
culture du maYs .. La culture pluviale est Ia forme de production du sorgho Ia plus 
dominante, et d'importants progres ont ~t6 iiatis6s dans le domaine de Ia recherche 
sur l'am61ioration du sorgho de ce type de culture. ' : · · · · · 

' I 

Patel et Patel { 1988 ) a trouv6 que le d6calage de date de semis entrainait une 
r6duction de rendement du sorgho malgr6 Je' bon comportement· de certains · 
g6notypes. Une augmentation de Ia distance entre ies poquets sur Ia ligne s16tait 
6galement traduite par une r6duction de n:indement { Chetra:m, 1970 ). ' · · 

F o, I 

L'utilisation des engrais a fait remarquablement augmenter les rendements. 
L'apport de phosphore { Traore, 1974) et d'azote a consid6rablement am61iore les 
rendements. Toutefois, Pieri ( 1973 ) avail trouv6 que Ia r6ponse des c6r6ales h · 
l'apport d'azote variait en fonction de Ia pluviom6trie et avail des effets notoires' sur 
le rendement. Mais Ia variation dans Ia quantit6 et Ia distribution des pluies. d'une 
ann6c h l'autre { Sivakumar et al, 1983 et 1984) rendait difficile les pr6visions dans 
cedomaine. 

1 Les sols de culture de sorgho n6cessitent des techniques de preparation du sol pour 
am6Jiorer leur statut et le rendement des cultures ( Vijayalakshmi, 1983 ), et une 
necessaire collaboration doit s'6tablir entre chercheurs et climatologues pour mieux 
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cemer les interactions entre le climat,le sol et Ia plante (Kanwar, 1982 ). Les efforts : 
de Ia recherche doivent done s'orienter vers une am~lioration ou une transfonnation ; 
des syst~mes de cultures existants (Rao, 1981 ). 

De nos jours au Mali, Ia culture du sorgho est, dans Ia majorit~ des cas. 
caract~ri~ par des syst~mes culturaux traditionnels. Le semis en poquets s'effectue 
sur sol non travaill~. h sec, et sur labour, houage, buttes ou billons, en humide. La 
densit~ varie de 25 000 h 30 000 plants ha. A cOt~ du semis direct, existe le 
repiquage, mais h une moindre ~helle. Le d~mariage est presque inexistant. Les 
c!cotypes locaux de haute taille produisent pres de 800 kg de grainlha. Malgre cette 
faiblesse de rendement, le sorgho demc.ure l'un des aliments de base des 
populations. Aussi admet-on, g~n~mlcment, que les vari~t~s amc!liorees issues des 
programmes de s~lection dimrent, par nature, des vari~tc!s locales. Elles ont une , : 
architecture moyenne ou petite et un cycle de vc!gc!tatiori plus court que celui des 
varic!tc!s locales. Par consc!quent, les besoins agronomiques des vari~tc!s amc!liorees 
et locales dif~reront. Aussi avons-nous entrepris cette c!tude. 

Ma~rlels et M~thode 

Les essais c!taient en factoriels pour l'~tude de Ia rc!ponse des gc!notypes h Ia 
densitc!, travail du sol et fumure minc!rale et en split-plot pour celle de Ia densitc! de 
semis et de Ia date de semis avec les gc!notypes comme sous-parcelles. Le dispositif 
~it en blocs de Fisher h 4 repc!titions. La parcelle ~lc!mentaire avail 4,5 m x 8 m de 
cOte!. Les semis ont ~tc! effectuc!s ll Ia daba et en poquet. le d~mariage h 2 
Jilants/poqueL Le sorgho c!tait semc! h 0,75 m x 1,0 m ( 26666 pltslha); 0,75 m x 0,5 
m ( 53333 plts/ha ); 0,75 m x 0,35 m ( 76190 pltslha ); 0,75 m x 0,25 m ( 106666 
pltslha) seton Jes cas. Les niveaux de fumure c!taient: 0-0-0 ( tc!moin absolu ), 18-
46-0 ( 100 kg de phosphate d'ammonlaquelha au semis ) et 41-46-0 ( 100 kg de' 
phosphate d'ammoniaquelha au semis et 50 kg d'ureelha h la'montaison ). 

Les varic!tc!s utilisc!es ~taient : Malisor 84-1, Malisor 84-3, Malisor 84-4, Malisor. 
84-7,'F4-286, CSM 388, S34, S35, CE 90, ICSV 1063 BF, ICSV 401 et Jes locales 
Lakahery et Sakoi'ka. 

L'estimaUon de rendement h Ia recolte a porte! sur Jes 4 lignes ccntrales diminuc!es : 
d'1,5 m h chacune des extremitc!s. L'analyse de Ia variance a c!tc! utilisc!e pour Ia · 
dc!tennination des effets des diffc!rents facteurs et leur interaction sur le rendement · 
du sorgho. La PPDS a c!tc! utilisc!e pour Ia sc!paration des moyennes. 

Les essais ont c!tc! semc!s dans Ia deuxi~me moille! de Juin dans Ia zone 
soudanienne, h Ia Station de recherche agronomique de Sotuba et dans Ia deuxi~me 
moitic! de Juillet dans Ia zone sahc!lienne, llla Station de recherche agronomique de 
Bema. Les parcelles ont r~u un minimum de deux sarclo-binages par campagne 
agricole. 
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Tableau 1. Influence d'une augmentation de densite de semis sur le rendement 
de grain (kglha) du sorgho a Bema, 1989. . 

Population h !'hectare 

Genotypes 

26666 53333 76190 106666 Moyenne 

ICSV 401 1360 1280 1180 880 1175 

Malisor 84-5 960 900 610 720 797 

LakaMry 290 310 100 180 220 

Moyennc 870 830 630 593 731 

Resultats et discussions. 

Zo11e Saltilielllle. Le rendement moyen des varietcs ameliorees n cte meilleur a 
celui de Ia locale Lakahery. Les varietcs ICSV 401, Malisor 84-5 et locale ont 
produit respectivement environ 1200 kg, 800 kg et 200 kg de grninlha ( Tableau I ). 
La variete locale a souffert de l'attaque des sauteriaux. L'augmentation de densite a 
entralne des reductions plus ou moins notoires de rendement. La reduction de 
rendemcnt a ete insignifiante en passant de 26666 a 53333 plants/ha mais les 
densitcs de 76190 et 106666 plants plants ont entraine des reductions respectives de 
rendement de 27 % et 32 % (Tableau 1 ). Notons que lcs rcndements du sorgho sont 
equivalents aux densites de semis 26666 plants et 53333 plants/ha, mais 26666 
plants/ha ont favorise le tallage du sorgho. Cependant, toutes les talles n'nrrivent pas 
lt maturite en cas d'arret precoce des pluies comme c'est souvent le cas. 

Ln reaction des genotypes a !'apport de fumure minerale et lt )'augmentation de 
densite a varie en fonction de Ia pluviometrie. En 1985, i.me mauvaise repartition des 
pluies en septembre a contribue a une reduction importante de rendement du sorgho, 
et nous n'avons pu noter de difference significative entre les rendements des 
genotypes. Cependant, les effets de Ia densite et de Ia fumurc ont etc significatifs 
(Tableau 2 ). · 

L'augmentation de dcnsite a significativement ameliore le rcndement du sorgho de 
37 %. La F4-286 a etc Ia moins performante lt 26666 plants/ha avec 1280 kg de 
grainlha. A 53333 plantslha, Ia CE 90 et F4-286 ont etc les moins performantes avec 
des rendements rcspectifs de 1908 kg et 1974 kg/ha ( Fig.· 1al ). Le meilleur 
rendement de sorgho a etc obtenu avec un semis lt 53333 plants/ha avec une 
application de Ia fumure 41-46-0 (Fig. I a3 ). 

La tendarice des genotypes a bien rcpondre lt !'apport de Ia fumurc 41-46-0 a ete 
nette (Fig. Ia2 ). Avec 1935 kg/ha, Ia F4-286 a ete Ia moins performante des 
varietes. Cette variete s'est revelee trcs sensible aux maladies : anthracnose, tfiches 
zonees et char:bon. 
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. . 

Tableau 2. Influence du genotype, de Ia densitc de semis et de Ia fumure sur le 
rendement du sorgho a Bema. · 

En 1986, Ia saison agricole a c c moins pluvieuse avec des pluies relativcment bien 
rcparties. Les effets des genot pes et de Ia densite de semis ont ete nets sur le 
rendement du sorgho. Ln F4-286 a donne le plus faible rendement ( 2344 kglha .), 
tnndis que Malisor 84-5, Malisor 84-6 et CE 90 ( pris comme tcmoin de 
productivitc~) avnient des performances cquivalentes de J'ordre de 3314 kg/ha. 
L'augmentation de densitc a engendrc un gain de production de 16% (Tableau 2 ). 
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Fig. 1. Rendement du sorgho sous l'effet d'interaction en 1985 (a), 1988 (b) et 
1989 (c) a Bema. 

Les resultats de 1987 n'etaient pas interpr~tables fl cause de !'absence de rendement 
dans plusieurs traitements. L'annee 1988 a ~te Ia plus pluvieuse malgr~ un brusque 
arret des pluies. La mauvaise repartition des pluies en AoOt et en Septembrc et 
surtout les attaques d'oiseaux ont etc prcjudiciables aux varietcs ameliorees qui ont 
et~ mains perforrnantes que Ia locale Lakahery. Dans l'ensemble, les effets simples 
de genotypes, de densitc et d'engmis ont etc nets sur le rendement du sorgho. Le 
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' 
' doublement de Ia densitc de semis a entrninc 28 % d'accroissement de rendcment ct 

l'apport de doses de fumure vulgarisce un excedent de 19 % ( Tableau 2 ). La 
tendance a ete forte chez Ia locale Lakahery lt surclasser en rendement les autres 
genotypes ( Fig. 1 b I et I b2 ). La dcnsitc de semis 53333 plants/ha a etc Ia meilleu're 
avec )'apport de Ia fumurc vulgarisee ( Fig. I b3 ). . . \ 

l 
En 1989, les niveaux de rendemcnt ont cte faibles lt cause de Ia faiblesse des pluies 

ct surtout des degats de sauteriaux. Mais les tendanccs observecs rcstent tes memes 
que celles des autres annccs. Lcs genotypes ametiorcs CE 90 Matisor 84-4 et 
Malisor 84-5 ont ete plus performants que Ia locale Lakahcry avec t'augmentation de 
densitc et !'apport de fumure (Tableau 3, Fig. tel ct lc2 ). 

L'apport de fumurc a signiticativement ameliore le rcndement du sorgho de 36 %. 
Les varietes sc sont micux exprimees dans lc cas d'un apport d'engrais lt Ia densite 
de semis de 53333 plantslha (Fig. Clc3). 

Lcs genotypes ameliores comme Malisor 84-5 ct Malisor 84-6 ont cgalc en 
rendement, le tcmoin de productivitc CE 90 ( 1985 et 1986 ). Ccs genotypes ont 
produit en moyenne 2573 kglha contre 1985 kg/ha chez F4-286. La varicte locale 
s'est rcvelee plus productive que les amcliorces dans une situation de mauvaisc 
repartition des pluies et souvent d'attaque des oiseaux. L'augmentation de Ia densite 
de semis ct )'apport d'engrais sont apparus comme des facteurs agronomiques 
favorables hl'amclioration de rendcment aussi bien des varietes locales que des 
varietes ameliorecs. 

Cette etude dans le Sahel Nord-Ouest du Mali nous a permis de demontrer que Je 
rendement du sorgho peut l!tre considernblement amcliorc grllce a : ( i) )'utilisation 
des varictes ameliorces ( Maiisor 84-4, Malisor 84-5, Malisor 84-6 et CE 90 ) 
semees dans Ia deuxieme moitic de Juillet, ( ii ) !'apport de Ia dose de fumure 
minerale 41-46-0 ( 100 kglha de phosphate d'ammoniaque au semis lt Ia voice puis 
cnfouis et 50 kg d'ureelha par localisation a 5 em de Ia ligne de semis lt Ia montaison 
du sorgho ) sur labour simple de debut de saison, et l'augmcntation de Ia densite de 
semis de 26666 plants/ha (75 em X ] 00 em ) h 53333 plants ha-J ( 75 em X 50 em ). . . 

Tableau 3. Influence de Ia date de semis sur le rendement moyen ( kg/ha du 
sorgho h Sotuba, 1988 et 1989 ). 

Date de semis 
G~notypes 

15juin 30juin 15 juillet 30 juillet 

Molisor 84-7 2649 1301 1046 226 

Molisor 84-1 2906 2243 1418 521 

S34 ' 3268 1464 900 210 

S35 2413 2438 1564 660 

,Sakoi'ka 2581 1271 626 91 

Moyenne · 2845 1744 Jill .342 
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Zone Soudanicnne. Lcs r~sultats sont dans le Tableau 3. Lc rendement du sorgho 
a considcrablement diminu~ au fur eta mesure du retard du semis. Le semis au 15 
Juin n donne le meilleur rendement (2845 kg/ha). Lcs deuxieme, troisieme et 
quatrieme dates de semis qui se suivent a 15 jours d'intervallcs ont enregistre des 
r~ductions respcctives de rendement de 39 %, 61 % et 88 %. La performance des 
g~notypes a bcaucoup varic selon Ia date de semis. Les g~notypes les plus sensibles 
a Ia photoperiode ont etc tes moins performants. Ainsi, Ia variete locale Sako"ika et 
Malisor 84-7 ( issue de Ia population de base du programme de selection du Mali ) 
ont etc les moins performantes avec des rendements de 1000 kg/ha tandis que 
Malisor 84-1 et les variet~s du Nig~ria ( S34 et S35 ) toutes sclectionnees a partir de 
materiels indiens ont ete les meilleures avec des rcndemcnts de pres de 2000 kg/ha 
(Tableau 3 ). 

' . 
L'influence de Ia densit~ de semis du sorgho s'est manifcst~e sur le rendement de 

grain et de matiere scche. L'augmentation de densitc de semis a entrain~ une 
tendance g~n~rale a un accroissement de rendement. Des taux d'accroissement de 
rcndement de 34 %, 35 % et 53 % ont etc enregistrc·s avec les augmentations 
respectives de densit~ de semis a l'ha : 53333, 76190 et 106666 (Tableau 4 ). ·A 
76190 plantslha, nous avons not~ chez les varictes am~liorc~es demi-tardives ICSV 
1063 et S34, une tcndancc a In baissc de rcndemcnt dOc aux effets de comp~tition. A 
106666 plants/ha, l'accroisscment de rcndemcnt chez toutes les variet~s serait dO a 
une augmentation du nombrc de plants (Tableau 4 ). 

Tableau 4. Influence d'une augmentation de densit~ de semis sur Je rendement 
de grain (RG, kg/ha ) et Ia production de matiere sechc (MS. kg/ha) du sorgho a 
Sotuba, 1989. . 

Populationlha 

Genotypes 26666 '53333 76190 106666 

RG MS RG MS RG MS RG MS 

ICSV 1063 BF 1650 8833 2080 8417 2080 6583 2150 4500 

S34 1370 8500 2000 8000 1780 5083 2150 4583 

CSM 388 1230 7583 1620 7000 1870 6583 2200 6500 

Moyenne 1417 8305 1900 7806 1910 6083 2167 5194 

La production de matii~re scchc a cvoluc dans le scns contraire du rendemcnt de 
grain. Nous avons enregistre des taux de reduction de 6 %, 27 % et 37 % avec des 
augmentations respeclives de densit~ de semis de 53333,76190 et 106666 plants/ ha 
( Tableau 4 ). L'augmentation de densite de semis accroit les bcsoins en el~ments 
nutritifs des plants et Ia competition quant h Ia lumierc. Dans cette situation les 
plants photosynthetisent moin~ de matiere seche. Ainsi it apparait que le sorgho 
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reagit favorablement a une augmentation de densitc de semis jusqu'a 106666 
plantslha. Lcs varietes amcliorecs semi-tardives ont cte plus sensibles nux effets de 
competition dOe a !'augmentation de population avec I'application d'une dose unique 
de fumure minerale. · · 

Tout comme dans Ia zone sahelienne, Ia reaction des genotypes n'a pas etc la'meme 
en ce qui concerne Ia rcponse a Ia densite et a Ia fumure mincrale. 

L'augmentation de densite s'est traduite en 1985 par une tendance lila baisse de 
rendcment chez lcs varietes precoces et deini-tnrdives a cause d'une mauvaise 
repartition des pluies et a !'exception de Malisor 84-3, toutes lcs varietes ont 
favorablement reagi a !'apport de Ia dose vulgarisce de fumure mincrale (Tableau 5, 
Fig. 2al et 2a2 ). En 1986, ]'augmentation de densitc s'est traduite par une tendance 
a Ia baisse de rendement de 6 %, Ia CSM 388 de long cycle ayant ete Ia moins 
performnnte des varietcs. L'application d'engrais ( 41-46-0 ), par contre, a favorisc 
un meilleur rendement du sorgho. ' · ., . 

Eri 1988, Ies varietes Malisor 84-3 et Malisor 84-1 ont etc retirees de I'essai, Ia 
premi~re a cause de Ia petitesse de ses panicules et Ia seconde h cause de sa 
prccocitc. Ellcs ont etc remplacees par respectivcment Snkolka ct S34. 
L'augmentation de densitc s'est traduite, chez Ies varietes h cycle long, par une 
baisse de rendemcnt consecutive a une secheresse de fin de saison ( Tableau 5, Fig. 
2b I ). La derisite de semis 53333 plnnts/ha a signific'ativement mieux utilise 
l'engrais que Ia forte densite de semis 1 06666 plantslha ( Fig. 2b3 ). · 1 

En 1989, Malisor 84-7 qui connait que1quefois des probl~mes d'excersion 
paniculaire a etc remp1ace par ICSV I 063 BF, un sorgho semi-tnrdif. Dans 
!'ensemble, comme pour obei'r h In tendance enregistree les autres annees, lcs 
varietes semi-tardives ( S34 et ICSV 1063 BF ) ont signHicativemcnt surclassc les : 
tardives ( Sakoi'ka et CSM 388 ) ( Tableau 5 ). L'augmentation de densite a entraine 

1 
un accroissement significatif de rendement des genotypes ( Fig. 2c 1 ). Les varietes · 
de cycle -intermediaire ont mieux repondu a cette augmentation de population, et 
toutes Ies varietcs ont rcagi favorablement h l'apport d'engrais, particulierement h Ia 
densite double de semis (106666 plantslha) (Fig. 2e2 et 2c3). 

Dans les conditions locales de 'labour et sans fumure (0-0-0), !'utilisation de Ia 
variete amelioree S34 a entraine un surplus de revenu de 27300 F. L'application de 
Ia fumure minerale seule sur Ia variete locale ( Sako'ika ) ct amelioree ( S34 ) a 
entraine des accroissements respectifs de rcvenu de 6.170 F et 40.950 F. Lcs effets 
synergiques de !'utilisation d'cngrais ct de varicte amclioree ont rapporte 68250 F de 
Mneficc ( Tableau 6 ). ' 

Dans les conditions ameliorees de travail du sol (billonnage de debut de saison ). 
sans apport d'engrais, !'utilisation· de'! a variete amclioree seu1c a engendre un gain 
de 49.400 F. Des benefices de 26.000 F et 52.957 F ont ete realises avec 
respcctivcment Ia varietc locale et Ia varicte nmelioree rien qu'avec l'apport 
d'engrais. La combinaison des facteurs engrais ct vari~t6 amelioree a cu des cffcts 
synergiques qui ont occasionne un benefice de 102.375 F ( Tableau 6 ). Dans 
l'enscmblc, Ia technologic amcliorce de production a permis de realiser un Mnefice 
de 72.150 F sur Ia technologic locale. · 
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Tableau 5. InOuence du genotype, de Ia dcnsite ct de Ia fumure minerale sur le 
rendement du sorgho lt Sotuba. 

a- Rcndcment de Ia varicte locale Sako'ikn 

Traitements 
Rendement grains kg/ha 

Genotypes 

Malisor 84-3 

Malisor 84-1 

Malisor 84-7 

CSM388 

ES± 

Dcnsitc de scmlslha 

53333 pits (75 x 50 em) 

106666 pits (75 x 25 em) 

ES± 

Fumurc min craie 

18-46-0NPK 

41-46-0NPK 

ES± 

Interaction 

CV% 

Rcndemcnt de S 34 

1985 

·1625 

2331 

2103 

812 

145 

NS 

1819 

1617 

144 

NS 

1650 

1777 

144 

40 

1986 

2069 

2477 

2370 

1352 

123 

NS 

2116 

1978 

116 

NS 

2019 

2115 

116 

32 

b
e
d-

* 
** 

Rcndcment de ICSV 1063 BF 
Rendcmcnt du niveau de fumure 0-0-0 
p<0,05 
P<O,OI 

NS: Non significative. 

1988 

1350a 

2000b 

1570 

1280 

154 

NS 

1500 

1600 

109 

. ** 

.J 180d 

1920 

109 

Dx F.M** 

34 

1989 

1700a 

2000b 

2240c 

1960 

113 

* 

1740 

2010 

80 

** 

1643d 

2105 

80 

NS 

24 
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Tnblenu 6. Influence du travail du sol, de Ia fumure min~rale et de Ia densit~ de 
sorgho sur Ia productivit~ du sorgho de culture pure h Sotuba . 

. ' 

Rendement de grain kglha 
Traitemenls Revenu*.brut CFA . 

1988 '1989 Moyenne 

TS FM v 

1990 2530 2260 

+ 2610 2750 2680 

+ 1830 2880 2355 

+ + 3500 3120 3310 

+ 1170 2420 1795 

+ + 2580 2530 2555 

+ + 1720 2670 2195 

• I 

'. ' 3t'JO 3630 '3370 + + + 

* I kg de grain de sorgho = 65 FCFA 
T.S. = travail du sol. FM = fumure min~rale. V = vari~t~ de sorgho 
- pratique locale ( labour simple sans engrais vari~te locale ) 
+ pratique amelior~e ( billonnage avec engrais vari~te am~lior~e ). 

Remcrclements 

146900 

174200 

153075 

215150 

116675 

166075 

142675 

219050 

Au tenne de cette etude, nous reme~ions sinc~rement : Mr. K. Diakit~. Chef de Ia 
sous-station de B~ma ( Zone SaMlienne Nord-Ouest du Mali ), Mrs F.L. Fombqa, 
H. Traorc, M. Guindo et tous les observateurs du programme Agronomic 
ICRISAT/Mali h Ia station de Sotuba pour tous les efforts consentis dans 
l'installation et le suivi des essais. Nous remercions egalement tous lcs autrcs 
agronomes coll~gues qui ont eu a travaillcr sur notre programme et Mr. I. 
Kassambara pour son aide appreciable dans !'analyse statistique des donn~es A 
l'ordinateur. 
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'r 

Resume 

Des travaux de mutagenese et d'clectrophorese se rapportant a des ecotypes focau~ 
de sorgho de Ia race guinea prcponderante en Afrique de !'Ouest nous ont permis 
plusieurs estimations de leur taux d'allogamie. Cellcs-ci aboutissent le plus souvent 
ades valeurs de 20 a 30 %. Elles sont superieures a cellcs g~neralcment admlses· 
pour les autres races de cette cereale. Pour mieux prendre eri compte cette 
particularitc, des recommandations sont faites pour Ia maintenance et !'amelioration 
des ccotypes locaux guinea. ' ' . . : . ' .', f 

Introduction 

Le sorgho est considere comme une plante autogame. En effet, les taux d'allogamie 
generalement donnt~s pour cette pi ante sont faiblcs : de l'ordre de 5 h 7% (Doggett, 
1988 ). La plupart du temps. ils ont etc obtenus avec des variet~s a panfcule semi-: 
compacte ou compacte du type dura (Faycd et at., J 976). · ' · · 

A notre connaissance, il n'y a pas de publications d'ctudes concernant l'allog'amie 
des sorghos a panicule Iache appartenant llla race guinea preponderante· en Afrique· 
de I'Ouest. Leur importance cconomique dans cette partie du monde~ rend celte · 
situation anormale. Pour remedicr a cette ignorance, nous avons eu l'opportunite 
d'exploitcr des travaux recourant a des techniques de mutagenese et d'electrophorese 
recemment utilisces sur des ccotypes locaux traditionnels Guinea. 

Apport de Ia Mutagenese 

Unc variete locale guinea a grain rouge : Nafo-Natogue du Senegal a subi en 
France, en 1984, un trnitement mutagene de 100 jours aux rayons gamma a Ia dose 
de 28,5 Kr. La selection des descendances des graines irradiees est en cours au 
Burkina Faso ( Kondombo, 1988 ). 

En M 2, )'apparition de plantules chlorotiques, de nature mutante, facilcment 
identiliables, n rcndu possible un calcul du taux de polli'nisation cr~isee. Pour .cela; 
nous avons exploite Ia difference de plantules chlorotiques, observce entre Jcs 
dcscendances M 2 issues d'autofecondation et celles de M 2 issues de pollinisation 
libre. 

Le detail des calculs, donne en annexe, amene h une estimation du taux d'allognmie 
de29 %. 

309 
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' .. 
Apport de I'Eiectrophorcse 

A l'occasion d'un travail d'annlyse de Ia vnriabilite gcnctique des sorghos cultivcs, 
6 ecotypes locaux guinea ont etc prospectes autour de Ia station de Sarin au Burkina 
Faso. 

Unc etude d'electrophor~sc a montre que, sur 7 loci etudies, 4 presentnient du · 
polymorphisme. Les 6 populations etaient en moyenne polymorphes pour 2,7 d'entre 
eux. Par systeme enzymatiquc polymorphe, le tnux observe dMtcrozygotie a ete 
trouve de 7,6 %. . . 

Pour 4 de ces ecotypes nyant des loci polymorphes, )'etude des dcsccndances grain 
a· grain d'un certain nombrc de panicules a deboucM sur des estimations de tnux 
moyens d'a1logamie respcctivement de 7, 20,21 et28% ( Ollitrault, 1987 ). 

' .' !, t 

R6ce~ment, ·des ~tudes identiqucs avec 3 nouvelles varietes locales guinea, 
toujours prospectees nutour de Sarin, donne comme estimation de leur tnux 
d'allogamic 21,23 et 34% ( Degremont, resultnts non publics). 

Discussion 

ics·dim~r.e':lt~ taux .d'at!ogamie etnblis ici pour tes ecotypes tocaux guinea 
aboutissent, 'e plus souvent, a des vnleurs comprises entre 20 et 30 %. Its sont 
beaucoup plus forts que ceux habi~uellement ndmis pour le sorgho. Les seuls 
resultnts trouves proches des n6tres sont ceux de Garber et Atwood ( 1945) realis~s 
a partir de sudangrass, materiel bicolor.a panicule )fiche comme Jes guinea. Sans 
doute y· a-t-il lieu de suspecter ce caractere dans !'explication des resultats observes. 
D'autres facteurs doivent jouer, qui sont vrnisemblablement lies aux caractenstiques 
pnrticuli~rcs de longueur et 11 mobilite II des glumes chez les guinea. · 

Le taux d'allognmic en liaison avec.le polymorphisme observe contribuent lt 
maintenir un taux d'hCtcrozygotie non negligeable chez les sorghos locaux guinea. II 
y a lieu de penser que cette Mtcrozygotie profile nux ecotypes par l'effct d'heterosis 
qu'elle engendre et qui est, de fn~on quasi generate, positif. Avec nos methodes 
hnbituelles de selection qui recourent systcmatiquement a l'autofccondation, 
l'homoi.ygotie devient generate, le polymorphisme diminue et !'heterosis disparait 
(Pernes, 198~ ). 

Alin de verifier l'effet dcpressif attendu de cette situation, nous avons conduit un 
essai varietallt Sarin en J 989 ou nous comparions Ia variete locale " amelioree " en 
station : S 29 avec Ia population d'origine que les pnysans maintiennent aux 
alentours en pollinisation ouverte : Blanc de Sarin. 
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Lcs resultats vont dans Je sens attendu : 

Varh~te 

Blanc de Sarin 

s 29 

Moyennc 

c.v. 
ETR (d.dl = 11) 

F variete 

Pluviometrie utile 

Rendement en kg/lta 

2860 

2469 

2665 
8,6 

230 
17,3 (HS) 

690mm 

La variete S 29 s'est revelce statistiquement inferieure au materiel traditionnet, 
entretenu sans autofecondation, qui lui est Je plus npparente. 

Dans ces conditions, it convient de s'interroger si nos methodes de maintenance et 
de selection des varietes de type guinea sont appropriees. Calquces sur celles 
appliquees au materiel h panicule compactc, elles ne prcndraicnt pas en compte Ia 
specificitc reproductive des principaux sorghos de )'Afrique de I'Ouest. Pour y 
parvcnir, il est possible de fnire quelques propositions : 

Relativement h Ia maintenance des varietes guinea, Ia meilleure fa~on d'operer 
parait de les reproduire en parcelle isolee a partir de leur talon de prospection 
correctement echantillonne. Ce'Ja n'est pas toujours possible notamment si J'on doit 
entretenir de nombreux ecotypcs locaux. Dans ce cas ia, i1 faut se limiter a Ia 
rejuvenatimi corr'7Cte des meilleurs d'e~tre e'ux a partir de leur talon de prospection .. 

' . ' 
S'il est necessaire pour diverses raisons ( comme celle de graincs originelles en 

quantile insuffisante ) de produirc des semences par autofecondation, Jes effets lies a 
!'inbreeding peuvent ftre attenues en recourant a l'endogamie. Comparativement a 
l'autogamie stricte, celle-ci a une vitesse de fixation et de perle des alleles moins 
elevee. . .. ' 

·Pour ce qui est de l'amelioration des memes varietes, l'usage des methodes de 
selection de nature recurrente peut eire intensifie. Au scin d'un ccotype, en alternant 
des· phases de choix ·de gcniteurs puis de brassage de ccs derniers, on augmente 
progressivement Ia frequence des genes favorablcs. La selection massale· procede 
ainsi. Elle est surtout performante pour'les caracteres fortement heritables. ·pour 
ceux qui le sont moins, it est possible d'amcliorer son efficacite moyennant quelques 
amenagements (Gallais, 1990 ). D'autres methodes de selection recurrente sont 
cnvisageables ( Marchand, 1975 ). Celie de " l'epi a Ia ligne " facilement mise en 
oeuvre, presente, entre autres, !'interet de mieux contr61er l'environnement que Ia 
selection massale. Dans tous les cas, le taux d'allogamie suspecte de 20 h 30 % 
limite l'efficacit6 des phases de recombinaison qu'il est possible d'accro!tre par deux 
cultures successives de brassage. · 
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ANNEXE 

Calcul du taux d'allogamie n partir de gralnes lrradices de Ia vnrlete Nafo-
Natogue. ' 

En hivernage 1987, les graines lrradices (semence M1) ont ~te semees en une 
parcelle iso!ee a Sarin. A raison d'une panicule par pied, tous lcs pieds M1 ont cte 
r~oltes ct ont donne 572 paniculcs-lignes M2 semees en 1988 : 209 etaient issues 
d'autofecondations, 363 vcnaicnt de pieds en pollinisation librc. 

II y a cu apparition de plantules chlorotiques semblant de m@me nature : 

- 11 des M 2 issues d'autofccondations avec apparition de 103 plantulcs 
chlorotiques sur un total de 1643 plantules observees soil un pourcentnge de 6,26 %. 
( Pour un pied M 1 generant des plnntules chlorotiques, 0,0626 reprcsente Ia 
probabilite d'obtenir un zygote ·chlorotique suite b Ia fecondation d'une ovule par un 
pollen issu du m@me pied ). · 

- 27 des M 2 issues de pollinisation libre ( apparition de' 301 plnntules chlorotiques 
sur un total de 6600 plantules observees soit un pourcentage de 4,56 % ). ( Pour le 
meme type de pied M 1 mais cette fois en pollinisation libre, 0,0456 rcprcsente Ia 
probabilite d'avoir une plantule chlorotique dans sa descendance). 

· La mise en oeuvre d'un test d'identite de pourcentage nous permet de' conclure h 
une difference statistique entre des frequences de plantules chlorotiques dans les 2 
types de M2 : valeur du teste= 2,86 pour une valeur seuil de 1,96 au risque a.,;, 0,05. 
L'ecart observe entre les pourcentages de plantules chlorotiques dans les 2 typeS de 
M2 est mis sur le compte de Ia seule difference existant entre eux, a snvoir le mode 
de pollinisation utilise pour leur obtention. 

A partir d'une panicule Mt en pollinisation libre gcncrant des plantules 
chlorotiques en M2, !'obtention d'une graine M 2 peut se faire soit par une 
pollinisation croisee soil par une autofecondation. Chaeune de ces voies contribue 
de far;on independante et exclusive a donner des plantules chlorotiques. Leur 

. probabilite propre s'additionne pour donner Ia probabilite globale d'avoir une 
plantute chlorotique A partir d'unc graine M2 ( probabilite trouvee egate h 0,0456 ). 
Pour chaeune de ces voies, l'obtention d'une plantute chlorotique est le resultat 
d'evenement clcmentaires tous necessaires dont les probabllites vont done se 
multiplier. 

Vole de l'Autofecondatlon: 

11 faut que : Ia fleur M1 soit autofecondee (probabilite a); qu'un zygote chlorotique 
soit produit suite h ta fecondation d'un de ces ovules par un pollen du m@me pied 
(probabilite 0,0626 ). · · 
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Voie de Ia Pollinisation Croisee: 

II faut que : Ia fleur M1 qui va donner une semence M2 soit polliniee de fac;on 
croisee ( probabilitc 1-a ); que le pollen fecondateur de cette flcur provienne d'un 
pied susceptible de gencrcr des plantules chlorotiques : ( probabilite estimee par le 
rapport 27/363 avec 363 = nombre de pieds pollinisateurs ( c'est-a-dire non 
autofccondes ) et 27 = nombre de pieds a descendances chlorotiques parmi les pieds 
pollinisatcurs; qu'un zygote chlorotique soil produit suite a Ia fecondation d'un de 
ces ovules par un pollen du ml!me type de pied pour !'aptitude h donner des 
descendances chlorotiques ce qui equivaut au cas de l'autofecondation ( probabilite 
0,0626 ). 

Avec ces elements, Ia probabilite observee d'apparition de plantules chlorotiques 
dans les M2 issues de pollinisation libre se decompose ainsi : 

0,0456 = (a* 0,0626) + (( 1-a) * 27/363 * 0,0626) 

Nous en tirons a { probabilitc d'unc autofecondation ) = 0,707 et 1-a { probabilite 
d'une pollinisation croisee ) = 0,293. 
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', si l'i'~fiJeri~e .. d~p~slvc des moi~issures sur hijfadilt~ gcimlriativc' et la'vig~eur 
1des"p1antu1cs' est' conn'ue. chei. le j sorgho, , deS relations 'nettes n'orii pas en~ore: ~t6 
·~tab lies entre· 'certains drabt~res 'pMnotypiques de lil"pimit:i.tte':ou 'C:fu' gniin et 
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l'ane1dence des mms1ssures. Des ·etudes eondUites pendant les sa1sons ,pluv1euses 
1989 et 1990 montrent une correlation 'inversc1significative entre' Ia vitrosite du 
grain et l'indice de croissance d'une part et cet indice et Ia faculte gcrrilinative d'autre 

..;: • ~ • • ' . ,, '' ' ' • •• . ' . • . ~. r-, ., I J • ' • I.''' •.' • • .. , 
part. Quant a Ia couche bruhe, sl'elle semble n'av01r aucunc mfluence sur l'md1ce de 

·r ..... ,, 1 • •• 1 , 1 •, .• , · 1 r ,. · , · , ·· · · • .• . · ,. t ~-
croissance; elle ravorise par contre 'Ia germination I chez tes variit~ a grain roUge. 
En fin, on notcra que c'est Ia pluviometrie entre les stades epiaison-r~co1ie ·qui 
influence plus Ia pression de moisissures que Ia pluviometrie totale. _, . , 
: ' ! • • 'J .'. • • ~ '. • .. ~ ,·; •• ij; .• ~ 
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· Deux des principaux' objectifs de selection du sorgho du programme W ASIP (West 
I , 1 •, 1 ,· • , ' I l , , \ .• ~ '• • • ,,, ~ ,~t· f , <f' I, ,,{ , •• ~ 0 1, 1 , • 

Afncan Sorghum Improvement Program)-Mah sont Ia resistance auxlllolslssurcs'du 
groin pour les sorghos de type Caudarwi1 'p'articuli~remetlt, 'et'l'amiliorcltion' de Ja 
productivite pour les sorghos de type Guinea. Par consequent, afin de trouver des 
g6niteurs' int~rcssants,: un' certain' nombre. de 'cuitivars I ca'udatiim et Gilin~d·de 
diverses provenances issues des collcct_ions mondiales de I'ICRISAT. d'introductions 
de differents pays.de !'Afrique de I'Ouest,.et de collection d'ecotypes.maliens, ont 
etc testes en 1989 et en 1990, pendant Ia saison pluvieuse. 

L'influence depressive des moisissures du grain sur Ia facultc germinative des 
semenccs et Ia vigueur des jeunes plantules a etc mise en evidence" patf.duvel 
(1983), Luce (1986, 1987) et Murty (1975). Par contre, en dehors de Ia corr61atlon 
negative avec Ia teneur en tannins ou Ia presence de Ia couche brune, des relations 
nettes entre certains caract~res phCnotypiques de Ia panicule ou du grain et 
l'incidence.des moisissures n'ont pas encore etc miscs en evidence (Murty, 1975): · . . ' . ' . . . ~ . ' . . ' . ' ' . . ' . 

r • "I ! , • , , 0 ~ ·,' 

Nous avons, de ce fait, etudie, outre lc comportement en vt'!getation et le 
rendcment, Ia qualite des .recoltcs relative a Ia faculte genninative,, !'incidence des 
moisissures du grain en relation avec Ia pr~cocite varietale, Ia vitrosite des grriines et 
Ia presepce ou non de couche bruneau niveau du testa ont ete etudiees. t.c'·pr~.scnt 
article r~s-ume les observations faites. ' · · · · 

", -'·.· •.,. ~ · r . ·; i ~ r·. 
t ~' l,i. ' ·~· '('>,'~· ••• ) 

'•, i ._ IJ~. 'I'H~' 
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~~·.~~~·~\\'' .J 1~ .~~s,,.\·,,_ .... _1 
Lcs graines nnalys6es ont 6t6 recolt6es sur des panicules en pollinisation librc et en 

infestation nature lie. Les plnntes se sont d6velopp6es, dans les cqnditions de 
pluviom6trie des hivernages 1989 ct 1990. · ' .. ·· ··' ·" · · ··' · · .... · · · · · · 

• . : . "• I !, : . I ; \'.!. • ·, ' d ·'. \ . : .. \. !· ,',\\ 
Pour !'etude de Ia fncult6 germinative, 200 graincs sont miscs n gcrmer, en 4 

rcp6tions de 50 graines dans des boites de Petri pendant 4 jours ll 30'C . Les 
resultats sont exprim6s en% de graines germ6es. :.:-·:r.'"~ '•1 

QuanUt . )'incidence des, moisissurcs, on utilise, Je ,test, :'.TGMR ". de I'ICRISA T 
.'(Threshed Jdr~in Mold kndns> avec des notations . .'de t)t 5.'<1::::: i>iis. de moisissure.et 
" .... ,1'!• •••.• • • •• . •• ), ' I .. • f ·' '' • •• • •• # ' - • ,,, I J • 

. ~ 7"- pl~s,,<!_e 1~9%.1 :de )~ s~iface d~s. S':Rines_ mpisie~}~:o~~erv~tion _.s~ ,fai~ ~- ~.<;Q 1 sur 
l'aspect.cxterieur des graines en,prcnant.en compte Ia couleur, Ia brillnncc, .In 
0 

• , ~· f oJ 1 1 •• J, . i • ( 'I , o 1 I • • • ' '·• • • ,I •,, •, V L ,. , 0 .• J t Jo·l- 1 I • 

;~>_r6~~ns~,d_'u~f~utrng~ ~y~~l,ie_n et ~e py7n~~~s:, · .. _ ~·r:•· !r;<;··, ... , : ,' . , • .- .. ·I 
0 •q 1"

1l' •JI•' •1it1 ,~ '·~·I ,'lt! II ' I:, • • : ; I 'I '"'!lllj '•"' I''.J:;;;I} ~ .,;, '' I I • •- tl • f, 

:.:,P_o.~t .1.~ 1v!t~o~(t~~ on uti1is~ les' ~·o.nne~:d.~ r~CRI~~~~U,ve.c ~es n~oJ~s-~e.J :~.5 (i;~ 
texture de l'endosperme.enti~rement corn6e, 5 textures de l'cndosperme enti~rcment 

. • t' • • I 1 '"' L I , J 'r • \ • 0 ;, I l •lo o I J ~ I t1 0 • J , • • • J ,/ t .11 ,, f • I oo~ 

f~i~~1UJ~.)~ ~ ,1, • ;.:l!. :Jb :J;' ,• i ',i,•"' ''•If 11 u: •.J : I I 1 '.•': :;· •:1' 'f;fl f.'. i•~!ti,.: 
~·",;t 1 ,.,'·)~~~:'i'•i•,: 1 '.~ •,o jl 1' o'.ot~,jt'f')!l' •t:J ,'~ :~ ·~:·~ ,,(, ,ri,J ','.~<·;:'!~ 

Resultats et Discussions · 

Lcs donnees pluviomctriques ct les donnees du test de moisissures.montrcnt.que 
l'incidencc moycnnc des moisissures du grain depend moins de ia'·pluvi.om6tric 

1 ~_C?,t~le.q~~·d,e l!~ 1pluv~o1"Wl~ ;uti!~ .o~ :~~~.~~ apres.~pi~!s?~{~~!ais~_n_gablcauJ )~ Le 
1 t.~blea~ .J. r~y,e!e ,nus.~i. ~~e: }es g~r~.s ,Caudar'.tn!•r ~r.6~f?<:~~. ,o~: !il~~p~c.~i~ir~~ s~nt 
.plu~ i,n~~~~~~.qu~J~sg~~,_e~~~-~~rq~ c.y~~c;; 1 ,~ -.;:; ·~ 1 ~' ~~, • ;;,;. _,.-,. :··~! - . , ; 1:ir. 1 . 

··--1· ···lfr'••t ·!, ri•r , .• •1 ,"', .... 1., ... ,'t ·, · ·~~~ ')n) ·'' tr''··r ..,,.r' •i'"i 1·' · 1 I •Hf 

);am~~ h~ , ~~~.~~-~.~.~de):~ nl~~~o~~i~i~·~%'~ ~-oi~_iss_~re ~7~. g~ai~-~. c.n. t.'~~?t ~~; 
.•:1~ •::·1·! ,#:I'l:~· 1 J . 1 ??~·.&~::-.tl't ... :J t' 

1 1
; . .'i .·;lfl::·:' ll~:;, b .. ·.·JJ··?i ~~_.~l ::· .. '.r :·; .:":.. ,_. ~ · 

~ i ' . • . ' p # • • • • • ... '·· _.( 
:."'1! I •: t, # ; ,, , ·- , .. •t 

·"J. ~·,p .. .-r· .·f)'·~.· .. ;~ ,·; ·.t 1• .. · r•· ·~~ .:, ;~J •:· -~~:·'··! ";b _ .... ;. ~ •~·J~J ·r~· ~~·.J!u·:· t 
' .. I:'!~VI!l~~~rll~ ~!")./'1 I ''•l((l :' • • "''I 'lif'l<f '' ... ,,.' "'·)'I''' 1 1" ; ''• .. ,. , ... ,,,,, 
I·'Totnle "· ·· ·~-' · "· ' ''880 ' ' ''· .. · ·' ·" .. ' 950 " .. • 
''Utiie·T•'--J r-r .::! 1 , .. ,. •• : • .• .~:.1· .• :J · '69o(::·:: • · :t•J•!.~ L :···.·:!. ·''·"· 1

) '(,)Oi .::~:·I; 
;~r!nil:-::.1 .-.:b. ··: ·- •_.1;_ !f"•J 1-! ·<l ::·,..n~ . .., :~i I: r .; ;-~~; .. _ ..... ! r·~J ··:; .::·.: :·i '/ ·~·: ,. ~~!l' 

J·Apmfphtlson, 'I:,,, •.. ,.,.;~.-. ·· r•i 1 ·· ·I·,. ·•!. ,, ·· ·.,. ·•· ·11 Yl'., 
-~e~ 1vn~I!It!~~~~e5.,,._ :::, 11 ~ ·'- '200-'mi '· : · · _-- ··- · · ·. ·- .180--I:ZO' .·, 
-desvnru!tcsmtcrmedinirc$ "170-"90 '·. :; ' · · ···ltJ:'I~ 1 ' 1 ~ •. 120~30 .Al. 1 

-de.~ vnrietc!s 1:1nlive.~ 90 • 0 30- 0 
!f 'I Hf_.i"t~j•_ ' 1 

J, ,• ~·~.')t: .:1/ioi•ll'•'' :. 1 •:-;,J•• ,'.Ji~J'i} • ,f/',1 ~. :: ~\~ ,t, 'II f'l•'•.-1 

. Molslssliia(TGMR) 1:;; 1::;, ~~ .,.,, ., ,.. • ,io~.::-~ · · .. '" .· 1 ·• J ·''•'''" ·.! il:.:::·.i·,·:,J 

1., Varletfs pricoc:cs , .. ,.-, .. 1 , ,, , • • :·, -.-0 •. . • • ..; • -. 1 1··'· ... , ... ,,,, , .• ; ,., 
• • \ - ' I •o I - ' • I 1 o • , ' ... ' • I ~ 1 1 I I ' • I ") 1 J ~ • , , 1 I 

.. , Cuudatum ... , ;I,,· -~• ', .. "l '. 'J ',3.5 II !J• ,, . ,.I."' .-, I'll'' •r • 3,~ . ''I'' ,, Guinta""' ,( _,_... ' . - ·'" ·' I • 2.6 . . .. ,: . I "''I '·• I.J .J ~ • tl • w'2.6" .. ' . I 

Varlet& lntennEdlalres 
Cauda tum 
Guinta 

. ' '·' 

J_l 
2.4 

.: _ 1 1")~ ~:L'i; 1 .'/"! t 1
'•, '·l•_r·tll'..ll ~ ...,·t·~~ 

2.6 
1.8 
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. J .. !l fac~l.tc_.ge~inat!v~ de~ varjetcs .Gui~ea. comme lc montrc.: :le J'nbleau 2, est 
~eille~re a_ celle ~e.s 1vari~~e.~. Ca_ud~tum,. Chez: 'es Guinea, ,quell e. ,que_ soit.la 
_precocite, Ia fa~ultc ge~inative _est toujours !><Jnne, .sl!pc~ieuro.a 75% .. ~~ez les 
Caudatuni, ce sont les varictcs qui epient au-deJA de, 8Q j~urs qui pr~entent une 
facultc genninative superieure l\ 75% (Tableau 2). Les ecnrts-types sont importnnts 

· . ~~ c'est ayec, 'e~ yarictcs ~qnt" l'epiais<;>n intervie!lt au-delft de 80 jours qu'ils sont Jes 
,.plusJaibles(Tableau2) . .-,t; , ~- ;o· :".r:.t•

1 
"'f' , .... , .. ,: 

•, I ')• .. :' 't... ::J.j'J'Jdt•:i -;,;•!~_;";,1':; ·~ ;!t," :.,! 1 ,\~'.,\!)"';~/''"'.'I 1 ,· • i,,,; 1;! ... :·~·· 

. Quant l\ l'incidepce des moisissurcs,lelle. est moindre che~ les .Guinea que chez Jes 
Cauclawm ·centre I 0%. et,30% selon ·Jes cycles des:varietes et;l'nnnce) .. Toutefois, OJl 
not_Cfl!,que cette.incid~nc~.n'cst.pa~ !lcgligea~le che2; les,G.uinea au moins pour Jes 
vn~ictcs .. cpiapt ~ ,70jou':S environ. Les,p10isi~sures.diminuent avec la.tardivete des 

·:var.ictcs(Tableau2)! 'jj:, 11 : •.• ....... ' ••. ; \. ;. ,-~, •:i . ," •... :; ·: .·.,!•··· ,!:•i 
. . :iiI ·. ' . ~ 'I ~ ., :· . . 1 ':: • :· .• \ I .. ' \ . ; ~I. ; '11" . I: 

Les varictes Cauclatum ont une vitrosite moyenne variant entre 4 et 4,5 alors 
: ql!'~l_l~- ~st ,de; 1

0
!5 h ~·~::~hez :l~s. ~~~i~ea~ .~es .~~art~-types mo~tn:~nt.~ue ~ans 

· ! l'~~se!Jlble,.J.~ .vi_trosi~cJluc.t.ue. moin_s._chez l_es Cau~a~um qu~ c~e_z)es ~U~tJea, 
i surtout avec les varietes testces en hivernage 1989 (Tableau 2). · ,. · 

0 
, • , , ••• 

1 ' • • .,_ ·- ' • ' " • -. • ' '- • ' - • • • • • • ~ --' ·~- ~ ' • 

~-.:. I .·: .. :Hj/: ;P'~:, ~~ ..... :~ .!•' \~\ ... -,:.I~ J .- ... _ I'::' .. :~~::--·~1 :.· .... :1 .U}'; ,'. '.· 

:,,Not<?ns ,que.l'i.~~ide~ce.~es mo~~is~ures.et Ia fa~ultq gerl}linl\tiye,ey~_lu~nt,en se_ns 
.in~erse: ,c'~st au~.score~ .. d'~nci.denc.e l_es plus.~aibl.es que les._f~ct.ll~ genninati~e~ 
sontles plus Tortes. 1_1 ~ppara~t .d'at;Itre p~ qu~~ plus les,v_ari_etes so~t,tardives, .. plus 
faible est !'incidence des moisissurcs (Tableau 2). · 

f' , .. J. : :,-I. i •• ' ~-· .~ • '". t : • 1 ; .. I ~ ~ 

Tableau 2. Comparaison entre Caudatum et Gui11ea pour Ia facult~ germinative, 
les moisissurcs et Ia vitrosite.-- .,_:. ·.. · - ---- -- .. ------ ·- ·· - .... - ·--

••·• ,' ' : ','"l)•'.' - 'I'. • • • I ·:: . y I . • 't;'} 

{', ·'' Catlgorlrs'dr prfcoc:llf (Jours. 50.~ rplalson) 

·- ... --.----------------------
Carad~l'f. 
ivalue 

. , . ,<<60 

Cmu/. 

~·'; r 
·' 

Guin. CauJ. 

70-79 •\ . I' !,o,•:,. >80 ' . 
0 ' • 

Cartel. Guin. C.wJ. Guin. 

Fac;;;ltf · ·' ', 
., . .' .. •,, •• ·:.. • . t:., 

germinative '1'••: .. ,. 
(%) 

1989 61,H 13,7 82.4± 14,6 49,0± 18.1 77.0± 19,4 .51,6± 19,8 84,8± 17,3 78,8± 1.5,9 88,4± 11,6 
1990 33,4±17.6 81.3±12.4 .51,3±20,2 73,4±16,4 .56,7±14,9 81,1±12.4 77.8±1.5.2 88.2±8.8 

.• ' ' 1 L· I :,. I' ;i ... ! ; ···'"1 :. ~ '' 1' .~ • • .• , :. 

Molslaul'fs 
(lrst • . .• i· • t· I~ I " •::· ,. L '.J" 

TGMR) 

1989 
,1990> .. '.··· 

3.3±0,7.5 2.8±0,76 3,7±0,66 2,H0.68 3.3±0.71 2.4±0,66 2,2±0,42 
3.1 ±0,93 2.8±,9.75 ',; 2.9±0,97- 2,.5±0.71, : ,2,6±0.72 : 1,8±0,41 2.1 ±0.~ 

VlrtUoiltE ' • ·. ~ . '). :: I ; · l • 1' > ,. , ;_~; • ~ ' • ' 0 
, • ; • , • • • , • 

2.1 ±0,2.5 
1,3 ±0,.50 

(norme .. _ .--~·· -----... -·-·-.. •. • ........ ·-- ....... , •• - .. - ...... - -· •. 
deUS) 

1989 4,1±0.61 2,6±0.96: ·4.3±0..57 •,2.4±.1,21,',4,2±0,47• 2..5±1.14 !4,0±~2'·~··'1,6±1,06 
1990 4,4±0,74 1.a~,so. 4:.5.~~.6.5. ~!.~?:~'h4,4_~p·~;!: 1:9±0.~~ ,~.2*.o·?7,;, 1_.6±0.4.5 



1: ori note'qu'en·1989,"chei les'Cmktarunl; les indices de'vitrosit~iet 'des ·rru)islssures: 
·evoluent ·en 'sehs coritrilire, taridis qu.e' chez'les'Gullled,: les indices de ·vitrcisiie ~t'tfes 
moisissures ~voltient dans 'le me me seris;. Eri I 990; 'auciine' relaiion n'npparaieentre 

' ~ ' - ' ~ ' ' ' • • • • 1 ~ • • ' ':. • r I t , • , •, , , , 1 . • '· • :)csdeux1facteurs(Tableau2).'•' ·•' 0 
'-,•,. ' 

0
' 1i I ol•.' 0 ' : ' ' 1 t,,. ~- • >• ,•J "'' 

~.·~ t.·,rr\:l t·11,:· ,),. ·-it~ ;,l~t:.:·. ,'J.' ~-- L' . :.-·: .. ' ·~}?.7 J: :;.n' .. ~1~·! '• 1'n: __ rltf;l ·.~, ·.·i!:•:. ;l 

. En fait; 111ctode 'stnHstique '(Tablcnu 3) 'rcvcle; qoe (X:l..ifl'hivernrige 19S9, ce soot les 
Guinea qui presentent entre les trois ~~- fnc.tcurs -·~· · fn'cdlte 
germinativelmoisissure/vitrosite le plus de correlations signilicatives : avec unc 
correlation inverse' entre faculie· germinative' ct 'moisiss'ure d'uhe pari'et 'une 
:co~lation inverse entre indice de vitrosite et facult6 germinative tl'riutre'pait.' Chez 
·Jc's-Ca'udatum les' correlation·s sont 'pour· hi plupai1 :non ~signi licatives ~ sauf 'entre 
facultc germinative ct moisissurcs potir· Jes variet~s ·avec'{ des cyclcs'!'epi.iison" 
infcricurs a 70 jours. En 1990, chez tcs Caudawm comme cl1ef lcs:Guinea, on 
trouve peu de correlations significativcs. 
" 1 Jl::; ,1. :·-~ . •' -.~~. II, 1 j•, 1 1 1 '!I ~; •:!1 ', \ 0

1 ' < •t•; j :(' !', 1,'f', , ,"'~ i:. t~j 1: .' ~'-'.1 

"L'absencC/m:irique de 'correlations' chez ·tes Cai,dcuiim' itripiiquant' Ia vitrdsit6 pei.it 
·s'expliquer:par ·ra faible· vnriabilite ile ce'fnctclir ·:'Ia' moyeime 'des 1~carts-typcs ·est de 
0,54 pour lcs Cauda tum· cd ~ J 2 pbur lcs Gu'inea en 19.89; 'en' 1 990; ces. val curs sont 
de 0,70 pour les Caudamm et de 0,62 pour les Guinea. Unc autre explication de 
'cctte' ·siluatioti' resider dans. Jc' fait qu'en) moyennc,"les vaiiei~s 1Cililddimri'aJ 'grain 
·rotigtfsoicnt ~Ius flirinetises mais·presenten't·une meiileure faculle g'crmhi:itivc'et 
moin!ide moisissures1que les' variet~s ll groin chiir (Tnble'au'4)'.1 .. _ ..... Jl .... ' ' J., .. ~ 

J \ ~~. .. ~·. r,, . . J.·,.: ~.: ~ , ·, '·'; ·:·;: -~J ~tr:i:.,t 

Tableau 3. Correlations entre facultc germinative (FG), moisissures (MOIS) et 
vitrosite (VlTR). 
'•. ,', !;~ .... '" : .. ,;.·p· . I. :·· : ~- •" ,' . I : ~·I ~-::\•:' • :·J: .·~ '1(•, :. ··:·."j{ '\.J..) 0~ •!'o ;.i·~ •. 

FG • Mois FG • Viire . FG • Vitre 
--~~~it~ __ _Ty~-- ----------------J----:.:.--'--

(j) · '·' 1989' f ., 1990 •'' ',I 1989 ·.,~ :1990 1989 1990 

<60 '' <Ca11da11un -0.~**; -0,181 
-G11inea -- -0,323* -0,44 

,, ... I • • 0;, 

-0,005 -0,08 ·.' .;(),208 0,459' ') 
: .~,.,, 

-0.569** ---0,669 . . 0,311 0,378 

'·' 
-·ro :19 ____ caudariim -·..o.46**- - :o,442* ---o.2os--o.2o7--- :o.l9f ----:o.3n3-; 

•• j l' 

Guinea -0,441** ..0,415 -0,798** -0.022 0.298* '" · .,.,. • ·. 
- ~ \ ! 

:- • • ~ t • • •• ~ _, " ~ • ~ t : t . 1 ~ 1 , ' r · •1 
.:. 0 ,. r· ,, \' ~ f ' , ' l ~ : \) ~ , .I ' r:t l • 0:; l I 1 ~ . •' .-

79-79 cauJarmn -0.101 -0.488•• -0.331* -0.051 0.114 -0.028 

Gui11ea ..0.154** ..0.509 -0,683•• -0.527 -0.596** ~o;fn·· ~ . ' 

, · :. .~ ,., .' _,., r · :: r_.-<: ~ l' 

·>so· cirJlaiwn' "..0,131 '~ ·" -0.317;·' -b.2.56 ~ ·..o.394~': .o:i22' ~. -0.369 
G11inea ..0.349** ..0.()25 ..0,77•• -0,412** -0,377** ..0.290, 1 

• * =coefficient de correlation significatifnu seuil deS%.~ 3' ,, .: • '·' 

.•• ='Coefficient de'correlation sig'niiicalifnu scull de J%~ •. : ;, -I ' 

(.: ... , 
·' I 
I ,t\'f 



Etude dt Ia Qrraliti dt.t Grcrints Rietl/tit.t de.t S()rRiws eft Typt.f Grtitrt'cl rt Ccmdatmn 319 

Tableau 4. Innuence de Ia coloration du grain sur Ia faculte germinative, 
l'incidcnce des moisissures ella vitrosite du grain chez lcs yarictes C,m,tdatum. 

Precocite Couleur Facultc germinative Moisissurcs Vitrosite 

1989 1990 1989 1990 J(l~O 1990 

<60j Rouge 72.3 33.2 2.4 3,2 '4,5. '4,6' 

Claire 56,5 34,0 3,7 3,5 '4.2 3.6 I' 

60-69 J Rouge 53,7 55,7 3.0 2,2 4,6 4.8 . ' 

Claire 47,7. 47,7 3,8 3,2 '4,2 . 4,3 

70-79 j Rouge 50,6 63.6 2,7 2,0 '4,2 4,3' 
Claire· 51.7 55.3 3,8 '2,7 4,1 .. 4,3 ' . . ,, 

La faculle genninative est donnee en % ; !'incidence des moisissures est notee de I 
(grain sain) a 5.( grain moisi ); Ia vitrosite est notce de I (grain vitrcux) 115 (gmin 
farineux ). · ' · · 

En 1989, Ia recherche de Ia pres~nce ou rion de Ia couche bru~e des grai~es n'a pas 
ete systematiqucment conduite sur les 107 varietes Cartdatum mais elle l'a ete 'en 
1990 sur Jes 82 varieh~s Caudatum. II ressort du Tableau 5 que l'influcnce de Ia 
couche brune sur lcs moisissurcs parait nulle. Par contrc, Ia presence de Ia couche 
brune semble accroitrc Ia faculle genninative chez les varietes A grain clair:. , . . 

Tableau S. Influence de Ia couche bronc du grain sur Ia faculte genninative et 
!'incidence des moisissures chez les varietcs Caudatum (hivemage 1990). 

PrCcocite Couleur Faculte germinative Vitrosite 
du grain : . 

Aveccouchc Sanscouche Aveccouche Sans couche · 
brune brune brune brune 

60-69 j Rouge 48,1 45.5 2.6 2,6 
Claire 65,0 39,7 3,7 3,6 

70-79 j Rouge 57,5 62.4 2,2 2.5 
Claire 63.3 51,9 2.5 2,7 

La faculte genninativc est don nee en % ; l'incidence des moisissures est notee de, 1 
(grain sain) u_5 (grain moisi ). · 

Conclusion 

Le problcme de Ia qualite des grains du sorgho quant 11 leur infestation par les 
moisissures du grain et h leur Ia faculte gcnninativc, dans lcs zones h pluviometrie 
voisine de 800 mm, se retrouve aussi bien dans les varietes de type C~udatum .9ue 
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dans celles de type Guinea. A l'intcrieur· des deux genres les varictcs lt cycles courts 
et celles a cycles intermcdiaires (50% cpiaison jusqu'lt environ 80 jours apres le 
semis) soiit'to'utcs deux concemecs. 

L'c~tude de ces parametres pcndantles hivernages 1989 et 1990 montre que ce n'est 
pas Ia pluviomctrie 'totale qui influe sur le nivea~;~ de pression des moisissures mais 
plutotla pluviomctrie entr~ les stades cpiaison/Jlomison et Ia rccolte. 

D'une manicre genernlc. les varietes du type Guinea se comportcnt micux que lcs 
varietes Caudatum nc scmit-ce qu'lt cause de Ia plus grande vitrosite de leur grain. 
En effet, si les varietes testces prcsentcnt une variabilitc phenotypique importante 
comme les Guint>a utilisecs en hivcrnagc 1989, on constate : {i) une correlation 
inverse significative entre vitrositc du grain et moisissures, (ii) une correlation 
inverse significative entre moisissures et faculte germinative. 

j I ' ' • t., ' : • ' 

Parmi:les vanetes Caudawm testees, celles avec les moindres mveaux de 
~ n1oisissures sont 'll grain rouge, d'ou un probleme de selection pour !'obtention de 
varietes Caudatum agrain clair resistantes nux moisissurcs. Par nilleurs, on constate 
que toutes les varietes ll grain rouge ne sont pas forcement resistantes ll Ia 

• ' ' 1 

moisissuie. . . ' 

La p~senc~ ou non de c~uche brune au niveau du testa semble n'avoir aucune 
·influence sur !'inCidence des.moisissures. Par contrc,' chez les varictes ll grain clair, 
on constatc ·une meilleure faculte germinative lorsque'la couche brune est presente. 

' '· 
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Distribution, Degats et Dynamiques des Populations d'Eurystylus 
marginatus Odhiambo (Heteroptera, Miridae), Ravageurs du 
Sorgho au Mali. 
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Resume 

Eurysty/us marginatus est Ia plus importante des especes de punaise se nourrisant 
des grains de sorgho au Mali. L'~tude de Ia distribution de l'insecte a permis 
d'identifier les principaux foyers d'infestation dans les diff~rentes zones agricoles du 
pays. A Ia Station de Sotuba, Ia fluctuation des populations larvaires et imaginales 

. est caract~risce par deux pies d'abondance, le premier en fin septembre et le second 
ll In fin du mois d'octobrc. Les resultats des enquetes effectuces dans les champs 
paysans et les stations de recherche, rev~lent des dcgdts plus importnnts sur les 
varietcs de sorgho ameliorees que sur les varietes traditionnelles. Les taux 
d'infcstation sont Jcs plus cleves dans les stations. . 

Introduction '•t' 

E. marginatus est consid~re , ccs demil:res annees, comme un ravageur important 
du sorgho au Mali ct dans les autres regions soudano;snheliennes d'Afrique de 
I'Ouest. Lcs d~gfits de l'insccte avaicnt dejll ete signales au Mali (Doumbia et Bonzi, 
1985 et 1989 ). !'importance economique d'E. marginatus, bien que ree1le, n'a pas 
encore etc ctudiee dans ses details en Afrique de !'Ouest. L'on sait cepcndant que lcs 
attaqucs · du ravageur sur lcs grains entrainent une depreciation de leur valeur 
monetaire sur lc marcM, que les varietes ll paniculc compactc sont plus infest~s 
que les varietes ll panicule lAche, et que, les viuietes A glume longue sont moins 
nffect~es par Jes d~gfits de In punnisc que les vari~tes a glume courte (Doumbia, 
1990 ). 

La prcsentc etude, realisee dans le·cadre des programmes collaboratifs 
IEMCRISAT; IERIROCARS et IEMNTSORMII.:, foumit des informations sur tn 
distribution, les degllts et Ia dynamique des populations du ravageur en relation avec 
Ia pluviometrie, In temperature et l'hygrometrie. · · 

Materiel et Methode 

Distribution et Degats de Ia Punaise en Milieu ·Paysan. Concernant Ia 
distribution. Ia technique d'etude etait la meme que celle utilis~ par Doumbia et 
Bonzi ( 1989 ). Des enquetes et des prospections ont etc effectuees. Elles ont 
consiste en des pr~l~vcmcnts d'echantillons de cinq pnnicules de sorgho A Ia 
maturite dans des champs situ~s dans differentes localites du pays. Avant les 
prclcvements, chaque pnnicule etait enveloppee dans un sac en polystyrene ( 45 x 
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30 em ); de manierc llcmprisonncr lcs punaises, qui ctaicnt cnsuitc dcnombrces ; lcs 
degats sur lcs paniculcs ctnient apprccies vhuellcment par l'attribution d'une note 
suivant unc echclle en cinq points: I) infestation des grains inferieurc a 10%; 2) 10 
ll 20 % des grains infestcs ; 3) 20 lt 40 % des gr<>ins infestes ; 4) 40 a 60 % des 
grains infestes ; 5) plus de 60 % des grains infestcs. 

Dynamiqrte des Populations. Ln fluctuation des populations larvaires ct 
imaginalcs a etc ctudiee de 1989 a 1990 a Ia station de Recherche Agronomique de 
Sotuba. La technique consiste llprelever au hasard dix cchantillons de cinq panicules 
chacun, sur diffcrentes varictes de sorgho nu stade grain laiteux. Comme 
precedemment les panicules sont d'abord enfermces dans des sacs en polystyrene 

·puis coupces et trnnsportees au laboratoire pour en dcnombrcr les punaises. 

Les Jrcquence d'cchantillonage sont de dix jours. Apres Ia recolte du sorgho de 
saison, lcs prclevements se poursuivent sur les rcjets d'une part et Ia culture de 
contre saison mise en place a Ia station d'autrc part. 

eo 

· · Importance de l'especc Ertrystylus marginat11s. Pour cette etude des observations 
·,Ont etc fnites dans lcs parceJJes de J'cssni "etude du comportement de 16 genotypes 
de sorgho pour leur resistance a E. nrarginatus ", mis en place i'l Sotuba. Le 
dispositif experimental est un split bloc a 3 nSpetitions. Quatorzc jours apres 
J'nnth~e. cinq panicules par varictc et par parcclle clcmcntairc sont prclevecs dans 
les blocs de l'essai pour le comptagc et !'identification des es~ces. 

·Resultats et Discussions . · . 

. Importance Numeriquc de I'Especc. Les rcsultats obtcnus en 1989 et 1990 sont 
donncs au Tableau I. Au total 16 cspeces de punaise ont etc recensees sur lcs 
varictes au stadc grain laiteux. Panni ces especcs, E. marginatus etait In plus 

, frequcnte. Les dcgllts de ce ravageur nvaient dcji'l etc signalcs sur le sorgho au Mali ( 
. Doumbia et Bonzi, 198S, puis 1989 ), au Niger (Steck eta/, 1989) et dans le reste 
du Sahel ( Gahukar et al, 1989 ). ' 

Distribution Geograplliqrte. Au Mali, E. marginaws est tres reprindue dans Jes 
zones de culture du sorgho. Lcs principaux foyers se trouvent dans les localites de 
Bamako, Bankoumana, Siby ct Koutiala pour Ia zone Sud, ll Sirakorola, Kolokani, 

· Bananba pour Ia zone Nord/Ouest ct Scgou, Cinzana pour le Nord/Est. Dans Jes 
localitcs de Kogoni ct Bema, les foyers sont moyennement importants. ( Fig. I ). , 

Abo11dance Relative des Populations. L'abondance des populations varie scion les 
genotypes de sorgho, l'annce et lc n1ilieu. Dans l'essai : " etude du comportement des 
genotyques de sorgho pour leur resistance i'lla punaise A Sotuba ", nous avons.notc 
730 individus par 5 panicules pour Ia varietc Ia plus infestce ( Elmota Galmi ) contrc 
20 individus pour Ia moins infestce ( Malisor 84-1 ) en 1989. En 1990 il y eu une 1 

baisse du niveau de Ia population avec 343 individus pour Ia varietc Ia plus infestce ' 
ct 19 pour Ia moins infestce (Tableau 2 ). . .. 
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Tableau 1. Principales families et especcs d'hemipteres rencontr~es dans Jes 
panicules de sorgho a Sotuba ( nombre moyen d'insectes/5 panicules ). 

Ordre/Familles/Esp~ces 

Alydidae 

Myrperus jaculus (Thumber) 

Coreidae 

C/etus sp 

Lygaeidae 

Nysussp 

Spi/ostetus mimus (Stl!l) 

Spi/otostus pandurus (Scopoli) 

Spi/otostus rivularis (Germar) . 

Mirldae 

Campilamma sp 

. Creontiades pallidus (Rambou'r) 

Eurystylus marginatus (Odhiambo) 

1 Pentatomidae 

I Aethemenes c/oris (Westwood) 

; Aganoscelis haroldi (Bergroth) 

; As pavia armigera 
I 

Cal idea sp 

: Dip/oxisfloweri (Distant) 

:. Py"hocorldae 

· Disdercus supersititiosus (Fabricius) 

. Rhopalidae 

Lyorhyssus hualinus (Fabricius) 

Nombrc 

1989 

• 

• 

* 
* 

·o,9 

.II 

2 

154 

* 
* 

0,1 

0,3 

* especes dont Ie nombre est inferieur a 0,1 
- especes absentes dans Jes prelevements. 

d'insectes/5 panicules 

1990 

* 

* 

• 
* 
• 
* 

3,2 

0,3 

81 

0,1_ 

* 

• 

.2 

0,16 
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Tableau 2. Variation des populations et d~gfits d'E. marginatus sur les varic5tes 
de sorgho h Ia Station de Sotuba en 1989 ct 1990. 

Nombre d'Eurystylus pur S pnnlcules Note visuelle (2) Cycle 
(&!gats> moyen 

Gc!notypcs Lnrves Adultes lllrvcs et ndulte~ semis 50 
'.{, 

florulson 
1989 1990 1989 1990 1989 1990 1989 1990. 

Mnlhor84-7 21,0011 23C 43,33CDE 48 69.338 278 2+0,81 1,3+0.32 68 

Sureno 92,678 40,668C 210,00A 2SB 302,678 65,668 4+0,00 2,4+0,00 66 

ICSV-16-5 30,008 96,33BC 12,67DE 37,33A8 42,678 133,668 4+0,00 2,4+0,00 61 

ICSV 1063 31,678 IOC 76,00CDE 198 107,678 298 4,66+0,47 2,6+0,16 68 

SC283 24,338 16C 0,33E 5,3311 24,678 21,338 5+0,00 3,06+0,52 S2 

R8SOS 38.008 39,338C II,OODE 1,668 49,008 40,08 3+0,00 2,46+0,09 58 

[lmoto golmi 704,0011 330A 26,00DE 308 730,00A 343,33A 2-t0.81 2,4+0,16 48 

S34 46,0011 124,338 119,67 11,668 165,678 1368 5+0.00 2,73+0,61 69 

CSM388 27,338 2S,668C 81,00CD 77.33A 108,338 1038 4,33+0,47 (I) 72 

SC279 90,678 BC 9,67DE 0.338 100,338 8,338 2,33+0,47 2+0,00 47 

Mruisr84·S 93,008 35,668C 33.33 12,668 126,338 48,338 4,33+0,47 206+0.49 59' 

Mnlisor84-l 92,338 90,668C 76,00CDE, 10,008 128,338 100,668 5-tO,OO 2,26+0,18 69 

Kendc! 19,678 8,33C 0,33E 5.338 20,008 13,6611 2+0,00 2.2-+0.16 ss 

Oodinbn 20,00 43,338C 161,33A8 21,668 181,338 65.008 5+0,00 3+0,43 72 

HS* HS .. HS* s us• HS•• 

136,49% 81.12 47.31% 137,01 85,23% 80,40% 

* et ** significatifs aux scuils respectifs de P = 0,01 et P = 0,005. 
(I) variete n'ayant pas pu boucler son cycle h cause de Ia s~cheresse. 
(2) Lcs valeurs des notes visuelles sont sui vies de Ia d~viation standard(+ SD). 
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Dans d'autres essais, et sur d'autres varictcs des effectifs plus importants avec un 
maximum de 1100 individus/5 panicules ont ct6 enregistres a Sotuba. · 

Dans les champs paysans, 1es infestations sont plus clevces sur les varietes 
amelior6cs telles CE 151, S34, Malisor 5, comparativement aux varietes locales 
Gadiaba, Sakoi"ta ct Kitaka; les taux depassent gcnemlement 100 individus par 5 
paniculcs. 

Le niveau d'infestation a etc plus faible en 1990 qu'en 1989 (Tableau 3 et 4 ). Les 
prospections realisces dans 7 villages situes dans le Sud de Bamako, sur des varietcs 
locales indiquent un faible niveau des populations. Cependant, a Cinzana, des 
populations dont l'effectif est superieur A 60 individus par 5 panicules ont 6t6 
recensees sur les varietes locales Ngucgneble et Nguegnefing (Tableau 5 ). 

Degiits. Les dcgfits de la punaise sur le sorgho sont aussi importants dans les 
stations·que dims les champs paysans. Les notes visuelles attribuees aux differentes 
varictes sous infestation nature lie, sc situent entre 1 a 4 a Ia station ( Tableau 2 ) et 
entre I et 3 dans les champs paysans prospectes (Tableau 3 ). 

Dynamique des Populations. En 1989, les premiers adultes d'£. marginatus ont 
6t6 observes A Sotuba sur les panicules des sorghos vers le 15 Septembre. En 1990, 
il sont apparus une semaine plus t6t. La fluctuation des populations larvaires et 
imaginales est caracterisce par 2 pies d'abondance. Pour les deux annees, le lcr pic 
se manifeste e1,1 fin septembre ct le second a Ia fin du mois d'octobre ( Fig. 2 et 3 ). 
Ces pies coincident avec lcs stadcs grain laiteux ct maturation des vari6tes a cycles 
moyen et tardif. 

L'abondance relative des populations larvaires varie d'unc annee a !'autre. En 1990 
nous avons note unc forte diminution des populations de Ia seconde generation par 
rapport A celle de 1989. Cela peut s'expliquer par Ia faible pluviometrie enregistree 
dans les 2 dernieres decades de septembre et par l'arret precoce des pluies h partir du 
5 octobre. Ce d6ficit hydrique a eu pour consequence unc baisse de l'hygrometrie 
entrainant Ia chute du niveau de populations. 

Apres Ia recolte des sorghos de saison au mois de novembre, E. marginatus 
disparait normalement de Ia station. Cepcndant, en 1989 et 1990, nous avons capture 
quelques adultes respectivemcnt en fin janvier et fevrier sur des sorghos de contre 
saison a Sotuba. 
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Tableau 3. Resultats de l'enquiHe sur )'importance des deglits de Ia punaise 
Eurystylys marginatus sur Jes sorgho dans quelques localites au Mali ( 1989). 

Villoge Vnric!tc!s Po nne/ Nbrc d'Euryityfusl Jncl· -- Stade 
D:ue de panicules S panicules de nee ph~nnologique 

p~l~vement 

Adultes Lnrves 

Sh·ndo (Djidj~nl) Gl!diaba Compacte 625 132.5 2 Maturlr.! compl~te 

13110189 loenle 

Sirnlr.olola Gadiaba Compncte 25 12,5 2 Grnln lniteux 

17/10189 

Sikouna Malisor84-S S2,S 142,5 3 Mnturlt~ compl~te 

22110189 

CE-ISI Compncte ISO lOS 3 Maturlt~ compl~ 

I<Dl~ Mnlisor 84-S 1.S 2S Mnturir.! compl~ 

21110189 

CE-ISI Compncte 10 2S Mnturir.! compl~te 

Njibougou CE-ISI Compncte 0 0 0 Mnturit~ compl~te 

22110189 

Danamba Gndinba Compncte 7,5 Grnln lniteux 

11it0189 locale 

Toubn CE-ISI Compncte 100 80 3 Mnturlt~ complete 

23/10189 locale 

Tomba Gndiaba Compncte 1,5 20 Grnln llliteux 

17110189 locale 

Douala Compnctc: 
.. 

CE-ISI 0 0 0 Grnln llliteux 

24/10189 

Knyo CE-151 Compacte 3S 71,5 2 Maturit~ compl~te 

21110189 

Mnlisor84-1 Compnctc: s 20 Maturit~ compl~te 

Snlr.onn locale 0 0 0 Grnlnllliteux 

Kongoln 534 Compncte 11,5 40 3 Maturir.! compl~te 

24110189 Mnlisor 84-8 Compncte s 12.5 Mnturir.! comp~te 

(I pan.82-SOO) Compacte 10 10 2 Mnturir.! compl~te 

Kltala(locale) Lache 0 0 0 Mnturir.! compl~te 
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Tableau 4. Nombre d'E. marginatus/5 panicules et degilts sur quelques varietes 
de sorgho au Mali en 1990. 

Localit~s Vari~t~s Adultes Larves Total Note 

Bema 

24/10/90 90 BE-SP F2-5 15 2 17 

90 BE-SP F2-4 6 0 6 

90 BE-SP F2-6 7 1 8 

Cinzana 

25/10/90 90 BE-SP F2-5 

Composite compacte 6 71 77 3 

VI composite compacte 27 133 160 3 

Koula 

28109/90 CE 151 22 34 56 2 

Tomba 

20110/90 Gadiaba 23 '44 67 2· 

Galo 

20110/90 Gadiaba 14 28 42 2 

I 
I 
I 

Tableau 5. Resultats de !'importance et !'incidence de Ia punaise Eurysty/us 
marginatus sur quelques varietes dans Ia localite de Cinzana. 

Provenance 
Date de prelevement 

Cinznna 

Champs Mamadou 
Dinllo 25/10190 

Cinznna · 

Test multilocnl 
25/10/90 

Wind in 

Champ pnysnn 

Nombred'EJ 

Forme Longueur 2 panicules 
Vari~tc!s panicule glume 

Adultes Lnrves 

N'guegneble Ulche Longue 15 52,5 

N'guegneble LD.che Longue 15 60 

CSM-219 Ulche Longue 15 97,5 

N'guegneble Ldche Longue 22,5 37,5 

lnci-
Stade I 

de nee 
pMnolo-

gique 

2 Mnturit6 

Maturitc! 

3 Maturitc! 

2 Maturitc! 

I 
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Reaction de Varietes de Sorgho aU:x Attaques de Ia Punaise des 
Panicules Eurystylus immaculatus Odhiambo (Heteroptera, 
Miridae) en Afrique de I' Ouest 

A. RATNADASS, K.V. RAMAIAH, H.C. SHARMA, B. CISSE 

/CRISAT- WASIP, Bamako, Mali. 

Resume 

Les punaises du genre Eurystylus sont devenues les ravageurs principaux du 
sorgho en Afrique de l'Ouest. La gravit~ de l'infestation du sorgho et l'analyse de Ia 
sensibilit6 de diff6rentes vari~t~s au Mali et au Burkina Paso ont fait l'objet de Ia 
pr6sente 6tude. On a montr~ que les panicules peuvent Mbcrger one cinquantaine de 
punaises chez les vari~tt5s rt5sistantes Malisor 84-7 et CSM 388 alors que ce nombre 
excMe 300 chez les vari6tt5s sensibles. L'infestation cause one perte quantitative et 
qualitative pour les vari6t6s sensibles, se traduisant par one r6duction de 50% du 
poids de 100 grains chez S34, one baisse de vitroisit6 3 fois su¢rieure chez S34 que 
chez Malisor 84-7. La baisse de rendement au d6corticage est 30% chez S34 et 
seulement 5% chez Malisor 84-7. La stabilit6 de Ia resistance de Malisor 84-7 a 6tt5 
confirm6e et m6rite que l'on en determine le mecanisme. 

Introduction. 

Les punaises du genre Eurystylus sont devenues depuis quelques ann~es les 
ravageurs principaux du sorgho en Afrique de l'Ouest (Mac Parlane, 1984; 
Doumbia et Bonzi, 1985 et 1989, Gahukar et al, 1989; Nwanze, 1985; Sharma, 
1985, 1986 et 1989; Steck et al, 1989 ). Au Mali et au Burkina Paso, E. immaculatus 
semble etre l'esp~ce dominante. Les adultes pondent leurs oeufs A l'int6rieur de Ia 
graine laiteuse et les larves qui en naissent, en su~;ant ces graines, causent un 
important dommage tant quantitatif que qualitatif sur les sorghos. Aussi parait-il 
urgent, ~tant donn6 Ia place de Ia c~r~ale dans l'alimentation des populations des 
pays concernes, de pouvoir mesurer d'une part Ia sensibilit~ de l'~ventail de sorgho 
aux ravageurs et d'identifier les sources de resistance et d'autre part de mesurer les 
d~glits quantitatifs et qualitatifs occasionnes par les punaises. Ainsi l'etude dont Jes 
r~sultats sont pr6sent~s ici met en evidence Ia gravit~ de l'infestation du sorgho par 
Ia punaise des panicules au Mali et au Burkina Paso. Elle met aussi en evidence 
d'importantes differences de sensibilit6 entre les vari~tt5s test~es. 

Materiels et Methodes 

Le materiel v~g~tal consiste en 12 varietes selectionnees notamment A partir des 
essais d'amelioration conduits par le programme regional de l'ICRISAT depuis 1985 
au Mali et au Burkina Paso, A savoir: ICSV 16-5 BP, ICSV 1001 BP (Pramida), 
ICSV 1143 BP, ICSV 1063 BF, ICSV 1166 BF, ICSV 1122 BP, du programme 
bilateral ICRISAT-Mali : CSM 63, CSM 388, Malisor 84-7 (ICRISAT Sahelian 
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Centre, 1986, 1987, 1988, 1989 et 1990), d'une vari~te du Centre de I'ICRISAT en 
Inde : ICSV 2 IN (SPY 35), d'une .variete locale malienne de type Durra h panicule 
cross~e (Gadiaba), et d'une vari~t~ productive servant de t~moin sensible (S 34). 
Malisor 84-7 (a panicule tr~s compacte) et CSM 388 (Guinea a panicule Iache) 
tiennent respectivement lieu de Mmoin resistant et de temoin local. Ces varietes 
constituent une pepini~re avancee de criblage pour Ia resistance a E. immacu/atus. , 

L'essai a ete conduit dans trois localites (Samanko et Cinzana au Mali, Farako-Ba 
au Burkina Faso) et pendant deux hivernages consecutifs, avec deux dates de semis 
(DS) dans chaque localite : des DS normales (comprises entre le 5 et le 15 Juillct 

, 1989, et le 23 Juin et Je 7 Juillet 1990) et des DS differees de deux a trois semaines 
(21 au 26 Juillet 1989, 13 au 28 Juillet 1990). L'objectif etait d'obtenir une 
infestation naturelle maximale au moins h l'une des deux dates. 

Le dispositif etait un Bloc de Fisher avec trois repe"titions (parcelles de trois !ignes 
de 5,00 m a Samanko, deux a Cinzana et Farako-Bfi en 1989, de quatre Jignes dans 
les trois localites en 1990; ecartement de 0,75 m). 

Le nombre de punaises a ete determine par ecliantillonnage de cinq panicules 
exposees a !'infestation naturelle par parcelle au stade grain laiteuxlpateux (soit 20 
jours apr~s tloraison). Ces panicules etaient enfermees dans un sac de polyethyl~ne 
et secouees afin d'en deloger tous les insectes, qui etaient ensuite comptes au 
laboratoire. 

Pour le criblage, deux panicules par parcelle ont etc encagees au debut de Ia 
floraison, et infestees h Ia fin de celle-ci avec 40 adultes par panicule ( Sharma, I 985 
). Les adultes sont recoltes avec un aspirateur a bouche dans les champs de sorgho 
environnants. Vingt (20) jours apres, un coton imbibe d'acetate d'ethyle etait 
introduit dans Ia cage et, celle-ci retiree, Ia panicule est secouee dans un sac de 
polyethylene et Jes insectes morts comptes au Jaboratoirc. 

Deux autres panicules par parcelle etaient protegees, en 1989, avec des sachets 
d'autofecondation en papier sulfurise, et en 1990, avec Jes memes cages que celles 
servant a !'infestation, pour servir de temoins proteges a celles soumises a 
l'infestation naturelle et artificielle. . 

Les degats de punaises ont egalement fait !'objet d'une notation visuelle a maturite 
sur une echelle de 1 h 9 ou 1 correspondait h tous les grains bien developpes, avec 
sei.Jiement quelques piqOres d'alimentation, et 9 h Ia plupart des grains non 
developpes et invisibles en dehors des glumes du fait des attaques de punaises. 

Les autres param~tres mesures ont ete : le poids de 1000 grains, Ia proportion de 
grains h faible densite determinee par tlottaison des grains sur une solution de nitrate 
de sodium de densite specifique 1,205, le pourcentage de germination et enfin Ia 
vitrosite du grain sur 'une echelle de 1 h 5 ou 1 represente le grain dur et vitreux et 5, 
le grain tendre et farineux. : 

Sur certains echantillons, les mesures suivantes aussi ont ete realisees par le 
Laboratoire' de Technologic Cerealiere de Sotuba : rendement au decorticage 
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(Reichert eta/., 1982) et qualit6 du t6 (Da eta/., 1982) apprecic par sa consistance 
et sa couleur, sur une cchelle de 1 a 5 ou 1 est le bon t6 d'aspect clair et granuleux et 
5, le t6 brun fonc6 et collant, a rejeter. 

Rcsultats et Discussions. 

Les nombres de punaises releves sur les differents cssais, en infestation naturelle 
indiquent que Malisor 84-7 et CSM 388 etaient les varietcs les moins infestees avec 
respectivement 51 et 62 punaises par cinq panicules alors que les autres vari6t6s 
hCbergaient plus de 300 punaises ( Tableau I ). Ce resultat est partiellement 
confirmc par les chiffrcs obtenus sous infestation artificielle qui montrcnt que Ia 
resistance de Malisor 84-7 n'est pas le seul fait d'un mecanisme de non-preference 
ou d'cvasion. 

Les notes visuelles relevees sous infestation naturelle sur les 12 essais identifient 
CSM 388 et Malisor 84-7 comme les seules varietes rcsistantes en reference ll ce 
crit~re dont les valeurs n'excMent jamais respectivement 3,3 et 4,0 alors qu'elles 
atteignent 7,7 pour Framida et 7,3 pourS 34 (Tableau 2 ), resultat conlirme par les 
donnees obtenues sous infestation artilieielle. 

L'infestation des punaises cause une perte llla fois quantitative et qualitative pour 
les varictes sensibles, alors que les varictes rcsistantes sont beaucoup moins 
affeetces ( Tableaux 3-6 ). Ainsi, Ia reduction du poids de 1000 grains est de l'ordre 
de SO% pourS 34 alors qu'elle n'est pas significative pour Malisor 84-7 ; Ia baisse 
de rendement au decorticage est respectivement superieure ll 30 et de 5 % 
seulement. La diminution de Ia vitrositc est trois fois plus lmportante chez S 34 que 
chez Malisor 84-7. En revanche, l'attaque par les punaises ne se traduit pas toujours 
par une reduction de Ia qunlite du tO prepare avec In fraction recuperee apr~s 
decorticnge. 

Dans le ens de Ia variete S 34, les coefficients de correlation entre Ia note visuelle 
et le poids de 1000 grains, Ia vitrositc, le pourcentnge de germination et le 
pourccntage de flottaison sont respectivement de -0,558, 0,616, -0,725 et 0,743, tous 
significatifs au seuil de 0,1 %. En revanche, dans le ens de Mnlisor 84-7, il n'y a pas 
de correlation significative entre note visuelle ct les autres param~trcs mcsurcs. 
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Tablea~ 1. Populations de punaiscs obscrv~es sous infestation naturellc sur Jds 
12 vari~t~s de sorgho de Ia p~pini~rc avanc~c de criblage pour Ia r~sistance Ala 
punaise des panicules ll Samanko (SA), Cinzaria (CZ) et Farako-Bfi (BF), eh 
hivcrnages 1989 et 1990 (I) 

Nombre de punaiscs par 5 panicules (2) 

Hivemage 1989 Hivernage 1990 

Vnri!t! 
SA SA CZ FD SA SA CZ CZ FB FB 

(DSI) (DS2) (DSI) (DSI) (DSI) (DS2) (DSI) (DS2) (DSI) (DS2) 

ICSV 16-5 OF 846(28.6) S-1(6.3) 42(6,4) 314(17,5) 174(13.1) 187(13,4) 103(10.2) 28(4,9) 0(0.3) 17(3.8) 

Fmnida 418(20.3) 43(6,5) 132(10.7) 287(16,9) 145(11,7) 98(9,2) 50(7,1) 50(6,9) 1(0.8) 53(7,0) 

ICSV 1143 BF 826(28.6) 59(7,7) 52(6.7) 391(19,7) 324(17,9) 163(16,7) 142(11,4) 71(7.9) 1(0.7) 9(2.8) 

ICSV 1063 OF 786(26.3) 42(6.3) 34(5.7) 255(15.5) 361(18,6) 178(12.3) 67(8,0) 67(6,8) 1(0.7) 55(7.2) 

ICSV21N 297(17.1) 29(5,3) 132(11,4) 139(11.4) 26(5,1) 283(16.7) 117(10.5) 58(6.6) 0(0.3) 79(8.6) 

ICSV 11660F 664(25.7) 22(4.5) 50(6,6) 318(17,7) 226(14.8) 150(12.3) 248(15,0) 14(3,0) 7(2.1) 16(3,9) 

ICSV 11220F 358(17.3) 31(5.3) 152(11,0) 93(9,2) 67(8.0) 143(11,9) 167(12.4) 19(4,2) 0(0.3) 41(6,2) 

Gadinbn 48(6,2) 30(5,2) 24(4,5) 34(5,7) 155(12.4) 385(19,4) 89(9,0) 23(4.8) 1(0.6) 14(3,7) 

CSM63 406(20.1) 14(3,1) 74(8.2) 73(8.1) 9(2.9) 43(6.1) 35(5,9) 44(6,6) 2(1.3) 3(1,8) 

Temoins 

S34 (~ensible) 369( 18.9) 35(5,8) 26(4.4) 237(14,3) 95(9,7) 77(8,7) 95(9,3) 32(5,6) 3( I ,8) 71(8!2) 

Maliwr84-7 51(6,5) 13(3,5) 3(1,8) 40(5,7) 26(4.9) 47(6,5) 24(4,9) 4(1,8) 0(0,3) 19(4,2) 

(~istnnt) 

CSM 288 (local) 45(6,5) 15(3,8) 10(2.9 24(4.8) 62(7,4) 55(7,1) 0(0.3) 3(1,3) 4(2.1) 9(2,5) 

Test F(3) c•••) N.S. c•••) c•••) n.s. n.s. c••> 

Moyenne (18.5) (5,3) (6,7) (12,3) (10,5) (I 1.3) (8,7) (5,0) (0,9) (5,0) 

cv (%) (27,4) (39,7) (42.0) (27,4) (23.5) (27.S) (30,7) (52,5) (86,8) (37,6) 

ETM (±2,88) (±0,68) (±1,62) (±1,92) (±1,43 (±1,81) (±1.54) (±I.S2) (±0,47 (±1,08) 

(I) Dispositifs en blocs complets ll trois r~¢titions pour les trois localit~s. 
deux dates de semis (DS I et DS2) et deux ann~es. 

I 

(2) La variabilit~ a ~t~ analys~e apr~s transformation vX. Lcs valeurs entre 
parenth~ses sont les valcurs transform~es. Les valeurs maximales 
observ~es sur les 10 essais P,OUr chaque vari~t~ sont indiqu~es en caract~re 
gras. 

(3) Test F: n.s. non significatif au seuil de 5% ; ** significatif au seuil de I% : 
*** significatif au seuil de 0,1 %. 
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Tableau 2. Notation visuelle de l'attaque par les punaises sous infestation 
naturelle des i2 vari~t~s de Ia p~pini~re avanc~e de criblage pour Ia r~sistance a Ia 
punaise des panicules a Samanko (SA), Cinzana (CZ) et Farako-Bft (BF) en 
hivemage 1990 (1), 

Note visucllc (2) 

Vorl~~ SA SA2 CZI CZ2 FBI FB2 SAl SA2 cz cz FB FB 
(051) (OS I) (OS2) (051) (052) 

ICSV 16-5 BF 4,0 5.1 63 4,7 4,7 4,3 2,8 2,8 3,0 2.0 23 2.7 

Framidn 4,0 7,7 7,0 5,1 5,0 53 3,8 4,0 3,7 4,0 4,3 4,0 

ICSV 1143 4,0 6,0 6,0 4,3 4,7 43 3,2 3,7 3,0 3.0 2.3 33 

ICSV 1063 4,7 5,3 6.3 4.3 4,3 5.0 3,3 3.5 3,0 3.3 3,7 4,0 

ICSV21N 4.0 6,0 7.0 4,7 6,0 4,7 3,7 3,2 3,0 3,0 3,0 4,3 

ICSV 116 3,7 6,0 6.3 3,7 5,0 4,0 3,0 3.2 2,0 3.3 13 3.3 

ICSV 1122 53 6,0 7,0 5,0 7,0 6,7 3.5 3,7 2.0 4,0 3,7 5,0 

Gndinbn 6,7 6,0 5,7 6,0 5,0 43 3,2 2,8 3,0 2,7 3,0 4,0 

CSM63 2,7 4,7 4,3 2,7 3,0 3,0 2.5 2.5 3.0 2.3 2,0 2.3 

nmoins 

S34 sensible 53 7,0 6,7 13 53 7,3 3.8 6,3 2.7 4,7 2.3 4,0 

Mnlisor 84-7 33 2,0 4,0 23 3,7 3,3 2.7 2,0 1,7 1,7 1,7 2,7 
(n!sislmll) 

CSM 388(1ocal) 2,7 2.7 3,3 3,0 2.3 2,0 1,8 1,8 1,0 1,0 1,7 1,7 

Test F(3) ••• ••• ••• ••• ••• ••• • •• ••• • •• • •• • •• • •• 

Moycnne 4,2 5,4 5,8 5,8 4,5 4,7 4,5 3,1 2,6 2.6 2.6 3,4 

CV(%) 15,8 21,8 14,8 14,8 18,9 18,2 15,4 12,6 18,9 18,1 25,3 23,0 

ETM ±0.38 ±0,68 ±0.50 ±O.SO ±0,49 ±0,49 ±0,40 ±0,23 ±0.35 ..0,35 ±0,38 ±0,46 

(1) Dispositifs en blocs complets a trois r~p~titions pour les trois localit~s. deux 
dates de semis (DS1) et (DS2) et deux ann~es. 

(2) Notation visuelle sur une ~chelle de 1 a 9 ou 1 = grains avec seules quelques 
piqOres d'alimentation et 9 = plus de 75% des grains fletris. Les valeurs 
maxi males observ~es sur les I 0 essais pour chaque vari~t~ sont indiqu~es en 
caracteres gras. 

(3) Test F: ** significatif au seuil de 1%; *** significatif au seuil de 0,1 %. 
,I 
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Tableau 3. Effet de !'infestation par les punaises sur le poids de 1000 grains, Ia 
vitrosite, les pourccntages de gennination et de flottaison (proportion des grains a 
faible densite de quatre varietes de Ia pepinicre avancec de criblage pour Ia 
resistance A Ia punaise des panicules a Cinzana en hivcmage 1989 (I) 

Gadiaba 534 
Malisor 

C5M388 84-7 
Vnri~t~ 
essai 

051 052 051 052 OSI 051 OS2 

Puld< (10m gr. p(2) 43.7 + 4,8{6) 43.1 :t 2.8{6) 24.6:1: 2.1{6) 22.4:1: 2.9(4) 14.7:1: 1,9(6) 21.6 :1:0.7(5) 24.9 :1: 2.6(6) 

A(2) 31.1:1: 1.7(9) 26.7:1: 0,3(6) 18.1 :1:31.2{9) 8.8:1: 3.8(6) 13.9 :t 0,5(6) 21.2:1: 1.!)(9) 18.9 :1: 2.9(6); 

Signilication (3) 

Vitroslk! 4 p(2) 

A(2) 

... ... n.s. n.s. 

3.1 :1:0.3(6) 3.0:1:2.9(6) 2.9:1:0.1{4) 2.9:1:0.2(6) 1.9:1:0.4(6) 1.5±0.3(5) 1.3:1:2.9(6) 

4,7±0.2~)) 4.8:1:0.3(6) 4,7:1:0,1(9) 4,6:1:0.2(6) 2.4+0.3(6) 1.4:1:11,1{9) 2.0:1:2.9(6) ... ... ... n.s. 

'.l germination p(2) 93.3:1: 3.1{3) 90.3:1: 2.9(2.9(6) 98,7:1: 1.2(3) 96,0:1: 1.2(6) 94.7:1:2,4(6) 99,3:1: 1.2(3) 97,7:1: 1.9(6) 

• A(2) 611,0±22.5(3) 13.3:1:23,1{3) 71~1:1: 12,1(3) 45.3:1:2.1.8(3) 66.7:1:23.9(3) 84.7:1: 16~1(3) 58.0:1:43.9(3) ... ... n.s. n.s. 

i 
<;~> nottalson(5) p(2) U.9 :t 9.2(6) 23.9 :t 11.7(6) 11.3 ±4.9(6) 9.5 :t 2.2(4) 6,6± 3_1(6) 2,8:1: 3.3(5) 1.1 :1: 1,0(6) i 

A(2) 80.4:1:26.5{9) 84.7± 18.0(6) 73.5± 17Jl(9) 98.5:1:2,3(6) 25.1 ±6.5(6) 3.9±3.1(9) 4,7±5.3(6) \ 

Slgnincatlon (J) 
... ••• . .. ••• ... n.s. n.s. 

(I) Valeurs exprimees 5ous Ia forme : Moyenne ± ecart-type (nombre 
d'observations entre parentheses) 

(2) P : grains provenant de panicules protegees ; A : grains provenant de 
panicules soumises h !'infestation artificielle sous cage avec _40 adult~s 
pendant 20 jours. 

(3) Signification du test unilateral de comparaison des moyennes (valeurs non 
transfonnees) par Ia methode des echantillons independants : n.s. non 
5ignificatif au 5euil de 5% ; 
* significatif au seuil de 5% ; ** significatif au scuil de I% ; *** 
significatif au seuil de 0,1 %. 

(4) Sur une cchelle de 1 h 5 ou I = grain dur et vitreux et 5 = grain tendre et 
farineux. 

(5) Dans une solution de NaNo3 de densite spccifique 1,205. 
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Tableau 4. Effet de )'infestation par les punaises sur le rendement au d~corticage 
etla qualit6 du to (consistance et couleur) de quatre vari~t6s de Ia p6pinit~re avanc6e 
de criblage pour Ia resistance A Ia punaise des panicules ll Cinzana en hivernage 
1989 (deux date de remise: DS I et DS2) 

Vllril!ll! 
G:ullaha 5:14 Malisor 114-7 CSM311K 

E.ual 
lOS I) (OSl) (OS I) (OS2) (OSl) lOS II (0S2) 

R..'1KI..'IIIcnlau pll) 79.4:1:1.4 75.9:1: IJJ 76.7:1:0.7 81.7:1:0.8 78.1:1:0.1 88.7:1:0.6 119.$:1:0.1 

d&tll'!k:agc I'J I Nil) 43.7:to.v•• 4-I.H:I.I••• 42.1:1:2.6 51.6:1:1.2 73.0:1: 1.6°0 8.5.7:1:0.)0 • 8.5.2:1:0.4 ... 

All> .U.S :I: 1.1••• 3,.7:1:,,4 •• 4l.7:1:o.2 72.7:1:~··· 86.1 :1:,1•• 84-S :to.2••• 

CamiSWICildU pll) 1.2:1:1).1 IJ:I:D.) 1.2:1:1).3 1.$:1:~ 1.2:1:1).3 1.2:1:0.1 1.):1:0.) 

t01manudk:)4 Nil) 3.H0.6••• 2.l:I:O.JU 2.8:1:11.3 2JI:I:O.On.s I.HO.Jn.s. I.H0.1n.s I.$:1:D.On.s. 

1.0 1.2 :1: O.J n.s. 1,7:1:0.3 n.s 1,7:1:0.3 n.s. 

Cook:ur du lA pill 1.0 1.0 1.0 1.0 1.0 

N(2) '.0 1.0 1.0 1.0 1.0 1.0 1.0 

A(l2) 1.0 I .II 1.0 2.0 2.0 

(1) Valeurs exprim6es sous Ia forme: Moyenne ± 6cart-type (trois r6p6titions}; 
- : donn6e manquante 

(2) P : Grains provenant de panicules prot6g6es ; N : grains provenant de 
panicules soumises h !'infestation naturelle ; A : grains provenant de 
panicules soumises h )'infestation nrtificielle sous cage avec 40 adultes 

pendant 20 jours. 
Signification au test unilat6ral de comparaison des moyennes observ6es sur 

. panicules infest6es/t6moins proteg6 par Ia m6thode des 6chantillons 
ind6pendants : n.s. non significatif au seuil de 5% ; ** significatif au seuil de 
t% ; *** significatif au seuil de 0, I%. 

(3) Pourcentage de r6cup6ration au TADD. 

(4) Sur une 6chelle de.l h Sou 1 =to de bonne qualit6 et S =to h rejeter. 
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. Tableau 5. Effet de l'infestation par les punaises sur le poids de 1000 grains et Ia 
vitrosit6 des 12 varietes de sorgho de Ia pepini~re avancee de criblage pour Ia 
resistance h Ia punaise des panicules en hivernage 1990 (2~mc DS)U>. 

Poids de I 000 grains (g) 12> Vitrositc! (2) 
Vnrlc!tc! 

p N A p N A 

ICVS 16-5BF 21,5 21.4n.s. 20.2 n.s. 2.0 3.2 n.s. 2,8n.s. 

Fmmida 27,7 18,0* 22.4** 2,4 3,6••• 3.3* 

ICSV 1143 BF 28,5 22,6 R-~· 23,1** 1,7 2,6n.s. 3.1• 

ICSV 1063 BF 23,6 20.4 n.s 22,8 n.s. 1,7 3,1•• 2.7••• 

ICSV21N 19,5 19,5 n.s. 16,8 R-~· 1,9 3,1• 3,3••• 

ICSV 1166BF 24,1 19.6• 19,4 n.s. 1,4 3,0 .. 2,9 ... 

ICSV 1122BF 11.3 13.9 n.s. 9,3n.s. 2,4 3,2n.s. 3.Sn.s. 

Gadiaba 44,9 38,0n.s. 32,1 n.s. 2.0 3.0 .. 3.S n.s. 

CSM63 18,3 19,9 n.s. 14,5• 1,7 2,6• 2,9n.s. 

Tc!moins 

S 34 (sensible) 24,5 12,3••• 13,8• 2,0 3,7• 3,6n.s. 

Malisor84-7 15,6 16,8 n.s. 38,0n.s. 1.S 1,7•• 2.1• 
(rc!.~ist:mt) i 

CSM 388 (local) 16,5 20,9 19,9n.s. 1.1 l.Sn-~. 2,0n.s. I 
i. 

Test fill ••• ••• • •• • ••• •• 
Moyenne 23,0 20,3 19,1 1,8 2,9 3,0 

CV% 11,9 9,1 16,1 22,4 12,0 16,5 

ETM ±1,58 ± 1,Q7 ±1,78 ±0.23 ±0.20 ±0,28 

(1) Dispositif en blocs complets h trois repetitions 

(2) P : grains provenant de panicules protegees ; N : grains provenant de 
panicules soumises h )'infestation naturelle ; 
A : grains provenant de panicules soumises h l'infestation artificielle sous 
cage avec 40 adultes pendant 20 jours : 
Signification du test unilateral de comparaison des moyennes par Ia methode 
des couples : n.s. Non signilicatif au seuil de 5% ; * significatif au seuil de 
5% ; ** significatif au seuil de I%;*** significatif au seuil de 0,1 %. 

(3) Signification du test F : cf (2). 
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Tableau 6. Effet de l'infestation par les punaises sur les pourcentages de 
germination et de flottaison (proportion de grains ll faible densit~) des 12 variet~s de 
sorgho de Ia p~pini~re avanc~e de criblage pour Ia resistance a Ia punaise des 
panicules a Samanko en hivernage 1990 (2~me DS)(l). 

Gcnninntion (%)12) Flottaison (% )12l 
Vnri~tt! 

r N A r N A 

ICSV 16-5BF 95,0(77,1) 86,3(68,5)• 82,0(65,7) n.s. 5,3(13,3) 46,7(43,9) n.s. 28,7(31,2) n.s. 

Fnunlda 91.0(73,0) , 59,7(51,0)0 78.0(62,0)• 46,0(42,6) 99,6(87,8)• 80,0(65,6)• 

ICSV 1143 BF 95,7(78,1) 91,0(72, 7)n.s. 86.3( 68.5)0 7,3(14,9) 65,6(54,1 )•. 48,2(43,9)0 

ICSV 1063BF 91.7(73,8) 79,3(63,4)0 73,7(59,2) n.s. 13,8(21.1) 76,0(60,7) .. 42,1(40,4) n.s. 

ICSV21N. 91.3(73.2) 80,7(64,0)•• 67,0(56,0) n.s. 13.8(20,9) 34,4(35,8) n.s. 51,3(46,1)0 

ICSV 1166BF 94,7(76,7) 81,0(64,2)••• 78,3(62,8)0 4,9(12,6) 71,6(57,1) .. 60,0(50,9)00 

ICSV 1122BF 84.5(68,0) 68,0(56,0)0 56,7(48,9) n.s. 30.2(42,0) 62,9(52,6) n.s. 68,0(55,8) n.s. 

Gadiab:l 77,7(62,4), 67,3(55,4) n.s. 44.3(41,7) n.s. 25,8(29,5) 84,9(67,3)• 70.0(59,1) n.s. 

CSM63 92,0(79,7) 90,0(71,6) n.s. 60,0(51,2) n.s. 13,8(21,7) 26,7(30,9) n.s. 65,3(56,0) n.s. 

Tfmoins 

S 34 (sensible) 82,7(65.5) 44,3(41,3)• 48,0(33,9)• 31,1(33,9) 99,1(85,7) ... 80,2(64,8)0 

Malisor84-7 91,7(73,6) 79,7(63,5) n.s. 90,7(72,2) n.s. 8,9(15,6) I 5,3(22,6) n.s. I 0,2(18,6) n.s. 
(~istlnt) 

CSM388 99(5(87,7) · 97,7(81,9) n.s. 92,0(73,2) n.s. 0,4(1,3) 2,9(7 ,7) n.s. 6,9(13,8) n.s. 

Test F. c•••> c•••> (••) (•••) (•••) (••) 

Moyenne (73,6) (62,8) (58,0) (22.5) (50,6) (45,5) 

CV% (5,9) (9,9) (18,2) (38,4) (17,7) (31,3) 

ETM (± 2.51) (±3,60) (±6.10) (±4,98) (±5,18) (±8,23) 

(1) Dispositifs en blocs complets a trois r~petitions 

(2) P : grains provenant de panicules prot~g~es ; N : grains provenant de 
panicules soumises a !'infestation naturelle ; A : grains provenant de 
panicules soumises a !'infestation artificielle sous cage avec 40 adultes 
pendant 20 jours. 
Signification du test unilateral de comparaison des moyennes par Ia m~thode 
des couples : n.s. non significatif au seuil de 5% ; * significatif au seuil de 
5% ; ** significatif au seuil de 1% ; *** significatif au seuil de 0,1 %. 

(3) Signification du test F : cf (2) 
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Ces rtSsultats mettent nettement en 6vidence Ia gravittS du probl~me lieS ll 
!'infestation du sorgho par Ia punaise des panicules dans les regions 6tudi6es et son 
incidence tSconomique. Les hivemages 1989 et 1990 ont eSteS caracttSristSs par des 
populations trcs importantes de ce ravageur ll Samanko, ce qui en fait alors un site 
ideal pour le criblage du sorgho pour Ia resistance ll cet insecte, en infestation 
naturelle comme artificielle. Une meilleure connaissance de Ia dynamique des 
populations d'E. immacu/attls sur les differentes stations constituerait cependant un 
facteur essentiel d'efficacite du criblage en conditions d'infestation naturelle, qui 
reste le seul moyen d'tSvaluation ll grande 6chelle, Ia technique d'infestation 
artificielle en cage prtSsentant des contraintes tSvidentes. La verification en 
conditions de non-choix etant cependant indispensable pour confirmer Ia resistance, 
cette technique doit etre amelioree pour en accroitre l'efficacite et le rendement. De 
nouveaux sacs et de nouvelles cages qui n'affectent ni le developpement des grains 
ni celui des insectes devraient etre con~us. Une bonne connaissance de Ia biologic 
du ravngeur permettrait d'en envisager l'elevage, et reduire ainsi considtSrablement Ia 
ptSnibilite du travail d'infestation artificielle. L'echelle de notation utilisee s'est 
revelee satisfaisante. C'est un critcre Ala fois plus simple d'utilisation et plus fiabie 
que l'echantillonnage des populations. 

Si cette €Stude a mis clairement en tSvidence d'importantes differences dans Ia 
sensibilite des differentes varietes aux attaques d'E. immacu/atus, elle a surtout 
permis de confirmer Ia resistance de Malisor 84.7, CSM 388 ou Ia sensibilite de S34 
utilisees comme des temoins dans !'infestation de Ia punaise. La resistance de 
Malisor 84-7 s'est reveltSe stable ll travers les localites, annees et dates de semis. ' 

l 
L'identification de sources de resistance doit done rester une priorite des 

programmes d'amelioration•du sorgho. En effet, mis ll part les sorghos Guinea doht 
les caracttSristiques de Ia panicule et des glumes peuvent expliquer dans une large 
mesure Ia resistance, parmi les variettSs ll panlcules compactes, Malisor 84-7 est Ia 
seule source prometteuse. Du fait de son haut niveau de resistance, elle est d'ailleurs 
ll l'origine de plusieurs croisements avec des variettSs productives, doni les 
descendances sont en cours d'evaluation. 

D'importants efforts de recherches doivent egalement etre consacrtSs lll'etude du 
mecanisme de resistance de Ia variete Malisor 84-7, pour bien orienter le criblage. 
Une fois identifiees d'autres variettSs prtSsentant le meme type et niveau de 
resistance, pourront l!tre envisagees des tStudes sur Ia genctique de sa transmission, 
dont Ia comprehension constitue le prealable indispensable llla mise en oeuvre des 
strattSgies de selection les plus adaptees. 
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