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Foreword 

In May 1986, a symposium on "Food grain production in semi-arid Africa" was 
organized in Nairobi, Kenya by the Semi-Arid Food Grain Research and 
Development (SAFGRAD) hoject. That symposium which brought together many 
national agricultural policy makers, donors as well as several eminent international 
and national scientists, marked the end of the first phase of SAFGRAD. 

The second phase took advantage of the achievements of the first phase and 
adopted the principles of networking, geared to promoting indigenous leadership in 
the development of technologies that would enhance more food production across 
the semi-arid zones of Africa. The inter-network conference held in Niamey, 
therefore, gave an opportunity to scientists from West, Central and Eastern Africa to 
present and discuss achievements of the different networks with one another and to 
see how these networks can work closer together in the interest of the farmer who is 
the principal food producer. 

The Scientific, Technical and Research Commission of the Organization of 
African Unity (OAUISTRC) has committed itself to collaborate with the 
International Agricultural Research Centres, donor agencies and national 
agricultural research programmes of Member States towards food self-sufficiency 
for Africa. 

Professor C.A. Johnson 
Ag. Executive Secretary 
OAU/STRC 
Lagos, Nigeria. 



Preface 

(ii) to identify the gaps as well as new thrusts of research needs for the 1990's; 

(iii) to facilitate scientific interaction and complementary programme activities 
between and among the different networks in order to promote the exchange 
of experiences; and 

(iv) to assess the extent of the application of research results through on-farm 
testing and extension activities. 

The invited and contributed papers spanned a broad specimen of disciplines in 
food grain research and production. The keynote address dwelt on analysis of the 
current technological gains made, and identified some research gaps and priorities 
"as new frontiers to food grain research in the 1990's". 
The plenary sessions which were devoted to technical papers, addressed the 

following areas: 

(i) experiences of regional research collaboration to build national capacity, 
within the network framework: 

(ii) cropping systems research; 

(iii) integrated research approach to control Striga, 

(iv) on-farm verification trials and technology adoption; 

(v) importance of soil testing and mapping for determining soil productivity as a 
basis for fertilizer recommendations and 

(vi) exploitation of indigenous rock phosphates and their mixtures with other 
available sources of nutrients, such as compost, which will improve 
phosphorus availability, as discussed in Parts III and V. 

The concurrent sessions explored research progress made so far and constraints 
encountered in the improvement and production of cowpea, maize and sorghum as 
presented in  Parts 11,111, IV and V, respectively. On the final day of the conference, 
discussions were centred around the major technical issues that surfaced in the 
course of the conference. Recommendations for future areas of research emphasis 
and the institutional evolution of SAFGRAD, as summarized in Part VI were 
equally treated. 

BEST AVAILABLE COPY xii 



Response to the call for this Conference involving the West and Central Africa 
maize, sorghum, cowpea, and millet networks, the farming,systems research 
network of West Africa and the sorghum and millet network of eastern Africa was 
overwhelming. Over 70 abstracts were received by the Organizi~~g Committee, 
although only those papers which met the workshop objectives and technical 
standards have been published. 

Apart from the financial assistance received from the United States Agency for 
International Development (USAID), other agencies which co-sponsored the 
conference included: 

(i) the International Crops Research Institute for the Semi-Arid Tropics 
(ICRISAT); 

(ii) the International Institute of Tropical Agriculture (IITA); 

(iii) "Institut National de Recherches Agronomiques du Niger" (INRAN), and 

(iv) Semi-Arid Food Grain Research and Developnlent (SAFGRAD) of the 
Organization of African Unity's Scientific, Technical and Research 
Commission (OAUISTRC); 
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Introduction 

Based in Ouagadougou, Burkina Faso, Semi-Arid Food Grain Research and 
Development (SAFGRAD) is a regional project of the Organization of African 
Unity's Scientific, Technical and Research Commission (OAUISTRC). 

In response to the worsening droughts which hit the African Continent, 
SAFGRAD was created more than 15 years ago by OAU Heads of State and 
Government with the principal objective of improving the quality and quantity of 
the major food grains (sorghum, maize, millet and cowpeas) of the semi-arid region 
of Africa. It was also to develop appropriate farming systems which could build 
and maintain the resource base for productive agriculture in this zone. 

Evolution of SAFGRAD 

During the first ten years of existence, SAFGRAD worked in close collaboration 
with the International Crops Research Institute for the Semi-Arid Tropics 
(ICRISAT) on sorghum and millet, and with the International Institute of Tropical 
Agriculture (IITA) on maize and cowpea as well as with the national research 
programmes of its member countries. It was during this first phase that crop 
varieties and technologies were developed to improve the productivity and 
economic conditions of resource-poor farmers. 

The second phase of SAFGRAD (1987-1992), while still involved in technology 
development and transfer, the major thrust was directed towards enhancing the 
capacity of national programmes through networking. Six networks were 
established; one each for maize, cowpea and sorghum in West and Central Africa, 
one for sorghum and millet in East Africa and the others for farming systems 
research and agroforestry in West Africa. 

Management of SAFGRAD 

Notwithstanding its administrative relationship with STRC and the OAU General 
Secretariat, the need was felt to involve more African scientists in decision-making 
and to develop indigenous human capital (capacity building) to assume greater 
leadership in directing and managing agricultural research and network activities. 
This resulted in the creation of the Council of National Agricultural Research 
Directors of all the 26 SAFGRAD member countries. The Council met biennially 
to review SAFGRAD activities and provide policy guidance. 

A seven-member Oversight Committee, directly responsible to the Council of 
National Directors, oversees the administrative, technical and financial affairs of 
SAFGRAD and evaluates the performance of the networks. The Committee 
comprises eminent scientists, research managers and members of agricultural 
faculties of African universities drawn from West, Central, East and Southern 
Africa. It meets at least once a year. 
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The activities of each research network are guided by a Steering Committee 
composed of 5-8 NARS scientists who are actively involved in research on the. 
particular crop or commodity. It meets twice a year. 

The day-to-day activities of SAFGRAD are carried out at the SAFGRAD 
Coordination Office (SCO) in Ouagadougou, Burkina Faso. The SCO serves as the 
secretariat for the Council of National Directors and the Oversight Committee. It 
provides the political and administrative leadership crucial for sustaining network 
activities. Through its OAU umbrella, the SCO facilitates the movement of 
scientists, germplasm and research supplies among member countries. It organizes 
meetings for the various committees and facilitates the arrangement of scientific 
monitoring tours, training courses, seminars, workshops, etc. 
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Introductory Remarks on the Conference 

JOSEPH M. MENYONGA 

International Coordinator, OAU/STRC-SAFGRAD Ouagadougorr, Burkina Faso 

This Inter-Network Conference on food grain research and production marks ano- 
ther significant turning point in the life of the Semi-Arid Food Grain Research and 
Development (SAFGRAD) of the Organization of African Unity (OAU). The first 
such conference was the SAFGRAD drought symposium which took place in  Nairo- 
bi, Kenya, in 1986. 

Created by the OAU since 1976, the focus of SAFGRAD has been directed on 
developing maize, sorghum, cowpea and millet research in the semi-arid regions of 
26 member countries. This was in  response to the severe drought which devastated 
the African Continent during the 1970s. SAFGRAD has since worked very closely 
with national agricultural research institutions as well as with International Agricul- 
tural Research Centres (IARCs) and notably the International Crops Research Insti- 
tute for the Semi-Arid Tropics (ICRISAT) in respect of sorghum and millet and the 
International Institute of Tropical Agriculture (IITA) for maize and cowpea. You 
will, therefore, understand why this conference is being organized by SAFGRAD 
jointly with the National Agricultural Research Institute of Niger (INRAN), ICRI- 
SAT and IITA. 

As one of the regional offices of the OAU, SAFGRAD receives legal and adminis- 
trative guidance through its Scientific, Technical and Research Commission (STRC) 
based in Lagos, Nigeria. The Assistant Executive Secretary of this Commission will 
be addressing you also during this conference. 

Technically, SAFGRAD is headed by the Council of National Agricultural Resear- 
ch Directors of its member states. The Council, in turn, has appointed an Oversight 
Committee of seven eminent agricultural research scientists which meets regularly 
to review SAFGRAD activities. 

During the first ten years since from its existence, SAFGRAD used the umbrella of 
the OAU to work across political and linguistic barriers in assisting and strengthe- 
ning national programmes through training, information exchange, testing and adap- 
tation,of different crop varieties and other agricultural technologies developed by 
ICRISAT, IITA and some national agricultural research institutions. Since 1987, 
SAFGRAD has concentrated most of its attention on the development of agricultural 
research Networks in collaboration with IARCs and NARS. Four of the networks 
on maize, cowpea, sorghum and farming systems research presently operate in West 
and Central Africa, while a joint Network on sorghum and millet is for Eastern Afri- 
ca. 

Through the system of networking, SAFGRAD has registered some significant 
achievements including greater articulation of NARS research needs by ICRISAT 
and IITA, emergence of NARS scientific and research management leadership as 
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well as the sharing of research results and germplasm between national programmes. 

Before the second phase of SAFGRAD comes to an end towards the end of 1991, 
this conference has been planned towards bringing together all the partners working 
separately on the crop commodity Networks with the primary aim to: 

I. review the current status of knowledge on food grain research and 
production and to document the progress made during the last five years; 

ii. identify gaps as well as new thrust of research needs for the 1990s; 

. . . 
111. facilitate scientific interaction and complementary programme activities 

between and among the different Networks in order to promote exchange 
of experiences, and 

iv, assess the extent of the application of research results through on-farm 
testing and extension activities. 

The conference has brought together scientists from 21 West, Central and Eastern 
African countries as well as several foreign experts to address the above-mentioned 
issues as well as find answers to Africa's multitude of agricultural problems. Kno- 
wing the spirit of cooperation that has existed within and between the different Net- 
works, I have no doubt that the objectives of this conference will be achieved. 

The Honourable Minister of Agriculture and Livestock, Distinguished guests, 
Ladies and Gentlemen, if SAFGRAD has been successful, it is due mainly to the 
generous and ready funding from the various donors, and especially the United 
States Agency for International Development (USAID), the International Fund for 
Agricultural Development (IFAD), the Ministry of Cooperation of France, the Inter- 
national Development Research Centre (IDRC) of Canada, to mention just a few. 
While expressing appreciation to these and other sponsoring agencies, it is our desi- 
re and hope that we can continue to count on their support and assistance. Special 
thanks are due to INRAN for its assistance in organizing this conference as well as 
to ICRISAT and IITA for their valuable contributions. I thank the Government of 
the Republic of Niger for permitting us to host this conference in this beautiful 
Palais des Congrks. I thank all of you, Ladies and Gentlemen, for honouring our 
invitation and wish you all successful deliberations. 



PART I 

Strategies for improved food grain 
production 



New Frontiers of Food Grain Research for the 1990s 

JACQUES P. ECKEBIL. 

Deputy Director-General, IITA, Ibadon, Nigeria 

Introduction 

As an introduction to this presentation, I would like 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. Farmers standing in fields blasted by drought. Mothers in feeding camps 
sheltering hungry children. Then we hear on the nightly news that European and 
American farmers are suffering, too from over production. Wheat farmers in Euro- 
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 done to reverse the trend?" 

Table 1. Selected economic indicators in sub-Saharan Africa (%). . 

Indicator 1965-73 1973-80 1980-87 

GNP per capita 2.9 -0.1 -2.6 

Agriculture 2.2 -0.3 1.3 

Inflation rate 7.5 6.8 15.2 

Population growth 2.6 2.8 3.1 

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

Note: 1. Average annual percent. 

PREVIOUS PAGE BLANK 
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Many authoritative studies have dealt with food 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 basic 
indices of food production in Africa. 

With a total number of 45 countries in west, central, eastern and southern 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 million hectares are 
actually cultivated, with 9.5 million hectares being under irrigation. (Grall, 1986). 

With an annual population growth rate of 3.1%, (Table l), the basic indices stand 
as follows for the periods 1965173 and 1980187: 

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 doubled from 7.5 to 15.2% and 
c) maize, millet and sorghum production grew at 2.3, 0.8 and 1.2% annually 

(Table 2) compared with 2.3 and 2.0% for rice and wheat, respectively. 

In terms of total cereal production, the rate of annual growth between 1965 and 87 
was only 1.7%, from 33 to 47.7 million 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 

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 .O 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). 

Maizc 9.9 12.9 15.6 

Millet 8.1 9.2 10.1 

Ricc 3.7 6.3 7.6 

Sorghum 8.4 11.1 10.7 

Wheat 1 .O 1.5 1.5 

Total Cereals 33.0 43.7 47.7 

Pulses 3.5 4.5 3.9 

Source: Sub-Saharcrn Africa: Froni Crises to Siisfnirrable Growflz. Tlze World 
Bank. IVnsllingtorz. D.C. 1989. 

imports doublcd between 1974 and 86, from 4.1 to 8.1 million tons. In addition, 
food aid for thc sanie period more than treblcd, from 0.9 to 3.1 lnillion tons of grain. 

The production of legumes during the sanic pcriod was estimated at 3.5 to 4 mil- 
lion tons, with an average annual growth of 2.6%. Ovcrall, thc per capita average 
food produc~ion index remained relatively unchanged between 1979181 and 
1985187. while the avcrage annual consuinption of basic food staplcs grew at a stea- 
dy annual rate of 2.5% and the pcr capita food production dropped by 1% annually. 
The consiste~rt short-fall in  lcgume and cereal grain production provides a plausiblc 
explanation lor the over 100 million under-nourishcd people in  Africa and represen- 
ting about 30% of the population of the sub-Saharan region or 93 poor individuals 
per square kilon~eter ol  real agricultural arca. 

According to World Bank projections (Table 4), food deficits world-wide are like- 
ly to grow Lo as high as 50, 115 and 245 million tons of maize equivalent in 1990. 
2010 and 2020, respectively. From such projections, i t  is postulated that the food 
gap can be eliminated only when populatio~i fertility ralc declines by 50% to 3.3% 
whilst rood production grows at 4% annually -- a task that implies trebling the pre- 
sent growth rate of food output. The food situation thus appcars quite gloomy. 



6 New Fro~rfiers uf Fuud Grai~r Researcli for file 1990s 
- - - -- - 

Table 4. Population and food security in Sub-Saharan Africa. 1990-2020. 

Assu~nptions 1990 2000 2010 2020 

Case - I 
Population  nilli lions of people) (with constant fertility rate) 500 700 1.101 1.500 

Food production (mtn~e%t current-trend growth rate 
or?% per ycar) 90 110 135 165 

Food rrquire~ucn~ (Illtnle, for c~niversal food security by 2020) 100 160 250 410 

Food gap (~n tn~e )  10 50 115 245 

Case - 2 

Population (as in Case - I )  

Food production (at 4% annual growth) 90 13.5 200 300 

Food requirement (as in Case - I )  100 160 250 410 

Food gap (as in Case - I ) 10 25 50 l I0 

Case - 3 

Populatior~   illion ions of people) (with total fertility rate declining 
50% to 3.3% by 2020) 500 680 890 1.110 

Food production (rutme, at 4% annual growth) 90 135 200 300 

Food ~equire~ncot ( I I I ~ I I I ~ )  100 150 220 305 

Food gap (mtme) 10 I5 20 5 

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

Major Constraints to Food Grain Production in Semi-Arid Zoncs 

Among major technical constraints to food grain crop production in the sc~ni-arid 
zones of sub-Saharan Africa arc recurrent drought, desertification, low and erratic 
~ainfall, low soil fertility, poor crop management practiccs, as well as attacks by 
insect pests, diseases (including parasitic tlowering plants) and vertebrates. 

Rainfall constitutes the most limiting factor to crop production in semi-arid Africa. 
Historical, long-term rainfall studies show a consistent decrease in total amounts, 
with dry periods alternating with wet periods (Farmer and Wigley, 1985). More 
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recent studies of rainfall Iluctuations show striking l'eatul-cs over the last 40 years. 
For about 15 years starling in 1950 (Fig I ) ,  rainfall was on the average abnormally 
hlghcr ~ h a n  the average. But s~rlcc 1968. a pcriod of below avcragc rainfall has 
taken placc and has led to thc pcrsis~ant dry spell hcing cxpcricnccd by all sub- 
Saharan African countrics and particularly thosc in  thc Sudan Lone. Tablc 5 clcarly 
shows that the nlean rainfall for thc pcriod 1970 is ahout half of that received from 
1950-59. But beyond thc total amount of rainfall is thc unreliability. unprcdic~abili- 
ty. as well as lhcir ycar-to-year variabili~y that has cornc to characterize thc semi- 
arid zonc. 
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Table 5. Rainfall at ninc Sahel stations in  various years (mm/year). 

Location 1950 1972 1983 1950- 1959 1970- 1984 

Atbara 166 55 15 92 54 

Nouakchott 183 103 66 172 5 1 

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 79 1 

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 Wcstern Africa is arid. 
All countries in  thc Sahelian zone were sevcrely affected by thc droughts of the late 
1960s and carly 1970s when ccreal production was a mcre 15% of normal ycarly 
harvest (Sasson, 1990). Anothcr round of drought occurred in  the early 1980s, 
resulting i n  food shortages in some 22 African countries (Farmer and Wigley, 
1985). 

The manifestation of persistant drought over prolonged pcriods 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 
I0 km per year in Senegal (Zecchini, 1985 b). 

Among documcnted 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 dircct implication on 
drought condition (Harc, 1985; Nicholson, 1989). 
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Crop resistanceltolerance 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 diseases is yet another serious constraint in the produc- 
tion of virtually all crops. Among the multitude of important pests of dry environ- 
ments are termites, army worms, stem borers, migratory locusts, birds and especial- 
ly Quelea quelea (IITAISAFGRAD, 1986; Doggett, 1988). 

Perhaps the most serious disease problem that cuts across crops and ecologies is 
Striga. While Striga hermonthica 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 (Atherigona soccata) is regarded as the most 
important field insect in both east and west Africa, while sorghum midge (Contari- 
nm 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 (Colletotrichum graminicola), smuts, charcoal rot (Macrophomina phuseolina) 
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 from the virus complex of maize (maize streak, maize chlorotic mottle and 
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 (Sphuceloma 
stage of Elsinoe phaseoli) are very destructive especially in the more humid Nor- 
them 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 thei; resistancdtolerance 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. SWlTA-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 resistancdtolerance 
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. The& efforts led to the release of TZB and TZPB 
varieties, which are still popular in the region. Later, the combined efforts of IITA 
and CIMMYT led to the development and release of several streak resistant maize 
varieties like TZESR-W, IKENNE 8149-SR (POZA RICA 43-SR). 
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Table 6. Crop varieties identil'ied through Network activities for production in 
various countries in West and Ceritral Africa. 

Country Coapca Sorghum 

Burkina Faso KN I .  Suvita-2 ICSV-1001 (Franiida) EV 8422-SR 
TVX 3236. E-35- I KPB (EV 8430SR) 
TVX 396-4-4 ICSV 16-5, BE KPJ (EV 8431SR) 

ICSV 1049 BA. 

Guinea Bissau IT 82E-9 Aburotia 

Ghana IT 82E- 16 Aburotin 
IT 82E-22 Co~nposite-4 

Golden Crystal 
Kawanzie 
Mexican- 17-E 

Mali 

Nigeria TVX 3236 ICSV 1007 BF 

Benin TVX 1850-01 F, 
IT 82E-32 
IT81D-I 137 

Cameroon IT 8 1 D-985 S-34, S-35 
(BRI). 
IT 8 1 D-994 

Togo 

Niger 

CBte d'lvoire 

TN-5-78, 
KVx 1002 

Senegal 58-57 and 
IS 86-275 

Chad TVx 3236 
IT 8 1 D-985 

ICSV 1007 BF 

SAFITA-2 
TZE-Y 

TZESR-W 

S C ~ O U  8ITZSR-W- I 
EV 8413-SR 
Pirsaback 7930 SR 

Mexican 17E 
SAFITA-2 

Poza Rica 43-SR 
lkenne 8 149-SR 
Pirsaback 30-SR 
KPB (EV 8430-SR) 

CD 
IRAT- 178 
MTS 
FERKE-7622 

Synthetic-C 
JDB 
SM-I0 

TZESR-W 
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Scvcral sorghum varictics exhibiting good Icvcls of rcsistancc to drought, anthmc- 
nosc and ergot havc been idcntil'icd by EARSAM I'or Rwanda, Ethiopia and Sudan. 
In Kcnya. the sorghum cultivar IS76 which is resistant to long smul lias been relea- 
sed. while in Wcst Al'rica varictics like E-35- I ,  ICSV- 1007 BF. ICSV 100 1 (Frami- 
(la) which havc a mcasurc of rcsistancc to Strigrr hcnriortrhica are widely culliva~ed 
i n  many of (lie countries. 

An iniportanl cliarac~eristic cnipliasizcd in the development of improved varielies 
for scmi-arid regions is carlincss in growth and maturity. Mo~iva~ed by [he shor~ 
growing scason and ~ l i c  rclativc unprcdictability of rainfall, IITA scientists have 
clcvclopcd a numbcr 01'60-day erect and photo-inscnsilive cowpea varielies tor solc 
cropping as well as minimum insecticidal regime. More rcccntly. exu-a-carly varie- 
tics of maize have becn dcvelopcd by tlic SAFGRAD Maize Nclwork and which arc 
particularly popular bccause they nlalurc during tlic "hungry period" in the Sithel 
and well bcforc thc sorghum crop reaches maturity. 

Achievements relaling to crop management includc optima sowing dates, plan1 
populations and ferlilizer rctluirenients principally I'or sole cropping situations. 
Sincc rainl'all is a major constraint to l'ood crop production cspccially in the Sahel 
ecology, nicnlion must be madc of thc lied-ridging technique tlcveloped by SAF- 
GRAD to rcducc runoff losses and to improvc water infiltration. 

Research Agenda for Next Decade 

a )  Tlie iMai11 Crops 

i )  Maize Research. All available data suggest tliat thc mois~ savanna prescnls a 
priority research ccolol';l lor maize relative lo llic Sudano-Sahelian Lone, even i f  
early and ex~ra-early n ia i~c  will continuc to play some role as the "hungry crop". It 
is i n  this ccology that the parasitic plant Striga represents thc major threat to maize 
production, hencc tlic emphasis i n  breeding for recistanccholerance to this pest. 
Since little progress lias been made until now by using routine conventional plant 
breeding methods. i t  is imperative tliat the approach must be re-oriented towards 
more basic research ai~ncd at bellcr understanding of the hosr-parasite relationships 
as well as the mechanisms for resistancc/tolcrance. 

Thc high potential of thc moist savanna must be cxploited using hybrid maize 
varieties. In this contcxt, inbred lines will have to maintain a high levcl of resistan- 
cc to streak virus, downy mildcw, stcm borer, rust and blight. Other abiotic brce- 
ding objec~ives will need to also includc high nilrogcn use efficiency as well as 
resistance to drought. 

ii) Sorghum Research. With plans well underway lo hold a world-wide sympo- 
sium on sorghum rcscarch and produc~ion, I will rallier not anticipate [he outcome 
of such a highly distinguished lbrum in defining a research agenda for sorghum in 
llic nineties. Rather, I will only highlight in  this presentation somc 01' the resear- 
chable issucs that are likely to conlinue lo attract the attention of sorghum scientists 
espcciall y i n  sub-Saharan Africa. 
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Forcmost ilniong issucs ol'major intcrcst in sorghum rcscarch arc thosc rclating to 
iibiolic fac~ors limiting protluction and particularly cnvironniental strcss. In the 
scmi-arid troplcs whcrc rainfall is problcmatic i n  amounts and distribution. resistan- 
ccholcrancc to drought in  rclation to continuous changcs ol'thc cnvironnicnt will. of 
ncccssity, continuc to bc a mlljor issue for rcscarch. This will thus call for a bc~tcr 
charactcrization of tlic sorgliuni agro-ccologics as wcll as multi-disciplinary studies 
rclating to tlic physiological mcclianisrns of drought rcsistancc. 

Among thc biotic factors, insects. tliscascs and Stripa w~l l  ncccssarily cons1ilu~c 
rcscarchablc issuc of high priority. Even though somc work has alrcady bccn donc 
on the biological control of sonic of thc iniporta~rt sorghum pcsts. i t  is niorc lhun 
likcly that host-plarrt rcsistancc and cultural mctliods will continuc to bc thc bcsl 
nianagcmcnt strntcgics towartls cffccting thcir control. Sincc the fivc major sorg- 
liuni discascs (grain molds, charcoal rot, downy miltlcw. anthracnosc and virus 
diseases) arc likcly 10 continuc to constitutc serious constraints to production. tlic 
bcst managcliicnt slratcgy i n  thc ncxt dccadc. cspccially kccping in mind thc rcsour- 
ce-poor hrmcrs. is hos~  rcsislancc. Fortunarcly. therc is a large germplasm collcc- 
tion asscmblcd and managcd by ICRISAT much ol' which havc hecn scrccncd for 
discasc rcsistancc and many promising lincs idcn~ificd (Mcngcsha and Rao. 1981). 

Spccific to Striga rcscarch. cx~cnsivc laboralory scrccning ol' niorc than 15.00C) 
accessions of the sorgliuni gcrmplasm lias bcen madc and ovcr 600 lincs idcntilicd 
as holding somc promisc for Srriga rcsislancc. but tlic undcrstanding oT rcsistance 
nicchanisms is presently lacking or is incomplctc. What is niorc, Ticld scrccning 
tcchniqucs havc provcd largely unrclioblc. Futurc rcscarch cll'orts on Strigu control 
must ncccssarily bc wcll coordinated and rnulti-disciplinary i n  approach i T  major 
break-throughs arc to bc achieved. 

iii) Cowpea Research. Tlic major re-orientation of cowpca rescarch in thc next 
dccadc will bc the translation into rescnrch objcctivcs ol' thc bclatcd acccptancc by 
scientists gcncrally that cowpca is csscntially intcrcroppcd in the scmi-arid rcgion of 
Africa. Unlike i n  the past when the brccdinp ob~cctivcs were directed towards the 
creation ofdcterminatc and ercct cowpcas suitablc I r  sole cultivation. thc challenge 
now is to hrccd for ncw typcs wliich arc photoscnsitivc, with morphological and 
physiological charactcristics wliich niakc tlic~n suitablc I'or inlcrcropping. 

Another rcscarch arca which will necd urgcnt attcntion is that of rcsistuncc to post- 
flowering pests. Since the regular screening ol' gerniplasm for identification of 
sources of resistance has thus far not yielded good results, attcntion must necessary 
bc turncd to wild Vig11o species i n  tlic search Tor rcsistancc gcncs for post-tlowcring 
pests. Thc transfer of such gencs from wild Viglrcr to cultivated Vig11a will involve 
widc crosses combinetl with bio technology rcsearch for wliich litlle capacity cxists 
prcscntly in Africa. To this end. cffectivc linkages must bc developed with advan- 
ced l;.boratorics i n  othcr parts of tlic world. 

With regard to Striga. much lias bcen achieved rcccnlly i n  the idcntirication oT 
sources of rcsistance to Striga gestzerioides and Alectrrr 11ogelii in the cowpca linc 
B-301. An active crossing programme to transfer this resistance gene to all cultiva- 
ted cowpea varieties should rcceive thc highest priority attention during the coming 
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years. These and similar research objcct~ves arc intended to be achieved by the 
conibined effort of IITA and other IARCs with national ag~.icultural research institu- 
tions and notably Nigeria's Institute for Agricultural Kcsearch (IAR) in Saniaru. 

iv) Millet. The overall objectives 01' millet improvcment in tlie next dccade will 
be to conibine high yield potential and acccptablc grain quality with rcsistance/tole- 
rance to drought, to seedling emergence and to discascs and insects. Research prio- 
rity is to continue on the important millct diseases of thc region, including downy 
mildew (Sclerospora ,grtiniiilirolri). smut (ToIjposl>oriiiil~ yeiricillrrriae) and ergot 
(Clavicep fusifortiiis). With regard to pcsts, stem borer remains onc of the niost 
important. 

v) Soyabcan. Although soyabean is not among SAFGRAD ~nandatcd crops. i t  is 
more than likely that thc crop will assume increasing i~iipo~.tance in the semi-arid 
zones of sub-Saharan Africa. Apart froni sharing the same agro-ecologies with 
maize and sorghum wlicrc its ameliorating effect on thc soil physical and chcniical 
properties is well known, soyabcan has alrcady rcceivcd considerable research 
attention towards resolving such production constraints as nodulation. sccd viabili- 
ty, pod shattering, resistance to insect pcsts and discascs as well as its potential to 
human nutrition, including such high-risk social categories likc lactating mothers 
and children. With the overcoming of thcsc and other production constraints by thc 
joint effort of IITA and Nigcrian scientists, the two niajor research priorities i n  the 
coming years will be the adaptation of improved cultivars to the fanning systems of 
the different ecologies and the utilization aspects of the crop. Following a workshop 
held i n  January of 1991 involving soyabean researchers from IARCs, NARS as 
well as sponsoring agencies, participants endorscd the crcation of an African Net- 
work on Soybean Production and Utilization. When operational, such a Network 
niay serve to provide the necessary framework and leadership for the pro~notion and 
development of soybean in Africa. 

b) Common Research Priorities 

By reviewing thc research priorities idcntificd for each of the important crops of 
the semi-arid tropics, i t  is evidcnt that some of these, including drought, Striga, 
intcrcropping and post-harvcst technology, are colnmon to all the crops and, consc- 
quently, of importance for inclusion i n  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 and temperature which influence drought 
offer little or no direct control by man. Thc challenge for scientists and lhr~ners is. 
therefore, to nianipulate the crops cultivated i n  such a way as to adjust their life 
cycle to thc particular conditions or tcmporal patterns of these factors. In this 
regard, what solutions are proposed for adoption must bc sustainable by the resour- 
ce-poor small-scalc farmers of tlie region. 

Plant breeding reniains the most effective tool for the search for low cost solutions 
especially when pursued in a multi-disciplinary approach involving agro-cli~natolo- 
gists and plant physiolo-gists. Already, simple models have been developed which 
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allow the prediction of thc length of the growing scason and its variation i n  a parti- 
cular region based on soil-watcr halances and clin~atic data such that the brectler is 
able to select varieties which fit ,  on the average, the growing season (Landsberg. 
1988). In addition to or in combination with brccding for varieties with special cha- 
racteristics Ibr drought-proned environrnenls, agrono~nic practices will also necd to 
be pursued towards modifying the soil structurc In such a way as 10 decrease watcr 
run-off. increase water infiltration and, thcrcfore, increase water availability to thc 
c rop. 

i i )  Striga. The dismal achicverncnts rccorded thus far i n  Strign research is general- 
ly perccived to be the rcsult ol' the piecemcal approach cniploycd in tackling this 
gigantic problem. To effectively address the Strign proble~n in all its ramihcations, 
it is suggested that rescarch be pursucd in a conccrted and coordinatcd manncl- 
towards tackling all the fr~cels of thc problem, including such basic and stratcgic 
rcsearch areas as thc bettcr understanding of resistanceltolerance mechanisms of 
crops against Striga, the development of laboratory scrcening techniqes. thc study 
of ~nechanisms which influence secd ger~liination, attachnicnt to host and emergen- 
ce. thc devcloprncnt of bio-technological and ~nolecular techniques in Striga rcsear- 
ch like inter generic transfers of gencs, and the study of the possibilities ofl'ercd by 
biological control i n  combating Strign. Also to be pursucd as part of the coordina- 
ted approach to Striga rescarch are such applied research arcas as tlie developnlent 
of simple and reliable laboratory and ficld scrcening mcthods, identification of 
sources of resistance by systematic screening of gcrmplasm, as wcll as thc develop- 
ment of stahlc and high-yielding varieties. 

i i i )  Intercropping is the basic production systcm in the scmi-arid tropics of west 
Aliica (Stcincr. 1984; Norman, 1974). with food security as thc main rcason. Pro- 
ven advantagcs of crop associations over solc cropping include efficient resourcc 
use, particularly for crop mixtures which maximize spatial and teniporal complc- 
mcntarity (Fussell and Serafini, 1987). 

For all practical purposes, if is important to assume that intcrcropping will remain 
the main production system of this ecological zonc over the next decadcs. With the 
proven erroneous assumption that varieties developcd for mono-cropping arc also 
readily suitablc for intercropping situations, future research must necessarily seek to 
develop crop varieties and other improved Lech~iologies Lhat are spccific for mixed 
cropping systcms. In tlie specific casc of cowpea rcsearch, for examplc. thc IITA 
Research Station in Kano. Nigcria, has been mandated to work closcly with the 
IAR, Samaru. to develop locally adaptcd genotypes for mixed cropping systcms 
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 sccurity has thus 
far receivcd relatively little rescarch attention in sub-Saharan Arrica. This is rathcr 
surprising, considering the enormous post-harvcst losses reported especially i n  
developing countries. If the food gap has to be met in the next decade, urgent steps 
must necessarily be takcn to protect what food grains are produced. 
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Although resolutions of post-harvest problems arc largcly institutional in nature 
and require governmental policy decisions, ~t is considered cssential that cach natlo- 
nal rcsearch systcnis should maintain a minimum capacity for post-harvcst rcsearch 
especially relating to thc handling, drying, stocing and processing of crop produce at 
the fann level. Other research areas which nccd to bc pursued relate to resistance to 
cowpea bruchids and storagc pests of maize. espccially the larger grain borcr (Pros- 
tephanus truncatus. Losscs duc to this borer is prescntly checkcd by using synthetic 
pyrethroid insccticide. hut good prospects exist for its control by classical biological 
control techniques - an aspect that should retain adequate attention in thc ncxt dcca- 
de. 

v) On-Farm Research. Many studies have shown the significant yield gap that 
cxists between improvcd crop varieties devclopcd and managcd under rcsearch 
conditions and when grown under farmcrs conditions. Such differcnces. often as 
high as 60%, are explainahlc on tlie basis of tlie little attention paid to understanding 
the conditions and thc cnvironrnent undcr which the farmer operates, thc many 
constraints which hanipcr his operations and thc difficult decisions hc has oftcn to 
make whcn presented with a ~icw or improved tcchnology. It is in this realisation 
that on-fami research should rcccive increased attcntion i n  thc next decade towards 
assisting on-station rcscarch to focus on the real problems and nceds of thc farmer 
and improving on [lie dismal rccord of low adoption of technologies. 

Strengthening Agricultural Research Institutions 

The cffective implementation of the agricultural rescarch agenda in the coming 
decades is predicated on the availability of strong and cffective national research 
systems. The need for the strcngthening of NARS in sub-Saharan region is, therefo- 
re, an issue of utmost importance which cannot he overlooked in thc overall strategy 
of rood security in  Africa. Even wirh the prcsencc of international and regional 
rcsearch agencics in the rcgion, experience elsewhere clearly demonstrates that pro- 
ductivc interaction occur only whcn thc nalional system is substantially strong to 
pursuc true partnership. 

Among problems identified and which deter thc cfrcclivc operation of NARS arc 
related to organizational sct us, insufficient management capacity. obsolctc or 
inadequate research infrastructures and Ihcilities, inadequate linkagc mcchanisms 
both upstream with political sphcre oi influence and downstream with dircct uscrs 
of research rcsults, insufiicicnt nu~nbcr of scientists, lack of experienced scicntists 
partly due of high attrition ratc, and insufficient lcvcl of funding. Ordinarily, econo- 
mic crises as prcscntly faced by most countries in sub-Saharan Africa should consti- 
tutc an incentive for tlie adcquatc and effective funding of agricultural research 
espccially in thc fact that thc survival of cconomics arc dircctly related to the capa- 
city to rcvive and boost agriculture. Unfortunately, this is prescntly not the situation 
such that tlie national agricultural research systcm scems Inore and more dependent 
on external support. It is not only a matter of national pridc for national research 
systcms to be effectively sustained through national effort, but it should also be a 
matter of national strategy for African governments to avoid possible distortion of 
national priorities by heavy reliance on external funding and, therefore, influence. 



Conclusion 

Bn the light of thc present African lood crisis, the papcr has briefly reviewed thc 
main conslrainrs and pas1 ~najor ach~cvclncnls of agr~cultural rcsearch in sub-Saha- 
ran Africa. will1 emphasis on Lhc scmi-arid ecologies and tlic rnandatcd crops of 
SAFGRAD. The main priorily rcscarch arcas hnvc bccn liigliliglitcd for cach of five 
crops. including soybcan which will assunic increasing importance in  the decades LO 

comc. Common rcscxch priority themes which cut across crops liavc bccn revie- 
wed. including drought. Striga, intercropping, post-harvest tcclinology and on-fann 
rcsearch. Thc ncccssily to s~rcngthen thc national agricul~ural rcscarch sys~cnis has 
bccn rcnCfirmcd. 
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Summary 

Agricultural research and training are essential in bringing about technological 
changes, for the enhancement of economic developn~ent. A critical mass of research 
scientists is necessary to effectively support a viable agricultural development 
programmc. The SAFGRAD contribution, through Network linkages. has been 
substantial in ~liobilizing available rcsearch resources, including manpower, for 
resolving particularly biotic and climatic constraints to the production of food 
grains. l'hc SAFGRAD Network model is comprised of 26 OAU rnembcr countrics 
(as beneliciarics and building units of the Networks); two collaborating IARCs; and 
the SAFGRAD Coordination Officc which provides the necessary political, legal 
and administrative support. 

Under the administrative umbrella of OAUtSTRC, 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 countrics and enhance the diffusion of agricul- 
tural innovations through on-farm testing programmes. The geographic mandate of 
SAFGRAD covers the semi-arid regions of membcr 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 enhanccd effcctive interaction anlong morc 
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 sevcral countrics. 

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 
problenls of erosion losses as well as the decline in soil quality and its productive 
capacity. all point to the urgent neccssity to develop relevant technologies towards a 
more productive and sustainable agriculture. Thus, in the harsh environment of sub- 
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Saharan Africa, region-specific research is necessary. The National Agricultural 
Research Syste~ns (NARS) alone cannot be expected to cope with the cnonnity of 
the problem. In iact, the effective development of the NARS i s  conlrnonly 
identified as the principal constraint to agricultural devclopment 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 10-15% of the production. F A 0  statistics indicate that sorghum 
and millct production in  West and Central Aliica cover approximately 8.5 and 10 
million hectares (ha), respectively (Annex 1 and 2). In Eastern Africa. 4 million 
tons of sorghum grain is produced ann~~ally on about 6 million ha (Amex 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 millct in this region. The total area devoted to the production of 
millets approximates 2 million ha, with total annual grain yield ofjust ovcr 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 Ccntral 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 Ccntral Africa 
account for only 15% of total production of maize in the continent. Most of the 
maize (ovcr 50%) is produced in the Northern Guinea savanna. However. maize 
c~~ltivation is also expanding in the Sudan savanna, which Lone 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 cowpca in the region is 
less than 0.33 tlha, contrasting with potential yields of 0.5-2.5 [/ha. As a comliion 
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 a 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 developnient could be Inore 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 goafs. 

Purpose 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 research 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 attivities in order to avoid duplication or overlapping 
of efforts; 

v. to efficiently utilize existing research talents and facilities to attain a 
"research 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 technologies, have been the major focus of SAFGRAD activities, in 
cooperation with the International Institute for Tropical Agriculture (IITA) 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 ~etworks,  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 inEastern Africa. In 



24 The SAFGRAD Network Appmach and Eqxrience 

addition to the five Networks, the SAFGRAD Coordination Office, in cooperation 
with the International council for Research in Agro-forestry (ICRAF), is also 
providing administrative management services to the agroforestry research network 
for the semi-arid lowlands of West Africa. 

Network Model. 

The SAFGRAD Network model 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, (OAUISTRC) through the SAFGRAD Cooidination Office (SCO) (Table 1). 
Each partner has its own entities with specific responsibilities. 

a) Network Management Entities. The OAUISTRC 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 Council of National Agricultural Research Directors (NARD) which 

comprises directors of agricultural 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 SAFGRAD. 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. 
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Table 1. Components of SAFGRAD network model 

Network partners Network entities Responsibilities 

I. NARS i) The Directors of - Policy guidance, addressing 
i )  18 countries in West and Agricultural Research of' research and development 

Central Africa. National Progra~nnus. Issues. 
ii) 8 countries in Eastern i i )  The Oversight Committee. - Monitoring the 

Africa. iii) Network Steering in~plementatior~ of 
Co~n~nittees SAFGRAD project activities. 

- Managc~nent of SCO and 
apprais:~l of networks. 

- Technical rnanagenlent of 
nctwo~.ks. 

11. IARCS 
IlTA 

i )  Maize Network 
Coordinator 

ii) Cowpea Network 
Coordinator 

i )  S o r g h u ~ ~ ~  Network 
Coordinator in West and 
Central Africa. 

ii) Eastern Af'rica Sorghurn 
and Millet Network Coor- 
dinator. 

All the Network Coordinators 
undertake technical execution 
of network programmes. 

Semi-Arid Lowlands 
Agroforestry Network in 
West Africa. 

111. OAUISTRC The SAFGRAD Coordination i )  Coordinate research activities 
The Scientific. Technical Office. anlong NARS and with 
and Research Co~nmission rclevant government bodies. 
of OAU-Political and ii) Provides legal and logistic 
administrative support. framework for network 

operation. 
i i i )  Serves as secretariat to 

network entities. 
iv) Facilitates the review of 

policy issues through regular 
channels of OAU. 

V )  Pro~notes the adaptation and 
transfer of network 
technologies to farmers in 
different national 
programnres. 

N.B.: The West African Farming Systems Research Network, administered by - 
SCO, also executes technical programmes of the Network. 
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. . . 111. The SCO provides research coordination and serves as the administrative and 
legal entity for the Networks as well as facilitating the development of 
scientific and management leadership among NARS. In addition. SCO 
functions to sn~oothen 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 attainemcnt 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 and management support for their 
respective mandate crops. 

b) Network Strategy. The organization of SAFGRAD Networks took into 
account the 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 nccds of the relativcly weaker 
and smaller national programmes. resulted in the categorization of some specific 
NARS institutions as follows: 

I .  "Lead NARS Centres" are specific research institutions or universities which 
are endowed with requisite numbers of qualilied and experienced research 
staff, with adequate infrastructure as well as optimum environmental 
conditions to research into specified biotic, abiotic or physical strcss fac- 
torslaspects to complement the technological back-stopping provided by 
IARCs: 

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

... 
111. "Technology-Adapting NARS" are relatively smaller and weaker research 

systems with limited capabilities and infrastructural facilities but which have 
minimum capacity Ibr the verification and validation of improved tech- 
nologies for adoption in their environments. 

Essentially, therelbre, "Lead Centres" focus on priority constraints in specific 
ecological zones and. in close association wilh "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 respo~isibilities to 
undertake research of regional application. However. lack of adequate funding and 
qualified research manpower have constrained the full develop~nent of tlie 25 
collaborative research projects started since 1988. Nevertheless, Lead and Associate 
NARS of tlie respective Networks have ~iiade substantial improvemenr in the 
conduct of adaptive research especially in developing technologies and screening for 
such biotic and abiotic stress factors as Srriga, drought. soil fertility, moisture 
stress, control ol' pests and diseases as well as agro-industrial and food utilization. 

Through the concept and practice of collaborative research, there has been 
extensive exchange of germplasni and related improved technologies among NARS 
and between IARCs and NARS. For example, Togo has adopted the maize streak 
virus screening technology developed at IITA for the mass-rearing of viruliferous 
vectors, leading to the successful selection of streak-resistant niaize varieties. Early 
and extra-early maturing maize varieties as well as new varieties of cowpea and 
sorghum suitable for cultivation in semi-arid zones have also been developed and 
distributed to NARS and fanners. In the Eastern Africa region, sorghuni varieties 
with satislactory 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 
(gerniplasm) 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 comnion interest. For example, to improve sorghum production, several resistant 
cultivars to anthracnose. Striga, long-smut and headbug have been identified. With 
regard to Striga resistance, the most promising sorghum cultivars are SAR-24, 
Gambella 1 107, ICSV- 1006, ICSV- 1007 and N- 13 in Eastern Africa. Results of tlie 
West and Central African Sorghuni Striga Resistance Trials have indicated IS9830 
and ICSV 1007 BF as promising. 

Sorghum headbug is an important econoniic 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 heaclbug have been identified. 

Among the various sorghum elite varieties evaluated in West and Ce~itral 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 tiha. 
ICSV 1063 yielded highest (2.6-3.3 Itha) among the mediuni maturity varieties. 
Among the hybrids, ICSH 567 ranked first in 1988 and 1989, with niean yields of 
3.3 and 3.7 tha ,  respectively (SAFGRADtICRTSAT, 1989190, Sorghuni Network 
Report). 



A number of improved sorghum varieties have been released for production. For 
example, cultivar S-35 is grown by more than 5.000 farmers in  the Far-North 
Province ol' Cameroon, while the same variety is cultivated by more than 15.000 
farmers in the Sahelian zo~ic of Chad (NCREIIRA Report 1990). The Framida 
variety, inlroduced in  1980s Lbr its Striga resistance trait, has been cultivated in  
Burkina Faso (Manga region). Northern regions of Ghana. and Togo. 

In Mali, ICSV 1063 BF and ICSV 1079 BF were tested on farmers' fields, with the 
fornler producing superior grain yields over the local variety. Cultivars ICSV 1 1  IN 
and M 66 1 18 have received greater attenlion in Ghana; ICSV 1063 BF and Mali Sor 
84-1 were included i n  on-farm tests by extension agencies i n  CGtc d'Ivoire. 
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-dryland elite varieties. Seredo produced the highest 
mean yield (3.37 tlha) across locations, followcd by ICSV 112, CR 35-5 and 
KATl369 which averaged 3.42, 3.39 and 3.31 Uha, respectively. The promising 
sorghum cultivars at the intermediate altitude zone were IS9302 (from Ethiopia). 
Nyirakkabuye and Amasugi (both from Rwanda) which yielded 3.33, 2.61 and 2.54 
Uha, respcctively, across location (ICRISATISAFGRAD Annual Report 1990). 

Of the entries in the Elite Finger Millet Trials. the variety, Gulu. (from Uganda) 
was the highest yielder across locations, with an average of 2.6 tlha. 

With regard to sorghum varieties grown by farmers in Eastern Africa, the variety 
Seredo has been released in and widely grown by many farniers in Uganda, Kenya 
and Elhiopia. Other varielies such as Serena, Lulu and Tegenleo are largely 
cultivated in  Tanzania. The varieties Melkamash, Gambella I 107 and Dinkmash are 
the major improved cultivars grown by fanners in  Ethiopia. 

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- I, 
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 ha i n  the Sim Sim and Gedarif regions. 
Farmers were convinced of the superiority of SRN-39 over local varieties i n  Striga- 
infested fields (SAFGRADfiCRISAT 1991 Report on Striga). The cultivar SRN-39. 
having short stature, iits into mechanized farming 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, "Farafara", and the improved 
Kenyan cultivar KAT 369 have been found suitable for wheat-sorghum composite 
bread and confectionery. 



Cowpea. 

Cowpea is an important grain legume as a common ingredient in the daily diet for 
over 100 million people in West and Central Aliica. The challengcs of cowpea 
production are to improve its yields and control insects and diseases at various 
stages of thc crop development, including storage. A number of cowpea cultivars 
resistant to Striga, drought and pests have been developed by researchers of the 
Cowpea Network in collaboratio~i with IITA. 

Cowpea production statistics with respect to iniprovcd varieties in various 
countries are virtually lacking. During the last decade, solile countries (notably 
Nigcria, Ghana, Senegal, Mauritania, Mali and Burkina Faso) havc expanded thc 
production of improved cowpea. For example. in Northern Ghana, the variety 
Vallenga (released since 1987) is cultivated on morc than 20,000 ha witli a yield of 
800- 1200 kglha under fanners' conditions. (IITNSAFGRAD Report 199019 1 ). In 
Southern Ghana, the variety Asontem is largely cultivated on about 29,000 ha. with 
an average yield of I tonlha under fanners' conditions. The varieties. lI8ID-1 137 
and 1183s-8 18, are cultivated in the savanna zones of Ghana. 

In Burkina Faso, thc cultivars TVx3236. KN-I, and SUVITA-2, are grown by a 
large number of farmers. Varieties of cowpea of recent introduction to Sarlners 
include KVx61- I ,  KVx396-4-4, KVx396-4-5. and KVx396- 18- 10. 

Nigeria and Niger (with annual cowpea grain production of 850,000 and 27 1,000 
ttha, respectively) are known to produce about 50% of world cowpea production. 
However, it has not yet been established to what extent improvcd cowpea cultivars 
are utilized in these countries. In the savanna and forcst zones of Nigeria, the 
production of variety SAMPEA-7 is known to cover an estimated area of 75.000 ha 
with an average yield of 600 kglha under farmers' conditions (IITNSAFGRAD 
Report 1989190). In the Sudano-Guinea savanna zone. cowpea varieties TVx 3236 
and 1181-D994 are also cultivated. 

Cowpea production in Senegal. estimated to cover an area of 30,000 ha, is largely 
made up of improved cowpca cultivars such as IS86-275 witli an avcragc yield of 
600 kyha under on-farm test conditions. The cowpea variety 58-146 from Senegal 
is produced in most regions of Togo. In Mauritania, improved varieties such as 
SUVITA-2, KVx 256-K17-11, and IT83S-343-5-5 are grown on about 3000 ha 
(IITAISAFGRAD Report 1989190). 

In Mali. a number of cowpea varieties have been found suilable for production by 
fanners in various regions. For instance, in thc Seno plain. early-maturing varieties 
such as SUVITA-2. Gorom-Gorom and TN-8863, are increasingly cultivated by 
farmers. Furthermore, suitable packages of technologies for intercropping systems 
involving, for example, milletlcowpea, maizelcowpea, sorghumlgroundnut and 
sorghumlmillet, have been developed. 

Affordable technologics have been developed by Cameroon and Ghana NARS for 
the control of storage insects of cowpen. Results have shown that local plant 
products such as neem seed oil, groundnut oil, black peper powder, and ash could 
control storage insects. 



Maize. 

The SAFGRAD Maize Network has taken a praglnatic approach, to concentrate its 
effort in developing early and extra-early maize cultivars for production in semi-arid 
ccology, primarily to fill food gaps. Some drought tolerant and scveral early and 
extra-early lnaizc cultivars have been dcvcloped by the Networks in the Cameroon 
and Burkina Faso "Lead NARS". Various populations of maize of diffcrent maturity 
groups and purposes havc also been developed at the Ghana "Lead NARS" (Tablc 
7).  Capability in maize streak-rcsistancc conversion technology has been 
strengthened in Togo and Ghana. 

The short cycle varieties that have bcen developed by the Network are targeted to 
short growing seasons in which the crop could be harvested as green maize two 
months aftcr planting. Agronomic research in the Cameroon has indicated that the 
cxtra-early varieties could also fit into the farming system of hydromorphic soils 
(vertisols) wherc it was reported to yield 5-7 t/ha at recommended plant density and 
soil management levels (Annual Report, 1990, IITNSAFGRAD). 

Several maize varieties evaluated through the Network have enhanced the release 
of improved maize varieties in various countries. For example. in Cameroon, the 
variety TZBRZB-SR, covers 15% (or 75.000 ha) of the maize production area with 
an estimated yield of 90,000 tons (IITNSAFGRAD. 1990 and CIMMYT, 1990). In 
the Far-North Province of Canleroon where sorghum and  nill let are the major staple 
food crops, thc arca 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 
cyclc maize cullivars 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 area (about 123.600 ha), with an estimated annual 
production of 120,600 tons. SAFITA-2, one of the carlier introduced varieties, is 
reported to occupy 5% of the maize arca (10,300 ha), with an estimated annual 
output of 10,000 tons (IITAISAFGRAD. 199 1 ). The variety, KPB (TZESR-W) 
occupies about 3% of the maize area with total production of about 6000 tons. 
Other varieties currently evaluated on-farm include KPJ (EV 843 I-SR) and Pool 16 
DR. 

In Ghana. maize is the most important food crop. Maize grain production has 
increased from 560.000 tons in 1986 to 750,000 tons in 1989 (Fajemisin. 
unpublished data, 199 1). Among improvcd maize cultivars, Okomasa is planted to 
approximately 35% of the total rnaize area, with an estimated annual production of 
400,000 tons. The second important improved maize variety, known as Aheleehi, 
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 an early white dent cultivar, 
is cultivated by 12% and 3% of farmers in the Volta and Eastern regions, 
respectively. According to Global 2000 survey, SAFITA-2, a short cycle maize 
cultivar, is cultivated prcdominantly in the Denu District of Ghana. At the national 
level. SAFITA-2 covers only 2% of the maize area, with an estimated annual 
production of 16,000 tons (Global 2000 Report 1989). 
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In Benin, the variety TZBflZB-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 
estimated 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 
total production of 21.202 tons. The variety Pirsaback 79 30-SR is cultivated on 3% 
of total maizc area (14,370 ha), with an estimated production of 12,720 tons. The 
variety, DMR-ESRW was recently rcleascd while Across 85 Pool DR is being 
evaluated on-farm. Farming System Research i n  Northern Benin has shown that the 
improved maize variety TZB fits well into the sorghumlmaize intercrop system due 
to the different growth patterns of the crops which minimize competition 
(OAU/STRC-SAFGRAD, 1989). Regarding cereal/legume 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-extcnsion tests as it involves 
minimal additional labour. 

In Mali. through the Maize Network Regional Uniform Variety Trials, promising 
extra-early varieties have been identified. The varietie, TZESR-W and SAFITA-2 
are released cultivars which occupy 10 and 3% of the maize area, with an estimated 
grain production of 22,000 and 6740 tons, respectively (IITNSAFGRAD. 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 
TiementiC, have been adopted by farmers in thc 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 Pool 16 SR, and DMR-ESRY, with average grain yields of 4.8. 4.7 and 4.6 
tonslha, respectively (OAU/STRC-Food Grain Production Technology Verificatio~l 
Project Report 199019 I). 

In Mauritania, maizc production through irrigation covered 11,303 ha i n  1990. 
The Maka 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 i n  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 
(IITNSAFGRAD, 199 1 ). 

A number of short-cycle maize varieties are being tested on-farm in Chad, Guinea, 
Niger, Central African Republic, CBte d'Ivoire, 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. 

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 wcak NARS have 
benefited from Network Strategy not only 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 and an important mechanism for the 
direct exchange and evaluation of food grain production 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 
results shared among Network participating countries; 

i i )  the improvement of research skills as demonstrated in the amount and quality 
of research projects implemented both at national and regional levels; 

iii) NARS increased contribution of elite germplasm and related technologies to 
Network regional trials; and 

iv) the evolvement of several national research leaders and managers. 
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Annex 1. Total sorghum production trends in SAFGRAD member counuies in 
West and Central Africa. 

Area b e s t e d  Yield Pmduction 
(IMX) ha) (kgh)  (1MX)hiT) 

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

Benin 90 118 133 139 650 806 733 786 59 95 97 110 

Cameroon 374 250F 253 270F ' 805 900 909 889 301 2258 230F 240F 

G n u .  Afr. Rep. 57 47. 40. 45F 673 828 1225 1 1 1  1 39 39. 49. 50F 

Chad 114 500 530 500F 570 586 623 578 227 293 330. 289. 

C6te d'lvoire 40 37 38 40F 600 622 632 575 24 23 24 23. 

Gambia 6 9 10 14. 795 778 700 1071 5 7 7. IS* 

Ghana . 223 272 226 284 639 758 786 863 140 206 178 245 

Guinea 20 24F 24F 24. 1250 1417 1417 1417 25 34F 34F 34. 

Guinea Bissau 28 60F 60F 60F 637 617 583 633 18 37 35 38. 

Mali 434 491 624F 600F 785 1045 1139 1193 341 513 711. 716. 

Mauritania 102 116 164 149F 272 776 665 517 28 90F 109 77. 

Niger 822 ll00F 1470 1566F 432 333 381 289 347 366 560 452 

Nigeria 3050 3182 4247 4200F 1092 1851 1165 1092 3341 5890 4948 4587 

Senegal , 130 128 130 127. 996 869 846 866 131 1 1 1  110. 110' 

Sierra Leone 7 8F ' 8 ~  8F 1571 2250 2375 2375 1 1  18F 19F 19F 

Togo 122 136 181 200. 715 717 658 811 87 98 119 162 
h 

Source: FA0 Production Yearbook, Vo1.43, 1989 
: a) F = F A 0  estimate 

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

C m u y  . Area h w d  Yleld Roduc~ion 
(I'm h.) Qglh) MD 

I97'mJI 1987 I988 1989 z y  1987 1988 1989 1987 1988 1989 

M S + M  M M M M M M M  M M M M  

Cmu. Mr. Rep. 16 73 10. 10. 13F 680 976 971 1154 11 10. l(r 15F 

Chad W790 450 460400. 525 WO 798 642 182 225 367' 257. 

Mauriunia 12 117 20 13 I5F 290 350 538 533 3 7F 7 8' 

Niger WI1 3811 W 3526 3385F 435 UO 501 382 1311 1020 1766 1293 

Siem Leone 9 9 15F 16F Iff 1343 1333 1375 1375 12 20F 22F 22F 

m: FA0 Production Yearbook, Vol. 43, 1989 
m: a) F = FA0 estimate 

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

Country Area Harvested 
(IoOOha) 

Yield 
(kgha) 

Burundi 53 63F 77* 58* 1oOO 1000 1465 1514 53 63 113 88 

Ethiopia 1048 900' 800' 900F 1372 1056 1205 1071 1419 950F 964' %4F 

Kenya 168 138 140 146* 984 803 1029 979 160 11 1 144 143' 

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

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 

Source: FA0 Production Yearbook, Vol. 43, 1989 
W: a) F = FA0 estimate 

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

Area Harvested Yield Production 
Country. (1000 ha) (kgha) (1000 MT) 

Benin 

Burkina Faso 

Camaoon 

Cap vale 

Cenu. Afr. Rep. 

Chad 

Gambia 

Ghana 

Guinea C. 

Guinea Bissau 

Mali 

Mauritania 

Niger 

Nigeria 443 1137 1556 ISOF 1350 1193 1170 1067 599 1357 1821 1600F 

a: FA0 Production Yearbook, Vol. 43, 1989 
W a) F= FA0 estimate 

b) * = Preliminary data. 
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Germplasm Resources for the Improvement of Sorghum and 
Millets in Sub-Saharan Africa. 

MELAK H., MENGESHA, S. APPA RAO and K.E. PRASADA RAO. 

lr~ternatiotlal Crops Research lt~stitute for the Senti-Arid Tropics, 
Patanclrer~r. A. P.. Itdin. 

Summary 

Sorghum (sorghum bicolor (L.) Moench), pearl millet (Petlnisetunt glaucum (1.) R. 
Br.), and finger millet (Eleushe coracatln (L.) Gaertn.) 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, 2 1.670 sorghum, 9,880 pearl millet and 2,015 
finger millet samples are from Africa. All the accessions are evaluated at the ICRI- 
SAT 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 improvement programmes. Germplasm origina- 
ting from these areas possess early-maturity, drought tolerance, and superior grain 
quality, besides many desirable agronomic traits. This germplasm 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 potential is yet to be fully realized. 

Crop improvement scientists need to base their germplasm requirements on indige- 
nous landraces for varietal adaptation 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). 



Potent~als of indigenous germplasm arc rcali~cd through collection, cvaluation. 
and utilization. Maintenancc, docunientation. and conservation of gerniplasm are 
ncccssary activitics to safeguard the material for prcsent and future use. 

Origin and Distribution 

Sorgliuni that originated in  the Sudan-Ethiopian bordcr region has since spread to 
all parts of the world (Snowden, 1936; clc Wet and Harlan. 1971; Harlan and de 
Wct, 1972; Harlan, 1975; de Wet. 1978). Considerable diversity is also found in  
Ethiopia (Mengesha. 1974). It reached lndia 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 uti l~~ation are describccl by Brhane (1982), 
Prasada Rao and Mengesha ( 1987). 

Pearl millet originated in West Africa in a diffuse bclt from Sudan to Senegal 
(Drunken c.r 01.. 1977). Finger millet had originated in the highlands ol'eastcrn Afri- 
ca (de Wct et al., 1984). Sub-Saharan Afr~ca is the primary centre of origin and 
divcrsity for sorghum and millets, but grain and lbdcler yields arc tlie lowest here. 
This may be due to our inab~lity to rcalize and properly u t i l i~e  thosc natural and 
abundant resources. This presents a challenging reality to all ol' us. 

Germplasn~ Assembly and Collectiol~ 

To feed thc ever-increasing population, we nced to accelerate crop Improvement 
progranimcs. starting with thc collection and conscrvation or the vanishing germ- 
plasm. Fortunately. enormous divcrsity of sorghum and nlillcts still exists in nature. 
But the continued availability of d~verse ger-rnplasrn in  nature cannot be guaranteed 
in view of the alarming gcnctic erosion that is taking place around the world. A 
good example of such genetic erosion is ~ h c  extinction of Zerazera and Hegari sorg- 
hum landraces in the Gezira Province of Sudan and thcir rcplace~nent by ncwly bred 
cul~ivars (Mengesha and Prasada Rao, 1982 and 1985; Mengesha er al., 1988; Men- 
gesha, 1989). Also. tlie once-popular pearl niillet landracc, 'Gullisita', is now almost 
extinct in Punjab, India (Appa Rao et al., 1986~) .  Hcncc, the need for the accelera- 
ted collection of germplasm, especially from remotc areas. 

ICRISAT has acquired most of the world germplasm collections for its mandate 
crops through exchnngc and by launching joint colleclion missions. Collection mis- 
sions were carricd out for special types such as thc Zerazcra sorghum landraces 
from Ethiopia (Prasada Rao and Mengesha. 1987). Kaura and Farafara sorghum lan- 
draces from Nigcria (Prasada Rao et al.. 1985) and the early-maturing, bold-grain 
types of pearl millet from Ghana (Appa Rao et al.. 1985) and Togo (Appa Rao er al., 
1990). 

To date, ICRISAT has launched 58 expeditions in 37 countries, and assembled 
102,209 samples of all rnandale crops consisting of 32,890 sorghum, 21,919 pearl 
millet, 3.220 finger millet (Table I) and 46,852 sa~iiples of othcr crops. All germ- 
plasm accessions have been equally shared with national programmcs after comple- 
tion of every collection mission. Also, the material is always available for free dis- 
tribulion and exchange. Many of the gemiplasm cxploratio~i and collection mis- 
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sions in Aliica were supported by or undertaken in collaboration with the Internatio- 
nal Board for Plant Genetic Resources (IBPGR). Concerned crop scientists and 
experts contribute by identifying priority areas for collection. Such areas are further 
studied in collaboration with national scientists. New collection areas are determi- 
ned 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 germplasm collections and subsequelit utilization, the first beneficiaries 
are those countries where the collections are made. This is because promising culti- 
vars that are developecl by hybridizing local landraces are likely to be well adapted 
in their original habitat (Mengesha, 1984). 

Current priority areas for cereal germplasm collection are shown in Table 2. New 
priority areas are determined annually in close consultation with national, regional, 
and international programmes. 

Table 1. Sorghum, pearl millet and finger millet germplas~n accessions 
conserved in ICRISAT genebank. 

Sorghum Pearl 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 20 1 0.6 1 34 0.16 28 0.87 

America 2327 7.08 180 0.82 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 



42 G C N I I ~ ~ C I . F I I I  RC.FOIII.CCS jor Ilre It~il)ro~~err~c.r~I f~ fSor ,~ l r r~~ i r  lrrld hfillrls I I I  S~rb-Sulrc~~.cir~ Atrrcxl. 

Table 2. Priority areas lor sorghum and millets gernlplasm collectio~l in Africa 

- -- 

Present stalus 

Prori ty area Sorghum Pearl millet Minor millets 

Angola 

Benin 

Burkina Faso 

Cameroon 

Central African Republic 

%had 
C6te d'Ivoire 

Egypt 
Ethiopia 

Ghana 

Kenya 

Lesotho 

Mali 

Mauritania 

Morocco 

Mozambique 

Namibia 

Niger 

Nigeria 

Senegal 

Swaziland 

Tanzania 

Togo 

Uganda 

Za'ire 

1. Well collected. 
2. Partly collected. 
3. Poorly collected. 
4. Not collected. 
5. Presently inaccessible. 
6. Unexplored. 
7. Nonpriority areas 
8. For wild relatives 
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a) Status of Sorghum Germplasm. So far, ICRISAT has assembled 32,890 sorg- 
hum germplasm 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, thc number 
of samples collected is relatively snlall compared with what is available in nature 
(Mengesha and Prasada Rao, 1982 and 1985). However, it represents the largest col- 
lection of diverse sorghum germplasm assembled and conserved at any one place. 
Several genetic stocks with desirable gencs have been identified, many of which 
have already been incorporated in currcnt breeding programmes in several countries. 

The sorghum germplasm conversion and inlrogression programmes have made it 
possible Ibr breeders to utilize tropical gcrmplasm. Conversion activites have gene- 
rated a good sourcc of new material to brecders in the semi-arid tropics. The wide 
and growing range of germplasm variation maintained at ICRISAT looks promising 
(Table 3). 

Table 3. Range of variation in sorghum germplasm cvaluated in rainy season at 
ICRISAT Centrc. 

Range of variation 

Character From To 

Time to 50% flowering (days) 36 199 

Plant height (cm) 55 655 

Pigmenlalion Tan Pigmented 

Midrib color While Brown 

Peduncle exsertion (cm) 0 55.0 

Head lenglh (cm) 2.5 71.0 

Head width (cm) I .O 29.0 

Head compactness and shape Very loose stiff branches Compact oval 

Glume color Straw Black 

Glume covering Fully covered Uncovered 

Grain color White Dark brown 

Grain size (mm) 1 .O 7.5 

100-seed mass (g) 0.58 8.56 

Endosperm texture Completely starchy Completely corneous 

Threshabi lily Frcely threshable Difficult to thresh 

Luster Lustrous Nonlustrous 

Subcoat Present Absent 

See IBPGRIICRISAT sorghum descriptors, 1984. 



b) Stulus of pearl Millet Gcr~nplas~ll. The present status of pearl ~nillct gcnllplasni 
shows 21.919 saniplcs collected fronl 44 countries. of \vhicll 9.880 (45%) are liom 
Africa (Table I). All tllc ;~ccessions arc maintained in  ICRISAT's genebank. As 
pcarl millet is CI-oss-pollinated. \ve follow cluster bagging mctliod for mainlainance 
and rejuvenation. Besides cvaluation at ICRISAT Centre. Paranchclu, divcrscs lines 
were cvaluatcd i n  Bobo-Dioulasso and Kamboinse. Burkina Fns. and Maradi. Nigcr. 
Also. all Ca~ncroonian landraccs wcrc c\~alua[ed in  Maroua, Ca~ncroon. 

C )  S~;ILIIS of Fingcr millet Germplnsnl. Fingcr millet is known to havc its origin i n  
castcrn Africa (de Wct ct al.. 1984). I n  view of thc inlportancc 01' this crop mainly in 
castcrn, central. and southern Africa. more efforts should he made to collect gclni- 
plasm hchrc i t  is too late (Prasad Kao ant1 Magcsha. 1988 ; Gupta et al.. 1989). Of 
the 3.220 Finger millct gcrmplasm :~cccssions conscrvcd at ICKISAT, 2.015 (63 %) 
are from Africa (Table I ) .  Though the numhcr of accessions is small, thcy show 
considerablc tlivcrsity for head, I'ingcr and sccd size as well as in  shape and color. In 
gencral. African types mature latc and producc largcr heads compared with those 
collcctcd from India. In addition to what is conscrvcd a1 ICRISAT, large gcrrnplasm 
collections of lingcr ~nillct arc also maintained at SADCCIICRISAT Ccntrc. Bula- 
wayo, Zimbabwe, and tlic All-Intlia Co-ordinatcd S~nall Millets Improvc~nent Pro- 
ject (AICSMIP). Bangalore. India. 

The preatcst potential of any world germplasm collcction is the diversity it offers. 
which is realized through cvaluation and documentation (Murty ct al., 1967). Such 
vast and diverse gcnctic resources of sorghum ant1 millets arc available at ICRISAT. 
They nced to be closely studicd and cvaluatcd in sub-Saharian Africa for utilization. 

At ICRISAT. the material collcctcd from various sourccs is cvaluatcd according to 
standardized clcscriptors (IBPGRIICRISAT, 1981 and 1984). The work is carried 
out in tlic rainy and post-rainy scasons ar ttlc ICRISAT Centre. patunchcru. Varia- 
tion in  impostant morphological and agronolnic chnractcrs is considerable, as shown 
in  Table 3 (for sorplium) and Tablc 4 (Ibr pca1.1 millct collections wcrc cvaluatcd at 
live diffcrcnt locations in India, Burkina Faso and Niger. Indigenous germplasm arc 
cvaluatcd by ICRISAT in western. castcrn and southern Africa in  collaboralion with 
uational programmcs. 

World collcctio~ls could be used to idcntiljl new tsaits (Mengcsha and Appa Rao, 
1989). We I'ound dwarfing (Appa Rao rt (11.. 1968 h). glossy genes (Appa Rao et al., 
1987) and early maturity (Appa Rao ct r i l . .  1988). Perrrl riiillct with high sugars in 
the stalks (Appa Rao ct al.. 1982) can be used to produce syrup and alcohol. 

Utilization 

The potential of a germplasm sample is largely unknown at the tirnc of its collcc- 
tion. Examples of sorgllum utili~ation wcrc described by Quinby (1975). Brhane 
(1982). Dogpctt (1982), Prasada Rao and Mengesha (1987 and 1988a). Prasada Rao 
et al.. (1989), Vidyabhushanam et al. (1989); and nlillct utilization by Harinarayana 
et nl. (1988). Howevcr, we havc seen that a number of desirable characters is idcn- 



Table 4. Range 01' variation in  pearl millel germplasm evaluated in rainy season 
at ICRISAT Centre. 

Character 

Rainy (Khari f) season 

From To 

Plant height (cm) 

Flowering (days) 

Tillers (no.) 

Stem thickness (mm) 

Leaftnode number 

Leaf length (cm) 

leaf width (mm) 

Hairiness 

Pigmentation 

Spike exsertion (cm) 

Spike length (cm) 

Spike thickness (cm) 

Spike density 

Grain n0/spike 

1000-grain mass (g) 

Grain shape 

Grain color 

Endosperm texture 

Bristle length (mm) 

Bristle color 

18 

3 3 

I 

2.8 

6 

25 

1 1  

Glabrous 

Green 

-45 

5 

I I 

V. loose 

489 

2.54 

Obovale 

White 

Corncous 

2 

Green 

475 

140 

2 10 

15 

25 

120 

78 

Villous 

Purple 

39.5 

165 

64.5 

V. compact 

3337 

19.32 

Globular 

Pu1.plc 

Starchy 

60 

Purple 

tied whenever a diverse group of germplasm samples are evaluated and screened. A 
large number of promising genetic stocks were assembled at ICRISAT which were 
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 trails. For example, sorghum accessions IS 1082, 2122, 2145, 
4663,4664,5470, 5484,5566, 1855 1 and olhers have been identilled as having pro- 
mosing shoot fly (Atherigo~la soccatrr) sorghum germplasm lines such as IS 620, 
62 1, 5959, 7237, 82 19, 93,8, 9482, and 1 1234 have promising grain mold resistan- 
ce; but they are susceptible to shoot fly and slem borer (Cllilo 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 al., 
1982) but are also useful for the production of syrup and alcohol. 



Much emphasis is presently placed on ~iiultilocational evaluation of gennplasrn, 
specially nr or near the place of origin. This will enhance the identification and utili- 
zation of new and useful germplasm accessions i n  different agro-climatic condi- 
tions. 

Table 5. Sorgliun~ genetic stocks collection maintained at ICRISAT Centre as of 
June 1988. 

Number of 
Accessions 

- - - - - - - - 

Prorriisirrg Iirres for pest resistarrce 

Shoot Ily (Anfhcrigo~~a soccatn) 
Smn borer (Chilo pcrrrellrls) 
Midge (Corltclrilria sorglzicola) 
Head hug (Crrlocoris atlg~rstntlrs) 

Prornisirlg lirzes for disease resistance 

Grain mold 
Anlhracnosc (Co/lefrot~.ic/zld~i~ grcl~l l i~i icoln) 
Rust (Puccinea purprirea) 
Downy mildew (Per.orrnsclerosporn sorghi) 
Striga low-stimulant lincs (lab screening) 
Striga-rcsislant lincs (field screening) 

Otlrer characters 

Glossy lines 
Pop sorghum lincs 
Sweet-s~alk sorghum lines 
Scented sorghum lines 
Twin-seeded lincs 
Large-plume lines 
Bloomless sorghum lines 
Broomcorn sorghum lines 
Cyloplas~nic A & B lincs 
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Table 6. Pearl millet germplasm evaluation/screening results 

Scrcened for 

Identified and 
No No described in 
of accessions of promising collaboration 
screened lines with 

Disease resistarrce 

Downy mildew 
Ergot 
Smut 
Rust 

Mjlthiinrm spp. 
Shoot fly 
Aphids 
Shoot bugs 
Thrisps 
Spider mites 

Drortglit resistance 

Other c/raracters 

High protein lines 
Sweet-stalks 
Male sterility 
Glossy leaf 
Dwarf lines 
Genetic stocks 
Viable chlorophyll mutants 

Millet Pathology* 

Millet Entomology* 

Biochemistry * 

Genetic Resources 

* Courtesy of the sub programmes indicated. 
**  Less susceptible plants. 

Collaboration with national programmes in multi locational evaluation has helped 
to identify locally adapted lines for direct use or as parents in hybridization pro- 
grammes. Sources of resistance to biotic and abiotic stress factors have been identi- 
fied through such joint efforts. Several sorghum gennplasm landraces from sub- 
Saharan Africa were found useful elsewhere (Table 7). For example, the ~ th io '~ ian  
sorghum germplasm E 35- 1 (IS 18758) did well in Burkina Faso. A pure-line selec- 
tion of E 1966 (IS 30468), a Zerazera 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 



and one of the selections (Karper 1597) has contribulcd lowards the dcvclopment of 
Hagecn Durra- l hybrid in Sudan. Muskwnri (transplanted) sorghums from northern 
Calneroon are contributing as source material i n  the postrainy ( r a b ~ )  season pro- 
gramme in India. Two Kafir germplasm lines from southcrn Africa (IS 9302, 1.5 
9323) werc rclcascd in Ethiopia as ESIP I I and ESIP 12. 

In pearl millet, several landraccs were rclcascd directly or afler mass selectio~l 
(Table 8). For example. carly-maturing gcrmplasm with largc grain from Ghana 
(Appa Rao et al., 1985) was released as 'Pusa Moti' i n  India, ICTP 8203 in India and 
Namibia and several Serere Composites are still popular in Africa. 

Table 7. Important sorghum landraces for utilization in sub-Saharan Africa. 

TY PC Source Major characte~.istics 

Zerazcra 
(Caudaturnj 

Kaura 
(Durra-caudatum) 

Farafara 
(Durra-caudatum) 

Feterita 
Caudatum) 

Erhiopin Tan plant 
Semicompact panicle 
Straw-colo~.ed grain 
High-yield potential 
Good grain quality 
Resistant 10 leaf diseases 

Nigeria 

Nigeria 

Sudan 

Sudan 

Pigmented plant 
Scmicompact to compact panicle 
Yellow endosperm grain 
High-yield potential 
Good grain qualily 
Tolerant to Strign 

Pig~nented plant 
Semiloose panicle 
Chalky white grain 
High yield 
Good grain quality 
Subcoat absent 

Pigmented plant 
Scmicompact panicle 
Chalky white grain 
Subcoat present 
Short duration 

Pigmented plant 
Semicornpact panicle 
White grain 
High yield 
Large size grain 
Subcoat absent 

(continued) 



Table 7 (continued) 

TY pe Source  Major characteristics 

Y adasi Yemen 
Sduma-caudatum) 

Oubali 
(Durra) 

Segaolane 
(Durra-kafir) 

Maldandi 
(Duma) 

Dalassi 
(Durra) 

Safrari 
(Durra-caudatum) 

Yemen 

Botswana 

India 

Cameroon 

Cameroon 

Pigmented plant 
Se~niconipact oval panicle 
Recurved pcduncle 
Yellow endosperm grain 
High yield 
Good grain quality 

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 

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 
Superior grain quality 

Pigmented plant 
Transplanted type 
Compact elliptic panicle 
High yield 
Yellow pericarp 
Superior grain quality 
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Table 8. Prominent landraces of pearl millet and their characteristics. 

Name of landrace Origin Characteristics 

Ignati 
Nara 
Iniadi 
Boudouma 
Thiotande 

Souna 

Gero, Zongo 
Mouri 
Tiotioni, Gaouri 

Amala 
Sanio 
Mai w a 

Dauro 
Yadiri 

Benin, Togo 
Togo, Ghana 
Burkina Faso 
Niger 
Senegal 

Mali. Senegal 

Niger, Nigeria 
Cameroon 
Mali 

Benin 
Senegal 
Nigeria, Niger 

Nigeria 
Cameroon 

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

Compact spikes. 
Large grain 
Large spikes 
Compact spikcs 
Compact spikes 

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

The World Composite developed in Nigeria. which was improved at ICRISAT 
(Andrews et al., 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 lincs from Malawi (IE 2929) was released in 
Zambia as 'Lima'. 

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. Usc of indi- 
genous germplasm for crop improvement should be emphasized in sub-Saharan 
Africa where the greatest germplasm diversity exists (Mengesha, 1984 and 1988). 
However, we should not fail to realize the importance of exotic material for specific 



traits. For exaniplc, somc of the all-time great Al'rican genctic resources exchanged 
arc tlie Zcrazera sorghunis l'roni Ethiopia and Sudan. Farafara and Kaura sorghunis 
from Nigcria, Hcgari I'rom Sudan. and kafirs iiom southcrn Africa. In pcnrl millet, 
some of the exccllen~ cxaliiplcs are Gcro from Nigcria. Soulin Irom Sencgal (Appa 
Rno et al., 1986a: Mcngeshu and Appa Rao, 1986) and Mali, Nara from Ghana and 
Togo, Mouri from Caliicroon (Table 8). Indo-Al'rican crosscs in finger niillets have 
contributed to the dcvclopment of 'INDAF' lines which arc being utilized in l'inger 
niillet i~nprovenient i n  India and Africa. 

Regional Germplasm Conservation and Evaluation 

Rcgional gernlplasni consel-vation and multi-locational evaluation should be fur- 
ther expanded, particularly in sub-Saharan Africa. as i t  is the original hollle of sorg- 
hum and millets. Regional approaches will provide more economical. nleaningl'ul 
and more coniplctc evaluation data for documcntation and utilization. I n  this regard, 
the establishment of SADCC Regional Gene Bank is a comlncndablc and niost pro- 
mising task. Similar genebanks should be planned and established lor western, cen- 
tral and eastern A h ~ c a .  Such regional gcllcba~iks will ensure a safe conservation and 
niutually bc~~eticial gerniplasm exchange. 

Duplicate Ger~npIasm Conservation Centres 

Anorher important role for regional genebanks is that thcy could serve as alternate 
base conservation centres for selected world collections 01' germplasni. For 
example. basc or long-lcrm conservation of sorghuni and minor niillets could be car- 
ried out i n  csatern Africa where the crops have originated. Likewise. a basc collec- 
tion of pearl millel could best be nlaintaincd in tlie Sahelian rcgion. 

Duplicate germplasln conservation centres are necessary for safe and reliable 
conservation and utilization. Nowadays. the develop~iicnt and implcmen~a~ion of 
such centres are being empliasi~ed. Although there have been broad international 
discussio~is on the need 1.01 such centres, vcry littlc progrcss has bccn madc so far in 
Africa. Perhaps i t  may be more appropriate for SAFGRAD to take the initiative and 
leadership to implement such programmes of fundamental and strategic importance 
in close collaboration with national, regional, and international organizations such 
as the Food and Agriculture organi~ation of the United Nations (FAO), and IBPGR. 

Wild Relatives 

It is known that wild relatives are 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 relatives. S. dimidlatuln. 
With the recent advances in biotcclinology. i t  nlay be easier to transfer desirable 
genes from wild rclativcs to cultivated species. Accordingly, more emphasis should 
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 Pennisetuni have been assembled in 
world colleclions. There is hardly any wild relative of minor millets conserved in 
any genebank, hence, the need I'or an accelerated effort in  this area. 



Documentation 

Doc~r~ i~c~~ta t ion  is it vital activily in lhc propcr rnaintcnancc and subscqucnt utiliza- 
tion ol' germplasm. Thc basis ol' gcrml~lnsrn docurncntation is the accuratc cvalua- 
tion and screening ol' thc collcctccl rnatcrial. A cornpurcr-bascd data nianagelncnl 
and rctricval systcm has bcconic an essential tool for tlocu~ncnling and sclccling 
~natcrial for gcrrnplasm distribu~ion and ulilization. Passport ond evaluation data of 
lhc world collcctions of sorghurn and millcls rtiainlaincd al ICRISAT arc fully corn- 
pulcrizcd. This has incrcasctl our capabilily lo supply germplasm accompanied by 
basic informalion. Thc sorghuni arid millcl gcrrnplasm from sub-Saharan Africa 
rnakc up aboul 45% ol' thc world collcclion or thcsc crops maintained in [he ICRI- 
SAT gencbank. 

Conclusion 

Evaluation, scrcening. and idcntificalion of ncw and usclul gcnclic traits of sorg- 
hum and millets arc carricd out in  close collaboration wilh crop improvement scien- 
lists in  and outsidc ICRISAT. Somc of Lhc mosl encouraging rcsulls arc the fruits of 
such intcr-discipliniuy cl'forts. In this rcspccr. collaborative gcrrnplasm colleclion 
programmcs in Africa arc comrncndablc. In llle futurc. rnorc conccrtcd efforts havc 
to bc madc in Africa in  thc nrcas of gcrmplnsm cvalualion and identification of indi- 
gcnous 1antll.aces 1.01. uliliz.ation in  Inorc dynamic crop improvenlcnt programmcs. 
ICRISAT has atlcn~plcd lo augmenl such el'forls a1 lhc ICRISAT Snhclian Ccntrc. 
Nigcr. SADCCIICRISAT Ccnrrc, Zin~babwc, and OAUlSAFGRAD/EARCAL, 
Kenya. 

References 

Andrews. D.J.. King. S.B.. Witconibe, J.R.. Singh, S.D.> Rai, K.N., Thakur, 
R.I'., Talukdar, B.S., Chavan, S.B., and Singh, P. 1985. Brccding for disease 
resistance and yield in pcarl rnillct. Ficld Crops Rcscarch 11:241-258. 

Appa Rao. S., Mengesha, M.H.. and Rajagopal Reddy, C. 1986a. Pcarl Millet 
(Perrrriser~rt~r arirerict~rlrirrr) gerrnplasm from Scncgal. lrrdiarl Jolrrrral of Getretics 
orrd Plarlr Breedirr~ 46: 413-422. 

Appa Rao, S., Mengesha, M.11.. and Rajagopal Reddy, C. 198613. New sources 
of dwarfing genes in pcarl rnillct (Petrt~iset~ir i l  a r i ~ e r i c a n u ~ ~ l ) .  Theoretical and 
Applied Genelics 73: 170- 174. 

Appa Rao, S., hlengesha, MH. ,  Vyas, K.L.. and Rajagopal Reddy, C. 1986~ .  
Evaluation of pearl rilillet germplasrn from Rajaslhan. Indian Journal of Agricultural 
Scicnccs 56: 4-9. 

Appa Rao, S., Mengesha, M.11.. and Rajagopal Reddy, . 1987. Glossy genes in 
pcarl millet. Journal of Heredity 78:333-335. 



Gerrr~l~ltrsrrr Kesolrrcos fhr tlrc, I I I I ~ I ~ ~ I ~ ~ I ~ I L . I I ~  r~f'Sorylr~rrrl o~d Millets 111 Sub-.Strho,rr~~ A!i.ic.~,. 53 

Appa Rao. S., Mengesha, M.H.. and Rajagopal Reddy, C. 1988. New sources 
ol'carly-maturing gerniplasni in  pearl millct (Perr~iisenr~ll glrrucu~n). Indian Journal 
of Agricultural Scicnces 58( 10): 743-746. 

Appa Rao, S., Mengesha. M.H. and Sharnla, D. 1985. Collcction and evaluation 
of pcarl millct (Pe~l~iisenu~l a~l~e~.icntlrr~lr) germplasm horn Ghana. Economic Bota- 
ny 29: 25-38. 

Appa Rao. S., Mengesha. M.H.. and Subranianian, V. 1982. Collcction and 
preliminary evaluation of Swect-stalk pcarl millct (Perrnisetrr111) Economic Bo~any 
36:286-290. 

Appa Rao, S., Rai, K.N., and Djaneyc, T.B. 1990. Collecting crop gcr~nplasni in  
Togo. FAOnBPGR Plant Gcnctic Resources Ncwsle~~cr (In press). 

Brhane, G .  1982. Utilization of germplasni in sorghum iniprovcment. Pp 335- 
345. In: Sorghum in the Eiglitics: Proceedings ol' the Interna~ional Symposium on 
Sorghu~n. 2-7 Nov. 198 I, ICRISAT Ccntrc, India. Vol. I. Patanchcru, A.P. 502 324. 
India: In~ernational Crops Rcscarch Ins~itutc for Ihc Scmi-Arid Tropics. 

Brunkcn, J.R., de Wct, J.M.J., and IIarIan, J.R. 1977. Morphology and donics- 
tication o f  pearl millet. Econornic Botany 3 1 : 163- 174. 

de Wet, J.M.J. 1978. Systematics and evolution of sorghum, section sorgliuni 
'Graniincae'. Arncrican Journal ol' Botany 65: 477-484. 

de Wct, J.M.J., and HarIan, J.R. 1971. Thc origin and domestication of Sorg- 
htrlli Dicolo~: Economic Botany 25: 128- 135. 

de Wet J.M.J., Prasada Rao, K.E., Brink, D.E., arid Mengesha, M.H. 1984. 
Systematics and evolution of E1erlsir;e coracatla (Gramincae). Amcrican Journal of 
Botany 7 1 :550-557. 

Doggett, H. 1982. Sorghum improvcment in East Africa. Pagcs 60-87 in Crop 
Improvement in East Africa (Leakey ed.). Farnham Royal, England: CAB. 

Gupta, S.C., Appa Rao, S., and House, L.R. 1989. Finger millet research in the 
SADCC (Southern African) region. Pp 115-1 26. In: Small Millets in Global Agri- 
culture: Proceedings of the First International Small Millcts Workshop, 29 Oct-2 
Nov 1986, Bangalore. India. Seetharam, A., Riley, R.W., and Harinarayana, G., 
(Eds.). New Delhi, India: Oxford & IBH. 

Hanna, W.W. 1987. Utilization of wild relatives of pearl millet. Pp 33-42. In: 
Proceedings of the International Pearl Millet Workshop, 7-1 1 Apr 1986. ICRISAT 
Centre, India. Patancheru, A.P. 502 324, India: ICRISAT. 

Harinarayana, G., Appa Rao, S., and Mengesha, M.11. 1988. Prospects of utili- 
zing genetic diversity in pearl millet. Pp 170-182. In: Plant Genetic Resources - 
Indian Perspective: Proceedings of the National Symposium on Plant Genetic 



Rcsourccs. 3-6 March 1987. New Dcllii. (Parocla. R.S.. Arorn. R.K.. and Cliandel, 
K.P.S. (Eds.). Ncw Dcllii. India: NBPGRIICAR. 

HarIan, J.R., 1975. Crops ant1 man. Matiision, Wisconsin, USA: An-~crican 
Society ol' Agronomy and Crop Scicncc Socic~y of Amcric;~. 295 pp. 

Harlan, J.R.. and de Wet, J . R . I . J .  1972. A sinrplificd classificalion of cult~vatcd 
sorghum. Crop Scicllcc I?: 172- 176. 

IIawkes, J.G.. 1977. Thc inrportancc ol' wild gcrmplasm i n  plan1 brccding. 
Euphylica 26: h 15-62 I .  

IBPGRIICRISAT. I98 1. Descriptors I'or pearl rnillct. Rome. Italy: IBPGR. 34 pp. 

IBPGR/ICRISAT. 1984. Re\iiscd sorglii~~lr tlchcriptors. Romc. Italy: IBPGR. 30 

PP. 

Mengesha, M.H.. 1974. Crop germplasm tlivcrsily ant1 resources i n  Ethiopia. Pp 
449-453. In: Crop Gcnc~ic 12csourccs for Today and Tomorrow, Frarrkcl, O.H.. and 
Hnwkcs. J.G. (ccla.). Irrtcrno~ionnl Biological Progra~nnlc 2. Cambritlgc. UK: C a n -  
bridge univcrsi~y Press. 

Mengesha, RI.II., 1984. Ilrlcrnational gcrmplasm collcciion. conservation and 
exchange at ICRISAT. Pp 47-54. In: Conscrvalion ol'Crop Gcrrnplasm - an Intcr- 
national Pcrspcctive. Madison, Wisconsin.. USA: Crop Scicncc Society of Amcri- 
ca. 

Mengesha, M.II., 1988. Gcrrnplasln assembly. conscrvalion and diversity or  
ICRISAT mandale crops. Pp 28-37. [n Plant Gcnctic Rcsourccs - Indian Pcrspccti- 
vc: Proceedings of ~ h c  National Symposium on Plant Gcnctic Rcsourccs. 3-6 March 
1987. Ncw Dcllii, Paroda. R.S.. Arora. R.K., alrd Chandcl. K.P.S. (Eds.). Ncw 
Dclhi, India: NBPGRIICAR. 

Mengesha, M.H.. 1989. Gcnctic Rcsourccs Activi~ics at ICRISAT. Indian Journal 
01' Plant Gcnctic Rcsourccs 1 :49-58. 

bIengesha, 3l.R.. and Appa Rao, S. 1986. Gcnctic I~CYOUI-ccs ol' pcarl milicl at 
ICRISA'T. Joul.nal c.i'Agriculturc Tradi:ionrlcllc t i  dc Bo~aniquc AppliquL;e 3359- 
67. 

hlengesha, hI.II., ant1 rippa Rao, S. 1988. Sratus and clivcrsi!y of .African gcrm- 
plasm ~nairrtnincd a1 ICRISAT Centre. IBPGRLTNEP Workshop tin Plant Gcnctic 
Resources in Africa, 26-30 Scpt. 1988. Nairobi. Kcny:?. 

Mengesha, hII.H.. and Appa Rao, S. 1989. Sornc newly idcntificd gcnelic traits in 
pearl rnillct. Pp 829-835. In: Pcrspcctivcs in Cytology and Genetics. Manna. G.K. 
and Sinha U., (Eds.). Kalyani, Inclia: Indian Sncicry :)fCy~ology and Genetics. 



Rilengesha, MA. ,  and Prasada Rao, K.E. 1982. Current situation and future of 
sorghum germplasm. Pp 322-333. In: Sorghum in thc Eighties: Proccedings of thc 
Intcrnational Symposium on Sorghum, 2-7 Nov 198 1 ,  ICRISAT Centre. India. Vol. 
I. Patanchcru. A.P. 502 324. India: International Crops Rcsearch Institute for the 
Semi-Aritl Tropics. 

Rlengesha, M.H., and Prasada Rao, K.E. 1985. World sorghum germplasni col- 
Icction and cc.nscrvation. Pp 90-104. In: Proceedings of the Plant Brecding 
Methods and Approaches in Sorgliuni Workshop for Latin America, 11-16 Apr. 
1983, Ccntro Inlernacional dc Mcjoran~icnto de Maiz Y Trigo, Mcxico. Mexico 
City, Mcxico: CIMMYT. 

Mengesha, Melak H., Prasada Rao, K.E.. and Appa Rao, S. 1988. Genetic 
tliversity of sorghuni and millets i n  eastcrn ATrica. Pp 430-444. In: EARSAM 
Sixth Regional Workshop on Sorghum and Millet Improvement. Mogadishu, 
Somalia: EARSAM. 

Murty, B.R., Upadhyay, M.K., and Manchanda, P.L. 1967. Classification and 
cataloging of a world wollection of gcnetic stocks of Pet~trisetuni. Indian Journal of 
Genetics and Plant Breeding 27 (Spl. No.) 313-394. 

Prasada Rao, K.E., and Mengesha, M.H. 1987. Morphology and distribution of 
Zerazera sorghums. Journal dlAgriculture Traditionnelle et de Botanique AppliquCe 
34:5 1-56. 

Prasada Rao. K.E., and Mengesha, M.H. 1988a. Sorghum genetic resources - 
synthesis of available diversity and its utilization. Pp 159-169 in Plant Gcnetic 
Resources - Indian Perspective, Paroda, R.S., Arora,  R.K., and Chandel ,  K.P.S. 

(Eds.). New Delhi, India: NBPGROCAR. 

Prasada Rao, K.E., and Mengesha, M.H. 1988b. Minor millels germplasm 
resources at ICRISAT. Pp 38-45. In: Proceedings of the S~nall  Millets Steering 
Committee Mecting, Bangalore, India. Ottawa, Canada: International Developnlent 
Rescarch Centre. 

Prasada Rao, K.E., Mengesha, M.H., and Gopal Reddy, V. 1989. International 
use of a sorghunl germplasm collection. Pp 49-67. In: The Use of Plant Genetic 
Resources. Brown. A.H.D., Marsahll, D.R., Frankel, O.H., and Williams, J.T., 
(Eds.). Cambridge. UK: Cambridge university Press. 

Prasada Rao, K.E., Obilana, A.T., and Mengesha, M.H. 1985. Colleclion of 
Kaura, Fara-fara and Guineense sorghu~ns in northern Nigeria. Journal d'Agricultu- 
re Traditionnelle et de Botanique AppliquCe 32:73-8 I .  

Snowden, J.D., 1936. The cultivated races of sorghum. Ondon: Adlard and Son. 
274 pp. 

Guinby, J.R., 1975. The genetics of sorghunl improvement. Journal of Heredity 
66: 56-62. 



Vidyabushanam, R.V., Rana, B.S., and Belum Reddy, V.S. 1989. Use of sorp- 
hum germplasm and its impact in crop improve~nent in India. Pp 85-88. In: Colla- 
boration on Genetic Resources: Summary Proceedings of a Joint ICRISAT/NBPGR 
(ICAR) Workshop on Germplasm Exploration and Evaluation in  India. 14-1 5 Nov 
1988. ICRISAT Centre, Patancheru, A.P. 502 324, India: ICRISAT. 



ICRISAT Cereals Programme Until the Year 2000 

R.W. GIBBONS. 

Executive Director, ICRISAT Sakelian Centre, West African Programmes. Niattzey. 
Niger. 

Introduction 

This presentation is based on ICRISAT's Slrategic Plan "Pathway to Progress in  
the Semi-Arid Tropics". It is ernphasised that this plan is still in draft form and a 
final version will bc presented to the Governing Board of ICRISAT during the last 
week of March i n  Bulawayo, Zimbabwe. The new draft incorporates changes sug- 
gested by the external review comnlit~ees, nalional programmes from Africa and 
Asia, [he Governing Board as well as ICRISAT programmes. After the ICRISAT 
Board endorses the final draft, i t  will be sent to TAC and the CGIAR for comment. 
This plan will take ICRISAT 10 the year 2000. 

The Centre Programme will move lowards more strategic research 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 projecls under special 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 [he 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 Imnproven~ent. 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 lo 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 Itnprovenlent. Improvements in  physical 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 



uses of mandate crops will bc detcrmincd so that morc divcrsilicd demand can bc 
rnct. 

d )  New Crop Uses. GI-owth in  incornc and market integration lead LO 111o1.c divcrsi- 
ficd market demand. At the same timc, thc cnclosurc of i~ncultivatcd lands i n  Inany 
SAT countries means that hionlass previously harvested I'rom these arcas must now 
bc produccd on cultivatecl land. Thus, subsistencc crops likc pearl niillct. ..;ot'eliu~ii. 
and pigeonpca will nced to mcct thcsc demands to cnuhlc Ihrmcrs to earn incornc. 
Our ccrcal and Icgumc crops can provide biomass for I'odclcr and soil a~nclioration 
to sustain the farming systcms of which thcy arc an intcgral part. 

e )  Itirpernri\~es for Crops Rese~l~.clr. Dctnilcd long-term planting ol' crops research 
may not bc useful in  a fluid rescarch environment. Thc appropriate I-csponsc to fu i -  
dity and instability i n  thc cxtcrnal environ~ncnt is 1101 rigid and ovcr-tlctailcd plan- 
ning. but to establish principles for rcscarch that de l~nc a Ilcxiblc strategy and its 
Innits. Such a stratcgy should ensure the relevancc of rescarch projccts that arc ablc 
to exploit new opportunities wh~lc maintaining continuity in rescarch direction. 

Our crops research should maintain its international charactcr by being intcrnatio- 
nally relevant, by linking rcscarch in high-income and low-income countries, and by 
drawing on the world gcrniplasrn collection. At whatevcr lcvel i t  is conductctl, 
crops rescarch should satislj, disciplinary standards of excellcncc. 

The scope of ICRISAT's crops rcscarch cnconipasscs thc whole commodity systcln 
from crop production to end-usc. Rcsearch attention. however. will focus on the 
intersection bctwcen thc commodity systcm5 of the rnandatc crops and farming sys- 
tems in the SAT. Economically important comn~odity problems outside this focus 
will rcceivc attention only when ICRISAT has a coniparativc advantage. 

Focusing on Problenls 

Problem-oriented research is not confined to applicd problcms, but encompasses 
strategic research problems whose solution hclps solvc those of applied research. 
Rescarch problc~ns tcntl to transcend disciplinary boundaries and solving thcm cffi- 
ciently rcquires a multi-disciplinary approach. 

Rescarch responsibilities will be distributed among ICRISAT's centrcs. pro- 
gramlncs, tcams and nctworks to exploit thcir locational advantages and to make 
erficient use of resources. ICRISAT Centre has global responsibilities; i t  supports 
all the regional programmcs through strategic and basic rcscarch, while also scrving 
as a regional programme for Asia. Techniques tlevclopcd at the Centre are adapted 
to rcgional nccds and conditions by I-cgional teams and programmes. Nctworks 
ensurc the transfer to national programmes of rcgionally devclopcd research pro- 
ducts. 

Modus Operandi for Crops Research 

Crop iniprovement comprises tlircc broad domains of activity, cach requiring the 
expertisc of different disciplines. 
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a) Getietic Resources. ICRISAT's extensive collection of germplasm accessions is 
an important source of genctic varialion to be exploited through breeding. If this 
germplasm pool lacks the required genetic material, appropriate methods of bid 
engineering will be considered. 

b) Breeding. The inilial emphasis of ICRISAT's brceding programmes was to 
overcome the yield constraints that werc important 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 nalional programmes and new types of demands for our crops require 
that we make our material more genetically diverse. In panicular, breeding material 
will have wider environmental adaptation (e.g., through photoperiod insensitivity). 
It will be better hilored to f i t  into specific cropping syslelns and will have a wider 
range of valuable characteristics. This broader diversity will be exploited by inte- 
grating improved genotypes with sustainable management praetices. To accomplish 
this, considerable knowledge of crop production conditions and constraints in  diffe- 
rent countries is required. We will nced to re-define screening objectives, adapt 
techniques and modify the balance of brceding responsibilities between ICRISAT 
and the national programmes. 

We will undertake strategic research to better define agro-ecological zones and Lo 
understand the mechanisms of adaptation of our crops. We will ask NARS lo provi- 
de such specific information as the needs of farmers. the characterislics of environ- 
ments and production constraints at specific locations towards guiding our breeding 
research. The expecled 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 bc widened to include the 
biochemical 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 Lhemselves musl be ensured by screening them for 
resistance lo a range of abiolic and biotic constraints. 

Our breeders will give more emphasis to studies of the genetic factors leading to 
increased production and lo the nature and inheritance of thc traits involved. They 
will continue to evaluate early-generation breeding material and make it available to 
NARS with strong breeding programmes. We shall, 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 farmers' needs 
for new cullivars and evaluating those cullivars in farmers' fields. 

The ultimate success of any breeding strategy depends on the capability to produce 
seed of improved varieties in  sufficient quantity and quality. Stimulating counlries 
to develop efficient seed industries will be an important component of our technolo- 
gy transfer. 



c) Bio-recl~tzology. It is well realised that bio technology cannot be an independent 
research area in a crops rcsearch institute. ICRISAT's capacity to fully exploit new 
techniques is constrained by markct conditions in the recruitment of cxcellcnt bio- 
technologists and by the discipline's high dcinand for capital investment. These 
constraints can be mitigated by collaborating with private or public mentor institutes 
with location advantages. ICRISAT's advantage in thc applied aspects of bio-tech- 
nology research lies in its facility to lest the effects of introducing new genes into 
breeding populations in different environments. The long-term benefits to ICRISAT 
will ultilnately depend on our ability lo exploit their locational advantages. 

d) Conunodit?- Utilizariot~. 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 biochcnlists can provide guidance to breeders by quantifying 
a cultivar's characteristics. 'The scope of this rcsearch will be expanded from cha- 
racteristics of our crops when used as human food to feed. fodder, or industrial pro- 
cessing. Economists will dctern~inc thc economic value of specific quality characte- 
ristics and identify denland 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 matcrial is ill-suited to the conditions of farmers in unfavorable locations 
where crop recovcry 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 dcmand will change significantly. For instance, in India 
it is expected that dcmand for food sorghum will remain high and dcmand 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 thc 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 



heritability of these triats 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 inlegration 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 i n  pearl millet breeding by private 
industry is likely to grow so long as ICRISAT continues to supply germplas~n for 
new hybrids. 

The prospects for pearl millet improvemen1 are 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 milletlnapier grass hybrids in sou- 
thern 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 dow~iy 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. 



Networking of Crop Genetic Resources: The Case for West 
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IBPGR Coordinator for West Africa, c/o ICRISAT Saheliarl Centre, Niger. 
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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 are strong cultural traditions in the use of a 
large variety of plants which is reflected i n  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. 

Germplasm Collection 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 initiative of the FAO, a programme of germplasm 
collection was launched i n  the West African Sahel with funding from UNEP. 
Emphasis was on the evidently endangered major cereals, sorghum and pearl millet, 
and the missions were undertaken mainly by ORSTOM under contract, initially to 
FAO, but subsequently to IBPGR, in colla6oration 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 millet 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 millet germplasm, and in the other gene- 
banks which have agreed with IBPGR to maintain base collections (the National 
Plant Germplasm with IBPGR in the USA and Plant Gene Resources, in Ottawa, 
Canada. 

During this period IBPGR also worked with IITA, IRATADESSA, 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, IITA for cowpeas and African maize. 

~ l 0 P l S  PAGE BLANK 
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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 attention on a wider range of crops of importance in  
local breeding efforts. In the samc period. the focus of international 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 IBPGR has assisted, the systematic, 
country-wide collecting and characterisation of traditional millet varicties by the 
University of Ouagadougou and INERA, Burkina Faso, can be cited as an example. 
Between 1984 and 1987, the project collected 333 samples from all regions of the 
country. The accessions have been characterised and evaluated for a number of 
traits following the IBPGRIICRISAT Descriptor List. Diversity within this collec- 
tion has been analysed and sources of disease resistance located (Wilson et al., 1989 
and 1990). An example of the shift in  focus in international activities is the collcc- 
ting and study of wild pearl  nill let 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 germplasm is now available i n  the 
country of origin. It has invariably all been used in breeding programmes with little 
maintained largely bccausc of non-existent or inadequate conservation facilities. 
However, the growing realisation amongst the region's scientists of the importance 
of local gerniplasm 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. 
In West Africa, as elsewhere in the world, IBPGR promotes and tries to assist these 
national efforts and encourages regional initiatives where they emerge. IBPGR 
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 better way of conser- 
ving and managing their working collections, which typically are a mixture of local 
landraces 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 germplasm worldwide, the easier i t  
would be to locate materials to meet specific improvement objectives. 

This valuable support function provided by a germplasm conservation programme 
to crop improvement research is often not appreciated. Consequently, within natio- 
nal research systems and donor projects, the manpower and financial resources ,!I: 
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cated to germplasm management tends to be inadequate and institutional arrange- 
ments for the programmes invariably poor. Also o l  concern is the tendency for 
genetic resources to be considered as an aside and sometimes institutionalised away 
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 systcms, germplasm conservation must necessarily be integrated with 
its use in crop improvement Ibr eilher 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 are 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 following 
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 germplasm (breeders) and other scientists. 

Suggested Activities of Proposed Genetic Resources Network 

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

Of priority in the documentation of crop genetic resources is the need to use com- 
mon Descriptor Lists such as the ones published by IBPGR for describing charac- 
ters. specifying their states and for encoding the data. Adoption of common descrip- 
tors allows for rapid. reliable and efficient information storage, retrieval and com- 
munication which greatly facilitates the use of the germplasm. 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 germplasm and its use in  crop improvement. 

Through the proposed Network, a comprehensive inventory of a crop's germplasm 
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 
collaborative 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 i t  provides the basis on which plans tor collaborative activities 
are drawn-up and the mechanism by which results are assimilated and communica- 
ted. 

Germplasm collections must, of necessity, be duplicated for security. It is for this 
reason that a crop's gennplasm 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 rationalising 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 percentage has parti- 
cular relevance. For wild species which are difficult to maintain and which have 
low seed numbers, it may be advisable to deliberately keep the accessions replicated 
and dispersed among different collections. 

In order to guarantee the safety of materials collected, i t  is generally the practice 
for every original germplasm accession to be held in long-term storage at high viabi- 
lity and in sufficient seed numbers. In addition, i t  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 germplasm 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 melhods 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 implemeiited in a collaborative fashion. For Net- 
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 of Germplasnz 

Access to germplasm is a prerequisite for its use and this can be greatly improved 
through a Network approach. Arrangements for thc conservation and movement of 
gennplasm within the Network may bring matcrial physically closer to users and, by 
dealing with the phytosanitary aspccts. make access to it  safer. Ensuring safc access 
through the establishment of guidelines for the movement of germplasm and the 
designation or strengthening of quarantinc centres for its transfer, is a major respon- 
sibility of the Network. At the scientific level. access is dependent on the compre- 
hensiveness and relevance of' the information (evaluation data) on the germplasnl 
accessions and availability of the data and access to it. In this, the central databasc 
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 Lhat f i t  their rescarch 
objectives. The Network arrangement would thus also enable furthcr evaluation of 
the material to bc coordinated, thereby avoiding unnecessary duplicate characterisa- 
tion, but enhancing potential use through its screening under different conditions in 
multi-site trials. 

Comprehensive and easily accessible evaluation data may not be sufficient to sti- 
mulate the use of the germplasm accessions. It may be necessary to first transfer 
potentially useful characters to a morc acceptable genotypc. Through the proposed 
Network, the collaborative research nccded to enhance germplasln through wide- 
crosses and pre-brceding, can be stimulated. Definition and distribution by the Net- 
work of core collections can also stimulate use of the germplasm. 

lmplemc~iting Crop Germplasm Network Activities in West Africa 

Whether Networks are global or regional in  focus, the suggested activities and 
objectives dcscribed above are 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 objcctive. The first stcp is the pro- 
duction of an inventory of all ex situ accessions -- a probable difficult task. in view 
of the likely lack of or incomplete passport data in non-standard fornlats. 

In the specific case of West Africa, the drawing up of inventories and identifica- 
tion of redundancy should pose much less of a problem in  view of the fact that 
documentation during collection and characterisation has largely followed interna- 
tionally agreed standard formats. However. i f  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 
repeated activities will rise. 



Goals Ihr thc proposcd crop gcnctic rcsourccs Nctwork for Wcst Africa are sug- 
gestcd to includc thc strcngthcning of individual country capabilities as well as pro- 
moting the usc of crop germ-plasm. The clilesrion rcrnains. however. on whether to 
ilnplerncnt specific crop germplasm Nctworks or to inco~.porate the nctworking of 
genctic resources activities inlo thc region's cxisting crop research Nctworks. For 
reasons which havc already bccn touchctl upon. i t  would sccnl thar the lattcr approa- 
ch is niorc npproprintc at this stagc in  the dcvclopmcnt of gcnctic rcsourccs and crop 
breeding progrnmlncs within the national rcscarch systems of Wcst Africa. Brec- 
dcrs are already handling gcrmplasm tnaterials and using them in their crop impro- 
vement cfforrs. With thc rclativcly fcw crop specialists in many of thc countries as 
at prcscnt. i t  would largcly be [.he same brcedcrs who would bc callcd upon to parti- 
cipatc in Networks for generic rcsources activities. It is. thercforc, questionable 
whethcr the region can, as at prcscnt. sustain an additional tier of Networks. Even 
Inore important is to qucstion the appropriareness at separating thc networking of 
germplasm aclivities I'rom thosc of crop improvcmcnt. 

Conclusion 

The improvements that the proposcd nctworking would bring towards enhancing 
opportunities for access to and use of traditional crop varieties would scem to be of 
direct relevance and benefit to thc existing rescarch Networks. It is, thereforc. sug- 
gested that consideration be given to incorporating thc networking of genetic 
rcsources activities into the existing West Africa crop research Networks. 



PART I1 

Cowpea 



Regional Approach to Cowpea Research in West and Central 
Africa. 

N. MULEBA. 

Coordinator, Cowpea Network I I T M A  FGRA D-OA U/STRC, Ouagadougon, 
Burkina Faso. 

Introduction 

The Cowpea Research mandate under the first phase of the OAUISTRC-SAF- 
GRAD project was successfully executed in Burkina Faso between 1978-86. From 
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 tasks of the Network 
was to document the major cowpea production constraints, research personnel, 
infrastructure as well as the research strengths and weak~iesses of each national pro- 
gramme. Also documented were Lhe research needs, researchable topics and the 
state of art on cowpea research and production in West and Cenlral Africa. 

The Network exercise was viewed as the most feasible solution to tackling cowpea 
production constraints by sharing scientific information and technologies, whether 
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 the agro-ecological zones of major cowpea 
production as well as recognise those climalic, biological, soil. socio-economic, 
manpower and financial considerations that constrain cowpea research and produc- 
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 i n  the 
sub-region and to find appropriate solutions for the benefit of their inhabitants. The 



rationalc of networking is, thercforc, bascd on thc sirnplc but cffcctivc adagc "uni- 
ted, we stand. but divided. we fall". 

Network Programmes and Their I~npleme~~tatio~a 

Bascd on the commonality of constraints and thc wide variation in  the rclalive 
strength of nalional programmcs within the sub-rcgion and in order to ensure cost 
cffectivcness and the sustainability of nclworking. thc Stccring Committee adoptcd 
the stralcgy of assigning tcchnology dcvclopmcnt rcscarch rcsponsibilitics to the 
rclalivcly strong national programmcs (Lcad Ccntrcs). The lcchnological backstog- 
ping providcd by IITA and its sub-srations continued particularly in ternis of both 
research and training. Cowpca varictics dcvcloped by IITA are channelled through 
Lcad Ccnlrcs for rcgional and adaprivc tcsting involving all partic~pnting nalional 
programmcs in the Network. 

The six (6) relativcly strong national programmcs were assigncd Lead Ccntre roles 
as shown in Table 1. In addition to thcsc Lcad Centrcs and owing to recorded varia- 
tions in Str-iga strains, Bcnin and Mali wcre assigncd rcsponsibilitics in  1990 of 
selecting and tcsting for Striga resistance. 

Achievements 

a) Strertgtltertirtg Natiortal Research Systerrts 

Capitallzing on the mulliplc inscct pests and discasc rcsistancc developed by IITA, 
thc national programme of Burkina Faso is attcrnptiny to incorporarc thc gcnes into 
existing varieties that are acccgtable to farmers. The ultimate goal is to have 
droughl, mulliplc disease, Strigo, aphids and other insect pest resistant cowpca 
variclics. Nigcrian scientists arc also attempting lo identify ncw sources of Srriga 
and Alectrn tolcrancc as well as the mode of inhcritaocc. Scientists in Niger are loo- 
king for new and stablc sources of cowpea resistance lo Strign gesnerioides strains, 
including the ones parasitizing weeds such as lpo~ircas sp.. Scientists in Cameroon 
arc working on cowpea storagc methods acceptable to farmcrs. 

b) Resistant Varieties 

Spccific lo Striga research, the cowpca varieties shown in Table 2 have been iden- 
tificd lo bc resistant to Strign gcsnerioides and their gcncs are in the process of 
bcing appropriately incorporated into acceptable cultivars. 



Table 1. Assignment of of Lead Ccrltre roles to relatively strong national programmes. 

Lcad C e ~ ~ t r e  Breeding Agrono~ily Protect~on 

Burkina Faso Drought, Srrigo. lnect Enrolnology and Panthology for, Sahel, 
pests and disease resis- Sudali savana and Northern Guinea 
tanceltolerance. savana. 

Ca~iieroozi Entomology with elnphasis on storage 
pests 

Ghana Adaptation to transition E~ilo~nology for transition zones 
z011es. 

Niger Drought. Srrixo and Millet-cowpea inter- P"hology for Sahel zone. especially 
iclrrr rol~lrorrrir~er disease cropping, Mcrcrophorr~irur spp. 
resistanceltolerance 

Nigeria Drought. Srri~tr. Alccrrrr. Managenlent cove- P~hology.  including scab, brown blot- 
Insect pesrs and disease ring sudan ch. Srl~rorilr leaf spot. Srrifitr and Alee - 
resistanceltolerance. Nor[llrrn ~ ~ i -  fret ; Entomology for Sahel. Sudan and 

nea. Northern Guinea with e~npliasis on 
mode of inheritance of diseases. Srrixtr 
and Alec.rrcr. 

Senegal Drought. Insect pests 
and disease 
resistanceltolrrance 

Entomology for Sahel-Sudanian zones 

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

i. For drought resistance - 

Gorom Local (SUVITA-2). KV 30-309-66 and KVX 396-4 in Burkina 
Faso, 58-57 and IS 86-275 in Senegal, andTN 88-63 in Niger. 

i i .  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 833-742-2 and IT 85D-3577 in IITA, Ibadan, Nigeria. 

iv. For Bruchid resistance - 
IT 843-275-9 and IT 843-2246 in IITA, Ibadan, Nigeria, and KVx 30- 
6467-5- 1 OK in Burkina Faso.q2X7 

C)  Regio~zal Trials 

In 1987-88, the regional testing trials numbered seven (7) at 92 locations and with 
56 feedbacks at thc end of the season. With the same nu~nber of trials in 1989, the 
feedbacks were only 44 out of 63 locations. 



Table 2. Strign resistant cowpea varieties i n  West and Central Africa 

- - 

Name of Origin Pedigree Country in which i t  National programme 
variety is resistant to Strign incorporating i t  in 

good agronomic 
background 

Gorom local 
(Suvita-2) 

KVx61-I 

KVxG 1-74 

IT8 1 D-9; : 

Burkina Faso A selection 
from a lan- 
drace, 

Botswana 

Niger Landrace 

Niger Landrace 

Burkina Faso 

Ilurkina Fnso 

Rurkina Faso 

Burkina Faso, Mali, 
Senegal. 

Burkina Faso. Mali, 
Senegal, Niger, 
Nigeria, Benin. 

Burkina Faso. Mali, 
Senegal. Niger. 
Nigeria. Benin 

Burkina Faso, Mali, 
Scnegal, Niger. 
Nigeria. 

Burkina Faso. Mali, 
Senegal. Niger, 
Nigeria. 

Burkina Faso, Mali 

Burkina Faso, Mali. 

Burkina Faso, 
Nigeria. 

Burkina Faso. Mali 

Burkina Faso, Mali, 
Niger, Nigeria. 

Burkina Faso. 

Burkina Faso 

Burkina Faso 

Burkina Faso 

d)  On-farm Testing 

Although the Cowpea Network is not directly involved in multi- locational trials 
and on-farm testings, it is significant that through the effort of the Network, inclu- 
ding its regional trials, there have been renewed interests in  cowpea research activi- 
tics in all panicipating countries. The cultivars shown in Tables 3 and 4 obtained 
through Cowpea Network activities have been releascd or  are about to bc releascd i n  
the various countries shown. 

e)  Training 

In 1988, a monitoring tour was organised involving six (6) national scientists. 
Similarly, in 19PO the monitoring tour involved eight (8) scicntisls. Such tours are 
of value in  enabling scientists horn II'TA, Lcad Centrcs and technology adapting 
NARS to interact, to observe productlcii ;r)r,straints first hand and to compare expe- 
rimental methodologies and approaches. 
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Table 3. Cowpea varieties released since 1987 to date 

Country Variety 

Benin IT82E-32 ; IT8 1 D ; TVx 1850-01 F 

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

Cape Verde KN- I ; Local Santiago 

Ghana Vallenga (IT82E- 16) ; Asontem (1T82E-32) 

Guinea Bissau IT82E-9 ; Bambey 2 1 

Guinea Conakry IT85F-867-5 ; lT83D-338-1 ; 1T84S-2246-4 

Mali Suvita-2 

Mauritania 1T83S-343-5-5 ; Suvita-2 ; KVx 256-K17-11 

Nigeria Sampea-7 (IAR-48) 

Senegal 1886-275 

Togo 58-146 

Table 4. Cowpea varieties accepted by NARS. 

Country Variety 

Benin 

Burkina Faso 

Cameroon 

Cape V e d e  

Ghana 

Guinea Bissau 

Guinea Conakry 

Mali 

Mauritania 

Niger 

Nigeria 

Togo 

KVx 30-309-6G. KVx 6 1-1. KVx 3 % 4 4  ; 
KVx 3%4-5 ; KVx 3%-18-10 ; 

A18-1-1 ; A73-1-2 ; KVx 30-309-66 ; KVx 100-2 

TVx 3236 ; IT8 1 D-994 

TVx 1850-01E; IT81D-985 ; 58-146:1T83S-818 ; 
IT82E-66 : KVx 3 9 6 4 4 .  
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In 1988, a seminar was organised at IITA, Ibadan, 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 Faso and involving 
scientists and technicians from seven (7) countries. The subject matters covered 
mainly technology development and transfer. 

Future Thrust of Network Activities 

Future research emphasis by the Cowpea Network must necessarily continue on 
such constraints as drought, heat, Striga, Alectra 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. 

B.B. SINGH. 

international institute of Tropical Agriculture, Kana 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 andlor sorg- 
hum and provides food as well fodder. However, the average grain yield of cowpea 
is low, ranging from 100 to 200 kglha. The major yield-reducing factors are 
diseases, insect pests, parasitic weeds, drought and coinpetetion 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 
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 ~~r i cu l tu re  (IITA) 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 IITA, identified superior lines and released them 
for general cultivation. Among the numerous lines released, IT84S-2246-4 com- 
bines resistance to aphid, bruchid, thrips and 10 diseases, including viruses and root 
knot nematode. However, all of these varieties require 2-3 sprays of insecticides for 
protection against flower thrips, Maruca pod borer and pod bugs. Most traditional 
farmers do not use chemical protection due to socio-economic and infrastructural 
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 small farmers continue to cultivate traditional cow- 
pea varieties in intercropping systems involving millet and sorghum. 
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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, Maruca pod borer 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) Survey of cropping systems involving cowpea as a component crop and 
identifying production constraints. 

b) Collection and evaluation of local varieties and selection of suitable parents 
for hybridization. 

C) Systematic incorporation of resistance to major diseases like bacterial blight, 
brown blotch, Septoria, 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. 

d) 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. 

e) 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. 

f) 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) Varietal Improvement. 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 All-Nigeria Cowpea Trials. The 
yield data in respect of these trials are presented in Tables 1 and 2. The trials were 
sprayed twice with insecticides. It is evident from the results that varieties IT86D- 
72 1, IT86D-719, IT86D-7 15 and IT87D61629 compared favourably with such 
recommend cultivars like IAR-48 and Ife Brown. The varieties will be extensively 
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 
preliminary trials were also evaluated as intercrop 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 kgha and 
mean cowpea yield was 93 kgha, with a range from 0 to 328 kglha. The best varie- 
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 kgha 

LSD 5% 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-~i~eria 'medium 
duration trial - Kano 1990. 

Variety Yield kgtha 

IT87D- 1629 

Ife Brown 

1T86D-7 15 

IAR-48 

L-80 

IAR 11148-2 

IT87D- 1 134 

K-28 

IT87S 1462 

12AK 

L-72 

K-39 

1T86D-975 

IT87S- 1463 

IT 133-4 

IAR-48W 

LSD 5 % 

C.V. % 

d) Varieties for Double Intercropping. 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 cm away from the millet rows. Varieties IT86D-1055, 
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IT86D-880, IT82D-889 and IT84S-2246-4 yielded between 400-600 kgtha grain 
yield without any insecticides and without significant effect on the yield of millet 
and iraditional late cowpea variety. This was because the early-maturing cowpeas 
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 
to traditional intercropped plot. This cropping system has a good potential for 
increasing local cowpea productivity and needs more research attention. 

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

MEAN YIELD KGMA 

Trial Millet Cowpca Cowpea Range Best varieties 

Advance 1 700 8 1 10-195 IT86D-721.1T84S-2246-4 

4 589 59 15-102 TVX 1948-OIF, IT88S-496-5 

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

Prelim 

Local Cowpea- 95 68-126 Kano Early 

Local IAR-48 85 37- 142 PM-I, 2,3,5,6, Ad-6 

Means 672 93 

LSD NS 71 

C.V. % 1 I 35 
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Table 4. Grain and fodder yields of dual-purpose cowpea varieties. 

Yield kgha 
Variety 

Grain Fresh Fodder Dry Fodder 

Prelim 2 

IT89KD-275 1057 
lT89KD-387 1004 
IT89KD-299 765 
Kano local late 85 1 
IT89KD-433 528 

Prelim 5 

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 
Samaru 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-455 are 
spreading types and very early (55-60 days) in maturity. 

f) Resistance to Diseases. All the improved breeding lines were screened for 
resistance to bacterial blight, Septoria and scab under natural infestation. Lines 
IT86D-782, IT85D-3850- 1, IT8 1D- 1228- 14, IT8 1 D-994, IT86D- 10 10, IT86D-7 19 
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 Septoria and scab as well as bacterial blight (Table 6). Breeding lines 
IT88S-T01-8, IT88D-345-2 and IT88D-584-1 appeared completely resistant to Sep- 
toria and scab under field conditions. 

e) Resistance to Striga and Alectra. Through collaborative work with IRR, Sama- 
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 improved genetic background of IT84S-22464 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 Srriga, Alecrra, 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 Srriga, Alecrra, 
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. 

C 
Yield kglha 

Kano Samaru Gumel 
- -- - - - 

Activiry Spray no Spray Spray no Spray Spray no Spray 

OvealI mean 955.4 270.5 1162 48.0 587.1 199.8 
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Table 6. Cowpea varieties resistant to Septoria and scab diseases. 

Reaction to diseases* 

Septoria Scab Bact. Blight 

* 1 = Resistant; 2-3 = Moderately resistant; 4-5 = Highly susceptible 
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Evaluation of Some Selected Cowpea Varieties for Grain and 
Fodder Potential. 
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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 . 

Results indicated that the varieties TVX 1948-10F, 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 thehaulm (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 IITA and 
local cowpea varieties for both grain and fodder production in Ghana. A secondary 
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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 and 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 cowpeas 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 1843-1C and Asontem = IT82E-32) and 
two experimental varieties selected on the basis of their grain and fodder yields 
(Legon Prolilic and GH438-76-1). A randomised complete block design with four 
replications was used. Gross plot size consisted of four rows, 4 m long with 60 cm 
between rows. Plants were spaced 20 cm 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 aftcr planting (DAP). A third spray was done using Thionex 35EC at 
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 performed for each of the 
characters from the evaluations. Simple correlation coefficients were computed bet- 
ween grainfhaulm yield and the other measured characlers. 

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 l) ,  
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 df Days to Dry shoot ~ r y  shoot Pod yield 
wt. at wt. at Haulm Grain yield 

of variation mturity flowering at (kglb) yield(kglha) (kgfb) 

Environnments E 2 23.9'. 3559.. 1902'. 3.9 x 107" 1 . 1  x 107'' 1.9 x 107" 

Rep within (E) 9 3.3 62 504 6.0 x 105" 1.2 x 107" 2.1 x 107" 

Varieties (V) 1 1  382.4.. 190 1177.. 2.2 x 106" 7.3 x 107" 1 . 1  x lo7" 

V x E  22 55.4.. 130.. 520 7.8 x 107" 2.8 x 107" 3.4 x lo7" 

Emor 99 1.7 55 355 1.2 x 105 3.3 x 106 4.9 x 106 

*, ** = Significant at p c 0.05 and c 0.01 

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 tonsha, respectively. Mean grain yield of these varieties 
ranged from 0.55-1.60 tonsha 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 tonstha for 1T83S-880 to 10.32 tonsha for TVX 4659-03E. 

The relationship between mean grain yield and haulm weight is presented graphi- 
cally in Fig. 1. Ideally, 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 enuies 
showed higher levels of grain and haulm yields. These were IT 821)-927 which ran- 
ked second for both characters; TVX 3948-10F 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. 
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Table 2. Grain yield and haulm weight of 12 cowpea varieties evaluated at 
Kwadaso in three different environments (1987 and 88). 

Grain Yield (tonslha) Haulrn Yield (tonslha) 

Variety S1 S2 S3 Mean S I s2  S3 S4 

TVX 4659-038 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 

IT83S-818 0.34 1.36 0.99 0.92 2.56 2.76 3.54 2.95 

Asontern 0.54 2.41 1.15 1.36 2.63 2.50 4.33 3.15 

GH438-76- 1 

Legon Prolific 

IT83S-874 

IT82D-927 

TVX 1948- l OF 

IT83S-880 

Boafo 

IT82D-875 

Grand mean 0.44 1.73 1.11 1.09 

LSD (.05) 0.25 0.75 0.49 0.49 

S I = Major Season 1987 
S2 = Major Season 1988 
S3 = Minor Season 1988 



Mcan values for four other agronomic characters are presented in Table 3. Days to 
maturity ranged from 65. recorded on three varieties (1T83S-818. 1T82D-789 and 
Asontem) to 85 for Legon 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 quire similar. The fonner trait ranged from 17 glplant for 
IT83S-880 to 37 glplant for TVX 4659-038 while the latter ranged from 45 glplant 
for IT83S-880 to 84 glplant for TVX 4659-03E. The highest pod yield of 2.39 
tonslha was obtained from TVX 1948-0lF while the lowest pod yield of 0.93 
tonslha 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 are presented in  Table 4. The results showed a 
significant positive correlation between grain yield and pod yield. A significant 
positive correlation between cowpea grain yield and pod yield had been reported by 
several authors, including Erskine and Khan, 1978, Tikka and Asawa, 198 1 ; Aggar- 
wal and Haley, 1987. 

Hence, the use of a parameter such as podstplant as an indirect selection criterion 
Ibr increasing grain yield has often been recommended (Bapna et al.. 1972; Singh 
and Mehndiratta, 1969 and 1970). Grain and haulm yields were not signilicantly 
correlated. Haul~n yield was significantly and positively correlated with days to 
maturity and dry shoot weights at flowering 

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 
DSWF DSWM Pod Yield 

DM 
(dplant) (glplant) (onslha) 

TVX 4659-03E 
IT82D-789 
IT83S-8 18 
Asontern (IT82E-32) 
GH438-76- I 
Legon prolific 
1T83S-874 
1T82D-927 
TVX 1948-0 l F 
IT83S-880 
Boafo (TVX 1843- IC) 
IT82D-875 
Grand Mean 
LSD 5 % 
cv % 

DM = Days to maturity 
DSWF = Dry shoot weight at flowering 
DSWM = Dry shoot weight at malurity 



Table 4. Simple correlation cocfficients (r) among some characters of 12 cowpca 
varieties. 

Correlatcd 
Characters 

Sced 
Yicld 

Haul m 
Yield 

Days to maturity 

Dry shoot wt. at flowering 

Dry shoot wt. at nlaturity 

Haul~n yicld 

Pod yield 

and maturity. Since traits such as days to maturity and shoot weight at flowering 
and maturity are relatively easy to select. their use in formulating appropriate selec- 
tion indices for effecting improvement of fodder yields of cowpea appears to bc 
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, i t  is evident fro111 
the study that both factors cannot be improved to the highest levels. 

Conclusion 

Three genotypes, TVX 1948-OIF, IT82D-927 and GH438-76-1 have shown great 
pronlise for use as dual-purpose (grain and fodder) varieties. It is evident from thc 
correlation analyscs that long duration varieties with high shoot weight at flowering 
and n~aturity may be desirable in breeding for high fodder yield, but special efforts 
are 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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On Nodulation, Growth and Yield of Cowpea. 
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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 rcrtilizer on nodu- 
lation, growth and yield of cowpea grown on a sandy loam soil at Sanlaru in the 
Northern Guinea savanna ecological zone of Nigeria. Phosphorus fertilizer was 
applied either at planting, at 2 , 4 , 6  or 8 weeks aftcr planting or none applied. 

Root development and nodulation appeared to be favoured by early application of 
phosphorus, although thc effect was not consistent. However, grain yields were 
favoured by application at 4 WAP. Generally, except for the plots receiving no P, 
grain yield was not significantly affected by the dclay in P application. Application 
at 4 WAP averaged over years resulted in the highest grain (1 169 kgha) and hauln~ 
(1706 kglha) 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 
WAP contributed to the increased yield. The delay periods x cultivars interaction 
was significant for most of thc parameters. The significancc of thesc results and the 
economic implications of the results to cowpea production in the savanna ecological 
zones of the West African sub-region are discusscd. 

Introduction 

Phosphorus (P) deficiency is one of the important fertility problems limiting grain 
lcgume 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 Rhizobiutli - legume symbiosis (Robinson et. of., 1981). It is also involved 
in reactions involving energy transfer. more specifically ATP in nitrogenase activity 
(Israel, 1987). Optimum supply of P early in the lifc of plants is esscntial for laying 
down the primordia for the reproductive parts, thus enhancing flowering, fruit and 
seed formation. 

Cowpea (Vigna uriguiculata (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. nl., 1988). Although most far- 

. mers in the region grow cowpea in mixture with cereals, sole crop cowpca 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 of P ferti- 
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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 chlorofic, earlier flowering and maturing 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 ( I  1 '1 1'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 1 l00m1n concentrated almost 
entirely within the five-month period May to September. The soils at the cxpcri- 
mental area are mainly sandy loan1 and classified as Typic Haplustlt in the U.S.D.A. 
System or Orthic Acrisol in  the FA0 System (Valette and Tbanga, 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 niaturity 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 cm apart and 20 cm intra-row spacing. Phosphorus (as single super- 
phosphate) was applied at the rate of 23.8 kg Piha either at planting (0-delay) or at 
2 , 4 ,6  and 8 weeks after planting (WAP). A sixth treatnient was included in which 
no P was applied throughout the life of the crop. Application at planting (0-delay) 
served 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 
experiment 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 Wha as muriate of 
potash (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 I00 nil dimethoate (a.i. of 500 gha-I) 
and 30 g Benlate (0.6 kgiha) in 20 1 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 
cnperimental sites at Samaru. Nigeria. 

Soil properties/months 1986 1988 1989 

Clay (@kg) 
Silt (glkg) 

Sand (@kg) 
pH - H20 

0%. C. (@kg) 
Total N (gkg) 

Available P (mgtkg) 

(Bray P-I) 

Exchangeable Cations (C.moVkg) 

Cn 

Mg 
K 

CEC (Cmollkg) 

Rairrfall data (mm) 

January 

February 

March 

April 

May 
June 

July 

August 

Septi .iber 

October 

November 

December 

Total 968.3 1156.7 748.6 

Long term mean 1061 



Results 

a )  Nodularion. 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 nu~llbers of nodules were produced when P was either applied at 

. planting, 4 WAP or at 8 WAP and these differed significantly from the other pcr- 
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-I had 
significantly Inore nodules than SAMPEA-7 in all the years. 

The period of delay x cultivar interaction was significal~t 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, except for 
the applicatiol~ of P at 8 WAP which improved ~~odule  weight in 1988. Differences 
in dry weight of nodules between cultivars were obtained only in 1988 when SAM- 
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. 

b) Stioot a~rd Root Dry Weight. Dry weight of shoots sampled 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 

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

Cultivar Number of noduleslplant Dry weights of nodules (mgtplant) 
Pe~iod of delay 

w AP" 1986 1988 1986 1988 1989 

0 
2 

SAMPEA- I 4 
6 
8 
Indefinite 

0 
2 

SAMPEA-7 4 
6 
8 
Indefinite 

? Weeks after planting. Means within a column followed by similar letters are 
not significantly different from each other at 5% 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 100-seed weight 

Treatments Number of Shoot dry weight (glplant) 100 seed 
noduledplant at 28 D A P ~  weight (g) 
1989 1986 1988 1989 1988 

Period of delay 
WAPd 

Indefinite 

S.E. f 

Cultivar 

SAMPEA- 1 
SAMPEA-7 

S.E.f 
L.S.D. (P=0.05) 

0.18 
N.S. 

a: Weeks after planting 
b: Days after planting 
NS: Not significant at P=0.05 

P at planting favoured dry matter production throughout the period of sampling in 
all 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 WAP 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 WAP. 

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 WAP and 4 WAP, respectively (Table 5). SAMPEA-7 had 
higher root weight than SAMPEA- I 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 WAP 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 WAP 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 maximum grain yield (1 169 kglha) 
was achieved when P was delayed until 4 WAP. The relative yields followed the 
order: 4 WAP (1.00) 6 WAP (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 WAP, but lower for SAMPEA-7 given similar treatments. The reverse 
was the case when P application was delayed until 6 WAP. In 1989, application of 
P to SAMPEA-1 at 4 WAP 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 WAP 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 WAP resulted in lower production of dry matter at harvest (compared to appli- 
cation of P at planting). Cultivar SAMPEA-7 outyielded SAMPEA-1 in 1986 and 
89 while the reverse was the case in 1988. 

The 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 WAP while lower yields were obtai- 
ned by applying P at 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 1988 and 89 
but SAMPEA-1 outyielded SAMPEA-7 in 1986. There was significant interaction 
of delay in P application x cultivar for all the years (Table 7). 
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Table 4. Interactive effects of period of delay in P. application and cowpea culti- 
var on shoot dry weight (glplant). 

Cultivar Period of delay 1986 1988 1989 

WAPa 
42DAPh 63 DAP 42 DAP 42DAP 63 DAP 

0 
2 

SAMPEA-I 4 
6 
8 
Indetinite 

0 
2 

SAMPEA-7 4 
6 
8 
Indefinite 

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 cultivar on root 
dry weight. 

Treatmen1 28DAP 42 DAP 63DAP 28DAP 42 DAP 28DAP 42 DAP 63 DAP 

k r i o d  of delay 
WAPa 

Indefinite 

Cultivar 

SAMPEA- I 
SAMPEA-7 

S.E. 
L.S.D. (0.05) 

0.04 0.04 0.12 0.04 0.05 
N.S. 0.11 0.36 N.S. 

0.026 
N.S. 

- 

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. 

Grain yield ( k g h )  Dry matter yield (kg/ha) 

Cultivar Period of delay 
W A P  

1986 1988 1989 1986 1988 1989 

0 763de 1442ab 553fg ll5e 2116a 1- 

2 984b 1311b 8llcde 1722c 1628bcd 1418c 

SAMPEA- I 4 1321a 1307b 681ef 1171e 1645k 1170d 

6 723de 1326b 869bcd I549cd 1840b 873e 

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

Indefinite 471f 729d 438g 708f 808h 517f 

0 814cd 1467a 743de 1704~ 1419cde 1659b 

2 862kd 1352ab 900bc 2586a 1142fg 1395c 

SAMPEA-7 4 839kd 1434ab 1433a 2830a 1400de 2020a 

6 911bc 1368ab 999b 1697c 1413cde 1440~ 

8 748de 8 W  800cde 2244b 1249ef SOOf 

Indefinite 636e 800d 823cd 1280de 980gh 79% 

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-I in all the years. The period of delay x cul- 
tivar interaction was significant in 1986 and 89, but not in 1988. 

Discussion 

Although cowpea is reported to be more tolerant to P stress than such legumes like 
soyabean, optimum yields are obtained when optimum P levels are applied (Cass- 
man et aL., 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 higher grain 
yields obtained by delaying P application until 2 to 6 WAP was probably due to the 
higher average grain yieldlplant 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 of P (Israel, 1987). 
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Table 7. Interactive effects of period of delay in  P application and cowpea culti- 
var on yield components. 

~p 

Period of delay Grain yield @/plant) 100-seed weight (g) Cultivar 
W A P  

1986 1988 1989 1986 1989 

2 14.8ab 27. lc 18.0de 14.8cde 16.8cd 

SAMPEA- I 4 15.4a 19.8e 17.2def 17.0a 16.4d 

6 8.7de 2 7 . 1 ~  17.3def 16.0ab 16.3d 

8 8.5de 22.5de 17.8de 14.8de 16.2d 

Indefinite 7.2de 20.le 13.5g 14.0e 16.7cd 

6 1 1 . 8 ~  39.3a 37.2a 15.8bc 17.7bc 

8 8.5de 25.lcd 32.4b 15.3bcd 18.5ab 

Indefinite 7. lde 22. lde 14.8fg 14.6de 17.3bcd 

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

from each other at 5% probability by DMRT. 

Nitrogen fixation is normally 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 formation - hence the demand for high P levels. Phosphorus applied 
at either 4 WAP (closer to the flowering period) or 6 WAP (flowering stage) is like- 
ly to become more effectively utilized for seed formation 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 WAP than when nothing was applied. But consi- 
dereing that the cowpeas investigated matured in  75-90 days, it may not be advi- 
sable to suggest that application of P be made later than 6 WAP. 

Acknowledgement 

The author is grateful to the Director, Institute for Agricultural Research of Ahma- 
du Bello University for permission to present this work which forms part of the 
approved Legumes and Oilseed research programme of the Institute. Thanks are 
also due to Messrs U.O. Bello and Ahmed Jibrin for their technical assistance, M.S. 



104 Effect of Delayed Application of Phosphorus Fertilizer On Nvdulation 

Shaibu for typing the manuscript, and to the Data Processing Unit of the Institute 
for statistical analyses. 

References 

Ajakaiye, C.O., 1986. Effect of P and Fe application to cowpea in three soil 
types. Plant and Soil 94,235-245. 

Cassman, K.G., A.S. Whitney and R.L. Fox, 1981. Phosphorus requirements of 
soyabean and cowpea-as affected by mode of N nutrition. Agron. J. 73 17-22. 

Emechebe, A.M.,B.B. Singh, 0.1. Leleji, I.O.K. Atokple and J.K. Adu, 1988. 
The current status of cowpea Striga problem in Nigeria. Paper presented at the Stri- 
ga Workshop at IRA, Ibadan, Nigeria, August 22-24, 1988. 

Fox, R.L. and B.T. Kang, 1977. Some major fertility problems of tropical soils. 
In: Exploiting the legume - Rhizobium symbiosis in Tropical Agriculture. J.M. 
Vincent, A.S. Whitney and J. Bose (Eds). College of ~ropical Agric. Misc. Pub. 
145, Hawaii. 

Israel, D.N., 1987. Investigation of the role of phosphorus in symbiotic dinitrogen 
fixation. Plant Physiol. 84, 835-840. 

Jones, M.J. and A. Wild, 1975. Soils of the West Africa Savanna. Commonweal- 
th Bureaux, 246 p. 

Kang, B.T. and D. Nangju, 1983. Phosphorus response of cowpea (Vigna ungui- 
culata (L.) Walp). Trop. Grain Legume Bull. 27, 11-16. 

Remison, S.U., 1980. Mineral nutrition of cpwpea. In: Nitrogen cycling in West 
African ecosystems, Rosewall T. (Ed.) pp 249-254. Stockholm, SCOPEIUNEP. 
International Nitrogen Unit Royal Swedish Academy of Sciences. 

Robson, A.D., 0'G.W. O'Hara and I.K. Abbott, 1981. Involvment of phospho- 
rus in nitrogen fixation by subterranean clover (Trifoliurn subterranean L.). Aust. J. 
Plant Physiol. 8,427-436. 

Singleton, P.W., H.M. Abdel-Magid and J.W. Tavates, 1985. Effect of phos- 
phorus on the effectiveness of strains of Rhizobium japonicum. Soil Sci. Soc. Am. 
Proc. 49,613-619. 

Valette, J. and IJ. Ibanga, 1984. The detailed survey of the experimental farm of 
the Institute for Agricultural Research, Samaru, Zaria, Nigeria. Soil Survey Bulle- 
tin. I.A.R., Ahmadu Bello University, Zaria. 



The Role of "Guided" Spraying in the Management of Cowpea 
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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 less number of 
sprays. Whereas the "guided" sprays were applied when an action threshold (ATh) 
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 Ibadan (Forest transition), Mokwa 
and Bida (both in the Southern Guinea savanna). 

The two calendar spray regimes tested (7 and 10 - day intervals) had no significant 
effect on the number of insect pests nor on cowpea grain yield. The "guided" 
spraying regime required 50% fewer sprays 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, 
cowpeas yield only between 12 to 20% of their grain potential. However, insecticide 
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 al. (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" (Am) (Cancelado 
& Radcliffe, 1979) is used instead of ET to mean the infestationldamage 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- 
dered during the study had been established earlier as shown in Table 1. 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 yield. 
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Table 1. Action thresholds of important field insect pests of cowpea in Ghana. 

Pest Action threshold 

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

3 thrips per receme, or a score of 3 on a Jackai & Singh 
1-9 scale, the initiation of drying and (1988) ; Salifu 
browning of stipules and calyces of flo- (1986) 
wer buds. 

40 % flower infestationidamage Jackai (195) ; 
Li-dao ( 1  985) 

Pod sucking. bugs 2 bugslmetre Atropo (1983) 

Materials and Methods 

The trials were carried out at three locations in Nigeria representing two ecological 
zones: Ibadan for the Forest transisition zone, during the second cropping season 
from September to ~ovember, 1987; Mokwa for the Southern Guinea zone during 
the main cropping season from August to October 1987, and at Bida (also in Sou- 
them Guinea using a rice fallow from December 1987 to March 1988). 

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

a) Insecticide Regimes. Four insecticide regimes were tested as follows: 

Unsprayed (no insecticide protection) 
Four calendar sprays; applied at intervals of 10 days starting at 25 days 
after planting @AP) 
Five calendar sprays; at seven-day intervals starting at 25 DAP 
Guided insecticide application - sprayed only when the observed 
infestationldamage reached or exceeded the action threshold earlier 
established (Table 1). Monitoring was done at intervals of five or six days. 

An Electrodyn formulation consisting of a mixture of lambda cyhalothrin and 
dimethoate (Karate Super-ED) (R) (17 + 35 g.a.i./ha) was used to investigate the 
insecticide regimes. The application rate was approximately 0.61 Yha, equivalent to 
about 10 g.a.i. cyhalothrin and 2 1 g.a.i. dimethoate per hectare. 



TIlc Role of "Guiiled" Sprayirrg in rlre Maringenrent of L'o:ow~pca 1nscv.r IBesr~. 107 

b) Cowpea Varieties. Two varictics wcre used at cach sitc: lT84S-2246 and TVx 
3236 at Ibadan and Mokwa and IT84S-2246 and Vita 7 at Bida. Varicty IT84S- 
2246 is erect. determinatc and maturcs in about65 days. It is rcsistant to aphids and 
storage bruchids and niodcrately resistant to flower thrips and matures within 70-75 
days. Vita 7 is scnii-ercct, determinate and ~naturcs i n  75-85 days with no known 
pest resistance. 

c) Monitorillg 111sert l~lfeStOtioll/DOn)OgP.esaio/Danag. Thc treatment effects wcre assessed in 
relation to thc control of four major groups of inscct pcsts: cowpca aphids. flower 
thrips, pod borers and pod sucking bugs. A scoring systcm was uscd for aphids and 
thrips as described by Jackai & Singh, 1988. Mnr~ico pod borer was asscsscd as 
percent flowcr infestation/riamagc while pod sucking hugs wcrc estimated as nun>- 
ber per metre row or crop. 

Results and Discussion 

Zbadarr. There was no guidcd spray against aphids at Ibadan. sincc the popula- 
lions did not exceed the action threshold. Flower thrips reachcd thc action thrcshold 
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 varic- 
ties at 48 DAP, that is on thc day that thrips also necded to be controlled. Thercforc. 
both the Moruca and thrips wcrc controllcd with the sanic spray. Pod sucking bugs 
did not require any chemical intervention to keep their populations bclow economic 
damage levels. Therefore, at Ibadan, a total of two sprays wcre applied to IT82S- 
2246 while TVx 3236 was spraycd only once (Table 2). 

Mokwa. A total of two sprays cach werc applied to both varieties and directed at 
Mnrucn and pod sucking bugs (Table 2). Calendar sprays applied carlicr than 45 
DAP were, therefore, not really ncccssary at this location, since aphids and flowcr 
thrip infestation did not reach the action threshold. 

Bida. The important pcsts on the dry season rice Sallow cowpca at Bida includcd 
the foliage thrips Caliothrups intpurus, aphids and llower thrips. The crop had to be 
sprayed at 15 DAP to control a massive invasion by C. inlpri/-us. The unsprayed 
treatments wcre decimated by thc Ibliagc thrips, sincc they werc not sprayed. The 
calendar treatments would also have been darnaged but for the spray at 15 DAP. 
Foliagc thrips had to be controlled again on IT84S-2246 at 46 DAP. Aphids did not 
attack IT84S-2246 but did Vita 7 and needed two sprays at 46 and 56 DAP to keep 
them below the action threshold. Crop growlh was very slow (due to low soil PH, 
about 3.9) and matured at 100 DAP. Flower thrips rcachcd the action threshold on 
IT84S-2246 and were controlled at 7 1 DAP. Maiuca did not infest the crop at Bitln 
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 loca- 
tions in Nigeria and the pests controlled iAugust 1987-March 1988). 

Location Variety DAP 
No of sprays 

applied 

l badan TVx 3236 I 

lT84S-2246 I 

Mokwn 2 

1T848-2246 1 

2 
3 

Bida Vila 7 1 

2 
3 

M. sjosredri + Mnnrcn 

M(inrcn 

Pod sucking bugs 

Mnnrcn 

Pod sucking bugs 

The calendar scl~cdules ended by 56 DAP when the crop had still not flowered. 
Had Maruca and pod sucking bugs infcstcd the crop, the calendar plots could have 
been wiped out. 

Crnirl Yield. 'The unsprayed plots gave significantly lower yields than sprayed 
plots at all the locations. At Ibadan and Mokwa, yields liom the guided treatment 
(2 sprays) and Ilie calendar schedules (4 and 5 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 3). 

Conclusion 

Chemical pest control shall continue to play an important role in cowpea produc- 
tion unlil 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 nioderate resistance to thrips, i t  
still needed to be protected against Mnnrctr and pod sucking bugs at some of the 
locations. The two calendar schedules did not differ signilicantly in their effects on 
insect infestationldamage and on grain yield. The final grain yield between guided 
and calendar programme did not differ significantly. This ilnplies that large num- 
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hers of insecticide applications per. se are not the key factor in pest control, but, 
rather. the necessity and tinleliness of the sprays. 

Table 3. Effect of four insecticide rcgimes on cowpea yicld at lhrcc locations 
in Nigeria (1988). 

Yield (kglha) 
Insecticide Regimc Ibadan Mokwa Bida 

Control (No spray) 8 b  335 b 166 c 

10-day intcrval spraying I 397 a 1827 a 480 b 

7-day intcrval spraying 2 425 a 1834 a 588 ab 

Guidcd spraying 3 440 a 1670 a 676 a 

Mcan 37 1.4 1416.5 477.6 
S.E. (+) 26.8 31.7 58.9 
C.V. (%) 23.9 16.5 39.4 
I1 4 5 4 

I )  Four sprays at Ibadan and Mokwa but five at Bida 
2) Five sprays at lbadan and Mokwa but six at Bida 
3) Two sprays at Ibadan and Mokwa but lhrce a1 Bida. 

Means within the samc column followcd by the same lcttcr do not dirfer at 
P = 0.05. (Duncan's ~nultiplc range test). 

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

Fears have been expressed about the feasibility of thc guided spraying technology 
on farmers' fields. It appears such fears are unfounded as farmers are prepared to 
acquire new techniques which thcy grasp fastcr than generally believed. It is. there- 
fore, necessary to put in the rcquircd timc and cxtension effort towards pronloting 
guidcd spraying for insect pest Inanagcment in cowpea. 
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Résumé 

Les dégâts causes sur le nitbé par des insectcs constituent une contrainte majeure à 
la production du niébt. Le prtsent rapport exaniinc la rentabilité agronomique ct 
écononiique du traitement phytosanitaire préconisé en l'absence de variétés résis- 
tantes. Les essais, conduits en milieu paysan, montrent que le traitement phytosani- 
taire a un effet positif sur les rcndernents de grain mais qu'il n'y a pas de difftrence 
d'efficacitt des appareils ou produits chimiques utilists. ni de différence sensible 
entre traitement unique ou double traitement. L'analyse économique suggkre l'on 
n'exclut pas l'utilisation d'un second traitement, 10-1 5 jours après le premier, si les 
conditions pluviométriques sont favorables aux insectcs nuisibles. 

Introduction 

Les dtgâts causts sur le nitbt par des insectes, tels que les pucerons, les thrips de 
Ileurs, les suceuses et les foreuses des gousses, constituent unc des principales 
contraintes àl'auginentation de la production de ni6bé. ( Maïga et Issa, 1988 ). En 
l'absence de techniques culturales ou de variétés résislantes aux insectes ravageurs, 
la lutte chiniique est préconisée dans les stratégies d'amélioration de la production 
du niébé ( Reddy et al., 1990 ). 

Pour la production des grains de nitbé au moins deux traitements phytosanitaires 
sont prtconisés ( Reddy et al., 1990 ). Si l'agriculteur s'intéresse uniquement aux 
fanes, le traitement phytosanitaire n'est pas très important car les dtgâts dcs insectes 
réduisent surtout le rendement en grain. Dans beaucoup de villages du Niger, i l  y a 
des brigades villageoises qui ont étt formées par les agents du Ministkre de I'Agri- 
culture dans le domaine des traitements phytosanitaires et qui ont des appareils de 
iraitement pour l'utilisation de tous les paysans du village ( Rep. du Niger, 1989 ). 
Donc actuellement dans certains cas les produits phytosanitaires et l'appareil de trai- 
teillent sont fournis par le gouvernenient ou des bailleurs de fonds gratuitement. 
Dans d'autres cas les paysans paient une partie dcs charges, soit le produit phytosa- 
nitaire, soit l'essence ou les piles pour faire marcher l'appareil de traitement. A I'ave- 
nir, la partie payée par le paysan devrait augmenter ; par conséquent, l'efficacité et 
la rentabilité des traitements seront plus importantes pour le paysan. 

L'objectif de ce rapport est de faire une tvaluation dc la performance agronomique 
ct économique de trois appareils de traitement ct de deux doses d'insecticide sur la 
production du niébé en culture pure. 
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Méthodologie. 

Cettc étude est basée surtout sur des données collectées par I'INRAN pendant 
quatre années d'expérimentation en milieu paysan. Les essais ont été conduits à 
Kouka dans l'arrondissement de Filingué ( 1988, 1989 ), dans Ic département de 
Maradi à Maiguèro ( 1986-1989 ), Kodarogo ( 1986, 1987 ), Tcliizon-Kourégué 
(1986, 1987 ), et Lili ( 1986, 1987 ). Dès le début. l'étude a ccmé Ics aspects agrono- 
iniqucs et économiques, donc l'essai a été Iàit par le Département dc Rechcrches 
Agricoles ( DRA ) en collaboration avec Ic projet de Développement Rural de 
Maradi. Les villages de Kouka et de Maiguéro sont des sites d'intervention du 
DECOR et par conséquent i l  y a beaucoup d'informations disponibles sur ces vil- 
lages qui peuvent servir de basc pour une analyse écononiiquc. La riiéthodologie est 
détaillée par Ibro et al ( 199 1 ). 

Le protocole d'éssai agronomique a changé légèrement pendant les années d'essai. 
Au cours des cariipagncs dc 1987, 1988 et 1989, i l  y avait 7 traitements. Tous les 
traitemerits. y compris le témoin, ont été semés en culture pure avec la TN-5-78 et 
ils ont tous reçu du phosphate super simple à raison de 100 kglha. Lcs traitements 
phytosanitaires, outre le témoin absolu, sont obtenus par une conibinaison d'appareil 
de traitement ( electrodyne, fontan ou ULV ), de produit phytosanitaire ( cymbush 
ou décis ) et de fréquence de traiternent ( une fois cn début floraison ou deux fois, la 
seconde intervenant 10- 15 j après la première ). 

Notons que le dispositif utilisé ne nous permet pas de séparer I'eîfet du produit de 
celui de l'appareil. Le cymbush est utilisé seulement avec I'élcctrodync, le décis 
avec I'ULV et le fonian mais pas avec I'électrodyne. La situation est rendue encore 
plus compliquée par Ic fait que le cynibush est un insecticide systémique, inais le 
décis est un insecticidc qui tue par contact. Donc, dans l'analyse il faut prcndre I'ap- 
pareil et le produit comme une unité. 

Le dispositif bloc aléatoire complet a été utilisé. L'essai a été fait en 4 répétitions 
sur des parcelles élémentaires de 200 m2. Le semis a été fait après la deuxikme 
pluie utile. La densité a été de 60 cm cntre les lignes et 30 cin entre les poquets, soit 
55.555 poquets par ha. Un sarclage et un démarriage à 2 plants par poquet. deux 
semaines après le semis ont été prévus. La récolte des gousses a été faite au fur et à 
mesure qu'elles mûrissaient. 

Résultats et Discussion. 

Les Rendements. En général les essais montrent que le traitement phytosanitaire a 
un effet important sur les rendemcnts en grain, mais qu'il n'y a pas de grande diffé- 
rence entrc l'efficacité des appareils ou produits, de même la différence dcs rende- 
ments avec un ou deux traitements n'est pas signilicative ( Tableaux I - 3 ). 

Plus précisément, les rendements avec traitement phytosanitaire sont presque tou- 
jours plus élevés que sans traitement. et dans la moitié des cas l'augmentation de 
rendement due au traitement est significative au seuil de 5 % dans les contrastes. 
Cependant, les rendements sur les parcelles traitées une fois, et celles qui ont été 
traitées deux fois diffèrent rarement, les différences n'ayant été significatives au 
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seuil de 5% qu'une seule t'ois. dans la localité de Tchizon en 1987. De mênic, i l  n'y a 
pas de difference systématique liée à l'appareil. Dans deux cas ( à Kouka en 1989 et 
à Maiguéro en 1988 ) les parcelles avec le fontan ont donné significativement moins 
que les autres et dans un cas. ( à Kouka en 1989 ) les parcelles avec I'électrodync 
ont donné significativement plus que celle avec I'ULV. 

Tableau 1. Rendements du niébé en grain, de 1986 à 1988, par nombre et type 
de traitement phytosanitaire(1). 

Village 
ct annéc 

Kodarogo 

1986 886b 1008ab 1073ab - 117% 1169a - 

1987 419b 548ab 594a 566ab 563ab 663a 613a 

Lili 

1986 lm6  1131a 1235a - 10338a 1275a . 

1987 213b 3Ma 316ab 313ab 331ab 303ab 300ab 

Maiguéro 

1986 1293a 15193 14203 - 1544a 1430a - 
1987 175b 344ab 238b 368ab 5503 318ab 326ab 

1988 831ab 944ab 767a 1039ab 963ab 856ab 1157a 

1989 622ab 673ab 669ab 605ab 762a 56% 625ab 

Kouka 

1986 71 1b 1044a 848ab 804nb 1039a 980ab 939ab 

1987 251c 409abc 288c 5883 348abc 308bc 550ab 

1) L'analyse de variance a été faite par campagne et par produit. Donc. pour une 
année et un produit donné, les rendements portant des lettres différentes sont signifi- 
cativement différents au seuil de 5 % avec le test de Duncan. 

2) Les traitements sont Ics suivants : 1) témoin, pas de traitement phytosanitaire, 2) 
un traitement au début de floraison à l'appareil électrodyne au cymbusli à raison de 
0,55 Ilha, 4) un traitement au début de floraison à l'appareil fontan au decis àraison 
de 1 Iha,  4) un traitement au début de floraison àl'appareil ULV au décis à raison de 
1 Iha. 5) traité deux fois, au début de floraison et 10 à 15 jours plus Lard à l'appareil 
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Clectrodyne au cymbush à raison de 035 ]/ha chaque fois, 6) trait6 deux Iois. au 
début de floraison et 10 à 15 jours plus tard 1i l'appareil fontan au décis à raison de 1 
Ilha chaque t'ois, 7) traité deux fois, au début de floraison et 1 O à 15 jours plus tard à 
l'appareil ULV au décis 3 raison de I lha chaque fois. Tous les traitements. y com- 
pris le ténioin, ont Et6 seiiiés avec la variété TN-5-78 et ont reçu 100 kgha de SSP. 
En 1986 les traitements 4 et 7, comprenant l'appareil ULV, n'étaient pas dans le pro- 
tocolc. 

Tableau 2. Contrastes orthogonaux pour le nombrc et type dc traitement phytosa- 
nitaire, grain de niCbC à Maiguéro et Kouka 1988 et 1989. 

Contras te 

1988 1989 
- 

F Prob F Prob 

Maiguéro 

Téinoin contre les autres ( 1 )  

1 ou 2 fois (2) 

Electrodyne contre (3) ULV 

Fontan contre les autirs (4) 

Kouka 

Téinoin contre les autres (1 ) 

1 ou 2 fois (2) 

Electrodyne contre '3) ULV 

Fontan contre les autres (4) 

1 )  Lcs coefficients du contraste " ténioin contre Ics auires " ont CtC les suivants : 
6-1 -1  -1 - 1  - 1  -1. 

2) Les coéfficients du contraste " 1 ou 2 fois " ont CtC les suivants: O I 1 1 -1 -1  -1. 

3) Les coerficients du contraste " électrodyne contre ulv " ont Cté les suivants : O 1 
0-1 10-1 .  

4) Les coCfficieni du contraste " fontan contre les autres " ont étd : O 1 -2 1 1 -2 1 .  
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Tableau 3. Contrastes orthogonaux pour le nombre et type de traitement phy- 
tosanitaire. grain de nidbé h Maradi, 1986 et 1987. 

Village et contraste 

------- 1986- - -- - - - -- - -- - - 1987-- ----- 
F Prob. F Prob. 

Kodorogo 
Ternoin contre les autres (1) 

1 ou 2 fois (2) 

Electrodyne contre ulv (3) 
Fontan contre les autres (4) 

Lili 

Ternoin contre les autres (1) 
1 ou 2 fois (2) 
Electrodyne contre ulv (3) 
Fontan contre les autres (4) 

MaiguCro 
Ternoin contre les autres (1) 

I ou 2 fois (2) 

Electrodyne contre ulv (3) 
Fontan contre les autres (4) 

Tchizon-Kourégué 

Telnoin contre les autres (1) 

I ou 2 fois (2) 
Electrodyne contre ulv (3) 
Fontan contre les autres (4) 

1 ) Les coefficients du contraste " tdmoin contre les autres " ont dtd 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 dtd O 1 1 -1 -1 pour 1986 et O 1 
1 1-1 -1 -1 pour 1987. 

3) Les cdfficients du contraste " dlectrodyne contre ulv " ont dté O 1 O -1 1 O -1 
pour 1987. L'appareil ULV n'a pas btd testd en 1986. 

4) Les coefficients du contraste " fontan contre les autres " ont dtd O 1 -1 1 -1 pour 
;,1986 et O 1 -2 1 1 -2 1 pour 1987. Pour 1987 les contrastes sont effectivement le 
fontan contre I'dlectrodyne. 
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Compte tenu des problèines liés aux essais en milieu paysan ( variabilité de sols, 
difficulté de supervision, etc. ) le fait que la moitié des essais montre un effet de 
traitement phytosanitaire significatif indique que ces traitenlents pourraient avoir un 
effet important et relativement consistant sur les rendements. Le choix des appareils 
et des produits testés semble avoir peu d'importance sur le rendement, donc ils peu- 
vent être choisis sur la base du coût. 

Lu Rentabilité Economique du Traitement. L'analyse de la rentabilité du traite- 
ment phytosanitaire se limite aux changements de coût et de revenu liés directement 
au traiteinent de la culture de niébé pur. Le calcul de revenu utilise les prix moyens 
du marché en Octobre, car c'est la période de l'année où le niébé est récolté et sou- 
vent vendu par les paysans. Les prix sont estimés à partir des données collectées 
dans les marchés locaux de la zone de Maradi et de la région de Filingué. Les coûts 
des produits phytosanitaires ont été calculés à partir deS.prix de la Centrale d'Appro- 
visionnement pour l'année de l'essai. 

La rentabilité est examinée selon trois perspectives : le revenu monétaire, le reve- 
nu net et le taux de rémunération. Le revenu monétaire est calculé comme le revenu 
brut moins les coûts monétaires, les produits phytosanitaires et les piles ou l'essence. 
Le revenu net est calculé comme le revenu monétaire moins le coût d'opportunité de 
la main d'oeuvre familiale ( estimée à 700 FCFAJjour ). Le taux de rémunération est 
calculé comme le revenu net divisé par la somme des coûts. 

Tableau 4. Les traitements ayant le revenu monétaire maximum, le revenu net 
maxiinum, et le taux de rémunération maximum (1). 

- - 

Village et année Revenu Revenu Taux de 
monétaire net rémunération 

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

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

Kodarogo. 1986 
Kodarogo, 1987 
Lili, 1986 
Lili. 1987 
Maiguéro, 1986 
Maiguéro. 1987 
Maiguéro, 1988 
Maiguéro, 1989 
Tchizon, 1986 
Tchizon, 1987 

Elect. 2 fois 
Fontan 2 fois 
Fontan 2 fois 
Elect. I fois 
Elect. 2 fois 
Elect. 2 fois 
ULV 2 fois 
Elect. 2 fois 
Elect. 2 fois 
Elect. 2 fois 

Elect. 2 fois 
Fontan 2 fois 
Fontan 2 fois 
Elect. 1 fois 
Elect. 2 fois 
Elect. 2 fois 
ULV 2 fois 
Elect. 2 fois 
Elect. 2 fois 
Elect. 2 fois 

Elect. 2 fois 
Elect. 1 fois 
Fontan I fois 
Elect. I fois 
Elect. 2 fois 
Elect. 2 fois 
ULV I fois 
Elect. 2 fois 
Elect. 1 fois 
Elect. 2 fois 

1 )  Voir ( Ibro et al, 1991 ) pour le calcul du revenu monétaire, du revenu net et du 
taux de rémunération. 
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A Kouka les essais suggkrent qu'un seul traitement phytosanitaire au début de la 
floraison est d'habitude l'approche la plus rentable parmi les alternatives testées 
(Tableau 4 ). Mais il faut noter que cette conclusion est tirée de deux années de don- 
nées seulement et qu'il y a des approches qui n'ont pas été testées. Par exemple, au 
lieu de faire le même traitement chaque année, on peut penser h adapter ce traite- 
ment à la campagne. Si on peut identifier dans quelles conditions le deuxikme traite- 
ment est rentable, on peut faire le deuxième traitement quand il est probable qu'il 
soit rentable. On peut envisager des règles qui recoinmandent ce deuxikme traite- 
ment seulement si la pluviométrie el autres facteurs sont favorables aux développe- 
ments des insectes nuisibles. 

Dans la zone de Maradi (Kodarogo, Lili, Maiguéro, Tchizon), les résultats mon- 
trent que dans beaucoup de cas deux trailements sont rentables, mais la rentabilitk 
du deuxikme traitement est très variable (Tableau 4 ). Dans la moitié des cas, le taux 
de rémunération du deuxième traitement a été inférieur à 40 %, seuil de référence 
selon Perrin et al., (1976). Le premier traitement est presque toujours rentable. 
Coinme àKouka pour améliorer la rentabilité du deuxikme traitement, on peut envi- 
sager des approches qui limitent ce traitement au cas où les conditions sont favo- 
rables aux insectes nuisibles. 
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Abstract 

. Sixty-two exotic and local cowpea varieties wcre tested under natural ficld 
infection for their natural resistance to fungal diseases in 1989 at Fumesua 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 in h e  Forest-Savanna transitional ecology, respectively. The most 
important diseases in both ecologies were brown blotch and web-blight, followed by 
Fusarium wiltlblight, target spot and anthracnose. Other diseases of lesser 
importance were lamb's tail pot rot, wilt, blight or basal stem rot caused by 
Macrophonrina phaseolina, and leaf spots or other blights caused by various fungi. 

Seedlings of 33 cowpea varieties which showed apparent multiple disease 
resistance at Fumesua in 1988 were artificially inoculated in the field in 1989 with 
Colletotrichum truncatum and Rhizoctonia solani, 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 genplasm 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 

Cowpea (Vigna unguiculata (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 among the lowest 
(Dovlo et. al., 1976). In Ghana, the average national yield of cowpea was also 
reported as low as 100 kgtha (Hossain and Atuahene-Amankwa, 1987). These low 
yields in West African countries are partly due to diseases (Emechebe and Soyinka, 
1985; Williams, 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 nionocrop, it is hardly surprising that various diseases have 
become ranipant in occurrence and intensity especially in the Rain Forest and 
Forest-Savanna transitional ecologies. 

Earlier studies by Twumasi et al. (1987 and 1989) had established that 
economically important cowpea diseases which occur in other countries (Emechebe 
and Shoyinka, 1985; Singh and Allen, 1979; Willia~ns, 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 
al., 1987 and 1989). 

Materials and Methods 

Idetitifiation of Cowpea Diseases. Seeds of 62 IITA and local cowpea varieties 
(12 extra-early maturing, 60-69 days; 20 medium maturing, 75-80 days; 10 bruchid- 
resistant 75-80 days; 10 aphid resistant 50-70 days; and 10 dual purpose lines) were 
sown on 15 May and I 1 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 October, 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 cm between rows and 20 cm 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 nioderately 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. 
The 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 
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, Colletotrichum 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: I 
VIV) 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 scarpel 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 
of haemacytometer. The final suspension contained I x 105 conidiallml and used as 
inoculum. With R. solatii, 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 and 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 stereo and 
compound microscopes. 

Results and Discussion 

Field screening scores showed that under natural infectioe,rlS1% of the cowpea 
varieties were resistant to multiple diseases at Fumcsua compared with 36% at 
Ejura. 

The most prevalent diseases in both ecologies were in (he decreasing order: brown 
blotch or pot blight caused by Colletotrichum truncatum, web-blight caused by 
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Rl~izoctottia solani, Fusarium wilt andlor blight caused by F. solani, F. mottilifornte. 
target spot (Corynespora cassiicola) and anthracnose (Colletotrichirm 
litzdet~tutlziatium). 

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

TY ~e 
of variety 

Total no 
of varieties Resistant Moderately Susceptible resistant 

Extra-early maturing 12 5 4 3 

Medium maturing 20 4 I 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 3 1 3 1 2 1 

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 i n  
infected plants. 

Other diseases encountered were Lamb's tail pod rot caused by Clioanephora 
cucurbitarunt and other leaf spots caused by Botryodiplodia tlzeobrontae. Ascochyta 
phaseolorum, Curvularia itiequalis, C. pallescetts. Altertzaria alterttata, and Plzoma 
sp. It was evident from the studies that all these diseases occurred both i n  the Forest 
and the Forest-Savanna transitional ecologies. However. the proportion of resistant 
varieties i n  the Rain Forest ecology (Table I )  was lower 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 5% 
of the cowpea varieties were affected by wilt or charcoal rot caused by 
Macroplzor~titza pltaseolitia. The extent of mortality ranged from 1 .O% in VITA-7, 
IT83S-728-13, IT84S-208 1, and IT82D-699 to 79.0% in IT84S-2 137. 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 i n  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. 

TY pe 
of variety 

Total no 
Resistant of varieties Susceptible 

resistant 

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 

The results of field screening at Ejura followed a pattern similar to that observed at 
Fumesua. Generally, lhere was a greater disease incidence at Fumesua than at 
Ejura. The disease incidence at Fumesua was also greater in the previous years 
(Twumasi er nl.. 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. truncatiinl as inocula, are presented in Tables 4 and 
5, respectively. At the inoculum densities used, 70.0% of the varieties showed 
resistance to R. solani, 21.0% moderately resistant and 9.0% susceptible. With 
regard to C. trlutcatunl 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 lo both pathogens, only IT83S-871 was 
nloderately resistant to both. Out of the varieties tested, 52.0% were resistant to 
both pathogens, including TVx 3236-016, TVx 1948-OIF. TVx 4659-03E. IT81D- 
699, IT8 1 D-895, IT8 1 D- 1228- 10, IT84S-2 163, IT82D-7 16, IT84D-5 13, IT84S- 
2208-7, IT84D-37 I, IT83S-728- 14, IT83D-326-3, IT84D-223 1- 15, IT83S-728-5 
and Amantin. Varieties which were susceplible to R. solani were not susceptible lo 
C. truncarum. For example, IT83S-742- 13 and IT83S-728- 13 were both resistant to 
R. solani but susceptible to C. rruncatuni. 

Some varieties consistently showed lesions only on Lhe leaves or stems. while 
others had such symptoms on both stems and leaves. In varielies susceptible to 



either pathogen, there was either defoliations or large lesions on the steins or both. 
Hypersensitive reactions werc cxl~ibitcd in some of the resistant varieties which had 
tiny pinhead lesions on the stems, indicating possible production of phytoalcxin(s). 
Rc-isolations of pathogens from such varieties were not possible. suggesting that the 
pathogens could not survive in the inocula~ed plants. 

Table 3. Percent (%) incidence of fungal diseases on individual plants of some ol' 
selected cowpca varieties a1 two locations. 1989. 
* R = Resistant ; MR = Moderately resistant : S = Susceptible 

Lc~al!ntl  Brown Blolch Wsh-hllghl ht~;lnlW la11 Anlhracll~rr: Fuurlum T a r ~ c ~  spcll k a l '  hlighw 
pnrl nll wlll/hl!:hl {rthurs 

Table : 4. Disease reaction levels of 33 resistant cowpea varieties artificially 
inoculated in the field with Rlli~octor~in solutri (wcb-blight) at Fulnesua, 1989. 

Table 5. Disease reaction levels of 33 resistan1 cowpea varieties artiiicially 

Rcsislant Moderately resistant Susceptible 

TVX 3236-016 
IT 82D-699 
IT 8 I D-994 

TVX 1948-OlF 
IT RID-1228-10 

IT 83D-326-3 
IT 8 l D-985 

IT 84D-368 
1T81D-I 137 
IT 848-2 163 
IT 838-320-10 
IT 82D-7 16 
TVX 4659-03B 

IT 848-2208-7 
IT 84D-448 

IT 838-728-5 
IT 84D-223 1 - 15 
IT 838-742- 15 
IT 838-728-13 

Amantin 

IT81D-1228 
IT 838-87 1 

IT 84D-449 

IT 848-208 1 

IT 83D-356- 1 

IT 83S-725- 18 
VITA - 7 

IT 838-8 18 



inoculated in the field with Collerotrichirn~ trurlcatunl (brown blotch) at Fumcsua, 
1989. 

1 .rnf 2 
C .  

Rcsistan~ Moderately resistant Susceptible 

TVX 3236-01G I T  8 1 D-994 I T  838-742- 13 

I T  848-208 1 I T  841)-368 

I T  82D-699 IT81D-1137 I T  838-728- 13 

TVX  1948-01F IT  84D-4-48 

IT81D-1228-10 I T  838-873 

I T  8 1 D-985 I T  848-2 127 

I T  848-2 163 I T  848-2049 

I T  82D-7 16 I T  838-8 18 

TVX 4659-038 

Amantin 

I T  841)-5 13 

I T  83D-356- 1 

I T  848-3208-7 

I T  838-728-5 

I T  84D-37 1 

I T  84D-223 1 - 15 

V ITA-7 

I T  81D-1228 

I T  84D-449 
IT 83s-725- 18 

I T  84E- 16 

I T  83D-326-3 

I T  82D-927 

crirerita which was reported earlier in Ghana on cowpea (Leather, 1959; Piening, 
1962) was not recorded i n  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 i n  these studies could be used for varielal improvement 
programmes. Studies on yield performance with the resistant varicties need to be 
carried out in order lo qualify their yield potential. 
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Abstract 

During the 1988 growing season several seed treatnlcnt fungicides were evaluated 
in the field for the control of secd-borne transmissions of cowpea scab (Elsirtoe 
phoseoli with Sphacelonra anamorphic state), brown blotch (Colletctrichuni capsici) 
and Septoria 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. Fernasan-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 and 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 wcre 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 Fernasan-D was inferior to the other fungicides for the 
control of brown blotch and Septoria 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 unguiculata (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 
produced in the northern parts of the country (Raheja and Apeji, 1979; Emechebe 
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and McDonald. 1979; Emechebe, 198 1 ). 

Cowpea suffers Srom various diseases wherever it is grown. For example. Willia~ns 
(1975) and Singh and Allen (1979) listed over 35 diseases of cowpea in Nigeria. 
lnostly caused by fungi. viruses and bacteria. 

Thcl-e are three major fungal diseases of cowpca in the Northern Guinea savanna. 
namely: scab (Elsinoe plloseoii with Sphacelo17m anarmorphic state). brown blotch 
(moslly Colletotrich~r~n ccipsici but occasionally C. truticatir~rr) and Septorin leaf 
spot (Septoria vigrrae) (Allen et a/., 1981: Emcchcbe and Shoyinka, 1985). These 
diseases cause up to 75% crop loss on susceptible varieties under favourable 
environmental conditions. 

Earlier workers have established seed-borne nature and seed transmission for both 
brown blotch and Septoria leaf spot (Emechebe and McDonald, 1979; Emechebc 
1981). Recently, Emechebc (1988) reported that scab is also seed transmitted. 

Seed treatment has been found to be effective against several cowpca diseases. 
For example, brown blotch can be controlled by dressing the sced with either 
beno~nyl or carbendazim and maneb (Alatiatayo, 1982). In addition, Septorio leaf 
spot can be controlled effectively by seed treatment with bcnolnyl (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 been made to control the seed-borne transmission of scab by 
fungicidal seed treatment which should preferably control thc other two fungal 
diseases. This paper presents the results of our work in  this direction. 

Materials and Methods. 

The composition and chemical nature of the six fungicides tested are given in 
Table 1. Bcnlate (benomyl) Delsenc M (cal-bendazim + maneb), Rovral TS, 
(Carbendazim + ipriodione), Fernasan-D. (thiram), Apron plus (metalaxyl + 
carboxin) and Dithanc M-45 (mancozeb) were evaluated in  the field for three years. 

In 1988, five sced treatment fungicides were evaluated for the control of scab, 
brown blotch and Septoria lcaf spot. Fernasan-D was applied at the rate of 3.3 g of 
co~nmercial product per kg of seed while Bcnlatc. Delscne M and Apron plus werc 
applied at 0.6 g of co~nmercial product per kg of seed. Rovral 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 cm 
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 Septorio lcaf spot in 1987 crop season) werc 
used, two seeds being sown per hole at an inter stand distance of 20 cm. 
Germination count was taken 2 weeks after sowing (WAS) and the number of 
infected plants were recorded 4 WAS. Percentage incidences of the three diseases 
were determined and recorded. 
Table 1. Chclnical nature, trade and common names of fungicides evaluated in 
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the field for efficacy against the three pathogens. 

Since the 1988 results confirmed those obtained in  previous trials about the 

Trade name of Common name of fungicidal Chemical nature of fungicidal active 
fungicides active ingredient ingredient 

Benate Benomy l 

Delxne M. Cubendazini + maneb methyl benzitnidazol-2-yloarbamate + 
inanganese ethylene bis (dithiocarbamate). 

Dithane M-45 Mancozeb 2.5 8 Zn ion + 20 8 tvln s in  maneb. 

Fernsan D Thimm tetramethylthiumni disulphide 

Apron plus Metalaxyl + carboxin fumthiocarp (f) = methyl-N-(2-nlethoxy acetyl)-M- (2.6- 
xylyl) alaminate + 2.3-dihydro-6-methyl-S- 
phernylcarbamoyl-- I. 4 Oxathin + 
furanthicarb. 

Rovra TS Iprdione + carbendazim 3-(3.5-dic1ilorophenyl)-N-isopropyl-carbo~nyl- 
2.4 dioxoi~nidazolidine- I -carboxamine+methy l 
benzimidazol-2-ylcarba~nate. 

superiority of bcnomyl and carbendazim as seed treatment fungicides for the control 
of brown blotch and Septoria leaf spot, thesc 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 sced treatment on incidence of cowpea brown 
blotch in  the field* 

Treatment Disease incidence (%) 

3 weeks after sowing 4 weeks after sowing 

Benlate 7 . 0 5 ~  
Delsene M 6 . 8 4 ~  
Aldrex T 18.94b 
Verdasan 20.13b 
Control 28.34a 

Means in the same column followed by the same superscript are not 
significantly different (P=0.05). 

* Based on Alafiatayo (1982). 

In 1989, seeds from a crop of Sampea-7 cowpea that was severely affected by scab 
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i n  the 1988 crop season were uscd in two experiments. In one experiment, four 
fungicidcs (Benlatc, Apron plus, Rovral TS and Fernasan D) were evaluated at the 
ratcs uscd in  1988. A randomized complete block design was used and untreated 
seeds served as the check. Of thc four fungicides uscd in  thc first expcrimcnt, three 
(namely Bcnlate, Apron plus and Rovral TS) wcre cach evaluatcd at three rates, 
namely: 0.3, 0.6 and 1.2 g of commercial product pcr kg of sced. The remaining 
fungicide, Fernasan-D, served as the check treatment but was evaluatcd only at 3.3 g 
of commercial product per kg of sced. 

In 1990, all the fungicides evaluated in  1989 wcre again evaluated. Also studied in 
1990 were Delsene M, Dithanc M-45 and a bcnch mixture of Dithane M-45 and 
Bcnlate. The trial was laid out as a randomized complete block design with four 
rcplicatcs. 

Results 

Results of the earlier work are prcscnted i n  Tablcs 2 and 3 to demonstratc thc 
effectiveness of benomyl and carbendazim as sced treatment fungicides for the 
control of cowpea brown blotch (Table 2) and Seproria leaf spot (Table 3). Thc 
results obtained in 1988 (Table 4) show that Fernasan-D was inferior to all other 
fungicides and was only slightly better than the untreated chcck. Rovral TS 
performed very well and its effectiveness incrcased with increase in dosage. At the 
rate of 0.6 or 1.2 g of commercial product per kg of seed, Rovral TS compared 
favourably with Benlate and Delsene M. 

The results presentcd in Table 5 show the high efficacy of benomyl against seed- 
borne transmission of scab; the incidcncc of 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 expectcd. Rovral TS was also effective against 
scab. Fernasan-D (thiram) surprisingly gave some control of scab, though i t  was not 
as effective as benomyl. Apron plus was ineffective. 

The data prescnted in Table 6 corroborate those in  Table 5. The data also suggests 
that i t  may be necessary to use a higher rate of benon~yl than has been tried i n  
previous trials. 

Table 3. The effect of seed-dressing chemicals on the incidence of Seproria leaf 
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Seed treatment Disease incidence (%) 
chemical 

22 days after sowing 28 days after sowing 

Benlate 0.0 (O.O)** I .Ol (5.74) 

Dithane 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) 

Delsene M 0.32 (3.24) 4.17 (1 1.83) 

Calixin M 0.33 (3.29) 7.71 (16.1 I )  

Control I .  17 (6.29) 8.82 ( 17.26) 

L.S.D. (0.05) 4.209 4.470 

* Based on Tarfa ( 1986) 
** Number in parenthesis = Angular transformed values. 

The results of the 1990 season (Table 7) showed that even at 4 WAS, the superior 
efficacy of benomyl and carbendazim, as seed treatment fungicides for the control 
of cowpea scab, compared to that of any of the other fungicides. As in 1989, the 
popular seed treatment fungicide, Fernasan-D, gave some control of seed-borne scab 
but i t  was not as effective as carbendazim or benomyl. Again. Apron plus was the 
least effective of all the fungicides or fungicidal mixture evaluated. 

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 cowpea scab, brown blotch, and Septorin leaf spot. These results 
corroborate those of Alafiatayo (1982) and Tarfa (1986) who used carbendazim 
against seed-borne transmissions of brown blotch and Septoria leaf spot, 
respectively. 

Table 4. Mean effect of seed treatment chemicals on the incidence of cowpea 
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scab. brown blotch and Septoria leaf spot in 1988. 
However, this is the first report of the high efficacy of benomyl and carbendazi~n 

Application ratc Disease incidence (%) at 5 weeks after sowing 
Seed treatment of commercial 
fungicide product Septoria leaf 

(@kg of seed) Scab Brown blotch spot 

Benlate 0.6 1.1 I 2.65 2.87 

Delsenc M 0.6 0.62 1.23 6.55 

Apron plus 0.6 1.96 1.96 6.08 

Rovral TS, 0.3 0.45 4.93 6.50 

Rovral TS2 0.6 1.16 1.87 4.89 

Rovral TS, 1.2 1.05 0.42 3.38 

Fcrnasan D 3.3 1.46 1 1.02 7.25 

Control 1.35 9.18 9.44 

as seed treatment fungicides against seed transmission of scab. Both benomyl and 
carbendazim have protective, eradicative and systemic properties (Edgington er 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 Macrophonlina 
phaseolirra and Fiisariuril 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. 
Table 6. Effect of type and rate of fungicidal seed treatment on the incidence of 

Seed treatment Application rate of Disease incidencc 
(%) fungicide commercial product 

(@kg of seed) 
3 WAS 4 WAS 

Benlate 

Rovral TS 

Rovral TS 

Apron plus 

Fernasan D 

Control 
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scab at 4 weeks after sowing at Samaru in 1989, 

Table 7. Effect of seed treatllient chemicals on the incidence of cowpea scab, 

Seed treatment Application rate of Disease incidence (%) 
(%) fungicide commercial product at 4 weeks after sowing 

(dkg of seed) 

Benlate 1.2 1 .O 

Benlate 0.6 4.9 

Benlate 

Rovral TS 

Rovral TS 

Rovral TS 

Femasan D 

Apron plus 

Apron plus 

Apron plus 

brown blotch and Septoria leaf spot in 1990. 

Although Fernasan-D (thiram) was somewhat effective against scab, it was much 

Seed treatment Application rate of Scab incidence (%) 
(%) fungicide commercial product at 4 weeks after sowing 

@/kg of seed) 

Benlate 

Dithane M-45 

Benlate + Dithane M-45 

Apron plus 

Delsene M 

Femasan D 

Rovral TS 

Control 



more infcrior than either benomy1 or carbcndazim. The low efficacy of thiram 
against brown blo~ch was reported earlier by Alallatayo (I 982). 

The much higher incidence of scab at 4 WAS indicates the secondary spread of 
disease from primary lesions and emphasizes the need to score secd treatment 
experiments early. 
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Economic Importance of the Bean Flower Thrips Megalurothrips 



Siostedti (Trybom) (Trhysanoptera: Thripidae) on Cowpeas With 
Reference to Economic Injury Levels. 

A.B. SALIFU, 

Nyankpala Agricultuml Experiment Station, P.O. Box 483, Tamale, Ghana. 

Abstract 

Field and screenhouse studies were conducted to quantify the effect of feeding 
injury of the bean flower thrips (BFT) Megalurothr-ips sjostedti on cowpea (Vigna 
unguiculata (L.) Walp.) and to establish economic injury levels on two cultivars. 
The relationship between BFT-induced flower bud abscission and pod setting was 
best described by a quadratic function and the extent of pod setting depression due 
to feeding injury ranged between 14-60% on resistant and susceptible cowpea 
cultivars, respectively. Economic injury levels were developed on racemes of 
cultivars TVx 3236 (resistant to BFT) and VITA-7 (susceptible to BFT) by infesting 
individual caged racemes with varying populations of field-collected adult BFT. 
Grain yield from caged racemes were combined with data on prevailing market 
price of cowpeas and the cost of insecticidal protection of sole cowpeas to determine 
economic injury levels on the basis of simple cost: benefit analysis. Economic 
injury levels were found to be 5 thripslraceme on the resistant cultivar and 3 
thripslraceme on the susceptible cultivar. 

Introduction 

The bean flower thrips (BFT), Megalurothrips sjostedti (Trybom) is a major pest 
of cowpeas throughout tropical Africa. Cowpeas are particularly vulnerable to BFT 
feeding during the plant's reproductive phase, causing infested racemes to become 
necrotic and the open flowers variously malformed, leading to abscission. Yield 
losses due to BIT and the other major cowpea pests is almost 100% in unsprayed 
farmers' fields (Singh & Allen, 1980). 

The development of a viable integrated control strategy for BFT depends on a clear 
understanding of the insect-plant interactions. Very few quantitative assessments of 
the effect of BFT feeding on cowpeas exist in the literature. Earlier reports have 
qualitatively estimated that BFT often causes up to 60% damage to the crop (Singh 
& Taylor, 1978). In what appcars to be the first attempt at quantitative assessment 
of the effect of BFT on cowpeas, Koehler & Mehta (1972) ended by reiterating the 
need for further investigation of the relationship between the thrips and cowpea 
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 managenlent decisions with short range 
objectives (Pedigo et al., 1986). The only attempt at establishing an economic 
threshold for BFT was reported from IITA (1983). Insecticides were used to vary 
thrip populations and to study their relationship with yield reduction. These studies 
were, however, inconclusive. 
The study presented in this paper was undertaken to further our understanding of 

PREVIOUS PAGE BLANK 
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the effect of thrip injury and cowpea performance, including attempts at establishing 
economic injury levels. 

Materials and Methods 

Relationslrip Between Tltrip Damage and Pod Production. The aim of this 
investigation was to quantify thc extent of thrip damage in terms of flower bud 
abscission on different cowpea cultivars and also to determine the level to which 
pod setting could be depressed as a result of the damage. Seed yield was not 
considered in this investigation bccause it is the result of too many factors to be of 
use as a direct measure of thrip effect. The experiments were conductcd at the 
International Institute of Tropical Agriculture, Ibadan, Nigeria during the first 
(April-May) and second (September-November) growing seasons of 1982 and 
repeated during the second and first seasons of 1983 and 84, respectively. 

In order to distinguish between abscission due to thrips and that due to 
physiological and olher factors, the experiment was designed to include a control 
plot in which thrips were controlled with insecticide. The cntire experimental area 
(ca. 0.2 ha) 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, Ife Brown 
(TVu 3629) and VITA 7, were replicated four times in a randomised complete block 
design. The cultivars were planted in plots of 5 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 15 g a.i./ha) was applied on all 
replications in Quadrat I ; this being repeated at anthesis (ca. 38 DAP). At 25 DAP, 
fine nylon mesh cloths measuring 75 x 75 cm, were fitted under each of 10 plants 
per replication per cultivar in both Quadrats 1 and 2 to facilitate the counting of 
abscissed flower buds. The mesh cloth under each plant was hcld off the ground by 
pinning its comers onto styrofoam cubes (painted green) carried about 18 cm 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 replications in both quadrats. At the end of data 
collection, counts from different days were poolcd for each plant in each replication 
to determine the average number of abscissed buds per plant. Abscission due to 
thrips on each cultivar was computed by subtracting Quadrat 1 ( i s .  sprayed 
replications) counts from corresponding replications in Quadrat 2 ( i t .  unsprayed 
replications). Furthermore, pod setting depression was calculated for each cultivar 
by subtracting pod counts in Quadrat 2 from those of corresponding replications in 
Quadrat I ,  and expressed as a percentage of counts from Quadrat 1 in the function: 

PSD% - - (I-QYQl)lOO(i.e. (QI-Q2/QI>lOO), 
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Where PSD = extent of pod setting depression, and 
QlandQ2 = pod counts from corresponding sprayed and 

unsprayed replications. 

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 cm) were caged i n  transparent polystyrcne diet cups 
ventilated by fine nylon mesh glued to their sawn-off bottoms with Bostik clear 
adhesive. The bonds formed between the nylon and the plastic cup were not very 
strong and although sufficient to retain thrips inside the cup, the light bonding 
enabled elongaling 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 10 pcr 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 monitorcd 
daily 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 cowpeas and the cost of insecticidal protection of a 
hectare of sole cowpea, simple cost-benetit analysis was followed to determine the 
economic injury level for each cultivar. 

Results and Discussion 

Relationslrip Between Tlrrip-induced Abscissior~ 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 BFT 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 
Frankliriiella insularis (Franklin) on pigeon peas was 47% (Pollard & Guiseppi-Eli, 
198 1 ) whereas in  Pisunl 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 zero yield). 

Table 1. Extent of pod-setting depression (PSD) due to BFT feeding on resistant 
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and susccptible cowpcas ovcr four scasons. 

PSD f S.E. (%)* 

Cultivar -- 

I 2 3 4 
- - -  - - 

TVu 1509 11.1 f 3.8 22.0 f 5.1 6.5 f 2.7 18.1 f 4.4  

TVx 3236 7.5 f 2.1 34.9 f 6.3 17.9 _+ 4.3 27.6 f 7.1 

Ife Brown 33.5 f 5.6 54.9 f 5.4 57.9 f 3.9 43.0 f 5.6 

VITA 7 48.0 f 6.8 70.5 f 6.1 64. l f 5.0 59.0 f 4.8 

* PSD% = ( I  - Q2/Q1)100; Where QI = pod counts from sprayed plots: 4 2  = pod 
counts from unsprayed plots. 1 = First season 1982: 2 = second season 1982; 3 = 
second season 1983 and 4 = first season 1984. 

Thrip populations wcre negatively correlated with yield per mccnie for both TVx 
3236 and VITA 7. Both correlations werc highly signilicant. With VITA 7 (r = - 
0.90), the regression equation was y = 3.24-0.35~ (R* = 0.80) where y = yield (g) 
per raccme and x = number of lhrips per raccme. Each uni t  increase in thc number 
of thrips per raceme was associated with a decrease of 0.35 g of VITA 7. The 
corrclation cocfficient, r, was -0.84 for TVx 3236 where the regression equation was 
y = 3.02-0.26~ (R- = 0.70). Each unit increase in  thrip infestation rcsulted in a 
decrease of 0.26 g pcr 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 whcn the data were fitted to a second degree polynomial, hencc a linear 
relationship appeared to describe thc association adequately. Some extrapolations 
(inherent hazards notwithstanding) were niadc 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 thc lnean yicld pcr raceme by thc mean number of pod- 
bcaring peduncles, estimatcd on 30 non-infested potted plants of both cultivars 
cultured under similar cnvironmental conditions. The yield loss due to different 
infestation levels was calculated as the reduction in the different infestation levels 
over thc control. These yields were then converted into yield in kilograms per 
hectare by niultiplying the yield per plant by a plant population of 50,000 per 
hectare. 
Table 2. Cost-Benefit analysis and econoniic injury levels for resistant and 
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susceptible cowpea cultivars. 

* 1 kg cowpca cost NI .20; # Assuming insecticides gives 90% kill; 

Thrip Yield loss Value of yield Value of loss Profit accrued 

densi~y (kglha) loss (N) saved (B - C) + 
Per (Benefiit B)* (N) 
raceme 

TVx 3236 (Resistant) 

VITA 7 (Susceptible) 

-63.5 

-60.3 

-37.1 

-12.7 

13.2 EIL 
440.3 

6 18.7 

658.6 

639.9 

1380.7 

-58.1 

-38.0 

1.4 EIL 
47.1 

207.5 

3 17.3 

504.8 

615.9 

615.9 

615.9 

+ cost of pest control (C) calculated @ N84.95; 
EIL - Economic Injury Levels (B - C > 0). 

The prevailing market price of cowpea at the time of the investigation was pegged 
at N1.20 (NI = $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 Illla, 
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 
pest population. Finally, net profit accrueing was calculated at the various 
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infestation lcvcls by subtracting thc cost of pcst control (C = N84.95) from potential 
benclit. B. 

Cost-bcncfit analyscs lor thc iwo cultivars arc summarised in  Table 2. According 
lo cost-bencfit analysis, thc cconomic injury Icvcis would bc reachcd any time B-C 
is more than zcro. Conscclucntly, the cconomic injury lcvel 1-01. VITA 7 was found to 
be 3 thrips/raccmc whereas that of TVx 3236 was 5 thrips/racemc. Thus, i f  farmers 
are able to keep thrip populations at Lhesc levcls thcy should bc in a position to 
optimise their pcst control invcstn~cnts. The advantage of TVx 3236 of a higher 
economic injury lcvcl may bear i~nportant i~nplica~ions for integrated control tactics. 
Although not particularly investigatcd in this study, it is possible that lower 
insccticidc dosagc on this cultivar may achievc similar lcvcls of thrip control 
compared to such cultivars as VITA 7. Already, i t  has becn established that TVx 
3236 requires fewer sprays in  comparison with local chccks in a variety of rnulti- 
locutional icsts (IITA. 1982). 
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Striga gesnerioides. 

T.J. OUEDRAOGO, J.B. TIGNEGRE et N. MULEBA. 

INEH et IITABAFGRAD, Ouagadougou, Burkitia Faso. 

Résumé 

Afin de comparer diffkrents critkres d'Cvaluation au champ de la rCsistance du 
niCbé au Striga, 16 cultivars de niveaux de rksistance variables ont CtC utilisCs sur 
des parcelles infestkes de Striga à KamboinsC en 1988 et en 1989 respectivement 
sur deux et un sites. 

L'analyse des rCsultats montre des corrklations hautement significatives entre les 
critkres d'évaluation pour la rksistance au Striga. Cependant, la date d'Cmergence du 
premier plant de Striga et le nombre de plants de Striga par unit6 de surface 
paraissent les critères les plus fiables pour I'Cvaluation au champ. 

Introduction 

Le Striga gesnerioides Wild (Vatke), à l'instar de S. hermonthica sur les cCrtales, 
cause des penes considCrables de rendements sur le niébC (Vigna utiguiculata ) dans 
les zones semi-arides d'Afrique, et même dans les zones côtikres. Cette baisse de 
rendement peut atteindre 30 % (Aggarwal et OuCdraogo, 1986 ). Dans les 
diffkrentes Ctudes de rksistance du niCbC au Striga, plusieurs critkres sont utilists 
pour évaluer ou identifier les variCtCs rksistantes ( OuCdraogo et Muleba. 1988 ). 
L'utilisation d'un seul critère d'évaluation pouvant s'avérer insuffisant et celle de 
plusieurs, complexe, il nous a semblC opportun dlCtudier les corrClations entre 
certains de ces crit2res. 

Matériel et Méthode 

Seize ( 16 ) variétCs de niveau de rksistance au Striga variable ont CtC utilisées, 
dont 4 tCmoins-sensibles ( KVx 396- 18- 10, KN- 1, TN88-63 et IT82E-32 ) et 4 
témoins-résistants (Gorom Local, B301, IT82D-849 et KVx 61-1 ). La parcelle a CtC 
prkalablement infestCe artificiellement, avant le semis, avec des semences de Striga 
vieilles d'une année. Le dispositif expérimental Ctait en Blocs complets randomisés 
(Blocs de Fisher ) à 6 répétitions. Les parcelles expérimentales Ctaient de 4 lignes de 
4 m de long, les Ccanements de 0,75 m entre les lignes et 0,20 m entre les poquets. 
Les observations ont étC effectuCes sur les 2 lignes centrales. 

L'Ctude a CtC menCe à KamboinsC sur 2 sites en 1988 et sur un en 1989. Les 
principales opCrations culturales ont consistC en un sarclage 2 semaines aprks semis 
( SAS ) et en un dCsherbage manuel 3 SAS afin de ne pas endomager les plantules 
de Striga. 

Les critkres dtCvaluation retenus sont les dates d0Cmergence du premier plant, le 
nombre de plantsfm2, le poids sec de Striga et le pourcentage d'infestation (nombre 
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de plants de niébé attaquéslnombre total de plants de niébC ), les rendements grains 
du niébé. Les coéfficients de correlation ont Cté calculés selon la formule proposée 
par Little et Hills ( 1975 ). 

Résultats et Discussion 

Les variétés sensibles ont connu une Cmergence très prCcoce du Striga, 31 jours 
environ aprt?s semis alors que les variétCs résistantes n'ont pas connu d'infestation ou 
ne l'ont subie que très tard, après leur mâturité (Tableau 1). Les variCtés sensibles 
ont ainsi connu des taux d'infestation et des densités de parasitisme beaucoup plus 
élevCs que les variétés résistantes. De même, le poids sec de Striga récolté sur les 
parcelles de variétés sensibles Ctait plus élevé que celui du Striga provenant des 
parcelles de variétés résistantes (Tableau l), une diffkrencc attribuable au nombre de 
plants de Striga mais aussi au fait que ces plants présentent plus de ramifications 
que ceux présents chez les variétés résistantes. 

La réinfestation artificielle des parcelles de criblage avec des semences de Striga 
assure sa bonne répartition dans le sol et une identification facile des variklés 
résistantes. Toutefois, nous avons observC que l'utilisation répétCe sur 4 ans au 
moins de la même parcelle, même sous infestation artificielle, entraîne la baisse de 
la vigueur du parasite et de sa densitC dans le champ. Des hyper-parasites seraient à 
la base de cet affaiblissement et de la réduction de la densitC du Striga. 

L'association statistique entre les differents criteres d'Cvaluation est consignée dans 
le Tableau 2. Les corrClations sont hautement significatives, ce qui rCvele qu'on peut 
utiliser l 'un ou l'autre de ces critères - et non pas leur totalité - pour l'évaluation de la 
résistance au champ. 

Tableau 1. Résultats des variCtCs selon les 4 criteres d'évaluation de la résistance 
au Striga et les rendements en grains ( kglha ). 
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Nota : KI, K2 et K3 sont des numdros de sites. Pour les varidtds qui n'ont pas connu 

Poids sec Rendements 
Critères Enrrg. le Srripi 8 Infestation Nbr Striga mR S,ngo(g, (kB/ha) 

Kvx 396-4-2 31 38 33 70.15 76.40 15.3 16.1 8.5 50.45 28.67 963 1166 1\41 

KVx 396-444 32 31 32 85.03 82.74 26.8 21.1 11.5 116.5 53.3 935 1031 1064 

KVx 396-6-IG 63 68 72 0.47 0.00 0.1 0.01 0.0 0.12 0.00 1077 1171 959 

KVX 396-8-SG 70 72 82 0.42 0.00 0.1 0.00 0.0 0.17 0.00 842 1116 960 

KVx 396- I I -6G 51 65 67 15.40 10.48 4.2 1.70 0.5 5.53 2.32 1241 1139 1055 

KVx 396-16-10-2 51 49 49 13.87 12.20 1.1 1.20 0.75 0.58 0.72 924 1050 1008 

KVx 61-1 72 72 73 0.00 0.00 0.0 0.00 0.01 0.00 0.00 956 1267 1215 

Gomrn local 65 72 82 0.001 0.00 0.01 0.00 0.00 0.00 0.00 719 766 773 

d'infestation de Striga, nous avons considdrd la date de rdcolte comme date 
d'tmergence du premier plant de Striga, soit 7 2  et 82 jours aprbs semis 
respectivement pour 1988 et 1989. 
Tableau 2. Coefficients de corrdlation entre 4 critbres d'dvaluation de la 
rtsislance au Striga de cultivars de niébd à Kamboinsd, Burkina Faso. 
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** : Hautement significatif 

Site 
No Striga 

% infest. Poids 
Ml2 Rendement 

Sfriga 

1 .  Date emergence l e S~r iga 
K88- 1 -0.891 ** 
K88-2 -0.950** 
K89- I 

2. Pourcentage d'infestation 
K88- 1 
K88-2 

3. Nbre Strigalm2 
K88- 1 
K88-2 
K88- 1 

4. Poids Sfriga 
K88- I 
K88-2 

Cependant, le choix d'un seul critère d'évaluation de la résistance est rendu difficilc 
par l'existence de plusieurs mécanismes de cette résistance du niébé. C'est ainsi que 
le jaunissement des feuilles suivi de flétrissement du plant de niébé sont le signe 
d'attaque de Striga après sa germination et avant son émergence chez certaines 
variétés très sensibles de niébé ( cas de TVx 3236 ). En outre chez certaines variétés 
le Striga émerge mais meurt avant la floraison ou la fructification et chez d'autres il 
atteint la fructification et la maturité. On pourrait appeler ces 2 types de variétés 
respectivement Striga " sensible stériles " qui contribueraient à diminuer le stock de 
semences du parasite dans le sol et les Striga " scnsiblc fertiles " (Ouedraogo et 
Muleba 1988 ). Les études en pots pcrmettent d'effectuer le dénombrement des 
Striga qui germent sans que leurs haustoria ne s'attachent aux racines de l'hôte. ce 
qui permet de contourner les difficultés sus-mentionnées. 

Si en serre, au laboratoire et en poticulture des critères plus fins peuvent être 
utilisés, pour un criblage en plein champ les critères date d'emergence du premier 
plant de Striga et surtout la densité du parasite sont fiables et peuvent être renforcés 
par le pourcentage d'infestation et le poids sec de Striga. 
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Identification et Recherche de Variétés Résistantes aux 
Principaux Virus du Niébé au Togo. 

M.Y. GUMEDZOE. 

Utiiversité du Berlin, Lomé, Togo. 

Résumé 

Plusieurs virus importants du niébé ont été identifiés par s6rologie au Togo; cc 
sont le "Cowpea aphid borne mosaic virus" (CAbMV), le virus dc la marbrure 
(CMeV) le vims de la marbrure Iégkre (CMMV), le virus de la mosaïque du niébt5 
(CPMV). le "souihern bean mosaïc virus" (SBMV) et le virus de la mosaïque du 
iabac-souche Iégumineuse (TMV-CS). Des infections mixtes ont été souvent 
observées impliquant un ou plusieurs de ces virus. Différentes plantes sauvages ont 
dt4 trouvdes infectdes par cinq des six virus : ex. Cassia hirsuta par SBMV: 
Centrosenia pubesceris par CMMV; Nauclea latifolia par CMMV et CABMV et 
Mucuna sp. par TMV-CS. Plusieurs cultivars du niébé ( TVx1850-OIE, IT82E-16. 
etc ... ) criblés en utilisant un isolat cloné de chacun des virus CMeV. CPMV et 
SBMV se sont révélés résistants à ces isolats. 

Introduction 

Le niébé (Vigrrn utiguiculata (L.) Walp. ) est une Iégumineuse à graine très 
sensible à un grand nombre de maladies et d'insectes. Parini les maladies graves du 
nidbé figurent de nombreuses viroses. Plus d'une vingtaine de virus ont été identifiés 
sur le niébé dans différentes régions productrices de cette Iégumineusc en Afrique et 
ailleurs dans le monde ( Bozarth et Shoyinka, 1979 ; Gliem. 1984 ; Gurnedzoe et al., 
1990a,b ; Rossel et Thottappilly, 1985 ; Shoyinka et al., 1978 ; Singh et Allen, 
1979; Thoitappilly et Rossel, 1985 ). 

Bien que des travaux antérieurs signalent la présence au Togo de plusieurs viroses 
des légumineuses dont le nidbé ( Gliem, 1984 ; Rossel et Thottappilly. 1985 ), 
aucune étude de caractérisation des isolats viraux ni d'identification de variétés 
résistantes a l'égard de ces virus n'a été effecluée. Nous avons donc entrepris de 
1987 a 1990. des prospections phytosanilaires en vue d'inventorier les principaux 
virus du niébé dans les diverses régions productrices de celtc Iégumineuse au Togo. 
Le prdsent article rapporte les résultats de ces et de recherchc de variétés résistantes 
A certains des isolats clonés de trois de ces virus ( CMeV, CPMV et SBMV ). 

Matériel et Méthodes 

Les anticorps utilisés lors du test sérologique ont été fournis par le laboratoire de 
Virologie de l'Institut International d'Agriculture Tropicale ( IITA, Ibadan, Nigéria). 
Les conditions de semis et de production des plantes utilisées ont été décrites dans 
des publications antérieures ( Guniedzoe et al., 1990a. b ). 

PREVIOUS PAGE BLANK .., . 
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La collecte des échantillons de feuilles virosCes a 616 rkalisée de 1987 à 1990 dans 
les champs des paysans et dans les parcelles de certains organismes et institutions de 
recherche ou de production de semences du niébé dans le pays. Des feuilles avec 
symptômes ( marbrure ou mosaïque ) ou sans symptôine sont récoltées aussi bien 
dans les cultures pures que dans les cultures associCes. Certains échantillons ont kt6 
prélevCs sur des plantes sauvages ou fourragères et sur des especes vtgCtales 
cultivCes en dehors du genre Vigtia. Deux tests sérologiques prCcCdemment décrits 
(immunodiffusion dans un gel d'agarose et immunoenzymatique ; Elisa : Enzyme 
Linked Immunosorbant Assay ) ont Cté utilisés pour I'identificatioii des isolats 
viraux ( Clark et Adams, 1977 ; Gumedzoc et al., 1990a.b ; Thottapilly et Rossel, 
1980 ). 

Nous avons proctdé à l'inoculation de 38 cultivars de niébé avec des isolats clonés 
7-1 7 et 21-50 du CPMV; pour le CMeV l'isolat clon6 1-43 a C t t  utilist pour inoculer 
23 cultivars de nikbé. Cinquante-huit cultivars de niébC ont CtC inocul6s avec les 
isolats clonCs 18-10 euou 10-19 du SBMV. La procédure d'inoculation est la même 
que celle décrite précédemment ( Gumedzoc et al.. 1990b ). Les plantules de ni6b6 
ont CtC gknéralement inoculCes au stade de feuilles cotylCdonnaires. Les plants 
inoculés et les témoins sont gardCs sCparCment dans diffkrentes cages pendant 4 à 6 
semaines. Les critères d'évaluation ont porté sur la prCsence ou l'absence de 
symptôme, le nombre de plants inlèctés de même que l'effet de l'infection sur la 
croissance des plants. suivant une tchelle de 1 à 5 ( Gumedzoe et al., 1990a,b ). Les 
plants ne présentant pas de symptômes ( note 1 ) et vérifiCs par le test 
d'immunodiîfusion dans I'agarose, sont déclarés résistants si le test est nCgatif. 

Résultats 

Après avoir analys6 705 tchantillons recueillis dans les différentes régions 
productrices du niCb6, les virus suivants ont kt6 identifiés ( Tableau 1 ) : le virus de 
la mosaïque du niCbt transmis par puceron ( CAbMV ),le virus de la marbrure ( 
CMcV ), le virus de la mosaïque du niéb6 ( CPMV ), le "southern bean mosaïc 
virus" ( SBMV ), le virus de la mosaïque du concombre ( CMV ) et le virus de la 
mosaïque du tabac-souche Iégumineusc ( TMV-CS ). 

Le CPMV est le plus frCqucnt des virus identifiCs avec un taux de prCvalence de 64 
% dans certains cas, puis suivent le CMeV, le CAbMV, le SBMV et le CMMV. Le 
CMV et le TMV-CS sont identifiCs de façon sporadique dans certains Cchantillons. 
Plus de la moitié des échantillons (63,05 %) ont rCagi positivement lors des tests 
sCrologiques aux antisera de I'un au moins des six virus du niCbC identifiCs au Togo, 
dans les infections mixtes. 

DiffCrentes plantes sauvages ont CtC trouvées infectCes par cinq des six virus 
identifiks ( notamment Cassia hirsuta par SBMV, Cetitrosenia pubescens par 
CMMV, Nauclea latifolia par CMMV et CAbMV et Muciitra sp. par TMV-CS. 

Les rCsultats d'Cvaluation de la r6sistance indiquent que 44,74 % des cultivars de 
niébC sont très sensibles au CPMV et que 34.21 % sont résistants soit à I'un soit aux 
deux isolats testCs. 



Ider~r~~curitrn er Recherche de Vc1riéré.î Ré.visrcirires 0u.r Prirtril~~rit.r Virus Ar Nr~;liP clci Togo. 151 

Tableau 1. Répariiiion des virus identifiés sur le niébk (Vigtia utrgirirrtlrtci (L.) 
Walp ) nu Togo en fonction des préfeciures (prospeciions phytosanitnircs dc 1987 à 
1990 ). 

VIRUS 

PREFECTURE 

CABMV CMEV CMMV CPMV SBMV 

AMOU + + 
GOLFE + ++ + +++ + 
HAHO + + + +++ + 
KLOTO + + +++ + 
KOZAH ++ 
mou ++ +++ + 
SOTOUBOU \ + ++ + 
TONE + + 
VO + +++ + 
Y o m  +++ 
ZIO + + +++ + 

Légcnd: : +++ Très fréquent 
++ Assez fréquent 
+ Peu fréquent 

La résistance de ces cultivars aux deux isolats viraux du CPMV a été ensuite 
vdrifiée par inoculation 3 des niébé sensibles et par le test d'iinmunodiffusion dans 
I'agarose. 

Ainsi, les cultivars IT8 ID- 1007. IT82E- 16 ; IT83S-8 18 et TVx 1850-0 IE sont 
résistants aux deux isolats Ctudiks et deux accessions de niébé de I'IITA ; (TVU 410 
et Wu 645) sont résistantes à l'isolat 2 1-50 du CPMV. 

Les résultats indiquent de même, que seul le cultivar 58-146 est résistant au CMeV 
( isolat 1-43 ) tandis que Ic cultivar TVx 1850-OIE est tolCrant à ce virus. 

En ce qui concerne le SBMV, l'étude révèle quc seize cultivars ( soit 2738 9% ) se 
sont montrés résistants à l'isolat 18-10. Ce sont : IT82D-789 : IT82D-786. IT82D- 
703, IT82E- 16 ; IT82E-60, IT83S-8 18, IT82E-885. TVX 1850-0 1 E. TVX 1 193- 
9FTVu645, TVul9, TVu410, 58-146, Locale Blanche, Locale Afagnanga et 
Diapaga. De même, six cultivars se sont révélés résistants àl'isolat 10-19 de ce virus: 
il s'agit de IT82D-786, IT82D-703, TVx1193-9F, TVx1850-OIE, 58-146 et IT83S- 
818. 



Discussion 

Parmi Ics ii-ois \ I I -LIS  isoiiiCiriclucs CMeV. CPMV et SBMV ideniifiés, Ic CPMV 
cst Ic plu.. I'rCqucni. Nos i-csuliais conlirment ainsi ceux obtenus par d'auircs auteurs 
! Glicm. 19x4 : Singh ci Allen. 1979 ). D'autres virus du niébé, non moins 
impoi-[anis. rcpuli~rciiient idcniifiks dans difl'crentcs regions ( Thottappilly et 
Rossel. 1985 ) on1 été retrouvés au Togo : cc son1 : Ic CAbMV, le CMMV, le TMV- 
CS ci Ic virus dc la mosaïcluc du concoinbre ( CMV j. 

En vuc de recenser d'auircs virus du niébé parfois en concentration plus faible dans 
les plantcs il est iniportani d'aniÇliorcr Ics techniqucs actucllcs d'identification pour 
les rendre plus sciisiblcs. ou de développer de nouveaux tests plus ïiablcs ( cx dot- 
blot, hybridation iiioléculairc cic ... ) ( Millcr et Martin, 1988 ). Dans Ic même ordrc 
d'idée, I'usagc d'anticorps inonoclonaux ( spdcifiques ou ilon ) devra être privilégid 
lors tlc I'iiivciitairc des principaux virus du niébé. 

Diverses sources de résistance au CPMV et 3 d'autres virus du niébC ont Cté 
ideniifiés dans le gcrmplasmc de plusicurs accessioiis dc iiiCbé de I'IITA : cc sont 
TVu393. TVu493 : TVu 1 185, TVu 4 IO ct TVu6 16 ( Singh et Ntare, 1985 ; Singh et 
al.. 1984 ). Ccs sourccs de résistance ont pcrmis la niisc au point de variéiés 
résistantes de iiiébé au CPMV et à d'auires virus de cette Iégumineuse. Ainsi 
plusicurs cultivars du niébé, avaicnt été identifiCs comme résistants à l'égard du 
CPMV ( IT82E-16, IT83S-818. TVx1850-OIE etc.. ( Singh et Ntare. 1985 ). 
Ccrtaiiis dc ceux-ci se sont égalcmeni révélés résistants aux dcux isolats du CPMV 
Ctudiés ( 7- 17 ct 2 1-50 ) et à l'un des dcux virus CMeV et SBMV. 

La varikté dc niébé 58-146 largement diffusée dans Ics régions productrices de 
cettc Iégumineuse est résistante au CMeV, iiiais tres sensible à l'égard du CPMV. 
D'autres cultivars de niébé courainmcnt cultivés ( Vita 5, IT81D-985 etc..) sont trés 
scnsibles aux trois virus isométriques ( CMeV. CPMV ct SBMV ) étudies. Scul le 
cultivar TVx1850-OIE cst résistant à la fois aux trois virus ci-dessus inentionnks. 
Conipte tcnu dc cc niveau de résistancc multiple affichéc par cc cultivar et aussi de 
son bon niveau de rcndcmcnt ( plus d'unc tonne à I'hcctare ) ce cultivar peut-être 
largemcnt diffusé au niveau des paysans si la contrainte couleur des grains est levée 
dans certains milieux. 
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Regional Approach to Maize Research for the Semi-Arid Zone of 
West and Central Africa. 

J.M. FAJEMTSIN. 

Coordinator, Maize Network IITAASAFGRAD 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 years. The sub-region has, however, stagnated in yield 
over the period at 1.0 t/ha whereas world average has virtually doubled from 2.2 to 
3.5 t/ha. 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 21 1 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 about 1.0 tlha compared to 2.2-3.5 t/ha world average (CIMMYT, 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 (600-1 100 mm rainfall). 

Area Under Semi-arid Countries 
Ecology % 

0  (Too Wet) Congo. Equatorial Guinea, Gabon. Liberia, Sao Tome & 

Principe, Sierra Leone, Zdire. 

0  flm Dry) Cape Verde, Mauritania. 

1 - 10 Guinea-Bissau, Niger, Chad 

11 -25 C8te d'Ivoire, Ghana, Togo, Guinea. 

Benin, Cameroon, Central Africain Republic, Mali, 

Nigeria, Senegal. 

Over 50 Burkina Fasa, Gambia. 

SAFGRAD Phase I1 (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 Eastern and Developing Developed World 

Central Southern countries countries 

Africa Africa 

Estimated population 250.8 228.1 3,948.3 813.8 5,190.1 
(million) 

Estimated growth of 
population 1987-2000 (%) 3.0 3.2 1.9 0.5 1.6 

Maize area harvested 
1986-88 (000 ha) 5,295 9,87 1 8 1.8 13 34,258 127,77 1 

Maize production, 

1986-88 (000t) 5,080 13,662 182,732 213,712 450,91 

Maize yield, 1986-88 (ma) 1 .O 1.4 2.2 6.2 3.5 

Maize yield, 1961 -65 (ma) 0.8 1 .O 1.4 3.5 2.2 

Growth rate of maize 

production 1962-66 
to 1973-77 (%/yr) 1.3 4.2 4.1 4.1 3.9 

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 (%lyr) 0.9 

Growth rate of yield of all 

cereals, 1973-77 

to 1984-88 (%/yr) 1.3 

* Source: 1. CIMMYT, 1981. 
2. CIMMYT, 1990 
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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 ~ e s e a r c h .  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 pool 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 responsibilities by the sfeering Committee as follows: 

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 examination 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 IITA 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 are 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 andlor 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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Lead NARS Breeding 
Centre 

Agronomy 

Burkina Faso Maturity groups and drought tolerance 

Cameroon Maturity groups, drought tolerance, Production systems for 

and Striga control maturity for maturity 
groups 

CBte d'lvoire Maturity groups and stem borer resistance - 

Ghana Maturity groups and streak resistance 

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 of NARS in regional trials. 

d) Monitoring 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. 
Organized biennially and involving national maize scientists from different 
countries together with backstopping from IITA, 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 IITA, 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 
tolerancelresistance source from IITA 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 recommended 
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; intermediatenate 
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 intermediatellate-maturing 
trial are to be coordinated by IITA as the Institute charged with maize improvement 
in the West and 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 Kamboirrse. The technicians are now 
reportedly capable and effective in the management of regional and other trials. in 
seed production, varietal maintenance as well as in data analysis and interpretation. 

- n. RUVTl  - -. RUVTP 

M. RUVTS 

- Years 

Fig. 1 Regional maize trials, 1987 : no of sets dispatched 

e)  Workshops 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 IITA 
participated in the first workshop in LomC, 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. 

In joint efforts with the Sorghum and Cowpea Networks, a Seminar was organized 
in January 1991 at Ibadan, Nigeria, for research agronomists in the sub-region and 
attracted an unprecedented close interaction. 
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Fig. 2. Regional maize trials, 1987- 1989 : data recovery 

1) Consullatiort Visits. The Maize Network Coordinator as well as members of the 
Steering Commitrce carried out periodic visits, ~nostly individually, to member 
countries. Such visits afforded the on-the-spot generalion of feedbacks on [he 
activities of the network in the various countries. The visits by Steering Committee 
members, in particular, constiluted an invaluable exchange of researchers among 
member countries and a sustainable method of strengthening NARS. 

Progress and Achievements 

The major objective of SAFGRAD I1 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 lowards the altainment of project objectives and 
goal. Among achievements recorded and progress made are the following: 

a) Regional variety trials are no longer composed exclusively of varieties from 
the Internarional Agricultural Research Centres; there has been an increasing 
number of varieties from the national programmes such as Kawanzie, 
Aburotia, Okomasa and Abeleehi from Ghana; AB22 from Togo; and Ndock 
8701 and CMS 87 10 from Cameroon. 



Not only has intcrest in rcceiving and attending to regional trials been 
increased, their exccution. data recovery and precision of observations have 
also steadily improved. 

Several NARS are using varieties selecred from SAFGRAD regional trials as 
sources of improved germplasm for further breeding andlor release to their 
farmcrs (Tables 3 and 4). 

The re-structuring of research programmes suggested by the Network during 
consultation visits havc mostly resulted in the institutionalization of national 
variety trials, prudent varietal and germplasm maintenance as well as seed 
production. 

Feedbacks on the technicians traincd by the Maize Network as obtained 
during consultation visits, evaluation panels and wrilten commendations 
received from their supervisors have revealed that the trainees are making 
outstanding contribution within their respective national programmes. 

The increase in the number of scientific papers presented at SAFGRAD- 
organized workshops/seminars is a strong indicator of increased research 
activities within NARS. 

The various avenues of scientist-to-scientist contact resulting from the 
Network activities have created lasting ties for routine exchanges of  
germplasm and scientific information. 

Research problems that were once reserved for international agricultural 
research centres are now gradually and enthusiastically being addressed by 
NARS. 

The seriousness of purpose of the Steering Committee as reflected in the 
reports of its regular and fully attended meetings has influenced the research 
agenda and/or modified concepts and approaches of international agricultural 
research centres. 
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Table 3. National breeding programmes using specific germplasm identified from 
SAFGRAD Regional Maize Trials. 

National Programme Maize Germplasm 

Benin Across 86 Pool 16 DR, TZE-F, DMR-ESRW 

Burkina Faso TZEE- W 

Cameroon Across 86 Pool 16 DR. TZEF-Y, CSP, 
TZESR-W Gua 3 14 BC I F4, CSP x Local 
Raytiri 

CGte d'lvoire Across 86 Pool 16 DR, TZEF-Y. Maka 

Gambia Pool 16 DR 

Guinea DMR-ESRY 

Mali Pool 16 DR 

Senegal Maka 

Togo TZESR-W x Gua 3 14 BCI F4. Pool 16 DR 

Table 4. Maize varieties releasedlin the process of release to farmers in some countries in 
West and Central Africa. 

Country Maize Varieties 

Benin Pirsaback 7930-SR, Sekou 8 1 TZSR-W- I, EV 8443-SR, 
TZB-SR 

Burkina Faso 22-SR (=EV 8422-SR), KPB (=EV 8430-SR), KPJ (= 
EV 843 1 -SR) 

Cameroon 

Ghana 

Mexican 17E, SAHTA-2, CMS 8806 (= DMR-ESRY), 
Pool 16 DR. TZEF-Y, TZPB K8 1 

Kawanzie, Aburotia. Mexican 17E, SAFITA-2, 
Abeleehi, Okomasa, Golden Crystal 

Mali SAFITA-2, DMR-ESRW, DMR-ESRY, Golden Crystal 

Chad TZESR-W, CMS 8602 (= EV 8431-SR) 

Togo lkenne 8 149-SR, Pirsaback 30-SR, Poza Rica 43-SR, AB22. 
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j) Consultation visits by Steering Committee members to other countries 
portray the increasing leadership role being played by NARS scientists in the 
sub-region. 

k) The production and circulation of several documents originating from the 
Network, including workshuplseminar proceedings. variety characterization 
and compilations of regional trial data are vivid examples of information 
exchange towards strengthening NARS research capabilities. 

1) In response to internal and external evaluation reports, the Maize Network 
has diversified its activities to include agronomic research and agronomic 
seminarslworkshops. 

The Tasks Ahead. 

In addition to the need to forge ahead with on-going research projects and other 
activities of the Network, there are other important areas which would need to be 
resolved in the coming years. For instance, the larger grain borer, Prostephanus 
truncatus, poses real threats to maize production in the sub-region. This extemely 
voracious insect pest has been reported from Togo. Benin and Ghana and its spread 
to other countries is only a question of time. There is, therefore, the need to look 
into its control alternatives, including biological control. The other areas of future 
concern relate to termites which are widespread in the sub-region; stored-grain pests 
continue to deplete even the inadequate maize production; and research for better 
and diversified utilization of maize will go a long way to encourage production and 
catalyze research efforts. Needless to add the fact that all these challenges can only 
be done in an environment of improved funding, increasedlimproved research 
infrastructure and substantial incentives to NARS scientists. 
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Introduction 

Maize is a popular crop in Africa because it is easy to grow, store, transport, mill 
and cook. With the availability of nitrogen fertilizers, it enjoys a "boom" as a cash 
crop in the savanna zone, because it is more nitrogen-responsive than the traditional 
African cereals, millet and sorghum. 

IITA conducts research on maize genetic improvement and "pathosystem analysis" 
within its Maize Research Programme, which activities will be outlined in this 
presentation. However, it also conducts equally important research on improving 
maize farming systems in the context of the Resource and Crop Management 
Programme. The latter work is reaching NARS through a new network of 
Collaborative Group on Maize-Based System Research, COMBS, which is 
associated with the West African Farming Systems Research Network. 

Focus and Strategy 

The Maize Programme at IITA currently focuses on the moist savanna ecology 
with Striga as the highest priority issue. The overall goal of the Programme is to 
develop varieties that will help West and Central African farmers to reduce the risks 
associated with intensified maize production. Our strategy for doing this involves 
breeding for resistance to African-specific pests, diseases and stresses. The IITA 
extensively utilizes CIMMYT (and other) germplasm as a starting point and 
incorporate resistances into this base. 

How are these resistances found? How can they be screened for effiently? Will 
they be stable? These are all questions addressed by "pathosystems research". 
Entomologists, pathologists and Striga biologists seek to increase our understanding 
of the life cycles and ecology of the pests and diseases. This information is used to 
develop efficient, reliable artificial rearing and infestation techniques which the 
breeders can use. It also gives us clues as to how genetically variable the 
pesttpathogen may be and, therefore, how stable a resistance is likely to be. 
Breeders use this knowledge to develop appropriate genetic resistances. 

The IITA Approach 

A well-known case study is the development of maize streak virus resistance 
methodology, which won for IITA the 1986 King Baudouin award, CGIAR's 
highest accdade. Entomologists and virologists studied the life cycle and ecology 
of the leafhopper vector and virus and developed mass rearing techniques. Together 
with breeders, they applied these methods to select not for a single-gene unstable 
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immunity, but rather for a polygenic, stable resistance. This resistance still holds 
wherever it has been tested. 

This tried-and-true approach, linking pathosystem research to breeding, is being 
applied to other constraints such as stem borers, storage insects, downy mildew, 
grain quality and Striga. 

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 promising 
inbred, hybrid and open-pollinated germplasm. A "Striga thrust" got underway. 
which links us with colleagues in other Programmes specializing in agronomy, 
economics, modelling and biocontrol. Agronomists verified our tolerance/resistance 
on-farm; economists and modellers started developing a systems model towards 
helping to see which groups of farmers will find the Striga tolerantlresistant 
varieties most useful; and nematodes have been implicated as a new biocontrol 
agent. One of the most fascinating things about Striga research is that there are so 
many angles from which to approach the problem. 

At present, the level of IITA's Striga tolerantlresistant varieties is only moderate; 
these varieties still suffer considerable yield loss under severe infestation. 
Nevertheless, progress is continuing; response to selection in our populations has 
still not reached a plateau. Furthermore, in combination with practices like "ridging 
up" weed control, the present striga tolerantlresistant varieties show a synergistic 
benefit greater than either component technology alone. 

Linkages to NARS 

The LITA considers NARS institutions as partners in research and will continue to 
share any new technologies and germplasm it develops and to benefit from similar 
advances made by national systems. The NARS must refine and adapt IITA 
technologies for their own local conditions and consumer preferences if they are to 
have any impact. 

International trials continue as our main modality of germplasm dissemination. 
The IITA is presently helping several NARS to establish streak resistance screening 
facilities and uniformly-infested Striga screening fields. We are also writing, in 
collaboration with several NARS scientists, a Striga methodology handbook to help 
transfer 'the full range of current Striga techniques to NARS. 

The NARS scientists often mention training as one of IITA's most valuable 
contributions. Computer and hybrid seed production 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 the not-too- 
distant future. 

In every ite mentioned above. IITA has benefitted immensely from the role 
played by SA 3RAD. Without the SAFGRAD Network system, we would simply 
not h. ve the n npower to keep even half of our collaborative links going. 
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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 CBte 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. IITA 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 are 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 

Data for daily rainfall for 40 years at Wenchi, a transition zone in Ghana, were 
analysed by the simple direct method. The analysis revealed that in 40% of the 
years the suitable planting date for maize in the major season occurred between 12- 
18 March. The risk of a false start was calculated as 0.1. The importance of the use 
of daily data for the analysis was stressed. The simple or direct approach method 
was used to answer such questions as dry spells and the start of the growing season 
for maize crop. 

Intraduc tion 

It is universally true that many areas which experience seasonal rainfall pattern 
also experience high year-to-year variability in the pattern of rainfall. Although the 
mean rainfall may seem adequate for crop growth, there is high probability that in 
any one year there may be marked extended drought resulting in insufficient 
moisture at critical stages of crop growth. 

Rainfall variability constitutes the dominant characteristic of the climate of Ghana. 
Adequate precipitation may not always coincide with critical crop growth stages due 
to the high year-to-year variability in the onset of rainfall. The date of planting is, 
therefore. critical and by correctly deciding on when to plant, the risk of crop failure 
may be minimised. Considerable difficulty has been experienced in establishing the 
most appropriate planting date and it has often been necessary to plant twice or even 
thrice in order to get a crop established. This irregular onset on rains has also made 
the interpretation of agronomic experiments quite difficult. 

The usual practice of determining the optimum planting time has been to plant a 
crop at various potential planting times and record the yields. The planting time 
resulting in the highest yield is then noted. This is usually done for a maximum 
period of five years and the mean of the optimum dates found each year is taken as 
the best planting time for the crop. The limitations of this approach arise from the 
high year-to-year variation in rainfall. Furthermore, a five-year period of data is 
extremely inadequate to arrive at any meaningful conclusions and, consequently, 
planting dates based on such data usually prove unreliable. Also there is a high 
probability that all five years will have extreme high or low rainfall and the mean 
optimum planting date will be correspondingly misleading. 

Maize is known to be particularly sensitive to water shortage immediately after 
germination and flowering. Glover (1959) emphasized that maize stomata do not 
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recover after a severe drought of 7 or more days, although leaves may recover their 
turgidity. Knowledge of the relationship between the number of dry days in the 
growth cycle of maize could be of great economic and agronomic value. 

The objective of this study was, therefore, to estimate the optimum planting time, 
with emphasis on dry spells, by analysis of climatic data alone. This alternative 
approach makes the obvious assumption about the relationships between 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 

a) DaLa Availability and Accuracy. The data for the study were made available by 
the Ghana Meteological Department in Accra. Data from 40 years (1950-89) were 
used. To ensure that any analysis performed draw valid conclusions, the quality of 
thc data was investigated at the initial stage of the analysis. Monthly totals were 
calculated and compared to monthly totals supplied by the Meteological Department 
and where there was any discrepancy, the necessary corrections were made. 

b) Start of Growing Season. In defining an event to mark the start of the growing 
season, Stern et al. (1982) emphasized that daily rainfall values should be used. 
Most authors have in  their studies of the start of rains used rainfall amounts 
summarized over years which makes i t  difficult to interpret the resulting average 
dates. The start of the growing season for this analysis was computed based on the 
simple assumption that the earliest date (D) is when rainfall is sufficient to provide 
water equivalent to or greater than one half of reference crop evapo-transpiration 
(ETo) and remain greater than ETo for the remainder of the growing season. The 
potential stan was considered a false start if a dry period of 7 days or more occurred 
in  the week after this date. The earliest date, D, as defined here, was chosen to be 
14 February before which farmers would normally not do any planting. Studies that 
have used this definition (rainfall - 112 ETo) include Benoit (1977) in the 
determination of the start of the growing season in Northern Nigeria. There are 
different methods used for calculating ETo values, but in the present study the 
Priesttly Taylor method was used. The minimum requirements for the Priesttly 
Taylor equation are the daily net radiation and the mean daily temperatures. Using 
these assumptions and procedures, a suitable planting date was determined for each 
year for the major rainy season. 

C) Dry Spells. A dry day was defined as a day when rainfall was zero or less than 
a threshold value of 0.85 mm. This threshold value was used to overcome the 
problems of data recording which sometimes vary from station to station and 
possibly between periods at the same station. Days on which less than 0.85 mm of 
rainfall occurred were considered dry. Daily rainfall data was used in this analysis 
to allow the risks of dry spells and probability of heavy erosive rainfall to be 
estimated (Stern et al., 1982). The daily observations were used to calculate the 
probabilities of dry spells of length 5, 7, 10 and 15 days in overlapping 30-day 
periods from 1st January Lo 31st December. 
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Results and Discussions 

The results indicated that for a sample of 40 years, late plantings occurred on 2nd 
April, 1983 and 4th April, 1988 (Table 1). A considerable variability in the 
distribution of the planting dates was found (Fig. 1). No simple explanation could 
be put forward for the large variation in the onset of the growing season in 
individual years. In a number of years, the early rainfall had been sufficient and 
exceeded half of ETo, but were usually followed by dry periods of one week 
duration or more. Thus, the term 'false start' of the growing season may be applied 
to such dates which had early rainfalls and yet were followed by long dry periods 
(Table 1). For the 40 years data, the risk of false start was calculated as 0.1 or 4 out 
of 40 years. 

A cumulative percentage distribution of the start of the growing season indicated 
that the median date for the start of the growing season was week 11 (12th-18th 
March) in 16 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. The results also showed 
that in 75% of the years, the start of rains occurred by week 12 (19-25 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 
probability were: week 11 (40%), week 12 (22.5%), week 13 (17.5%), week 14 and 
10 (7.5%) and week 9 (5%). It was, thus, obvious that the best time for the 40 year 
period to start planting was week 11 (12- 18 March) in the Wenchi area. 

Dry Spells. Results of the probabilities of dry spells are depicted in Fig. 3. The 
high probabilities ( =90%) of dry spells of 5 days or more occurred between 
January to the middle of March and from July to August. The probabilities were 
lowest during the rainy seasons in June and September. The 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 least 10 days were very low in June and in the 
middle of September. Rainfall at these periods is, therefore, reliable for maize 
growth. The problem of death of young crops especially soon after emergence is 
mainly due to false start of rains. This normally occurs when crops are sown during 
substantial rainfall but followed by long dry periods. In the Wenchi area, it is 
recommended that planting should not be done before March, since there is a high 
probability that a long dry spell of 10 days or more would occur. 
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Table 1. Predicted optimum start of the growing season in specific years in 
Wenchi, Ghana, 1950-89. 

- - 

Year Optimum Date Year Optimum Date 

March 28th 

March 22nd 

March 16th 

March 13th 

March 14th 

March 20th 

March 15th 

March 17th 

March 19th 

March 4th 

March 14th 

March 24th 

March 21st 

March 22nd* 

April 3rd 

March 15th 

March 14th* 

March 20th 

March 22nd 

March 20th 

March 10th 

March 3 1 st 

March 13th 

March 26th 

March 4th 

March 15th 

March 11 th 

March 28th 

March 13th 

March 17th 

March 16th 

March 26th 

March 13th 

April 2nd 

March 10th 

April 1 st 

March 3 1 st* 

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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Fig. 1 - Predicted Optimum Start of the Major Cropping Season, Wenchi, Ghana. 

100 

80 - 
e 

40 '  

m 

I 

0 .  
1 I 1 

11 12 
. - 

' 9  
L J 

10 13 14 ' - WEEK NUMBER 

Fig. 2 - Cumulative Percentages : Start of the Major Cropping Season, Wenchi, 
Ghana. 
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Fig. 3 - Probability of dry Spells at Wenchi, Ghana (dry Spell Length > = 5,7, 10. 
, 15 days in 30 days). 
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Abstracts 

One of the most important problem facing maize breeders is the identification of 
specific inbred lines that will produce high agronomic performance in hybrid 
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 lines with the best 
specific combining ability for hybrid production. The inbred lines included three S6 
lines derived from S3 lines received from CIMMYT and selected following topcross 
evaluation in Ghana; inbred lines 1393 and 1368 from IITA, and seven S6 Ghana 
inbred lines derived form Ejura (1) 7843. The evaluations were conducted at Ejura 
in the forest-savanna transition zone and at Nyankpala and Damongo in the Guinea 
Savanna zone. The diallel analysis was done using Griffin's Method 4 for the 
characters grain yield, plant height and number of days to mid-siling. 

The results revealed that both general combining ability and specific combining 
ability effects were significant for all three characters studied but the latter was more 
important than the former. General combining ability effect for grain yield was 
highest for GH24 derived from Ejura (1) 7843, for GH2 and GH3 derived from 
CIMMYT materials and for 1368 and 1393 from IITA. High specific combining 
ability effects were manifested by several single crosses. The highest specific 
combining ability effects based on grain yield were obtained for the crosses GH24 x 
GH3 and GH2 x 1368. The results showed that specific combinations existed that 
could be considered for further testing for possible commercial hybrid production. 
Also, the high general combining ability effects for particular lines indicated their 
possible use in forming synthetic varieties. 

Introduction 

Until 1986, the main focus of the national maize programme in Ghana was on the 
development of open-pollinated maize varieties. In 1986, a review team 
recommended that a modest effort should be devoted to the development of hybrid 
maize (Badu-Apraku and Arias, 1987). This was in the recognition of the fact that 
advances made in maize research and extension especially through the efforts of the 
Ghana Grains Development Project, has produced elite fanners who will be able to 
take advantage of the increased yield potential expected from hybrid maize. The 
initial approach to hybrid maize development was to select the Tuxpeno-based 
Population 43 from CIMMYT, Mexico, as the female population in the hybrid 
programme, since materials from this population had proved to have the highest 
yield potential in Ghana (Twumasi-Afriyie, 1983). Inbred line development was, 
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therefore, initiated in Ejura (1) 7843. It was of interest to determine which materials 
from the programme and elsewhere will combine well with inbred lines derived in 
the Tuxpeno material. Combining ability study was, thererore, initiated for these 
materials. The term combining ability is used to denote the perforniance of lines in 
hybrid combination (Sprague and Tatum, 1942). These workers also defined 
general combining ability (GCA) as the average performance of a line in hybrid 
combination. They also used the term specific combining ability (SCA) to refer to 
cases where particular hybrid combinations do relatively better or worse than would 
be expected on the basis of the average perfornlance of the lines involved. Thess 
concepts were developed qualitatively mainly by Griffing (1956) and have been 
widely applied both in crop and animal breeding. The objective of this study was, 
therefore, to identify inbred lines with the best specific combining ability for hybrid 
maize production. 

Materials and Methods 

A total of 12 inbred lines were used in the study: GH22, GH23, GH24, GH26, 
GH27. GH29, GH32, GHI,  GH2 and GH3 developed in Ghana's national maize 
programme: 1368 and 1393 developed by IITA, Ibadan, Nigeria. The first six of the 
Ghanaian inbred lines were S6 lines derived from Ejura ( I )  7843 through 
continuous selfing and selection. GHI, GH2 and GH3 were among 10 inbred lines 
received as S3 lines from CIMMYT i n  Mexico in 1987. The S3 lines were 
lopcrossed to Ejura (1) 7843 and also advanced to S5 by selfing. The three lines 
were selected as a result of the topcross evaluation and advanced to S6. Diallel 
crosses were made among the 12 inbred lines in 1988 by crossing them in all 
possible combinations. For the evaluations, parents and reciprocals were not 
included. Thus, the 12 inbred lines gave 66 entries. 

The experimental design was a randomized coniplete block, with two replications. 
The experiments were grown at Ejura in the forest-savanna transitional zone and at 
Nyankpala and Damongo in the Guinea savanna zone of Ghana. The land was 
ploughed and harrowed. At planting time, Primagram was applied at 2.5 kg a.i./ha. 
In Cyperus-infested areas, a combination of Sutan and Primagram at 1.8-2.5 kg 
a.i./ha was substituted for Primagram alone. 

Gross plots measured 5 m long, with 0.8 m row spacing and 0.5 m between plants. 
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 
applied in split-application at planting and at 4 weekds after planting. Plots were 
kept free of weeds by hand weeding whenever it was found necessary. 

Field data collected included number of days to silking, plant and ear height, 
lodging, grain n~oislure and grain yield. Specific to lodging, all plants broken below 
the upper eat (stalk-lodged) and those that had follen down at root level (root- 
lodged) constituted total lodging. Lodging data were transformed using the arcsin 
transformation. Streak infection was rated on a 1-5 scale, with I = resistance 
reaction and 5 = susceptible reaction. 
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The MSTAT Microcomputer statistical Programme, version 4.0 (Michigan State 
University, 1986) was used for all the statistical analyses. All the analyses of 
variance were based on individual plot means, except for plant and ear height which 
were on the mean for five competitive plants per plot. Environments were treated as 
random in the analyses. While varieties were considered fixed variables. A partial 
diallel analysis for general combining ability was done using the combined means 
and based on griffing Method 4 for p (p-1)/2 Fl's without parents nor reciprocals 
(Griffing, 1956). A spreadsheet programme based on formulae by Griffing (1956) 
was written on a microcomputer and used for the partial diallel analyses. For the 
purpose of this paper, three variables, namely: grain yield, plant height and number 
of days to 50% silking, were used. 

Results and Discussions 

Mean squares obtained for all three characters used in the study were highly 
significant. Subsequently, the genotypic variation was partitioned into variation due 
to GCA and SCA in a combining ability analyses. Both GCA and SCA effects for 
all three characters were highly significant (Table 1). It may be noted, however, 
that in this study, SCA effect was more important than GCA effect as indicated by 
the relative magnitude of the respective mean squares. 

Table 1. Mean squares from combining ability analyses of 12 maize inbred lines 
crossed in diallel and tested at three locations in Ghana. 1989. 

Source of 
d f 

Grain yield Plant height 50 % silking 
variation (kglha) (cm) (days) 

SCA 54 316,613,029** * 25,633,671** 2,757,081 ** 

Error 195 442,426 79 0.9 



Fig. 1 Hybrid array means of grain yield of 12 maize inbred lines, Ghana, 1989. 
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Table 2. Estimates of general combining ability effects for maize grain yield, 
plant height and days to 50% silking of 12 inbred lines tested at three locations in 
Ghana, 1989. 

Parent Grain yield Plant height 50% silking 
(kg/ha) (cm) (day) 

S. E. (gi-gi) 171.7 4.0 0.40 



186 Diullel Analysis of Maize Inbred Lines 

Table 3. Estimate of specific combining ability constants (sij) for maize grain 
yield of 12 inbred lines tested in diallel combinations in Ghana, 1989. 

S.E. (sij-sik) 515 i = j, k; j = k 
S.E. (sij-skl) 485 i = j, k, 1; j = k, I; k = 1 

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 1393 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, GHl, 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. Estimates of general combining ability variances associated with each 
maize inbred parent on plot basis for three characters, Ghana, 1989. 

Parent Grain yield Plant height 50% Silking 
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Table 5. Estimates of specific combining ability variances on plot basis 
associated with each maize inbred parent for three characters in a combining ability 
study. 

Parent Grain yield Plant height 50% Silking 
(kglha) (cm) (days) 

GH22 202 694.4 -28.56 -0. 16 

GH23 -83 330.2 -11.47 -0. 50 

GH24 53 101.9 -27.93 -0. 56 

GH26 -44 385.6 -21.82 a-o. 62 

GH27 6 619.9 -17.99 a-0. 38 

GH29 -5 1 342.2 -6.59 $0.58 

~ ~ 3 2  -99 959.3 54.66 1-0.45 

GH I -3 735.2 33.44 0.05 

GH2 134 893.5 28.58 3-0.25 

GH3 28 260.8 34.44 $0.40 

1368 694 438.5 -36.97 5-0. I I 

1393 -104 157.5 285.60 5-0.77 

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 lines GH24 and GH3 had low SCA variances 
(Table 5) hence, they transmit their high yielding ability uniformly to all their Fl's. 
On the other hand, 1368 had a high SCA variance associated with it, thus indicating 
that certain specific combinations involving this line yielded considerably more 
while others yieldless than expected. Overall, GH24 and 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 would be preferred. 
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Abstract 

The inheritance of the soft and floury endospenn of some local maize varieties of 
Ghana, Togo and Cameroon was studied in each of five generations derived from a 
cross between each local variety and the normal endosperm variety, TZESRW or 
832 1 -  18. The generations consisted of the F2, F1, reciprocal F1 crosses, 
backcrosses and reciprocal backcrosses. In addition, Fl crosses were made among 
the local varie-ties and the progenies selfed to obtain the F2 generation for tests for 
allelism. Chi-square analysis of the data indicated that the Ghana and Togo Locals 
possess the same single recessive gene for the floury endosperm. The Cameroon 
Local, however, was found to possess a different single recessive gene for the floury 
endosperm. Gene designations would be assigned to the two different single 
recessive genes conditioning the expression of the floury endosperm in the three 
local varieties after tests for allelism with other named genes are completed. 

Introduction 

Maize (Zea mays L.) is the dominant food crop in most of West and Central 
Africa. Maize forms the basis of the a wide range of local dishes and it is often 
consumed fresh on the cob. In the high maize-consuming countries. the local 
varieties with soft, floury endosperm are generally preferred because they can make 
better corn meal or dough. Even though a number of improved varieties which are 
higher-yielding have been released by the national maize programmes in col- 
laboration with the international research centres (IITA, CIMMYT and SAFGRAD). 
their adoption are not very high. The result is that the improved varieties have not 
had the expected impact on production. In Ghana, for example, during harvesting 
time when maize is abundant, a premium price is usually paid for the local maize. 
A major reason for the reluctance of some farmers to adopt the available improved 
varie-ties is that they do not possess the desirable grain type of the local varieties. 
For a long time, the national maize breeders and the scientists of the international 
research centres did not take into serious consideration consumer preference for the 
soft, floury grain texture in the development of improved varieties. However, there 
is now an increasing awareness of the need for the incorporation of the desirable 
grain characteristics of local varieties into improved cultivars. As a result. attempts 
are currently being made to incorporate the soft and floury characteristics of the 
local varieties into improved varieties by maize breeders in Ghana, Togo, Cameroon 
and Nigeria. 

Coe et al. (1988) have reviewed the inheritance of the floury grain textwe in the 
maize endosperm and reported that the expression of this character is conditioned by 
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several genetic factors, these including cf12, f l l ,  f12, f13, h, Mc, 01,02,05,07,09, 
010, 011, 012, 013, pro, sen 1 through sen 6 eb.. and sup 1. The h, 01, 02, 05, 07, 
09, 01 1,012, 013 and pro assort as simple mendelian the other hand, the expression 
of f l  I ,  f12, and f13 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 endosperm. Kermicle (&$&&) has 
indicated that a group of genes acting in  maize endosperm function in a manner that 
reflects their prior mode of sexual transmission. He used the term imprinting to 
denote the persistent influence of parentage and pointed out that the imprinting 
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 involving either 
nuclear or extranuclear factors are not considered as effects of imprinting. Two 
characteristics useful for distinguishing imprinting from other gene action control 
systems are: (a) observed ratios that reflect the gametic contribution of only one sex 
(i.e. phenotype i n  the immediate generation is not influenced by one parent) and, (b) 
the presence of two distinct phenotypes corresponding to the same heterozygous 
gene0 type. 

Several cases of preferential maternal expression have been reported for which the 
usual criteria of cytoplasmic inheritance and maternal sporophyte effects seemed 
inapplicable. These include the floury versus flinty composition of maize 
endosperm, mbrphology of F2 kernels borne by mize-teosinte hybrids, the esterase - 
2 protein (Schwartz, 1965) and R - mottling of maize kernels (kermicle, 1977). 

Published information on the inheritance of the soft floury endosperm of local 
maize varieties in West and Central Africa is completely lacking. A knowledge of 
the mode of inheritance of the trait governing the floury endosperm of the local 
varieties would be useful in designing breeding strategies for incorporating the gene 
(s) into improved varieties. The objectives of this study were, therefore, to: 

a) Examine the mode of inheritance of the soft, floury endosperm of some local 
maize varieties from Ghana, Togo and Cameroon, and 

b) Determine whether the same gene conditions the expression of the soft, floury 
endosperm of these local varieties. 

Materials and Methods 

Three floury endosperm local varieties designated as Volta Region Local, Togo 
Local and Cameroon local were obtained from Ghana, Togo and Cameroon, 
respectively, for this study. Reciprocal F1 crosses were made between the early, 
white, normal endosperm variety, TZESR - (w) and each of the local varieties, 
except Togo Local which was reciprocally crossed onto the white, normal 
endosperm single cross hybrid, 8321-18. A few F1 kernels from each cross were 
bulked, planted in the field at Ibadan, Nigeria, and selfed to obtain the F2 
generation. Also reciprocal backcrosses of the F1 progeny to the respective local 
variety were produced. In addition, F1 crosses were made among the local varieties 
and the progenies were selfed to obtain the F2 generation. 
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In 1990, the kernels from the reciprocal F1 crosses (Local x normal o and normal o 
x (Local), backcross (IocaVnormal o x local and local o x locallnormal) and the l?? 
generations were screened to determine the distribution of normal (translucent) and 
floury (opaque and semi-opaque) kernels from individual ears. The screening was 
done with the aid of flourescent light arranged in a box so that transmission of light 
through the endosperm could be observed. 

The number of ears screened for each generation was 6-10, 10-15 and 20 for the 
F1, backcross and F2, respectively. The opaque and semi-opaque kernels were 
combined into one category to facilitate chi-square tests and genetic interpretation. 
Chi-square analyses were utilized to test the goodness of fit of the individual 
segregation ratios to various models. 

Results and Discussion 

a) Volta Region and Togo Locals. The results showed that only a few of the 
kernels of the F1 ears from the crosses, 8321-18 o x Togo Local o and TZESRW o x 
Volta Region Local o were floury (Tables 1 and 2), indicating recessiveness of the 
trait conditioning the floury endosperm of the local varieties. However, in the 
reciprocal matings, about 30% (223 of 738 kernels) and 37% (309 of 830 kernels) of 
the F1 progrny of the crosses involving Volta Region local and Togo local, 
respectively, were floury, whereas only normal kernels were expected. The F2 
kernels segretated in a ratio of 3 normal to 1 floury, suggesting that the floury 
endosperm of each of the local varieties is conditioned by a single recessive gene. 
The progeny o of the backcross to the floury endosperm parents, Togo Local x 
(Togo Local x 8321-18) o and Volta Region local o x (Volta Region Local x 
TZESRW) o segregated in a normal floury ratio of 1:1, again providing a good fit 
for a single recessive gene model of inheritance. In the reciprocal backcrosses, the 
kernels segregated in a ratio of 3 normal to 1 floury, instead of the expected ratio of 
one normal to one floury. 

Contrary to expectation, a small percentage of the kernels were rated as floury in 
the F1 crosses in which the normal endosperm parents served as female. This was 
probably due to rnisclassification of some kernels fue to their thickness which made 
it difficult for light to pass through, even though they might have possessed normal 
endosperm. The presence of floury endosperm kernels instead of only normal 
kernels in the F1 crosses in which the floury parents served as females and the 
deviation of the reciprocal backrosses (floury parent as male) from the expected 
normal to floury ratio of 1 : 1 suggests that the inheritance of the floury endosperm in 
Togo and Volta Region locals are not dosage-dependent. Mendelian inheritance 
assumes equivalent gene expression following passage through male and female 
gametophytes. In this study, there was phenotypic inequality in the segregation of 
the kernels in F1 whenever the floury endosperm parent was used as the female, 
indicating that parental influences were involved in the inheritance of the floury 
endosperm in the Togo and Volta Region locals. This finding is in support of 
kermicle (1977) who reported that the class of genes acting in the maize endosperm 
function in a way that reflects their prior mode of sexual transmission and denoted 
the persistent influence of parentage as imprinting. According to this worker, two 
distinguishing features of imprinting are that the observed ratios should reflect the 
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gametic contribution of only one parent and two distinct phenotypes corresponding 
to the same heterozygous genotype should be present. The occurrence of both 
floury and normal kernels phenotypes on individual FI  ears rules against 
determination of this variation by the genotype of the maternal sporophyte, either 
nuclear or cytoplasmic. 

Table 1. Distributions of floury (opaque) and translucent kernels of generations 
derived from a cross between a soft, floury endosperm maize variety, Volta Region 
local and normal endosperm maize variety, TZESRW. 

Observed kernel Expected kernel 
(no) (no) 

Generations Translucent Opaque Translucente Opaque P value 

(Volta region local x 
TZESRW) Q x Volta region locald 3543 1186 2364.5 23645 1173.7* 

Volta regional local Q x 
(Volta region local x TZESRW) d 1522 1457 1849.9 14895 1.38 

Volta region local Q x 
TZESRW d 515 223 

TZESRW Q x Volta region locald 2241 19 

(TZESRW x Volta region l o d  F2 
4618 1484 4576.5 15255 1.49 

* Significant at P = 0.05 

Table 2. Distribution of floury (opaque) and translucent kernels of generations 
derived from a cross between a soft, floury endosperm maize variety, Togo local, 
and a normal endosperm maize variety, 8321- 18. 

Expected kernel Observed kernel 
(no) (no) 

Generations Translucent Opaque Translucent Opaque P value 

(Togo local x 832 1 - 18) Q x Togo 
local d 3766 1455 2610.5 2610.5 1022.04* 

(Togo local 9 x (Togo local 1388 1296 1342 1342 3.08 

x 8321-18) d 

* Significant at P = 0.05. 
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b) Cameroon Local. The F1 kernels from the cross TZESRW x Cameroon 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 classified as normal while 42% were floury. The F2 kernels segregated in a 
normal floury ratio of 3: 1, thus providing a good fit to a single-gene model of 
inheritance. The backcrosses to TZESRW segregated in a ratio of 1 floury to 1 
normal, thus supporting the hypothesis that a single recessive gene controls the 
floury endosperm in the local variety. In the reciprocal backcross in which the 
floury parent served as the female, there was a significant deviation from the 
expected 1:l ratio of floury to normal kernels. For example, in the recirpocal 
backcross to Cameroon local, 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 F1 
kernels in which the TZESRW served as female parent, the F2 and backcross with 
the floury parent as female followed the ratios expected for a single, recessive gene 
model of inheritance. 

Table 3. Distributions of floury (opaque) and translucent kernels of generations 
derived from a cross between a soft, floury, endosperm maize variety, Cameroon 
Local, and normal endosperm maize variety, TZESRW. 

Observed kernel Expected kernel 
(no) (no) 

Generations Translucent Opaque Translucent Opaque P value 

(Cameroon local x TZESRW) 9 
x Cameroon local d 2256 2336 2296 2296 1.36 

Cameroon local 9 x (Cameroon 1500 3234 1917 1917 180.98' 
l d  x TZESRW) d 

Cameroon local 9 x E S R W  d 1 116 783 

TZESRW 9 x Cameroon locald 2551 123 

(TZESRW x Cameroon local) FZ 4924 1709 4974.75 1658.75 2.03 

* Significant at P0.05 

The presence of a few floury kernels in the F1 in which the normal parent served 
as a females may have resulted from mis-classification of some kernels due to their 
abnormal shape andlor thickness. The unexpected segregation of the kernels in the 
F1 and the deviation from the expected 1 normal to 1 floury in the backcross 
progenies in the matings in which the Cameroon local served as the female, may be 
explained in terms of epigenetic variation which presumes that the genetic material 
has the potential to reflect some prior influence of parental sex in its subsequent 
expression (Kermicle, 1977). In otherwords, the observed deviations could be due 
to diffqences in the expression of the gene for floury endosperm following meternal 
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and paternal transmission to the endosperm, i.e. to imprinting (Kermicle, 1977). At 
any rate, the overall data support a single, recessive gene model of inheritance of the 
floury endosperm in the Cameroon local. 

c) Genetic Allelism of Floury Endosperm. The results of the test for allelism 
conducted to ascertain whether the genes for the floury endosperm in the three local 
varieties were 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, except 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 VOlta Region 
locals have the same single recessive gene conditioning the expression of the floury 
endosperm. 

Apart from the cross between Volta Region Local and Togo Local, the F2 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 inheritance. Therefore, it 
is assumed that only the Volta Region local and Togo local have the same gene for 
the floury endosperm, and that BSR8l has a different single recessive gene for the 
floury endosperm. 

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 I ,  f12, f13) and when the additional studies currently 
going on are completed. 

Table 4. Segregation of floury (opaque) and translucent kernels of F2 generation 
derived from crosses involving soft, floury endosperm local variety. 

Crosses 

Observed kernel Expected kernel 
(no) (no) 

Tmnslucent Opaque Translucente Opaque P value 

(Volta region x Togo local) F-2 697 6474 0 7171 

(Volta region local x Cameroon 2349 1726 2292.21 1782.83 3.16 
local) F-2 

(Cameroon local x Togo local) El 1882 1382 1836 1428 2.58 
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Abstract 

Nitrogen is an important nutrient which directly influences the yield of maize (Zea 
mays, L.) and other non-leguminous crop plants. This study was conducted to 
determine whether the pattern of nitrogen response in a lowland tropical maize 
population was altered by six cycles of recurrent selection for improved agronomic 
perfomancc. In 1986, cycle 0, 2 , 4  and 6 of CIMMYT Population 43, improved 
using full-sib family selection for high grain yield and other important agronomic 
traits, were evaluated in replicated field experiments at 0, 80 and 160 kg N/ha and 
under 50,000 plantsha density at six locations in Ghana. 

Individual cycle responses showed that grain yield, plant height, lodging, and ear 
acceptability increased; days to mid-silk decreased, and grain moisture and number 
of ears per plant did not change as fertilizer N was increased. However, most of 
these changes occurred at 80 kg Nha. Identical N response patterns were observed 
in cycles 0 through 4. The pattern observed in cycle 6 for grain yield was different 
from the other cycles. Progress per cycle of selection for grain yield, days to mid- 
silk, plant height, and lodging were all highly significant. Full-sib selection was 
effective for improving grain yield, days to mii-silk, plant height, and lodging in the 
population at 80 or 160 kg Nha. Also, recurrent selection seemed to have indirectly 
altered the N fertilizer response of the population. 

Introduction 

Nitrogen (N) is an essential plant nutrient which influences the growth, 
development and productivity of maize (Zea niays L.) and other non-leguminous 
crop plants. Because the available N is limited in most soils, inorganic N fertilizers 
are usually applied to maize. Increase in the N supply may influence the grain yield 
of 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 hybrids (Krantz and Chandler, 1954). 

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 Schrader, 1977; Pollmer et al., 1979). Genotypic variation for 
N utilization has permitted selection for this trait in maize (Muruli and Paulsen, 
1981; Moll et al.,  1987). 
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Maize breeding programmes traditionally develop varieties under high levels of N 
fertilization. Since genotypic variation for N-utilization exist i n  maize, the N 
response of the original population is probably altered in successive cycles through 
recurrent selection for improved agronomic peruormance. Preliminary work in the 
U.S.A. (Muruli and Paulsen, 1981; Kamprath et al., 1982) and in Kenya (Allan and 
Darrah, 1978) appear to support this hypothesis. However, little information 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 populations, 
probably because the increase in productivity associated with increase in these 
factors goes to increase non-yield plant components (Goldsworthy et al., 1974). To 
what extent recurrent selection for improved agronomic performance also affects the 
N response of tropical maize is not known. 

The objectives of the present study were, therefore, to: (a) determine if changes 
have occurred in terms of response to N fertilizer in  a lowland lropical maize 
population following six cycles of recurrent selection, and (b) estimate genetic gains 
from full-sib family selection for grain yield and otber important agronomic traits in 
the population under different rates of applied N fertilizer. 

Materials and Methods 

Nitrogen response of cycles 0, 2, 4 and 6 of CIMMYT maize Population 43 (La 
Posta) was studied in Ghana, West Africa. CIMMYT Population 43 is a white dent, 
late maturing Tuxpeno-related synthetic maize which produces tall and vigourous- 
growing plants, well adapted to lowland tropics (Pandey et al., 1986; CIMMYT, 
1987). Cycles 1 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 
lowland tropics. Some 250 full-sib families were evalualed in each country and, 
based on the international yield trial and stress nurscry (CIMMYT only) data, 
approximately 40% superior families were selected using an independent culling 
procedure. Grain yield, days to mid-silk, plant and ear heights, lodging, and disease 
reaction were the major traits considered for improvement. Details of the selection 
schemes have been well described (Pandey et al., 1986). 

The experimental design employed in evaluating the cycles was a randomized 
complete block in split-plot arrangement, with four replications cach at Nyankpala, 
Damongo, Pokuase. Ejura, Kpeve and Kwadaso. Ghana, in 1986. Nitrogen rates 
were assigned to main plots and selection cycles were the sub-plots. Sub-plots 
consisted of two 5m rows spaced 0.8m apart. Hills were spaced 0.5m, over-planted 
and thinned to two plants per hill at the 6-8 leaf stage to give a uniform population 
density of 50,000 plantslha. All trials were rainfed, except at Kwadaso where 
irrigation was applied. Nitrogen rates of 0, 80 and 160 kg Nlha 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 P205Iha to all plots as 
triple superphosphate prior to planting. No potassium (K) was applied because of 
consistent lack of response of maize to this nutrient element in Ghana (Ahn, 1970; 
Dennis, 1983). 

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 weight 
per sub-plot by an assumed 0.8 shelling factor. A 250-g grain sample from each 
sub-plot was analysed using an electronic moisture meter to estimate grain moisture 
at harvest (fresh weight basis). Grain yield was expressed as Mgha adjusted to 
150gikg moisture. Lodging was visually scored on a 1-5 scale, where I = all plants 
erect and 5 = all plants broken below the ear or leaning at an angle greater than 45-. 
Ears were visually scored for acceptability also on a 1-5 scale, where 1 = good and 5 
= poor ears based on uniformity of size, kernel rows, kernel texture, and damage 
from ear rots and insects. Plant height was measured as the distance between the 
base of the plant and the point where tassel branching began. Number of ears per 
plant, and days to mid-silk were computed. 

Cycles of selection and N levels were considered fixed effects and environments 
were considered random effects. Analyses of variance were computed in each 
environment (location) and combined over locations for all traits (Steel and Torrie, 
1980). Response to selection was estimated as the regression coefficient of the 
linear regression of the mean value of trait on number of selection cycles (Hallauer 
and Miranda, 198 1). 

Results and Discussion 

The combined analyses of variance for all traits measured are presented in Table I .  
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 ear acceptability, while the cycle x environment 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 diffferent N regimes. In other words, the nature of the N and 
cycle responses can be explained entirely by their main effects (Table 2). 
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Table 1. Combined analyses of variance for the agronomic traits measured, 
1986. 

Source of Grain yield Mid-silk Plant height Lodging + Ear 

Variation (mdha) (days) (cm) (score) acceptability + 
(score) 

Environnments (E) 5 76. I *  
ReplicationsE 18 5.0 
Nitrogcn (N) 2 132.9* 
E x  N 10 3.8 
Error (a) 36 3.1 
Cycles (c) 3 3.6* 
C x N  6 0.4 
C x E 15 0.6* 
C x N x E  30 0.4 
Error 162 0.3 
C.V. % - 13.7 

* Significant at P = 0.05. 
+' Data from 5 environments, 1 = no lodging or good ear ; 5 = all plants 

logdged or poor ear. 

Table 2. Mean response of six cycles of selection in CIMMYT Population 43 to 
N fertilization. 

-- - - 

Nitrogen Populalion Grain Mid-silk Grain Plant Earsper Lodging Ear 
applied cycle yield (days) moisture height plant score acceptabi l i ly 

mgha (gkg) (cm) (No) score 

kgha 
CO 2.89 58.1 248 192 0.90 1.9 3.5 
C2 2.93 57.3 242 181 0.90 1.9 3.6 

0 C4 2.86 56.6 239 178 0.93 1.9 3.5 
C6 3.15 56.0 247 174 0.91 1.8 3.3 
X 2.96 57.0 244 181 0.91 1.9 3.4 

CO 4.15 57.1 250 198 0.91 2.2 3.1 
C2 4.14 56.4 214 198 0.93 2.3 3.1 

Ovenll c 4  4.23 55.5 244 182 0.93 2.0 3.1 
C6 4.62 54.8 245 183 0.93 1.9 2.8 
X 4.29 56.0 246 189 0.93 2.1 3.0 

SE : 0.25 0.3 NS 5 NS 0. 1 0.1 

Nilmpcn m a n s  0.10 0.2 NS 2 NS 0.1 0.1 

Cycle m a n s  0.17 0.2 NS 3 NS 0.2 0.2 

Cycle m a n s  rl same N level 0.29 0.4 NS 5 NS 0.2 0.2 

N mmns a1 umddiII~ma rych 
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Mean grain yield at zero fertilizer N was about 37 and 43% lower than grain yield 
at 80 and 160 kg Nha, respectively. Grain yield at 160 kg Nlha was 10% higher 
than at 80 kg Nha, but the difference was not significant. The relatively high yield 
under unfertilized conditions indicated a high soil residual N at the experimental 
sites. 

Treatment means for the other agronomic traits showed their response to N 
fertilization was similar at 80 and 160 kg Nlha. There was a significant delay in silk 
emergence and a significant reduction in plant height and lodging in the absence of 
N. Maize ears from plants grown without N fertilizer were rated less acceptable 
than ears from plants which received fertilizer N. Though silking was delayed by 
two days when fertilizer N was not applied, no significant differences were observed 
among N treatments for grain moisture content at harvest, indicating that the grains 
dried at a faster rate in N-deprived plants. 

The grain yield of individual cycles as affected by N fertilization is illustrated in 
Fig. 1. Grain yield of all cycles increased as fertilizer N supply was increased, but a 
much greater yield response was obtained when 80 kg Nlha was applied than with 
160 kg Nlha. The yield response was similar for cycles 0 through 4 and slightly. but 
significantly higher for cycle 6. 

Fig. 1. Relationship between fertilizer N applied and grain yield of selection 
cycles 0 to 6. 
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The effects of N fertilization on days to mid-silk, plant height, lodging and ear 
acccptability followed the same trend as observed for grain yield. Days to mid-silk 
decreased and plant height, lodging and ear acceptability increased as N supply was 
increased. Grain moisturc and number of ears per plant wcre not significantly 
influenced by fcrtilizcr N application. Nitrogen response of thc original population 
did alter significantly through selection for increased agronomic performance. 

Least squarc estimates of linear response per cycle of full-sib fanlily selection are 
shown in Table 3. Linear gains per selection cycle were highly significant for grain 
yield, mid-silk, plant height, and lodging at 80 and 160 kgln ha. Grains wcre highly 
significant also for mid-silk and plant height under thc unfertilized condition and 
when estimated over the three N levels. 

Linear incrcase in grain yield pcr cycle was 2. 1% at 80 kg Nlha and 1.8% at 160 
kg Nlha. These rates of lincar increase were low compared with thc 2.5% reported 
by Pandey er. al., (1986) and 5.4% reported clscwhere in  the literature. The 
rclatively low selection intensity (40%) used by be the reason for thc low linear 
incl-casc in grain yield per cycle. Co~nparable progress per cycle of selection werc 
made in  reducing plant height and mid-silk at 80 and 160 kg Nlha. but the gains 
were less than those reported by Pandy et 01.. (1986). The greatcst gain was made in 
reducing lodging at 80 kg Nlha (by 3.5%) and at 160 kg Nlha (by 2.8%). No 
significant response from selection was observed l'or grain moisture, ear 
acceptability, and number of ears per plant at both N levels. Pandy et al.. (1986) did 
not report on grain moisture, hut they also did not observe any significant progress 
in the sclcction for ear acceptability and cars per plant. 

Table 3. Progress pcr cyclc of full-sib selection for four traits under three N rates 
and across N rates. 

N treatment Grain Mid-silk Plant Lodging 
(kg Nlha) yield height 

80 2.08** - 0.76** - 1.48** - 3.48** 

160 1.80** - 0.74** - 1.39** - 2.80** 

Mean 1.57 -0.68** - 1.39** - 2.78 

*, ** Significant at P = 0.05 and 0.01 levels of probability, respectively. 
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Much less progress from selection was observed for mid-silk and plant height than 
reported by Pandy et al., (19861, probably due to differences in environments and in  
the method used in estimating the progress. 

In conclusion. it is evident that Nitrogen fertilizer effects on the number of days to 
mid-silk, grain moisture, plant height, lodging, ears per plant, and maize ear 
acceptability were similar in all the cycles evaluated. Identical N effects were 
observed for these traits at 80 and 160 kgm. The N response pattern observed in 
cycle 6 for grain yield was different from the other cycles. Significant progress was 
made in increasing grain yield and reducing the number of days to mid-silk, plant 
height, and lodging under 80 and 160 kg Nha. Results from the 6 cycles studied 
suggest that: ( i )  full-sib selection was effective in improving grain yield, mid-silk, 
plant height, and lodging in the population under 80 or 160 kg N ha-1 and, (ii) 
recurrent selection for improved agronomic performance seemed to have indirectly 
altered the N response of the population. 

References 

Ahn, P. 1970. West African Soils. Oxford University Press Ely House, London, 
W. 1. 332 p. 

Allan, A.Y. and L.L. Darrah. 1978. Effects of three cycles of reciprocal 
recurrent selection on rhe N and plant population response of two maize hybrids in 
Kenya. Crop Sci. 18: 1 12- 114. 

Chevalier, P and L.E. Schrader, 1977. Genolypic differences in nitrate 
absorption and partitioning of N among plant parts in maize. Crops Sci. 17: 897- 
901. 

CIMMYT. 1987. CIMMYT Report on Maize Improvement. Mexico, D.F. 

Dennis, E.A. 1983. Fertilizers for maize on Ghanaian Soils. Summarized Proc. 
1981- 1984. Ghana National Maize Workshop, Ghana Grains Dev. Project, Kumasi, 
Ghana. pp. 84-87. 

Fischer, K.S. and F.E. Palmer. 1980. Yield efficiency in lropical maize. In: 
Proc. Symposium on potential productivity of field crops under different 
environments. IRRI, September 22-26, 1980. 

Goldworthy, P.R.A., A.F.E. Palmer, and D.W Sperling, 1974. Growth and 
yield of lowland tropical maize in  Mexico. J. Agric. Sci. 83: 223-230. 

Hallauer, A.R. and J.B. Miranda. 1981. Quantitative genetics in maize 
breeding. Iowa State Univ. Press, Ames. Iowa. 

Harvey, P.H. 1939. Hereditary variation in plant nutrition. Genetics 24:437-461. 
Kamprath, E.J., R.H. Moll and N. Rodriguez, 1982. Effects of nitrogen 



202 Eflecr.7 oj-Six Cycles of Renrrrenr Selecrion 

fertilization and recurrent selection on performance of hybrid population of Zea 
mays L. Agron. J. 74: 955-958. 

Krantz, B.A. and W.V. Chandler. 1954. Fertilizer corn for higher yields. North 
Carolina Agric. Expt. Station Bull. 366. 

Moll R.H., E.J. Kamprath and W.A. Jackson. 1987. Development of nitrogen 
efficient prolific hybrids of maize. Crop Sci. 27: 181- 186. 

Muruli, B.I. and G.M. Paulsen. 1981. Improvement of nitrogen use efficiency 
and its relationship to other traits in  maize. Maydica 26:63-73. 

Pandy, S., A.O. Diallo, T.M.T. Islam and J. Deutsch. 1986. Progress from 
selection i n  eight tropical maize populations using international testing. Crop Sci. 
26: 879-884. 

Pollmer, W.G., D. Eberhard, D. Klein and B.S. Dhiilon. 1979. Genetic control 
of nitrogen uplake and translocation in maize. Crops Sci. 19:83-86. 

Steel, R.G.D. and J.H. Torrie, 1980. Principles and procedures of statistics. 
McGraw-Hill Book Company Inc. New York. 

Viets, F.G. 1965. The plant's need for the use of nitrogen. In: W.V. Bartholomew 
and F.E. Clark (ed). Agronomy 10 10:503-549. 

Yamaguchi, J. 1974. Varietal traits limiting the grain yield of tropical maize. 11. 
The growth and yield of tall and short varieties. Soil Sci. Plant Nutr. 20: 145-154. 



Comparaison de Méthodes d'Appréciation de la Stabilité de 
la Productivité de Variétés de Maïs en Zone Semi-Aride. 

ABDOU NDIAYE 

lnstitiit Sénégalais de Recherche Agricole (ISRA). 

Résumé 

L'adaptabilité de 13 variétés de maïs résistantes etfou tolérantes à la sécheresse est 
étudiée sur la base de leurs rendements moyens dans 14 IocalitCs réparties dans 9 
pays. La stabilité du rendement a été discutéc afin de proposer une stratCgie d'action 
qui maximisera les chances de mettre à la disposition de l'agriculteur moyen de la 
sous-rCgion une gamme de variCtés stables ct performantes lui permettant d'ajuster 
ses plans de culture en fonction des aléas climatiques, de la pression parasitaire et 
des besoins du marchC. 

Introduction 

Obtenir des rendements élevés et rCguliers a toujours été une prCoccupation 
majeure des ~Clectionneurs et des agriculteurs. Dans la zone semi-aride d'Afrique 
Occidentale et Centrale, l'adaptabilité etfou la stabilité gCnérale des varietCs a CtC 
toujours d'une importance particulithe suite aux grandes variations édaphiques ct 
saisonnières entre les différentes localités. 

Dire, cependant, que tous les milieux n'ont pas la même aptitude à révéler les 
potentialités variétales c'est conclure, en somme, à l'existence d'interaction génotype 
x environnement constituant en elle-même une inforniation riche. De ce fait, la 
régularité du rendement correspondrait à un des aspects nombreux et divers des 
relations génotype x environnement, lesquelles ont donné lieu à unc terminologie 
abondante. DiffCrentes methodes d'ttude de la stabilitt du rendement, ont dtC niises 
au point pour obtenir des variétés stables à partir des résultats de réseaux d'essais 
variétaux ( Freeman et Perkin, 1973; Jacquot, 1974; Weil et Ngoc Quoi, 1974; 
Sanou et Sauvaire, 1988 ). 

Dans ces travaux, les interactions gCnotype x environnenient ou génotype x saison 
ont CtC les principales sources de mesure de l'adaptabilité varietale. La stabilité du 
rendement Ctant ainsi à l'ordre du jour, dans les prCoccupations des stlectionneurs. il 
nous a paru utile de faire le point de ce que l'on connaît comme méthodes sur la 
question. 

Pour ce faire, nous avons profit6 du large rCseau d'expérimentation multilocale du 
SAFGRAD pour ainsi Ctudier la stabilité de la productivitt de variétes de maïs en 
zone semi-aride par le biais des principales mCthodes de mesure jusqu'alors 
proposées. Ceci nous permettra de faire, d'une part la comparaison desdiles 
méthodes et de faire, d'autre part, des propositions allant dans le sens de l'adoption 
d'une stratCgie bonne à maximiser les chances de choisir des variétés stables ct 
perfoman tes. 



Matériels et Méthodes 

Les variétés étudiées sont essentiellement des composites provenant de l'essai 
RUVT 1 ; variétés tolérantes et/ou résistantes à la sécheresse. Bien que d'autres 
caractères morphologiques, agronomiques et de régularité du rcndement aient étC 
observés, seul le rendement en grain a étC pris en compte. 

Le dispositif expérimental utilisé pour 1'Cvaluation est du type essai en blocs 
complets randomisés avec 4 répétitions. La parcelle Clémentaire comporte 4 lignes 
de 5,O m de long ; les écartements étant de 0,75 m entre les lignes et de 0,40 m entre 
les poquets. Différentes techniques statistiques ont étC développées pour comparer la 
performaiicc du lot de variétés. Parmi celles-ci on peut citer : 

- l'identification de l'adaptabilité des variétés à partir de la mise en Cvidence et de 
la partition de l'interaction variété x environnement. Deux diffkrentes approches sont 
possibles : ( i )  l'approche des sites homogènes relative à la classification des sites eii 
groupcs hoinogèncs de façon que l'interaction génotype x environnement ne soit pas 
significative. ( i i )  l'approche des traitements homogèncs qui consiste àidentifier la ou 
les variété(s) dont la contribution àl'interaction génotype x environnement est 
importante ou mieux, les variétés dont la performance varie largement à travers les 
sites et qui seront considérées comme ayant une adaptahilit6 trop étroite. 

- l'utilisation de la technique de régression, idée de Yates et Cochran (1938) que 
reprirent Finlay et Wilkinson (1963) qui caractkrise chaque environnement par le 
rendement inoyen de tous les gknotypes testés daiis cet environnement et calcule 
pour chaque génotype la régression du rendement individuel sur le rendement 
moyen de tous les génotypes dans chaque environnement. 

- deux autres auteurs, Eberhart et Russel (1966), ont fourni une importante 
contributioii à la définition de la stabilité du rendement. Etant donnC qu'une même 
droite de régression peut être en effet tracCe à partir d'un nuage plus ou moins large 
de points. ils ont ajouté au coefficient de régression b la somine des carrCs des écarts 
par rapport à la droite de régression, Sd2, pour caractCriser une variCtC ; b et Sd2 
sont, pour ces deux auteurs, les deux paramètres de la stabilitC d'une variétC. 

D'autre part, les niêines auteurs caractérisent I'environnement Ej par un index Ij 
déduit de la moyenne Mj de toutes les variCtCs testées dans I'environnement Ej et de 
la moyenne génCrale M par la formule Ij = Mj - M. Il s'agit donc en fait d'un 
changement d'origine par rapport à la mesure de I'environnement chez Finlay et 
Wilkinson ( 1963 ). 

- Letourmy (1989), faisant la synthèse des diffkrentes approches, propose une 

méthodologie d'Ctude de la stabilité du rendement dans les regroupements d'essais 
variétaux. Une telle mCthode d'étude et d'analyse des résultats s'effectue en trois 
étapes : (i) analyse des essais individuels ; (ii) sClection des essais de même variance 
résiduelle par les tests d'égalité des variances (Test de Bartlett par ex) ; (iii) analyse 

dans chaque groupe d'essais de variance homogènes. 
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- enfin, l'utilisation des tests non-paramétriques. 

Dans les calculs de moyennes et de régression qui vont suivre. la transformation 
loganthmique a été utilisée pour la .variable rendement car elle permet d'obtenir, 
d'une part, un haut degré de linéarité dans la régression des rendements individuels 
sur les moyennes de rendement par site et, d'autre part d'induire un degré 
raisonnable d'homogénéité de l'erreur expérimentale ( Finlay et Wilkinson 1963 ). 

Résultats et Discussions 

1 Analyses Statistiques : Regroupement des essais 

L'analyse de la variance faite séparément pour chacune des 14 localités, est 
consignée'dans le Tableau 1. 

Des regroupements d'essais variétaux ont été testés en tenant compte de 
l'homogénéité des variances résiduelles des expériences grâce à la méthode de 
Bartlett. Le Tableau 2 montre les différents groupes ainsi obtenus. L'analyse de 
vanance réalisée pour les groupes 1 et il ( Tableau 3 ) montre un effet "localité" 
significatif. L'interaction génotype x localité étant non significative pour le groupe 
II, on en déduit que la réponse variétale est identique sur l'ensemble des essais et des 
lieux concernés. Quant au groupe 1, l'interaction génotype x localité est significative, 
alors sa structuration a été effectuée ( Tableau 3 ). 



Tableau 1. Analyse de variance individuelle localitC par localitk. 

CARRE MOYEN 

- - - . -- 

Sce var. Ddl. Bagou Ina. F. Ba Ngklo. Sang. Cedou. Sombé Dang. Nygpla. B. Khan. Sotba. Gassi. Ttgou. Brouk. 

Gtnotype 12 0.323 0.007** 0.035 0.018** 0.004 0.025 0.009 0.025 0.005* 0.004 0.004 0.031 0.091 0.011 

C.V. (%) 14.43 % 1.21 1 5.46 % 1.73 1 1.39 % 3.79 % 3.45 % 4.25 % 1.32 % 1.79 8 1.52 % 5.32 % 8.62 % 2.12 8 

Pays Btnin Btnin B. Faso B. Faso B.Faso CAMRN R.C.A. GHANA GHANA GUINEE MALI TCHAD TOGO TOGO 

*+ = Test F significatif à 1% 
* = Test F'significatif à 5% 
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Tableau 2. Résultats de regroupement des essaisnest de Bartlett. 

Groupe LocalitCs (Pays) X2 obs ~2 5.5 % 

1 Ina (BCnin), Niangoloko (Burkina Faso), SanguérC 6.83 1 1 ,O7 
(Cameroun), Nyankpala (Ghana), Bordo Kankan 
(Guinée), Sotuba (Mali). 

II Farako-Bâ (B. Faso), Soucoundou (Cameroun), 937 1 1.07 
SoumbrC (R.C.A.), Damongo (Ghana), Ferme de 
Gassi (Tchad), Broukou (Togo). 

III Bagou (Btnin), TantiCgou (Togo). 2,26 3,83 

Tableau 3. Analyse de variance intragroupe des 13 varittés testées. 

Source de variation ddl Groupe 1 Groupe II 

LucalitC 5 

Rtp. (localités) 18 

GCnoty pe 12 

Gknotype x local 60 

RCgressions 12 

Dtviation 48 

Rtsiduelle 216 

cv (a) 

*** : F significatif à 0.1%, 
** . F significatif à 1%. 
* F significatif à 596, 
ns : F non significatif. 

Ainsi on peut noter que 8 3 %  de la composante de la variance gtnotype x 
environnement est attribuable aux régressions linéaires. La variance rksiduelle 
gtnotype x environnement (0.0121) est trbs largement suptrieure à la variance 
expérimentale. 
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II Stabilité du Rendement 

La stabilité correspond en général au terme régularité ou adaptabilité. Elle peul se 
définir ici comme la capacité d'une population de s'accommoder de changements 
d'environnements, c'est-à-dire de demeurer fonctionnelle dans une série 
d'environnements diffdrents. 

L'analyse de la stabilité a porté sur six (6) localités. Deux principales méthodes 
sont utilisées et comparées dans ce document : la méthode de Finlay et Wilkinson ( 
1963 ) et celle de Eberhart et Russel ( 1966 ). Auparavant, la méthode d'approche 
graphique pour la mise en évidence de l'interaction génotype x localité a été 
effectuée. La Figure 1 montre que Across 86 Pool 16DR et Early 86 Pool 16 DR ont 
des comportements diffkrents par rapport aux autres. 

La décomposition de I'interaction génotype x localité pour chacune des variétés 
permet de retenir quatre variktés stables au sens de Eberhart et Russel ( 1966 ) : Pool 
16 DR Cl Pool 16 DR C2 DMR-ESRY et Safita-2 (RE) ( Tableau 4 ). Les valeurs 
du coefficient de régression (b) sont comprises dans l'intervalle 0,94 et 0,98. Les 
droites de régression de quelques variétés sont représentées à la Figure 2. 

Q R A P H , l Q U E S  
V A R  F ( L O C . 1  

L l c o  i l *  ;i 

V A R I E T E S  DL M A I S  

+ #VAR. 2 -+ VAR.4 VAR. 6 

Fig. 1. Mise en évidence de l'interaction variCtks x localité (moy. var.lmoy. loc.) 
dans le groupe 1 
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Tableau 4. Analyse de la stabilitd du rendement. Composantes de la variance 
due à l'environnement. Méthode de EBERHART et RUSSEL (1966). 

No Varittés Edt. moy. 
kgiha 

Parambtres de stabilitt 

b Sd2 Test dévlerr. Conclusion 

2 Early 86P16 DR 4485 1.46 0,137 S 

3 F.BI Pl6  DRHD 4586 0.83 0,048 S 

6 PI6DRCI 4644 0,95 0,133 NS Varittt stable 

7 P16DRC2 4541 0,94 0.185 NS Varittt stable 

8 K(1) 84 TZESRW 4530 1.20 0,079 S 

9 Kawanzie 4210 0.8 0,284 S 

10 DMR-ESRY 4626 0.95 0,l 14 NS Varittt stable 

12 TZE-C. Early 4452 1,40 0,199 S 

13 Safita-2 (RE) 4427 0,98 0,113 NS Varikt6 stable 

S = significatif, NS = non significatif. 

Selon Finlay et Wilkinson ( 1963 ), les varidtéi dont le coefficient de rdgression 
sont proches de 1.0 auront une stabilitd moyenne ; tel est le cas des varidtds 
identifides ainsi : Pool 16 DRC 1, Pool 16 DRC2, DMR-ESRY et Safita-2. 

Les varittds Across Pool 16 DR et Early 86 Pool 16 DR dont les coefficients de 
rdgression sont supérieurs A 1 .O ont une stabilitd infdrieure la moyenne et sont 
spdcifiquement adaptdes aux environnements favorables. A l'opposd, les varittds 
Pool 16 DRCo, Kawanzie et TZE Comp. 3x4 F4 ayant des coefficients de rdgression 
inftrieurs A 1.0, ont une stabilitd supdrieure A la moyenne et sont relativement 
adaptdes aux environnements ddfavorables. 

En somme, Finlay et Wilkinson ( 1963 ) caracterisent donc une varidtd par son 
rendement moyen et son coefficient de rdgression alors que Eberhart et Russel 
(1966 ) considtrent plutôt que le coefficient b doit tendre vers 1.0 et les ddviations A 
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la régression Sd2 tendre vers 0; alors, les variétés stables sont celles ayant une Sd2 
faible et qui sont représentées dans la partie hachurée (Fig. 3). Celle-ci correspond à 
la pointe du triangle dans la représentation donnée par Finlay et Wilkinson ( 1963 ) 
avec les mêmes coordonnées (Fig. 4). 

Fig. 2. Finlay et Wilkinson : Exemples de droites de régression traduisant la 
relation entre les rendements individuels de diverses variétés et le 
rendement moyen de l'ensemble des variétés dans les tests. 

n a , * o m * * t  m e 1 a a  /var .  

A a a P I a o l  + t a a T * a o l  + M O T - P O P  

Fig. 3. Eberhart et Russel : Les variétés stables sont celles qui à la fois présentent 
une Sd2 faible et sont situées dans la partie hachurée. 



Flg. 4. : Finlay - Wilkinson : Interprétalion des diverses silualions possibles pour une variet4 
selon son cwiiicienl de régression el  son rendement moyen. 

VI = Across 86.P. 16DR Va = Kam (1) 84 TZESR-WAcross 86.P.16.DR 

V2 = Early 86 P. 16 DR Vg = Kawanzie 

Vg = FarakeBa P l 6  DR HD VlO=DMR-ESRY 

V4 i Kamb. 86 P 16 DR VI 1 = TZE C0mp. 33 x 4 F4 

V5 = Pm116 DR Co V12 = DR Comp. Eariy 

V6 = Pm116 DR CI V ,3 = Safila-2 (RE) 

VI = Pm116 DR C2 M =Moyenne population 

Conclusion 

Aprbs avoir examin6 les méthodes d'analyse des relations génotypes x 
environnement et à la lumière des études relatées ici. nous pouvons retenir le 
coefficient de régression b comme paramètre de la régularité bicn qu'il ne saurait 
être question de lui fixer une valeur optimum (Jacquot. 1974). 

Pour les milieux favorables. les agriculteurs choisiraient les variétés ayant un b 
supérieur à 1; par conlre dans les milieux défavorables, ils choisiraient plutôt des 
variétés avec un b inférieur à 1 et 1i potentiel de rendement acceptable. 

En définitive, la valeur souhaitable pour le coefficient b de variétés est en fait unc 
fonction du milieu de culture. 
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Contribution à 1'Evaluation de la Variabilité des Cultivars 
Traditionnels de Maïs du Centre de la Côte d'Ivoire. 

Itrsririrr Des Savanes. Bolrnké. Côte d'Ivoire. 

Résumé 

L'évaluation de la variabilité génétique d'une collection permet de répertorier le 
inaiCriel végétal local et introduit àpartir de ses caractéristiques à la fois générales et 
particuliEres pouvant intéresser les travaux dc création et d'amélioration variétales. 
Ainsi 189 cultivars traditionnels de la région Centre Eburnéenne et I I cultivars 
sélectionnés en provenance de l'étranger. ont été étudiés en 1989 pour 16 caractères. 
Par l'analyse en composantes principales, la classification ascendante hiérarchique, 
l'analyse factorielle discriminante et la Distance D2 de Mahalanobis, 5 groupes de 
cultivars ont été définis et décrits. Ces 5 groupes variéiaux vont servir de hase à un 
programme de création et d'aniélioration varidtales de maïs. Nombreuses 
associations signilicatives entre caractères dtintérCt agronomique ont été trouvées. 
Elles peuvent être attribuées, dans certains cas, h des effets génétiques (par exemple 
la pléiotropie). de sélection, h des effets multivariables (corrélations multiples), à 
des effets d'échantillonnage ou de déséquilibre génétique. 

Introduction 

Une mission de prospection effectuée en avril 1989, a permis de collecter les 
principaux cultivars traditionnels de iiiaïs du centre de la CGte d'Ivoire ( Fig. 1 ). 
Dans cette région, on rencontre surtout du n~aïs blanc avcc une tache de maïs violet 
dans la région de Katiola. Des grains violets se rencontrent dans les maïs blancs des 
régions avoisinantes (Dabakala. Bouaké). 

Ce fut  une récolte "en grenier", ce qui interdit. dans certains cas, toute dQignation 
variétale ; 106 échantillons de maïs comprenant un ou plusieurs épis ont été pris eii 
70 points d'enquêtes. 

Dans la présente communication, on procède une analyse de la variabilité 
génétique de ces cultivars traditionnels de maïs quant à divers caractères (caractères 
agronomiques et caractères quantitatifs associés au rendement). On a ainsi cherché, 
par une approche morphologique qui fait appel à la biométrie, aux statistiques et h 
l'informatique, ( i ) à décrire et représenter les grandes orientations de la diversité de 
cette collection, qui coinprenait aussi 1 1  cultivars adaptés etlou vulgarisés en 
provenance de l'étranger, ( i i  ) à regrouper les individus selon des critères de 
ressemblance. 

L'évaluation a été faite à la station IDESSADCV de Bouaké, située en plein centre 
de la Côte d'Ivoire, dans le contexte écologique d'origine du matériel prospecté, ce 
qui permet l'utilisation immédiate des résultats des analyses ainsi qu'une ineilleurc 
signification des observations par rapport à toute expérimentation hors contcxte. 



Fig. 1 : Zones climatiques de Côte d'Ivoire 

II Zone de prospection 

Matériels et Rléthodes 

Lc niatériel végétal utilisé con~prend 189 lignées locales du ccntrc de la Côte 
d'Ivoire, et 1 1  cultivars sélectionnés ou introduits (Tl 1 ,  Ci64. M162W x M164W. 
T3. CJB, CD, F7635. F7928. Pool 12, Pool 13 et Pool 18). Cc matériel a été semé en 
Juin 1989. épi à la ligne ( une ligne de 5 m par entrée ), selon un dispositiilen blocs 
randomisés à 2 répétitions. aux écariciiienls de 0.80 ni inlerlignes et 0,25 m 
intraligne. Le démariage a été effectué à un plant par poquei. 

Les observations ont porté sur 16 caractères ( décrits en annexe 1 ) et les résultats. 
exprimés cil moyenne par cultivar, sont soumis à une analyse en composantes 
principales ( Dagnelie, 1975; Philipeau. 1986 ); celle-ci est une étape permettant la 
description phénotypique des cultivars en iiiesurant les corrélations qui existent 
enire les moyennes dc chacun d'entre eux. Ensuite. l'analyse de ces résultats a eu 
pour but le classement des cultivars en groupes homogènes. Lcs données ont été 
soumises à une analyse factorielle discriminante, coinplétée par l'emploi de la 
distance de Mahalanobis qui donnc une autre expression du voisinage ou de 
l'éloignement des moyennes des cultivars dans l'espace des variables ( Tomassone, 
1988 ). 

Résultats et Discussions. 

Association entre Caractère. La matrice de corrklation dcs caractères est 
rapportée dans le Tableau 1 et donne les relations suivantes : les caractères hauteurs 
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( hauteur de la plante et hauteur d'insertion de l'épi ) et longueur des feuilles sont 
trks liés. Les hauteurs sont positivement corrélées avec les autres caractkres de 
développement et la structure de l'épi ; la tardivité est fortement liée positivement 
avec la hauteur de la plante et aussi avec la hauteur d'insertion de l'épi. La tardivité 
est positivement corrélée avec les autres caractkres de développement ; la tardivité 
est négativement corrélée avec les caractéristiques du grain, le poids de 1000 grains, 
le nombre d'épis et le poids d'épis. En d'autres termes, il existe une liaison négative 
entre la productivité et la précocité. En effet, avec la précocité, le cycle végétatif se 
raccourcit, le nombre de feuilles et la taille de la plante diminuent, ce qui handicape 
les capacités de production de matiere. 

Les causes suivantes peuvent expliquer ces associations de caracteres : la 
pléiotropie génétique assimilable à une corrélarion physiologique, le linkage 
chromosomique, le déséquilibre gamétique, la sélection, l'association fortuite par 
dérive génétique ou plus simplement par effet d'échantillonnage, entre autres. 

Tableau 1. Matrice des corrélations ( Tous les coéfficients sont multipliés par 
Io00 ). 

hr hme lofe lafe loe lae nbre logr lagr egr fm ff nep pep p 'm hum 

hum -181 -150 -139 22 9 6 -86 15 28 -7 -132 -147 194 294 -34 1000 

pep 59 -4 225 333 498 428 233 462 270 -8 -239 -254 5% 1000 

nep -99 -86 -61 113 100 -59 124 187 55 -104 -224 -254 1000 

egr -132 -185 -13 71 138 177 42 76 226 IOOO 

logr -148 -231 73 175 246 452 182 1000 

nbre 267 238 313 357 384 582 1000 

lae 255 180 380 382 373 lûûû 

loe 271 229 375 387 1000 

lafe 262 227 274 1000 

lofe 703 596 1000 

hme 930 1000 



Analyse de la Variabilité Morphologique. L'analyse en composantes principales 
présentée dans le Tableau 2 donne une estimation du pourcentage de variabilité 
représenté par chaque axe. Nous nous sommes limités aux quatre premiers axes pour 
décrire la variabilité totale des cultivars. En effei, ces axes représentent à eux seuls 
67.5% de la variabilité. les deux premiers axes comportant l'essentiel de la 
variabilité totalc. 

Le premier axe décrit le développement végétatif général dc et la "précocité". Cette 
coinposante est définie du côté positif par la taille dc la plante ( HT ). la hauteur 
d'insertion de l'épi ( HME ), la longueur dc la feuille de l'épi supérieur ( LOFE ). et 
les floraisons mâle ( FM ) et femelle ( FF ). En définitive. les cultivars projétés du 
côté positif semblent être de grandes plantes tardives. Du côté négatif, il  s'agirait des 
plantes courtes et précoces ( Fig. 2 ). 

Le deuxième axe caractérise Ics composantes de base du rendement. II oppose les 
cultivars à haut potentiel de rendenicnt ( épis complèteinent dCveloppCs, poids de 
1000 grains optimum ) aux cultivars au rendement linité ( Fig. 2 ). 

Les composantes principalcs 3 ct 4 apportent u n  complément d'information 
permettant d'opposer à l'intérieur d'une même gamme de précocité, les plantes ayant 
un  nombre élevé d'épis ou u n  nombre élevé de rangs par Cpi, donc les plantes avec 
un  nombre élevé d'ovules rormés et un  bon pourcentage de fécondation aux plantes 
de fécondation défectueuse. 

Tableau 2. Résumé de l'analyse en composantes principalcs. 

Axe Axe I Axc 2 Axe 3 Axe 4 

% d'inertie totale 27.2 27.2 9.9 7.7 

Variable HT (+) 0.72 1 LAE (+) 0,598 NEP (+) 0,525 NRE (+) 0.434 

contribuant HME (+) 0,763 PEP (+) 0,581 EGR (+) 0,581 

à la variabilil6 FM (+) 0.798 LOGR (+) 0.430 HUM (+) 0,268 

de l'axe FF (+) 0.799 LOE (+) 0.425 

LOFE (+) 0,384 P,,, (+) 0.351 

N.B. Le chiflie qui suit chaque caractkre représente la contribution relative de ce 
dernier à la définition de l'axe. 



Corin~hirlroii ù I 'Ei~~il~rtir io~i de Itr Vtrricrbiliré des Liilrriars Tr(idirioii!iels de iI.lnï.7 217 

AXE 1 HORIZONTAL AXE 2 VERTICAL 

OII 

am 

o a  l..M 

W. 0 1 0  
0.. 1.. Il* .y ).*II* 111  

o n  in am* o s r o u  o w  
011  O** 1.b am* 0- 

in ab OIIO *PIS 1.0 IW 011 
010 11 1 O r 8  0 1 8  14. 0 . 1  

110 .UQ II* w 1 r I r o  .(a .I 
-1 01 m IY in 1.0 ab OI? 
IN iu w o r  o r  

* t * t t * * * * * t * * t + t * * * * * * * * O ~ ~ * * * t * *  O 8 T t O I I  I N * t O l b t * * W * t * * * * + * * * *  

1 1 4  I mwm m. I ~ . U I  

01 I D O I ?  O I I  

W 1.1 IO1  IU 
*? III OIOI~* Y s n  

0. 1.) IU 1.1 I I ?  I V 8  

O U  ,W i 8 R  
Ob0 *œ 

I W  * I W ~ U I  81s 

m .o 

OH IO. 

m *  

.a 

Les chifi res représentant les 
différents cultivars 

Répartition des Cultivars en Groupes Variétartx. La classilication ascendante 
hiérarchique suivie de l'analyse factorielle discriminante appliquée aux deux 
prciiiiers axes permettent de classer les 200 cultivars en cinq groupes variétaux ( 
Fig. 3. Tableau 3 ). L'annexc II donne la répartition des 200 cultivars dans ces 
groupes dont les caractéristiques peuvent être résumées de la manikre suivante : le 
groupe 1 est constitué de cultivars tardifs. de grande taille et de potentialités de 
rendement supérieures; le groupe 2 comprend des cultivars semi-précoces, de taille 
réduite et de bonnes potentialités de rendement ; le groupe 3 est composé de 
culiivars précoces, de taille rkduite et d'assez bonnes potentialités de rendement: le 
groupe 4 est consitue de cultivars tardifs, de grande caille ct d'assez bonnes 
potentialités de rendement ; le groupe 5 comprend des cultivars tardifs. de grande 
taille et de potentialité de rendement médiocres. 

Perspectives de Recherclte. La détermination de ces groupes variétaux va servir de 
base à un programme de création et d'aniélioration des varietés de maïs pour le 
centre éburnéen. On peut schématiser le processus de la manière suivante. 
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218 Conrribiirion Ù 1'Evulucirion de In Vnrinbiliré des Culrii~urs Trudirionnels de Maïs 

Les chiffres 1, 2, 3, 4, 5 représentent 
les moyennes des differents groupes 

Fig. 3 : Dispersion des cultivars dans le plan canonique 
1 - 2 de l'analyse discriminante 

A groupe 1 ; groupe 2 ; . groupe 3 ; A groupe 4 ; 

Pour chaque groupe, les cultivars peuvent être brassCs en vue d'obtenir un 
composite. Ce brassage s'opCrera par Ctapcs successives, et en donnant un poids Cgal 
h chaque composante, le composite pesant le nombre de cultivars qui le constituent. 
Le brassage peut se faire selon le processus des polycross, chaque cultivar étant 
croisé manuellement avec tous les autres ; mais ce brassage par polycross devient 
très lourd quand le nombre des cultivars augmente ( cas des groupes 1 , 2  et 4 ). 



Contribution à I'Evaluation de la Variabilité des Cultivars Traditionnels de Mal's 219. 

Tableau 3. Moyenne des caractkres des 5 diffdrents groupes. 

X 

Caracthes 
GI (32 G3 (34 GS 

HT 277,896 25 1,783 2 16,077 287,754 250,176 
HME 155,313 132,152 105,462 167.807 140,176 
LOFE 98,778 94,257 86.33 1 97,827 87,406 
LAFE 10,198 9,871 9,170 9,836 9,319 
LOE 13,505 12,580 12,458 12,746 1 1.570 
L AE 3,469 3,247 3,200 3,238 3,014 
NEE 14,078 1 3,420 12,936 13,864 12,886 
LOGR 9,207 9,095 9,174 8,550 8,176 
LAGR 7,991 7,998 8,258 7,638 7,459 
EGR 3,486 3,452 3,625 3,438 3,344 
FM 69,134 65,435 57,615 7 1,263 70,529 
FF 73,284 69,9 13 6 1,077 76,088 74,706 
NEP 16,85 1 15.978 16,462 15.737 16,529 
PgP 1,790 1,413 1,509 1,308 1,226 
P1000- 18,082 18,062 18,415 15.808 14,724 
HUM 29,170 26,195 26,195 25,307 31.021 

Une autre mdthode, celle de Harrisson ( Irish method ) peut être utilisée. Elle 
consiste il semer, en isolement, une ligne de chaque composante comme femelle et 
UR mélange m6cadique de toutes les composantes comme mâles ( les composantes 
femelles sont castrees manuellement ). Ici, le probleme de concordances des 
floraisons ne se pose pas, car les cultivars d'un groupe donnC sont de precocitd 
similaire. 

Mais pourquoi constituer des composantes ? Les cultivars du centre dburnéen ont 
CtC multipliés dans des conditions de culture traditionnelle pendant de nombreuses 
gdndrations et ont donc acquis une toldrance apprkiable aux aldas du climat et de la 
culture. La premikre raison est donc de sauvegarder cet acquis sous la forme 
aisément maniable d'un composite. La deuxikme raison est que ces cultivars 
reprdsentent les formes actuellement les mieux adaptdes au centre de la C6te 
d'Ivoire. Cette adaptation est prdcieuse pour atteindre l'un de nos objectifs majeurs 
de sdlection, la stabilitd du rendement et la large adaptabili3. 

L'expérience montre que les Ccotypes, malgrd ou à cause de cette bonne adaptation 
à la culture traditionnelle, ont des potentialitds de rendement rkduites et une base 
gdndtique faible. Leur brassage permet de pallier ces deux inconvénients en 
fournissant un composite de large base gdnCtique et de rendement amdliork. 

Le composite se prête particulikrement bkn à une amdlioration par les mdthodes 
de la ~Clection rdcurrente ( Marchand, 1975 ), mdthodes trks utilisdes depuis les 
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premiers lravaux du CIMMYT ( Welhausen, 1965 ). En effet, il existe toute une 
gamme de techniques de sClection rCcurrente pour I'amClioration intravaridtale 
(sdlection massale, Cpi à la ligne modifiCe, topcross, full sib, SI ) et intervaridtale 
(top-cross, full-sib ), portant sur tous les caract&res intéressants, y compris le 
rendement. 

Conclusion. 

Deux des groupes varidtaux dCterminCs ( G2 et G3 ) apparaissent plus intdressants 
pour le centre Churnéen. Ils comprennent la plupart des cultivars dCjà sélectionnds, 
voire vulgarisCs, c'est-à-dire des cultivars capables de couvrir de façon correcte la 
plupari des besoins des cultivateurs dbumdens. II s'agit des cultivars semi-prCcoces 
(55 à 60 jours de floraison mâle ) et prkcoces ( 40 à 52 jours de floraison male ), 
ayant une hauteur d'insertion d'dpi ( 1,20 m à 1,30 m ) acceptable, et des 
potentialités de rendement correctes. Des composites CG2 et CG3, issus de ces 
groupes variétaux pourront être soumis à une amélioration intravariétale respective 
ou bien intervaridtale ( rdciproque CG2 x CG3 ). 
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Caractères quantitatifs observés. 

Date de floraison mâle en quantikmes depuis la date de semis ( FM ) 

Date de floraison femelle en quantikmes depuis la date de semis ( FF ) 

Hauteur totale de la plante du sol il la base de la premikre ramification de 

l'inflorescence mâle en cm ( HT ) 

Hauteur totale de la plante du sol il la base de l'insertion de I'kpi supkrieur 

en cem ( HME ) 

Longueur de la feuille de I'kpi supérieur en cm ( LOFE ) 

Largeur de la feuille de I'kpi supérieur en cm ( LAFE ) 

Nombre d'kpis existants il la rkcolte ( NEP ) 

Poids d'kpis existants il la récolte en kg ( PEP ) 

Humiditk du grain il la rkcolte par un humidimktre Dickey-John ( HUM ) 

Longueur de l'kpi en cm ( LOE ) 

Largeur de 1'Cpi en cm ( LAE ) 

Nombre de moyen de rangs de I'kpi ( NRE ) 

Poids de 1000 grains en g ( P 1000 ) 

Longueur du grain en mm ( LOGR ) 

Largeur du grain en mm ( LAGR ) 

Epaisseur du grain en mm ( EGR ) 
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Annexe II Répartition de 200 cultivars dans les cinq groupes définis par 
l'utilisation conjointe d'une classification ascendante hiCrarchique et d'une analyse 
factorielle discriminante. 

GROUPE 1. CeZ 82-6, CeZ 138-3. CeZ 96-2, CeZ 82- 1, CeZ 106-1, ~ e ~ ' 9 7 - 2 ,  
Nandala 1, CeZ 3 1-2, CeZ 82-3, 

(67 cultivars) CeZ 9 1-1, CeZ 85- 1, CeZ 26-2, CeZ 101 - 1. CeZ 82-2, CeZ 90-1, 
CeZ 30- 1, T3, CeZ 60-3, CeZ 26- 1, CeZ 28- 1, CeZ 28-2, CeZ 73- 
1, M16W x Ml 64W, CeZ 126-3, CeZ 58-2, CeZ 80-3, CeZ 2-1, 
CeZ 65-2, CeZ 9- 1, CeZ 9 1 - 1, CeZ 17- 1, CeZ 88-3, CeZ 56- 1, 
Tl 1, CeZ 22-1, CeZ 1-1, CeZ 145-4, CeZ 145-1, CeZ 104-1, CeZ 
128- 1,  CeZ 25- 1, CeZ 162- 1, CeZ 73-2, CeZ 734, CeZ 17-2, CeZ 
145-3,CeZ35-1,CeZ96-3,CeZ81-1,CeZ 116-2, CeZ 101-3, 
CeZ 96-6, CeZ 146- 1, CeZ 88- 1, CeZ 8 1-2, CeZ 135-1, CeZ 72-2, 
CeZ 75-1, CeZ 151-1, CeZ 151-2, CeZ 83-1, CeZ 36-1, CeZ72-1, 
CeZ 94-2, CeZ 146-2, CeZ 145-6, CeZ 69- 1. 

GROUPE 2 CeZ 20-2, CeZ 1 5- 1, F 7635, CeZ 58- 1, CeZ 45- 1, ÇJB, 
CeZ 60-2, CeZ 22-3, CeZ 9-2, CeZ 22-2, 

(46 cultivars) CeZ 25-2, CeZ 29-2, CeZ 76- 1, CeZ 3 1-3, CeZ 108-4, CeZ 107- 1, 
CeZ 3- 1, CeZ 5 1-3, CeZ 48- 1, CeZ 98-2, CeZ 65- 1, CeZ 55-6, 
CeZ 554, CeZ 27- 1, CeZ 62- 1, CeZ 146-3, CeZ 122- 1, Nandala 
2, CeZ 1 14- 1, CeZ 82-3, CeZ 44- 1, CeZ 97- 1, CeZ 22-4, CeZ 
138-6, F 7928, CeZ 127-2, CeZ 55-3, CeZ 57-7, CeZ 160-2, 
CeZ 160-2, CeZ 26-2, CeZ 2-2, CeZ 153-3. CeZ 82-4, CeZ 81-3, 
CeZ 106-2, CeZ 20- 1. 

GROUPE 3 CeZ 2-3, CeZ 164-2, CeZ 55-5, CeZ 96-7, CI, CeZ 1 13- 1, 
CeZ 2-5, CeZ 55-2, Pool 13, Pool 

(13 cultivars) 18. CD, Pool 12, CeZ 145-7. 

GROUPE4 CeZ82-1,CeZ31-1,CeZ116-1,CeZ155-1,CeZ29-1, 
CeZ 1 16-3, CeZ 52- 1, CeZ 82-3, CeZ 5 1- 1, 

(57 cultivars) CeZ 26-5, CeZ 121-3, CeZ 26-1, CeZ 103-1, CeZ 98-1, CeZ 78-1, 
CeZ 82-2, CeZ 108-2, CeZ 82-4, CEZ 24-1. CeZ 107-2, 
CeZ 121-2, CeZ 103-2, Kogbera, CeZ 120-1, CeZ 26-4, 
CeZ 138-1, CeZ 126-2, CeZ 159-2, CeZ 42- 1, CeZ 40-1, 
CeZ 82-5, CeZ 104-2, CeZ 1 12-2, CeZ 103-3, CeZ 67- 1, 
CeZ 163-1, CeZ 164-1, CeZ 145-5, CeZ 143-1, CeZ 96-1, 
CeZ 104-3, CeZ 13 1-1, CeZ 129- 1, CeZ 124-3, CeZ 153-2, 
CeZ 11-1, CeZ 126-1, CeZ 131-1, CeZ 117-2, CeZ 125-2, 
CeZ 26-3, CeZ 59-1, CeZ 108-1, CeZ 108-5, CeZ 127-1, 
CeZ 108-3, CeZ 132-1. 
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GROUPE 5 Ce2 96-4, Ce2 56-2, Ce2 56-3, Ce2 54-1, Ce2 159-3, Ce2 12 1- 1, 
Ce2 124-1, Ce2 1 13-3, Ce2 77-1, 

(17 cultivars) CeZ 120-2, Ce2 1 17-1, Ce2 54-2, Ce2 105-1, Ce2 47-1, 
Ce2 97-3, Ce2 123-2, Ce2 73-3. 
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Abstract 

Field trials were conducted at five locations in the semi-arid zone of Nigeria during 
1988-90 to evaluate the efficiency of Nigerian - made granulated urea fertilizer 
along with imported prilled urea and calcium ammonium nitrate (CAN) at rates of 0, 
50, 100 and 150 kg N/ha applied as surface uncovered and surface covered. Source, 
rate and method interactions were not significant at all locations although there was 
significant method x rate, method x source and source x rate interactions at two out 
of the five locations. Generally, the Nigerian made urea gave higher grain and straw 
dry matter yields than prilled urea but slightly lower yields than CAN at all 
locations. 

The optimum N requirement for maize in all the locations were observed at 
between 100 and 150 kg ha-1. Although grain yields were not affected by methods 
of application, there was evidence that surface covered seemed to be superior at the 
drier locations. 

Introduction 

Nitrogen is the most limiting nutrient element to cereal production in the semi-arid 
zone of Nigeria. (Jones and Wild 1973, Lombin, 1988). Most of the soils of the 
area which stretches from Latitude 10" to 14' N are derived from recent eaolian 
deposits. These soils are dominated by well-drained but shallow Entisols, Alfisols 
and Inceptisols (Fertilizer use Committee, 1989). They are coarse textured and 
consistently low in organic matter content, available phosphorus, effective cation 
exchange capacity and mineral 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 
maximum uptake of fertilizers by crops and also avoid reduction in the availability 
of fertilizers due to unfavourable soil-fertilizer interactions, proper fertilizer 
placement, correct timing and efficient source are very crucial. Results of studies on 
effects of placement methods, timing and source of nitrogen fertilizer on maize 
yields and soil properties have been extensively reported in literature (Greenwood, 
1949; Greenwood, 195 1; Jones, 1974; Jones and Wild 1975; Bache 1965; 
Stockin er 1970; Balasubramanian 1978; Balasubramanian and Singh 1982; f Lombin 988). The concensus of opinion on the effect of timing N fertilizer is that 
there are no comparative advantages in splitting N fertilizer over single application 
on maize yield except at high rates of application. 
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Similarly, no particular method of application seems to be superior to the other, but 
incorporation of N fertilizer into the soil remains the existing recommendation. In 
the savanna region, non-significant differences between ammonium sulphate, prilled 
urea and calcium ammonium nitrate on the yield of maize have been reported. 
However, considering the side effects of these N-sources on the soil, ammonium 
sulphate is known to acidify the soil more rapidly than urea and calcium ammonium 
nitrate. Moreover, reduction in the levels of exchangeable cations and increased 
solubilization of aluminium and.manganese in ammonium sulphate-induced acidity 
is common place. 

The urea evaluated in the semi-arid savanna before 1988 was the imported prilled 
type which has now been completely replaced by granulated urea'a product of the 
National Fertilizer Company of Nigeria (NAFCON), Onne, Portharcourt Nigeria. 
As far as the authors are aware, no field evaluation of this N-carrier has been carried 
out. However, the manufacturers of granular urea have describe the product as an 
agronomically efficient and most economic fertilizer. In comparison to prilled urea, 
they claim that granular urea has a higher crushing strength and resistance to 
abrasion, higher N efficiency to field crops as a result of its superior placement 
property and reduced surface area per kg weight. The residual acidity is said to be 
comparable to that of calcium ammonium nitrate but lower than that of ammonium 
sulphate. Considering that NAFCON produces about 1,500 metric tons of granular 
type available to the Nigerian farmer, it was considered necessary to verify some of 
the manufacturer's claims through field evaluation of the product. 

The objective of the study was to investigate the relative efficiency of Nigerian- 
made granulated urea and two other N-carriers. 

Materials and Methods 

Study Area. Five sites (Bagauda, Kafin-Maiyaki, Malumfashi, Daudawa and 
Gusau) representing different land resource areas and varying in climatic conditions 
and soil types were chosen for the investigation. Detailed description of the 
experimental sites is given in Table I .  The Daudawa and Malumfashi locations fall 
within the transitional zone between Sudan and Northern Guinea savanna while the 
other locations are in the Sudan savanna eone. Although the soils are inherently low 
in fertility, the locations selected are considered high in potential for cereal produc- 
tion. 

Experimental Details. The trial was conducted during 1988-90 season. Three 
sources of N (NAFCON granulated urea, (46%) prilled imported urea (46%N) and 
calcium ammonium nitrate (26%N)) at rates of 0, 50, 100 and 150 kg Niha were 
factorially combined with two methods of nitrogen application (surface covered and 
surface uncovered). The 24 treatment combinations were replicated three times in a 
randomised complete block design. The N was split, split applied, half at planting 
and the rest at 6 weeks after planting. Basal P and K at the rates of 60 kgiha each 
and in the forms of single superphosphate and muriate of potash respectively were 
applied at planting. Sub plot size was 5 x 5.25m, consisting of seven ridges spaced 
at 75 cm apart. The alleys between sub plots were 0.5 m while those between 
blocks were 1.5 m. Maize (Zea mays L.) variety TZSR was planted on ridges at 25 
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cm spacing between plants, giving an estimated population of 53,000 plantstha after 
thinning to one plant per stand. The nel plot from where yields were estimated 
consisted of the three middle rows of each plot. 

Table 1. Rainfall, parent material and soil classification of experimental sites. 

Site Latitude Soil grouping 
parent material 

- 

3-yeru mean USDAFAO Soil 
annual classification 
rainfall 
(mm) 

- 

Bagauda 12O0 I'N Loess overlying undifferentiated 631 UdicUstochreptI 
co~nplex rocks Dystric Gleysol 

Kafin-Maiyaki 1 I0S0'N Loess overlying undifferentiated 604 HaplustalflLuvisol 
basement complex rocks 

Malunfashi 1 I047'N Less leached nature shallow soils 7 15 Haplustalf/Luvisol 
overlying basement complex rocks 

h u d a w a  1 I031'N Shallow soils on acid crystalline rocks 897 HaplustalVLuvisol 

Gumu 13'24'N Well drained shallow soils on 592 Fluventic 
basement complex rocks Ustochrepd Dysuic 

Gleysol 

Soil Samples. Pre-crop composite soil samples were taken from the top soil (0- 15 
cm) at each experimental 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 and screened through a 100 mesh sieve for organic matter determination. 
Soil pH was measured in 1: 2.5 soil/solution ratio in water and 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 Ca in solution were determined by atomic absorption spectrophotometer 
while K and Na was by the flame photometer. Exchangeable acidity was by 
titration method and effective cation exchange capacity was by summation. Total N 
was determined by the semi-microkjeldahl method (Bremner, 1960). Available P 
was extracted by the Bray n o  1 extraction and P in 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 HCl and determined by atomic 
absorption spectrophotometer. Mineral N was determined using the IN KC1 
extraction and distillation for N H A  - N and NO-3 - N. 

Results and Discussion 

Data in Table 2 shows clearly that the soils were generally low in major nutrients, 
organic carbon, extractable Zn and Cu, but adequate in extractable Mn and Fe. 
Based on similar results obtained earlier, Lombin and Singh. (1986) associated the 
soils with low inherent fertility and productivity potential. 
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Table 2. Physico-chemical properties surface soils (0- 15 cm) of the experimental 
sites (1988). 

Soil variables Daudawa Gusau Malumfashi Bagauda Kalin-Maiyaki 

pH (H20) 5.2 5.3 6.0 5.8 6.0 

pH (CaC12) 4.4 4.3 5.1 4.7 5.0 

Organic carbon (gkg) 1.20 3.6 3.5 4.0 4.3 

Bny- I-P (mgkg) 9.22 3.8 20.5 4.5 1 3.45 

Exch K (cmolkg) 0.18 0.14 0.13 0.13 0.13 

Exch Ca (cmolkg) 0.94 1.25 1.10 1.37 1.60 

Exch Mg (cmolkg) 0.26 0.4 1 0.32 0.47 0.64 

Exch Na (cmolkg) 0.06 0.07 0.03 0.03 0.06 

Exch Acidity (cmolkg) 0.04 0.40 0.0 1 0.60 0.14 

Total N (glkg) 0.23 0.32 0.60 0.30 0.42 

NO, - N (mglkg) 20.00 4.00 30.00 2.00 5.00 

NH4 - N (lngkg) 21.00 5.50 25.00 3 5 0  6.50 

ECEC (cmolkg) 1.48 2.27 1.59 2.90 2.57 

HCI - Zn (mglkg) 1.06 1.00 1.60 2.00 2.20 

HCI - Mn (mgkg) 49.00 27.00 20.00 40.00 32.6 

HCI - Fe (mgkg) 200.00 140.00 56.00 120.00 100.00 

HCI - Cu (mgkg) 0.65 0.80 0.50 0.74 0.68 

Textunl class Sandy Loam Sandy Sandy Loam Loamy Sand Loamy Sand 

Effect of Treatment on Grain Yield. The mean effects of nitrogen rates at 
different sites for the individual years and the pooled analysis are shown in Table 3 
while the analysis of variance showing mean squares is in Table 4. In the first year 
of the study, there was a linear relationship between nitrogen rates and grain yield at 
Kafin-Maiyaki, Malumfashi and Gusau. Although yields increased linearly with 
increase in N application, differences were significant only between 50, 100 and 150 
kg Nha and the control at Kafin-maiyaki and Gusau. At Malunfashi, differences 
were only significant between 100, 150 kg Nha and the control. The highest grain 
yields of 2.68 2.26 and 2.75t/ha at the three locations respectively, were produced at 
150 kg Nha. Their correspon-ding response ratios (kg grainkg N) were 17.8, 15.1 
and 18.3 at the N ratcs giving maximum grain yield. This dramatic yield increase to 
high rates of N even in drier areas in 1988 may have been due to favourable rainfall 
obtained that year. Moreover, the soil test N values for the three location were 
critically low for maize (Table 1). In related studies, Balasubramanian and Singh 
reported that their calculated N rates for maximum maize grain yield was 177.5 kg 
Nha at Kadawa in the Similar responses to N by maize were observed by Balasub- 
ramanian et al., (1978) and Jones (1973). The relationships between grain yield and 
N rates were not consistent in all the location in 1989. For examples, at Kafin- 
Maiyaki, the relationship, Gusau and Daudawa grain yields increased from 0 to 100 
kg Nha but dropped thereafter. At Bagauda, grain yield increased at all levels of N, 
although the increases 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 drought. The rainfall at each of the three locations was below 600 mm. 
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Table 3. Maize grain yield (tlha) response to nitrogen rates at different sites. 

Location 
Treatments 1988 1989 1990 Mean 

Kafh-Maiyaki 
0 Niha 
50 Niha 
100 Niha 
150 Niha 

LSD (0.05) 

Malumfashi 
0 Niha 
50 Niha 
100 Nlha 
150 Niha 
LSD (0.05) 

Gusau 
0 Niha 
50 Niha 
100 Nlha 
150 Niha 
LSD (0.05) 

Bagauda 
0 Niha 
50 Niha 
100 Nlha 
150 Niha 
LSD (0.05) 

Daudawa 
0 Niha 
50 Niha 
100 Niha 
150 Niha 
LSD (0.05) 

* - - Significant at 5% level of probability 
NS = Not significant 
F = Trials failed at all three locations due to drought 
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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  df Daudawa Gusau Malumfashi Bagauda Kafinmaiyaki 
variation 

Replication 

Year (yr) 

Method (M) 

Rates (R) 

Source (S) 

M x R  

M x S 

R x S 

Yr xM 

Y r x R  

Y r x S  

M x R x S  

Y r x M x R  

Y r x M x S  

Y r x M x S  

Residual 

* Significant at 5% level of probability. 

At Bagauda, maize responded to N up to 100 kg Nlha 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 Nlha gave the highest yield, but these were not significantly 
different from yields at 100 kg N/ha. The corresponding response ratios were 9.5, 
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 Nlha 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 source 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 
altain 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 x 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 150 kg Nha at both locations. When 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, prilled 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. 

Table 5. Maize grain yields (ttha) response to source and method of N application 
at different sites averaged over 2 years. 

Treatment Kafin- Malum Gusau Bagauda Daudawa 
Maivaki fashi 

Granulated urea 1.107 1.187 1.094 2.802 3.691 

Frilled urea 1.016 1.161 1.223 2.874 3.594 

CAN 1.148 1.285 1.326 2.804 3.746 

LSD (0.05) NS NS NS NS NS 

Method 

Surface covered 1.141 1.247 1.239 2.740 3.508 

Surface uncovered 1.040 1.176 1.190 2.713 3.446 

LSD (0.05) NS NS NS NS NS 

Interaction 

Source x Rate * NS * NS NS 

Source x Method * NS * NS NS 

Rate x Method * NS * NS NS 

Source x Method x Rate NS NS NS NS NS 

= Significant at 5% level of probability 
NS = Not significant. 
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Table 6. Maize stover yield (kglha) response to nitrogen rates, source and 
methods at different sites averaged over 2 years. 

Kafin- Gusau Bagauda Daudawa 
Maiyaki 

Rate (kg Nlha) 
0 
50 
100 
150 
LSD (0.05) 

Sorrrce 
Granulated urea 
Prilled urea 
CAN 
LSD (0.05) 

Metlrod 
Surface covered 2682 4975 3465 503 1 
Surhce uncovered 2778 4478 3056 5 195 
LSD (0.05) NS NS NS NS 

I~rteraction 
Source x Rate NS NS NS 
Source x Method NS NS NS 
Source x Rate NS NS NS 
Source x Rate x Method NS NS NS 

NS: Not significant 

Effect of Treatment on Stover Yield. The pooled data for stover yield is shown 
Ia Table 6. The use of N significantly increased maize stover yields at Kafin- 
Maiyaki, Gusau and Bagauda hut not at Daudawa. Increases in the mean stover 
yield of N-treated plots over control were 5 I, 50 and 58% for Kafin-Maiyaki; 40,49 
and 52% for Gusau; 38, 48 and 47% for Bagauda at 50, 100 and 150 kg Nlha, 
respectively. The nitrogen level for maximum stover yield was 150 kg N/ha at 
Kalin-Maiyaki and Gusau. and 50 kg Nlha at Daudawa and Bagauda. However, 
usirig .I Incan response function, 100-150 kg Nlha is a more rational rate for the 
~~roduction of niaize in the study area. 

Conclusion 

Tl~c btudy has confirmed earlier findings to the effect that N is critically low in 
jiis ul thc semi-arid region to the extent that rates of between 100-150 kg Nlha are 

-cccssaly for optimum maize production. The source of N and method of 
,ipplicat~on did not have any dramatic influence on the N use efficiency. The 
wggestion, thcreforc, 1s to the effcct that the Nigerian-made granular urea is as 
cffic~ent and effectivc as either calcium an~n~onium nitrate or imported prilled urea. 
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Abstract 

Field trials were conducted at five locations in the semi-arid zone of Nigeria 
during 1988-90 to study the effects of various rates of zinc fertilizer on maize yield. 
The treatments were absolute check, zinc check, 1, 2 and 3 kg Znha. Maize grain 
and straw dry matter yields were increased with increasing zinc rate, up to 2 kg 
Znha across all locations. It was evident that when O.lNHC1 extractable soil zn fell 
below I .O mg Znha, response to added zn was obtained. The optimum zn fertilizer 
for the soils studied ranged between 1-2 kg Znha. 

Introduction 

The semi-arid region of the Nigerian savanna as conceived in this paper comprises 
of the Sahel zone (Lat. 12-14" N) and Sudan (Lat 11-12" N). In these agro- 
ecological zones, rainfall equals or exceeds potential evapo-transpiration for 
between 2-5 months in the year. The area constitutes about 30% of the estimated 
740,000 km2 of the Nigerian savanna. 

Alfisols and inc'eptisols/Entisols are the dominant soil types which are formed 
largely on drift materials overlying basement complex. The soils are well-drained 
and coarse textured. They are inherently low to very low in organic matter, CEC, 
clay, which is predominantly kaolinitic and are moderately acid. According to 
Martens (1968) and John (1972) these conditions are often associated with low 
levels of plant available zinc. Lombin (1983) reported values of 0.69-4.41 mg/kg 
0.1 N HCI extractable zinc for some Nigerian savanna soils. Values of 1.0-9.5 
mgkg 0.1 N HCI extractable zinc were reported for some soils of the dry Nigerian 
savanna (Pam, 1990). Osiname (1972); Osiname et al. (1973) also observed low 
zinc levels in some soils of the derived Nigerian savanna. Zinc may, therefore, be a 
limiting factor to maize production in the savanna in general, especially as high- 
yielding cultivars are now commonly used under intensive culture. 

Information of the response of crops to zinc in the zone is meagre. There are, 
however, reports on the occurrence of zinc deficiency on maize in rainfed 
agriculture and on rice and wheat under irrigated agriculture in northern Nigeria 
(Lombin, 1989). Osiname et al. (1973) reported significant maize response to zinc 
in areas on the sandy Inceptisols of the Western Nigeria derived savanna. 

This study, therefore, assessed the level of zinc responses of maize in the southern 
fringes of the semi-arid zone where maize can thrive. 
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Materials and Methods 

Field experiments were conducted for three years at Gusau, Kafin-Maiyaki and 
Malumfashi and for two years at Bagauda and Daudawa (Table I). Zinc at the rates 
of absolute check (AC) 0, 1.0, 2.0 and 3.0 kg Zn/ha, as zinc sulphate, were 
investigated using randomized complete block design with three replications. Each 
plot received a basal application of N, P and K fertilizers at the rates of 120 kg N, 26 
kg P and 50 kg K/ha as Urea, single superphosphate and ~nuriate of potash, 
respectively. All P and K and half of N were surface broadcast at land preparation. 
The remaining N and all the zinc treatments were given at 4 weeks after planting by 
band application. Three maize seeds (var. TZSR) were planted per hill at 75 cm 
inter-and 25 cm intra-row spacing and thinned to one seedlinghole at 2 weeks after 
emergence, giving a plant population of 53,300 plantsha. Weeds were controlled 
by hoe weeding. 

Composite surface soil samples (0-15 cm) were collected from each site prior to 
land preparation for the purpose of characterization. Each sample was air-dried, 
sieved to pass thiough a 2 mm mesh and analysed for organic C by the Walkley 
Black method (Allison, 1965), exchangeable bases using NH40AC extraction 
method (Chapman, 1965), soil pH in 1: I soil to water using glass electrode, 
available P by the Bray NO. 1 method. Available Zn was extracted with 0.1N HCI 
solution. Ear leaf samples were digested with HC10,-H,50,-HNO, acid mixture 
using Aluminium block digestor (Juo, 1979). Phosphorus was determined with a 
spectrophotometer; potassium, calcium, magnesium, iron and Zinc were measured 
by atomic absorption spectroscopy. Total N wad determined by the macro-kjeldahl 
technique as described by Bremner (1965). Particle size analysis was camed out by 
the hydrometer method as described by Day (1965). Grain and straw dry matter 
yields were computed at harvest. 

Results and Discussion 

Soil Nutrient Status. Results of analysis of the soil samples taken prior to land 
preparation indicate that the experimental sites were generally low in  fertility (Table 
2). This is a common feature of major upland soils of the savanna ecological zone. 
The low available Zn values (0.97-2.20 mg/kg) are expected, considering the sandy 
nature and low organic content of the soils. It is imperative, therefore, that judicious 
use of adequate amounts of fertilizer is important for improved and sustained 
productivity of the soils. 

Grain and Stover Yields. Maize response to zinc fertilizer at the various sites for 
all the years is shown in Table 3. There were generally grain yield increases with 
increasing levels of applied Zn, up to 2 kg Znha, beyond which there was no benefit 
from Zn application. Significant responses were obtained only at Bagauda and 
Gusau. With the relatively low level of soil Zn, the results are not unexpected. 
According to Agarwala et al. (1980) the response of maize to zinc fertilizer is 
dependent upon the native Zn status. The zinc status at Daudawa and Gusau were 
below the critical level at the beginning of the investigation. 'The lack of significant 
response at Bagauda, Kafin-Maiyaki and Malumfashi may suggest that O.1N HCl 
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Table 1. Rainfall, parent material and soil classification of experimental sites. 

Site Latitude 3-year mean Soil grouping and USDAlFAO soil 
(ON) precipitation parent material classification 

(mm) 

Bagauda 12"Ol'N 63 1 Loess overlying lnceptisol (Udic 

undifferentiated Usto chrept Dystric 

basement conlplex claysol) 

rocks 

Daudawa 

Gusau 

Malumfashi 

1 I031'N 897 Shallow soils on Alfisol 

acid crystalline (Haplustalftloamsol) 

rocks 

13"24'N 592 Well drained lnceptisol (Fluventic 

shallow soils on ustochrept/Dystric 

basement complex Gleysol) 

rocks 

Alfisol 

1 1 "50'N 604 Loess overlying (HaplustalflLuvisol) 

undifferentiated 

basement complex 

rock 

Alfisol (Haplus- 

1 1'47-N 715 Less leached Luvisol) 

mature shallow 

tafllsoils overlying 

basement complex 

rocks 

extractable Zn greater than 1.0 mg/kg was sufficient to meet the 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 due to 
severe moisture stress during the grain filling stage (Table 3). 
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Table 2. Soil characteristics of experimental sites. 

Properties 

- 

Bagauda Daudawa Gusau Kdn- Ma'umrashi 
Maiyaki 

Organic C (g/kg) 

Soil pH (HZO) 

Total N (@kg- 1 ) 

Bray P - 1 (mg/kg) 

Exchangeable Ca (cmoVkg) 

Exchangeable Mg (cmolkg) 

Exchangeable K (cmolkg) 

0. I N  Extractable Zn (mg/kg) 

Sand (g/kg) 

Silt (gkg) 

Clay (@kg) 

Textural class 

3.8 

5.8 

0.32 

4.5 1 

1.29 

0.52 

0.13 

1.93 

860 

60 

100 

Loiuny sand 

8.9 

5.7 

0.5 1 

8.32 

0.94 

0.3 1 

0.18 

1.04 

750 

120 

130 

Sandy l o r n  

3.6 

5.2 

0.33 

3.8 

0.98 

0.44 

0.14 

0.97 

900 

60 

40 

Sand 

4.0 

5.9 

0.36 

2.05 

1.62 

0.56 

0.11 

2.20 

860 

50 

90 

Loamy sand 

3.2 

6.1 

0.40 

5.20 

1.22 

0.32 

0.15 

1.60 

810 

100 

100 

Sandy l o r n  

Straw (stover) yield followed a similar trend as grain yield (Table 4). In general, 
Zn application significantly increased straw yield up to 1-2 kg Znha. Osiname 
(1973) and Ritchey (1986) reported critical values of soil Zn at between 1.0-1.4 mg 
Znha. 

Nutrient 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 
increased with increasing addition of zinc fertilizer. Significant increases were 
observed at all locations with the use of 2 and 3 kg Znha. The effect of zinc 
fertilizer on ear-leaf contents of P and Fe were not consistent, but at most of the 
locations ear leaf P was lower at higher rates of applied zinc. At Daudawa and 
Gusau. P concentration was significantly reduced at high levels of Zn fertilizer. 
This inverse relationship, which has been widely reported (Rudgers, et al., 1970; 
Farah and Soliman, 1986) may be due to P-Zn interaction in the soil which makes 
the P less 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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Table 3. Maize grain yield response to zinc fertilization at different locations. 

Treatments 1988 1989 1990 Mean 

Bagaudn 
Absolute check (AC) 

0 kg Zn/ha 
I kg Zdha 
2 kg Zdha 
3 kg Zn/ha 

LSD (0.05) 

Daudawa 
AC 
0 kg Zdha 
I kg Zdha 
2 kg Zdha 
3 kg Zdha 

LSD (0.05) 

Giisau 
AC 2.89 
0 kg Zn/ha 3.19 
I kg Zdha 3.17 
2 kg Zdha 2.39 
3 kg Zn/ha 1.54 

LSD (0.05) 0.67 

Kafin- A faiyaki 
AC 2.04 
0 kg Zdha 2.74 
1 kg Zdha 2.60 
2 kg Zdha 2.74 
3 kg Zdha 1.69 

LSD (0.05) NS 

Malumfarhi 
AC 1.33 
0 kg Zn/ha 1.63 
1 kg Zn/ha 1.99 

2 kg Zn/ha 2.06 
3 kg Zn/ha 1.82 

LSD (0.05) 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 
averaged over 2 years. 

Zn rate Bagauda Daudawa Gusau Kafin- Malumfashi 
(kg Znlha) Mai y aki 

LSD (0.05) 1.12 1.35 1.09 1.21 7.58 
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Table 5. Effect of zinc fertilize on the concentration of P, Zn and Fe in maize 
ear leaf, 1989. 

Treaunent p (%) Zn Fe 
"'g/kg 

Bagauda 

Absolute check (AC) 0.1 1 24.43 295 

0 kg Znlha 0.16 26.10 258 

I kg Znlha 0.16 3 1.63 308 

2 kg Znlha 0.16 33.63 263 

3 kg Zn/ha 0.13 36.25 204 

LSD (0.05) 0.06 6.59 61.36 

Doudawa 

AC 

0 kg Zn/ha 

I kg Znlha 

2 kg Znha 

3 kg Zn/ha 
LSD (0.05) 

Gusau 

AC 0.36 

0 kg m a  0.48 

1 kg Zn/ha 0.44 

2 kg Zn/ha 0.48 

3 kg Zn/ha 0.38 

LSD (0.05) 0.08 

Kafn-  Maiyaki 

AC 0.35 

0 kg Zn/ha 0.43 

I kg Zn/ha 0.40 

2 kg Zn/ha 0.42 

3 kg Znlha 0.40 

LSD (0.05) 0.12 

Malumjmhi 

AC 0.30 

0 kg Zn/ha 0.37 

I kg Zn/ha 2.45 

2 kg Znlha 0.49 

3 kg Znha 0.62 

LSD (0.05) 0.05 
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Conclusion 

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 0.1N HCI extractable zinc falls below 1.0 mgkg. Based on the 
overall results, between 1 to 2 kg Znha 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. 
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Abstract 

Optimum harvesting date is required for the production of good quality seed. It is 
generally accepted that seed harvested earlier or later than optimum date are 
invariably of poor quality. An experiment was conducted in the major season of 
1989 at Fumesua (Forest zone), Ejura (Transitional zone) and Nyankpala (Guinea 
savannah zone) to determine optimum harvesting dates for seed maize. Seeds of an 
early-maturing variety (Safita-2) were harvested at 80, 90, 100 and 110 days after 
planting. Also, seeds of medium-maturing variety "Aburotia" were harvested at 90, 
100 110 and 120 days after planting while those of late-maturing "Dobidi" were 
harvested at 100, 1 10, 120 and 130 days after planting. 

Optimum seed germination occurred after maximum seed dry weight had been 
attained. Maximum seed germination were observed between 80-100 days for 
Safita-2, 100 days for Aburotia and 100-1 10 days for Dobidi. Germinability of 
seeds harvested at Nyankpala was low as a result of excessive flood that caused high 
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 
productive in terms of seed yield than the Forest and Guinea savanna zones. 

Introduction 

Crop harvesting is perhaps the most critical step in the overall seed production 
process. The timing of harvest is important because any delay after the seeds have 
attained physiological maturity increases the possibility of their deterioration as a 
result of adverse climatic conditions (Cadwell, 1972; Anderson and Daker, 1983). 
Seeds attain physiological maturity at moisture contents ranging from 32-35% for 
cereals and 50-55% for leguminous crops and cotton. ~ o l l o w i n ~  physiological 
maturation, seeds continue to dry down until they reach harvest maturity-- the 
moisture content at which they can be effectively threshed with mechanical 
harvesters. This infers that frequent rainfall, combined with high temperatures, 
result in rapid losses of viability and vigor of seed in standing crops (Delouche, 
1972). 

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. 

PREVIOUS PAGE BLANK 
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Materials and Methods 

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 white dent), 
Aburotia (105-day, white dent) and Dobidi (120-day, white dent) harvested at four 
different dates as follows: 

Safita-2 harvested 80,90, 100 and 1 10 days after planting; 
Aburotia harvested 80, 100, 1 10 and 120 days after planting, 
and Dobidi harvested 100, 1 10, 120 and 130 days after planting 

The experimental design used was a split-plot, with four replications. Variety 
c'onstituted the main plots and harvesting dates constituted the sub-plots. A sub-plot 
consisted of 4 rows of 5 m length and 80 cm between rows. One maize plant was 
maintained per hill spaced 40 cm apart. The trials were sown in the 4th week of 
April, 1989 in Fumesua (Forest zone) and Ejura (transition zone) and in the 2nd 
week of June in Nyankpala (Guinea savanna zone). 

Seed characteristics observed at or soon after harvest included germination count 
based on 50 seeds per plot and in accordance with the seed testing rules of the 
Association of Official Seed Analysts (1981); 1000-seed weight at 15% moisture 
content; seed moisture content at harvest using a moisture tester, and total grain 
yield at 15% moisture content and 80% shelling percentage. The seed yield was 
then computed after discarding grains that did not meet seed standards. 

Results and Discussion 

a) Seed Moisture Content. The effect of variety and harvesting date on seed 
moisture content is presented i n  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 year in the Guinea savanna. During the process of seed development, the 
moisture content is known to increase after fertilization to a high level and thereafter 
declines as dry matter acumulates into the seed. After the accumulation of dry 
matter, seed moisture content begins to decline until it equilibrates with the 
environmental relative humidity. 

b) Seed Germination. Germination percentages observed at Fumesua and Ejura 
were satisfactorily high (Table 2). However, germination count at Nyankpala was 
unusually low, probably as a result of the excessive flood that occurred that year 
during plant growth and seed development. At Fumesua, the highest germination 
score of 92% in respect of Safita-2 was observed when the maize crop was 
harvested 100 days aftsr planting. Thereafter, germination declined to only 61% at 
the final harvest, 1 10 days after planting. 
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Table 1. Mean effect of variety and harvesting date on maize seed moisture 
content (%), 1989. 

Harvesting Maize variety (DAP)* Fumesua Ejura Nyankpala 

Aburotia 

Dobidi 

cv (%) 7.3 3.9 6.1 
LSD (0.05) 2.2 1.5 2.1 

DAP* = Days after planting. 

At Ejura, seeds of Safita-2 harvested early at 80 or 90 days after planting were 
high at 90 and 81%, respectively. Delaying the harvest until 100 and 110 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 
made by Simpson and Stone (1935). 

Seed harvested at 80 and 90 days at Nyankpala were low in germination as a result 
of delayed development due to flood stress. Delouche (1980) observed that seed 
germinability increases progressively until physiological maturity is attained. 

The variety Aburotia did not show any significant decline in germination in any of 
the locations, probably as a result of its improved husk cover. 

At Fumesua, the germination percentage of the variety Dobidi was significantly 
high at the first harvest but declined subsequently, probably as a result of 
unfavourable weather such as high temperature and high relative humidity. 

C) 1000-Seed Weight. Generally, values of 1000-seed weight were relatively low 
for the e&ly harvest and increased in later harvests for virutally all the varieties and 
locations (Table 3). 
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For example, 1000-seed weight of Safita-2 harvested 80 or 90 days after planting 
at Fumesua and Ejura were significantly lower than when harvested at 100 or 110 
days. A similar trend was observed at Nyankpala, but the differences were not 
statistical significant. 

Table 2. Mean effect of variety and harvesting date on maize seed germination 
(%), 1989. 

Maize variety Harvesting 
(DAP)* Fumesua Ejura Nyankpala 

Aburotia 

Dabidi 

cv (%) 

LSD (0.05) 

DAP* Days after planting. 

Seed and Grain Yield. In general, yields declined with delay in harvesting. For 
insta'nce, when harvesting of Safita-2 was delayed from 80 to 110 days, seed yield 
declined by 50% at Fumesua, 15% at Ejura and 46% at Nyankpala. Also delay in 
harvesting of Aburotia variety from 90 to 120 days led to decline in seed yield by 
31% at Fumesua, 12% at Ejura and 18% at Nyankpala. In addition, delay in 
harvesting of Dobidi from 100 days to 130 days led to decline in seed yield by 33% 
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 
loss suffered by a result of Safita-2 was a early maturity when it suffered damage by 
birds. In addition, because the variety matured at the time the rains had not ceased, 
it suffered ear losses due to high humidity. Among locations, the greatest seed loss 
was at Fumesua (33% due to its warm and humid weather), Nyankpala (3 1%, due to 
flood) and Ejura (14%). 
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Table 3. Mean effect of maize variety and harvesting date on 10Wseed weight 
(g), 1989. 

Maize variety Harvesting 
(DAP)* Fumesua Ejura Nyankpala 

Aburotia 90 230 236 
100 258 308 
1 10 268 313 
120 274 312 

Dobidi 

cv (96) 9.6 11.3 18.8 
LSD (0.05) 36.7 47.2 77.6 

DAP* = Days after planting 

Table- 4. Mean effects of variety and harvesting date on maize seed total grain 
yields (kgha), 1989. 

- - - - 

Maize Fumesua Ejura Nyankpala 
Variety 

Harvesting 
(DAP)+ Seed Grain Seed Grain Seed Grain 

Abumtia 90 
100 
110 
120 

Dobidi 100 
110 
120 
130 

cv (96) 
LSD (0.05) 

D M *  Days after planting. 
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Conclusion 

It is evident from the results presented that the optimum harvesting date for seed 
maize is when the occurrence of the best seed germination is achieved in 
combination with high seed weght, low see moisture content and minimal seed 
loses. On the basis of this criterium, it is conducted that the optimum harvesting 
dates for seed maize in the study are 100 days after planting for Safita-2, 100-1 10 
days for Aburotia and 110 days for Dobidi. 
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Response of Improved Maize and Sorghum Varieties to Different 
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Abstract 

A set of 20 on-station and on-farm trials were conducted from 1985 to 88 in the 
lowland savanna of North Cameroon to determine the effects of different sources 
and rates of chemical seed treatments on the performance and yields of several 
improved varieties of maize and sorghum at several locations. It was found that the 
use of seed treatments was beneficial in substantially increasing the yields of maize 
(101 %) and sorghum ( 1  30%). with Marshal 25 ST and Furadan 10 G performing 
best. Preliminary economic analysis suggested a 33: 1 benefittcost ratio in favor of 
the use of Marshal over that of Thioral which is widely used by farmers in the 
region. 

Introduction 

The lowland savanna of North Cameroon includes all the area located North of 7' 
latitude. The most important factor affecting crop yields in the area is insufficient 
andlor erratic rainfall (Rodriguez, 1986). Maize (Zen mays L.) and sorghum 
(Sorghum bicolor L. Moench) are the two main food crops in the region. Both crops 
are grown by small-holder farmers, usually 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 of 
maize and sorghum by farmers, inspite of new and improved varieties, is the 
relatively high incidence of soil insects pests and particularly termites (Suh, 1987; 
Talleyrand 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 chemical 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) Thioral (25% TMTD and 25% heptaclore), which is commonly used by the 
farmers; 
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b) Marshal 25 ST (carbosulfan); 
c) Furadan 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 for sorghum wcre 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 plantskias was maintained with fertilization rate of 150 N + 60 
P205 + 60 K20 kglha. Each plot consisted of eight 5 m rows spaced 80 cm apart. 
For sorghum, the trials were planted in  early July and harvested in October. A 
population density of 83,333 plantsha was maintained with 80 N + 40 P205 + 40 
K20 kgs/ha of fertilizers applied. The plot size and arrangement was the same as 
described for maize. 

On-Farm Testing. In addition to the trials described above, a series of on-farm 
investigations wcre also carried out in 12 villages (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 performance of three improved maize 
varieties (TZPB, CMS-850 and CMS-8507). The experimental design was a 
randomized complete block and using the system of "blocs disperses" whereby each 
location represented one replication. Each (farmer's) field measured 2500 m2 (50 x 
50 m) and each plot consisted of 20 rows of 24 m width and 80 cm 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-Statwrr Trials. 

There was a generally high response to the use of seed treatments (Tables 1 and 2). 
Relative to untreated checks, Thioral yielded 22% more maize grain for variety 
TZPB compared with 73% for Marshal and 110% for Furadan. The comparable 
effect of seed treatments on sorghum variety CS-95 was 48% for Thioral, 96% ior 
Marshal and 130% for Furadan. 

In general. plots treated with Furadan and Marsahl 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 inscct Spodoptera 
exempta (which caused widespread damage to the seedlings following prolonged 
dry spells in 1987 and 88). 
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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 treatments (uha) RGY(%)* (uha) RGY(%) (uha) RGY(%) 

Control 

(No seed treatment) 3.80 100 4.00 100 4.13 100 

Thioral 

(200 g/100 kgs. seeds) 4.00 105 4.20 105 5.05 122 

Marshal 25 ST 

(1 kg/100 kgs. seeds) 4.60 121 4.80 120 6.54 158 

Marshal 25 ST 

(2 kg/100 kgs. seeds) 4.90 129 5.90 148 6.90 167 

Marshal 25 ST 

(3 kg/100 kgs, seeds) 5.10 134 6.10 152 7.13 173 

Furadan 10 g 

(5 kgfia) 6.20 163 6.12 153 8.11 196 

Furadan I0 g 

( 10 kgfia) 7.20 189 6.30 158 8.30 201 

LSD (0.05) 0.77 

cv (%) 12 
- - - 

* RGY = relative grain yield. 
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Table 2. Effect of seed treatment on the grain yield of CS-95 sorghum at selected 
locations in Cameroon. 

Sanguere ( 1  987) Djalingo ( 1987) Djalingo ( 1988) 
Seed treatments 

(uha) RGY(%)* (uha) RGY(%) (uha) RGY(%) 

Control 
(No seed treatment) 1.93 100 3.00 100 1.31 100 

Thioral 

(200 d l 0 0  kgs, seeds) 2.35 148 3.95 132 1.53 117 

Marshal 25 ST 
(1  kdl00 kgs. seeds) 3.15 163 4.60 153 1.97 150 

Marshal 25 ST 
(2 kg1 00 kgs, seeds) 3.48 180 4.80 160 2.15 164 

Marshal 25 ST 

(3 kg1100 kgs, seeds) 3.80 196 5.00 166 2.28 174 

Furadan I 0 g 

(5 kgslha) 4.25 220 5.10 170 2.50 190 

Furadan I0 g 

(1 0 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, in the untreated plots or by the use of Thioral, there were, in many 
cases. reducedlpoor plant 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 either Marshal or Furadan were more tolerant to 
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water stress than the untreated plots. On the average, the response of sorghum to 
seed treatment was greater than in maize. 

b) On-Farm Triuk. Results obtained from the on-farm study are presented in 
Table 3. It is evident from the results that plots treated with Marshal 25 ST (1 
kg/100 kg seed) produced significantly higher maize yield than the use of Thioral 
(200 d l 0 0  kgs seed). Yield increases resulting from the use of Marshall were 0.75 
tonha for TZPB maize, 0.82 tonha for CMS-8507 and 0.87 tonha for CMS-8501. 
Plant stand in plots receiving Thioral were significantly lower than those receiving 
Marshal. The results, thus, generally confirm those obtained from the on-station 
trials, including the superiority of Marshal 25 ST over Thioral. 

Table 3. Effects of two seed treatments on grain yield of three maize varieties at 
12 locations of Benoue region of Cameroon, 1998 (tonha). 

Tmtmenu* Rgnde Gode Poli D o u b  Ndoumu Mbam Ngoumi Mhiloum b o u y o u  Mbordo b p y e  Mbcdc- Mean 
m 

TZPB + 
Thioral 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 + 
Marshal 4.98 4.33 3.38 5.02 5.79 4.74 3.76 4.20 4.61 5.62 3.88 4.18 4.53 

CMS-8501+ 

Thiornl 4.04 4.05 3.09 6.12 5.50 4.95 3.59 4.43 4.28 5.17 3.52 3.29 4.25 

CMS-805 1 + 
Thiornl 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 + 
Thiornl 3.30 4.18 3.42 2.99 5.54 4.89 4.13 4.01 3.98 5.45 3.82 3.14 4.07 

CMS-8507 + 
Marshal 4.06 4.54 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) = 0.16 tonha for s&d munent ; 0.26 tonlha for variety ; 0.52 tonlha for location 

CV(%)= 12% 

* Marshal 25 ST (Carbosulfan) at 1 kg of the product/100 kg of maize seeds. 
Thioral was used at the rate of 60 gl30 kgs of maize seed. 

C) Other Observations. Preliminary economic analysis based on the results of on- 
farm 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 Thrcicum in 
Cameroon. 
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Abstract 

Excerohilum turcicum (Pass.) Leonard & Suggs. and Bipolaris ntaydis occur in 
high frequencies (80% and 22%, resptively) in Cameroon. Three races (1, 2 and 
3) and their distribution in the maize growing zone of the country are discussed. 

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 reported that maize diseases remain the major yield reducing 
factor in farmers' fields, causing 1550% yield loss annually. In Cameroon, for 
instance, maize diseases are important in number and intensity; leaf blights and rusts 
being the most prevalent, beside maize streak virus (Nankam, 1989). Heavy attack 
of Excerohilum turcicum and Bipolaris maydis was observed in 1988 and 1989. 
respectively, at Nkolbisson (600 m) and Foumbot (1 100 m). Likewise, Puccinia 
polysora, the lowland rust, is being observed more and more in the higher altitudes. 

The objective of the study was to estimate the relative prevalence of Bipoiuris and 
Excerohiluni 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 
prevalence of each race and the mating types among isolates. 

Materials and Methods 

In 1989, maize fields were inspected and sampled for lead inhabiting species of 
Bipolaris and Excerohilunl in 14 localities 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 cm long and 2-3 cm wide were cut out and surface-sterilized 
by immersion for 3-5 minutes in 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 stereo 
microscope at 50X for conidiophores and conidia of large-spored species of 
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Fig. 1. Distribution and relative importance of maize diseases in Cameroon. 

Bipolaris and Excerohilunt. Pure culture of each type and for each locality was 
obtained by picking conidia direclty from conidiophores with a sterile needle and 
transferring to potato dextrose agar (PDA) then transferring once to either PDA or 
corn meal agar (CMA) to ensure purity. 

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 
inoculations. 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. 
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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. trtrcicum 15 days after inoculation. 

Sitesllsolates Altitude GENOTYPES 
(MASL)* 

H4460 H4460Ht IHt I H4460Ht2Ht2 H4460Ht3Ht3 

Bntie 1900 N C N N 

Foumbot 1050 N N N C 

Mbang-Mbirni 1200 N N C N 

Upper-Fm 1980 N C C C 

Nkolbisson 700 N N C N 

Mfonta 

s a n u  

Bansoa 

Babungo 

Mbiame 

Bafou 

Ngondzen 

Ndonkole 

C = Chlorotic lesions 
N = Necrotic lesions 
* MASL = Metres above sea level 

Results and Discussion 

a) ~neidenee. Excerohilum turcicum and Bipolaris maydis 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-Mbirni, which are located in the mid-altitude (or lowland) zones. E. 
turcicuni occurred both in the highland and lowland (Nkolbisson) environments. 
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b) Race Cltaracterization. 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 I and 2 but not to race 3. Table 1 presents the phenotypic response of the 
four genotypes when inoculated with 14 isolates of E. turcicunt. 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 X / Y ,  where X represents effective gene(s) and Y non-effective gene(s). 

Highland leaf blight caused by E. rurcicunl 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 i n  lowland environments 
(Nkolbisson, 600 m. and Befang, 700 m.). 

Table 2. Virulence formula and designated races of the isolates. 

Sitedisolates Altitude Virulence formula Races 
(MASL)* 

Batie 

Foumbot 
Mbang-Mbimi 

Befang 

Upper-Farm 

Nkol bisson 

Mfonta 

Bansoa 
Babungo 

Mbiame 
Bafou 
Ngondzen 

Santa 
Ndonkole 

* MASL = Metres above sea level. 

The three races described exist i n  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; I100 m; Mbang-Mbirni 
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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 resistanceltolerance to Race 3. 
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Development of Striga hermonthica Tolerant, Open-pollinated 
Maize Varieties in Africa. 

SOON-KWON KIM. 

IITMlbadan, Nigeria. 

Abstract 

Breeding for Striga tolerance and resistance (STR) in maize was initiated in 
Nigeria by IITA scientists in 1982. Tolerant hybrids were selected at Mokwa in 
Niger State under a heavy natural infestation of Striga hermonthica in 1983. Seeds 
of the tolerant hybrids have been marketed in Nigeria since 1985. Selection of 
tolerant open-pollinated (OP) varieties of maize was not successful due to lack of 
uniform infestation. In 1988, an infestation technique involving the use of low level 
of nitrogen (less than 60 kgha), a large quantity of Striga 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 synthetics with moderate levels of 
tolerance have been developed and selection for the improvement of the level of 
Striga 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 Striga tolerance, yield potential, disease 
and insect resistance, simultaneously. 

Introduction 

The parasitic weed, Striga hermonthica 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, Striga 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 IITA Maize 
Programme started screening maize germplasm against Striga in 1982 at Gusau in 
Sokoto State of Nigeria and found sources of tolerance in 1983 in the US Corn Belt 
materials tested at Mokwa (Kim et al., 1984 and 1985, Kim and Winslow 1991b). 
Striga 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; Kim, 1988; Kim, 1991a). 
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The development of artificial infestation has been a prerequisite for tackling the 
Striga problem. In 1988, the IITA 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 kgha 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 resulted in  
higher 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 ears was the most adversely affected. Susceptible 
plants showed changes in  leaf colour (chlorosis), scorching, plant height reduction 
and severe lodging. 

A genetic study on the inheritance of Striga tolerance using 10 x 10 inbred diallel 
crosses revealed that Striga tolerance was governed mostly by general combining 
ability (GCA) effects (66%). Tolerance was controlled by polygenes with additive 
gene action and was therefore inherited quantitatively (Kim, 1991~). Among the ten 
inbred lines used, TZi 12 conferred the highest GCA value for Striga tolerance. 
Another diallel study involving the same 45 crosses (under artificial infestation) 
showed that Striga emergence was governed mainly by specific combining ability 
(SCA) effects (65%) with a negligible influence of GCA effects (16%) (Kim, 
1991d). Emergence appeared to be controlled by genes different from those for 
Striga tolerance. 

Studies with 13 different collections of Striga hernlonthica 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 the collections. Tolerant varieties of maize and sorghum reacted horizontally 
across the 13 collections, while two millet varieties reacted vertically (Kim, 1991e). 

Striga Seed Collection 

A large quantity of Striga seeds was collected from Striga endemic areas. Matured 
Striga plants were cut at about two weeks after the last flowering 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 cm sieves and the cleaned 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 i n  the savanna belt and Striga 
hermonthica has evolved with millet and sorghum, collection of Striga seeds from 
sorghum and millet is highly desirable. Well dried Striga seeds showed relatively 
low germination initially but germinability increased with time. Six-month old seeds 
showed about 75 percent germination (Kim and Winslow, 1991a). 
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Land Preparation 

After conventional tillage of the land, ridges (75 cms apart) were made. A metal 
bed firmer was used to firm the ridges and, at the same time, open a 10-cm V- 
shaped furrow on top of the ridge. Rows were 5 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. The 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 Nha 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 
haustorial 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 
mixing 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 5cm 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 
taken to prevent Striga seed movement from the infested to the non-infested plot. 
The maize plants were spaced 75 and 25 cm, 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, Srriga symptom ratings based on a 1 to 9 
scale (I= no symptoms, 9 = severe symptoms) appeared to be the most reliable way 
of assessing host tolerance to the parasite (Table 1). The use of numbers of emerged 
Srriga plants by most researchers, so far, has led to misinterpretation of the progress 
in Srriga 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 weight and plant height. 
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Table 1. Strign syndrome ratings used for measurement of tolerance of maize to 
Striga. 

Rating Description of host response 

1 No damage symptoms with normal 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. 

No apparent reduction in plant height, mild blotches and mild 
chlorosis. 

Definite blotches and chlorosis, not spread to entire plant and 
approximately 5 percent reduction in height and ear size. 

About 10 percent reduction in height and ear size, mild leaf 
chlorosis and scorching. 

About 20 percent reduction in height and ear size, some leaf 
chlorosis and scorching. 

About 30 percent reduction in  height and ear size, some leaf 
chlorosis and scorching. 

About 40 percent reduction in height and ear size, severe leaf 
scorching and stalk lodging; plants often show symptoms of 
wilting. 

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 record the average rating of each plot under 
uniform and high Striga infestation. However, under non-uniformly infested 
conditions, only infested plants with Strign 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, 1991d). Studies on correlations among 
Striga emergence, Striga rating, stover weight and grain yield of maize 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 
can be used to assess the level of STR. Only STR lines should be selected and 
recombined. 

Breeding Procedures 

In the 1988 first (A) season, 18 OP varieties were tested in a large screenhouse, 
250 m2 under artificial infestation. Almost all varieties were highly susceptible to 
Striga hernlonthica (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, 1985, and Kim 1991a). Among maize racial 
groups. Tuxpeno, Nal-Tel, and Chapalote showed high susceptibility. Perennial 
maize (Zea diploperrenis), 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 TZi 12 and 
TZi 11 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 fam'ilies were selfed during the 1988 C season. After testing of 
S1 families at Mokwa in  the 1989 A season, selected families tolerant to Striga were 
used to make the second generation backcrosses in Ibadan during 1989 B season. 
An IITA drought tolerant population, TZDT-SR was also crossed with selected STR 
sources, TZi 12 and TZi 3. The S1 and half sib testing and recombination schemes 
were adopted to improve STR levels as well as yield potential of the original OP 
varieties. Since 1988, three cycles of breeding 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, Ibadan) 
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 Season Site Breeding procedures 

1988 A lbndan screen-house (SH) Screened OP varieties under Striga 

and crossed susceptible plants to 
STR lines. 

B Ibadan - SH Backcrossed with the original OP 
variety. 

C lbadan - field (non infested) Selfed BCI generation 

1989 A Mokwa-hot spot 

B Ibadan - SH 

C Ibadan SH 

Ibadan - field (non-infested) 

1990 A Mokwa-hot spot 

Ibadan-field (non-infested) 

C Ibadan-SH 

I badan-field 
(non-infested) 

Tested BCI SI for STR and yield. 

Backcrossed 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 and 
yield. 

Screened Mokwa selected families 
for STR. 

Recombined half-sib STR families. 

Rescreened the recombined STR 
families for STR. 

Recombined SH selected STR 
families and also developed SI 
families. 

In the 1989 A season, a total of 788 families of STR OP 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 
68 1 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 level 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). 

Table 3. Summary of selected OP families under Striga infestation at Mokwa, 
1989. 

Pedigree No of families Strign rating ( 1-9) No Strign at IOWAP 
(1  m2) 

Tested Slected Tested Slected Tested Slected 

Syn. 114 128 46 3.8 3.2 13.5 7.5 

Syn. 516 48 1 1  4.7 3.4 13.9 6.4 

TZB-SR 286 64 2.8 2.4 9.3 9.6 

OP-STR 326 60 4.3 2.5 12.4 10.9 

Total or mean 788 181 3.9 2.3 12.3 8.6 

Striga rating (1 to 9): 1 = high tolerance/resistance, 9 = high susceptibility, No. of 
Striga: numbers of emerged Striga plants on 1 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 1 m gap was left between the infested and non-infested 
portions of each 5 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 IITA headquarters in Ibadan without Striga infestation, but with maize 
streak virus (MSV) infestation. At flowering, families with resistance to MSV, stem 
borers and lodging were selected and sib-pollination was done within each family. 
At harvesting, families resistant to streak, Pucciriia polysora rust and Bioploris 
maydis blight, and ear rot complex were selected and kept until the results from 
Mokwa were obtained. Selection intensity was low because of the key objective of 
Striga tolerance and resistance. 

During the 1990 second rainy season (B), only selected families from Mokwa were 
re-screened inside the screenhouse at IITA, Ibadan, under Striga infestation. Maize 
seeds of families sib-mated during the A season in Ibadan 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 



ear-to-row in  the field. Two weeks after the planting of the materials i n  the 
screenhouse. remnant seeds of the same selected families (ears) were planted i n  the 
field without Striga infestation. Host plant Striga syndrome ratings were taken from 
llle screenhouse materials at around flowering time and the materials with ratings of 
5 and above were rejected and only selec~ed STR families with good agronomic 
traits were recombined as half-sibs. Average Strign ratings of eight OP varieties 
were higher than those of the previous cycle at Mokwa. Although all the 
screenhouse tested materials were selected at Mokwa for STR, the same materials 
showed further segregation inside the screenhouse because of additional sibbed ears 
and also probably due to higher Striga infestation in  the screenhouse than the 
Mokwa field infestation. 

During the 1990 dry season (C), a total of 273 half sib families (781 ears) of the 
OP varieties were replanted (Table 4) inside Ihe screenhouse under Striga 
infestation (ear-to-hill) and in the field with streak infestation (ear-to-row). Only 
families selected for STR and streak resistance (SR) were recombined in  the field. 
Preliminary Striga data from the screenhouse 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, 1991~). 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 SI testing at Mokwa during the 1991 growing 
season. 

Table 4. Number of selected families and ears of eight OP varieties under Striga 
infestation at Mokwa during 1990 A rainy season (field) and IITA headquarters in  
Ibadan during 1990 B and C seasons (screenhouse with infestation and field without 
infestation). 

Variety Mokwa A lbadan B lbadan C 

Tested Selected Tested Selected Tested Selected 
families families ears families ears families 

STR Syn-W-I 
STR Syn-Y-1 
STR 28-SR 
STR TZB-SR 
STR TZPB-SR 
STK TZPB-SR 
STR TZSR-W 
STR Suwan-l 
Total or mean 
- - - - - 

A = major season C = dry season (under irrigation) 
B = minor season. 
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In 1991, 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 i n  1990 under both 
artificial infestations at Mokwa, Nigeria (kim, unpublished) and Sangutrt, 
Cameroon (C. The, unpublished) and natural infestation in a few farmers' fields in  
Nigeria (G. Weber and S. Lagoke, unpublished), the FA0 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 199 1 cropping season. 

Multi-location testing of the STR materials will be intensified so as to improve the 
stability of STR (Table 5). The IlTA Maize Programme plans to establish additional 
testing sites with national programmes in Samaru (hermonthica, S. Lagoke), Kano 
(hermoti thica and aspern)  and Jos (aspera)  i n  Nigeria, Sinematialie or 
Ferkessedougou in CBte d'Ivoire (hermonthicn, K. Attiey), Garoua i n  Cameroon 
(hernionthica, 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. hernlonthica 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 i n  North Carolina, USA 
(Ransom et al., 199 1 ). 

Table 5. Multi-locational testing sites of IlTA 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 
economists 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 
collaboration 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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Network Approach to Sorghum Improvement in West and 
Central Africa. 

MELVILLE D. THOMAS 

Coordir~ator, Sorghurn Network, ICRISA T/SA FGRA D, Baniako, Mali. 

Abstract 

In attempts to meet set objectives, the West and Central Africa Sorghum Research 
Network, 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 has 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 i n  the region have also been identified. In addition to 
regional trials, five research projects were initiated in  1989 and their execution 
charged to Lead NARS Centres. For example, in Burkina Faso, Niger and Mali, 
scientists are 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 are also underway. In Nigeria, scientists have identified a suitable local 
sorghum variety (Farafara) for use i n  wheatlsorghum composite flour. 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, 
1988). 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-stress, poor soils and lack of efficient soil-water management techniques 
are the most severe constraints in semi-arid Africa. 

Sorghum (Sorghuni bicolor (L) Moench) is grown widely in many countries in 
semi-arid West Africa. Most of the sorghum is grown in  the Sudanian zone (500- 
1000 mm annual rainfall) and the northern Guinean zone (1000-1200 nim annual 
rainfall). Sorghum is also grown in the southern fringes of the Sahel (400-500 mm 
annual rainfall). Along with pearl millet (Pennisetnni glalicunl (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 i t  were, local varieties are low-yielding and are 
generally not responsive to high levels of fertilizer (Zum~no. 1984). The need for 
inlproved cultivation of sorghum through research and extension cannot, therefore, 
be over-emphasized. The establishment of the Sorghum Network with regional 
responsibility is towards ultimately enhancing sorghum production in West and 
Central Africa. 

Background and Objectives of the Sorghunl Network 

The West and Central Africa Sorghum Network became operational in 1985 under 
the auspices of SAFGRAD-OAUISTRC, with ICRlSAT 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 
lowards the following objectives: 

a) 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. 

b) Assisting and strengthening national sorghum improvement programmes 
and contributing to their research needs. 

c) Developing improved varieties and hybrids and agronomiclmanagement 
practices capable of giving increased and more stable economic yields. 

d) organizing and promoting systematic regional testing of available and 
improved genetic material and technology. 

e) Facilitating the development of agricultural rcsearch nianpower among the 
17 member countries. 

f) Organizing training workshops, seminars and monitoring visits of network 
activities. 

Set-up of Sorghum Network 

Administrative and technical support are given by ICRISAT mainly through its 
Mali and Nigerian sub-stations. ICRISAT provides the Network Coordinator who 
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 'UOO (as observers). The 
Coordinator reports to the Executive Director of ICKISAT Sahelian Centre (ISC) in 
Niamey and works in  close consultation with thc Team I.i,,~~lcr of WASIP-Mali. 
Direct links exist between the Coordinator and the SAFGK \ I  ('oordination Office 
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in Ouagadougou. Yearly progress reports 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 reports 
are prepared on a monthly basis by WASIP-Mali 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 Strategy 

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 righlly 
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 199 I, the type of sorghum regional trials in West and Central Atrica 
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 Nagawhite, 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 lines and hybrids 
contributed by ICRISAT and the national programmes of Burkina Faso 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) Researeit Projects witlt National Agricultural Research Systems 

Specific Research Projects: The Sorghum Network initiated four research 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 
pathotypes 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 acceplable wheat-sorghum composite 
Ilour 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. 

Table 1. Summary of regional trials of the West and Central Africa sorghum 
network. 

Year 
Numhcr SeLr o i  Pcn'cnuga Pnrmising and lop yislding cu l l i vm 

Type a l ~ r i a l  ef cnlrics trials uidara IunlJIia 
dispalchcd wcovcry 

1987 i)  Psrly maluring cyclc adsplalii1n lrizl 

(WASVAT-El 

i i )  Medium maluring cyclc adzplation lrial 

(WASVAT-N) 

i i i )  Sorghum hyhrid lrisl (WASHATI 

iv) Di.waw nuwry  1na1 IWASDN) 

Nagawhilc - 2.8 

ICSHJ336 2.8 

I 3  pn~mi8ing l ims wen' idenlificd 

1988 i) WASVAT-E 

ii) WASVAT-N 
i i i )  WASHAT 

iv) Slliga lrial (WASST) 

Nzgiuwhiu 3.6 

IVSVIM3 3.3 lCSVl171 2.4 

ICSH5407 3.6 
ICSVIIXII UF. lCSV11)07 BF. ICSV 

I IM BF and lCYX3O wen' promising. 

Thw n'sislanl gcnolyps wen' 
idcnlilied. 

V) D i w s x  nuncry (WASLDN) 

1989 i )  WASVAT-E 

ii) WASVAT-N 

i i i )  WASHAT 

iv) WASLDN 

Nagawhilc 2.8 lCSVIO7Y 2.7 

ICSVI 171 2.4 

ICSH 3.7 

DixiLw n'sisliml lincs include X4S82. 

X*.S.l XI. 
ICSVI(XI7 BF, ICSVl IM BF and 

IS28RJ. 

19L)O i) WASVAT-E 

ii) WASVAT-N 

i i i )  WASHAT 

CE-IW7-2-1 2.5 

CSX5 2.1 

Bea yielding hyhrids wen' ICSN- 

%XI8 NG 3.7 

Framids and ICSV- 11178 

XJ-5I(R and I S M 3  wen' n'siswnl lo  
Icsl' di.wiLws 

iv) WASST 

V) WASLDN 

19)l i )  WASVAT-E Var Y b - I 8 6  2.5 

Nagswhile 2.8 

Vsr. S?I9 2.3 

Thc hyhrid ICSHX(XN NG 3.7 
Seven Srriqo lolersnl genotypes wen' 

idcnlifiud. 

New lincr ol'snrghum F2-211 w a  

found n'sislanl 11, k a i  anlhracnou? : 
84-S-X2 was iound n'siswnl lo  lcal 

discav?~. 

i i )  WASVAT-N 

i i i )  WASHAT 

iv) WASST 

VI WASLDN 

WASVAT-E = West African Sorghum Variety Adaptation Trial, Early 
Maturing Cycle. 

M = Medium Cycle 
WASHAT = West African Sorghum Hybrid Adaptation Trial. 
WASLDN = West African Sorghum Leaf Disease Nursery 
WASST = West African Sorghum Sttaiga Trial. 
Source = SAFGRAD Phase I1 Report, 1987- 199 1. 
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Progress Made 

Research Projects. Using the spreader row technique, the project in Burkina Faso 
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 of 30 out of 
the 80 lines were free of the fungus. The level of grain contamination by C. 
granlinicola 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. nlarginatus, whereas two 
generations of the insect developed i n  late planted sorghums. In a screening 
experiment, 25 out of 100 lines were resistant to E. niargirzatus. 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. nlarginatus attack was 
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 shelflife 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 econ~mics of production will also be 
determined. 

The significant results of the above mentioned projects are summarized in Table 2. 



Table 2. Significant results on a yearly basis of research project activities of the 
West and Central Africa sorghum network. 

Country Y w  Significant RIFUILS 

slaruxl 
Cropping 

1. Anlhracnosc Burkina Faso I089 1081) 

3. Head bugs 

Niger 

Mali 

Camcmun I'WO 19!lO 

1Y!l 

Iknti l icd 74 out of 80 lincs wnxncd as resistant to lbliar 
inkclion. 
Grain 01' 30 lincs were frzc of the fungus. Grain 
conumination was highcr in introduced variclies. 

The resistance to Soliar infection observed in  1989 was 
conlirmcd in 71) lincs. 
A toul of 44 lincs. all Icral vari~lics. wen: mislant to leal: 
sum and grdin inlkt iol~. 
Di.w;~w pnbgrcss mom rapid in intmdu~xd varictics. 

ldcntilicd 19 local varictics and thnx introduwd varieties 
with ralc reducing-like wsistancc lo lcnT inliu'tion. 

Elcvcn out of 75 varictics scnvncd wcre highly rcsisunt. 
L a r  maturing varictics wen: more sux~ptihlc. 

New sets of 24 varieties idcntificb as resistant at two 
locations. 
Longevity of  tcliosporcs of the long smut fungus was 
incwawd when stowd ddry. 
Infection was highcr when plants wcre inoculated with 
sporidia than with tcliospon!~. 

Population of the head hug insect was high at the and ol 
Scptcmhcr and October. 
B r l y  planting wsullrd in no attack. w h c n : ~  two generations 
dcvclopl'd in lalc planed .sorghums. 
Twcnty-livc out ol' l(H) lincs wen: resistant. 

Rcsul~s ohuincd in I980 were confirrncd. 

ldcntificd 2 I ncw sources of rcsistancc out of 5 1 lincs 
s c w n c d  in a prcliminury nuwry. 

Thc mislance oT nine varictics ihntilied in I980 and IYYO 
were conlirmcd by artificial inoculation. 

Thc project multiplied eight varictics and two gcmplasm 
lincs rcsistanl to Srrigu Tor cntrics in wgional Srrigtt uials. 

I;ourIwn lincs with low Srrign counts idcntificd. 
All I 2  cntrics in the Strigtt regional trial came from thc 
pmjc~t. 

Local Fml'iua varicty identified   IS most suilahlc sorghum 
varicty Tor thc compositc flour. 
Up to 50 % suhslitution of sorghum for hrcnd and up to 64R 
for conliu.lionciy. 

Addition oT0.5 8 cassllva s1an.h hour to lhc compkitc llour 
produced marc spongy hread. closcr texturcd and less 
crumhling. hut shclT lire was shomncd. 

Whcat-sorghum compositc flour hmd more popular among 
low incomc group htcauw i t  was mom filling than pun: 
wheat h a d .  

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 of Sorghum Network 

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. 

e) Continued backstopping by ICRISAT especially relating to developing 
promising varieties and hybrids with high and stable yields. 

f) Facilitate the exchange of germplasm between member states. 

g) Organize annual research working groups on the research projects with 
active participation of NARS. 

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 
workshops are not scheduled. 

k) 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 
intercropping 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 I1 of the SAFGRADIICRISAT programme. 
Production constraints have been identified, research priorities formulated, and 
Lead NARS Centres identified to carry out specific technology-generation research 
projects in addition to the backstopping provided by ICRISAT. 

Members of the Eastern Africa Regional Sorghum And Millet (EARSAM) 
Network Steering Committee meet once or twice each year to monitor, revicw and 
evaluate Network activities and to discuss achievemcnts and prepare future Network 
plans based on regional priorities. ICRISAT monitors recommendations made by 
the Steering Committee and facilitales the i~nplementation of Network activities. 
ICRISAT's main objective is to facilitate the attainment of food sufficiency in the 
region. ICRISAT has tried to enhance the development of research leadership 
within NARS, giving their young scientists opportunities 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 support, training, and other activities. 

During SAFGRAD Phase 11, intensive exchange of germplasm and technologies 
took place among NARS in Eastern Africa. These exchanges substantially 
improved NARS research capabilities as reflected in the quality and standard of 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 continuing, 
the net food shortfall 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, Tanzania and Uganda. Almost all the ~liajor sorghum 
ecological zones found world-wide are represented in Eastern Africa, from sea level 
to 2,500 m above sea level (Gebrekidan, 1986). Well over 75% of the region has an 
average annual rainfall between 400 to 1,000 mm. The bimodal rainfall generally 
falls for about 3 to 5 months and is highly variable. Temperatures in the different 
ecological zones are variable and can range from 6°C (Highland) to 45'C (Lowland) 
(ICRISAT. 1989). 
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Although total 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% population 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 a/.. 1991 ). 

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 

a) Lack of Improved Cultivars. Low-yielding, traditional landraces are 
predo~ninantly grown; there is thus potential to improve the yield and stability of the 
existing sorghum and millet varieties and landraces. Seed set, crop maturity and 
plant height are important traits to be considered. 

b) Drougltt and Soil Management. Many of the soils in the region whether, 
heavy or light, are of low fertility. Increases in production on such soils are only 
possible when improved varieties are grown with improvement in soil management. 
Drought, stand establishment, temperature, and nutrient stresses all significantly 
affect production. Intercropping and sole cropping are both practised, but the 
relationships of interplanted crops still remain little understood. 

Table 1. Statistics of sorghum. millet and total cereal production for eight 
countries in Eastern Africa. 

Crop total Burundi Ethiopia Kenya Rwanda Somalia Sudan Tanzania Uganda Africa 

Sorghum 
Area (000 ha) 58 900 146 173 550 3682 514 180 16963 

Production (000 ton) 88 964 143 164 291 1924 503 260 13995 

Yield (kglha) 1514 1071 979 943 529 523 979 I N  825 

h,lillct 
Area (000 ha) 13 200 % 2 0 1550 300 270 14263 

Production (000ton) 10 180 60 2 0 167 300 380 9302 

Yield (kglha) 769 900 625 833 0 108 1000 1407 652 

Total cereals 
Area (000 ha) 215 5017 1982 263 848 5448 3168 773 73957 

Production (000ton) 321 5925 3460 268 608 2369 4634 970 90845 

Yield (kgflin) 1489 1181 1746 1019 716 435 1463 1255 1228 

Source: FA0 Production Yearbook 1989, Food and Agric~rlrurc Organization of 
the United Nations, Rome. Italy: FAO. 
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C) Diseases. Priority diseases for regional research include pathogens that cause 
anthracnose, covered smut, grain mold and ergot of sorghum. For finger millet, 
head blast and pearl millet (and sorghum) ergot are the most wide-spread 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, 
shootfly, sorghum midge, and storage insects. Several of the insects found on 
sorghum also attack millets, but do not appear to significantly damage the crop. 
Queleu and other species of birds cause significant damage to both crops. 'The 
actual extent of such damage has not been critically evaluated. 

e) Striga. Several species of this parasitic weed attack sorghum and finger millet 
crops resulting in significant production losses. 

f) Off-F&m Trials. To effectively translate research results for adoption, it is 
important to conduct veritication trials on farmers' fields and with farmers' 
participation towards ensuring that the technology in  question is backed with socio- 
economic considerations. 

g) Marketing and Price Cotrtrol. 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-harvest Handling and Utilization. Eastern African countries are 
increasingly expressing concern about the post harvest-handling. storage 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. 

i) Seed Productiotr. One of the bottlenecks to rapid 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. 

Historical Perspective of SAFGRAD-ICRISAT EARSAM Network 

Since 1982, USAID has funded SAFGRAD for the implementation of sorghum 
and millet improvement in Eastern Africa through ICRISAT. As a project of the 
OAU, SAFGRAD mobilizes the efforts and strengths of national agricultural 
research systems through a networking approach i n  achieving the objective of 
improving sorghum and millet production in the region. While ICRISAT has 
provided improved technologies and supported NARS in their training and other 
needs, the OAU umbrella under which SAFGRAD functions has facilitated the 
mobility of scientists and research materials. 
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Between 1982-86 which period coincided with SAFGRAD phase I. 
ICRISATISAFGRAD made commendable progress in training 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 germplasm. 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 formed the commencement or SAFGRAD phase I1 (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 germplasm, 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 sorghumlmillet 
scientist from each of the eight member-countries of EARSAM Network was 
formed 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: 

a) Prepare short and long-term Network action plans based on prioritized 
problems of regional significance. 

b) Monitor the implementation of workshop recommendations and Steering 
Committee decisions. 

c) Facilitate the implementation of research Network activities in members' 
respective countries in particular, and in the region in general. 

d) Determine themes for training workshops, seminars and regional short- 
course training programmes. 

The day-to-day execution of Steering Committee decisions and Network activities 
rests with the Coordinator. 

EARSAM Network Objectives and Programmes 

In the overall context of SAFGRAD mandate to enhance food grain production in 
sub-Saharan Africa, the EARSAM Network has the following objectives relating to 
Eastern Africa: 

a) To assist NARS in the development of improved sorghum and millet 
varieties and hybrids that, together with agronomic and soil management and 
conservation practices, will result in higher and more stable economic yields 
in the region. 
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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 s-sternatic regional cooperative testing of available 
elite cultivars. 

d) To develop collaborative research projects on specific production constraints 
of major significance in the region with strong NARS institutions (Lead 
NARS Ccntres) 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. 

r) To organize regional workshops, monitoring tours and field days in order to 
report 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, ICRISAT 
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 research. 

EARSAM Network Achievements 

a) Lead Centre Collaborative Projects. 

i. Striga resistance 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 Striga 
i n  field-sick plots out of which 27 resistant lines have been identified. In pot 
experiments at Holeta Research Station, five sorghum lines (SAR 24, Gambella 
1107. N 13. ICSV 1006. and ICSV 1007) have been identified as resistant to both S. 
hernlorrthica and S. asiatica. 

ii. Research on long smut at the Kenya Agricultural Research Institute has 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 to be a more effective 
source of inoculum when inoculation occurred at the boot stage. 
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Thc resistance of IS 8595 nlay not be wholly attributed to its long glumes as 
presently believed, i n  light of recent findings at 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 i n  terms of achieve- 
ments at the Kenya Lead Centre is thc 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 germplasm and brecding lines for resistance to covered smut. By 
this technique that is now in wide use by NARS institutions, maximum infection 
results when 10 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 confirmed as having resistance to ergot following further screening. The same 
technique used at the Rwanda Lead Centre (I'Institut des Sciences Agronomiques) 
resulted i n  the identification of 8 resistant lines (IS. 25531. 25485, 25489. 25527, 
255530, 25533, 25537 and 25542). Also identified are the common grasses 
Panicunr ntaxinlirnt and Cenchrus diliaris which may serve as primary sources of 
ergot inoculum, having becn 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 1 I1 
screened. 

vi. The Kenya Lead Centre has screened about 960 finger millet germplasm lines 
for resistance to finger millet head blast disease, out of which 201 selected I ines are 
being screened again at "hot spot" locations in Eastcrn Africa to identify lines with 
stable resistance. 

v i i .  Facilities for insect rearing on artificial diets have been established and 
successful rearing of sorghum stem borer (Chilo partellus) initiated at the Somalia 
Lead Centre. The growth, development and reproduction of C. parrellus on the 
artificial diet were similar to those on its natural host, sorghum. 

viii. The joint effort of Lead Centres on food crop utilisation i n  Ethiopia (Institute 
of 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; evaluated 
the organo-leptic qualities of such traditional foods as injera and nifro (Ethiopia), 
ugali (Kenya) and kisra (Sudan); observed comparatively high ratings for overall 
food quality in respect of sorghum cultivar SPV 475 (india), Dabar (Sudan) and IS 
24129 (Tanzania); established significant associations between starch characteristics 
and ir~jera quality, and protein content with injera and kisra quality; used Lhe 
tangential abrasive dehulling device to dehull large numbers of sorghum samples 
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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 
1989190 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. 

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 

Ethiopia 

Kenya 

Rwanda 

Somalia 583 

Sudan 534 

Tanzania 525 

Uganda 825 

BEST AVAILABLE COPY 
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Most of the germplasln has been evaluated by the NARS, useful data generated 
and productiveladaptive cultivars selected for furthcr testing as desired by each 
institution. EARSAM Nctwork preliminary observation nurseries have been 
organiscd 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. 

Country Sorghum Pearl millet Finger millet 

Burundi 

Ethiopia 

Kenya 

Rwanda 

Somalia 

Sudan 

Tanzania 

Uganda 

Melkamash 

Gambella 1 107 

Dinkmash 

Serena 

Seredo 

IS 76 

2 Kx 17 

White Dwarf Milo 

Hageen Durra I 

Gadan Hamam 

Serena 

Lulu 

Tegemeo 

Serena 

Seredo 

Ugandi 

Serere I 

Serere composite 

Serere 1 Engeny 

Serere composite P 224 

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 
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 
ICFUSAT, other international organizations as well as from Universities also attend 
towards sharing knowledge, expertise and experiences with NARS scientists and i n  
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 
ICFUSAT 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 commendabble 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 i n  the second phase of the 
SAFGRADACRISAT programme and employing the networking approach, the 
EARSAM Network would pay particular attention to the following aspects: 

a) Manpower development: Well-trained scientists and support staff are assets to 
a good national programme. The establishment of practicallapplied training 
opporlunities 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 Docloral degree levels and 
covering all disciplines is of high NARS priority. 

b) Research Station Improvement. One of the limitations to good 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 i t  has 
been 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 Constrairrts 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 inscct problcn~s as well as sorghum and 
millet utilization. 

Acknowledgments 

The authors acknowlcdge, with appreciation, the significant support provided by 
Susan D. Hall, Research Editor, Information Services, ICRISAT, in editing the 
paper and to Barry D. Hall, Photography International Consultancies Ltd, for the 
use of his photographs. 

References 

Brhane Gebrekidan, 1986. Report of the SAFGRADIICRISAT Eastern Africa 
Sorghum and i ~ i l l e t  Improvenlcnt Network to the ICRISAT Governing Board. 
March 1986, Harare, Zimbabwe, Patancheru, A.P. 502 324 India: ICRISAT 
(Limited distribution). 

ICRISAT, 1989. Proposal for a regional sorghum, millet and, pigeonpea research 
and training network for eastern Africa. Patancheru A.P. 502 324 India: ICRISAT 
(Limited distribution). 

Guiragossian V.Y., S.Z. Mukuru, and Laxman Singh, 1991. Achievements of 
the Eastern Africa Regional Sorghum and Millet (EARSAM) nctwork, and the 
Eastern Africa Regional Cereals and Legumes (EARCAL) programme. Presented 
to ICRISAT Governing Board, Transfer of Technology Committee. ICRISAT 
Centre, Feb 199 1. SAFGRADI 

ICRISAT, Nairobi, Kenya: (Limited distribution). 

EARSAM, 1989. Minutes of the fifth EARSAM Committee Meeting Wad 
Medani,  Sudan, 24-25 Oct. 1989. SAFGRADIICRISAT, Nairobi, Kenya: 
SAFGRADACRISAT. (Limited distribution). 

Brhane Gebrekidan. 1983. Recommendations and comments of the Regional 
Workshop on Sorghum improvement in Eastern Africa. Pages 188-190. In : 
Sorghum Improvement in Eastern Africa; Proceedings of the Regional Workshop, 
17-21 Oct. 1982 Nazreth and Debre Zeit, Ethiopia. SAFGRADACRISAT, Nairobi, 
Kenya. 



Sorghum and Miller Improvement in Enstern Africa: Current Stnrus of EARSAM Network 295 

ICRISAT, 1990. Pathway to progress in the semi-arid tropics. A strategic plan 
for the nineties. ICRISAT Patancheru A.P. 502 324 India (Draft. limited 
distribution). 

ICRISAT, 1986. Project proposal for a regional sorghum and millet research and 
training programme for the CDA countries of eastern Africa. ICRISAT, 
Patancheru, A.P. 502 324, India: ICRISAT (Limited distribution). 

ICRISAT, 1982. Sorghum in the Eighties: Proceedings of the International 
Symposium on Sorghum, Vol. 2, 2-7, Nov. 1981. Patancheru, A.P. 502 324, India, 
Patancheru, A.P., India, p. 727. 

Kusewa, P., and V.Y. Guiragossian, 1989. Research priorities and strategies for 
enhancing crop productivity in  the marginal areas of Kenya. Presented at the 
Annual Scientific Conference of the Kenya Agricultural Research Institute 14-16 
Aug. 1989, Nairobi, Kenya. KARI. (In press). 



Besoins Agronomiques des Génotypes de Sorgho sous Condition 
de Culture Pluviale au Mali. 
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Résumé 

Une ttude sur les besoins agronomiques du sorgho sous condition de culture 
pluviale a t t t  conduite au Mali de 1985 à 1989 dans la zone sahtlienne et la zone 
soudano-Sahtlienne, deux rkgions prtsentant des technologies de production 
difftrentes sur plusieurs points. Dans le sahel où la période de végttation est la plus 
courte, les varitds amtliorées et prtcoces ont donnt les meilleurs rendements pour 
des semis dans la seconde moitit de juillet, sur labour simple. L'apport d'engrais et 
le semis à 53333 plantsha ont t t t  favorables au sorgho. 

Dans la zone Soudano-Sahtlienne caracttriste par un cycle de culture relativement 
plus long. les varittts amtliortes à cycle intermtdiaire ont t t t  les plus performantes 
sur un billonnage de dtbut de saison. Le semis à 76.190 plantsha vers la mi-juin et 
l'apport d'engrais ont considtrablement amtliort le rendement du sorgho. 

Introduction 

La culture du sorgho s'ttend au Mali, du Sud au Nord. Le sorgho c tde  
progressivement le terrain au petit mil vers le Nord où il rtapparait trts localist dans 
les lits de cours d'eau ou de mares comme culture de dtcrue. Sa culture s'est accrue 
ces dernieres anntes dans le Sud à cause de la pluviomBtrie peu favorable à la 
culture du maïs. La culture pluviale est la forme de production du sorgho la plus 
dominante, et d'importants progrks ont t t t  rtalists dans le domaine de :a recherche 
sur I'amtlioration du sorgho de ce type de culture. 

Patel et Patel ( 1988 ) a trouvt que le décalage de date de semis entraînait une 
rtduction de rendement du sorgho malgrt le bon comportement de certains 
gtnotypes. Une augmentation de la distance entre les poquets sur la ligne s'ttait 
également traduite par une rtduction de rendement ( Chetram, 1970 ). 

L'utilisation des engrais a fait remarquablement augmenter les rendements. 
L'apport de phosphore ( Traort, 1974 ) et d'azote a considtrablement amtliort les 
rendements. Toutefois, Pieri ( 1973 ) avait trouvt que la rtponse des ctrtales à 
l'apport d'azote variait en fonction de la pluviomttrie et avait des effets notoires sur 
le rendement. Mais la variation dans la quantitt et la distribution des pluies d'une 
année à I'autre ( Sivakumar et ai, 1983 et 1984 ) rendait difficile les prtvisions dans 
ce domaine. 

Les sols de culture de sorgho nécessitent des techniques de prtparation du sol pour 
amtliorer leur statut et le rendement des cultures ( Vijayalakshmi, 1983 ), et une 
ntcessaire collaboration doit s'ttablir entre chercheurs et climatologues pour mieux 
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cerner les interactions entre le climat, le sol et la plante (Kanwar, 1982 ). Les efforts 
de la recherche doivent donc s'orienter vers une amélioration ou une transformation 
des systEmes de cultures existants (Rao, 198 1). 

De nos jours au Mali, la culture du sorgho est, dans la majoritC des cas. 
caractCrisée par des systEmes culturaux traditionnels. Le semis en poquets s'effectue 
sur sol non travaillC, à sec, et sur labour. houage, buttes ou billons, en humide. La 
densité varie de 25 000 à 30 000 plants ha. A côté du semis direct. existe le 
repiquage, mais à une moindre échelle. Le démariage est presque inexistant. Les 
Ccotypes locaux de haute taille produisent prks de 800 kg de grainha. Malgré cette 
faiblesse de rendement, le sorgho demelire l'un des aliments de base des 
populations. Aussi admet-on, g6néralement, que les variétCs amCliorCes issues des 
programmes de sélection diffirent, par nature, des variétés locales. Elles ont une 
architecture moyenne ou petite et un cycle de végétation plus court que celui des 
variétés locales. Par conséquent, les besoins agronomiques des variétés améliortes 
et locales diffireront. Aussi avons-nous entrepris cette Ctude. 

Matériels et Méthode 

Les essais Ctaient en factoriels pour l'étude de la réponse des gCnotypes à la 
densité, travail du sol et fumure minérale et en split-plot pour celle de la densité de 
semis et de la date de semis avec les gtnotypes comme sous-parcelles. Le dispositif 
&ait en blocs de Fisher à 4 répétitions. La parcelle ClCmentaire avait 4,5 m x 8 m de 
c6tC. Les semis ont été effectués à la daba et en poquet, le déniariage à 2 
plantslpoquet. Le sorgho &ait semC à 0,75 ni x 1,0 m ( 26666 pltsha); 0,75 m x 0,5 
m ( 53333 pltsha ); 0,75 m x 0,35 m ( 76190 pltsha ); 0,75 m x 0,25 m ( 106666 
pltsha ) selon les cas. Les niveaux de fumure étaient : 0-0-0 ( témoin absolu ), 18- 
46-0 ( 100 kg de phosphate d'ammoniaquelha au semis ) et 41-46-0 ( 100 kg de 
phosphate d'ammoniaqueha au semis et 50 kg d'urkeha à la montaison ). 

Les variétés utilisées étaient : 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 les locales 
Lakahery et Sakoïka. 

L'estimation de rendement à la rCcolte a porté sur les 4 lignes centrales diminuCes 
d'1,5 m à chacune des extrCmitCs. L'analyse de la variance a étC utilisée pour la 
dktermination des effets des différents facteurs et leur interaction sur le rendement 
du sorgho. La PPDS a étt utilisée pour la séparation des moyennes. 

Les essais ont été semés dans la deuxième moitié de Juin dans la zone 
soudanienne, à la Station de recherche agronomique de Sotuba et dans la deuxiEme 
moitié de Juillet dans la zone sahélienne, à la Station de recherche agronomique de 
Bema. Les parcelles ont reçu un minimum de deux sarclo-binages par campagne 
agricole. 
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Tableau 1. Influence d'une augmentation de densité de semis sur le rendement 
de grain (kgha) du sorgho à Béma, 1989. 

Population ?i l'hectare 
Génoiypes 

26666 53333 76190 106666 Moyenne 

Malisor 84-5 960 900 610 720 797 

Lakahéry 290 3 1 O 100 180 220 

Moyenne 870 830 630 593 73 1 

Résultats et discussions. 

Zorte Saitéfiertne. Le rendement moyen des variétés améliorées a été meilleur à 
celui de la locale Lakahery. Les variétés ICSV 401, Malisor 84-5 et locale ont 
produit respectivement environ 1200 kg, 800 kg et 200 kg de grainha ( Tableau I ). 
La variété locale a souffert de l'attaque des sautériaux. L'augmentation de densité a 
entraîné des réductions plus ou moins notoires de rendement. La réduction de 
rendement a été insignifiante en passant de 26666 à 53333 plantslha mais les 
densités de 76 190 et 106666 plants plants ont entraîné des réductions respectives de 
rendement de 27 % et 32 % ( Tableau 1 ). Notons que les rendements du sorgho sont 
équivalents aux densités de seinis 26666 plants et 53333 plantslha, inais 26666 
plantsha ont favorisé le tallage du sorgho. Cependant, toutes les talles n'arrivent pas 
à maturité en cas d'arrêt precoce des pluies comme c'est souvent le cas. 

La réaction des génotypes à l'apport de fumure niinCrale et à l'augmentation de 
densité a varié en fonction de la pluviométrie. En 1985, une mauvaise répartition des 
pluies en septembre a contribué à une réduction importante de rendement du sorgho, 
et nous n'avons pu noter de différence significative entre les rendements des 
génotypes. Cependant, les effets de la densilé et de la fumure ont été significatifs 
(Tableau 2 ). 

L'augmentation de densité a significativement amélioré le rendement du sorgho de 
37 %. La F4-286 a été la moins performante à 26666 plantslha avec 1280 kg de 
grainlha. A 53333 plantslha, la CE 90 et F4-286 ont été les moins performantes avec 
des rendements respectifs de 1908 kg et 1974 kglha ( Fig. la1 ). Le meilleur 
rendement de sorgho a été obtenu avec un semis à 53333 plantslha avec une 
application de la fumure 41-46-0 (Fig. la3 ). 

La tendance des génotypes 2 bien répondre à l'apport de la fumure 4 1-46-0 a été 
nette ( Fig. la2 ). Avec 1935 kglha, la F4-286 a été la moins performante des 
variétés. Cette variété s'est révélée tres sensible aux maladies : anthracnose. tâches 
zonées et charbon. 
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Tableau 2. Influence du génotype. de la densité de semis et de la fumure sur le 
rendement du sorgho 3 BCma. 

- -- 

Rendements de grain kgha 
Traitements 

1985 1986 1988 1989 

Génotypes ns 

F4-286 1627 

Malisor 84-5 1804 

Malisor 84-6 1874 

CE 90 1818 

ES+ 181 

Densité de semisha * 
26666 plts (75 x 100 cin) 1500 

53333 plls (75x50 cm) 2061 

ES* 116 

Fumure minérale * 
18-46-0 NPK 1465 

41-45-0 NPK 2097 

ES+ 116 

Interaction GxD* 

CV % 40 

DxFM* 

33 

a- rendement de Malisor 8-4 
b- rendement de la variété locale lakahery 
c- rendement du niveau de fumure 0-0-0 NPK 
18-46-0 : 100 kg de phosphate d'ammoniaque uniquementha 
4 1-46-0 : 100 kg de phosphate d'ammoniaque et 50 kg d1urée/ha 
NS : non significative 
* : P < 0.05 
**: p <0,01 

En 1986, la saison agricole a Cté moins pluvieuse avec des pluies relativement bien 
réparties. Les effets des génotypes et de la densité de semis ont et6 nets sur le 
rendement du sorgho. La F4-286 a donne le plus faible rendement ( 2344 kglha ), 
tandis que Malisor 84-5. Malisor 84-6 et CE 90 ( pris comme tCmoin de 
productivité) avaient des performances équivalentes de l'ordre de 33 14 kglha. 
L'augmentation de densite a engendré 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) Bema. 

Les rksultats de 1987 n'&aient pas interpretables cause de l'absence de rendement 
dans plusieurs traitements. L'annCe 1988 a CtC la plus pluvieuse malgr6 un brusque 
arrêt des pluies. La mauvaise rkpartition des pluies en Août et en Septembre et 
surtout les attaques d'oiseaux ont CtC prCjudiciables aux variCtds amCliorCes qui ont 
CtC moins performantes que la locale Lakahery. Dans l'ensemble, les effets simples 
de gCnotypes, de densitt et d'engrais ont CtC nets sur le rendement du sorgho. Le 
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doublement de la densité de semis a entraîné 28 % d'accroissement de rendement et 
I'apport de doses de fumure vulgarisée u n  excédent de 19 % ( Tableau 2 ). La 
tendance a été forte chez la locale Lakahery h surclasser en rendement les autres 
génotypes ( Fig. I b l et lb2 ). La densité de senlis 53333 plantsha a été la meilleure 
avec l'apport de la fumure vulgarisée ( Fig. 1 b3 ). 

En 1989, les niveaux de rendement ont été faibles à cause de la faiblesse des pluies 
et surtout des dégâts de sautériaux. Mais les tendances observees restent les mêmes 
que celles dcs autres années. Lcs génotypes améliorés CE 90 Malisor 84-4 ct 
Malisor 84-5 ont été plus perlormants que la locale Lakahcry avec l'augmentation de 
densité et I'apport de fumure ( Tableau 3, Fig. 1 c I et l c2 ). 

L'apport de fumure a significativement amélioré le rendement du sorgho de 36 %. 
Les variétés se sont mieux exprimées dans le cas d'un apport d'engrais à la densité 
de semis de 53333 plantslha ( Fig. Clc3). 

Les génotypes améliorés comme Malisor 84-5 et Malisor 84-6 ont égalé en 
rendement. le téinoin de productivité CE 90 ( 1985 et 1986 ). Ccs génotypes ont 
produit en moyenne 2573 kglha contre 1985 kglha chez F4-286. La variété locale 
s'est révélée plus productive que les améliorées dans une situation de mauvaise 
répartition des pluies et souvent d'attaque des oiseaux. L'augmentation dc la densité 
de semis et I'apport d'engrais sont apparus comme des facteurs agronomiques 
favorables àl'amélioration de rendement aussi bien des variétés localcs que des 
variétés ainéliorées. 

Cette étude dans le Sahel Nord-Oucst du Mali nous a permis de démontrer que le 
rendement du sorgho peut être considérablement amélioré grâce à : ( i) l'utilisation 
des variétés améliorées ( Malisor 84-4, Malisor 84-5, Malisor 84-6 et CE 90 ) 
semées dans la deuxième moitié de Juillet, ( i i  ) I'apport de la dose de fumure 
minérale 4 1-46-0 ( 100 kdha de phosphate d'ammoniaque au semis à la volée puis 
enfouis et 50 kg d'uréelha par localisation à 5 cm dc la ligne de semis à la montaison 
du sorgho ) sur labour simple de début de saison, et I'augmentation de la densité de 
semis de 26666 plantslha (75 cm x 100 cm ) à 53333 plants ha-l ( 75 cm x 50 cm ). 

Tableau 3. Influence de la date de semis sur le rendement moyen ( kglha du 
sorgho à Sotuba, 1988 et 1989 ). 

Date de semis 
Génotypes 

15 juin 30 juin 15 juillet 30 juillet 

Malisor 84-7 2649 1301 1 046 226 

Malisor 84-1 2906 2243 1418 521 

S34 3268 1464 900 210 

S35 2413 2438 1564 660 

Sakoïka 258 1 1271 626 9 1 

Moyenne 2845 1 744 I l I I  342 



Besoins Agrotionriques des Génotypes de Sorgho sous Condilion de Culiure Pluviale au Mali. 303 

Zone Soudanienne. Les résultats sont dans le Tableau 3. Le rendement du sorgho 
a considérablement diminu6 au fur et à mesure du retard du semis. Le semis au 15 
Juin a donnC le meilleur rendement (2845 kglha). Les deuxibme. troisikme et 
quatrième dates de semis qui se suivent à 15 jours d'iniervalles ont enregistrd des 
réductions respectives de rendement de 39 %, 61 % et 88 %. La performance des 
gCnotypes a beaucoup vari6 selon la date de semis. Les gCnotypes les plus sensibles 
à la pholopériode ont été les moins performants. Ainsi, la varidté locale Sakoika et 
Malisor 84-7 ( issue de la population de base du programme de sélection du Mali ) 
ont CtC les moins performantes avec des rendements de 1000 kglha tandis que 
Malisor 84- 1 et les variCtCs du NigCria ( S34 et S35 ) toutes sélectionnCes à partir de 
matériels indiens ont CtC les meilleures avec des rendements de prbs de 2000 kgha 
(Tableau 3 ). 

L'influence de la densitC de semis du sorgho s'est manifestée sur le rendement de 
grain et de matière sbche. L'augmentation de densitd de semis a entraînd une 
tendance générale A un accroissement de rendement. Des taux d'accroissement de 
rendement de 34 %, 35 % et 53 % ont CtC enregistrCs avec les augmentations 
respectives de densite de semis à l'ha : 53333, 76190 et 106666 ( Tableau 4 ). A 
76190 plantdha, nous avons notC chez les variCtCs amCliorées demi-tardives ICSV 
1063 et S34, une tendance à la baisse de rendement dûe aux effets de compétition. A 
106666 planisha. l'accroissement de rendement chez toutes les varidtés serait dû à 
une augmentation du nombre de plants ( Tableau 4 ). 

Tableau 4. Influence d'une augmentation de densitC de semis sur le rendement 
de grain (RG, kgha ) et la production de matibre sbche (MS, kgha) du sorgho à 
Sotuba, 1989. 

Population/ha 

Génotypes 26666 53333 76190 106666 

RG MS RG MS RG MS RG MS 

ICSV 1063 BF 1650 8833 2080 8417 2080 6583 2150 4500 

S 34 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 matibre sbche a Cvolué dans le sens contraire du rendement de 
grain. Nous avons enregistrk des taux de rCduction de 6 %, 27 % et 37 % avec des 
augmentations respectives de densitt de semis de 53333, 76190 et 106666 plants1 ha 
( Tableau 4 ). L'augmentation de densitC de semis accroît les besoins en ClCments 
nutritifs des plants et la compétition quant à la lumibre. Dans cette situation les 
plants photosynthCtisent moins de matibre sèche. Ainsi il apparaît que le sorgho 
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réagit favorablement à une augmentation de densité de semis jusqu'à 106666 
plantsha. Les variétés améliorées semi-tardives ont été plus sensibles aux effets de 
compétition dûe à l'augmentation de population avec l'application d'une dose unique 
de fumure minérale. 

Tout comme dans la zone sahtlienne, la réaction des génotypes n'a pas été la même 
en ce qui concerne la réponse à la densité et à la fumure minérale. 

L'augmentation de densité s'est traduite en 1985 par une tendance à la baisse de 
rendement chez les variétés précoces et demi-tardivcs à cause d'une mauvaise 
répartition des pluies et à l'exception de Malisor 84-3, toutes les variétés ont 
favorablement réagi à I'apport de la dose vulgarisée de fumure minérale ( Tableau 5, 
Fig. 2al et 2a2 ). En 1986, l'augmentation de densité s'est traduite par une tendance 
à la baisse de rendement de 6 %, la CSM 388 de long cycle ayant été la moins 
performante des variétés. L'application d'engrais ( 41-46-0 ), par contre. a favorisé 
un meilleur rendement du sorgho. 

En 1988, les variétés Malisor 84-3 et Malisor 84-1 ont été retirées de l'essai, la 
première à cause de la petitesse de ses panicules et la seconde à cause de sa 
précocité. Elles ont été remplacées par respectivement Sakoïka et S34. 
L'augmentation de densité s'est traduite, chez les variétés à cycle long, par une 
baisse de rendement consécutive à une sécheresse de fin de saison ( Tableau 5. Fig. 
2bl ). La densité de semis 53333 plantslha a significativement mieux utilisé 
l'engrais que la forte densité de semis 106666 plantslha ( Fig. 2b3 ). 

En 1989, Malisor 84-7 qui connaît quelquefois des problèmes d'excersion 
paniculaire a été remplacé par ICSV 1063 BF, un sorgho semi-tardif. Dans 
l'ensemble, comme pour obeïr à la tendance enregistrée les autres années, les 
variétés semi-tardives ( S34 et ICSV 1063 BF ) ont significativement surclassé les 
tardives ( Sakoïka et CSM 388 ) ( Tübleau 5 ). L'augmentation de densité a entraîné 
un accroissement significatif de rendement des génotypes ( Fig. 2cl ). Les variétés 
de cycle intermédiaire ont mieux répondu à cette augmentation de population, et 
toutes les variétés ont réagi favorablement à l'apport d'engrais, particulièrement à la 
densité double de semis (106666 plantsha) ( Fig. 2c2 et 2c3 ) . 

Dans les conditions locales de labour et sans fumure (0-0-O), l'utilisation de la 
variété améliorée S34 a entraîné un surplus de revenu de 27300 F. L'application de 
la fumure minérale seule sur la variété locale ( Sakoïka ) et améliorée ( S34 ) a 
entraîné des accroissements respectifs de revenu de 6.170 F et 40.950 F. Les effets 
synergiques de I'utilisation d'engrais et de variété améliorée ont rapporté 68250 F de 
bénéfice ( Tableau 6 ). 

Dans les conditions améliorées de travail du sol (billonnage de début de saison ). 
sans apport d'engrais, I'utilisation de la variété améliorée seule a engcndré un gain 
de 49.400 F. Des bénéfices de 26.000 F et 52.957 F ont été réalisés avec 
respectivement la variété locale et la variété améliorée rien qu'avec I'apport 
d'engrais. La combinaison des facteurs engrais et varieté améliorée a eu des effets 
synergiques qui ont occasionne u n  bénefice de 102.375 F ( Tableau 6 ). Dans 
l'ensemble, la technologie améliorée de production a permis de réaliser un bénéfice 
de 72.150 F sur la technologie locale. 
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Tableau 5. Influence du génotype, de la densité et de la fumure minérale sur le 
rendement du sorgho à Sotuba. 

a - Rendement de la variété locale Sakoïka 

Rendement grains kgha 
Traitements 

1985 1986 1988 1989 

Génotypes 

Malisor 84-3 

Malisor 84- 1 

Malisor 84-7 

CSM388 

ESI 

Densité de semisha NS 

53333 plts (75 x 50 cm) 1819 

106666plts(75~25cm) 1617 

ESI 144 

Fumure minérale NS 

1 8-46-0 NPK 1650 

4 1-46-0 NPK 1777 

ES+- 1 44 

Interaction 

cv % 

b - Rendement de S 34 
c - Rendement de ICSV 1063 BF 
d - Rendement du niveau de fumure 0-0-0 
* pe 0,05 
** Pe0,Ol 
NS: Non significative. 
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Tableau 6. Influence du travail du sol, de la fumure minérale et de la densité de 
sorgho sur la productivité du sorgho de culture pure à Sotuba. 

Rendement de grain kdha 
Traitements Revenu* brut CFA 

1988 1989 Moyenne 

* 1 kg de grain de sorgho = 65 FCFA 
T.S. = travail du sol. FM = fumure minérale. V = variété de sorgho 
- pratique locale ( labour simple sans engrais variété locale ) 
+ pratique améliorée ( billonnage avec engrais variété arnélioree ). 
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Estimation du Taux d'Allogamie chez les Sorghos de la Race 
Guinea. 
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Résumé 

Des travaux de mutagénbse et d'Clectrophorbse se rapportant à des écotypes locaux 
de sorgho de la race guinea prépondérante en Afrique de l'ouest nous ont permis 
plusieurs estimations de leur taux d'allogamie. Celles-ci aboutissent le plus souvent 
àdes valeurs de 20 à 30 %. Elles sont supérieures à celles généralement admises 
pour les autres races de cette céréale. Pour mieux prendre en compte cette 
particularité, des recoinmandations sont faites pour la maintenance et l'amélioration 
des écotypes locaux guinea. 

Introduction 

Le sorgho est considéré comme une plante autogame. En effet, les taux d'allogamie 
généraleinent donnés pour cette plante sont faibles : de l'ordre de 5 à 7% ( Doggett, 
1988 ). La plupart du temps, ils ont été obtenus avec des variétés à panicule semi- 
compacte ou compacte du type dura (Fayed et al., 1976). 

A notre connaissance, i l  n'y a pas de publications d'études concernant l'allogamie 
des sorghos à panicule lâche appartenant B la race guinea prépondérante en Afrique 
de I'Ouest. Leur importance Cconomique dans cette partie du monde, rend cette 
situation anormale. Pour remédier à cette ignorance, nous avons eu l'opportunité 
d'exploiter des travaux recourant à des techniques de mutagénbe et d'électrophorbse 
recemment utilisCes sur des écotypes locaux traditionnels Guineo. 

Apport de la Mutagenèse 

Une variété locale guinea à grain rouge : Nafo-Natogue du Sénégal a subi en 
France, en 1984, un traitement mutaghne de 100 jours aux rayons gamma à la dose 
de 28.5 Kr. La sélection des descendances des graines irradiées est en cours au 
Burkina Faso ( Kondombo, 1988 ). 

En M,. l'apparition de plantules chlorotiques, de nature mutante, facilement 
identifiables, a rendu possible un calcul du taux de pollinisation croisée. Pour cela, 
nous avons exploité la différence de plantules chlorotiques, observée entre les 
descendances M, issues d'autofécondation et celles de M2 issues de pollinisation 
libre. 

Le détail des calculs, donné en annexe, ambne à une estimation du taux d'allogamie 
de 29 %. 
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Apport de I'Electrophorèse 

A l'occasion d'uii travail d'analyse de la variabilité génétique des sorghos cultivés, 
6 écotypes locaux guinca ont été prospectés autour de la station de Saria au Burkina 
Faso. 

Une étude d'électrophorèse a montré que, sur 7 loci étudiés, 4 présentaient du 
polyinorphisme. Lcs 6 populations étaient en moyenne polymorphes pour 2,7 d'entre 
eux. Par systkme enzymatique polymorphe, le taux observé d'hétérozygotie a 6té 
trouv6 de 7.6 %. 

Pour 4 de ces écotypes ayant des loci polymorphes, l'étude des descendances grain 
à grain d'un certain nombrc de panicules a débouché sur des estimations de taux 
moyens d'allogamie respectivement de 7,20, 21 et 28 % ( Ollitrault, 1987 ). 

Récemnicnt, des études identiques avec 3 nouvelles variétés locales guinea, 
toujours prospectées autour de Saria, donne comme estimation de leur taux 
d'allogamie 21, 23 et 34 % ( Degremont. résultats non publiés ). 

Discussion 

Les différents taux d'allogamie établis ici pour les écotypes locaux guinea 
aboutissent, le plus souvent, à des valeurs comprises entre 20 ct 30 %. Ils sont 
beaucoup plus forts que ceux habituellement admis pour le sorgho. Les seuls 
résultats trouvés proches des nôtres sont ceux de Garber et Atwood ( 1945 ) réalisés 
h partir de sudangrass, niatériel bicolor à panicule lâche comme les guinea. Sans 
doute y a-t-il lieu de suspecter ce caractkre dans l'explication des résultats observés. 
D'autres facteurs doivent jouer. qui sont vraisemblablement liés aux caractéristiques 
particulières de longueur et " mobilité " des glumes chez les guinea. 

Le taux d'allogamie en liaison avec le polymorphisme observé contribuent B 
maintenir un taux d'hétéiozygotie non négligeable chez les sorghos locaux guinea. II 
y a lieu de penser que cette hétérozygotie profite aux écotypes par l'effet d'hétérosis 
qu'elle engendre et qui est, de façon quasi générale, positif. Avec nos méthodes 
habituelles de sélection qui recourent systématiquement à l'autofécondation, 
I'homozygotie devient généralc, le polymorphisine diminue et I'hétérosis disparaît 
(Pernes, 1984 ). 

Afin de vérifier l'effet dépressif attendu de cette situation, nous avons conduit un 
essai variétal ii Saria en 1989 où nous comparions la variété locale " améliorée " en 
station : S 29 avec la population d'origine que les paysans maintiennent aux 
alentours en pollinisation ouverte : Blanc de Saria. 



Esrimnriori (lu Taur d'Allogamie chez les Sorghos de la Race Guinea. 311 

Les résultats vont dans le sens attendu : 

Variété Rendement en kgha 

Blanc de Saria 2860 

S 29 2469 

Moyenne 2665 

C.V. 

ETR (d.dl = 1 1)  

F variété 17,3 (HS) 

Pluviométrie utile 690 mm 

La variété S 29 s'est révélée statistiquement inférieure au matériel traditionnel, 
entretenu sans autofécondation, qui lui  est le plus apparenté. 

Dans ces conditions, il convient de s'interroger si nos méthodes de maintenance et 
de sélection des variétés de type guirtea sont appropriées. Calquées sur celles 
appliquées au matériel à panicule compacte, elles ne prendraient pas en compte la 
spécificité reproductive des principaux sorghos de l'Afrique de l'Ouest. Pour y 
parvenir, il est possible de faire quelques propositions : 

Relativement à la maintenance des variétés guinea, la meilleure façon d'opérer 
paraît de les reproduire en parcelle isolée à partir de leur talon de prospection 
correctement échantillonné. Cela n'est pas toujours possible notamment si l'on doit 
entretenir de nombreux écotypes locaux. Dans ce cas là, i l  faut se limiter à la 
réjuvénation correcte des meilleurs d'entre eux à partir de leur talon de prospection. 

S'il est nécessaire pour diverses raisons ( comme celle de graines originelles en 
quantité insuffisante ) de produire des semences par autofécondation, les effets liés à 
I'inbreeding peuvent être atténués en recourant à l'endogamie. Comparativement à 
l'autogamie stricte, celle-ci a une vitesse de fixation et de perte des allbles moins 
élevée. 

Pour ce qui est de l'amélioration des mêmes variétés, l'usage des méthodes de 
sélection de nature récurrente peut être intensifié. Au sein d'un écotype, en alternant 
des phases de choix de géniteurs puis de brassage de ces derniers, on augmente 
progressivement la fréquence des gbnes favorables. La sélection massale procbde 
ainsi. Elle est surtout perîormante pour les caracthes fortement héritables. Pour 
ceux qui le sont moins, i l  est possible d'améliorer son efficacitt? moyennant quelques 
aménagements ( Gallais. 1990 ). D'autres méthodes de sélection rkcurrente sont 
envisageables ( Marchand, 1975 ). Celle de " l'épi à la ligne " facilement mise en 
oeuvre, présente, entre autres, l'intérêt de mieux contrôler l'environnement que la 
sélection massale. Dans tous les cas, le taux d'allogamie suspecté de 20 à 30 % 
limite l'efficacité des phases de recombinaison qu'il est possible d'accroître par deux 
cultures successives de brassage. 
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ANNEXE 

Calcul du taux d'allogamie à partir de graines irradiées de la variété Nafo- 
Natogue. 

En hivernage 1987, les graines irradiées (semence Ml)  ont été semées en une 
parcelle isolée à Saria. A raison d'une panicule par pied, tous les pieds Ml ont été 
r6coltés et ont donné 572 panicules-lignes M, semées en 1988 : 209 étaient issues 
d'autofécondations, 363 venaient de pieds en pollinisation libre. 

I I  y a eu apparition de plantules chlorotiques semblant de même nature : 

- 1 1  des M2 issues d'autofécondations avec apparition de 103 plantules 
chlorotiques sur un total de 1643 plantules observées soit un pourcentage de 6.26 %. 
( Pour un pied Ml  générant des plantules chlorotiques, 0,0626 représente la 
probabilité d'obtenir un zygote chlorotique suite à la fécondation d'une ovule par un 
pollen issu du même pied ). 

- 27 des M2 issues de pollinisation libre ( apparition de'301 plantules chlorotiques 
sur un total de 6600 plantules observées soit un pourcentage de 4,56 % ). ( Pour le 
même type de pied M, mais cette fois en pollinisation libre, 0,0456 représente la 
probabilité d'avoir une plantule chlorotique dans sa descendance). 

La mise en oeuvre d'un test d'identité de pourcentage nous permet de conclure à 
une différence statistique entre des fréquences de plantules chlorotiques dans les 2 
types de M, : valeur du test e = 2,86 pour une valeur seuil de 1,96 au risque a = 0,05. 
L'écart observé entre les pourcentages de plantules chlorotiques dans les 2 types de 
M, est mis sur le compte de la seule différence existant entre eux, à savoir le mode 
de pollinisation utilisé pour leur obtention. 

A partir d'une panicule Ml en pollinisation libre générant des plantules 
chlorotiques en M,, l'obtention d'une graine M, peut se faire soit par une 
pollinisation croisée soit par une autofécondation. Chacune de ces voies contribue 
de façon indépendante et exclusive à donner des plantules chlorotiques. Leur 
probabilité propre s'additionne pour donner la probabilité globale d'avoir une 
plantule chlorotique à partir d'une graine M, ( probabilité trouvée égale à 0,0456 ). 
Pour chacune de ces voies, l'obtention d'une plantule chlorotique est le résultat 
d'événement dlémentaires tous nécessaires dont les probabilités vont donc se 
multiplier. 

Voie de l'Autofécondation : 

II faut que : la fleur Ml soit autofécondée (probabilité a); qu'un zygote chlorotique 
soit produit suite à la fécondation d'un de ces ovules par un pollen du mêmc pied 
(probabilité 0,0626 ). 
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Voie de la Pollinisation Croisée : 

Il faut que : la fleur M,  qui va donner une semence M, soit polliniée de façon 
croisée ( probabilité 1-a ); que le pollen fécondateur de cette fleur provienne d'un 
pied susceptible de générer des plantules chlorotiques : ( probabilité estimée par le 
rapport 271363 avec 363 = nombre de pieds pollinisateurs ( c'est-A-dire non 
autofécondés ) et 27 = nombre de pieds h descendances chlorotiques parmi les pieds 
pollinisateurs; qu'un zygote chlorotiquc soit produit suite h la fécondation d'un de 
ces ovules par un pollen du même type de pied pour l'aptitude ?i donner des 
descendances chlorotiques ce qui équivaut au cas de l'autofécondation ( probabilité 
0,0626 ). 

Avec ces éléments, la probabilité observée d'apparition de plantules chlorotiques 
dans les M, issues de pollinisation libre se décompose ainsi : 

Nous en tirons a ( probabilité d'une autofécondation ) = 0,707 et 1-a ( probabilité 
d'une pollinisation croisée ) = 0,293. 
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Etude de la Qualité des Graines Récoltées des Sorghos de Qpes 
Guinea et Caudatunr 
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Résumé 

Si l'influence dCpressive des moisissures sur la faculté germinative et la vigueur 
des plantules est connue chez le sorgho, des relations nettes n'ont pas encore CtC 
Ctablies entre certains caracttres phCnotypiques de la panicule ou du grain et 
I'incidence des moisissures. Des Ctudes conduites pendant les saisons pluvieuses 
1989 et 1990 montrent une corrClation inverse signilicative entre la vitrosiié du 
grain et l'indice de croissance d'une part et cet indice et la facultC germinative d'autre 
part. Quant à la couche brune, si elle semble n'avoir aucune influence sur I'indice de 
croissance, elle favorise par contre la germination chez les variCtCs à grain rouge. 
Enfin. on notera que c'est la pluviomCtrie entre les stades Cpiaison-rCcolte qui 
influence plus la pression de moisissures que la pluvioniétrie totale. 

Introduction 

Deux des principaux objectifs de sClection du sorgho du programme WASIP (West 
African Sorghum Improvement Program)-Mali sont la résistance aux moisissures du 
grain pour les sorghos de type Caudaruni particulibrement, et I'amClioration de la 
productivitC pour les sorghos de type Gubea. Par conséquent, afin de trouver des 
géniteurs intCrcssants, un certain nombre de cultivars Caudarunz et Guinea de 
diverses provenances issues des collections mondiales de I'ICRISAT, d'introductions 
de diffkrents pays de l'Afrique de l'Ouest. cl de collection d'écotypes maliens, ont 
CtC testés en 1989 et en 1990, pendant la saison pluvieuse. 

L'influence dCpressive des moisissures du grain sur la faculte germinative des 
semences et la vigueur des jeunes plantules a été mise en Cvidence par Louvel 
(1983). Luce (1986, 1987) et Murly (1975). Par contre. en dcliors de la corrélation 
nkgative avec la teneur en tannins ou la présence de la couche brunc, des relations 
nettes entre certains caractéres phénotypiques de la panicule ou du grain et 
I'incidence des moisissures n'ont pas encore Cté mises en Cvidence (Murly, 1975). 

Nous avons, de ce fait, étudié, outre le comportement en vCgttation et le 
rendement, la qualit6 des rkcoltes relative à la faculié germinative, I'incidence des 
moisissures du grain en relation avec la pr6cocitC variétale. la vitrosité des graines et 
la pdsence ou non de couche brune au niveau du testa ont étC CtudiCes. Le prCsent 
article résume les observations faites. 

PREVIOUS PAGE BLANK 
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Matériels et Méthodes 

Les graines analysées ont été récoltées sur des panicules en pollinisation libre et en 
infestation naturelle. Les plantes se sont développées dans les conditions de 
pluviomttric des hivernages 1989 et 1990. 

Pour l'étude de la faculté germinative, 200 graines sont mises tl germer. en 4 
répétions de 50 graines dans des boîtes de Pétri pendant 4 jours tl 30°C . Les 
rtsultats sont exprimés en % de graines germées. 

Quant tl l'incidence des moisissures. on utilise le test "TGMR" de I'ICRISAT 
(Threshed Grain Mold Rating) avec des notations de 1 tl 5 (1 = pas de moisissure et 
5 = plus de 50% de la surface des graines moisie). L'observation se fait h sec sur 
l'aspect extérieur des graines en prenant en coinptc la couleur, la brillance. la 
pr6sence d'un feutrage mycélien et de pycnides. 

Pour la vitrosité, on utilise les normes de I'ICRISAT avec des notes de I à 5 ( 1 = 
texture de I'cndospern-ic entièrement cornée, 5 textures de I'endospermc entikrement 
farineux ). 

Résultats et Discussions 

Les données pluvioinétriques et les donnécs du test de moisissures montrent que 
l'incidence moyenne des inoisissurcs du grain dépend inoins de ICI pluvion-iétrie 
totale que de la pluvioinétrie utile ou celle après épiaison/floriison (Tableau I ). Le 
tableau 1 révèle aussi que les genres Criudaruni. précoces ou intermédiaires sont 
plus inléstts que les Guirieu de mêinc cycle. 

Tableau 1. Inllucnce de la pluviométrie sur la moisissure des grains en 1989 et 
1990. 

Pluvioniétric (mm) 
Totale 
Utile 

Aprks épiiiison 
- des variétés précoces 
- des variétés intermédiriircs 
- des variktés tardives 

Moisissuns (TGhIR) 
Variétb pdcoces 
Cuudnrurn 
Girinen 

Variétés intcnnédiaim 
C~iuduruiii 
G~iiireu 
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La faculte germinative des varidles Guinea. comme le montre le Tableau 2. est 
meilleure à celle des varidtds Caudatum. Chez les Guinea. quelle que soit la 
prdcocitd. la faculté germinative est toujours bonne, supérieure à 75%. Chez les 
Caudatuni. cc sont les variétds qui dpient au-delà de 80 jours qui prdsentent une 
faculté germinative supérieure à 75% (Tableau 2). Les dcans-types sont importants 
et c'est avec les variéles dont I'dpiaison intervient au-delà de 80 jours qu'ils sont les 
plus faibles (Tableau 2). 

Quant à l'incidence des moisissures, elle est moindre chez les Gitinea que chez les 
Caudariini (entre 10% el 30% selon les cycles des varidtds et I'annde). Toutefois, on 
notera que celte incideiice n'est pas négligeable chez les Guitlea au moins pour les 
varittds épiant à 70 jours environ. Les moisissures diminuent avec la tardivetd des 
variétés (Tableau 2). 

Les variétés Criudatunl ont une vitrositt moyenne variant entre 4 et 4,5 alors 
qu'elle est de 1,5 A 2.5 chez les Guinea. Les tcarts-types montrent que dans 
l'ensemble, la vitrosité fluctue moins chez les Caudarunl que chez les Guinea, 
surtout avec les varidtds testdes en hivernage 1989 (Tableau 2). 

Notons que l'incidence des moisissures et la faculté germinative dvoluent en sens 
inverse: c'est aux scores d'incidence les plus faibles que les facultds germinatives 
sont les plus fortes. II apparaît d'autre part que, plus les varidtds sont tardives, plus 
faible est l'incidence des moisissures (Tableau 2). 

Tableau 2. Comparaison entre Caudatum et Guinen pour la facultt germinative, 
les moisissures el la vilrosit6. 

Cuid Guin. Cuud. Guin. Cuitd. Guin. Cuud. Guin. 
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On note qu'en 1989, cliez les Coirclotirni, les indices de vitrosité et des nioisissures 
évoluent en sens contraire, tandis que chez les Guir iea ,  Ics indices de vitrosité ct dcs 
rnoisissures évoluent dans Ic même scns. En 1990, aucune relation n'apparaît entrc 
les deux facteurs (Tableau 2). 

En fait, I'Ctude statistique (Tablcau 3) révCle, quc pour l'hivernage 1989, ce son1 les 
G i r i r i e a  qui préscntcnt entre les trois factcurs faculté 
gerininativelrnoisissure/vitrosité le plus de corrClations significaiives : avcc unc 
corrélation inverse cntrc faculté gerininative et inoisissure d'une part et une 
corrélation invcrsc eiitrc indicc de vitrosit6 ct faculté germinative d'autre part. Chez 
les C a i i d a r u n i  les corrélations sont pour la plupart non signii'icütives saur entrc 
facultC gerrninaiive ct inoisissures pour les variktés avec dcs cycles "Cpiaison" 
inférieurs à 70 jours. En 1990, chez les Cnudnti inr  coninie cliez les G i r i n e n ,  on 
trouve peu dc corrélaiions signilicatives. 

L'absencelrnanque de corrélations chez les Cniidat irm impliquant la vitrosité peut 
s'expliquer par la faiblc variabilité dc ce factcur : la rnoycnne dcs écarts-types est de 
0.54 pour les Coudoruni  ct 1.12 pour les G u i n e n  cn 1989: en 1990. ces valeurs sont 
de 0,70 pour les Ccriidntirni et de 0.62 pour les G i ~ i t i e n .  Une autre explication de 
cette situation réside dans le fait qu'en rnoyenne, les variétés Cniiclaturit à grain 
rouge soient plus farineuses inais prCsentent une rneillcurc faculté geriiiinative et 
nioins dc moisissures que les variétés à grain clair (Tableau 4). 

Tableau 3. Corrélations eiitre faculté genninativc (FG), rnoisissures (MOIS) et 
vitrosité (VITR). 

FG - Mois Précocité Type FG - Vitre FG - Vitre 

79 - 79 Couclorirrn -0,lO 1 -0,488** -0,33 1 * -0,05 1 0.1 14 -0,028 

Gicirten -0,754** -0,509 -0,683** -0,527 -0,596** -0,177 

* = coefficient de corrélation significatif au seuil de 5%. 
** = Coefficient de corrélation significatif au scuil de I %. 
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Tableau 4. Influence de la coloration du grain sur la faculté germinative, 
l'incidence des moisissures et la vitrosité du grain chez les variétés Cnudarunt. 

- 

l'récocité Couleur Faculté germinative Moisissures Vitrosité 

1989 1990 1989 1990 1989 1990 

< 60 j  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 

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-  79j  Rouge 50.6 63.6 2,7 2 ,O 4.2 4.3 
Claire 51.7 55.3 3,8 2,7 4,1 4.3 

La faculté germinative est donnée en % ; i'incidence des moisissures est notée de 1 
(grain sain ) il 5 ( grain moisi ); la vitrosité est notée de 1 ( grain vitreux ) à 5 (grain 
farineux ). 

En 1989. la recherche de la prdsence ou non de la couche brune des graines n'a pas 
CtC systdmatiquement conduite sur les 107 variCtb Cartdaruni mais elle l'a Cté en 
1990 sur les 82 varidtés Caudaturrt. II ressort du Tableau 5 que l'influence de la 
couche brunc sur Ics moisissures paraît nulle. Par contre, la prksence de la couche 
brune semble accroître la faculté germinative chez les variCtCs à grain clair. 

Tableau 5. Influence de la couche brune du grain sur la facultk germinative et 
I'incidence des moisissures chez les varidtés Caudarunt (hivernage 1990). 

Précocité Couleur Faculté germinative Vitrositd 
du grain 

Avec couche Sans couche Avec couche Sans couche 
brune brune bmne bmne 

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,s 2.7 

La faculte germinative est donnCe en % ; l'incidence des moisissures est notée de 1 
(grain sain ) à 5 ( grain moisi ). 

Conclusion 

Le probleme de la qualit6 des grains du sorgho quant à leur infestation par les 
moisissures du grain et à leur la facultt gcninative, dans les zones à pluviomttrie 
voisine de 800 mm, se retrouve aussi bien dans les varidtds de type Caudarum que 
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dans celles de typc Guirlea. A I'int6ricur dcs deux genres les variftés à cyclcs courts 
et cellcs à cycles intermddiaircs (50% fpiaison jusqu'à cnviron 80 jours aprés Ic 
semis) sont toutes deux concernécs. 

L'Ctude de ces paramètres pendant les hivernages 1989 et 1990 montre que ce n'est 
pas la pluvioméuie totale qui influe sur le niveau de pression des moisissures mais 
plutôt la pluviométrie entre les stades épiaison/îioraison et la récolte. 

D'une maniére générale, les variétés du type Guirrea SC comportent mieux que les 
varietCs Caudatunr nc serait-ce qu'à cause de la plus grande vitrosité de leur grain. 
En effet, si les variétés testtes présentent une variabilitf phénotypique importante 
comme les Cuirleu utilisées en hivernage 1989, on constate : ( i )  une corrélation 
inverse significative entre vitrosité du grain et nioisissures, (ii) une corrClation 
inverse significative entre moisissures et faculté germinative. 

Parmi les variétCs Cauddtunz testées, celles avec les moindres niveaux de 
moisissures sont à grain rouge, d'où un problhmc de sélection pour l'obtention de 
variCtCs Coudatuni àgrain clair résistantes aux moisissures. Par ailleurs, on constate 
que toutes les variétCs à grain rouge ne sont pas forcement resistantes à la 
moisissure. 

La présence ou non de couche brune au niveau du testa semble n'avoir aucune 
influence sur l'incidence des moisissures. Par contre. chez les variétCs 3 grain clair, 
on constate une meilleure facultC germinative lorsque la couche brune est présente. 
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Résumé 

Eii~stylus niarginatus est la plus importante des espèces de punaise se nourrisant 
des grains de sorgho au Mali. L'étude de la distribution de l'insecte a permis 
d'identifier les principaux foyers d'infestation dans les différentes zones agricoles du 
pays. A la Station de Sotuba, la fluctuation des populations larvaires et imaginales 
est caractérisée par deux pics d'abondance. le premier en l in  septembre et le second 
à la f in  du inois d'octobre. Les résultats des enquêtes effectuées dans les champs 
paysans et les stations dc recherche, revèlent des dégâts plus importants sur les 
variétés dc sorgho améliorées que sur les variétés traditionnelles. Les taux 
d'inîestation sont Ics plus élevés dans les stations. 

Introduction 

E. ~norgirratus est considdré . ces dernières années, comme un ravageur important 
du sorgho au Mali et dans les autres rCgions soudano-sahéliennes d'Afrique de 
l'Ouest. Lcs dégâts de I'insccte avaient déjà été signalés au Mali (Doumbia et Bonzi, 
1985 et 1989 ). l'importance Cconomique d'E. nrargirratus. bien que réelle, n'a pas 
encore éié étudiée dans ses détails en Afrique de l'Ouest. L'on sait cependant que les 
attaqucs du ravageur sur Ics grains entra inent  une dépréciation de leur valeur 
monétaire sur le marché, que les variétds à panicule compacte sont plus infestées 
que les variétés ii panicule lâche, et que, les variétés à glume longue sont moins 
affectées par les dCgâts de la punaise que les variétés à glume courte (Doumbia, 
1990 ). 

La présente étude. réalisée dans le cadre des programmes collaboratifs 
IERJICRISAT. IERIROCARS et IER/INTSORMIL, fournit des informations sur la 
distribution, les dégâts et la dynamique des populations du ravageur en relation avec 
la pluviométrie, la temHrature et l'hygrométrie. 

Matériel et Méthode 

Distributiorz et Dégâts de fa Punaise en Milieu Paysan. Concernant la 
distribution. la technique d'étude était la même que celle utilisée par Doumbia et 
Bonzi ( 1989 ). Des enquêtes et des prospections ont été effectuées. Elles ont 
consistd en des prélkvernents d'échantillons de cinq panicules de sorgho ii la 
niaturité dans des champs situes dans différentes localités du pays. Avant les 
prélèvements, chaque panicule était enveloppée dans un sac en polystyrhne ( 45 x 



30 cm ), de manière àemprisonner les punaises, qui étaient ensuite dCnombrCes ; les 
dégâts sur les panicules Ctaient apprCciCs vi~.uellernent par l'attribution d'une note 
suivant unc éclielle en cinq points : 1 )  infestation des grains infkrieure à 1 O % ; 2) 10 
h 20 4b des grains infestés ; 3) 20 à 40 % des grains infestCs ; 4) 40 à 60 % des 
grains infestés ; 5) plus de 60 % des grains infestCs. 

Dynatriique des Poprllatioris. Ln fluctuation des populations larvaires et 
iningiiiales a Cté 6tudiCe de 1989 à 1990 2 la staiion de Rcchcrche Agronomique de 
Sotuba. La technique consiste 8prClever au hasai-d dix 6chaniillons de cinq panicules 
chacun. sur différentes variétCs de sorgho au siade grain laiteux. Conime 
précédemment les panicules sont d'abord enrernices dans des sacs en polystyrène 
puis coupées et transporiées au laboratoire pour cil dénonibrer les punaises. 

Les fréquence d Crhantillonage sont de dix jours. Aprbs la rCcolte du sorgho de 
saison, les prClè\~eincnts se poursuivenl sur les rejets d'une part et la culture de 
contre saison mise cn place à la station d'autre part. 

Inrportnricc de l'espèce Errrystylus tnarginatus. Pour cette Ctude des observations 
on1 6ié faiies dans les parcelles de l'essai " étude du comportement de 16 génotypes 
de sorgho pour leur résistance à E. niargirtarus ", mis en place à Sotuba. Le 
dispositif expériniental est un split bloc à 3 répCtitions. Quatorze jours aprbs 
I'anthbse. cinq panicules par varié16 et par parcelle ClCmentaire sont prélevées dans 
les blocs de l'essai pour le comptage et I'identilication des espèces. 

Résultats et Discussions 

Importance NumCrique de I'Espbce. Les rCsultats obtenus en 1989 et 1990 sont 
donnés au Tableau 1 .  Au total 16 espbces de punaise ont CtC recensees sur les 
variétés au stade grain laiteux. Parmi ces espèces, E. ntargiriatus Ctait la plus 
frkquente. Les dégâts de ce ravageur avaient dCjà CtC signalCs sur le sorgho au Mali ( 
Doumbia et Bonzi, 1985, puis 1989 ), au Niger ( Steck et al, 1989 ) et dans le reste 
du Sahel ( Gahukar et al, 1989 ). 

Distribution Géogrnphique. Au Mali, E. ntargiiiatil.\ est trbs rdpandue dans les 
zones de culture du sorgho. Les principaux foyers se trouvent dans les localiieî de 
Bamako, Bankoumana, Siby et Koutiala pour la rone Sud, h Sirnkoinla, Kolokani, 
Bananba pour la zone NordIOuest et Ségou. Cinzana pour le NordIEst. Dans les 
localités de Kogoni et Beina, les foyers sont moyennement iinportants. ( Fig. I ). 

Aboridartce Relalive des Populations. L'abondance des populations varie selon les 
génotypes dc soigho, l'année et le niilieu. Dans l'essai : " étude du comportement des 
génotyques de sorgho pour leur résis~ance à la punaise à Sotuba ", nous avons noic 
730 individus par 5 panicules pour la variétb la plus infestCe ( Elmota Galmi ) contre 
20 individus pour la moins infestCe ( Malisor 84-1 ) en 1989. En 1990 il  y eu une 
baisse du niveau de la population avec 343 individus pour la variCtC la plus infest~e 
et 19 pour la moins infestCe ( Tableau 2 ). 
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Tableau 1. Principales familles et espèces d'hemiptères rencontrées dans les 
panicules de sorgho à Sotuba ( nombre moyen d'insectes15 panicules ). 

OrdrelFamilles/Espèces Nombre d'insectes15 panicules 

Alydidae 

Myrperus jaculus (Thumber) 

Coreidae 

Cletus sp 

Lygaeidae 

Nysus sp 

Spilostetus mirnus (Stal) 

Spilotostus pandurus (Scopoli) 

Spilotostus rivrrlaris (Germar) 

Miridae 

Campilamma sp 

Creontiades pallidus (Rambour) 

Eurystylus margina~us (Odhiambo) 

Penîaîomidae 

Aethemenes cloris (Westwood) 

Aganoscelis haroldi (Bergroth) 

As pavia armigera 

Calidea sp 

Diploxisfloweri (Distant) 

Pyrrhocoridae 

Disdercus supersititiosus (Fabricius) 

Rhopaüàae 

Lyorhyssus hualinus (Fabricius) 0.16 

* espkces dont le nombre est infkrieur à 0,l 
- espèces absentes dans les prklèvements. 
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Tableau 2. Variation des populations et dégâts d'E. marginatus sur les variétés 
de sorgho à la Station de Sotuba en 1989 et 1990. 

Nombre d'Eurystylus par 5 panicules Note visuelle (2) Cycle 

(degsts) moyen 

Larves Adultes Larves et adultes 
semis 50 

Gknotypes % 

Malisor 84-7 

Sureno 

ICSV-165 

ICSV 1063 

SC 283 

R 8505 

Elrnom galmi 

S 34 

CSM 388 

SC 279 

Malisr 84-5 

Malisor 84- 1 

Kendk 

Gadiaba 

HS* HS** HS* S HS* HS** 

* et ** significatifs aux seuils respectifs de P = 0,Ol et P = 0,005. 
(1) variéte n'ayant pas pu boucler son cycle à cause de la sécheresse. 
(2) Les valeurs des notes visuelles sont suivies de la déviation standard (+ SD). 
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Dans d'autres essais, et sur d'autres variétés des effectifs plus importants avec un 
maximum de 1100 individus15 panicules ont été enregistrés à Sotuba. 

Dans les champs paysans, les infestations sont plus élevées sur les variétés 
améliorées telles CE 151, S34, Malisor 5 ,  comparativement aux variétes locales 
Gadiaba, Sakoïta et Kitaka; les taux dépassent généralement 100 individus par 5 
panicules. 

Le niveau d'infestation a été plus faible en 1990 qu'en 1989 ( Tableau 3 et 4 ). Les 
prospections réalisées dans 7 villages situés dans le Sud de Bamako, sur des variétés 
locales indiquent u n  faible niveau des populations. Cependant, à Cinzana, des 
populations dont l'effectif est supérieur à 60 individus par 5 panicules ont été 
recensées sur les variétés locales Nguègnèblé et Nguègnéfing ( Tableau 5 ). 

Dégâts. Les dégâts de la punaise sur le sorgho sont aussi importants dans les 
stations'que dans les champs paysans. Les notes visuelles attribuées aux différentes 
variétés sous infestation naturelle, se situent entre I à 4 à la station ( Tableau 2 ) et 
entre 1 et 3 dans les champs paysans prospectés ( Tableau 3 ). 

Dynamique des Populations. En 1989, les premiers adultes d'E. margittatus ont 
été observés à Sotuba sur les panicules des sorghos vers le 15 Septembre. En 1990, 
il  sont apparus une semaine plus tôt. La fluctuation des populations larvaires et 
imaginales est caractérisée par 2 pics d'abondance. Pour les deux années, le ler pic 
se inanifeste ep fin septembre et le second à la fin du niois d'octobre ( Fig. 2 et 3 ). 
Ces pics coïncident avec les stades grain laiteux et maturation des variétés à cycles 
inoyen et tardif. 

L'abondance rclative des populations larvaires varie d'une année à l'autre. En 1990 
nous avons noté une forte diminution des populations de la seconde génération par 
rapport à celle de 1989. Cela peut s'expliquer par la faible pluviométrie enregistrée 
dans les 2 dernières décades de septembre et par l'arrêt précoce des pluies à partir du 
5 octobre. Ce déficit hydrique a eu pour conséquence une baisse de l'hygrométrie 
entraînant la chute du niveau de populations. 

Après la récolte des sorghos de saison au mois de novembre, E. marginatus 
disparaît normalement de la station. Cependant, en 1989 et 1990, nous avons capturé 
quelques adultes respectivement en fin janvier et février sur des sorghos de contre 
saison à Sotuba. 
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Tableau 3. RCsultats de l'enquête sur l'importance des dCgâts de la punaise 
Eurystylys mrginarus sur les sorgho dans quelques IocalitCs au Mali (1989). 

Village vanetes Forme/ Nbre d'Eurystylus1 lnci- 
Date de panicules panicules dence phknnologique 
pkltvement 

Adultes Larves 

Sirado (Djidjeni) ~ ~ d i ~ b a  Compacte 625 132.5 2 Mamnté complete 

13110189 locale 

Simkolola Gadiaba Compacte 25 12.5 2 Grain laiteux 

17110f89 

Sikouna 

2U10189 
Malisor 84-5 

CE151 

52.5 142.5 3 Maturité wmplete 

150 1 O5 3 Maturité complete Compacte 

7.5 25 1 Maturité complète 

Compacte 10 25 1 Maiurité complète 

Njibougou 

2UI0189 

Compcte O O O Maiunté wmplète 

Banamba 

17110189 
Gadiaba Compacte 

locnle 

2.5 7.5 1 Grain laiteux 

Touba 

23110/89 
CE-1-51 Compacte 

locale 

100 80 3 Maturité wmplete 

7,s 20 1 Grain laiteux Tomba 

17110189 
Gadinba Compacte 

locale 

CE-151 Compacte O O O Grainlaiteux 

CElS l  Compacte 

5 20 1 Maturitéwmplkte 

O O O Grain laiteux 

Malisor 84-1 Compacte 

Sakolln locale 

Kongola 

24110189 
S 34 Compacte 

Malisor 84-8 Compacte 

(1 pan.82-500) 

Kitah(lode) 

17.5 40 3 Maturité wmpkte 

5 12,s 1 Maturité complkte 

1 O 10 2 Maturitk wmplkte 

O O O Maturité wmplkte 
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Tableau 4. Nombre d'E. nurginatusl5 panicules et dégâts sur quelques variétés 
de sorgho au Mali en 1990. 

LocalitCs VariCtCs Adultes Larves Total Note 

Bema 

241 10190 90 BE-SP F2-5 

90 BE-SP F2-4 

90 BE-SP F2-6 

Cinzana 

25110190 90 BE-SP F2-5 

Composite compacte 

VI composite compacte 

Koula 

28/09/90 CE 15 1 

Tomba 

20110190 Gadiaba 

Ga10 

2011 0190 Gadiaba 

Tableau 5. Résultats de l'importance et l'incidence de la punaise Eurystylus 
marginatus sur quelques variétés dans la localité de Cinzana. 

Provenance Nombre d'E.1 
Date de prélèvement F O r m e Longueur panicules Inci- 

Stade 

variétes panicule glume 
phénolo- 

Adultes Larves gique 

Cinzana 

Champs Mamadou N'guegneble Uche Longue 15 52,s 2 Maturit6 

Diallo 25110190 

Cinzana 

Test multilocal N'guegneble a c h e  Longue 15 60 I Maturite 

251 1 0190 

Windia CSM-219 Lâche Longue 15 97.5 3 Maturité 

Champ paysan N'guegneble Lâche Longue 22.5 37.5 2 Maturité 
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Réaction de Variétés de Sorgho aux Attaques de la Punaise des 
Panicules Eurystylus immaculatus Odhiambo (Heteroptera, 
Miridae) en Afrique de I'Ouest 
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ICRISAT - WASIP, Bamako, Mali.  

Résumé 

Les punaises du genre Eurystylus sont devenues les ravageurs principaux du 
sorgho en Afrique de I'Ouest. La gravitd de I'infestation du sorgho et l'analyse de la 
sensibilitd de diffërentes varidtds au Mali et au Burkina Faso ont fait l'objet de la 
prdsente dtude. On a montrt? que les panicules peuvent hdberger une cinquantaine de 
punaises chez les varidtds rdsistantes Malisor 84-7 et CSM 388 alors que ce nombre 
excède 300 chez les varidtds sensibles. L'infestation cause une perte quantitative et 
qualitative pour les varidtds sensibles, se traduisant par une réduction de 50% du 
poids de 100 grains chez S34, une baisse de vitroisitd 3 fois supérieure chez S34 que 
chez Malisor 84-7. La baisse de rendement au ddcorticage est 30% chez S34 et 
seulement 5% chez Malisor 84-7. La stabilild de la rdsistance de Malisor 84-7 a dtt? 
confirmde et mdrite que l'on en ddtermine le mkcanisme. 

Introduction. 

Les punaises du genre Eurystylus sont devenues depuis quelques anndes les 
ravageurs principaux du sorgho en Afrique de I'Ouest ( Mac Farlane, 1984; 
Doumbia et Bonzi, 1985 et 1989, Gahukar et a l ,  1989; Nwanze, 1985; Sharma, 
1985, 1986 et 1989; Steck et al,  1989 ). Au Mali et au Burkina Faso, E. immaculatus 
semble être I'espkce dominante. Les adultes pondent leurs oeufs ?i I'intdrieur de la 
graine laiteuse et les larves qui en naissent, en suçant ces graines, causent un 
important dommage tant quantitatif que qualitatif sur les sorghos. Aussi paraît-il 
urgent, dtant donne la place de la cdrdale dans l'alimentation des populations des 
pays concernés, de pouvoir mesurer d'une part la sensibilitd de I'dventail de sorgho 
aux ravageurs et d'identifier les sources de résistance et d'autre part de mesurer les 
dCgâts quantitatifs et qualitatifs occasionnds par les punaises. Ainsi I'dtude dont les 
rdsultats sont prdsentds ici met en évidence la gravitd de I'infestation du sorgho par 
la punaise des panicules au Mali et au Burkina Faso. Elle met aussi en dvidence 
d'importantes diffdrences de sensibilitd entre les varidtds testdes. 

Matériels et Methodes 

Le matdriel vdgdtal consiste en 12 varidtks sdlectionnées notamment A partir des 
essais d'amklioration conduits par le programme régional de I'ICRISAT depuis 1985 
au Mali et au Burkina Faso, à savoir : ICSV 16-5 BF, ICSV 1001 BF (Framida), 
ICSV 1143 BF, ICSV 1063 BF, ICSV 1166 BF, ICSV 1122 BF, du programme 
bilatdral ICRISAT-Mali : CSM 63, CSM 388, Malisor 84-7 (ICRISAT Sahelian 
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Centre, 1986, 1987, 1988, 1989 et 1990), d'une variCtC du Centre de I'ICRISAT en 
Inde : ICSV 2 IN (SPV 3 3 ,  d'une varittd locale malienne de type Durra à panicule 
crosste (Gadiaba), et d'une variCtt productive servant de tCmoin sensible (S 34). 
Malisor 84-7 (à panicule trhs compacte) et CSM 388 (Guinea à panicule lâche) 
tiennent respectivement lieu de ttmoin rksistant et de ttmoin local. Ces varittes 
constituent une ptpinihre avancte de criblage pour la rksistance à E. immaculatus. 

L'essai a CtC conduit dans [rois localitds (Samanko et Cinzana au Mali, Farako-Bâ 
au Burkina Faso) et pendant deux hivernages constcutifs, avec deux dates de semis 
(DS) dans chaque localitt : des DS normales (comprises entre le 5 et le 15 Juillet 

, 1989, et le 23 Juin et le 7 Juillet 1990) et des DS diffCrCes de deux à trois semaines 
(21 au 26 Juillet 1989, 13 au 28 Juillet 1990). L'objectif Ctait d'obtenir une 
infestation naturelle maximale au moins à l'une des deux dates. 

Le dispositif Ctait un Bloc de Fisher avec trois rkpétitions (parcelles de trois lignes 
de S,00 m à Samanko, deux à Cinzana et Farako-Bâ en 1989, de quatre lignes dans 
les trois IocalitCs en 1990; Ccanement de 0,75 m). 

Le nombre de punaises a CtC dttermind par Cchantillonnage de cinq panicules 
expostes à I'infestation naturelle par parcelle au stade grain Iaiteuxlpâteux (soit 20 
jours aprhs floraison). Ces panicules Ctaient enfermdes dans un sac de polydthylhne 
et secoudes afin d'en dCloger tous les insectes, qui Ctaient ensuite comptCs au 
laboratoire. 

Pour le criblage, deux panicules par parcelle ont CtC encagCes au debut de la 
floraison, et infestdes à la fin de celle-ci avec 40 adultes par panicule ( Sharma, 1985 
). Les adultes sont rtcoltCs avec un aspirateur à bouche dans les champs de sorgho 
environnants. Vingt (20) jours aprhs. un  coton imbibC d'acdtate dt6thyle Ctait 
introduit dans la cage et, celle-ci retirde, la panicule est secoute dans un sac de 
polytthylhne et les insectes morts comptds au laboratoire. 

Deux autres panicules par parcelle Ctaient protkgtes, en 1989, avec des sachets 
d'autofdcondation en papier sulfurisd, et en 1990, avec les mêmes cages que celles 
servant à I'infestation, pour servir de tCmoins protCgCs à celles soumises à 
I'infestation naturelle et artificielle. 

Les dCgâts de punaises ont Cgalement fait l'objet d'une notation visuelle à maturit6 
sur une Cchelle de 1 à 9 où 1 correspondait à tous les grains bien ddveloppés, avec 
seulement quelques piqflres d'alimentation, et 9 à la plupart des grains non 
dCveloppCs et invisibles en dehors des glumes du fait des attaques de punaises. 

Les autres paramhtres mesures ont CtC : le poids de 1000 grains, la proportion de 
grains à faible densite dtterminde par flottaison des grains sur une solution de nitrate 
de sodium de densitt spécifique 1,205, le pourcentage de germination et enfin la 
vitrositC du grain sur une Cchelle de 1 à 5 où 1 reprdsente le grain dur et vitreux et 5, 
le grain tendre et farineux. 

Sur certains Cchantillons, les mesures suivantes aussi ont CtC rCalisCes par le 
Laboratoire de Technologie CCrCalihre de Sotuba : rendement au ddcorticage 
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(Reichert et al., 1982 ) et qualitd du t6 (Da et al., 1982) apprtcit par sa consistance 
et sa couleur, sur une dchelle de I à 5 où 1 est le bon t6 d'aspect clair et granuleux et 
5, le t6 brun foncd et collant, à rejeter. 

Résultats et Discussions. 

Les nombres de punaises relevds sur les difftrents essais, en infestation naturelle 
indiquent que Malisor 84-7 et CSM 388 ttaient les varittds les moins infestdes avec 
respectivement 51 et 62 punaises par cinq panicules alors que les autres varidtds 
hdbergaient plus de 300 punaises ( Tableau 1 ). Ce rdsultat est partiellement 
confirmd par les chiffres obtenus sous infestation artificielle qui montrent que la 
resistance de Malisor 84-7 n'est pas le seul fait d'un mtcanisme de non-préfdrence 
ou d'tvasion. 

Les notes visuelles relevdes sous infestation naturelle sur les 12 essais identifient 
CSM 388 et Malisor 84-7 comme les seules varidtds rdsistantes en rdfdrence à ce 
critkre dont les valeurs n'exckdent jamais respectivement 3,3 et 4,O alors qu'elles 
atteignent 7.7 pour Framida et 7,3 pour S 34 ( Tableau 2 ), rdsultat confinnt par les 
donntes obtenues sous infestation artificielle. 

L'infestation des punaises cause une perte à la fois quantitative et qualitative pour 
les varidtds sensibles, alors que les varidtds rdsistantes sont beaucoup moins 
affectkes ( Tableaux 3-6 ). Ainsi, la rdduction du poids de 1000 grains est de l'ordre 
de 50 % pour S 34 alors qu'elle n'est pas significative pour Malisor 84-7 ; la baisse 
de rendement au dkcorticage est respectivement suptrieure à 30 et de 5 % 
seulement. La diminution de la vitrositd est trois fois plus importante chez S 34 que 
chez Malisor 84-7. En revanche, l'attaque par les punaises ne se traduit pas toujours 
par une rdduction de la qualitk du tô prdpard avec la fraction rkcupdrde aprks 
décorticage. 

Dans le cas de la varittd S 34, les coefficients de corrdlation entre la note visuelle 
et le poids de 1000 grains, la vitrositd, le pourcentage de germination et le 
pourcentage de flottaison sont respectivement de -0,558,0,616, -0,725 et 0,743, tous 
significatifs au seuil de O, 1 %. En revanche, dans le cas de Malisor 84-7, il n'y a pas 
de corrklation significative entre note visuelle et les autres paramktres mesurks. 
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Tableau 1. Populations de punaises observées sous infestation naturelle sur les 
12 variétés de sorgho de la pépinière avancée de criblage pour la résistance à la 
punaise des panicules à Samanko (SA), Cinzana (CZ) et Farako-Bâ (BF), en 
hivernages 1989 et 1990 ( 1 )  

Nombre d e  punaises par 5 panicules (2) 

Hivernage 1989 Hivernage 1990 
variéte 

SA SA CZ FB SA SA CZ CZ FB FB 
(DSI) (DS2) (DSI) (DSI) (DSI) (DS2) (DSI) (DS2) (DSI) (DS2) 

ICSV 16-5 BF MtÏ(28.6) Sa(6.3) 42(6.4) 314(17,5) 17q 13.1) 187(13,4) 103(10,2) 28(4.9) û(0.3) 17(3,8) 

Fnnida 41 8(20,3) 43(6.5) 132(10,7) 287(16,9) 1431 1.7) 98(9,2) So(7.1) Sû(6.9) l(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) l(0.7) 9(2,8) 

ICSV 1122 BF 358(17.3) 31(5,3) 152(11,0) 93(9.2) 67(8,0) 143(11,9) 167(12,4) 19(4,2) û(0.3) 41(6,2) 

Gadiaba 48(6,2) 3û(5,2) 24(4.5) 34(5,7) 15% 12,4) 383  19.5) 89(9,0) 23(4.8) l(0.6) 14(3.7) 

CSM 63 4W20.1) 14(3,1) 74(8.2) 73(8.1) 9(2,9) 43(6.1) 335.9) 44(6.6) 2(1,3) 3( 1.8) 
Temoins 

S34 (sensible) 36% 18.9) 35G.8) 26(4,4) 237( 14.3) 939.7) 77(8,7) 95(9,3) 32(5,6) 3(1.8) 7 l(8.2) 

CSM 288 (l»cal) 436,s) IS(3.8) lû(2.9 24(4,8) 62(7.4) SS(7.1) O(0.3) 3(1,3) q2.1) 9(2,5) 

Test F (3) (***) N.S. (**) (***) (***) (***) ( *  n.s. n.s. (**) 

Moyenne (18.5) (5,3) (6.7) (12.3) (10.5) ( 1  1.3) (8.7) (%O) (0.9) (5.0) 

ETM (f2.88) (f0.68) (f 1.62) (f 1.92) (f 1.43 (f 1.81 ) (f 1.54) (f 1.52) (f0.47 ( f  1.08) 

(1 )  Dispositifs en blocs complets à trois repétitions pour les trois localités, 
deux dates de semis (DSI et DS2) et deux années. 

(2) La variabilité a été analysée après transformation d ~ .  Les valeurs entre 
parenthèses sont les valeurs transformCes. Les valeurs maximales 
observées sur les I O  essais pour chaque variété sont indiquées en caractère 
gras. 

(3) Test F : n.s. non significatif au seuil de 5% ; ** significatif au seuil de 1% ; 
*** significatif au seuil de O,I%. 
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Tableau 2. Notation visuelle de l'attaque par les punaises sous infestation 
naturelle des 12 varidtds de la pdpinihre avancCe de criblage pour la rdsistance à la 
punaise des panicules Samanko (SA), Cinzana (CZ) et Farako-BB (BF) en 
hivernage 1990 (1). 

Noie visuelle (2) 

VaiCle SA SA2 CZI CZ2 FBI FB2 SA1 SA2 CZ CZ FB FB 
(IlSI) (DSI) (DS2) (DSI) (DS2) 

Gûdiaba 6.7 6.0 5.7 6.0 5.0 4.3 3.2 2,8 3.0 2.7 3.0 4.0 

CSM 63 2.7 4.7 4.3 2.7 3.0 3.0 2.5 2.5 3.0 2.3 2,O 2.3 

Mdisar84-7 3.3 2.0 4.0 2.3 3.7 3.3 2.7 2.0 1.7 1.7 1.7 2.7 
(résismi) 

CSM 388(iocsi) 2.7 2.7 3.3 3.0 2.3 2,O 1.8 1,8 1.0 1.0 1.7 1,7 

Moyenne 4.2 5.4 5.8 5.8 4.5 4.7 4.5 3.1 2.6 2.6 2.6 3.4 

(1) Dispositifs en blocs complets à trois rdpétitions pour les trois localitds, deux 
dates de semis (DSl) et (DS2) et deux anndes. 

(2) Notation visuelle sur une dchelle de 1 à 9 ou 1 = grains avec seules quelques 
piqOres d'alimentation et 9 = plus de 75% des grains fletris. Les valeurs 
maximales observdes sur les 10 essais pour chaque varidtd sont indiqudes en 
caracte-s gras. 

(3) Test F : ** significatif au seuil de 1% ; *** significatif au seuil de 0,1%. 
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Tableau 3. Effet de l'infestation par les punaises sur le poids de 1000 grains, la 
vitrosité, les pourccntages de germination et de flottaison (proportion des grains à 
faible densité de quatre variétés de la pépinière avancée de criblage pour la 
résistance à la punaisc des panicules à Cinzana en hivernage 1989 ( 1 )  

Malisor 
Gadiaba S34 84-7 CSM 388 

variete 
essai 

DSI . DS2 DS 1 DS2 DSI DSI DS2 
- - -  - 

RiiJs(l,Ulgr, *2) 43.7 +4.K(6) 43.1 f 2,K(6) 2J.6f 2.1(6) 22.4f 2.9(4) 14.7f 1.9(6) 21.6f0.7(5) 24.9+2.6(6) 

*(2) 31.1 f 1.7(9) 26.7 f0.3(6) 18.1 f 31.2(9) 8.8 f 386)  13.9 f 0.5(6) 212 f l.OK9) 18.9 f 29(6) ... ... ... 
Signiliçdiion (3) 

..* n.s n.s. 

At2) 4.7 2 ( )  4.8 f 05(6) 4.7f 0.1(9) 4.6f 0.2(6) 2.5 +0.3(6) I.Jf 0.1(9) 2.0f2.9(6) ... ... ... ... ... Signilicaiion (3) n.s. 

<* gcmina(ion p(?) 93.3 f 3.10) 90.3 f 29(2.9(6) 98.7 f 1.20) %.Of 1.2(6) 94.7 f 2.4(6) W.3 f 1.2(3) 97.7 f 1,9(6) . 
~ ( 2 )  W.0f 22.5(3) 13.3f 23,1(3) 71.?f 12.10) 45.3 f 23.11(3) 66.7 f 23.9(3) 84.7 f16.3(3) 58.0f 43.9(3) ... ... ... Signilicalion (3) n.s n.8. 

(1) Valeurs exprimées sous la forme : Moyenne f écart-type (nombre 
d'observations entre parenthèses) 

(2) P : grains provenant de panicules protégCes ; A : grains provenant de 
panicules soumises à I'infestation artificielle sous cage avec 40 adultes 
pendant 20 jours. 

(3) Signification du test unilateral de comparaison des moyennes (valeurs non 
transformées) par la mCthode des Cchantillons indkpendants : n.s. non 
significatif au seuil de 5% ; 
* significatif au seuil de 5% ; ** significatif au seuil de 1% ; *** 
significatif au seuil de O, 1 %. 

(4) Sur une Cchelle de 1 à 5 où I = grain dur et vilreux et 5 = grain tendre et 
farineux. 

(5) Dans une solution de NaNo3 de densite spécifique 1,205. 
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Tableau 4. Effet de I'infestation par les punaises sur le rendement au décorticage 
et la qualité du 16 (consistance et couleur) de quatre variétés de la pépinière avancée 
de criblage pour la résistance à la punaise des panicules 1i Cinzana en hivernage 
1989 (deux date de remise : DS 1 et DS2) 

- 

S .W Malisirr 84-7 CSM 388 

,,(?) 12f 0.3 l .2f 0.3 1 .2f  0.3 1.5i0.5 12f 11.3 1.2f 0.3 1 .3f  0.3 

ib(manu.lk.H N(2) 3.3 f o.6**- 2.3 f 0.3.. Z.8f 11.3 2.il f 0.0 n.s 1.3 f 11.3 n.s. 1.3 f 0.3 n.s 15 f 0.0 n.r. 

~ ( 2 )  1.1) 1 ,O 1 2  f 0.3 n.s. 1,l f 1),3 n.s 1.7 f 0.3 n s .  

(1) Valeurs exprimdes sous la forme : Moyenne i écart-type (trois répétitions); 
- : donnée manquante 

(2) P : Grains provenant de panicules protégées ; N : grains provenant de 
panicules soumises à l'infestation naturelle ; A : grains provenant de 
panicules soumises à l'infestation artificielle sous cage avec 40 adultes 

pendant 20 jours. 
Signification au test unilatéral de comparaison des moyennes observees sur 
panicules infestéesltémoins protegé par la méthode des échantillons 
indépendants : n.s. non significatif au seuil de 5% ; ** significatif au seuil de 
1% ; *** significatif au seuil de O, I %. 

(3) Pourcentage de récupération au TADD. 

(4) Sur une échelle de 1 à 5 où 1 = tô de bonne qualité et 5 = t6 à rejeter. 
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Tableau 5. Effet de I'infestation par les punaises sur le poids de 1000 grains et la 
vitrosité des 12 variétés de sorgho de la pkpinière avancke de criblage pour la 
résislance h la punaise des panicules en hivernage 1990 (2&mc DS)(l). 

Poids de 1000 gnins (g) (2) Vitrosit6 (2) 
Varikt6 

P N A P N A 

ICVS 16-5 BF 21.5 2 1.4 n.s. 202 n.s. 2.0 3.2 n.s. 2.811,s. 

ICSV 1063 BF 23.6 20,4 n.s 22.8 n.s. 1.7 3.1;; 2,7*** 

ICSV 2 IN 19.5 19,5 n.s. 16,8 n.s. 1.9 3,1* 3,3*** 

ICSV 1166 BF 24.1 19.6* 19.4 n.s. 1.4 3.0.. 2,9*** 

Gadiaba 44.9 38.0 n.s. 32.1 n.s. 2.0 3,0** 3.5 n.s. 

CSM 63 18.3 19,9 n.s. 14.5* 1.7 2.6; 2.9 n.s. 

Témoins 

S 34 (sensible) 24.5 12,3*** 13.8; 2.0 3.7; 3.6 n.s. 

Malisor 84-7 15.6 16.8 n.s. 38,O n.s. 1.5 1.7; * 2.1; 
(résistant) 

CSM 388 (local) 16.5 20.9 19.9 n.s. 1.1 1.5n.s. 2.0 n.s. 

Test Fc-') *** *t* *** * *** ** 

Moyenne 23.0 20.3 19.1 1 .8 2 9  3.0 

CV S 11,9 9.1 16,l 22.4 12.0 16.5 

ETM f 1.58 f 1.07 f 1.78 f 0.23 f 0.20 f 0.28 

(1) Dispositif en blocs complets h trois répétitions 

(2) P : grains provenant de panicules prolégées ; N : grains provenant de 
panicules soumises h l'infestation naturelle ; 
A : grains provenant de panicules soumises A I'infestation artificielle sous 
cage avec 40 adultes pendant 20 jours ; 
Signification du test unilateral de comparaison des moyennes par la méthode 
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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Tableau 6. Effet de I'infestation par les punaises sur les pourcentages de 
germination et de flottaison (proportion de grains à faible densite) des 12 varidtes de 
sorgho de la pepinière avancée de criblage pour la resistance à la punaise des 
panicules à Samanko en hivernage 1990 (2ème DS)(I ). 

Germination (46)(2) Rotiaison (%)(2) 
Vûnkd 

P N A P N A 

ICSV 16-5 BF 95.q77.1) 86.3(68.5)* 82.W65.7) n.s. 5.3(13.3) 46,7(43.9) n.s. 28.7(31,2) n.s. 

ICSV 1 143 BF 95,7(78.1) 91.0(72,7)n.s. 86.3( 68.5). 7.3(14.9) 65,6(54.1)** 48,2(43,9)* 

ICSV 1063 BF 91.7(73,8) 79.3(63.4)* 73,7(59,2) n.s. 13.8(21.1) 76.0(60.7)** 42,1(40,4) n.s. 

ICSV 2 IN, 91.3(73.2) 80.7(64.0)** 67.W56.0) n.s. 13,8(20,9) 34,435.8) n.s. 51.3(46.1)* 

ICSV 1 166 BF 94.7(76.7) 81.W64.2)*** 78.3(62,8)* 4,9(12,6) 71,6(57,1)** 60.0(50,9)** 

ICSV I l 2 2  BF W(68.0) 68,W56.0)* 56.7(48.9) n.s. 30.2(42.0) 62.9(52,6) n.s. 68.W55.8) n.s. 

Gadiaba 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.W59.1) n.s. 

CSM 63 92.W79.7) 90.q71.6) n.s. 60.W51.2) n.s. 13.8(21,7) 26.7(30.9) n.s. 65.3U6.0) n.s. 

Témoins 

S 34 (sensible) 82.7(65.5) 44,3(41,3)* 48.0(33.9)* 3 1.1(33,9) 99.1 (85,7)*** 80.2(64.8)* 

Test F (***) (***) (**) (***) (***) (**) 

Moyenne (73.6) (62.8) (58.0) (22.5) (50.6) (45.5) 

(1) Dispositifs en blocs complets à trois répétitions 

(2) P : grains provenant de panicules protégées ; N : grains provenant de 
panicules soumises A I'infestation naturelle ; A : grains provenant de 
panicules soumises A I'infestation artificielle sous cage avec 40 adultes 
pendant 20 jours. 
Signification du test unilateral de comparaison des moyennes par la méthode 
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 rCsultats inettent nettement en Cvidence la gravit6 du problème lié à 
I'iiifestation du sorgho par la punaise des panicules dans Ics regions étudikes et son 
incidence Cconomique. Les hivernages 1989 et 1990 ont été caractCrisCs par des 
populations trEs importantes de ce ravageur à Sainanko, ce qui en fait alors un site 
idéal pour le criblage du sorgho pour la résistance à cet insecte, en infestation 
naturelle comme artificielle. Une meilleure connaissance de la dynamique des 
populations d'E. inzmaculatirs sur les différentes stations constituerait cependant un 
facteur essentiel d1efficacitC du criblage en conditions d'infestation naturelle, qui 
reste le seul moyen d'évaluation à grande échelle, la technique d'infestation 
artificielle en cage prCsentant des contraintes Cvidentes. La ~Crification en 
conditions de non-choix Ctant cependant indispensable pour conliimer la rksistance. 
cette technique doit êlre améliorée pour en accroître I'efficacilé et le rendement. De 
nouveaux sacs et de nouvelles cages qui n'affectent ni le développement des grains 
ni celui des insectes devraient être conçus. Une bonne connaissance de la biologie 
du ravageur permettrait d'en envisager l'élevage, et reduire ainsi considérablement la 
pénibilitC du travail d'infestation artificielle. L'échelle de notation utilisCe s'est 
rCvé1Ce satisfaisante. C'est un critère à la fois plus simple d'utilisation et plus fiable 
que l'échantillonnage des populaiions. 

Si cette Ctude a mis clairement en évidence d'iinportantes diffkrences dans la 
sensibilitk des différentes variétés aux attaques d'E. imniaculatus, elle a surtout 
permis de confirmer la résistance de Malisor 84.7, CSM 388 ou la sensibilitk de S34 
utilisées comme des lCmoins dans l'infestation de la punaise. La rCsistance de 
Malisor 84-7 s'est rCvélée stable à travers les IocaliiCs, annécs et dates de semis. 

L'identification de sources de résistance doit donc rester une prioritC des 
programmes d'amélioration-du sorgho. En effet, mis h part les sorghos Guinea dont 
les caractkristiques dc la panicule et des glumes peuvent expliquer dans une large 
mesure la résistance, parmi les variétCs à panicules compactes, Malisor 84-7 est la 
seule source prometteuse. Du fait de son haut niveau de resistance, elle est d'ailleurs 
à l'origine de plusieurs croisements avec des variCtés productives, dont les 
descendances sont en cours d'Cvaluation. 

D'importants efforts de recherches doivent également être consacrCs à l'étude du 
mCcanisme de rksistance de la variCtC Malisor 84-7, pour bien orienter le criblage. 
Une fois identifiCes d'autres variéICs prtsentant le même type et niveau de 
rksistance, pourront être envisagdes des Ctudes sur la gCn6tique de sa iransmission, 
dont la compréhcnsion constitue le prkalable indispensable à la mise en oeuvre des 
stratégies de sClection les plus adaptCes. 
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Chemical Control of Sorghum Stem Borers in the Nigerian 
Savanna. 
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Ahrnadu Bello University, Zaria, Nigeria. 

Abstract 

A total of eight seed and soil-applied chemicals (Carbofuran 3 & 5G, terbufos 5G, 
bifenthrin 10 ec, carbofuran 35 ST, Marshal 25 ST, carbaryl 85 wp, Apron-lus 
50DS and Fernasan D) were screened for their efficacy for control of the sorghum 
stem borer (Busseola fusca Fuller) in a 5-year study from 1986-90. Seed dressings 
were applied to seed, granules were applied to the funow at sowing and/or in bands 
as side dressings after seedling emergence whilst diluted foliar emulsifiable 
concentrates were dispensed from knapsack sprayers. The results indicated that two 
sequential applications of carbofuran, either as granules (at 1.0 kg a.i,ha) at sowing 
followed at 45 days later by granules or as seed treatment (at 0.5 kg a.i./ha) 
followed by granules at 30 days after sowing, gave adequate control of the stem 
borer leading to significantly higher sorghum grain yield in years of high borer 
infestations. Although Apron-plus 50DS often gave reductions in borer infestations 
and high sorghum yields, it also failed to control a high infestation in 1990 as did 
carbofuran 35 ST, 

Fernasan D and Marshal 25 ST. These seed dressings, except Marshal, 
consistently gave better plant establishment than the control. 

Introduction 

Sorghum is an important source of energy in the diets of the peoples of many 
nations in tropical and sub-tropical regions of the world. World production is 
estimated at 63 millions tonnes on some 47 million hectares annually (Sehu Reddy, 
1989). Estimates for annual production in Nigeria are 9 million tonnes on over 6 
million hectares (IAR, 1984). Under optimum management, yields of up to 3,000 
kgha are obtainable (IAR, 1989). However, only 500-1800 kgha is realised on 
resource-poor farmers' fields (Ajayi, 1989). 

Insect pests constitute a major constraint to sorghum production world-wide 
(Chundurwar, 1989; Uvah and Alabi, 1989) and stem borers are the most 
economically important insect pests of the crop (Taneja and Leuschner, 1985; Seshu 
Reddy, 1989). In Nigeria, Busseola fusca Fuller (Lepidoptera: Noctuidae) is the 
most important stem borer species in the major sorghum growing areas (Ajayi, 
1989). Other commonly encountered borer species are Sesamia calamistis 
Hampson and Eldana saccharins Walker. 

- - 
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Much work has been done in India on chemical control of Chilo partellus Swinhoe 
on sorghum through seed dressings, application of granular systemics to soil, 
application of dusts, granules and sprays into the whorl and general foliar sprays 
(Kishore, 1989). Van Rensberge and Walters (1978) were able to obtain substantial 
reductions in B. ficsca populations on sorghum by furrow applications of carbofuran 
5G at planting in South Africa. Elsewhere, Swaine (1957) and Walker (1960) 
obtained satisfactory control of the insect from dusts of DDT and endrin. 
respectively, applied into the whorl. Anonymous (1980) recommends foliar sprays 
of carbaryl wettable powder (wp) at 1.68 kg a.i./ha at 2,5 and 8 weeks after planting 
for B. fusca control in maize in Nigeria. However, no work has been done on 
chemical control of B. fusca, in  sorghum' in the Nigerian savanna. The present study 
was, therefore, aimed at assessing a wide range of foliar, seed and soil-applied 
chemical formuations for their efficacy for control of stem borers on sorghum. 

Materials and Methods 

General 

Five experiments were conducted during the 1986 to 90 wet seasons. The 
sorghum variety, SAMSORG-17 (=SK 5912) was utilised in all the experiments. 
Each experiment was laid out in a randomised complete block design with four 
replicates on plots of size 4.5m (six ridges) x 5m. Plots were separated by 1.5m of 
weed-free alleys. Insect populations and activity as well as the development and 
yield of plants were monitored on a single plot basis involving the following 
parameters: germination count of plants at two weeks after planting (WAP); 
establishment count of plants at 6 WAP and at harvest; count of deadhearts at 4 
WAP (and 8 WAP for 1990); count of plants with leaf feeding at 4 and 8 WAP; 
Plant heights at 6 WAP; plant vigour score at 6 WAP (on a scale of 0-10 where, 0 = 
all plants dead and 10 = all plants highly vigorous and healthy); days to 50% 
heading, number of stands and of heads on the two central rows at harvest; weight of 
heads and of grain for the two central rows; 1000-grain weight and, finally, stem 
borer assessment at harvest. Stem borer assessment involved recording the 
following on single plant basis for a total of ten plants per plot: number of 
internodes; number of borer holes; number of internodes with holes; number of 
larvae and of pupae; length of the stem, and total length of tunnels. 

Methods of insecticide application were selected based on the nature of the 
formulation. Granules applied at planting were placed in the furrow and covered 
with some soil before the seeds were planted. Side dressed granules were placed in 
furrows at 2.5 cm away from the base of plants. Seed dressing concentrates were 
diluted with 25% volume of water and applied evenly by carefully turning seed in a 
plastic container using a wooden stirrer. Such treated seed was spread out to dry 
under shade prior to planting. Seed dressing dusts were evenly applied to seed by 
stirring the mixture carefully in a plastic container. Foliar sprays (wp & ec 
formulations) were applied using a knapsack sprayer. Sorghum was always planted 
at about mid-June. Field agronomic practices recommended by Anonymous (1985) 
were utilised. The specific insecticide treatments for each experiment were as 
detailed below. 
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1986 Experiment. During the 1986 rainy season, the efficacy of the seed 
dressings, Furadan 35 ST (35% carbofuran e.c. seed treatment), Marshal 25 ST 
(25% dust) were compared with Furadan 5G (5% a.i. granular carbofuran) and 
Vetox 85 wp (carbaryl 85% a.i.) for control of the sorghum stem borer. The 
treatments were: Furadan 5G at 1.0 kg a.i./ha at planting only, as a side dressing at 
30 DAP only, and at planting followed by (fb) a side dressing of same at 45 DAP; 
Furadan 35 ST at 0.5 kg a.i.1100 kg seed; Marshal 35 ST at 0.5 and 1.0 kg a.i.1100 
kg seed: Furadan 35 ST at 0.5 kg a.i.1100 kg seed fb a side dressing of Furadan 5G 
at 1 .O kg a.i./ha at 30 DAP; carbaryl 85 wp at 1.5 kg a.i./ha at 2 and 4 WAP, and the 
control with no insecticide application. 

1987 Experiment. In addition to Furadan 5G, Furadan 35 ST, Marshal 25 ST and 
carbaryl 85 wp tested in the previous year, Apron-plus 50 DS (10% metalaxyl, 6% 
carboxin and 34% Furathiocarb) and Fernasan D (20% BHC and 25% Thiram) were 
screened during 1987 for their efficacy for sorghum stem borer control. All 
treatments in the previous year were repeated, except that Furadan 3G was utilised 
in place of 5G. The remaining treatments were: Apron-plus 50 DS at 5, 10 and 15 
glkg seed and Fernasan D at IOgl3kg seed. 

1988 Experiment. During 1988 rainy season, Furadan (3G and 35 ST), Marshal 
25 ST, Apron 50 DS, carbaryl 85 wp and Fernasan D which were tested in the 
previous year were compared with Counter 5G (5% terbufos granular) and Talstar 
10 e.c. (10% bifenthrin) alone or in combination. The treatments included all those 
in the previous year as well as Counter 5G at 0.5.0.75 and 1.0 kg a.i./ha at planting, 

' and Talstar 10 ec at 20 and 30 g a.i./ha at 14 and 28 DAP. 

1989 Experiment. Again granular Furadan and Counter, Furadan, Apron and 
Fernasan D seed treatments, and Talstar ec were tested for their efficacy for stem 
borer control in sorghum. The treatments were: Furadan 3G at 1.0 kg a.i./ha applied 
at planting or at both planting and 45 days later, Furadan 35 ST at 0.5 kg a.i.1100 kg 
seed fb Furadan 3G at 1.0 kg a.i./ha at 30 DAP, Apron-plus 50 DS at 5, 10 and 15 g 
dust/kg seed, Fernasan D at 10g dust/3kg seed, Counter 5G at 0.5, 0.75 and 1.0 kg 
a.i.1100 kg seed, Talstar 10 ec at 20 and 30 g a.i.1ha at 2 and 4 WAP, and the 
unprotected control. 

1990 Experiment. Due to high variability in the data for 1986 and 1988, i t  was 
decided to test Furadan (G & ST), Apron, Fernasan D, Counter and Talstar again in 
1990. A11 treatments utilised in the previous year were adopted, except granular 
Furadan applied at planting only an Apron seed treatment at 15 g/kg seed. 

Results 

1986 Experiment. Table 1 indicates that granular carbofuran applied at planting 
followed by same at 45 DAP performed best with the lowest number of borer holes, 
proportion of plants with leaf feeding and proportion of stem length tunnelled and 
also the highest grain yield. Sorghum treated with carbofuran seed dressing fb 
granular carbofuran also performed well but that treated with only seed dressings 
general1 y performed poor1 y. 
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Table 1. The efficacy of insecticidal treatments for the control of the sorghum 
stem borer at Samaru, 1986. 

Treatments 

- -- 

Plant No of Tunnel %of  % head- % leaf Grain 
yield 

height holesllO lenglh stem hearts at feeding 
(kg) 2 

(~111) stems lcm) tunnelled 6 WAP central 
rows) 

Furadan 5G. @ 1.0 kg a.ill~a at pli~nting 

Furadan SG, @ 1.0 kg a.i/ha at planting + 
side dressing at 45 DAP 

Furadan 5G. Q I .O kg a.i/ha side dressing at 

30 DAP 

Furadan 35ST @ 0.5 kg a.if100 kg s c ~ d  

Furadan 35ST. @i I .O kg a.illDO kg seed 

Marshal 25 ST, Q 0.5 kg a.iI100 kg seed 

Marshal 25 ST. Q 0.5 kg a.if100 kg seed 

Furadan 35ST. Q 0.5 kg a.iI100 kg seed + 

Furadan 5 G, @ I .O kg a.ifl~a side dressing at 

30 DAP 

Garbaryl 85 WP, @ 1.5 kg a.i/ha a1 2 and 4 

WAP 

Control, no insecticide 

f SED 3.44 7.24 7.21 7.31 1.73 11.09 0.52 

1987 Experiment. The results shown in Table 2 indicate that Fernasan D, Apron 
and carbofuran seed treatments generally led to significantly better plant 
establishment than the control. This was also true for granular carbofuran applied at 
planting. Plots treated with granular carbofuran seed treatment fb granular 
carbofuran, Apron (at 5 g/kg seed) or Fernasan D had significantly fewer borer holes 
and a lowcr proportion of internodes bearing such holes than the remaining plots. 
Sorghum treated with two sequential applications of granular carbofuran had the 
fewest borer iminaturcs in their stem and consequently, the lowest total tunnel 
length per stem. Highest grain yiclds were recorded in plots receiving carbofuran 
seed treatment. In terms of both borer control and yield, best performance was 
recorded from sorghum receiving carbofuran sccd treatment fb granular carbofuran. 
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1988 Experiment. Results (Table 3) show that sorghum treated with granular 
carbofuran (twice or once at 30 DAP) suffered least leaf feeding and also had low 
counts o f  deadhearts. Sorghum receiving carbofuran seed treatment fb granular 
carbofuran had the least number of borer immatures in their stem and no deadhearts. 

Table 2. The efficacies of some chemicals for control of  sorghum stem borer at 
Samaru, 1987. 

Treatments 

No, of  Leaf No, Total No, Gmin 
stands feeding of inter- o f  tunnel of yield 

established nodes holed length1 larvae (kg) 
with stem stem & per 
holes (cm) pupae 2 rows 

per 
stem 

Furadan 5G. 1.0 kg a.i/ha at planting 78.7b 51.0 7.60b 2.4% 11.67b 1.93 2.0 

Furodan SG, 1.0 kg a.i/ha at planting t 45 DAP 7 7 3  51.3 2.97a 0.83~1 4.3h 0.47 2.1 

Fundan 5G at 1 .O kg a.iha at 30 DAP 73.3a 41.7 2.23a 0.87n 4 . a  0.70 1.4 

Furodan 35 ST. 0.5 kg ail100 kg seed 77.3b 56.3 7.13b 2.30b 9.131 0.80 3.0 

Furadan 35 ST. 1.0 kg a.iI100 kg seed 75.3ab 54.0 9.90b 3.1m 14.4% 2.40 3.0 

~ ~ h a l 2 5  ST. 0.5 kg a.iI100 kg seed 74.7ab 47.3 7.00b 2.40b 9.90b 1.03 2.5 

Morshal25 ST. 0.5 kg a.iI100 kg seed 75.0;lb 55.0 8.13b 2.50b 9.17a 0.93 2.2 

Fundan 35 ST. 0.5 kg a.il100 kg seed t 

Furadan 5 G, l .O kg n.i/ha at 30 DAP 77.3 57.3 4.07a 1.5Oa 6.93a 0.83 3.0 

Garbaryl85 WP at 1.7 kg a.iha at 2 and 4 WAP 75.3ab 44.3 7.03b 2.0h 6.87a 0.97 2.3 

Apmn 50 DS at 5 g dustnig .seed 74.0;lb 45.3 6.07a 1.600 6.93a 1.20 1.6 

Apron 50 DS at 10 g dustnig seed 77.m 41.7 8.27b 2.30b 9.73b 1.00 1.9 

Apmn 50 DS at I5 g dustnig seed 76.3b 54.0 10.77b 3.00b 13.63b 1.23 2.4 

Fernasan D at 10 g dustm kg seed 77.3d 63.3 6.670 1.80;lb 7.530 1.53 2.4 

Control. (no insecticide) 7 0 . ~  45.7 7.63b 2.53b 8.20~1 1.83 2.3 

f SED 



Table 3. Efficacy of various chen~icals i n  the control of sorghum stem borer at 
Samaru, 1988. 

Treatments 

No of  No of No o f  Days to No o f  No of  Total 1.000 
plants dead plants 50 7o fecdig larvae grain grain 

establi- heand with lieading holes1 + yield1 wt (G) 
shedlplot plot leaf 10 pupae 2 rows 

feeding stems per I 0  (kg) 
per plot stems 

Furadan 3G at I00 kg  a.i./ha at planting 81.8 2.0 51.5 11.3 33.3 7.5 1.72 39.9 

Furadan 3G at 1.0 kg a.i/ha at planting + 45 DAP 80.3 0.5 13.0 1 13.8 28.0 6.8 2.23 39.2 

Furadan 3G at l .O kg  a.i/ha at 30 DAP 72.8 0.5 33.5 112.3 36.0 13.3 2.6 39.6 

Furadan 35 ST at l .O kg  a.iI100 kg  seed 88.5 3.0 70.8 113.3 37.3 12.0 1.65 38.9 

Furadan 35 ST at 0.5 kg a.iI100 kg  seed 88.3 2.5 63.5 112.0 44.8 7.3 1.70 38.7 

Marshall 25 ST at I .Og a.il100 kg  sced 69.3 1.0 37.5 113.3 13.8 8.0 1.88 40.5 

Marshall 25 ST at 0.5 kg  a.il100 kg  seed 92.8 2.0 53.8 112.3 35.3 8.0 1.87 38.8 

Furadan 35 ST at 0.5 kg  a.illOO kg  seed + Furadnn 

3 G at l .O kg  a.i/ha nl 30 DAP 80.8 0.0 47.3 112.8 28.3 4.3 2.13 39.1 

Carbaryl 85 wp at 1.7 kg  a.i/ha 58.0 1.3 29.0 115.8 28.8 4.3 1.20 38.5 

Apron-plus SODS at 5g dustkg seed 89.8 1.8 53.0 115.0 20.3 5.3 1.73 36.6 

Apron-plus 50 DS at IOg dustkg seed 86.3 2.3 47.0 112.8 26.5 15.8 2.12 40.0 

Apron-plus 50DS at 15 g dustkg seed 75.3 2.3 42.3 115.8 34.8 14.0 1.21 36.2 

Fernasan D at 10 g dustkg seed 90.0 2.0 50.8 113.3 36.5 9.8 1.28 36.9 

Counter 5G at I .O kg  a.i/ha at planting 88.5 2.3 66.3 112.5 28.3 11.8 1.71 38.3 

Counter 5G at 0.75 kg  a.i/ha at planting 75.3 1.8 54.5 112.0 51.8 15.3 2.53 40.5 

Counter 5G at 0.5 kg  n.i/hn at planting 81.0 1.3 43.5 11 1.8 33.3 9.8 1.98 37.7 

Talstar lOec at 30g n.i/ha at 14 & 28 DAP 62.0 2.3 36.0 114.3 30.0 6.5 1.66 37.1 

Talstar lOec al 20g n.i/ha at 14 & 28 DAP 75.5 1.3 48.0 114.5 30.0 3.5 1.78 39.5 

Control - no insecticide 63.8 2.0 48.8 113.8 34.0 8.8 1.8 36.5 

k SED 9.0'9.. 1.16 13.01 1.24 9.42 5.13 0.435 1.37 

Granular carbofuran, applied alone or in sequence after the sced treatment, Apron 
and Counter recorded appreciably higher yields than the remaining treatments. 

1989 Experimerrt. There was significantly better plant establishment in sorghum 
treatcd with carbofuran (granules or seed treatment fb granules), Apron and 
Fernasan D than with nothing (Tablc 4). At 6 weeks, plants were of similar height 
in all the treatments. 
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Least leaf feeding was recorded in the Talstar-treated sorghum stands. Granular 
carbofuran applied twice also did well in this regard but, in addition, recorded the 
least number of borer holes on stems. 'The treatments had little effect on mean 
weight per seed. Relative to the control, significantly high yields were recorded in 
the Apron, Fernasan D and carbofuran treatments. 

1990 Experiment. Carbofuran (ST or G), Apron, Counter and Fernasan D gave 
good plant establishment (Table 5). Least leaf feeding damage and deadhearts were 
recorded in the carbofuran -treated plots where sorghum also showed best plant 
vigour and headed earliest. All treatments other than carbofuran, subsequently had 
100% deadhearts and their yield was obtained from headed tillers. Sorghum treated 
with carbofuran consequently had significantly better shelling percentage and also 
gave over four times as much grain yield as that receiving any of the other 
treatments including the control. 

Table 4. Effect of insecticides on stem borer abundance and damage, and on 
yield and yield components of sorghum at Samaru, 1989. 

PlanW Plant Days to Plant with Shclling Borcr Larvae + Grain I,UU 
plul at hightat SO % Ical LZ. holed w1J2 grain wl. 

Trcalmenu harvcs~ hawrsl. heading f i i n d  
em plol mws. kg 

Rradan 3 G a l  1.0 g a iha  at 79.WcQ: 22.6 99.8ab 3,.Lk 654 2.0 0.25 I.*& 31.4 
planling 

Furddan .a at 1.0 kg ailha 
w h  a1 planling + at45 DAP 83.W 221.6 98.5a 3.3Phc 65.4 1.3 0.20 1.5akde 29.0 

Furadan 3 G .I 1.0 kg r i l h s  r 
W DAP 86.llk 229.Yah 99.W 10.6~ 58.0 2.1 IL18 I.8de 30.0 

Counler 5G at 1.0 kg a iha  at 
planling 63.bb 205.0 1CQ.bb 2.8sbc 62.2 1.5 0.20 a h  28.8 

Counler XI al 1.0 kg aima at 
planting 63.3atc 206.5 102.M 4.Udkd 62.5 1.8 0.23 1.3atc 27.5 

Cnunwr XI a1 0.75 kg a iha  
a1 planting 

Talsu I&%' at -Wg aiha ul2 
&4WAP 64.Sab 215.4 la1.3atc 0 . b  65.7 2.4 0.15 I.ttc 28.2 

Conlml - no insecticide 

f SED 6.53" 9,3211s 0.95" 2.75.' 7.0411s 0.7111s 0.lOON 0.25' 1.601~ 
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Table 5. Effect of chemicals on sorghum stem borer incidence and damage, and 
on yield and yield components of sorghum, 1990. 

PlsnLd mad- Lcal-led Plrnl Days Planl Noor W1ol Skl l inp llXXl '2 slem 
plol a1 6 k a n d  planW vigour vl SO C height larvae + grdinl 51 gnin lun- 

WAP plol 8 plol at X won: hcading a1 6 pup& 2 rows. WI g ncllcd 

WAP WAP (0-10) WAP 10 kg 
cm slcms 

Fundan .K at 1.0 kg 
a.i/ha at planling L a1 
45 DAP. 116.3~ 6.3a I5.5ah 9 . k  110.5s 9 0 . 1 ~  2.8 1.39h 48.9h 30.8 37.W 

Furddan 35 ST a1 0 3  

kgc.i/ I(*) kg .wd  I 5.Sd 7.3a X.(ldc I I l.Oa 85.5dhc 3.0 1.91~ 56.7 29.4 41.k 

Fumdan 3G u1 1.0 kg 
a.i/ha ul 30 DAP 97.1kd 12.5hc 40.3hc 7.3hcd 119.0hc 86.2hc 2.0 0.2& 27.7a 26.4 35.2hc 

Counter 5 G al 1.0 kg 
a.i/ha al planling Ill5.(ldc 12.5hc 73.3dc 8 . W  120.k X9.lk 11.5 0.2lh 25.53 28.8 L l.la 

Counter Xj a1 0.75 kg 
a i h d a l  planting I(k5.3dc 7.Xah XI.% R.(M I IY.Ohc 89.5h 2.5 0.3la 37.h 30.2 21.5ah 

Counter 5G at 0.5 kg 
a.i/hd a1 planling 78.3dh I2.Xhc 13.lh 6 .3k 116.3h 80.5a 1.8 0.23a I .  27.3 13.Xa 

Talslar Ilk a1 .Wg 
a.ilha al 2 L 4 WAP 84.8 hc I4 .F 3J.Sdhc 5.Xh I2O.lt X4.5ah 2.0 0.2G-d 22.4a 26.1 25.5ah 

Talslar I(hx a! 21% 
a.i/ha a1 2 L 4 WAP 68.51 12.3hc 23.5ah 4.lh 122.5~ U4.7ah 3.3 0.2lk 25.3d 25.0 25.Xah 

f SED 6.M*** 2.53.. 12.6Yg** 0.75*** 1.73*** 2.6. 1.25 0.232"' 7.67.. 4.61 7.62.. 

Discussion 

The study clearly shows that two applications of carbofuran (i.e. either G fb G or 
ST fb G) consistently gave considerable reductions in stem borer incidence and 
damage leading to higher sorghum grain yields than the unprotected control. Soil 
applications of carbofuran, either at planting or as a side dressing after crop 
emergence or both, have also been shown to be effective against C. partellus in 
India (Kishore, 1989) and 5. fusca on maize in South Africa (van Rensberg et al. 
1978). Carbofuran ST + G would be a better alternative to G fb G for stem borer 
control based on the higher cost of the granules which are also less convenient to 
apply. Stem borer control with chemicals would only be necessary at locations with 
risk of high early infestations more likely to cause deadhearts in sorghum. 
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The seed dressing chemicals, carbofuran 35 ST, Apron-plus 50 DS, Fernasan D 
and Marshal 25 ST failed to give consistent reductions in stem borer damage and 
infestations, being particularly ineffective under conditions of heavy stem borer 
infestations as occurred in 1990. Sharma et al. (1973) were also unable to control 
C. partellus with carbofuran seed treatment at 6-10 kg a.i.1100 kg seed in India. In 
the present experiments, carbofuran 35 ST, Apron-plus 50 DS and Fernasan D as 
well as granular carbofuran applied at planting consistently gave good plant 
establishment. Such seed dressings may be used to improve plant establishment and 
thereby contribute to increased output of sorghum grain per unit of land. 
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Identification de Sources de Résistance à 1'Anthracnose Foliaire 
du Sorgho causée par Colletotrichum Grantinicola au Burkina 
Faso 

ADAMA NEYA. 

INERA, Ouagadougou, Burkina Faso. 

Résumé 

L'Cvolution de la sévCritC de I'anthracnose foliaire varie en fonction du génotype et 
les fortes attaques surviennent dans les conditions d'alternance de sécheresse et de 
périodes humides. L'utilisation d'une méthode de criblage au champ avec un 
mClange de huit gCnotypes sensibles a permis de mettrc en évidence la rCsistancc 
des gCnotypes testCs par l'augmentation du niveau de la pression parasitaire. Le test 
conduit pendant deux années sur 80 gCnotypes locaux et amCliorCs a rCvClC 
I'existence de sources de résistance à C. granzi~iicola. L'analyse sanitaire des 
semences a montrC que la grande majorité des gCnotypes locaux a un taux 
d'infection compris entre 5 et 25% tandis que les gtnotypes introduits présentent des 
taux d'infection supérieurs à 50% en dCpit de leur bon niveau de rCsistance 
horizontale à I'anthracnose foliaire. Les corrélations ont tté faites entre le rendement 
et la sCvCrité de I'anthracnose foliaire et, celle des grains. L'observation des 
caracttres culturaux des isolats sur milieu P.D.A. rCv2le l'existence d'un grand 
nombre de souches, voire de races de C. graminicola à mettre en tvidence par 
d'autres tests plus stlectifs. Une stratCgie de lutte contre le C, graminicola dans la 
production du sorgho devrait s'orienter sur l'approche de lutte intégrCe et 
l'approfondissement des connaissances sur I'Ccologie du pathogtne pour comprendre 
la variabilitC à I'Cchelle nationale et sous rkgionale. 

Introduction 

Le Colletotrichi~m granrinicola (Ces.) Wilson est agent de I'anthracnose foliaire, de 
I'anthracnose des grains et de la pourriture rouge des tiges qui sont des maladies 
importantes causant, chez le sorgho, des pertes Cvaluées entre 7 et 46% (Neya et 
KaborC, 1987). Ces pertes peuvent atteindre 50% et même 70%, en cas d'attaque 
sCvère sur des varietés sensibles, suite au mauvais remplissage des grains (Harris et 
al. 1964 ; Ali et al, 1987). 

Ces dernitres annees, de nombreuses variCtCs locales et introduites ont montrC une 
sensibilité à C. graminicola avec des symptômes variant d'une réaction de type 
hypersensibilité, à la senescence totale des plantes. La présence du pathogtne sur les 
semences constitue une source d'inoculum primaire importante avec des taux qui 
varient de 8.7% à 22.8% (KaborC et Couture, 1988). 

Face aux limites de la lutte chimique et à ses constquences sur l'environnement, le 
développement de gCnotypes ayant une bonne résistance à ce pathogtne constitue un 
objectif important dans I'amClioration de la production du sorgho. 
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La présente étude. conduite en 1989 et 1990, est une contribution à l'évaluation de 
80 variétés de sorgho par une méthode de criblage au champ afin d'identifier des 
sources de résistance à I'anthracnose foliaire, à I'anthracnose des grains et à la 
pourriture rouge des tiges. 

Matériel et Méthodes 

Evaluation des génotypes au champ. Un lot de 80 génotypes dont 58 locaux du 
Burkina Faso et 24 introduits a été semé en plein champ à Farako-Bâ en 1989 et 
1990 selon un dispositif Bloc Fischer à 3 répétitions. Chaque génotype est semé sur 
2 lignes de 1 1  poquets à la densité de 80 cm entre les lignes et 40 cm entre les 
poquets. Chaque poquet comporte 2 plants aprbs le démariage. La pression de 
I'inoculurn a été renforcée grâce à une bande infestante constituée d'un mélange de 
génotypes sensibles à I'anthracnose foliaire et semée 2 semaines avant le matériel à 
tester de manigre à encadrer complbtement les parcelles élémentaires, la fumure 
minérale appliquée a été constiluée de l'engrais NPK (4-23-14) à la dose de 200 
kgiha au semis et de l'urée (46% N) à la dose de 100 kgha en 2 fractionnements 
égaux aux 30e et 45e jour aprbs semis. 

L'évaluation de la sévérité de I'anthracnose foliaire est faite à I'aide d'une échelle 
de 1 à 6 (ICRISAT, 1987) sur les quatre dernières feuilles de 10 plants marqués sur 
la ligne adjacente à la bande infestante. La fréquence de notation a été de 10 jours 
du 20 Août au 8 Octobre en 1989 et du 13 Août au 12 Octobre en 1990. Les 
notations ont été également faites sur cinq plantes sur la bande infestante afin de 
suivre I'évoiution de la pression parasitaire. A la récolte, les IO plantes marquées ont 
été disséquées longitudinalement pour évaluer la pourriture rouge des tiges à I'aide 
d'une autre échelle de O à 5 (Néya et Kaboré, 1987). Le poids total des grains et 
celui de 1000 grains ont également été mesurés pour les plantes marquées. 

Evaluation de l'anthracnose des grairts au laboratoire. L'importance de 
I'anthracnose des grains contaminés par C. granlinicola a été déjà signalée par 
Kaboré et Couture (1988). Les travaux de Cardwell et al (1989) ont montré que 23% 
des plantules issues de semences porteuses de C. granlinicoli ont présenté des 
lésions d'anthracnose sur les feuilles et les racines primaires, ce qui explique la 
transmission du pathogbne par les semences d'une année à l'autre. 

En 1989 et 1990 des analyses ont été faites sur 300 grains par génotype à la 
récolte. Des échantillons de 100 grains ont été prélevés sur l'ensemble des 10 plantes 
marquées par génotype et par répétition. Ces échantillons ont été pré-traités à 
l'alcool à 70% pendant 15 mn puis à I'hypochloride de sodium 1% durant 10 mn 
(Kaboré et Couture, 1983). Les grains ont été ensuite placés sur du papier buvard en 
boîte de Petri et incubés à 28°C. L'évaluation des grains porteurs de C. graminicola 
est intervenue aprbs 72 h d'incubation par le comptage des acervules germés. 

Les isolats obtenus à partir des acervules germés sur les grains sont mis en culture 
sur le milieu PDA (Potato Dextrose Agar). Aprbs repiquage, les boîtes de Petri sont 
incubees àl'obscurité à 28°C pendant 24 h et transférées dans un mini phytotron 
muni de 6 lampes fluorescentes (40 W chacune) à 28°C. Aprbs 9 jours d'incubation 
les caractbres suivants ont été mesurés : longueur et largeur des conidies, vitesse de 
croissance du mycélium et couleur des colonies. 
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Résultats et Discussions 

Développement de l'anthracnose foliaire. Dans les conditions pluviomCtriques de 
1989 et 1990 sur le site de l'essai, de longues périodes dthumiditC ont marque les 
mois de Juillet, d'Août. et la mi-Septembre, surtout en 1990. A partir du 20 
Septembre, la campagne 1989 a CtC caractCrisCe par de longues pCriodes de 
secheresse qui ont duré jusqu'au 2 Octobre alors qu'en 1990, celte période a CtC plus 
humide. Durant les 2 annCes de criblage, les sCvéritCs de I'anthracnose foliaire se 
sont stabilisees au niveau 2.5 sur I'Cchelle utilisée jusqu'au 22 Septembre, période 
correspondant à la pleine floraison. L'alternance de secheresse et d'humidité 
satisfaisante apr2s le 20 Septembre a Cté favorable au dCveloppement de 
I'anthracnose foliaire comme le montrent les figures IA et 2A. L'Cvolution de la 
maladie sur les 80 génotypes en 1989 et en 1990 rCv2le que quelle que soit I'annCe, 
les gCnotypes rksistants, à majoritC locale, sont capables de freiner I'épidCmie 
(Figure 1B et 2B) alors que sur les génotypes sensibles, la progression de 
I'anthracnose foliaire est plus rapide et atteint le niveau 5 avant la fin de la phase de 
durcissement des grains. 
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-. CSV 610 
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Des diffkrences de symptômes ont pu être notées enire les matkriels local et 
introduit. Dans le premier cas, les symptômes, génkralement de type hypersensible, 
se caractkrisent soit par de petits points nkcrotiques rkpartis sur le limbe foliaire soit 
par des tâches de dimension réduite produisant des acervules. Quant aux 
introductions, I'anthracnose se manifeste sous forme de taches plus larges qui 
deviennent rapidement coalescentes, entraînant souvent la sknescence prkmaturke de 
la plante. 

Des corrélations nkgatives significatives ont kt6 obtenues, d'une part, entre 
I'anthracnose foliaire et le poids des grains des 10 panicules (Figure 3 ) et d'autre 
part, entre I'anthracnose foliaire et le poids de 1000 grains (Figure 4). Ces deux 
corrklations confirment l'incidence rkelle de la maladie sur le rendement et 
rejoignent les conclusions de Ali et Warren (1987). 

Développement de la Pourriture Rouge des Grains. Les observations faites sur 
des tiges dissequkes ont montrk des symptômes de pourriture rouge sur 63 
génotypes en 1989 et sur 79 gknotypes en 1990 même si les niveaux de skvkritk sont 
restés tr2s faibles et ont varie entre O et 1,4 sur I'kchelle de O à 5. Seul le gknotype 
84-S-130 n'avait prksentk aucun symptôme durant les deux annkes. 
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Fig. 3. ~orr6laion entre la s6v6nt6 de iiant&acnose foliaire et le poids de 10 
panicules de 80 g6notypes de sorgho, Famko-Ba, 1989 et 1990. 

Y = 23.558 - 0.5 187 X R = -O.% 

i'anthracnose fdiaire 
et le poids de 1 O00 

S6vérit6 anthracnose foliaire 

Evaluation de 1'Anthracnose des Grains. Selon la nomenclature que nous avons 
adoptte, les génotypes ont CtC répartis en 6 classes en fonction du niveau de 
contamination des grains par C. graminicola : 1 = Aucun grain contamink, 2 = 
Jusqu'h 5% de grains contaminCs, 3 = De 6 h 25% de grains contaminés, 4 = De 26 2i 
50% de grains contaminés, 5 = De 51% A75% de grains contaminCs, 6 = Plus de 
75% de grains contaminCs. 

L'analyse sanitaire de la rCcolte de 1989 a révélé que 37.5% des 80 génotypes 
étaient indemnes contre 10% en 1990 (Fig. 5 et 6). Il est h noter qu'en 1989 la 
majoritd des gCnotypes h panicule Iache Ctaient rCpertonCs en classe 1 ( 57,72 % ) et 
classe 2 ( 34,48 % ) et 5 ( 45,45 % ) comme le montre la Figure 5. Des rdsultats 
similaires ont CtC notCs en 1990 ( Fig. 6 ) même si les taux d'infestation ont CtC plus 
tlevés qu'en 1989, h cause des conditions pluviomCtriques favorables durant la 
phase de formation et de maturation des grains. 
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Fig. 7. Corrélation entre I'anthracnose foliaire et le taux de 
contamination naturelle des grains par C.  graminicola 
de 80 génotypes de sorgho Farako-Ba, 1990. 

, - . - . . . 

Fig. 8. Corr6lation entre le taux de 
contamination naturelle des 
grains par C. graminicola et 
I'anthracnose foliaire au stade 
de durcissement des grains, 
Farako-Ba, 1990. 
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La corrklation positive significative entre l'anthracnose foliaire et I'anthracnose des 
grains laisse supposer que des plantes fortement attaquCes par I'anthracnose sont 
susceptibles de prtsenter des symptômes d'anthracnose des grains (Figure 7). Par 
ailleurs la corrClation positive entre le taux de contamination des grains au semis et 
I'anthracnose foliaire permet d'affirmer que l'inoculum primaire joue un rôle 
important dans les infections foliaires ultkrieures (Figure 8). Cette situation peut être 
aggravée par l'absence de traitement de semences chez les agriculteurs. 

Notons que sur l'ensemble du matCriel evaluC, 70 gCnotypes sont rtsistants à 
I'anthracnose foliaire, 47 gCnotypes sont rksistants à I'anthracnose des grains et 80 
sont rCsistants à la pourriture des tiges, 44 sont tolCrants à l'action combinCe des 
trois maladies ( Tableau 1 ). 11 convient de souligner l'importance à accorder au 
matériel local dans la mise en oeuvre de programmes de recherche inttgrCe pour 
ltamClioration de la production du sorgho. 

Caractères morphologiques des populations d'isolats. Pour des raisons 
matCrielles, cette Ctude s'est limitée à des tests prkliminaires. Le tableau 2 résume 
quelques caractéres morphologiques de populations d'isolats. Les conidies les plus 
courtes ont CtC observtes sur les isolats Cg. CVS 576 et Cg. CVS 575 tandis que les 
conidies les plus longues ont CtC observees sur les isolats Cg. OuedzourC et Cg. IS 
2257. Tous les isolats ont sensiblement la même largeur de conidies. Les croissances 
les plus rapides ont Cté obtenues avec Cg. 84-S-76-2 et Cg. B 58 557. Pour l'aspect 
couleur de colonie, il apparaît 2 groupes : Colonie à centre gris et pourtour blanc 
sale ( Groupe 1 ), et Colonie à centre gris et pourtour rose pâle (Groupe 2 ). 

Tableau 1. RCpartition de 80 gCnotypes de sorgho en fonction de leur origine et 
de leur rCsistance à l'anthracnose foliaire, à l'anthracnose des grains et à la poumture 
rouge des tiges, Farako-Bâ, 1989 et 1990. 

Groupes 
Gtnotypes Gtnotypes Total 

locaux introduits 

Anthracnose foliaire résistant 52 18 70 

Anthracnose des grains rtsistant 47 O 47 

Pourriture rouge des tiges rtsistant 56 24 80 

Anthracnose foliaire sensible 3 7 10 

Anthracnose des grains sensible 9 24 33 

Anthracnose foliaire 

+ 
Anthracnose des grains rtsistant 44 O 44 

+ 
Pourriture rouge des tiges 
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L'observation des caractères culturaux sur milieu PDA laisse penser à l'existence 
d'un grand nombre de souches voire de races de C. grartlirricola à mettre en évidence 
par des tests sClectifs. 

Tableau 2. Biométrie et description des colonies de différentes populations 
d'isolats de C. granlinicola incubées pendant 10 jours sur milieu PDA à 28"C, 
HumiditC Relative 30 - 55 %. 

Population Longueur Largeur Croissance Description de la colonie 
d'isolats conidie conidie du myceliuin 

(u) (u ! (mm2) 

Cg FRIKAN 24.2 

Cg GNOFING 24.9 
Cg OUEDZOURE 26.3 

Cg S 29 24.6 

Cg CSV 660 24.1 

Cg S 13 24.6 

Cg CSV 576 20.3 

Cg CSV 573 23.4 

Cg CSV 575 21.0 

Cg IRAT 203 27.0 

Cg S 6 23.0 

Cg IS 4585 25.9 

Cg IS 18442 24.4 

Cg B 58557 24.4 

Cg IS 9928 24.7 

Cg IS 2257 27.6 

Cg S I O  25.2 
Cg FRAMIDA 22.9 

Cg 1s 21658Y 23.9 

Cg 84 S 82 25.7 

Cg 84 S 76-2 24.4 

C g 8 4 S  130 24.9 

Cg ICSV 1002 25.5 

Centre gris, pourtour blanc sale 

Centre gris. pourtour blanc sale 

Centre gris. pourtour blanc sale 

Centre gris. pourtour blanc sale 

Centre gris, pourtour rose sale 

Conclusion 

Le suivi de trois formes d'anthracnose sur 80 génotypes indique que le matériel 
vCgCtal a un comportenlent variable en fonction de la forme paniculaire el de 
l'origine (local ou introduit). Les niveaux de sévérité sont restés faibles pour la 
pourriture rouge des tiges et ont varié de O à 5,6 pour I'anthracnose foliaire. Au 
niveau des taux de contamination des grains par C. graniinicola les valeurs fluctuent 
de O à 80% en 1989 et de O à 957% cn 1990. 
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Au regard des taux de contamination élevés sur les grains, le traitement des 
semences doit être recommande pour rCduire I'inoculum primaire lors des semis. Par 
ailleurs les activitks futures devraient permettre de comprendre le mode d'infection 
et la pCriode favorable à I'anthracnose de grains en fonction des stades de 
dCveloppement du sorgho. Une strategie de lutte contre C. graminicola dans la 
production du sorgho doit être axCe sur: l'approfondissement des connaissances sur 
la bio-Ccologie du pathoghe pour comprendre sa variabilitd à I'Cchelle nationale et 
sous-régionale, et la combinaison judicieuse de trois méthodes de lutte à savoir la 
lutte chimique, les pratiques culturales saines et l'utilisation du matCriel toldrant ou 
rksistant. 
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Introduction 

Sorghum is among the most important cereals in the marginal agricultural areas of 
Eastern Africa. It is mainly grown by small-scale farmers and used as food, feed, 
fuel and construction material. The plant residues left in the farm play an important 
role in improving the moisture-holding capacity of the soil. There has been a 
tremendous effort by the countries of the region to increase production of sorghum. 
Although an increase in production mainly due to more surface area planted and, to 
some extent, yield per unit area has been realized, food production is not keeping 
pace with population growth rate estimated at more than 3.0%. There is, therefore, 
an urgent need to increase sorghum production in order to alleviate hunger and 
malnutrition. 

Among the biological factors which constrain sorghum production in Eastern 
Africa, bird damage constitutes one of the most serious problems. The chasing of 
birds to reduce crop damage is, therefore, necessary but laborious, time-consuming 

. and costly. At present, the brown sorghum cultivars are reportedly less preferred by 
birds and are generally grown where bird depredation is a menace. Although such 
"bird-resistant" cultivars have an agronomic advantage, the grain produced is of 
relatively low nutritional quality because of tannins. 

Sorghum for Human Food 

There are on-going research and development programmes aimed at improving the 
production and utilization of sorghum in the various countries of Eastern Africa. 
But overall, most of the research presently focuses on increased grain yields. 
Whereas stable increased grain yield is important, the grain quality aspects are also 
equally important. Grain from high yielding cultivars should also be suitable for 
processing and preparation of specific traditional foods (Table 1). 

Both traditional and new recipes using sorghum have been developed in a number 
of countries. Traditionally, foods prepared in homes are based on skill-oriented 
recipes. Vogel and Graham (1979) have given a detailed description of the various 
sorghum recipes. In most cases, the traditional food preparation methods are tedious 
and time-consuming and this has discouraged the use of these foods, especially 
where labour is scarce. 

Where sorghum is the stable cereal, up to 70% of the dietary protein and energy 
intake is supplied by locally milled sorghum products (Hulse et al., 1980). 
However, because of low lysine content, sorghum products should preferably be 
mixed with other food items that are rich in lysine (Maclean et al., 1981; Eggum et 
al., 1982). 

PREVIOUS PAGE BLANK 
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a) Processing of Sorghum. Traditional processing of sorghum includes dehulling 
and grinding of the grain, an operation that is lime-consuming. It has been reported 
that in one hour a woman pounds and processes only between 2-2.5 kg of sorghum 
(Alnwick et a]., 1987). In the sorghum growing areas of Tanzania, women spend 
several hours each day pounding and processing sorghum. The brown varieties of 
sorghum have always required more time than white varieties. The introduction of 
mechanical dehuller and grinding mills has removed much of the drudgery involved 
in sorghum processing and has made sorghum products more available especially to 
the busy urban communities. 

Table 1. Some traditional foods prepared from sorghum and millet in Eastern 
Africa. 

Country Local Food Description of Food 

Ethiopia 

Kenya 
Uganda 
Tanzania 

Somalia 

Soor 

Sudan 

Nifro 

lnjera 

Ugali 

Busaa 

Ambuulo 

Dango 

Thick ponidge 
Mushaari 
Anjeero 
Muufo 

Kisra 

Asida 

Arakylmerisa 
AbreylHulu-mur 

Rice-like product 

Fermented pan cake 
like product 

Pourable gruel 
variable in consistence 
and viscosity 

Stiff ponidge 

Alcoholic drink 

Boiled grain food 

Pop corn-like (popped 
in hot sad or heated oil) 

Thin ponidge (pourable gruel) 
Thin pancake 
Thick pancake 

Unleavened naturally 
fermented pancake 

Stiff porridge 

Thin ponidge 

Alcoholic drink 
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b) Sorghum Grain Characteristics. A recent collaborative study involving the 
University of Nairobi, ICRISAT, Ethiopia's Institute of Agricultural Research and 
the Sudan SAFGRAD Lead Centre for sorghum has evaluated traditional food 
quality of selected 16 sorghum cultivars commonly cultivated in the four countries 
(Table 2). It is evident from the study that dehulling on the whole improved the 
organoleptic qualities of the traditional foods studied. However, dehulling quality 
of the grain had a wide variation among cultivars (Subramanian and Jambunathan, 
1990; Badi et al., 1990; Keya and Mbugua, 1990). Although variation for the 
different food qualities existed among the cultivars, grains of SPV 475, Dabar and 
IS 241 29 had comparatively higher rating for overall food quality. 

Work at the University of Nairobi has shown that "ugali" (a stiff ponidge) from a 
white local sorghum was classified along with maize "ugali" which is most preferred 
for its taste (Keya and Mbugua, 1990). Although any type of sorghum may be used 
for making "ugali", there is a general preference for white sorghum for this form of 
(thick) porridge as opposed to brown sorghum which makes thin pomdge ("Uji"). 
The study has also shown that hard grains are more difficult to grind and cannot 
produce very fine flours. In addition, smaller grains require longer dehulling time 
due to their thin pericarp and innerly embedded germ. 

Table 2. Assessment of quality of traditional foods prepared from 6 selected 
sorghum cultivars.* 

Mean quality score 

lnjen 
cultivar 

Whole flour Dehulled Nifro Ugali Kisn Roti 
flour (indian) 

M 35-1 3.8 4.7 2.4 6.6 1.9 3.3 
SPV 475 4.4 4.8 2.5 6.6 1.9 3.4 
SPH 221 3.8 4.5 2.3 6.5 1.6 2.9 
Hageen dura 1 4.0 4.5 6.2 1.4 3.4 
M 35-1 (1C) 3.4 4.5 1.6 6.2 1.2 2.3 
Gnrnbelln 3.6 4.7 2.1 6.3 1 .8 
Melkrnash 3.5 4.4 1.7 5.9 2.1 
Kenya local 3.3 4.8 2.0 6.5 2.0 3.0 
Snfm 3.3 4.3 1.8 7.3 2.3 
Tetron 3.8 4.5 2.7 6.9 2.1 
Dobar 4.2 4.6 2.5 6.3 2.7 2.8 
Lulu dwarf 3.9 4.7 2.8 5.1 1.9 3.0 
IS 8686 3.2 4.8 2.4 6.7 2.3 2.6 
IS 24129 2.8 4.8 2.5 6.2 2.7 3.1 
IS 24150 2.8 4.7 2.4 6.1 2.7 3.0 
IS 24259 3.5 4.7 2.2 4.6 2.7 2.9 
Local check 3.2 4.3 1.5 1.9 

Food Quality Scores 
Injera: 1 = poor; 5 = Excellent; Nifro: 1 = Poor; 3 = Good; Ugali: 1 = Poor; 9 = 

Excellent; Kisra: 1 = Poor; 3 = Good; Roti: 1 = Poor; 4 = Excellent. 
* Source: Subramanian slid Jambunathan (1990). 
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C) Commercialization of Sorghum Foodstuffs. The emerging trends in sorghum 
industrial processing and consumption include composite flour bread, other baked 
goods, starch and glucose. The use of sorghum for bread and biscuits partly depends 
on the type of milling available. Hammer milling does not generally produce flour 
of a fine quality required for bread and biscuit making. 

Dehulled sorghum (Supa mtama in Kenya) is a commercial product intended for 
cooking in the same way like rice. The grains are dehulled by dry abrasion methods 
using rice or attrition dehullers or other commercially available dehulers. The white 
sorghum cultivars which give good and preferred products include NES 7360, IS 
8595.2K X 17 and IS 76 (Arunga, 1989). 

Sorghum meal and flour are obtained by hammer milling and are marketed for 
"ugali" and "uji" in Kenya, Uganda and Tanzania. In Burundi, the sorghum flour is 
used in the composition of Musalac, a food product for babies and pregnant women. 
Sorghum flour is also one of the ingredients in Faffa, a weaning food in Ethiopia. 
Undehulled brown sorghum meals/flours are not preferred by consumers, except in 
regions where the brown sorghum is a traditional crop. The undehulled products, 
apart from having high fibre content, have anti-nutritional components such as 
tannins and phytates. 

Sorghum and Animal Feed 

The conventional use of grain sorghum is mainly for human food while the stalks 
are sometimes used to feed animals. Otherwise, the common practice is to leave the 
stalks in the farm as mulch. While in countries like the United States of America 
sorghum grain is produced mainly for animal feed, in most of Africa the priority is 
for human food. In such a circumstance, the use of sorghum grain as an alternative 
animal feed resource is favoured only where there is surplus production. 

It has been demonstrated that sorghum grain can completely replace maize in pig 
and chicken diets. Reconstitution (high moisture storage) of the high tannin 
sorghum grain de-activates tannins and improves the nutritive value of these 
sorghums for non-ruminants (Mitaru, 1982 and 1983). Other simple and practical 
methods for de-activating sorghum grain tannins include the use of wood ash. In 
areas where brown ("bird resistant") sorghum grain is produced, an attempt could be 
made to de-activate tannins and use the grains in the non-ruminant feeds instead of 
maize and white sorghums which are preferred for human food. 

Studies in Kenya have shown that apart from being drought tolerant, sorghum also 
outyields maize in drier areas in terms of forage dry matter and grain (Onyango, 
1986). This makes sorghum an attractive forage crop for semi-arid areas where 
most of the livestock are found. However, some sorghum cultivars have anti- 
nutritional factors such as hydrogen cyanide and tannins which limit their utilization 
by animals (Onyango and Wanyoike, 1989). Where sorghum is grown specifically 
for forage, it is better grazed at pre-flowering stage when protein yield is more and 
total sugars less than at latter growth stages. However, most farmers do not 
normally graze their animal on forage sorghum when it is short, leafy and highly 
digestible due to fear of hydrogen cyanide poisoning. In such a situation sorghum 
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may be used as a green chop after wilting for about 24 hours to facilitate complete 
release of hydrogen cyanide from the macerated cells. 

Silage is made from either forage or grain sorghum, but forage sorghum yields 
higher total dry matter, although the latter makes better quality silage because of its 
higher grainistalk ratio (Onyango and Wanyoike, 1989). The hydrogen cyanide and 
tannin contents are reduced during the ensiling process. Silage from forage 
sorghum generally has a lower dry matter digestibility than maize silage (Mitaru, 
1978). In countries where maize is the staple food, sorghum could thus be used as a 
silage crop. 

The nutritional value of sorghum stalks depends on several crop factors, including 
the cultivar, plant maturity and ensiling. Cultivars with stalk carbohydrates are 
generally more palatable and more digestible than those with low sugar content. 
Treatment of stalks with chemicals such as urea and sodium hydroxide improves 
their digestibility. 
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Abstract 

Composite flour was produced from different ratios of mixtures of wheat and 
sorghum. Bread and confectioneries were baked from each mixture and evaluated 
for quality attributes. Increasing the amount of sorghum in composite flour 
diminished the quality of the baked products. At the laboratory level, good and 
acceptable bread was produced up to 50% substitution with sorghum. The use of 
improvers such as "Premier" and "Spectrum" increased loaf volume only at 3090 
level of sorghum substitution, with the latter being more effective. Shelf-life studies 
showed that the composite wheatlsorghum bread can keep for only 2 days without 
any sign of quality deterioration. Addition of a mould growth inhibitor extended 
shelf life to between 3-4 days. Addition of dried extracted gluten significantly 
increased the loaf volume of wheatlsorghum bread and reduced the number of 
cracks on the surface of the loaves. 

Snacks of acceptable quality were produced from wheatlsorghum composite flour 
containing up to 60% sorghum. Beyond this level, the products obtained were of 
very low quality. Increase in level of sorghum led to increase in the amount of 
water needed to prepare the dough as well as the period required for proper baking. 
The golden brown crust colour of the baked products became dull as the level of  
sorghum substitution increased. 

Proximate analysis of the bread products showed higher contents of oil and fibre in 
the composite bread than in the 100% wheat bread. The higher oil content coupled 
with the higher moisture content of the composite loaves probably accounted for 
their shorter shelf-life. However, the higher fibre content of the composite bread is 
of desirable nutritional significance. The composite loaves were 7.14-22.61% lower 
in protein content, compared to the 100% wheat bread. This may necessitate the 
fortification of composite bread with high protein flours. The suitability of malted 
sorghum for composite bread production was also investigated and the implications 
of the results discussed. 

Introduction 

Baking is a process through which cereal flours (mostly wheat flour) are converted 
into attractive, palatable and easily digested products. Such products include bread, 
biscuits, "chin-chin" and "puff-puff'. Basically, the process involves mixing of the 
cereal flour with water, yeast, salt, fat and other desirable ingredients to form a 
dough of desired consistency. The dough can then be manipulated to various sizes 
and shapes which are subsequently hardened and cooked in a hot chamber to give 
what are variously known as bakery products (Kent, 1984). 



The most used cereal in  the baking industry world-wide is wheat. This is bccause 
wheat protcin possesses a uniquc characteristic of forming gluten when mixed with 
water. This glutcn has elastic properties that allow the dough to be moulded into 
various shapes. The gluten is also ablc to expand and trap gases produced by 
fermenting yeasts in the dough, giving a light and spongy product after baking 
(Kent, 1984). Most other cercal proteins lack this gluten-forming ability and, 
therefore, give baked products of lower quality than those from wheat flour. 

In 1987, the Federal Government of Nigeria placed a ban on the importation of 
wheat grain and flour into the country and directed more resources towards 
increased local production of the crop. However, the present local production 
cannot meet thc level of demand of the commodity by millers and bakers. The need 
thus arose for additional sourcing of other suitable raw materials for the baking 
industry to complement the shortfall in wheat production. This involves blending of 
the little quantity of wheat available with any of the other more abundant locally 
produced cereals such as sorghum, maize and millet to give what is referred to as 
wheat composite flour. The term "wheat composite flour" is used in this 
presentation as the combination of wheat flour and non-wheat flour for the 
production of leavened bread and other western-styled baked products (FAO, 1973). 

The Food Science and Technology Research Programme of the Institute for 
Agricultural Research, Samaru, Nigeria, has done a lot of work in this direction. 
'This report gives a brief account of the work on the formulation, utilization and 
quality improvement of wheat/sorghum composite flour. 

Production of Flours From Wheat and Sorghum Grains 

The wheat and sorghum grains used were procurred from local sources. The 
grains were first dehulled in  a local machine dehuller. The machine separated most 
of the seed coat particles from the dehulled grains. Manual winnowing completely 
separated the dehulled grains from the remaining seed coat particles. The clean 
dehulled grains were then passed through a hammer mill and the flour from the first 
passage through the machine was re-milled 2-3 times until a fine flour was obtained. 
To obtain flour of desired particle size for baking, the milled flour was passed 
through a local sieve equivalent to about 120 mesh. 

Formulation of WheaUSorghum Flour & Processing Into Bread 

Three types of composite flour were produced: 

a) 70% wheat + 30% sorghum 
b) 60% wheat + 40% sorghum 
C) 50% wheat + 50% sorghum. 

These flours were then processed into bread, having added sugar to the tune of 
10% of the flour, yeast ( IS%) ,  fat (1.6%), salt (1.1%) and water i n  variable 
amounts. The content of the flour in  the formula was assumed as 100%. 
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It was necessary to increase the quantity of wheatlsorghurn composite flour in 
order to obtain bread of comparative size to the 100% wheat flour (control). Thus. 
the following quantities of flour were used: 

100% wheat 170g 
70130 wheatlsorghum 230g 
60140 w heatlsorghum 240g 
50150 wheatlsorghum 250g 

Each type of flour was made into dough by the bulk fermentation method. All the 
ingredients were added together at once and mixed at high speed in a Kenwood 
Mixer for a period ranging from 15 to 20 minutes. The dough was then left to 
ferment in the mixer until i t  almost doubled its initial size. This was followed by 
"knocking back" of the dough (using the mixer), scaling and moulding. The 
moulded doughs were put in oiled baking pans and allowed to proof ("rise") to 
maximum volume. Baking followed in an electric oven at temperatures ranging 
from 230-250°C. The higher temperature was for doughs from wheatlsorghurn 
composite flours. After baking, the loaves were allowed to cool and their volume 
determined by amaranthus seed displacement and expressed as a ratio of the weight 
of the loaf, i.e. Specific Loaf Volume (SLV). 

Baking Quality of Wheat/Sorghum Flour 

The effects of variety and level of substitution on the quality of wheatlsorghum 
bread were determined. Flours from six different lineslcultivars of sorghum were 
blended with that of Siete cerros, the most widely grown bread wheat variety in 
Nigeria. 

The loaf quality of the composite bread samples and 100% wheat bread are shown 
in Table 1 .  At 30% sorghum substitution, Specific Loaf Volumes(SLV) were higher 
than those obtained from 40% substitution. Mean SLV at 30, 40 and 50% levels of 
sorghum substitution were 2.21, 2.07 and 2.23 cmYg, respectively. Bread produced 
up to 50% level of sorghum substitution was generally acceptable, even though the 
higher the level of substitution the lower the overall quality. There were no 
detectable consistent differences among the varieties of sorghum used in terms of 
bread quality. 

Organoleptic Evaluation of Wheat/Sorghum Bread 

Bread baked from composite wheatlsorghum (70130) flour was subjected to 
organoleptic assessment among consumers in the Samaru locality. The composite 
bread was compared with 100% wheat bread which the consumers are used to. The 
results are shown in Table 2. The appearance, taste and smell of the composite 
bread were rated higher than the texture. The lower rating of texture is possibly due 
to the coarse nature of the crumb and the fact that the loaf disintegrated more than 
for 100% wheat bread. However, about 70% of the test population rated the overall 
quality either very good or good. Compared to wheatlmaize bread which was rated 
good by about 65% of the test population (unpublished data), the wheatlsorghum 
bread seems more acceptable. 
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Table 1. Effecls of varieties and levels of substitution with sorghum on quality 
of wheat composite flour 

Flour Specific loaf Drop in Appearance Texture 
volume specific loaf 

(cmYg loaf) volume (%) 

Control (100 % 3.1 
wheat flour) 

30 5b substitution 
~ ' i r h  surghun~ 
wheat + FFBL 2.32 30.1 

Wheal + L. 533 2.16 34.7 

Wheat + L. 181 2.22 32.9 

Wheat + L. 1499 2.33 29.6 

Wheat+ SK. 5912 2.05 38.1 

Wheat + Mori 2.19 33.8 

40 5b substitu~ion 
wirh sorgha~r~ 
wheat + FFBL 1.92 42.0 

Wheal + L. 533 2.00 39.6 

Wheal + L. 181 2.30 30.5 

Wheat + L. 1499 1.95 41.1 

Wheal +SK. 5912 2.25 32.3 

Wheal + Mori 2.00 39.6 

50 J subs~itu~ion 
wit11 . Y ~ ~ ~ / I I I I I I  
wheal + FFBL 2.23 32.6 

Wheal + L. 553 2.17 34.4 

Whea~+L .  181 2.15 35.0 

Wheal + L. 1499 2.15 35.0 

Wheal + SK. 5912 2.18 34.1 

Wheal + Mori 2.49 24.8 

Very smooth golden brown crust. Fine 
No cracks. 

Smooth golden brown crust. No 
cracks. Fine 

Smooth golden brown crust. Fine 
Cnck along one side. 

Smoo~h golden brown crust. Cnck Contained lnrge 
along one side. hole. 

Smooth golden brown crust. No Fine 
cracks. 

Slightly rough and golden brown Open with large 
crust. No cracks. holes. 

Smooth golden brown CNSI. Fine 
No cncks. 

Dull brown and slightly rough crus~. 
No cracks. Fine 

Dull brown and slightly rough crust. Fine 
Few cracks along one side. 

Fine 

Dull brown and slightly rough crust. Fine 
Few cracks along one side. 

Rne 

Brown and slightly rough crust. Few Fine 
cracks along one side. 

Rough. pale crust. Few cracks on 
the surface. Fine 

Fine 

Smooth, pale CNSI. No cracks. Fine 

Smooth pale crust. Few cracks on Open with small 
one side. holes. 

Very rough, pale crust. Lots of 
cracks on the surface. 

Very rough, pale CNSI bul no Open with large 
cracks. holes. 
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Table 2. Organoleptic evaluation of wheatlsorghum (70130) bread. 

Index Appearance Texture Taste Smell Overall 
rating 

- -- 

Very good (%) 24 18 28 19 23 

Good (%) 45 32 45 45 46 

Fair (%) 26 35 23 26 27 

Poor (%) 5 15 4 10 4 

Effect of Improvers on Volume of WheaUSorghum Composite Bread 

Two types of exotic improvers, namely "Spectrum" and "Premier", were used to 
enhance the loaf volume of wheatlsorghum bread. Each of the improvers at 2% 
level was added to wheatlsorghum flours containing 30,40 and 50% sorghum flour. 
The volume of bread baked from such flours was then compared to that of bread 
from flours containing no improver. The results are shown in Table 3. It was 
evident that the improvers were effective in  enhancing loaf volume only at the 30% 
level of substitution. Beyond this level, the volume-enhancing property of the 
improvers could not over-ride the volume-diminishing effect of sorghum flour. At 
30% level of sorghum substitution, Spectrum was more effective than Premier in 
improving loaf volume. Apart from the relatively unpleasant taste of the bread 
containing improvers, their use is not recommended on account of cost. 

Effect of External Addition of Gluten on Loaf Volume 

It is a well known fact that the "rising" property of wheat flour during baking is as 
a result of its gluten content. Gluten is absent in sorghum flour and, thus, its use in 
composite flour formulation leads to a reduction in the volume of the baked bread. 
The use of extracted gluten to increase the bread volume of composite flour is, thus, 
a way of improving the quality of composite bread. 
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Table 3. Effect of addition of improvers on the quality of composite 
wheatlsorghum bread. 

Improvers (2 %) Spectrum Premier No improver 

Level of sorghum 30 40 50 30 40 50 30 40 
substitution (96) 

Water absorption (%) 71 71 71 78 73 71 73 71 
Fermentation (Min.) 45 36 32 32 24 25 34 36 
Final proof (Min.) 38 31 30 27 26 31 26 34 
Baking time (Min.) 34 34 34 42 31 32 36 34 
Specific loaf volume 2.97 2.68 2.72 2.74 2.63 2.48 2.67 2.73 
(cmlg loaf) 
Total bread score (%)* 71 67 58 72 70 64 74 71 

* Total bread score: Appearance (40), Crust colour (lo), Crumb colour (lo), 
Texture (lo), Grain (lo), Crumb stability (lo), Eating quality (10). 

Addition of gluten at 1, 2 and 4% levels to 50150 (wheatlsorghum) increased loaf 
volume from 600-670 cm3 (Table 4). At 60% level of sorghum substitution, the 
increase was more pronounced, from 600 cm' for the loaf without added gluten to 
820 cm3 with 4% externally added gluten. Apart from the increase in  loaf volume, 
the addition of gluten resulted in a reduction in the number and severity of cracks on 
the surface of the loaves. The higher the amount of gluten added, the less the 
number of cracks. 

However, i t  must be stressed that the co~nmercial use of extracted gluten for 
improving composite bread quality is not recommended for the Nigerian baking 
industry. It is indeed economically unwise, since the extracted gluten would have to 
be imported. This will defeat the spirit of conserving the Nation's scarce foreign 
exchange earnings which necessitated the banning of wheat importation. 

Table 4. Effect of addition of gluten on the weight and volume of 
wheatlsorghum bread. 

Type of composite Added Loaf weight Loaf volume 
gluten (%) (%) (cm3) 

50 % wheat + 50 % sorghum 0 385 600 

1 395 640 

2 400 665 

4 410 670 

50 % wheat + 60 % sorghum 0 395 600 

1 400 620 

2 410 720 

4 420 820 
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Shelf-life of WheatISorghum Bread 

The shelf-life of composite wheatlsorghum bread with and without added 
preservatives was determined during the hot humid season as well as in the dry cool 
(Harmattan) season. Two exotic preservatives, namely "Mycoban" and "Poland 
product", were used. Mycoban was added to a maximum of 0.3% of the flour while 
the Poland product was added up to 5%. There were no significant differences in 
weight between loaves with and without preservatives. At the 30 and 40% levels of 
wheat substitution with sorghum, the loaves containing Mycoban, which is the 
better of the two preservatives, remained fresh for up to 3 days during the hot season 
and for 4 days during the cool Harmattan season. The loaves containing the Poland 
product as well as those without any of the preservatives remained fresh for only 2 
days in both seasons. The control (100% wheat) bread remained fresh for 5 days. 

Malted Sorghum as Component of Wheat Composite Flour 

Malting has been reported to improve the nutritive value of sorghum grain (Wu 
and Wall, 1980). It follows, therefore, that composite flour containing malted 
sorghum should have a higher nutritive value than the one containing unmalted 
sorghum. However. the composite flour containing malted sorghum will be expected 
to give bread of comparable organoleptic qualities to that containing unmalted 
sorghum. An investigation was, therefore, undertaken to compare the baking and 
organoleptic qualities of composite wheadmalted sorghum bread with those of 
wheadunmalted sorghum bread. 

Malted sorghum was produced according to the method of Wu and Wall (1980). 
Two types of malted grains were used for [he composite flour formulations: (a) 
malted grains with roots and shoots and, (b) malted grains without roots and shoots. 
The grains were milled to pass through 0.5mm screen in a laboratory Wiley mill. 
The malted flours were used in  composite flour formulations at 30% level of 
substitution. Bread was produced according to the procedure discussed earlier. 

The results of the baking tests are shown in Table 5. Generally, the SLV of the 
bread containing unmalted sorghum was not significantly different from that of the 
bread containing malted sorghum. With the exception of the first day of 
germination, the loaves containing malted sorghum without roots and shoots had 
slightly higher SLV than those containing malted sorghum with roots and shoots. 
There was a general decrease in SLV of loaves containing malted sorghum with 
roots and shoots as malting progressed from day one to day four. This may be 
attributed to the increase in the quantity of roots and shoots as germination 
progressed. These parts do not seem to contribute much to the volume of the bread. 
However, the SLV of bread containing malted sorghum without roots and shoots did 
not change appreciably over the 4-day malting period. 
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Table 5. Bread-making quality of composite wheavmalted sorghum flours. 

Specific 
Time 

Treatment (days) T~~~ of malted gnin loaf (,,Yx luao Bread characteristics 

Control 0 2.35 Smoth light brown crust. 
(ungerminated) NO cncks, white and 

cohesive crumb. 

Germinated I With roots and shoots 2.37 S~nooth light brown crust, 
white and cohesive 
crumb, N o  cncks. 

Smooth light brown crust, 
I Without roots and shoots 2.25 white and cohesive 

crumb. No cncks. 

Smooth dark brown crust 

2 With roots and shoots 2.28 and crumb. 
N o  cncks. Crumb 

disintegrated easuly 

2 Without roots and shoots 2.35 

3 With roots and shoots 2.15 

3 Without roots and shoots 2.25 

4 With roots and shoots 1.95 

4 Without roots and shoots 2.30 

One major feature of the composite wheavmalted sorghum bread was the virtual 
non-cohesiveness of the crumb panicles panicularly from the second day of malting 
upwards. This was noticeable right from the time the oven fresh loaves cooled 
down. On the other hand, the loaves containing unmalted sorghum and the one-day 
old malt retained some degree of cohesiveness uptill the second day of baking. The 
fall in the degree of cohesiveness of the crumb structure with increase in day of 
malting may be attributed to the fall in the starch content of sorghum during malting 
(Wu and Wall, 1980). It is evident from these results that only the one-day old malt 
is suitable for baking good and acceptable bread. Increase in  the germination period 
produces grains whose bread-making qualitites are not desirable. 

Nutritional Qualities of WheatJSorghum Bread 

The contribution of bread to the nutritional status of its consumers cannot be over- 
emphasised. Thus, a change from the conventional 100% wheat bread to the 
composite wheaVsorghum bread must not lead to significant changes in its nutritive 
value. This becomes note-wonhy when it is realised that sorghum protein is lower 
both in quantity and quality than wheat protein. 
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The proximate composition of wheat and sorghum flours used in the composite 
flour formulations was determined by the appropriate AOAC (1980) method and the 
results are shown in Table 6. The wheat flour had a significantly higher protein 
content than each of the sorghum tlours. The sorghum flours did not show any 
varietal differences in  protein content. The proximate composition of composite 
bread at different levels of wheat substitution by sorghum was determined by the 
appropriate AOAC (1980) method and the results are shown i n  Table 7. The 
composite bread samples were lower in protein content than the 100% wheat bread. 
Increase in dilution of wheat flour with sorghum flour from 30 to 50% caused a 
decrease in protein content ranging from 7.14 to 22.61%. The lower protein content 
of the wheatlsorghum bread is a reflection of the lower protein content of sorghum 
when compared to wheat. It may be necessary therefore to increase the nutritional 
quality of wheatlsorghum bread especially at higher levels of sorghum substitution 
by fortifying it with legume-based protein rich flour like soyabean. 

Table 6. Proximate composition of wheat and sorghum flours used in composite 
flour formulation* 

- - - - - - - - - - - - -  76 Dry matter - - - - - - - - - - - - - - - - - - - 
Ava~lable 

Moisture Ash (8) Oil (%) Protein Crude 
Type of flour (%) (8) fibre (8) (%by 

difference) 

A) Sorghum 

L. 181 13.15 0.90 7.19 7.92 1.87 67.88 

FFBL 11.21 1.05 7.39 8.73 2.26 68.43 

Mori 11.06 1.24 7.57 8.58 1.68 68.93 

SK. 5912 10.58 1.16 7.78 8.53 2.33 68.70 

L. 1499 12.76 0.97 8.22 7.52 1.95 67.38 

L. 533 12.48 0.9 1 7.57 8.78 2.18 67.00 

0 )  Kano wheat flour 11.86 1.21 6.35 15.18 1.08 63.47 

* Mean of 2 determinations. 

Conversely, the wheatlsorghum bread had higher crude fibre content than the 
100% wheat bread. This difference increased with increase in  the level of sorghum 
in the bread. The nutritional significance of fibre lies in its ability to increase the 
motility of the gut and ensure the excretion of more bulky and softer stools. In this 
way, fibre aids in  the prevention of diseases such as carcinoma of the rectum and 
colon, atherosclerosis, constipation and diverticulosis (Davidson et al., 1975). Thus, 
the higher crude fibre content of the wheatlsorghum bread is nutritionally 
advantageous. 

The wheat/sorghum bread had significantly higher moisture content than the 100% 
wheat bread. This is thought to be responsible for the faster rate of deterioration in 
the wheatlsorghum bread when compared to the 100% wheat bread. 
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Table 7. Proximate composition of 100% wheat and composite loaves of bread. 

- - - - - - - -- - - - -- - - - - % Dq matter- -- - - - - - - - - 

Moisture Ash Oil Protein Reduction Crude 
Bread sample (%) (%) (46) (56) in fibre 

protein (%) 

(%) 

. - - - - - - 
Available 
carbohy- 
drate (%) 
by dif- 

ference) 

100 % wheat 

70 % wheat + 30 % FFBL 

70%wheat+30%L. 181 

70 8 wheat + 30 % L. 1499 

70 8 wheat + 30 % Mori 

70% wheat + 30%SK. 5912 

70 % wheat + 30 % L. 533 

60% wheat + 4 0 %  FFBL 

60%wheat+40%L. 181 

60 8 wheat + 40 % L. 1499 

60 % wheat + 40 % Mori 

60% wheat+40%SK. 5912 

60 % wheat + 40 % L. 533 

50 % what  + 50 % FFBL 

50% wheat + 5 0 %  L. 181 

50 % wheat + 50 8 L. 1499 

50 % wheat + 50 % Mori 

50 % wheat + 50 % SK. 5912 

50 % wheat + 50 % L. 533 

Quality of WheaVSorghum Confectionery Products 

a) Bread Rolls: This was produced using the following formula: Composite flour 
= 100% + sugar = 16% of flour + yeast = 3% of flour + salt = 1.5% of flour + fat = 
3.5% of flour + water in variable amounts. 

The flour, sugar, fat and salt were measured into the mixing bowl. The yeast was 
separately mixed with warm water and kept for about five minutes to become 
activated. The activated yeast was then added to the dry ingredients and mixed 
thoroughly into a dough of desired consistency using optimum amount of water. The 
dough was covered and allowed to rise to double its initial size and then cut and 
rolled into different shapes. They were allowed to proof to maximum height before 
baking in the oven at 250°C. The results are shown in Table 8. 

The amount of water required for dough of required consistency increased with 
increase in the level of sorghum flour. This was reflected in the yield of dough 
which also increased with increase in level of sorghum substitution. Baking period 
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was longer at higher levels of sorghum substitution. This might be due to the lower 
level of lysine in sorghum when compared to wheat flour. Lysine is involved in the 
caramelization process which produces the golden brown colour of baked bread. 
This was further evident by the fact that the intensity of the golden brown crust 
colour decreased with increase in the level of sorghum substitution. 

Table 8. Effect of substituting wheat flour with sorghum on the quality of 
composite bread rolls. 

Flour composition 

Absorp- Final Yield Baking Specific Total 
tion of  proof o f  time roll bread 
water (Min.) dough (Min.) volume score Chancteristics 
(%) (%) (cmlg) (8) 

70 % wheat flour + 30 % sorghum flour 69.9 30 170.2 I5 3.42 77 Good 
60 % wheat flour + 40 % sorghum flour 69.9 20 170.2 20 2.97 68 Good 
50 % wheat flour + 50 % sorghum flour 7 1.8 20 176.4 30 2.57 62 Fair 
40 % wheat flour + 60 % sorghum flour 71.8 20 176.4 35 2.56 48 Acceptable 

30 % wheat flour + 73 % sorghum flour 72.8 25 177.4 50 2.41 35 Taste of  sor- 
ghum flour. 
hard texture. 

20 5% wheat flour + 80 % sorghum flour 74.5 25 186.6 60 1.89 28 Taste of sor- 
ghum flour, 
hard texture, 
broken surface 
very brittle 

The Specific Bread Volume (SBV) decreased with increase in the quantity of  
sorghum flour contained in the composite flour. The total bread score which is a 
measure of organoleptic quality of the bread was also inversely related to the level 
of sorghum flour. Composite flour containing either 30 or 40% sorghum flour 
produced bread rolls with good characteristics, while those containing 50 or 60% 
levels were of average quality. At 70% level and above, the astringent taste of 
sorghum became very pronounced in the product. Moreover. the surface became 
very rough, hard and broken in many places and the crumb was very brittle. All 
these features rendered the composite bread rolls containing more than 60% 
sorghum a very low quality product and consequently unacceptable. 

b) Puff-puff: This was produced according to the following formula: Composite 
flour = 100% + sugar = 20% of flour + yeast = 3% of flour + water in variable 
amounts. 

The flour and sugar were measured into a mixing bowl. Yeast was weighed into a 
cup containing a little quantity of warm water (37-38°C) and kept aside for about 
five minutes to get activated. The yeast was then added to the flour and sugar in the 
bowl and mixed together with water until a smooth paste was obtained. The mixture 
was left to rise and double in size. Small quantities were then scooped from the 
mixture, dropped in hot oil and allowed to fry till the colour became deep brown. 
The results obtained are shown in Table 9. 
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The quality of the wheatlsorghum puff-puff varied according to the type of 
sorghum used. Among the three types of sorghum tested, the Farafara variety which 
is white in  colour, produced puff-puff of the best quality. While total snack score 
(Max. = 40) ranged from 30 to 39 for Farafara, i t  was 18 to 37 for the other two 
varieties. Farafara produced puff-puff of good quality even at 50% level of 
substitution while for SSV.9, only the 30% substitution was good enough. Sorghum 
variety KSV.12 did not produce good puff-puff even at 30% level of substitution. 
At 75% level of sorghum substitution, i t  was still possible to fry puff-puff using 
Farafara flour, but for KSV.12 and SSV.9, the dough disintegrated in  the frying oil. 
The brown colour of the puff-puff became duller with increase in the quantity of 
sorghum present in the dough. 

c) Cookies: These were produced according to the following formula: Composite 
flour = 100% + sugar = 30% of flour + fat = 37.5-60.5% of flour + baking powder = 
3% of flour + water in variable amount. 

All the ingredients, except water, were first mixed together thoroughly in a mixing 
bowl. Water was added to the dry mixture and made into a soft ball. The ball was 
flattened into a sheet of about one-third inch thick and cut into various shapes before 
baking in the oven at 250°C. The results are shown in Table 9. 

Table 9. Organoleptic quality of composite wheat/sorghum snacks. 

Sorehum lineslvarieties (level of substitution) - 
TYF of Control 
snack (100%) 

wheat K S V.12  S S V . 9  Farafan 
flour) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - - - - - - - - - - - - - -  

Reduction in 32.5 37,5 55 7.5 12.5 45 2.5 5.0 25 
TSS (%) 

Characteristics V. good Heavy, Heavy, Dough Good Heavy Dough V. good Good Small 
small small disinter- dark disinte- volume 

volume volume, grales grates and 
dark during during heavy 

colour frying frying 
Cookies : 

Reduction in 30 35 - 35 35 15 20 - 
TSS (%) 

Characteristics V. good Pale. Pale, ~ d h .  Pale. Fair Rough 
rough rough rough u x -  mugh 

me. u n d s  P X I U R .  
texture 

texture texNre 
10 c~mble lends lo 

,ily crumble 
easily 

* TSS = Total Snack Score: (texture 10, colour 10, taste 10, acceptability 10, Max. 
= 40 points) 
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As was observed for puff-puff, the Farafara sorghum flour produced cookies of 
higher quality than KSV. 12 and SSV.9 flours. Total snack score ranged from 32-34 
for cookies made from Farafara flour and 26-28 for KSV.12 and SSV.9 flours. Also 
the colours were darker and there was increased tendency to crumble at higher 
levels of sorghum substitution. 
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Abstract 

~ ~ r i c u l t u r e  in many parts of the semi-arid region of Africa is now undergoing a 
rapid transformation from peasant farming which practices shifting cultivation to 
commercial agriculture under intensive culture. The effect of this trend has been a 
rise in the use of commercial fertilizers to increase and maintain the fertility status 
of the soil. 

The low productivity of crops is undoubtedly due to a variety of factors of which 
the blanket use of fertilizers without soil testing is one. Results of various 
experiments have confirmed that crop yield increases 2 to 5 fold by proper 
fertilisation through soil testing. 

Poor response to fertilizer use has also been traced to the use of fertilizer 
technology developed under monoculture to multiple cropping. Such problems have 
been solved by soil testing programmes based on site characterisation and 
developing fertilizer factor using fractional recovery to predict the amount of fer- 
tilizer (kg) required to increase soil nutrient status by one mg. This approach has 
proved effective and efficient for both multiple and sole cropping. 

Introduction 

In Africa, human population is increasing at more than 3% annually while food 
production is stagnant in some areas and declining in others, thus creating a food 
deficit estimated at 30%. At present, Africa has inadequate foreign exchange to 
devote in the importation of basic food items from other nations. Unfortunately, 
most African soils are invariably very fragile and inherently infertile for the 
sustainance of agriculture (Agboola, 1990). Such fragile soils have, therefore, to be 
well managed in order to ensure the sustained needs for food and fibre. 

One of the resources needed for the improved use of fragile and infertile soils is 
fertilizer for the provision of nutrient elements. In order to efficiently use fertilizers, 
the soil must be well understood in terms of its physical, chemical and biological 
characteristics. Because the soil easily gets saturated following improper use of 
fertilizers even in small amounts, and is therefore, prone to nutrient imbalance, the 
need for soil testing becomes an inevitable component of attaining sustainable 
agriculture. 

Soil testing involves the rapid chemical analysis of the soil in order to determine, 
assess and evaluate its nutrient status with the aim of making fertilizer 
recommendations. The use of fertilizer based on soil testing has revolutionised 

PREVIOUS PAGE BLANK 
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agriculture in the temperate world, but the approach is yet td find complete accep- 
tance and, indeed, understanding in much of Africa. This presentation is, therefore, 
intended to highlight the essentials of soil testing with the view of adopting the 
approach as a tool for soil fertility management especially in semi-arid Africa with 
its characteristic infertile, shallow and fragile soils. 

Present Approach 

Fertilizer recommendations to farmers in virtually all of Africa is presently not 
based on the prior determination of the nutrient status of the soil, but rather on 
blanket and generalised application rates developed through multi-locational trials. 
While the present practice may be the best possible approach in consideration of 
available facilities, expertise and knowledge relating to efficient fertilizer use and 
soil management, it is technically "faulty" in the fact that the use of fertilizers in any 
one field or crop has little bearing with the soil on which the application is made. 

Soil Parameters for Determination 

While under temperate conditions the determination of such few soil parameters as 
PH, extractable P and K may suffice in the routine soil analysis for fertilizer 
recommendations, in the tropics and especially under semi-arid agriculture, 
additional measurements such as organic matter, soil physical characteristics and a 
few relevant micro-nutrients need to be included in the soil testing programme. 
Under low organic matter contents, as is characteristic of especially semi-arid soils, 
response to applied inorganic (chemical) fertilizers is limited. Indeed, there is a high 
correlation between soil organic matter and all other soil nutrients. 

The need to include soil physical parameters is dictated by the universal fact that 
satisfacory plant growth depends upon an effective rooting system such that any 
physical factor tending to limit root extension is liable to reduce uptake of moisture 
and nutrients and, therefore, limits crop growth and yield. Associated with this is the 
effect of the clay content of the soil which has a direct effect on crop performance 
and yield. 

Among micro-nutrients which may need to be determined as part of an effective 
soil testing programme, especially under semi-arid conditions, are zinc and copper. 
Sulphur may also be determined. 

Soil Sampling 

There is need to develop a sound soil sampling procedure especially since 
laboratory analysis is normally based on relatively minute soil quantities to 
represent large hectarages. If the soil sampling technique is poor, then the results 
obtained will necessarily turn out poor. Indeed, the highly variable nature of 
tropical soils even within short distances makes the need for the proper sampling of 
soils imperative. 

Field experience has shown that there is no significant difference between 
sampling at 0-15 cm and 0-30 cm. Consequently, a sampling depth of 0-15 cm is 
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suggested. With regard to the number of representative composite samples that are 
adequate for routine analysis, Agboola and Adeoye (1988) have reported this to be 
highly dependent on the soil types, nutrient elements of interest, sampling time and 
cropping history, but have suggested 30 composite samples per hectare and 30 core 
soil samples per 20m2. 

Choice of Soil Extractants 

In any soil testing programme, the need for suitable extractants is essential. On the 
basis of differences in soil geology, mineralogy as well as physical and chemical 
characteristics and forms of soil nutrients, extractants developed for use under 
temperate environments are not necessarily suitable for tropical soils. The need for 
the correct choice of extractants and, by implications, analytical methodology 
cannot be over-emphasized. 

In recognition of the need for suitable soil extractants, the University of Ibadan, 
Nigeria, has developed various Bifluorides (NH,F.HF) as extractants for soil P and 
K. The correlation between 0.1M NH,F.HF at different pHs3-8 and the standard 
Bray P-l extractant is highly significant between pH0 5 and 7. which is the critical 
pH range for nutrient availability to most crops in tropical soils (Table 1). Plant 
uptake does not correlate well in heterogenous soils when Bray P-1 is used as the 
soil P extractant. The main advantage of NH4F.HF as an extractant is that is is self- 
buffering, having both a basic and an acidic end. The use of either IN NH40AC at 
pH=7 or 0.1M NH,F.HF as K extractants is a question of choice (Table 2). Both 
extractants have been shown to work well for K evaluation in heterogenous soils, 
but repeated experience at Ibadan has also shown that IN NH,OAC pH 7 is 
unsuitable for K evaluation in sedimentary soils while O.lMNH,F.HF performs well. 
With regard to modifications in shakinglstirring time and the lag before the filtering 
of extractants, the results in Table 2 have confirmed that 5 minutes shaking or 
stirring is adequate for NH40AC pH 7 instead of the 30 minutes specified; but 
samples shakenlstirred for 5 minutes cannot be filtered until after 5 minutes. 

Table 1. Correlation (r) between plant P-uptake and various Bifluoride and Bray 
extractant in homogenous and heterogenous soils of humid tropics. 

0.1 M NH4F.AF 
Plant Bray's P- l 
uptake PH 3.0 PH 5.0 PH 5.4 PH 6.0 PH 8.0 

- - 

Homogenous soils 0.480** 0.731*** 0.703*** 0.699*** 0.740*** 0.663** 

Heterogenous soils 0.5 1 1 ** 0.832*** 0.81 1 *** 0.722*** 0.566*** 0.382 ns 

* Significant at 5% 
** Significant at 1% 
*** Significant at 0.1 % 
ns Not significant 
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Chemical Soil Test for Fertilizer Recommendation 

The philosophy for an effective chemical soil test for making fertilizer 
recommendation must be based on the need to maintain the native fertility of the soil 
at an optimum level at all times. In this way, the amount of fertilizer needed to 
satisfy the soil sorption capacity is catered for in the fertilizer calculation so that 
enough nutrient is released for the crop use. This infers that the nutrient 
requirement of each crop will dictate its critical level in the soil to give optimum 
yield. By "critical" level it is inferred the soil nutrient level below which there is 
assured response to fertilizer input and above which there is no assured response. 
Thus, the critical level is, indeed, an important tool in  fertilizer recommendations. 

Table 2. Simple correlation coefficient (r) relating extractable K by shaking and 
stimng with IN NH4N NH,F.HF extractant to K uptake by Maize. 

Lag pcriod 
klorc 5 m i n u u  
Oluring 

I5 rninulcs 30 minuss 

IN NHj OAC 0.IN NH4 F.HF IN NH4 OAC IN NH4 F.HF IN NH4 OAC O.IN NH4 F.HF 

Shaking Stirring Shaking Stirring Shaking Stirring Shaking Stirring Shaking Stirring Shaking Stirring 

lrnmcdiaulyb O.l1 ns 0.69*** 0.18 ns 0.72*** 0.41 0.86*** 0.61*** 0.13 ns 0.52*** 0.84*** 0.65*** .67*** 

5rninues 0.77*** 0.70*** 0.67*** 0.61°** 0.85*** 0.66*** 0.60"' O.ISns 0.73"' 0.81"' 0.55'' .68*** 

I5 minulcs 0.71'" 0.53'' 0.04 ns 0.47.' 0.73*** 0.59.'' 0.60." 0.76'" 0.66"' 0.76*** 0.59'" .33 ns 

* Significant at 5% 
** Significant at 1% 
*** Significant at 0.1% 

Scientists at the University of Ibadan have computed and used "fertilizer factors" 
developed from the concept of fractional recovery - the proportion of added P 
extracted by an extractant after a period of time to determine their fixation power. A 
fertilizer factor is taken as the amount of a nutrient element (in kg) that is required to 
raise the soil test level by Img. Table 3 gives a range of fertilizer factors for the 
savanna region of Nigeria. Essentially, therefore, a fertilizer factor of less than 1.0 
indicates that the soil may not need the application of fertilizer for that element. 

To exemplify the use of critical level and fertilizer factor in the computation of 
fertilizer recommendations, assume a critical level of P nutrient using Bray P-1 = 10 
mgkg; soil test level of available P = 7 mgkg; and fertilizer factor for P = 3.1 
mgkg; then the mount of P required for the particular soil/location: 
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= (10-7) 3.1 x 2 
= 3x3.1 x 2  
= 18.6 or approximately 20 kg P/ha 

The use of the fertilizer factor has been found to be applicable for both sole and 
inter-cropping. 

Table 3. Range and mean fertilizer factor (mglk) for savanna region in Nigeria. 

Nutrient Mean Range 

With regard to organic fertilizers, the use of fertilizer factor at Ibadan especially in 
the humid tropics has led to the suggestion that where the soil nitrogen level is less 
than 0.15% N, about 2 tons of organic fertilizerlmanure should be applied along 
with the other basal nutrients as determined by chemical soil tests. 
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Abstract 

During the last 20 years the productivity of sorghum (Sorghum bicolor L.) in the 
West African semi-arid tropics has remained stagnant. It is estimated that to meet 
the food demands of the growing population in the Sahelian countries, sorghum 
production should be accelerated at the rate of 4% per year over the next 15 years. 
In this paper, the current state of knowledge on the agronomy of the crop is 
reviewed and research priorities for the nineties identified. In the presentation, 
research on sorghum-based cropping systems in Mali has received particular 
attention in order to highlight the importance of effective collaborative research and 
the need for strengthening the national research system in the region. 

From a description of the resource base of sorghum systems, the paper identifies 
variations in rainfall, soils, cultivars as well as traditional systems as the major 
constraints limiting production. A summary of soil and water management research 
along with appropriate management techniques to improve infiltration, storage and 
use of soil water is given. Fertility management studies related to crop response to 
fertilizer rates and placement, organic matter recycling and N-contribution by 
legumes are reviewed. The advantages and disadvantages of traditional cultivars 
and systems are described and on-going research on inter, relay, ratoon, sequential 
and rotational cropping systems are also reviewed. Evidence primarily from 
collaborative research in Mali is used as the basis for promising developments in 
systems manipulation that have been attempted towards increased sorghum 
production and strengthening the national programmes to meet future research 
challenges. Finally, the current available technologies and their prospects for 
improving the stability and productivity of sorghum based systems in the Sudano- 
Sahelian and Sudano-Guinean zones are synthesized along with future research 
priorities. The importance of and needs for close links between resource 
management and crop improvement research, long-term operational scale 
integrative studies, research on sustainability, strategies for meeting dual objectives 
of producing technologies and strengthening national research base are emphasized. 

Introduction 

Sorghum (Sorghum bicolor L.) is one of the major rainfed food crops of the West 
African semi-arid tropics (WASAT) and is grown in all the countries, stretching 
from the Atlantic ocean in the west to Chad and Central African Republic in the 
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east. It is an important component of local food production and consumption 
systems of Nigeria, Burkina Faso, Cameroon, Mali, Niger, Gambia, Senegal and 
Chad. It is usually grown in association with other crops such as pearl millet, 
maize, cowpea, groundnuts, cotton and vegetables. Although sorghum production 
in WASAT has, in general, kept pace with the growing population during the last 20 
years, the yieldstha have remained stagnant, with some estimates showing a 
declining trend (Matlon, 1987). For example, in Burkina Faso calculated yields of 
sorghum in 1980 at the 1963 productivity levels were negative to the extent of 3296, 
indicating that increased hectarage accounted for the total production. It is now 
estimated that to meet the food demands of growing population in the Sahelian 
countries, sorghum production should be accelerated at the rate of at least 4% per 
year during the next 15 years (Dione, 1991). 

Several factors are responsible for the low sorghum productivity in WASAT. One 
of the most important is climatic. The low and highly variable rajnfall coupled with 
the high demand for water imposed by the constantly high temperatures and 
radiation throughout the year causes large variability in crop yields from year to 
year. In a large belt across West Africa during the period 1968 to 73, there were 
serious crop failures. In such dry years, the demand for food far exceeded the 
limited production capacity with traditional agricultural methods. Even more 
serious is the apparent degradation of soils and vegetation. Hence, there is an urgent 
need to develop new technologies based on resource management research which is 
aimed at making the most efficient use of the limited climatic and soil resources for 
achieving greater yield stability while protecting the productivity of the fragile soils 
in the region. Development and diffusion of improved technologies to improve 
productivity and increase in cropping intensity are, therefore, considered essential to 
attain self-sufficiency. 

Resource Base of Sorghum Production Systems 

Sorghum is one of the important crops in the Sudanian and Northern Guinean 
savanna zones. It is also grown in the Sahel especially near swamps and on the 
better soils. The major sources of variation in the production of sorghum in the 
WASAT are rainfall and soils and low potential systems. 

a) Rainfall in WASAT. In West Africa, the rainfall gradients are very steep (Fig. 
1). The further south one goes from the Saharan margin, the greater the rainfall. 
The mean annual rainfall increases 30 fold from 100 mm near the Sahara desert to 
1500 mm extreme south near 12 latitude --approximately one mrnflun. The rainfall 
is usually limited to the months of May to October. Aridity prevails during the rest 
of the year and is most pronounced from December to February. The increasing 
rainfall from Sahara down to the Equator creates distinct vegetation patterns in West 
Africa. 

A@ earlier mentioned, rainfall is low, variable and undependable. It shows large 
variations in  time and space. Temporal or time dependent variations are quite 
common. The coefficient of variation of annual rainfall ranges between 15-30%. 
For example, the variation in mean annual rainfall at Banfora in Burkina Faso (Fig. 
2) over the last 64 years is about 25%. Although the mean annual rainfall at this 



Producfiort Agronomy ofSor~hurn-Bused Sysrems in r l~e  Wesr African Semi-Arid Tropics 395 

location is 1 148 mm (as represented by the horizontal line), from 1968 onwards the 
rainfall has been below normal and in 1983 it was only 480 mm. Rainfall in West 
Africa is variable not only from year to year but also from month to month within 
the same year. 
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This sort of variation leads to instability in the traditional.crop production systems. 
The unusual reature of WASAT is the extreme persistence on the order of one or 
two decades. Persistent periods with rainfall 30-50% above or below the mean are 
common. For example, in 1950 rainfall all over West Africa was above normal and 
at some locations rainfall was as much as 250% above normal. However, since 
about 1970 rainfall has been below normal over the entire region. 

The rainfall fluctuations are associated with a preferred geographic pattern of 
rainfall variability. This feature was examined using long-term rainfall data for 
Burkina Faso. Data were averaged for all years before and after 1969 to examine 
the effect of the droughts after 1969 on the long-term averages of rainfall. Rainfall 
isohyets were displaced almost upto 150 km in  some places, reflecting thereby the 
serious risk to cropping. These patterns indicate that conditions of abnormal rainfall 
are nearly continental in extent. 

Rain in  West Africa often occurs in short but intense rain storms. The rainfall 
intensities usually range between 20-60 mmlhr, with high values reaching 120-160 
mmlhr and resulting in heavy soil loss. Under such conditions, run-off is quite 
cornmu,: leading to a low effective rainfall. 

In the Sudanian bioclimatic zone, the mean annual rainfall varies from 700-1000 
mrn and the length of the growing ranges from 100-150 days. In the Northern 
Guinean zone, the high mean annual rainfall, ranging from 100-1300 mm, permits a 
longer growing period for the crops in excess of 150 days. Leaching of nutrients 
and soil erosion are the major problems in this zone. Throughout the WASAT the 
rainfall variability is high during the early (planting period) and later (flowering and 
maturity period) parts of the growing season. The annual potential evaporation 
varies from 2-4 times the average annual rainfall, highest in May and September, 
again during planting and grain filling periods. The risks due to early and late 
season moisture stress are, therefore, greater. 
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b) Soils of WASAT. There are about 16 major soil types in West Africa which 
vary widely in their physical and hydraulic properties and hence the potential they 
offer for sorghum production. Using the length of the growing season as the major 
criterion, Sivakumar (1986) described the soil climatic zonation for the sorghum 
growing zones. 

Generally, in the Sudanian zone, Luvisols are the major soil unit while in  the 
Northern Guinean zone Luvisols, Lithosols, Nitosols and Acrisols are the major soil 
units. However, within the rainfall zones various soil types occur, usually linked to 
specific position in the topography. Shallow, gravelly soils are associated in upland 
areas whereas deeper sandy loam or silty loam soils occur in the slopes. Soils of the 
sorghum production systems are mostly Alfisols, with low clay (mostly kaolinitic 
type) content whose water-holding capacity is low. The soils are highly weathered, 
with low exchangeable cations-CEC being less than 10 meq1100 gm. The soils are 
poor in  inherent fertility and organic matter. They are particularly inert, tend to 
restrict water infiltration and are susceptible to compaction which, when combined 
with their shallow depth, result in low water-holding capacity and poor fertilizer use 
efficiency. Further, under continuous cultivation most of these soils are fragile, 
subject to high risk of acidification, aluminium toxicity and erosion. 

Low water-holding capacity with irregular rainfall and low soil fertility combine to 
make sorghum farming risky. Moreover, drought conditions during the last 15 
years have accentuated the problem of low soil moisture, resulting in poor sorghum 
production in the Sudano-Sahelian zone. 

c) Traditional Varieties and Cropping Systems. Traditional sorghum varieties are 
tall, late, photoperiod sensitive and have poor harvest indices. Average grain yields 
in the normal rainfall years range from 400-900 kgha in drier to wetter areas. In 
some areas, stover is used for fencing, roof construction and also as animal feed. 
The maturity cycle is closely related to the rainfall duration and latitude of a given 
location. Though their yield potential is low, they are well adapted to the traditional 
agriculture, with good seedling vigour under conditions of environmental stress. 
However, they have low response to improved soil, crop, water and fertility 
management treatments. The sorghum-based farming systems over the years have 
evolved to adapt to the local conditions. In the south where the season is long, 
various cereallcereal or cerealllegume combinations are common. The systems also 
vary with soil types. A combination of short season photoperiod insensitive cereal 
such as millet with a full season photoperiod sensitive sorghum is common. In the 
north where the rainy season is shorter, a shorter cycle photoperiod sensitive 
sorghum is planted often with cowpea as a secondary crop. 

Cropping systems on post-rainy residual moisture are locally important in basins 
along the Senegal river, Niger river and Lake Chad. Typically, residual moisture 
sorghums are late maturing and responsive to photoperiod. 

The sorghum-based cropping systems in WASAT are highly diversified, with a 
large number of crops cultivated in often complex intercrop and rotation systems. 
Even in major sorghum areas, sorghum rarely occupied greater than 50 percent of 
total cultivated area. These diversified systems aim to satisfy different dietary 
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requirements and to make efficient use of labour and other resources. The systems 
have historically been extensive with low use of non-labour inputs. The crop is , 

normally grown at low density ranging from 10,000 to 20,000 plantslha. 
Application rates of organic matter are low, chemical and fertilizer use are 
negligible and nlechanical tillage before planting is practised only in  some areas. 

Recently, demographic pressures are forcing reduction in fallow periods and 
sorghum cultivation is expanding to marginal soils that are fragile with low 
production potential. Labour availability is also decreasing as more labour are 
attracted to urban areas. In spite of these new trends, traditional low input system is 
predominant, resulting in  stagnant yields and decline in the aggregate output per 
capita (Matlon, 1987). Further, these patterns have resulted in increasing problems 
of soil degradation and thus threatening sustainability. 

Agronomy of Sorghum-Based Systems 

In WASAT, sorghum is grown as a single crop or it may be a component of more 
complex multiple cropping systems. However, most of the past agronomic research 
was oriented towards development of production technologies to overcome the 
constraints to sole crop production. It is only recently that a concerted effort was 
made to consider cropping systems in crop management research. A brief review of 
sorghum agronomic research results available in  WASAT is summarized below. 

a) Soil an< Water Management. Most sorghum soils are prone to degradation 
resulting in severe erosion and run off. The soil and climatic conditions of WASAT 
also impair root development and, thus, water and nutrient uptake. The following 
are some of the soil management techniques studied to manipulate the water 
infiltration, storage and use of soil water. 

i. Soil Tillage Experiments conducted at moderately high fertility have shown that 
ploughing has consistent beneficial effects on crop growth, with sorghum yield 
increases averaging about 25%. This is attributed to better root growth and 
development, reduced weed emergence, improved soil porosity and structure, hydric 
regime, soil organic matter and microbial activity and improved infiltration, water 
conservation and stored water uptake by better root development (Nicou and 
Charreau, 1985). Repeated ploughing has been found to accelerate oxidation and 
mineralization of humus by contributing to microbial activity and biochemical 
processes. End of the season ploughing has also been shown to improve 
conservation of water during the dry season by reducing evaporation and through 
the suppression and incorporation of vegetation on the soil surface (Dancette and 
Nicou, 1974). 

Though ridging is known to trap water, prevent run off and make more water 
available to the plants, earlier research on ridging of sorghum has shown 
inconsistent results, depending on environmental and management factors. 
However, recent research in Mali (Kouyate and Wendt, 1991) has clearly shown 
that depending on rainfall, the yield advantagcs through ridging ranged from 10% 
(1986, above normal rainfall) to 195% (1987, below normal rainfall). Research 
results have also shown that the benefits of tied-ridging depend on environmental 
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conditions. Yield response is higher under conditions of soil moisture stress and 
where soil fertility is not limiting. Average increments of up to 950 kglha of 
sorghum have been observed by ICFUSAT on a research station where medium to 
high doses of NPK fertilizer have been applied (Perrier, 1987). Deep ploughing and 
tied-ridging together have shown to have contributed to improved fertilizer and 
water use and thus improved sorghum productivity irrespective of the amount of 
rainfall received (Kouyate and Wendt, 199 1). 

It is now well known that ploughing does improve sorghum productivity. There 
are also clear indications that combining tillage with additional management 
treatments such as deep ploughing, added fertilizer and tied-ridging would also 
improve both water and fertilizer use efficiency. However, at the farmer's level 
only a small portion of total sorghum area is ploughed before planting and that 
which is ploughed is generally poorly done, resulting in insignificant yield effects 
(Matlon, 1987). 

ii) Mulching. Leaving crop residues on the soil surface and the application of free 
cut straw as a soil cover are. known to reduce run-off and erosion, increase 
infiltration, improve soil structure, reduce evaporation and soil temperature and 
enhance soil organic matter. However, the current results on the yield effects of 
mulching are often contradictory (Matlon, 1987, Nicou and Charreau, 1985). These 
differences may again be explained by variation i n  soil types, topography and 
rainfall patterns. Though ICFUSAT has observed yield increases varying between 
50-200% for both local and improved sorghum varieties with rice straw mulching in 
Burkina Faso, these are yet to be confirmed in on-farm tests (ICFUSAT, 1985). The 
unavailability and increasing demand for straw seriously challenge mulching as a 
general recommendation throughtout WASAT. Another problem associated with 
the use of mulches is the need for special equipment for planting and weeding and 
for use of herbicides. 

iii. Contour Bunds and Strip Cropping. Although practices such as construction 
of dirt contour bunds across gentle field slopes and contour placement of narrow 
bands of permanent vegetation between cultivated fields and rock based small-scale 
water harvesting bund systems in the envirpnmentally degraded areas have been 
successful in bringing highly eroded, abando~ed fields back into production, their 
potential in increasing yield on currently cultivated fields has not yet been 
determined. 

It is evident from the limited literature available for WASAT that no soil and water 
management technique is universal and that the performance of each of them 
depends on rainfall, soil type, topography and farming system. A combination of 
tillage and anti-erosion techniques offers some advantages and at the same time 
some constraints as well. Reviewing the past work on soil and water management, 
Nicou and Charreau (1985) recommended early tillage in  low lands, tillage and 
contour planting in mid slopes (depending on contours) and shallow cultivation and 
tied-ridging after rains in upper slopes and in areas that could not be tilled before 
sowing. 



400 Production Agronomy of Sorghum-hsed Sy.~terns in the West Africiln Senti-Arid Tropics 

b) Soil Fertility Management 

Nitrogen and phosphorous are the niost liniiting nutrients in the soils of 
predominant sorghum growing areas. Potassium and some minor and trace 
elements can also be limiting under intensive cropping. Past research has clearly 
shown profitable economic returns to combined application of N and P at relatively 
low rates (Pieri, 1985). In Mali, 19 out of 21 experiments have shown response to 
added N and 21 out of 28 experiments have shown response to added P, leading to 
the recommendation of 46 kg N and 22 kg P205 to sorghum (Traore, 1988). Similar 
results were also observed in Nigeria (Harkness et al., 1987). 

However, in most of the fertilizer trials in West Africa the gains noted were only 
about 5-10 kg sorghum per kg of fertilizer. Further, there is also increasing evidence 
that continuous applications of nitrogenous fertilizer can result in long-term 
reduction in soil fertility. IRAT trials (Pieri, 1985) have shown that chemical 
fertilizer applications over the long-term result in decline in  sorghum yields due to 
soil potassium deficiences, acidification and aluminium toxicity. Only large 
applications of transformed organic products such as compost and animal manure 
were found to counteract these negative effects. Manures combine all the 
advantages of positive effects on potassium nutrition, suppression of aluminium 
toxicity and positive effects on nitrogen supply. The use of organic manures, 
mulching, and composting, therefore, significantly help in maintaining soil fertility. 
Cropping systems involving legumes also help in nitrogen balance by contributing 
biologically-fixed nitrogen (Schmidt and Frey, 1990). Farming techniques such as 
tillage, manuring and liming increase N-fixation by legumes (Pieri, 1985). 

In some areas, the susceptibility of sorghum to extreme levels of certain elements 
such as high aluminium in acid soils, high iron and manganese levels has also been 
demonstrated (Doumbia, 1990). 

Because of the presence of large scale deposits of rock phosphate in  West Africa, 
considerable emphasis is now being given to accelerate its production and 
distribution. Trials have confirmed significant effects (particularly residual) of 
granulated rock phosphate. However, present use of rock phosphate is considered 
less economical because of high transportation costs and the difficulties encountered 
in its application and incorporation and the generally long delay in realizing the full 
yield benefits. Recent research on acidulated forms of rock phosphate show 
promise in overcoming some of these problems. 

It is now well known that in WASAT soil fertility maintenance is a prime 
technique to improve crop productivity. Generally, sorghum does not receive 
artificial fertilizers because of economic considerations. This could, however, 
change if better prices were paid for the grain. A combination of low rates of 
mineral fertilizer, recycling of organic residues, application of animal manures, 
incorporation of legumes in the cropping systems for biological N-fixation and also 
optimum use of local mineral sources such as natural phosphates help in long-term 
maintenance of soil fertility to improve productivity and stability of the crop. 
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C) Weed Control. Though in  some areas weeding with oxen is practised, most of 
the weeding is done by hand. Because of labour shortage and soil condition, 
weeding is seldom completed early enough to avoid yield losses (Shetty, 1978). 
Many herbicides have been evaluated for sorghum in the region particularly in 
Nigeria and Mali (Lagoke and Konate, personal communications), but the adoption 
of herbicides at the farm level is negligible. Development of low-cost weeding 
equipments and the use of animal traction are being encouraged in WASAT (Rao et 
al., 1989). 

d) Improved Cultivars. Local sorghum cultivars are characterized by good 
seedling vigour, tillering ability, rapid root development, photoperiod sensitivity 
and good resistance to biological and physical stresses. However, they have a 
limited yield potential with poor harvest index (Goldsworthy, 1970) and their 
response to added inputs is also poor. Further, their long cycle makes them 
sensitive to late season droughts which have occurred frequently since the last two 
decades. Plant breeders in West Africa have made considerable progress in  
developing improved high-yielding cultivars that could be tailored to more 
productive cropping systems. Plant breeders greatly increased grain production by 
reducing plant height, but the short types are generally more sensitive to stresses 
and time of sowing. They are sensitive to newer pests and the photo-insensitive 
cultivars require greater precision in planting date and are liable to run into pest 
(stem borer, shoot fly, head bugs) and disease (grain mold) and thus grain quality 
problems and also nutrient deficiences. Therefore, though a number of improved 
cultivars have been developed by various national and international research 
programmes and recommended through various research networks (ICRISAT, 
SAFGRAD, IRAT, INSAH), the adoption rate of these cultivars at on-farm level is 
negligible. 

The constraints for large scale adoption of improved sorghum cultivars are both 
technical and socio-economic (Matlon, 1987). One of the major constraints is the 
poor grain quality of improved cultivars. Most of the improved cultivars have soft 
grains which can have 50% bran loss during grain processing and also have poor 
food stability and consumer acceptance. Soft grain often results from stresses 
during grain fill, including head bug feeding and grain molds. Breeders have, 
therefore, been considering the hard grain traits towards selecting improved 
breeding progenies (Beninati et al., 1989). 

The integration of improved cultivar and improved agronomic practices is 
important in improving the productivity of sorghum in WASAT. Though there are 
indications that improved cultivars respond better to crop density and fertility 
(Sogodogo et al., 1988; Pieri, 1985; Shetty, 1989), ploughing (Nicou and Charreau, 
1985) and other soil management practices (ICRISAT, 1985), the extent of 
responses in WASAT is not very encouraging when compared to that observed 
elsewhere. It is known that the tall, late, photoperiod sensitive cultivars do not 
respond much to increased population density (Goldsworthy, 1970; Shetty, 1984). 
But short cultivars and dwarf hybrids are known for their responsiveness to 
increased density and added fertility. Our agronomic studies with the available 
improved cultivars have shown some responses which are well below those 
observed in south-east Asia. These disappointing results can be ascribed to lack of 
management responsiveness in the improved cultivars and poor soil resource base in 
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WASAT. Improving the soil base to support improved cultivars with associated 
improved management techniques is, therefore, important to obtain better adoption 
of the improved cultivars. 

Time of planting of improved, short season cultivars is always important. It is 
assumed that the short season, improved cultivars can be tailored to most assured 
rainfall periods and avoid moisture stress. Though some cultivars have shown this 
flexibility for time of planting, the yield losses observed in  delayed plantings are 
significant (IER, 1990). Compensations for loss of nitrogen (due to nitrogen flush 
with early rains) and incorporation of resistances for biological stresses are, 
therefore, needed to realize the full potential of the early-maturing improved 
cultivars. 

The grain yield of photoperiod insensitive types may have to be sacrificed, unless 
much better stem borer, mold and bird resistances are obtained. 'The place of 
photoperiod insensitive cultivars thus needs more investigation under WASAT 
conditions (Doggett, 1988). 

Operational systems research integrating different agronomic management 
practices and varieties have demonstrated the synergistic effects of various 
treatments when combined together as against their individual effects (ICRISAT, 
1988; Sogodogo and Shetty, 1991; IER, 1990). However, when the improved 
cultivars are introduced to farmers' conditions, they have failed to exhibit their 
known potential. It is, therefore, necessary to aim at improving the soil productivity 
first and then incorporate the improved cultivars into such better resource 
management systems. 

e) Improved Cropping Systems. As indicated earlier, sorghum is widely grown as 
an intercrop. It is grown with a wide array of crops such as millet, cowpea, 
groundnuts, cotton and vegetables in various combinations. A study by Norman 
(1975) in northern Nigeria has shown that among the many cropping systems 
grown, only 8% of the area was planted to sole sorghum while about 50% of the 
area was planted with sorghum as an intercrop. Similar findings are also reported by 
Shetty et al. (1987) for Mali. Work done in Nigeria, Niger, Burkina Faso and Mali 
have clearly underlined the importance of intercropping in view of its maximum 
utilization of resources and stabilization of yields (Fussell and Serafini, 1985). 

Intercropping has been considered as an appropriate technology as there are 
important yield and socio-economic advantages to the system. It is not within the 
scope of this paper to discuss in detail all the cropping systems where sorghum is 
involved, but an attempt is made herebelow to summarize the work done in the 
region on some of the major production systems. 

i. Intercropping With Long Season Sorghum. In the major sorghum growing 
areas of WASAT, the temporal complementarity between crops is exploited by 
growing the traditional long season, photosensitive sorghum with early-maturing 
crops. Two well documented traditional systems are sorghum/millet in Nigeria 
(Norman, 1972) and sorghum/cowpea throughout West Africa (Fussell and Serafini, 
1985; Stoop, 1986; Shetty et al., 1987). In the millet~sorghum system, the millet is 
sown at the beginning of the rains and sorghum is sown a little later. This system 
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could give yield advantages of 50% and up lo 75% greater monetary returns than 
sole sorghum (Andrews, 1972). If proper plant spacings were adopted, a reasonable 
crop of cowpea or groundnut could be grown after the  nill let and between the rows 
of sorghum and monetary advantages could be increased to 89% relative to sole 
sorghum. Andrews (1974) has also shown that the system could gain the benefit of 
higher grain yields if a dwarf sorghu~n in introduced into the system. Agronomic 
research on this system has emphasized the need for high populations of each 
component crop for optimum resource use (Baker. 1979; Willey et al.. 1982). 
Baker (1979) has also highlighted that the total resource use may be further 
improved by including yet a third crop of complementary growth pattern. 

Cowpea and groundnut are the other major crops that have been reported as 
intercrops with long-season sorghums. They illustrate the wide range of objectives 
that the farmer may have in terms of the proportion of sorghum he requires and how 
significant yield i~nprovement can be achieved without jeopardizing these 
objectives. In the sorghum/cowpea system, usually cowpea is sparsely planted as a 
secondary crop with a full stand of sorghum; in the sorghum/groundnu~ system the 
farmer sows predominantly groundnut. Improvements of these traditional systems 
have been reported mainly through increasing population density of legumes, 
addition of N to the cereal and manipulating the date of planting and harvesting of 
the component crops (Fussell and Serafini, 1985; Stoop 1986; Shctty el al., 1985; 
Sogodogo and Shetty, 1989). However, as the traditional late, and tall sorghums are 
highly competitive to low growing and shade-susceptible legumes, any significant 
improvement in  the productivity of these systems would come mainly if less 
competitive and more productive sorghum cultivars are used in place of the local 
cultivars. 

i i )  Intercropping Witlr Slrort-Season Sorglrurrr. Recently,intercropping research 
in WASAT considered the availability of shorter cycle and shorter height sorghum 
realizing that from the cropping systems point of view they provide increased time 
and opportunity for other crops in the system. Studies from Mali (Shetty 1988; 
Sogodogo and Shetty, 1989; Shetty et a!., 1990) have clearly shown the advantages 
of these early and shorter height cultivars intercropped with cowpea and 
groundnuts. Substantial yield improvements of both the cereal and legumes were 
obtained when such systems were grown with improved agronomic management 
factors. Improved packages of practices involving optimum land preparation, date 
of planting, plant population, spatial arrangement and fertility conditions have been 
developed for sorghum/cowpea and sorghum/groundnut systems involving 
improved shorter season and shorter height sorghum cultivars. 

Recent interests in  food self-reliance (rather than self-sufficiency), crop 
diversification and incorporation of commercial crops into traditional low value 
food crop systems have further underlined the importance of these improved 
cultivars. Cotton and groundnuts are now being considered important components 
of sorghum systems. Agronomic studies in Nigeria (Baker, 1979) have shown that 
if both cotton and sorghum are planted early, profits can be increased. In Mali, a 
planting pattern of 4 rows of groundnut to I row of sorghum is being recommended 
in groundnut growing areas to optimize the productivity of the system (Shetty et al., 
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1990). It is hoped that increasing the proportion of high value crops in the system 
would attract both the application of inputs and improved cultivars into the 
traditional system. It can also be expected that intensified cereal/legume intercrop 
would not only fix more nitrogen, but also leave more residual N than left by the 
traditional system. Though detailed studies on resource use patterns of 
sorghum/legume mixtures are lacking in WASAT, studies conducted elsewhere 
(Willcy er al., 1982) do indicate the efficient water. light and nitrogen use by the 
intercrop system, thus resulting in a yield advantage of about 30%. 

Other aspects of intercropping which arc of significance include possible reduction 
in weed (particularly Striga) and pest incidence and possible bcnelicial nitrogen 
effect from the legume. A particularly relevant aspect of intercropping is the greater 
yield stability that is often emphasized for the long-season sorghum systems of 
West Africa (Nonnan 1972; Baker 1978). 

iii. Relay artd Sequerttial Systems. The length of the growing period in the 
Sudano-Guinean zone varies from l I0 days in the north to about 200 days in the 
south. While there is little scope Ibr manipulating planting dates in the north, the 
longer growing season i n  the higher rainfall southern locations provides greater 
opportunities for systems manipulation with appropriate genotypes and management 
(Shetty, 1984). Multi-locational screening trials across the latitudes have enabled us 
to select appropriate genotypes with the phenology and physiological responses that 
would place the production of sorghums in the most favourable periods (ICRISAT. 
1984 and 1987). The series of agronoinic trials conductcd to examine the 
performance of these cultivars under rclay and sequential systems have revealed the 
potential of these alternative systems (Shctty, 1988) over traditional sole or mixed 
crop system. In Mali, the authors were able to design and evaluate a number of 
alternative, relay crop systems by introducing short season cultivars into a more 
assured part of the rainy season and utilizing the remaining season with other short 
season crops such as early cowpeas or groundnuts. Though growing sorghum as a 
sequential second crop was not successful, substantial yields of cowpea and 
groundnuts were harvested in addition to near-normal yields oT sorghum as relay 
crop (IER, 1990; Sogodogo and Shetty, 1991). More agronomic research is needed 
for optimum resource use to bring stability of production at higher management 
through more productive inter-and relay cropping systenls. 

iv. Ratoort Systems. The advantage of sorghum's ability to ratoon has been 
realised through ratoon cropping in sonlc sorghum growing countries such as USA, 
Australia and India (Willey et al., 1982), but the system is not well known in 
WASAT. A ratoon crop avoids land preparation, seeding and problems of 
establishing a good stand from seed. It saves the cost of cultivation and reduces 
labour demands at a critical post-harvest period. As the period between sprouting 
and harvest is always shorter in a ratoon crop than that from sowing to harvest in a 
seeded crop. the systcni also has the advantage of a shorter total growing period 
requirement. Pest and moisture stress are the major problems in ratoon systems. 
Under WASAT conditions. ratooning is impossible with the traditional long season 
sorghums. However, in our preliminary studies in Mali, Lhe authors were able to 
identify some short season, improved sorghum cultivars which exhibited 
satisfactory ratoonability (IER, 1989 and 1990). At Sotuba where moisture 
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conditions are insufficient for two full crops, one full crop and a "partial" second 
crop were achieved. Furlher, alternative systems such as taking an early fodder 
crop (about 40-45 days) and allowing the ratoon grain crop to nlature during the 
drier conditions after rains is also feasible. More agronomic studies are needed to 
identify suitable genotypes and management systems to recommend appropriate 
ratoon systems in WASAT. 

v. Rotational Systems. Many of the general principles of crop rotation such as the 
control of soil-borne pests and diseases, weeds (including Striga) and maintainance 
of fertility are also applicable to sorghum. Use of rotational systems involving 
legumes for harvesting nitrogen fixation benefits is gaining importance throughout 
the world because of economic and sustainability considerations. For example, the 
yield level attained by sorghum in a sorghum-soybean rotation system was 
equivalent to 76 kgiha applied nitrogen (Clegg, 1982). Similar observations have 
also been recorded under WASAT conditions (Traore, 1988). One aspect of crop 
rotation which needs special mention is the depressive effect that sorghum may 
have on the growth and yields of following crops (Willey et nL, 1982). This has 
been ascribed to depletion of moisture and locking-up of nitrogen during the 
decomposition of roots through microbial action. The West African sandy soils 
with little clay or humus show the toxic effects more markedly than do heavier soils 
or those containing organic matter (Doggett, 1988). Sorghum following sorghum is 
often the common system in West Africa and moisture and nutrient depletion arc, 
therefore, important considerations. Falllowing may improve yields under such 
conditions and should be considered in the rotation. 

4. Strengthening National Programmes. 

In WASAT, i t  is only recently that the national agricultural research systems 
(NARS) are giving importance to sorghum research. Very little work was done 
prior to the Second World War and the crop was given low priority in the national 
research system. Except for a few countries (such as Nigeria and Mali), the 
research infrastructure needed for the improvement of sorghum-based systems are 
still lacking. Many donor and international agencies have, therefore, given high 
priority to strengthening the rcsearch capabilities of NARS institutions. 
International and regional organizations such as ICRISAT, CIRAD, INTSORMIL, 
CILSS and SAFGRAD are engaged in supporting sorghum research through joint 
research projects, training, workshops, planning meetings, surveys, consultancies, 
library and docu~nentation services and publication and other networking activities. 
Many models of strengthening NARS have been tried by different agencies. As one 
of the major themes of this Conference is the assessment of strategies to strengthen 
NARS, the strategy and experiences of a joint effort by the Institut d'Economie 
Rurale. (IER), ICRISAT and the United States Agency for International 
Development (USAID) in Mali are briefly described below. 

In response to IER's need for improved research capability in sorghum and pearl 
millet-based systems research, ICRISAT, through funding from the Ford 
Foundation and USAID, initiated a cooperative programme in Mali in 1976. The 
major objective of this bilateral programme is to strengthen the capacity of the 
Government of Mali in supporting rcsearch on sorghum and millet-based systems in 
the semi-arid zones of Mali. The activities of the programme include: (1) 
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supporting research on sorghum and pearl millet improvement: (2) assisting 
research on sorghum and millet-based systems, and (3) establishing a strong 
research base through institutional strengthening activities such as infrastructural 
development, training and helping to link national researchers to international 
research networking. 

ICRISAT placed a production agronomist and a cereal breeder within the IER 
system to execute the abovc project activities in collaboration with the Mali 
researchers. The achievements of the project over the years have been documented 
through various evaluations (USAID, 1989) and annual reports of ICRISAT and 
IER. Some of the major accomplishments of strengthening the Mali national 
sorghunl research programme are described below. 

a) Strengtlretting Researclr Itrfrastrrictrlre. In order to meet the critical research 
infrastructure needs, several of the existing research facilities were improved and 
provided with basic requirements for field trials and experimentation. The major 
effort, however, was concentrated on developing a central research station at 
Cinzana to serve thc semi-arid zone of Mali. Other facilities such as a cereal 
technology laboratory and cold storage for seed were also created. The programme 
played a key role in the development of facilities and training of personnel for the 
Cinzana Research Station which serves as a model for the development of other 
research stations in Mali. The station has allowed scientists to conduct appropriate 
research on various dryland crops; a capacity that did not exist prior to the project 
and one which has the potential for spillover impact in other countries of the region. 
The station is currently well managed and staffed by an all-national team. The 
construction of a bod technology laboratory at Sotuba Stalion has enabled the Mali 
programme to become the first in West Africa to conduct systematic food quality 
testing as part of its breeding work. The laboratory has also taken the lead in 
developing alternative food products. 

In the area of training, the programme provided long-term training opportunities 
for I I Malian researchers, 7 of whom have now returned and are contributing 
significantly to research programmes. Under the short-term training component, 59 
middle-level researchers and technicians were deputed to ICRISAT-Centre in 
Hyderabad, many of whom now form an integral part of the Mali research 
programme on semi-arid crops and cropping systems. These participants form the 
backbone of Mali sorghum and pearl millet research. Further, 67 final year students 
from Katibougou Agricultural College have completed internships under the 
guidance of experienced researchers of the programme. 

The cooperative programme has helped in  organising a series of in-country 
workshops on specific research themes which have increased the level of scientific 
activity and interaction among diverse groups of researchers and extension 
personnel. Further, the programme has encouraged linkages between Mali and 
other donor-supported programmes which have further strengthened research on 
semi-arid crops in Mali. 

b) Systetns Research. In developing a good base for cropping systems/agronomy 
research, the programme attempted to involve the existing "cellulcs" within the IER. 
The level of scientific manpower in these cellulcs were upgraded by encouraging 
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the researchers and technicians to undergo short-term training. The facilities for on- 
station and on-farm research were also provided to improve the quality of research. 
A few key traditional systems were only chosen for initial research. An 
interdisciplinary cropping systems research team which worked collaboratively on 
resolving the major constraints to production was thus established for technology 
development and transfer. 

In addition. the breeding programmes have made substantial progress which is not 
within the scope of this paper to discuss. Overall, the cooperative programme has 
helped to establish a sound research base, including both the physical and human 
resources to sustain the research. Some of the reasons for the success of this 
cooperative endeavour are: effective NARS, IARC and donor relationship; long- 
term commitment by the partners concerned; continuity by long-term technical 
assistance team; identifying institutional strengthening as priority, targeting research 
efforts, multidisciplinary approach; stimulating national researchers through 
research stipends; encouraging short-term training and attendance in workshops and 
conferences, and research leadership and donor coordination. Some of the 
constraints the programme has experienced are: poor research-extension linkage, 
poor linkages between socio-economic and agricultural research divisions, 
inadequate numbers of national staff, lack of research prioritization, uncertain long- 
term funding resulling i n  less cmphasis on long-tcrnm research, lack of good 
administrative support to researchers, duplication of efforts by donors, different 
expectations by different partners, unnecessary burdens on national researchers by 
too many external agencies and networks and lack of incentives to researchers. 

Though at country level many bilateral programmes have been in operation, nlost 
of these programmes are short-term and often too ambitious. Research 
infrastructure development and training did not receive much attention resulting in 
unsustainability of the research programmes. 

At the regional level, the West and Central Africa Sorghum Network 
(SAFGRADIICRISAT) has a major mandate to strengthen NARS in sorghum 
research. The Network is crop improvement research-oriented with limited 
emphasis on agronomy/systems research. Further. the Network has limited 
resources for training and technology transfer. Lack of scientific manpower and 
weak linkage between technology development and trasnfer continue lo be major 
bottlenecks at the national level. 

Synthesis and Research Needs 

Generalization of technologies across WASAT cannot be done because of diverse 
sets of sub-regions comprising a range of agroclimatic and demographic conditions 
with varied technical potentials. The current available technologies and their 
prospects for improving the productivity of sorghum-based systems in the two 
major zones can be summarized as follows: 

a) Sudan Zone. In the northern Sudan zone, because of agro-climatic deticienccs, 
land and water conserving techniques such as anti-erosion and run-off management 
techniques to arrest the degradation of soil base, and stress-reducing technologies 
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such as short cycle sorghum cultivars tolerant to physical and biological stresses 
have shown much potential. Stabilizing production and preventing further decline 
in  productivity should be the goal in this region. Yield increasing techniques such 
as the use of input responsive cultivars, application of fertilizers and pesticides 
should be considered only after major and sustainable iprovements in soil base to 
reduce top soil loss and to conserve nutrient and moisture have been undertaken. 

The southern Sudanian zone has higher potential for yield increasing packages 
because of its better resource base. In areas with hcavier soils, gains in productivity 
through tillage, including tied-ridging, are also higher. Low rates of chemical 
fertilizer in  conjunction with frequent application of organic matter combined with 
adapted and input-responsive cultivars can result in  higher productivity gains. In 
order to improve nutrient use efficiency and to avoid risks, moisture conserving and 
run off management systems should be integrated into yield-increasing packages of 
technologies. Animal traction offers considerable advantages in removing labour 
constraints, expand areas under cultivation and to facilitate appropriatc tillage 
operations. In addition to animal traction as a power source more closely integrated 
crop-livestock systems yield greater long-term benefits i n  terms of biomass 
recycling through composting, which is necessary for sustainable improvement of 
soil base. Alternative crop-livestock systems, including more productive forage 
sorghums and intercrop forage/legumes, better composting and improved 
mechanisation through alternative equipment and better animal nutrition, would be 
more feasible in  this region. 

b) Sudano-Guinean Zone. Due to higher and more assured rainfall, a longer 
growing season and better soils, the potential for improving sorghum productivity is 
greater i n  the Sudano-Guinean zone. Both yield increasing and labour saving 
techniques can be profitable because of better resource base. Further, the 
diversified cropping systems and the untapped resources of this zone favour 
research towards the improvement of overall productivity of the systems on a year- 
round basis. 

As described earlier, the possibility of taking two or more crops by intercropping, 
sequential cropping and ratooning is greater through careful tailoring of crop 
varieties and appropriate soil and rainfall management. Further. incorporation of 
cash crops such as cotton and groundnuts and more productive and input responsive 
crops such as maize and upland rice into the sorghum systems should be considered 
to improve the overall productivity on a year-round basis. These more productive 
systems could not only attract improved management responsive cultivars but also 
stimulate the use of production inputs on component cereal crops. It is expected 
that the synergistic effect of integrating improved physical resource base with the 
improved cropping systems can be much higher in  [his particular zone. 

An assessment of the available technologies to improve the productivity of 
sorghum-based systems in  WASAT indicates that though the potential technologies 
are available, their large scale adoption has been negligible. The reasons for non- 
adoption of the technologies are related to both socio-economic and technical 
constraints. In order to understand the yield gap between research station and 
farmers' fields, on-farm diagnostic studies should be conducted. Such studies also 
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help to determine important physical, biological and socio-economic constraints for 
adoption and to measure the potential of alternative techniques under on-farm 
situations. Early on-farm testing is also important to provide feed-back to "fine- 
tune" the technology, if  necessary, before recommending i t  for large-scale adoption. 

In WASAT, past experiences have shown that the recommendation of either 
agronomic techniques or variety alone would result in limited adoption. This 
signifies the importance of close link between resource management and crop 
improvement research. A farming systems approach is also needed for crop 
improvement. Before technology development, regional zonification and 
recommendation domains should be identified and refined, recognising key 
differences in agroclimatic and socio-economic situations. It should be underlined 
that for more productive and sustainable systems, improvement and at the same 
time conservation of physical resource base should go hand in hand with the 
improvement of sorghum varieties. 

C)  Research Needs of tlre Nineties. The future research thrust should aim at the 
development of management strategies to increase production and productivity 
while considering potential environmental degradation. While attaining this 
research objective, closer links among researchers at all levels (multi-disciplinary, 
national, regional and international), developmental (extension) agencies and 
farmers should be developed. The following specific aspects need particular 
attention during the 1990s: 

i )  Operational Scale Integrated Studies. Long-term, operational scale studies of 
existing technology components and improved production systems (integrating 
available component technologies) in  comparison with the traditional systems will 
help analyze gaps and quantify the contribution of individual factors. Such studies 
will not only provide production and economic data relevant to sustainability, but 
also highlight constraints to production and demonstrate the produclion potential. 

ii) Natural Resource Monitoring. The data which have been examined, so far. 
present an idea regarding the extent of the limited resources available for increasing 
sorghum production i n  West Africa. The African farmer has to live with this 
reality. Fortunately, technological means for exploiting the limited climatic and soil 
resources do exist as has been elaborated earlier. Traditional approaches to crop 
improvement and planning have been based on themes that would emphasize a 
single discipline such as crop breeding, crop agronomy, etc. If stability in yields is 
the ultimate aim, then all factors that contribute to variability in yields should be 
monitored simultaneously on a long-term basis, analysed and conclusions should be 
drawn for practical application. An inter-disciplinary approach is important for this 
purpose that contributes to the development of an effective natural resource 
management strategy. 

iii) Research on Productivity and Stability. Agronomic research to improve the 
productivity and stability of both sole and multiple cropping systems should be 
intensified. Identification of appropriate management responsive cultivars and 
development of appropriate packages of technologies should continue. The goal of 
this research should be on promoting growth in  less productive areas and 
maintaining and enhancing growth in already productive areas. 
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iv) Sustainability Research. Sustainability is the main issue of the 1990s. 
Agronomic research should involve successful management of resources to satisfy 
changing human needs while maintaining or cnhancing the quality of the resource 
base (Plucknett and Wright, 1990). Focussing on cropping systems that achieve 
greater efficiency in utilizing the resources (moisture, soil quality, solar energy, etc) 
and pronloling component research that maximize the integration of biological 
processes to maintain and enhance soil fertility and protect production systems from 
biological and physical stresses should receive greater emphasis. Soil management 
research to minimize soil erosion, studies to determine the fate of residues in soil 
a~ ld  their contribution to structure and fertility (particularly N-status) and 
ir~vestigations on crop rotations involving legumes will contribute to thc 
developnlent of sustainable sorghunl systems. Long-term studies on the role of 
nitrogen-fixing legumes in  rotations and intercropping systems, the effect of erosion 
on crop productivity and the impact of organic amcndments will provide basic 
information for developing sustainable sorghum-based production systems. It is 
worth considering a proposal for a network of production agronomists i n  West 
Africa to assess sustainability of sorghum production in trials which would involve 
comprehensive measurements of soil properties at regular intervals. 

V) Strengthening Natiorial Research Base. In achieving the goal of sustainable 
sorghum production, primary attention should be devoted to strengthening the three 
core institutions of research, training and extension that form the institutional basc. 
The resource and technology transfer model of assistance must be replaced by a 
human capabilitylinstitution building model of develop~nent. Regional and 
international programmes should have dual objectives of producing technology and 
strengthening NARS for sorghum research. Donor assistance to programmes 
should be evaluated not only on the basis of the volume of new sorghum 
technologies produced, but also on the new measures of the performance of research 
institutions over time. The qucstion of what can be done to strengthen NARS in a 
cost-effective and sustainable manner so that they can bcco~ne more productive 
partners in producing ncw technologies should be addrcssed by all concerned. 
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Influence des Génotypes de Sorgho et de Niébé sur la Population 
de l'Association Sorgho-Niébé à Sotuba 

D. SOGODOGO et S.V.R. SHETTY. 

Résumé 

Trois génotypes de sorgho ont été coinbinés à trois génotypes de niébé au cours 
d'une étude sur les associations de cultures rçalisée à Sotuba en culture pluviale en 
1988 et 1989. Parmi les variétés de niébé testées, la KNI et la TVU 76-07 ont donné 
les ineilleurs rendements de fane skche : respectivement 95 % et 57 % de leur 
rendement de culture pure. En production de grain, c'est la variété locale Amary sho 
qui a étC la plus performante avec en moyenne 59 % de son rendement normal. 
Quaiit aux variétés de sorgho, la locale Sakoïka a étC la plus productive tandis que la 
variété Malisor 84-7, de courte taille, a été la plus favorable à l'expression du 
potentiel de rendement du niébé. Pour la production fourragère, la combinaison 
Malisor 84-7lKNl a été la meilleure, tandis que l'associalion SakoïkalAmary Sho a 
donné les meilleurs rendements de grain. 

Introduction 

Le système traditionnel de culture sorgho-niébé est caractérisé par l'utilisation de 
variCtés locales des deux espèces. un semis simultané dans le même poquet ou 
décalé parfois, dans des poquets alternés. L'architecture du sorgho étouffe dans la 
plupart des cas. la croissance du niebé qui lui est associé. Cette situation rend lc plus 
souvent le niébé moins apte à l'association. Dans cette association de cultures, les 
plantes interagissent les unes sur les autres. de manière favorable ou défavorable à 
une des composantes du système, parfois au niveau génolypique. ( Steiner, 1985; 
Willey, 1979 ). 

Les systèmes de culture constituent donc un élément important de l'environnement 
des cultures. Ils provoquent des changements considérables de rendements au 
niveau de chaque génotype, avec une influence directe sur leur morphologie. 
L'objectif du présent essai est d'étudier l'influence des génotypes de sorgho sur le 
rendement de l'association sorgho-nikbé. 

Matériels et Méthode 

L'essai a été conduit à la station de recherche agronomique de Sotuba ( 12"39'N, 
7"56'0, 320 m d'altitude ) en 1988 et en 1989 en culture pluviale. Lcs températures 
maximales peuvent y atteindre 39'C en Avril et les niinimales 15'C en Décembre et 
Janvier ( Sivakumar, 1984 ) avec une pluviométrie moyenne aniiuelle de 974 mm 
autorisant un cycle optimal de 120 jours pour les cultures ( Valet, 1988 ). 

PREVIOUS PAGE BLANK 
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Le sol est ferrugineux tropical lessivé hydromorphe à tâches et concrktions. Il est 
limono-sableux en surface et liniono-argileux en profondeur et est pauvre en 
matière organique ( 0,5 % ). Sa capacité d'échange cationique est faible ( 4,4 
meqIl00 ) et son ph est acide. 

L'essai était un  factoriel ( 3x3+6 ) à 4 rCpCtitions. Trois variCtés de sorgho, Malisor 
84-1, Malisor 84-7 et Sakoïka ( Tableau 1 ) ont été combinées à trois variétés de 
niébC, Amary sho, TVU 76-07 et KNI ( Tableau 2 ). Les cultures pures de chacune 
des variCtés ont servi à déterininer les diîTérents rapports de surface Cquivalente. 

Le semis a Cté effectué avec des semences traitées au furadan ( 10 g1100 g de 
semence ) à raison de 2 lignes de sorgho pour I ligne de niébé, avec une géométrie 
de 0,75 m x 0.5 ni pour le sorgho et 1,5 m x 0,25 m pour le niébé, le dkmarriage 
étant effectué à 2 plants par poquet pour les deux cultures. Nous avons appliqué au 
semis 100 kglha de pliosphate d'animoniaque et à la montaison 50 kglha d'urée 
uniquement au sorgho. Le niébé a été traité au decis ( 0.5 I/ha ) puis au Timul 35 ( 2 
Ilha ). 

Les mesures ont porté sur le rendement dont l'analyse de la variance nous a permis 
d'établir les effets des génotypes; la PPDS a été utilisée pour la séparation des 
moyennes. 

Tableau 1. Caractéristiques des génotypes de sorgho testés dans l'association à 
Sotuba en 1988 et 1989. 

Génotypes Hauteur Couverture de Durée du cycle 
(nl) l'architecture en jour 

Malisor 84- 1 2,00 modérée 90- 1 O0 

Malisor 84-7 1,50 niodérée 100-110 

Sakoïka 4,50 modérée 120-130 

Tableau 2. Caractéristiques des génotypes de niébé testés dans l'association à 
Sotuba en 1988 et 1989. 

Génotypes Mode de croissance Durée semis 50 % 
floraison 

Amary Sho 

TVU 76-07 

KN 1 

Rampant 

Rampant 

Erigé 
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Résultats et Discussion. 

Les Tableaux 3-6 rassemblent les rtsultats obtenus de 1988 à 1991. A l'exception 
de l'association KN-I x Malisor 84-7, les rendements fourragers du niébé en 
associaiion étaient inférieurs à ceux obtenus en culture pure ( Tableau 3 ). La petiie 
taille de Malisor 84-7 a favoris6 la production de fanes i?~ cause de la bonne 
infiltration de lumière. La sénescence prtcoce des feuilles du cultivar de niébé 
Amany Sho est à l'origine de ses rendements fourragers faibles par rapport aux 
autres variétés. 

Les rendements grainiers du nitbt associé au sorgho étaient inférieurs à ceux 
obtenus en culiure pure ( Tableau 3 ). II semble qu'ici, la persistence des feuilles 
chez le sorgho Malisor 84-1 explique la faiblesse des rendements des niébQ qui lui 
sont associés. La senescence progressive des feuilles inférieures du cultivar Sakoïka 
de sorgho font que, malgré sa grande taille, suffisamment de lumikre atteint le niébt 
associé, d'où les rendements ineilleurs par rapport à ceux occasionnts par 
l'association avec Malisor 84- 1. Ces rendements restent cependant inférieurs à ceux 
exprimés par les niébés associés à Malisor 84-7, de petite taille. Notons que la 
Locale Ainany Sho a donné le meilleur rendement de grain, à l'opposé de son 
coniporiement pour la production fourragkre. 

Quant aux génotypes de sorgho, seuls les associations impliquant le cultivar 
Sokoïka ont produit des rendements de maiiere skche et de grain comparables ou 
supérieurs à ceux obtenus en culture pure ( Tableau 3 ). II est B signaler que les 
meilleurs rendements du sorgho ont été obienus en associaiion avec le niébé Amany 
Sho. 

Tableau 3. Rendements du sorgho et du niébe cultives en association exprimés 
en pourceniage (%) des rendements obtenus en culture pure. 

Sorgho associé 

Variifté de niébé Mdisor 84-7 Malisor 84-1 Sakoika 

Gnins Fanes/ Grains Fanes1 Grains Fanes/ 

paille paillc paille 

a) Rendement du niébé 

KN-1 42 117 30 84 33 86 

TVU76-07 49 74 39 46 41 51 

Aiiinny Sho 69 22 50 19 57 16 

b) Rendement du sorgho 

KN-I 72 

TUV76-07 7 1 

Amany Sho 94 
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Ces résultats ( voir aussi Fig. I ct 2 ) montrcnt l'existence d'interactions cntre 
génotypcs dc sorgho ct de niébé. Ainsi, les gdno~ypes dc sorgho exprimant une 
bonne tolérance àla compétition intcr et intraspecifiquc scraicnt ceux dotés d'une 
bonne capacitc de tallagc. Les variétés de niébé tolérant la compétition pour la 
lumière seraient Ics plus rentables dans les systèmcs étudiés. 

Tableau 4. Inilucncc de génotypes de sorgho ct de niébé sur la production 
grainière de l'association sorgho-niébé i9i Sotuba. 

Rendement kglha 

Trai temcnis Sorgho Niébé 
1988 1989 1988 1989 

Gét iot jpes cle sorgl1o * * N S ++ NS 
Malisor 84-7 2210 2040 505) 458 
Malisor 84- 1 3070 21 15 400 308 
Sakoïka 3550 2044 342 433 
ES +/- 130 161 35 63 

G h i o r j p e s  (le niCDé 
TVU 76-07 
Ainary sho 
KN- I 
ES +/- 
lnteraclion 
CF (7r 

- - 

* Significatif 2 5% ** Signilicalif à 1 %  NS: Non Signilicatif 

Tableau 5. Inlluencc de génotypes de sorgho ct de niébd sur la production 
fourragère de l'association sorgho-nidbé h Sotuba. 

Traiieiiients Kendernent kglhn 

Sorglio Nitbé 

1988 1988 1989 

Ghioty/>es de sorglro 
Malisor 84-7 
Malisor 84- 1 
Sakoïta 
ES + 

G h i o t y ~ ~ e s  de tiiillé NS * I i* 

T V U  76-07 1270 740 707 
Aiii;iry sho 1360 490 848 
KN-I 1300 1880 1485 
ES + 60 100 72 
Interaction N S NS NS 
CV % 15 35 25 

* Significatif à 5% ** Significatif à 1 % NS: Non significatif 
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Tableau 6. Influence des gCnotypes de sorgho et de niébé sur la profitabilitt de 
l'association sorgho-niébt 3 Sotuba, 1988. 

Traitements 

Génotypes de sorgho 
Malisor 84-7 
Malisor 84- 1 
Sakoïka 

Gértotypes de nié66 
TVU 7607 
Amary sho 
KN- 1 

Surface Equivalente Relative (S.E.R.) 

Fourrage Grain 
----------------------Total -----------------------Total 
Sorgho NiCbé Sorgho Nitbt 

GENOTYPES DE NlEQE F p 
=$S 3 i 

o 
r; g . 

I 

J -4 

cutunpn 1266 4440 1% Fig. 1. Production moyenne de malibre sech0 

k W  des genoiypes dans sorgho-ni8b8 B 
LE.R moyen 1.38 1 .OB 1 an Çoluba (1969 et 1989). 

BEST AVAIlABLE COPY 



Culture pure (kgha) 767 Flg. 2. Rendement de grain des Génotypes dans 

L.E.R. moyen 1 .?6 1.55 1.16 Sorghc-NiBM B Soluba (19ôô et 1989). 
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Premiers Résultats Obtenus sur des Rotations de Sorgho et 
Légumineuse en Culture Pure ou Associée et de Cotonnier. 

PATRICK SALEZ et KALIFA TRAORE. 

(IRAT/CIRAD)/Projet Régiorml Sorgho ICRISAT/IRAT, Bamako. Mali. 

Résumé 

Des rotations incluant le sorgho et une Iégumineuse (arachide, niébé ou soja) en 
culture pure et associde, ainsi que du cotonnier, ont éld étudides en 1989 et 1990 à 
Samanko ( prks de Bamako ) et Longorolla (près de Sikasso), sous diffkrents 
rkgimes de fertilisation. 

Une ICgumineuse en culture pure constitue le meilleur précédent du sorgho, avec 
des gains moyens de rendement de 20 à30% par rapport à la succession sorgho- 
sorgho. Les associations sorgho-ICgumineuse n'ont pas d'arrière-effet sur le sorgho 
qui leur succkde ; elles prksentent par contre un arrière-effet important sur le 
cotonnier, en l'absence d'engrais ou avec un apport minéral. Avec la fumure organo- 
minérale, on ne peut dissocier les arrière-effets des différents systEmes culturaux. 

Les successions de cultures associCes prCsentent un avantage de rendement par 
rapport aux successions de cultures pures (le L.E.R. c 1.40) mais elles ne se 
montrent pas plus avantageuses que des rotations de culiures pures faisant intervenir 
une ICgumineuse en année 1 et un sorgho en année 2. 

Introduction 

L'Cvolution des productions des cultures et de la fertilitC du sol dans des rotations 
impliquant le sorgho, une Iégumineuse (souvent l'arachide), et le cotonnier, a CtC 
CtudiCe, dans le passC, en Afrique de l'Ouest (Pichot et. al., 1981; Loynet, 1987; 
Gigou, 1977). L'effet d'apports de fertilisants organiques et minCraux sur la 
production de cultures continues de sorgho et arachide a également fait l'objet de 
publications (Kwakye, 1988). 

Les systkmes de cultures assocites sorgho-légumineuse, couramment pratiquds en 
Afrique de I'Ouest et Centrale, ont CtC cornparCs aux cultures pures sous l'angle 
agronomique (Shetty, 1988 ). Les comparaisons éiaient cependant ponctuelles et 
concernaient toujours une seule saison culturale (sur une même parcelle). Dans la 
mesure où les mobilisations minérales des cultures associées difièrent en gCnCral 
nettement de celles des cultures pures correspondantes, du Sait d'interaciions entre 
plantes diffdrentes (Salez, 1988). il  paraît nécessaire, pour comparer ces aivers 
systkmes sur un plan agronomique, d'entreprendre des expérimentations de longue 
durde, faisant intervenir des rotations de cultures pures et de cultures associées. 

Dans ce but, deux essais ont été mis en place en 1989 : l'un comparant divers 
systkmes à base de sorgho et de ltgumineuse avec ou salis apport d'engrais, sur deux 
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sites ; l'autre comparant divers syst2mes à base dè sorgho. de légumineuse et de 
cotonnier, avec ou sans fertilisation, sur un site. 

Matériel et Méthodes 

Sites expérimentaux. Les deux sites utilisCs pour ces essais sont les stations de 
recherche de Samanko (15 km de Bamako) et Longorola (8 km de Sikasso). Ces 
sites diffèrent essentiellement par la pluviométrie et la texture du sol. En effet. en 
1989 et 1990, alors que Samanko recevait respectivement 87 1 mm en 69 jours, et 
952 inm en 84 jours. Longorola en recevait 1 1 I I  mm en 71 jours, et 992 en 87 
jours. A Samanko le sol se caractCrise par une teneur variant de 8 à 13 % pour 
l'argile et 63 à 68% de sable entre O et 20 cm; à Longorola le sol est plus riche en 
argile ( 13 à 18% ) à la même profondeur. 

Essai A. Le premier essai, évolution de la production dans des rotations de 
cultures pures et associées de sorgho et 16gurnineuse, a été mis en place en 1989 à 
Samanko et Longorola. Cet essai nous a perinis de comparer les associations 
sorgho-ICgumineuse (arachide, niébé, soja) aux cultures pures correspondantes sous 
deux rCgimes de fertilisation (O et 80 kg Nha sous forme d'urée apportée - au semis 
et - à 35 jours apr2s semis). Les 14 traitements ainsi obtenus ont Cté évalués selon 
un dispositif en Bloc de Fisher avec 8 répétiiions. 

La parcelle é1Cmentaire Ctait de 27 ni2 et la parcelle utile de 24 m2. L'essai a reçu 
en 1989 une fumure de fond de 30 kg Plha sous forme de supersimple. En 1990. 
afin d'étudier les arri2re-erfets, on a sCparé l'essai en deux. les 4 premiers blocs sont 
plantCs en sorgho pur et ne reçoivent pas d'engrais, tandis que les 4 autres blocs 
reçoivent les mêmes syst2mes de cul~ures que la premibe annCe, ainsi que 30 kg 
Pha  en fumure de fond. 

Les cultures associCes sont constituées de 3 lignes de ICgumineuse espackes de 
0,30 m, eiitre 2 lignes de sorgho distantes de 1,20 m. Deux sarclages sont effectuds 
sur cultures associCes et trois sur cultures pures. Le niébé a Cté trait6 deux fois au 
Thimul 35 (à 3 litreslha). 

Les param2tres suivants ont CtC étudiés : les coniposantes du rendement, les poids 
secs et exportations minCrales et l'évolution des CICments minéraux dans le sol selon 
les syst2mes culturaux pratiquCs. 

Essai B. Le deuxikme essai, Cvolution de la production dans des rotations 
culturales incluant le sorgho. une Iégumineuse et du cotonnier, a étC mis en place à 
Samanko en 1989, selon deux blocs de Fisher avec des parcelles éICmentaires de 90 
m2. Au sein de chaque parcelle CICmentaire, sont choisis au hasard 4 carrCs de 
rendement de 14,4 m2 (3,60 m x 4), constituant 8 répétitions par traitement. 

Les traitements, au nombre de 18, sont des combinaisons faclorielles de 6 
syst2mes de rotation et de 3 niveaux de fumures. Les relations CvaluCes sont : 
sorgho-sorgho, arachide-sorgho, cotonnier-sorgho. sorgho-cotonnier, sorgho x 
arachide-cotonnier et sorgho x niCbé-cotonnier. Les niveaux de fumure sont : 0, 
fumure minCrale recommandée pour chaque culiure (100 kglha complexe coton (14- 
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Dans ies cas d'autosuccession culturales, les résultats consignés dans le Tableau 2 
montrent que les rendements du sorgho sont significativement rCduits par 
l'association avec une légumineuse. Les trois légumineuses utilisCes ayant le même 
effet sur la production du sorgho associé. L'apport d'urte se traduit pas des 
augmentations de rendement du sorgho atteignant 60% et 40% à Samanko et 
Longorolla respectivement en 1989 contre 30% et 20% pour ces deux localités en 
1990. 

Quant aux deux lCgumineuses,leur comportement est le même pendant les deux 
années : baisse significative du rendement et du poids de matière sèche totale en 
piCsence du sorgho, absence de rkponse à l'engrais azotC, aussi bien en culture pure 
qu'en culture associCe ; seul le sorgho bCnCficie donc de l'engrais en culture associCe 
(Tableau 3). 

Les L.E.R. des cultures associées, étudiés chaque année et pris globalement sur les 
deux annCes, permettent de comparer I'Cvolution des productions dans des systèmes 
purs et associés. Les L.E.R. sur deux années sont calculés après avoir effectué la 
somme des rendements des deux annCes sur une même parcelle. Les résultats 
présentés au Tableau 4 montrent que la comparaison des systèmes culturaux sur 
deux anntes avantage les cultures associCes. 

Tableau 2. Arrière-effets de différents systèmes se succédant à eux-mêmes sur 
la même parcelle : rendements du sorgho en annCe 2. 

Rendements en 1990 Rendements en 1990 

systèmes SAMANKO (kgha) LONGOROLA (kg/ha) 

ON* &ON* MOY. ON 80N MOY. 

Sorgho 

Sorgho x arachide 

Sorgho x niébé 

Sorgho x soja 

Moyenne 808 b 1048 a 928 793 b 947 a 870 

Effets systkme S S 

Effeu fertilisation S S 

Cv (%) 22.8 20,l 

l x R  k m )  21 1 175 

EïM système (kgha) 75 62 

ETM Fertil. (kgha) 53 44 

Les moyennes suivies d'une même lettre ne diferent pas significativement au seuil de 5 %(test Newman-Keuls). 

ON = sans engrais 

* 80N = avec 80 kg Nha 
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Tableau 3. Amère-effets de différents systèmes se succédant à eux-mêmes sur 
la même parcelle : Rendements des ldgumineuses en ann6e 2. 

Rendement Graines Légumineuses (KGIHA) 

SAMANKO LONGOROLA 

Sysdms  Arachide Niebé Soja Anchide Niebé Soja 

Culture pure 800 a 

Culture associée 364 b 

(avec sorgho) 

Moyenne 582 

Effei fenilisniion NS 

Effei sysikme S 

cv (%) 28.3 

WR (kgha) I 65 

EïM system (kgha) 58 

Les moyennes suivies d'une iiiêrne leiire ne different pas significaiivemeni au seuil de 5 Sh ( icsi de Newman-Kcllls ). 

Tableau 4. . E v o l u t i o n  des L.E.R.* dans les cullures associ6es sorgho / 
légumineuse. 

Sites Associaiions 1989 1990 'roial 

Sorgho x Anchide 1.15 1.01 1.10 

SAMANKO Sorgho x NieM 1.17 1.39 1.24 

Sorgho x Soja 1.33 1.17 1,23 

Sorgho x Anchide 1 .O1 1.10 1.06 

UINGOROLA Sorgho x NieM 1-19 - 

Sorgho x Soja 1.17 1.17 1.18 

Rappel : * L.ER = Rdt espèce a associée + Rdt espke b associbe 
Rdi espèce a en pur Rdt espèce ben pur 

* L.E.R. d'une culture pure = 1. 



Tableau 5. Production de diverses successions culturales non fertilisées, sur 2 
années. 

Sites 
Successions culturales 

Année 1 Année 2 

Production totale 
sur 2 ans (kg gnineslha) 

A A A = 1.157 

S x A  S x A A = 1.151 

Nb Nb N b = 5 7 0 ;  

Samanko S x Nb S x Nb  N b = 3 5 2 ;  

A S A = 1.200 ; 

Longorola S x A S x A A = 1.639 ; 

N.B. S = sorgho 
A = arachide 
Nb = niébé 
Sj = soja 

La comparaison des rotations Iégumineuse-sorgho et des rotations de cultures 
associées montre que la succession arachide-sorgho, testée à Samanko, est 
globalement plus productive que la rotation des associations culturales (Tableau 5). 
Elle présente en effet une production d'arachide équivalente, et double pratiquement 
la production de sorgho (+ 93%), résultat de l'arrière-effet de l'arachide sur le 
sorgho qui lui succède. mis en évideiice précédemment. Au niveau de tous les autres 
systèmes culturaux. on observe, globalement. sur deux années, que : (i) les rotations 
Iégumineuse/sorgho en culture pure présentent une production de céréale plus 
importante que les successions de cultures associées correspondantes (+ 75% à 
Samanko et de + 15 à + 25% à Longorola), (ii) les successions de cultures associées 
présentent, par contre. une production pour la Iégumineuse plus importante que les 
rotations ICgumincuse-sorgho en culture pure (+ 37% pour l'arachide, + 14% pour le 
niébé, de + 44 à 51% pour Ic soja). 
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Essai B. L'arrière-effet des cultures pures sur le sorgho. tous niveaux de 
fertilisation confondus, se rksumc comme suit : 1876 kglha après arachide, 1434 
kgha après sorgho, et 1418 kgka après cotonnier, avec un coefficient de variatioii 
de 20.6%. un écart-type résiduel de 325 kg/ha et un écart-type moyen de 66 kglha. 
Ainsi, une fois de plus, l'arachide représente le nieilleur précddent du sorgho avec 
un arrikre-effet supérieur de 30% à ceux du sorgho et du cotonnier. 

Les cultures associées de sorgho et ldgumineusc nc présentent pas d'effet résiduel 
sur le sorgho qui leur succkde. De même, le cotonnier, pourtani considéré par 
certains auteurs comme un bon précédent du sorgho (Chantereau et Nicou, 1991, 
Loynet, 1987). ne se différencie pas, ici, du précddent sorgho. 

Aucun effet alldlopathique du sorgho sur lui-même n'cst constat& contrairement 
aux observations de Burgos-Leon et. al., (1977) et Loynet (1987). L'absence d'un tel 
effet pourrait être lide à la prCcocitd des preniikres pluies en 1990 ( début mai, sur 
les deux sites). Ces pluies ont pu lessiver les rdsidus toxiques du sorgho. En effet, 
il faut signaler que 195 mm de pluies sont tombés en 7 jours à Samanko et 270 iiiiii 
en 18 jours à Longorola dans les six semaines ayant précédé le semis du sorgho. 

Tableau 6. Amkre-effets de diffdrents systkmes culturaux sur le cotonnier à 
Samanko. 

Pkckdent culiural Fertilisation 
(année I ) (années I el 2) 

Rendenients 
coton graines 
kgiha (année 2)  

Sorgho x Niébé F2 1.085 a 
Sorgho x Niébé FI 1 .O72 a 
Sorgho x Anchide F? 1 .O37 a 
Sorglio F2 I .ûû7 a 
Sorgho x Anchide FO 998 a 
Sorgho F 1 699 b 
Sorgho x Anchide FI 649 b 
Sorgho FO 632 b 
Sorgho x Nitbé FO 304 c 
Moyenne 832 

CV = 27.3 % 
ETR = 227 kgha 
ETM = 80 kg/lia 

NB.: = sans fumuil: 
FI = fumuie minérale recominandée pour chaque culiuie 
F2 = FI + 5 Tha coiiipost 

Quant aux arrikre-effets de diffdrents systknies culturaux sur le cotonnier, 
l'association sorgho-arachide est meilleur prdcédent que le sorgho (+ 68% de 
rendement en coton graines), qui se montre supérieur au précddent "association 
sorgho-nidbC". en l'absence d'engrais (Tableau 6). Par conire, en présence de fumure 
mindrale. l'association sorgho-nidbé devient le meilleur prdcédent (+ 53% de 
rendenient en coton graines, par rapport au précédent sorgho) les deux autres 
systkmes étant pratiquement kquivalents (Tableau 6). En présence de fumure 
organo-mindrale, une fois de plus on ne peut dissocier les effets "prkckdents 
culturaux", d'où l'importance de la fumure dans les effets des prdcédents culturaux 
(Tableau 6). 
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Les moyennes suivies d'une même leitre ne diffèrent pas significativeinent au seuil 
de 5 % ( test de Newman-Keüls ). 

Conclusion 

Si l'on coinpare tine succession de cultures associées à une rotation dc cultures 
pures de Iégumineuse, puis de sorgho, la Iéguniineuse cultivée en pur a un effet 
résiduel important sur Ic sorgho qui lui succédc. Une telle rotation présente, sur 
dcux anntcs, unc production de cCrCalc largement supérieure h la rotation des 
cultures associCcs (+ 75 à 93% à Samanko). La succcssion des culturcs associCes 
reste cependant plus avantageuse pour la production de légumineuse. en particulier 
dans le cas du soja. 
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Abstract 

Field experirncnts were conducted i n  1989 and 90 to assess how planting on 
ridges, mounds or on thc flat influence the rcsponsc of maize + sorghum intercrop 
to applied fertilizer and wced infcstation. Sorghum grain yicld was similar whether 
planted on ridges, mounds or on the Ilat. But maize planted on mounds and ridgcs 
in 1989 gave 80 and 77% higher grain yicld, respectively. than flat planting. 
Fertilizer application illcreased maize and sorghum grain yields by 434 and 6570 in 
1989 and 131 and 9470 i n  1990, respectively. A single hand wecding was as 
effcctive as two hand weedings in controlling wceds at a11 thrcc sampling datcs for 
all land preparation methods. Ridging reduccd wced population compared to 
mounds when sampled at 5 and 8 WAP; planting on mounds resultcd in lower weed 
pressure than on the llat but only at 2 WAP in 1989. In 1990, weed infestation was 
highest on the flat at all sampling dates. No significant interactions were detccted 
amongst all three factors for thc variablcs measured. 

Introduction 

Maize is almost always grown under rainfed condition and increasingly on 
marginal lands in  Ghana (Edmeades, 1985). The crop often suffers significant yield 
losses due to unpredictable periods of drought throughout the season, especially in  
northern Ghana where thcre is a uni~nodal distribution of rainftill (Boateng, 1959). 
As a result, maize is scarcely grown as a sole crop, but with othcr crops such as 
sorghum, groundnut and millet in an attempt to avert risks. Soils in northern Ghana 
are also variable in depth, fertility and water-holding capacity. Some of thc soils are 
characterized by iron pan or iron stone boulders and laterites, thus making them 
very marginal for cereal production (FAO, 197 I; Adu, 1981). 

Sorghum is an important crop to the fanner in  northern Ghana, since i t  serves as an 
insurance crop in case of failure of the maize crop (NAES, 1988). The local late- 
maturing sorghum varieties are also not very competitive to maize sincc they start 
booting by thc time thc maize has flowered. 

Planting crops on ridges or mounds is generally advantageous in  situations of hard 
pans or high water tables by providing large soil volume conducive to root growth 
and development. Obscrvations in  parts of northern Ghana have indicated that 
farmers adopt planting on ridges and mounds for soils with long cropping histories 
and high weed pressures. Farnlers also contend that ridging or mound reduces weed 
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pressures and gives better crop yield. Studies conductcd on soils of different depths 
have indicated no advantage of planting maize on ridges on deep soils (GGDP, 
1982). Maize grain yield was, howcver. increascd by ridging on shallow soils. The 
present study was, therefore, designed to assess how planting on ridges, mounds or 
flat inlluence the rcsponse of ~naizc + sorghum intercrop to applied fertilizer and 
weed infestation. 

Materials and Methods 

Field experiments were conducted at Wa in 1989 and Babile in 1990 both in the 
Upper West Region of Ghana on Vercmpcre (Plinthaquox) and Babile 
(Plintliaqualf) soil series, respcctivcly, as part or the on-farm research programme of 
the Ghana Grains Development Project. The soil characteristics of the experilnental 
sites arc indicated in Table 1 .  

A randomized complete block design, 3 x 2 ~ 2  factorial with two splits and three 
replications was used. Land preparation method was on the main plot, weed control 
on thc sub-plot and fertilizer on the sub-sub-plot. A 120-day white dent maizc 
varicty, Okomasa, was used and planted at 90 x 40 cm in plots 6 m long. Local, full 
scason sorghum variety was planted bctween maize rows. Ridges were made by 
bullocks and mounds by hocs. Maizc and sorghum wcre planted silnultaneously on 
ridges, mounds or on the llat and hand weeded once at 4 weeks after planting 
(WAP) or twicc at 3 and 6 WAP. Starter fertilizer was applied to maize on the 
rcquircd plots 10 days aftcr planting (DAP) at 50:50:0 kg N, P205 and K20ha and 
side drcssed with sulphate of ammonia at 50 kg N h a  6 WAP. 

Table 1. Some physico-chemical properties of soils at the cxperimental sites in 
northern Ghana. 

1989 = Wa 1980 = Babile 

Soil properties 0 - 15 c l i l  IS - 3 0  crn 

Sand (%, wlw)  

Silt (%. wlw)  

Clay (%, wlw)  

PH (H,O) 

C (8. WIW)  

N (%, wlw)  

P Wpm) 

K ( P P ~ )  

The response variables measured included weed counts at 2 . 5  and 8 WAP, maize 
and sorghum densitics and grain yicld. Data was takcn on bordered plants within 
each plot. Maize grain yield was calculated at 15% moisture using the grain 
moisture determined at harvest with a portable moisture meter for the adjustment 
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and assuming 80% shelling. Sorghum yield was recorded as sun-dried grain. Data 
was chacked for homogeneity of variance and weed count scores transformed prior 
to analysis by MSTAT software. Significant treatment effects were determined 
using single degree of freedom contrasts or the F-test. 

Results and Discussion 

a) Grain Yield. Planting sorghum on mounds, ridges or flat gave similar grain 
yield in  both years, except for the lower, values on mounds in  1990 (Table 2). 
However, maize planted on mounds or ridges gave 80 and 77% higher grain yield, 
respectively, than flat planting in 1989. In 1990, maize grain yield was similar for 
mounds, ridges or the flat. A rough estimate indicated that the experimental site 
(Babile) in 1990 had deeper soil than the 1989 site (Wa). In a previous study, it had 
been demonstrated that maize grain yield was signilicantly increased by ridging on 
shallow soils but not on deep soils (GGDP, 1982). Fertilizer application increased 
maize and sorghum yields by 434 and 65% in  1989 and 13 1 and 94% in 1990, 
respectively (Table 2). The level of K in the soils on which the experiments were 
conducted was higher than average (Table I). The P and organic matter content 
were very low and this might explain the good response of the crops to applied 
fertilizer. 

Table 2. Effect of land preparation, fertilizer application and weed control on 
grain yield (kglha) of maize +sorghum intercrop in northern Ghana. 

Wa (1989) 
Maize Sorgl,um 

Babile (1980) 
Maize Sorghum 

U n d  Preparation 
Mounds 1866 1213 
Flat 1035 1540 
Ridges 1838 1360 
S.E (+) 256.9 132.1 

FemmIter Applicalwn 
No fertilizer 498 1034 
Fertilizer 2662 1709 
S.E (i) 209.7 107.9 

Weeding 
I Weeding 
2 Weedings 
S.E (f) 

C.V. (56) 56.3 33.4 29.6 19.3 

Co~uuir 
Mounds vs F l a ~  
Ridges vs Flat 
1 vs 2 weedings 

Fen vs No fen a 8 

Note 
* = Significant at 5% 
NS = Not Significant 



Thc grcatcr sorghum yield undcr no fcrtilizer in 1989 compared to lnaize depicts 
sorghunl as a hardicr crop than maize (Purscglove, 1983). This is also cvidence in 
support of farmcrs' practice of using sorghum as an insurancc crop when faccd with 
rertilizcr procurcmcnt problems. Sorghum yicld was gcncrally vcry low in  1990, 
probably due to a high incidcncc of barrcnness that was observcd during harvest. 

Research conductcd clscwhere in northern Ghana has shown maize to be highly 
responsivc to nitrogen fertilizer evcn whcn grown after legumes; tall local sorghum 
was much less responsive to nitrogen fertilizcr (NAES. 1986). The higher 
pcrccntage incremcnt in maizc grain yield relative to sorghum when fertilizer was 
applicd may be attributed to thc higher multiplicative ratio and grcater nutricnt use 
crficicncy of lnaize compared to other cereals (Dobley and Stccle, 1979). Ofori 
(1971) reported that nitrogen fertilizer is beneficial in increasing sorghum yield. 
although this response can be hidden by high incidence of barrenncss in  some 
varieties (Mercer-Quarshie, 1970). 

Thcre werc no significant treatment effects on plant populations at harvest in 1989 
and as such the differences observed in grain yield cannot bc attributed to plant 
dcnsity effects (Tablc 3). In 1990, howevcr. sorghum plant population at harvest 
was 130 and 120% highcr, respectively, for flat and ridge plantings compared to 
mounds. This low plant populatioli on mounds was duc to termite and ant attacks. 

Table 3. Effect of land preparation, fertilizer application and weed control on plant 
population (plantslrn2) at liarvest i n  maize + sorghum intercrop in northern Ghana. 

Wa (1989) Babile (1990) 

Trmtmcnls Maize Sorghum Maize Sorghum 

h r r d  Preparaliorr 
hlounds 
Flat 
Ridges 
S.E ( f )  

Feni1i:er Applicalion 
No fenilizcr 
Fenilizcr 
S.E ( f)  

lVeedirlg 
I .  Weeding 
2. Weedings 
S.E (t) 

Corrlrasls 
Mounds vs lqat 
Ridges v h  Flat 
I vs 2 wcedings 
Fcn vs No l'cn 

Note 
* = Signilicant a1 5% 
NS = Not Signilicant 
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Weed Control. Ridging reduced wecd population compared to mounding at 5 and 
8 WAP while planting on mounds resulted in lower weed pressure relative to flat 
planting only at 2 WAP in 1989. In 1990. weed pressure was significantly higher 
on the flat than for either mounds or ridges at all sampling dates (Table 4). The 
observation that ridging resulted in lower wecd pressure relative to mounds in 1989 
is not readily explicable on the basis of available data. since mounds may be 
considered as discontinuous ridges. A single hand weeding 4 WAP was equally 
effective as two hand weedings 3 and 6 WAP in controlling weeds. Similar results 
of single hand weeding being equally cfl'ective in controlling weeds in sole maize 
has earlier been reported in Ghana (GGDP 1985 and 1987). The effectiveness of a 
single versus two hand wecdings is, however, a factor or the initial weed pressure 
and cropping history. The application of fertilizer did not affect the level of weed 
infestation at any or the sampling times. There were also no significant interactions 
among treatment l'actors for Lhe response variables measured in this study. 

Table 4. Effect of land preparation, fertilizer application and weed control on 
weed pressure (neIm2) in maize + sorghum inlercrop in northern Ghana. 

Wa (1989) Dnbilr (1990) 

Treatment 2WAP SWAP 8WAP 2WAP SWAP SWAP 

larrd rep am ti or^ 
Mounds 9.72 11.15 
Flat 12.93 1 1.67 
Ridges 7.57 8.74 
S.E (f) 0.75 0.80 

Fcrlilker Applicario,r 
No knilizer 9.97 10.50 
Rnilizer 10.18 10.54 
S.E (?) 0.61 0.65 

Weedirrg 
l Weeding 10.63 10.78 
2 Weedings 9.52 10.26 
S.E (2) 0.61 0.65 

C.V. C%) 25.6 26.2 
- 

Commsts 
Mound? vs Flat NS NS 1 1 1 

Ridges vs Flat I I 1 I 

I vs 2 weedings NS NS NS NS NS NS 
Fen vs No fen NS NS NS NS NS NS 

Note 
1 = Significant at 5% 
NS = Not Significant 
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Abstract 

Productivity of maize-sorghum mixture was examined at two crop densities and 
four arrangement patterns of the components in the Northern Guinea savanna agro- 
ecological zone of Nigeria from 1986 to 88. The study aimed at determining the 
appropriate component crop density and arrangement for optimum yields of 
sorghum cv. KSV8 and maize cv. TZESRW. 

The crop density x arrangement interaction effect on all parameters measured was 
not significant. Establishment of the mixture components at full sole crop density 
generally increased sorghum grain and stover yields but decreased maize cob 
weight per plant and sorghum panicle weight per plant as compared to growing the 
components at half sole density. Although maize stover yield was also increased by 
full sole crop density, the grain yield was not significantly affected. Sorghum 
appeared to be more competititve in the mixture than maize and seemed to have 
benefited more from the association, particularly when it  was arranged in  closer 
proximity to maize. Cultivating the components in  alternate single rows across 
ridges appeared most promising, but alternate double ridge arrangement tended to 
reduce yield advantage as compared to alternate single ridge and alternate stands 
along and across ridges. 

Introduction 

Sorghum (Sorgltum bicolor (L.) Moench) is the most important cereal staple food 
crop in  the Nigerian savanna with most of the production coming from fields of 
small-scale farmers. Because the local sorghums are photoperiod sensitive, they are 
sown at the onset of rains, mature the grains on residual soil moisture and harvested 
towards the end of the season. Mixed cropping is widespread, since pronounced 
complexity arises from the multiple objectives of crop enterprises which are to 
produce food and cash (Elemo et al., 1988). In the Northern Guinea savanna, 
sorghum-millet mixture used to be the most predominant (Norman, 1968 and 1974) 
but i n  recent times, maize (Zea mnys (L.) has been gaining popularity as a 
component of mixture with sorghum. Availability of fertilizer technology and 
adaptable varieties, among other factors, have pushed maize production further into 
where the cultivation has hitherto been restricted. Crop combinations with maize 
have been found to yield better than the standard millet-sorghum mixture (Anon, 
1974). 



However, literature is scanty on maize-sorghum mixture. Lere (1985) found crop 
proportion of 2: 1 (67:33) maize to sorghum as producing better grain yield than I: l 
(50.50), irrespective of row arrangement. Chohe (1987) reported increased grain 
yield of maize but decreased sorghum yields as the maize proportion in the mixture 
increased. Crop proportion 67:33 with maize cultivar TZESRW as conlponent was 
found to give the highest yield advantage irrespective of row arrangement. 

For intercropping to give yield advantage, the total plant density optimum may be 
higher than for either sole crop (Willey, 1979). since individual plants could be at 
less stress than i n  sole crop (Andrew, 1972). Ridge cultivation is a common 
practice in the Northern Guinca savanna agro-ecological zone of Nigeria and the 
possible crop arrangements have not been extensively studied. This work was, 
therefore, initiated to determine the inlluence of coniponent crop density and 
arrangement on the productivity of niaizc-sorghum mixture. 

Materials and Methods 

A field experiment was executed during the wet seasons of 1986 to 1988 at the 
research lhrm of'the Institute for Agricultural Research, Samaru !I I V 1 '  N, 07" 38' 
E. 686 m) located in the Northern Guinea savanna agro-ecological zone of Nigeria. 
The trial site was characterized by a leached sandy loam soil (16% clay, 50% silt 
and 36% sand) derived from crystalline basement complex. The soil, on the 
averagc, tested pH 5.3 (in I: l soil-water suspension) 0.40% organic carbon, 0.06% 
N, C.E.C. of 3.60 mcqtl OOg, K of 0.20 nieqtlO0 and available P of 16.2 ppm. 

Sorghum (medium maturing and whitc seeded variety KSV8) and niaize (early 
maturing, white seeded and slreak resistant variety TZESRW) were established as 
solc crops and mixtures on the sanie date (25 June 1986, 16 June 1987 and 3 June 
1988) on ridges spaced 75 crn apart. Stand spacing within the ridges was 25 cm. At 
two weeks aftcr planting, the crop plants were thinned to one per stand in sole crop, 
thus giving plant density of 53,333 plantstha. For the component crop density 
treatments, each was maintained at an equivalent of 26,667 plantstha for the half 
sole crop treatment and 53,333 plantstha for the full sole crop treatment. The crop 
arrangenient treatments, alternate double ridges of components. alternate stands 
along and across ridges and alternate single rows across ridges. The factorial 
experiment was laid out in a randomized colnplete block design with four replicates. 
Each plot had 6 ridges (4.5 m wide) and was 7 m long, i.e. 3 1.5 m2 in  area. Grain 
yield from each plot was deterniined from the four inner ridges using the whole 
length of the plot (21 rn2). 

In the sole crops, fertilizer was applied based on the standard application regime -- 
i.e. 64 kg N + 32 kg P,O, + 30 kg K20/ha for sorghum and 120 kg N + 60 kg P20s + 
60 kg K20lha for maize. In the mixture, application was based on a rate suggested 
by Fisher (1984) which was clcrived from results of multi-location fertilizer trials -- 
i.e. 90 kg N + 45 kg P,05 - - l i  kg K,O/ha for the Northern Guinea savanna. The 
sources of N. P and K were cal~ium ammonium nitrate, single superphosphate and 
niuriate of potash, rcspcctively. Half of the N was applied basally while the 
remainder was applied at 4,6 and 8 weeks after sowing for maize, mixture and 
sorghum, respectively. 



Premergence application of Gardoprim-A at the rate of 5 litrcsha was sprayed 
immediately after planting. Supplementary hoe-weeding and remoulding of the 
ridges were carried out twice at 5 and 10 weeks after planting. 

Results 

a) Crop mixture. Component crop density showed no effect on maize grain yield 
(Table 1). Only in 1987 did crop arrangement in alternate stand along and across 
ridges and the alternate single rows across ridges produce significantly higher grain 
yield than the alternate single and doublc ridges. While no treatment effect was 
significant for cob weight per plant and 100-grain weight in 1986, significantly 
higher values were obtained at half sole crop density than at full density in both 
1987 and 88. Alternating the components i n  single ridges significantly reduced the 
cob weight in 1987 while no difference was observed in 1988. Influence of crop 
arrangement on 100-grain weight was not consistent. For stover yield, full sole crop 
density produced higher than the half in the three years (Table I). However, crop 
arrangement effect was not significant. None of thcse parameters showed 
significant interaction effect between component crop dcnsity and arrangement. The 
treatment effects on maize shelling percentage, plant and ear heights and days to 
50% silk were not significant. 

Table 1. Maize (cv. TZESRW) grain yield, cob weight per plant, stover yield 
and 100-grain weight as influenced by component crop density and crop 
arrangement in mixture with sorghum (cv. KSV8) at Samaru, Nigeria. 

Mail2 pn in  (kdhs) Msirccoh @plant) Mairc nuvcr (kdhd) M a i x  Ill)-grain w l  (g) 

Tu lmcn l  

1986 19x7 IYRX IYX6 1987 IYXX 1986 19x7 1988 19x6 1987 l9UH 

Campanen1 crop drnrlq 

Hal l  w lc  ~nbp  Xnll 1441 I188 82 !Ma 9Za 2YWh 3X29h 222Xh 16.8 Z(l.3a 18.7s 

Full sole crop X!XI 1.157 1101 fi6 7Ilh 65h XlXXa 5U6a NIR7a 5 5  IR.4h 16.Yh 

SE f 63.7 106.9 72.0 5.') 3.1) 6.8 IY55.9 2017.5 172.9 11.51 0.37 0.23 

LSD (5%) ns ns ns ns 8.0 20.1 587.9 6111.4 508.5 ns I.lW 11.68 

Crop armnermrnr 

AlamaW s ing lcr idp 952 1150h 1172 76 71L 89 3 'M  4477 2689 I .  IX.(L: 17.9a 

AIIL'mbdnuhlcridges IIWK 11179h 1313 XI 77a 82 4258 4184 2494 16.5 I8.Xh 17.6a 

Alarnatc smds slenp 

and xms r i dps  876 I W a  IIIXI 110 XXd 74 4174 5141 28117 15.3 21l.Iah 17.0h 

Alarnda single nbws 

x n ~ s s  ridges 705 I7IWla 1023 59 93s 73 . 4470 2f41 16.3 20.5s IX.5a 

SE f L)Il.I 151.2 IOI.8 8.4 5.5 9.6 282.6 293.5 244.5 0.72 0.52 0.33 

LSD (5%) ns 444.7 ns ns 16.3 ns ns ns s ns 1.54 0.M 

Mixing lu'hniqu: 

x cmp arrdngcrncnl ns ns ns ns ns ns ns ns ns ns ns ns 

ns = not significant 



For sorghum, the full sole crop produced significantly higher grain yield than the 
half solc crop in  both 1986 and 88 (Table 2). In 1987. however. the reverse was the 
case, possibly because of stem borer damage. Alternate double ridgcs resulted into 
signilicantly lower solghuni yields than the alternate single rows across ridges in  
both 1987 and 88. In 1986, rhc crop arrangemcnt effect was not significant. 
Similarly for the three years, the crop arrangement effect was not significant for the 
sorghum panicle weight per plant and stover yicld (Tablc 2). Although significantly 
heavicr panicles were produced at half solc crop density, the stover yields were 
significantly lower. Component crop density effect was not significant for the 
sorghum grain size, but the crop arrangement effcct was significant only i n  1987 
when alternating component stands along and across ridges gave higher values lhan 
in alternate single or double ridgcs. Again, no interaction effect was significant for 
the parameters measured. Similarly, treatment effects on plant height, panicle 
length, thrcshing percentage and days to 50% bloom were not significant. 

Table 3 presents the land equivalent ratio values for the components and their 
combinations. The trcatment effccts were not significant For maize, except in 1987 
when alternating the components in single or double ridges produced significantly 
lower yicld advantage. 

Table 2. Sorghum (cv. KSV8) grain yicld, panicle weight per plant, stover yield 
and 1000-grain weight as influenced by component crop dcnsity and crop 
arrangement in  mixture with maize (cv. TZESRW) at San~aru, Nigeria. 

Sorghum panicle 
S(xghun1 grain ikuha) (uplanl) Sorghum slevcr(kg/hil) S~rghum I l l l L g r ~ i n  WI (g) 

Twalrnunt 

19x6 19x7 19x8 19x6 1987 l9UX lYU6 1987 198X 1986 IY87 I'JUX 

Hal l  solc cmp 1194h 15Xk 1165h IlUa XXa 61 5466h 5442h 579lh 35.0 3X.O 26.6 

Full a,lc cmp l 4 l l a  1370h 157Xd 7Yh 7Oh 56 XY7L 930?n Il!-i')od 34.5 35.5 27.4 

SE f 70.3 64.5 51.1 4.11 4.2 3.1 473.11 115.1 519.7 0.Yh 11.96 0.72 

LSD (5%) 2lYI.Y 2hN.3 150.2 11.7 12.4 ns I.lY2.5 926.5 1587.5 ns nr ns 

Crup ammgement 

Al lc rn~ lcs inp lcr id~cs 1255 lJh3ah 14251 N7 77 h5 6XOW 7636 7935 36.4 .U.Nhc 26.1 

Allcrnalcdouhlzridgcs l lZX I24Uh l l lXh Xh 711 51 blYX 6976 9475 15.7 34.lt 27.8 

Allernale slands along 

and E~OSS ridges I497 IJXUnh I 4 7 a  1111 76 57 7593 76.4') 7225 32.5 3'1.h 26.8 

Allcrnalc singlc rows 

acros5 ridges 1.l31 17iIXa I-lhha 93 94 63 X2Xl 7 4 H  76x2 .U.6 3X.4ah 27.2 

SE f Yj.5 91.2 72.2 5.6 h.ll 4.4 M>Y.lI 445.6 763.2 I .  3 1.83 

LSD (5% ) ns 268.3 212.5 ns ns ns ns ns ns nr 4.111 ns 

Mixing I ~ ~ h n i q u c  

x cnlp arrJngcmznl ns ns ns ns ns ns ns ns ns ns ns ns 

ns = not signif icant 



Table 3. Maize (cv. TZESRW) and sorghum (cv. KSVS) land equivalent ratio (LER) and 
their combined effect at Samaru, Nigeria. 

M a i u  LER Sorghum LER C(~mhinr.d LER 

Trcalmcnl 

I986 I987 1988 1986 I987 IYXX I986 1987 I988 

Comp~nenr rrop densir). 

Hall'sole crop 0.43 0.33 0.33 0.88 O.XXa 0.7Oh 1.31 I.2la 1.03h 

Full xrle crop 0.42 0.31 11.31 l.lM ll.76h ll.!lSa 1.46 1.07h 1.261 

SE t 0.031 0.022 0.0?11 0.055 0.015 0.1131 0.072 0.W4 0.033 

LSD (51') 11s ns ns ns 0.102 O.IH2 ns 1l.12Y 0.05)X 

Cmp armngernenr 

Allcmav single ridges 0.45 0.27h 0.33 11.92 O.Xln 11.86~1 1.37 I.OXhc 1.18 

Alwrnalc douhlc ridges 11.48 II.2Sh 0.37 11.83 0.7Ilh II.69h 1.31 II.l)k 1.M 

Allernilk slands along 

and acnm ridpcs 11.32 0.3Xa 0.31 1.1 1 0.83a 0.871 1.53 1.21ah 1.17 

Allernale binglc rows 

;~.ros\ r i dgu  0.41 0.3Xa 0.2Y 1.IYI 0.84a O.XXJ 1.33 1.33a 1.17 

SE f O.IU4 0.1I31a 0.028 0.1178 ll.lU9 Il.lU4 l . I l 2  2 0.047 

LSD 15%) ns lllFl2 nr ns ll.lU ll.131 ns II.183 ns 

Inlrmclf~~n 

Mixing kchniqu: 

x cmp arrangemcnl ns ns ns ns ns ns ns ns ns 

ns = not significant 

Generally, mixture maize produced yield that was less than 50% of the sole crop 
while niixture sorghum produced gain yields that was at least 70% of the sole crop. 
For sorghum and the combined land equivalent ratio, the treatment effects were not 
significant in  1986. Yield advantage tended to be higher in a full sole crop in both 
1986 and 88 while the reverse was true for 1987 when yield advantage was 
generally lower as components were alternated i n  single or double ridges. No 
interaction effect was significant for the land equivalent ratio of a component or the 
com bined. 

b) Crop Mixture Relative to Sole Crop. Table 4 shows the maize and sorghum 
grain yield of the mixture relative to their respective sole crop and the combined 
land equivalent ratio. Maize in sole crop consistently outyielded maize in mixture 
while sorghum i n  sole crop did not significantly outyield all those i n  mixture. 
Mixture treatments of alternate stands along and across ridges and alternate single 
rows across ridges established at full sole crop density produced grain yields that 
were most consistently comparable to sole crop sorghum. This trend was reflected 
in the combined land equivalent ratio. 

The mixture treatment of alternate stands along and across ridges established at 
full sole crop density gave yield advantages of 59, 2 1 and 25% in 1986, 87 and 88, 
respectively. Similarly, the alternate single rows across ridges established at full 
sole crop density gave yield advantages of 41, 19 and 33% i n  1986, 87 and 88, 
respectively. 



Table 4. Grain yield of maize (cv. TZESRW) and sorghum (CV KSV8) in  sole 
and mixed crop at different component density and crop arrangement and the 
conibined land equivalent ratio at Samaru, Nigeria. 

- - 

M a ~ r r  grain (kgiha)' Sllrghum grain (kghn). Land cqu~vllcnl ralio* 
k)r mnix md sorghum cornhim4 

Twalrncnl 

C~ R l  894bc 1262bcd 1281b 1120ab 1548abc 1274cd 1.26 1.14bc 1.12bc 

C2 R l  IOlObc 1038cd 1062b 1390ab 1378c 1576abc 1.49 I .Olbc 1.24ab 

CI  R2 1092b 1288bcd 1327b 995b 1289c 869e 1.26 1.02bc 0.90d 

C? R2 
921bc 871d 1280b 1262ab 120bc 1428bc 1.27 0 . 8 8 ~  1.23ab 

CI  R3 
966bc IS06bcd 10Mb 1359ab ISSSabc 134lcd 1.46 1.22ab I . l O b c  

C2 R3 
787bc 1822b 1Wb 1635a 1121bc 1554abc 1.59 1.21ab 1.25ab 

Cl RJ 
568c 1702k 1081b 1304ab 19430 1178d 1.25 1.36.1 1.01cd 

C2 R, 
841 b 1697bc 964b 1359ab 1474bc 17.540 1.41 1.19bc 1.33a 

Sole M3ize 2130 a 4104 a 3602 a - 1.00 1.00 bc 1.00 c 

I450ab 1805 ab 1668 ab 1.00 1.00 bc 1.00 c 
Sole Sorghum 

135.0 215.0 147.7 121 9 153.8 96.5 0.135 0.078 0.059 
SE f 

C I = Co~nponen~s a1 half sole crop density; R I = allernale single ridges; K 3  = alternate stands along and 
across ridges. 

C2 =Components at full sole crop density: R2 =alternate double ridges; R4 =alternate single 
rows across ridges. 

* In a colunm means followed by sanle lelter are not signiticnlitly different at 5% level of probability. 

In both 1986 and 88, maize cob weight per plant in sole crop was statistically at 
par with weights obtained in some of the niixrures (Table 5). The same was true for 
stover yield in  1987 and 100-grain weight of maize which showed this trend 
consistently from 1986 through 88. 

Table 6 shows the panicle weight per plant, stovcr yield and 1000-grain weight of 
sorghum in ~nixture relative to the sole crop. In both 1986 and 87, some niixture of 
sorghum produced heavier panicle weight per plant than in sole crop. In both 1986 
and 88, there was no signilicant difference i n  1000-grain weight between sorghum 
in  mixture and sole. Howcver, in 1987 some mixubte treatmcnts gavc hcavier 100- 
grain weight than in sole crop. 

Discussion 

The lack of interaction effect of component crop density and arrangement 
observed i n  this study suggests that these treatlnent components are independent of 
each other. 

Generally, the grain and stover yields of components in the mixture tended to be 
higher at ful l  sole crop density than at half density. The need for higher plant 
density in mixture than for the sole crop equivalent has been stresscd by Willey and 
Osiru (1 972). 



Tablc 5. Cob weight per plant, stover yield and 100 - grain weight of maize (cv. TZSRW) in sole crop 
and mixture with sorghum (cv. KSV8) at different components and crop arrangement at Samaru, Nigeria. 

C2 R2 67.4 bc 57.8 c 78.4 bc 5358 b 4914bcd 3068 bcd 15.4bc 16.8 d 16.4e 

CI  R3 83.2 abc 97.2 b 93.5 a 2890 c 4399 bcd 2348 bc 16.8 abc 20.9 ab 17.6 cde 

C2 R3 75.9 abc 79.5 bc 54.1 c 5458 b 5882 ab 3267 bc 1 3 . 8 ~  19.2 abcd 16.5e 

CI R.4 70.0bc 104.4 b 91.2abc 2841 c 3559d 1967 cd 17.3ab 21.4a 19.7nb 

C2 R, 47.3 c 81.7 bc 54.1 c 4557 b 5382 bc 3315 b 15.3 bc 19.7 abc 17.2 de 

Sole Maize I 1  1.9 a 146.9 a 133.5 a 6921 a 706? a 5530a 18.8 a 21.6a 20.5 a 

C l  = components at half sole crop density; R l  = alternate single ridges; R3 = alternate stands 

along and across ridges. 
C2 = coniponents at full sole crop density; R2 = alternate double ridges; R4 = alternate single 

rows across ridges. 

* In a colulnn means followed by same letter are not significantly different at 5% level of probability. 

Table 6. Panicle weight p r   plan^, stover yield and 1000-grain weight or sorghum (cv. KSV8) in sole crop and 
mixture with maize (cv.IZESRW) at different component density and crop arrangement at Saniaru. Nigeria. 

Sorghum p i c l u  (flplplanl)* Sor~hurn stover (kghdl* Sorghum I(XXl.$rdin wl (p) 

Trcauncnl 

CI R2 97 ab 83 nb 44 b 5540cd 5034 b 5256d 35.9 36.1 ab 26.5 

C2 R2 75 b 57 b 57 ab 6855 bcd 8918 a 13695 a 35.5 31.9 c 29.2 

C~ R3 106a 83nb 61ab 6085cd 6014b 5380cd 31.1 39.0nb 27.9 

C2 R3 94 a 69 b 53 ab 9101 ab 9284 a 8869 bcd 33.9 40.5 n 25.7 

CI R.4 108a 107a 65ab 5630cd 6203 b 5789cd 35.8 4 1 . 5 ~  26.1 

C2 R4 77 b 80 b 60ab 10932 a 8609 a 9577 bc 33.3 35.3 abc 28.4 

Sole Sorghum 93 b 60b 68a 7800bc 89108 12302 ab 28.4 34.2 bc 26.2 

SE f 7.9 7.9 6.6 780.3 656.6 1218.1 1.94 1.85 1.39 

C l  = component5 at half sole crop density: R, =alternate single ridges; R3 = alternate stands along 

and across ridges. 
C2 =components at full sole crop density; R2 =alternate double ridges: R, = alternate single rows 

across ridges. 
* In a column means followed by the same letter are not significantly different at 5% level of 

propability. 



This is partly because mixtures require higher population pressure to produce 
maximum yields. Nevertheless, in this study maize did not respond dramatically to 
increase in plant density. This could be attributed to the fertilizer regime applied. 
While the rate of 90 kg N + 45 kg '205 + 45 kg K,O/ha has been suggested for the 
mixture by Fisher (1984). higher levels of N are considered necessary to satisfy crop 
requirement at high population levels. This is particularly so as the sole crop 
requirement of maize is 120 kg N + 60 kg P,O, + 60 kg K,O/ha. Perhaps, Fisher's 
suggestion could be appropriate for situations where maize crop density in mixture 
is less than in  sole crop. Competition among maize plants which starts in Lhe early 
vegetative phase could be postponed by nitrogen application supplied in sufficient 
quantity (Eddowes, 1969). The need for this higher N dosage was corroborated by 
the lower yields of maize in mixture than i n  sole crop. Obviously, maize 
contribution to yield advantage could be improved by increased N rate. 

Unlike maize, sorghum mixture yields ourstripped o hose in the sole crop, 
suggesting more access to N than in sole crop where only 60 kg N/ha was applied. 
The sorghum variety malured in about 135 days while the maize matured in only 90 
days. Higher sorghum yields in treatments like alternate single rows across ridges 
than in  alternate double ridges was likely due to the availability to sorghum of 
fertilizer applied to maize as thc sorghum remained on the field much longer than 
maize. Therefore, sorghum appeared to be more competitive than maize in this 
mixture as significantly higher grain yiclds were obtained in the mixture than in sole 
crop. This explains why it is the sorghum component that contributed more to the 
Lotal yield advantage obtained. 

In a similar study where only half of the full sole crop density (replacement series) 
was used to establish the mixture, Haizel and Twumasi-Afriyie (1977) observed no 
yield advantage in maize-sorghum mixture. This could be attributed to the fact that 
the sorghum and maize varieties used matured at about the same time. For yield 
advantage in  crop mixture to be easily obtainable, the need for a wide overlap in 
crop maturity of the colnponents has been stressed (Baker and Yusuf, 1976; Willey, 
1979). 
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Central Africa. 

A.M. EMECHEBE, S.T.O. LAGOKE and J.K. ADU. 

Institute for Agricultural Research, Saniarii. Ahnladu Bello University, Zaria, 
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Introduction 

About 23 out of about 30 species of Striga and related species constitute 
immediate orland imminent threat to food grain production i n  West and Central 
Africa (Lagoke, 1989). It has been estimated that about two-thirds of the 73 million 
hectares of land devoted to cereals i n  sub-Saharan Africa are in  ecological zones 
where their production may be seriously reduced by parasitic flowering plants 
(FAO. 1989). Striga spp. are widely distributed root parasites that derive their 
mineral nutrients, water and carbohydrates from their multitude of host plants, 
including sucli major staple crops as maize, sorghum, pearl millet, finger millet, 
hungry rice, rice, cowpea, sugar cane and other industrial crops. Because of their 
soil-borne nature, their highly specialized parasitic relationships with their hosts and 
their wide genetic variability, Striga spp. constitute very serious but peculiar 
constraints to crop production, both in terms of the yield losses tlicy cause and the 
difficulties encountered in their control. 

An estimated 7 billion US dollars worth of food is reportedly lost annually in  sub- 
Saharan Africa due to Striga and related weed species (FAO, 1989). The greatest 
damage occurs in  the savanna and Sahelian zones which constitute the major areas 
of food grain production in the sub-region. In addition, these areas are affected by 
scveral other crop production constraints, both physical (especially drought and low, 
crratic rainfall) and biotic (other pests and diseases). Thc Striga problem threatens 
the livelihood of the small-scale and resource-poor farmers who constitute 80% of 
the farming population. 

Status of Striga Problem 

a) Incidence and Distribution of Striga. Striga spp. are widely distributed in 
many countries of West and Central Africa. In the Republic of Benin, 70% and 20- 
40% of the land area in the north and south, respectively, are infested by Striga 
(Favi, 1989). A recent report indicated severe infection of cowpea and some wild 
legumes by S. gealerioides in the coastal area of Grand Popo (Gbehounon. 1990). 
Both farmers' fields and those of research stations are infested by Striga at varying 
levels in Burkina Faso. In Cameroon, Striga species occur in areas between latitudes 
8' N and 12' 30 'N, an area of about 102,053 km2. In a recent survey, 88 and 94% 
of the farm units in 1987 and 1988, respectively, had Striga (Asiribo, 1990). In 
C6te dlIvoire. about 40% of the arable land, including some areas south of latitude 
8" N, have Striga. The magnitude of the problem is niore apparent in the northern 
parts of the country where many farnis have been abandoned (Kouassi, 1989). In 
the Gambia, 75% of the fields surveyed were infested by Striga (Carson. 1989a) 
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while in Senegal 24-76% of the farms were infested, the problem being more 
serious in  the eastern, central and northern regions (Diallo, 1989). 

Ghana is no exception; Striga constitutes a serious problem in the northern parts of 
the country, from about latitude 8" N northwards. In that region, about 66% of all 
the farms and 83% of cereal fields are infested by Striga. In the Upper West 
Region, infestation was as high as 86 Strigo plantslm2 (Bolfrey et al., 1990). Strigu. 
first reported in Guinea in  the Kindia district in 1952, is now regarded as a major 
problem to the inhabitants of Kindia, Dabola, Dinguiraye. Gaoual. Koudara and 
Siguiri (Camara, 1989). 

In Mali, 26-100% of the farm units in the Striga zone are infested. Up to 147 
Striga shootsIm2 of land were observed at Kaporo (Carson, 1989b). In Niger, 12- 
78%, 4-37% and 0-100% of fields of millet, sorghum, and cowpea, respectively, 
were infested by Strigo in  various locations, with higher incidence being observed 
on millet and cowpea than on sorghum (Laycock, 1989). 

A recent survey in the Nigerian savanna revealed that Striga infested 96% of the 
total farm units in  the area lying between latitudes 8" N and 13"N, or about 67% of 
the total area of the country (Lagoke et al., 1990). Finally, in Togo about 100,000 
ha each of maize and sorghum are being threatened by S. asiatica and S. 
her~tionthica. 

b) Species of Striga Attacking Crops. Between 4 and 17 species of Striga have 
been identified in  various countries in West and Central Africa on a wide range of 
hosts, including cereals and legume hod  grains. wild hosts and pasture crops 
(Lagoke, 1989). S. hermorlthicn is the most ubiquitous, being present in  all the 
countries in  which i t  attacks cereal crops and wild grasses. S. gesrierioides is also 
present i n  all cowpea growing countries and wild legumes. Details of the 
distribution of the Striga spp., together with their crop hosts and an indication of 
their economic importance are given in Table 1. 

In Nigeria, S. kermontltica is severe on sorghum, maize and millet, while S. aspera 
causes serious danlage to maize, sorghum, and millet in  the wetter parts of the 
Sudan savanna ecology. Also S. asiatica and S, forbesii parasitize maize in  the 
wetter parts of the country (including the highland plateaux); S. forbesii has also 
been reported on hungry rice (Digitaria exilis) (Lagoke, 1989). S. gesrrerioides in  
cowpea is particularly destructive. 

In Cameroon, S. herr~zonflzica is by far the most important, attacking maize, 
sorghum, and pearl millet. S. gesnerioides attacks cowpea, while S. asiarica attacks 
maize on land adjoining river banks (Lagoke, 1989). The same three species have 
been reported in Ghana: S. lzernzorirhica and S. usiatica on maize and sorghum and 
S. gesnerioides on cowpea (Bolfrey et al., 1989). The important species in C8te 
d'Ivoire are S. hernzonfl~ica on maize, sorghum, millet and rice and S. asiatica 011 
maize and upland rice (Lagoke, 1989). The situation in  Benin is similar to that of 
C8te dlIvoire (Gbehounon, 1990). 



Table 1. Dislribution o l 'S r r i ~u  and relared pansiric weed species i n  West and Central Africa. 

Country Species C r o p s p a r a s i t i z e d  

Cornemon S. hermonthica 
S. aspen 
S. gesneriotdes 
S. asiatica 
S. forbesii 
S. passergei 
S. Klingii 
S. macrmtha 

Nigerin 

Benin 

Maize. sorghum. millet and nature1 waste land grwses and fallows. 
Maize sorghum miller and natural waste land gnsses and follows. 
Cowpea and wild legumes 
Natunl waste land grasses 
Natunl gnsslands on river and stream banks 
Natural grasslands 
Narunl gnsslands 
Natunl gnsslands 

S. hermonthiea Maize. sorghum, millet. uplandrice, natural gnssland 
S. aspen Maize, sorghum, millet, upland rice, hungry rice. natural gncsland. 
S. gesnerioides Cowpea and wild legumes 
S. forbesii Maize. natunl grassland around swam and river bank 
S. asiatica Maize on plateau along stream and river bank 
S. brachycalyx Natural grassland 
S. passargei Natunl grassland 

S. hermontl~ica Maize, sorghum, millet and wild gmsses 
S. aspen Irrigated rice, maize, sorghum, miller 
S. gesnerioides Cowpea and wild legumes 
S. asiatiw (yellow! Maize, sorghum, millet wild grasses 

Burkina Fmo S. hermonthicn Maize. sorghum. millet rvild gnsses 
S. asiadca Maize. wild grasses 
S. aspen Maize, sorghum, millet. rvild grasses. l j l low land 
S. neguinoctialis Fallow land and natural grassland 
S. gesnerioides Cowpea 
S. klingii Sorgl~um and millet and wild grasses 

Ghana 

Gambia 

Chad 

Senegal 

Mali 

S. hermonthica Maize. sorghum, millet. rice and wild gnsses 
S. asiatica (yellow) Maize, sorghum and gnsses 
S. gesnerioides Cowpeaand Indigofera, hirsulum 

S. hermonthica Maize, sorghun~, millel and wild grasses 
S. aspen Wild gnsses 
S. gesnerioides Wild legumes 

S. hermonthica Maize sorghum niillet, wild gnsses 
S. gsnerioides Cowpea 

S. hermonthica Millet. sorghum. mdze, gmsse 
S. asiatica Late millet and sorghum 
S. gesnerioides Cowpea, soyabem?, Wild legumes and lpomea sp 
S. aspen Gmsscs i n  waste lands and fallows 
S. brach calyx Grasses in waste lands and fallorvs 
S. bilabiata Grasses in wmte lands and fallo\r3s 
S. forbesii Grasses in waste lands and fallorvs 
S. l~rmonthicn Maize. sorghum. miller. rice, grasses 
S. aspen Maize, sorghum, rninfed rice, hungry rice, grasses 
S. asiatica (yellow and red) Gn<scs 
S. grachycalyx Sorghum and gns.ws 
S. bumanii Natural grassland 
S. bilabiata Natural gnssland 
S. dalziali Natural grassland 
S. forbesii Stream and river banks on grasses 
S. linearifolia Native gncsland 
S. macrantha Native grassland 
S. passergei Wild grasses 
S. gesnerioides Cowpea. wild legunvs and lpomea 

C6te d'lvoire S. hermonthica hlaize, sorghum. millet and upland rice 
S. asiatica Rice, maize 
S. aspen Millet, grawes 
S. gesnerioides Cowpeas 



Country Species C r o p s p a r a s i t i z e d  

Niger S. her~nonlhica 
S. gesnerioidcs 
S. ospera 

Togo S. asialicn (mainly red flo- 
wered) 

S. Ier~lionlhica 
S. ;1sper.1 
S. lbrbesii 
S. baun~anii 
S. bilabin~a 
S. brnchycalyx 
S. klingii 
S. linearifolia 

S. macramha 
S. pnswrgri 
S. gesnerioides 

Sorghum, millet and grasses 
Cowpea. wild legun~es. Iponlwa sp Memmia sp 
hliller and gra\ws 

Maize 

Maize, sorghum, miller and hungry rice 
Lowland rice 
hlaire. sorghum and lowland rice 
Grasses 
Grasses 
Grasses 
Grasses 
Gnsces 
Grasses 
Grasses 
Cowpea and wild legunxs 

However, i n  Togo S. asiat ica (red flowered niorphotype) is more widely 
distributed and apparently morc damaging on millet than S. I~ern~ont l~ ica ;  the yellow 
flowered type of S. asiatica attacks maize and sorghum. S. aspera attacks lowland 
rice, while S. forbesii is less commonly found in the Sudan savanna where it affects 
niaize and sorghum (Lagokc, 1989). 

Thc important species reported in Mali includc S. Izern~ontl~ica, S aspera and S. 
gesnerioides, but S. asintica has not been found on any cultivated crop plant 
(Carson, 1989a; Hoffmann, 1990). 

By contrast, only S. Izern~orrtl~ica constitutes a thrcat to millet, sorghum, maize and 
upland rice in Gambia, although S. aspera also infects niaize (Carson, 1989). Only 
three species are important in Senegal, namely S. Irer~n~or~thica on maize, millet and 
sorghum; S. asiatica on latc millet and sorghum; and S. gesnerioides on cowpca 
(Carson, 1989b; Diallo, 1989; Lagoke, 1989). In Niger. in addition to the serious 
attack of pearl millet by S. I~ern~ontlzica in  the Maradi and Zinder divisions. millet 
and sorghum are also severcly affected in Dosso division; S. gesr~erioides devastates 
cowpea throughout lhc country (Hassan Hamma, 1989; Laycock, 1989). 'The two 
most colnmon species in  Chad are S. hernlor~tlzica in  niaizc, sorghum and millel and 
S. gesnerioides in cowpea (Garouang, 1989). 

C)  Crop Yield Losses Cnirsed by Striga A conservative estimatc of crop losses due 
to Striga in Africa is about 40% (FAO, 1989). The range of yield losses, however. 
varies fro111 onc country to another, depending on the crops attacked and the 
ecological zoncs in wlii, ' I  thc ,~ffcctcd crops arc produced. Usually. higher yield 
losscs occur i n  countl-I( 4tuatccl mostly in  thc Sudan savanna andlor the Sahel, 
compared to losses in . ountrics located i n  lhe Guirlea savanna andlor wetter 
ecologies. It is bclievecl ~ l l , l r  certain factors (e.g., drought, low and crratic rainfall, 
and intensive production ol' crops in marginal environments) have exacerbated yield 
losses caused by Striga damage. 



As expected, the magnitude of yield losses is partly dependent on the susceptibility 
of the crop variety to Strign damage. For example, Obilana reported yield losses of 
5%, 43-6396, and 95% for the resistant, tolerant and susceptible varieties of 
sorghum, respectively. While Ranlaiah ( 1984) reported yield loss estimates of 10- 
35% on experimental fields. crop losses of up to 100% are common on severely 
affected farmers fields' grown to susceptible crop varieties. 

With respect to losses reported in various countries of West and Central Africa, 
30% yield loss in cereals, on the average, has been reported in The Gambia (Carson, 
1989). Lagoke (1989) reported average yield loss of 39% in Nigeria. with a range 
of 10-9596. but later estimated a range of 40-100% (Lagoke er al., 1990). A siniilar 
range, 50-100%, has been reported in Togo. Also in Mali, preliminary surveys of 
farmers' field crop yield losses of between 25 and 100% have been reported 
(Carson, 1989). Ghana has reported one of the highest yield losses of 78 to 100% in 
sorghum. maize and nlillet (Bolfrey et 01.. 1989). 

d) Factors Affecting Iricidence arid Severity of Striga Attack. Several factors, 
other than thc inherent susceptibility of the host to infection by Strign, have been 
associated with high incidence andlor severity of Striga damage in crops (Lagoke, 
er al. ,  1988; Emechebe, unpublished report). In general, the intensity of Strign 
damage is exacerbated in plants grown in degraded soils of poor or marginal 
fertility and low moisture retention capacily. Being a highly adapted parasite, 
Srriga relies on its host for water. mineral nutrients and carbohydrates, regardless of 
the host's nutritional status and provided the latter does not die prematurely 
(Emechebe. unpublished report). Many Striga plants have also been observed to 
survive and mature on stumps and roots of harvested hosts, a characteristic that 
apparently enables Srrign to survive drought conditions. 

The successive cultivation of susceptible hosts, in monocrop or in mixtures, is a 
major factor that increases the incidence of Striga in the sub-region. especially as 
the major cercals are susceptible to more than onc species. Multiple infections of 
cereals and cowpea grown on the same piece of land by Srriga spp. has made the 
use of crop rotation untenable in such fields. Any advantages of land fallowing are 
no longer available to farmers in semi-arid regions because of heavy population 
pressure on the land. Indeed, land is cultivated and grown to susceptible crops 
successively. The effect is the build-up of Srrign seed population in the soil 
(Emechebe, unpublished report). 

As a parasite, Srriga is very prolific. Thus, a single plant of S. forbesii produces 
up to 25,000 seeds. while S. nsiaticu produces as many as 500,000 seeds per plant. 
It is clear that an improper management that allows Striga to produce mature seeds 
will increase attack in a subsequent crop. 

The very small, light seeds of Striga are capable of dissemination over long 
distances by sand storms and on the hoofs of animals, in addition to short distance 
disperal through several activities of mall, e.g. land preparation. The rapid 
dissemination of Striga throughout most of West and Central Africa has been 
difficult to explain but at the moment it is postulated that Striga seeds have moved 
long distances inadvertently as contaminants of seed. (Lagoke, 1989; Lagoke et. al.. 
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1990). On the other hand, the wide occurrence of Striga in CBte dlIvoire has been 
attributed 10 the Strigo seeds present in the dung of cattle that emigrated from 
Striga-infested neighbouring countries, such as Burkina Faso (Kouassi, 1989). 

The wide host range of Strign is a major factor in its survivability, perpe~uation 
and dissemination through seeds. Most of the cereals Strign parasitize many crop 
plants as well as wild or pasture grasses, evcn on fallow and roadsides. These 
parasites, which survive condilions that are unfavourable for good food grain crop 
production, survive and produce seeds which serve as inoculum for spread to other 
fnmis on these wild hosts. Most of the cereal Striga species were parasites sf wild 
grasses before they were recognized as parasites of cereal crops. 

The inherent ability of the Striga seed to survive unfavourable conditions for up to 
15 years is a major factor on survival of Striga species and it  has complicated the 
problem of control. Subsequent to the after-ripening dormancy, seeds of most 
Striga species require pre-conditioning and adequate chemical stimuli, usually from 
roots of suscepts, for germination. If, for various reasons the pre-conditioned seed 
does not germinate, i t  becomes dormant (wet dormancy) but remains viable until the 
next crop season; the process can be repeated for up to 20 years. 

Possible Methods of Controlling Sfriga 

In view of the wide-scale damage done to grain crops by Striga, especially in 
Africa and Asia, a lot of attention has bcen given to meaningful and economic 
methods of control. In the context of Africa, control measures within the reach of 
the peasant farmer have been the obvious choice (Musselana, 1980). The various 
methods of Striga control are discusscd briefly below: 

a) Destruction of Striga Platit. Two main methods have been employed for 
destruction of Striga plants: physical and chemical. 

i. Pliysical Destr~tction. Physical destruction of the Striga plant by hand-pulling, 
hoe-weeding or uprooting of the whole plant (haustorium plus shoot) has been the 
most common practice adopted by peasant, small-scale farmers. Most farmers in 
The Gambia, for example, control Striga by late hoe-weeding or by hand-pulling of 
plants close to the time of crop harvest (Carson, 1983). Similarly, Bolfrey et a / .  
(1990) reported that 90% of farmers in heavily infested areas of Ghana practise 
hand-pulling of Striga, although hoe-weeding is also practised by many. Also, in 
Nigeria, hand pulling and hoe-weeding are practised in  79-82% of the farms 
(Lagoke et al., 1988). In contrast, in Burkina Faso experiments have shown that 
hand weeding of Striga i n  millet fields only once in  the season, just bcfore 
harvesting of the millet, gave encouraging results. 

Despite its frequent use by resource-poor farmers, physical destruction of Striga 
plants has some drawbacks. In the firs1 place, Striga plants may produce ripe 
capsules before thcy are uprooted; such capsules subsequently dehisce to release 
large numbers of seeds. Secondly, hand-pulling of emerged Striga plants, 
especially at the very early growth stages, often permits the emergence of even 
more shoots because of removal of apical dominancc and reduced competition for 
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nutrients (Last, 1960; Ishaq, 1968) Thirdly, hand-pulling (apart from being tedious, 
labour intensive and expensive) is ineffective for preventing loss in  yield in the very 
season it is effected, since most of the damage to the host is done before the Striga 
emerges above soil level. (Lagoke et al., 1988). Thus. Carson ( 1986) reported that 
i n  The Gambia, hand-pulling resulted only i n  a slight yield increase of grain 
sorghum but i t  reduced net income. On the other hand, Doggett (1965) reported that 
hand-pulling of Striga plants under rainfed conditions every two weeks resulted i n  
greater yields of sorghum than pulling every six weeks. Beneficial yield increase 
due to hand-pulling has also been reported. Indeed, hand-pulling of Striga plants 
could be effective in controlling light infection and could serve as a control measure 
supplementary to growing of resistant varieties. 

i i .  Clremical Destruction. Foliar application of herbicides to emerged Striga 
plants has been the main method of destruction of Strign plants, the most commonly 
used herbicide being 2,4-D, one of the most selective and cheapest (Yaduarjrut and 
Hosmani, 1979). A related compound to 2.4-D (MCPA) has also been effective, 
especially when i t  is mixed with bromoxynil to enhance contact (Lagoke et al . ,  
1988). Other chemicals which have been effective as foliar herbicides for Striga 
control are oil-based ametryne and linuron Eplee et al . ,  1987). 

Post-emergence application of Ibliar herbicides with the conventio~lal knapsack 
sprayer has reportedly given effective reduction of Strign especially when 
combined with other control measures such as resistantltolerant crop varieties and a 
high nitrogen level (Lagoke et al.. 1988). Also directed application of paraquat has 
been effective in selectively killing Strign plants in tall growing crops like maize, 
sorghum and pearl-millet (Eplee and Langston, 1970). Spot spraying of Striga 
shoots with a 2% solution of paraquat using a small hand-sprayer resulted in  
effective reduction of Striga populations and increased income Other chemical 
conlpounds like the diphenyl ether compounds. oxytluorfen, lactofen and acitluofen 
had excellent post-emergent effect against Striga, i n  addition to being pre- 
emergence herbicides (Eplee, 1981 ). 

In Nigeria, 2,4-D alone at 2 kg a.i./ha and its mixture with diflufenican (among 
others) as components of Striga control packages resulted in effective control of S. 
her-nlonthica and other weeds with consequent increase in grain yields of maize and 
sorghum (Lagoke et al., 1990). 

Although chemicals have been effective in controlling emerged Striga, they have 
limitations. For example, phenoxy materials cannot be applied to crop mixtures 
containing susceptible broadleaf crops such as cowpea. Damage to plants outside 
the target area may be a problem where the ester for~nulation is used (Eplee and 
Norris, 1983). Similarly, ametryne and linuron can damage other crops, such as 
cowpea. Moreover, the post-emergent herbicides are only beneficial in stopping 
Strign seed production and have minimun~ yield benefits on the crops in  the very 
season of application. Finally, at present, most chemicals are beyond the economic 
reach of the ordinary, small-scale farmer. 

b) Host-Plant Resistarrce. The use of varieties resistant to Str-iga is perhaps the 
safest as well as most promising and economical control method. Although there 



were initial attempts at selecting resistant sorghum varieties elsewhere, the first 
effort in this respect in West and Cenlral Africa was the screening work carried out 
on sorghum since 1970 by the Institute for Agricultural Research (IAR), Sa~naru, 
Nigeria. Alier screening over 200 lines, SRN 4841 was reported to be resistant. 
However. Doggett ( 1954, 1970) had earlicr reported Slriga resistance i n  two 
varieties ("Dobbs" and P. 4 1 ) from Tanzan~a and in Franiida from Chad. 

Among the varieties evaluated in  Nigeria, SPV 103 and IS 6961 exhibited the 
highest level of rcsistancc to S. he~i~orrthicrr (Rumaiah, 1986). Othcr pronlising 
ICRISAT selections with good levels or resistance to S. Ilernlonthica i n  Burkina 
Faso include: ICSV 1005. ICSV 1006. and ICSV 1007 BF. Unfortunately. grain 
yields of some of the resistant lines are low and cfforts have been to transfer the 
resistance genes into high-yielding and acceptable background. However, one other 
promising cultivar. ICSV 1002 BF, had additional good characters (e.g., white 
grain. resistance to lodging and to important leaf diseases) and was released to 
farmers in Burkina Faso and the Gambia. 

Strenuous effort at IITA identified Sfrign-tolerant, inbred maize lines and hybrids 
such as 8322-1 3 and 832 1-18 (Kim, 1989). Further work resulted i n  the 
develop~nent of other hybrid varieties ant1 Iwo open-pollinated varieties which 
exhibit Sfrigrr tolerance under moderate levels of infection. Similarly, a hybrid 
maize variety, NG 3 WC-2, developed by the National Cereals Research Institute. 
Badeggi. Nigeria, exhibitcd a higher level of tolerance than 8322-13 at a site in the 
Southern Guinea savanna of Nigeria (Lagoke ef a/., 1988). Among open-pollinated 
varieties of maize tested in a lield heavily infested by S. osiofico, variety TIBD was 
the most outstanding. 

Initially, identification of Strigu resistant varieties in millet was difficult, although 
a selection from a local variety, 3lAHK. was less susceptible than others tested 
(Ramaiah, 1986). Recently, two millet lines (S-87- 122 and S-87-12 1 )  from Niger 
had the lowest Striga shoot counts of 2-3 plantslpot, compared with 20-38 
plantslpot for susceptible entries (Werder ef ol., 1989). 

Screening of elite cowpea lines under artificial infestation in pots and the field at 
Kamboinsc (Burkina Faso) in  198 1 identified two varieties, SUVITA-2 and 58-57: 
of these, SUVITA-2 had high lcvel of resistance to the Striga strain in Burkina Faso 
and Mali, but was only lnoderately resistant or susceptible to the strain in  Nigeria 
and parts of Niger (IITA, 1982 and 1986). In 1987, two other varieties, B-301 
(from Botswana) and IT82D-849 (an advanced breeding line from IITA) with high 
levels of resistance across the sub-region were identified (Aggarwal, 1988; 
Emechebe et al., 1988). The resistance to Sfriga in B-301 has now hcen shown to 
be controlled by a single dominant gene (Singh and Emechebe, 1990). Because of 
the relatively poor seed characteristics of B-301, its gene for Slriga resistance is 
being transferred to varieties with desirable agronomic ~raits by cowpea workers in 
Burkina Faso and Nigeria. 

c) Cultural Practices. Various cultural control measures for Strigu control have 
been reviewed recently by Bebawi (1987) and include the use of fertilizers, crop 
rotation, land preparation. date of sowing and biological conlrol. 



i. Fertilizer Application. The main fomi of fertilizer which has been commonly 
used has been the nitrogenous formulations, except when N is applied as a 
compound (NPK) fertilizer. Organic manure has also been used by peasant farmers 
who regard it as a cheaper source of nitrogen. 

'The applications of N fertilizer and/or manuring have given some control of cereal 
Srriga. Egley (1971) in pot trials obtained 45% reduction yield at high nutrient 
level compared to 70% reduction at low nutrient level; sorghum produced seeds 
only at the highest nutrient level. indicating some level of protection from the Strign 
altack. By contrast, a trial was reported in Nigeria where the reconlmended rate of 
nitrogen did not increase sorghum yield but rather increased the number of seed- 
forming Striga shoots. Only application of four and six times the recommended rate 
(i.e. 103 kg and 155 kg N/ha) gave economic responses per unit  of applied N and 
reduced the amount of tlowcring Striga shoots to a level which could be controlled 
by supplementary hand-pulling. 

Elsewhere, grain yields of sorghum were increased by 14, 25 and 45% while 
Srriga shoot yields were reduced by 14,2 1 and 35% with addition of 43.86 and 172 
kg N/ha as urea, respectively (Bebawi and Abdulaziz, 1983). On the other hand, 
application of 90 kg N/ha resulted in  increased grain yield of sorghum in the 
Southcrn Guinea savanna zone of Nigeria, but Striga count at harvest was increased 
in  fertilized plots compared to unfertilized plots, although there were no significant 
differences in the incidence of infection (Lagoke et al., 1990). 

Fertilizer use as a strategy in the control of Striga in maize has received little 
attention. Preliminary studies in Ghana indicated that ammonium sulphate fertilizer 
was better than urea in reducing Striga count at tasselling, at harvest, or at 10 days 
after harvest (Bolfrey et d., 1990). Striga incidence was only reduced by 
application of 150 kg N/ha which also reduccd yield reduction caused by Striga. 

The use of nitrogen fertilizer in controlling S. gesrierioides in cowpea has not been 
practised much due to [he fact that cowpea obtains most of its N requirement from 
biological N-fixation which is adversely affected by high doses of applied N. 
However, studies in potted sand cullure showed that 140 ppm N applied 
continuously as NaNO, solution completely prevented infection by S. gesrierioides, 
with a drastic decrease in nodule numbers (Emechebe et al., 1988). Adu et al. 
(1989) reported about 76% reduction in Striga infection of cowpea with application 
of 120 kg N/ha at a site in  the Sudan savanna zone of Nigeria. At another site 
within the same zone, application of 30 kg N/ha gave about 37% reduction in Striga 
infection. Allhough there was no corresponding significant increase in  cowpea 
grain yield, recent studies have indicated some benefit from N application lo 
cowpea in a field heavily infested by Striga (Adu and Emechebe, 199 I). 

The use of fertilizers containing nutrient elements other than N has received little 
attention: however, a study in India indicated no beneficial effect. For example, 
while N application to pearl millet in fields heavily infested by Striga reduced the 
incidence of Striga and doubled the yield of the crop, neilher P nor K had any 
significant effect on either Striga incidence or on yield of pearl-millet (Marthur and 
Marthur, 1967). In some other studies, P has been combined with N and i t  has not 
been possible to separate the effect of the two nutrient elements (Ogunlela, 1983). 



Despite the reported cases of N fertilization in either improving the cereal yields or 
i n  reducing Srriga incidcncc. its use has not been widely accepted. One probable 
rcason is that rates rcquired for effectivc control of Striga are more than those 
usually applied by thc filrmcrs. Furthermorc. in heavily infested fields, nitrogcn 
may increase the incidence of infection (Bcbawi. 1987). For example. Strign counts 
on sorghum plots trcatcd with manure In northcrn Nigeria showed that manured 
plots had ahout 40% niorc crncrgcd Striga plants than unlnanured plots (Butler, 
1957). The high cost of fcrtili~crs and thcir unavailability to farmers also pose a 
major constraint to the use of I'crtili~ers for Striga control. 

ii. Crop Rotatiorr involving the use of non-susccptiblc trap crops, has been 
practised by peasant farmers for a long time. A recent survey has shown that about 
25% of farmers in  Striga infestcd arcas of Ghana practise crop rotation (Bolfrey et 
01.. 1989). In The Gambia, alternating sorghum or niillct with groundnut results in a 
low Sttigo infection. whilc growing three crops ol'groundnut as a trap crop before a 
cereal resulted in  Purthcr reduction of incidcncc of infection (Lagoke el al., 1988). 
In contrast, Strigcl population was not reduced in sorghum fields intercroppcd wilh 
multiple rows of groundnut (Carson, 1985). However. in  Cameroon, many farmers 
rotate sorghum with groundnut (Lagokc et a/.. 1988). 

While thcrc is littlc cvidcnce that grountlnut induces thc germination of cereal 
Striga seeds. i t  appcars that soyabean, cotton and hambara nut. whc~i grown in 
rotation with a susceptible cereal host or as intercrops, induce abortive germination 
of Strign sccds witli a conscqucnt rcduction in incidencc of infection. 

i i i )  Laird Preparatiorr. Although dccp cultivation is tcdious and expensive, il has 
been used to control Strigo in  somc placcs. For examplc, dccp cultivation to bury 
Strign seeds has bccn cl'lcctivcly used to control the parasite i n  Mali (Konate, 
1986). By contrast, Carson (1986) has suggested using zero or minimum tillage so 
that crop secd is plantcd with little soil disturbance. This practice does no1 appear 
feasible, since i t  iniplics the use of contact herbicides (such as paraquat) which are 
not only too cxpensivc for use by pcasant farnicrs, but thcir application also requires 
a lot of skill and care (Lagokc, et 01.. 1988). 

iv) Date of Sowing. IncidcnLc of Striga infection was found to be closely 
correlated with date of planting ol' host crops. In the Sudan, for example, late sown 
sorghum was less attackcd than the carly sown crop sorghum (Bebawi, 1984). 
These results have been attributed to cooler soil tcmpcrature regimes of the early 
sown crop. In contrast. late sowing had no inHuencc on incidence of Str ign 
inl'ection on sorghum in thc Southern Guinea savanna zone of Nigeria; indeed grain 
yields were hettcr witli carly sowing (23 June) than with late sowing 14 July) 
(Lagoke et al., 1990). Similar observations were carlier made by Ramaiah (1987). 

V )  Biological Corztrol of Striga is an important area that has, at least theoretically, 
the potential of providing long-ten11 solution to thc Strign problem, given the 
acliicvements obtained with cassava mealybug, cassava niosaic virus disease and 
other biological control succcsscs in  Wcst and Ccntral Africa. Various insects and 
pathogens have bceri tried in this method of Striga control. 
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Among the insects identified to be effective in destroying Striga are Steneptilodes 
raprebartes (plum moth) which is the most prevalent insect on S. herrnonthica and S. 
asiatico in East Africa. It can prevent Strigo seed formation. Eitlocastra spp. have 
also been reported on Striga species in various parts of the world; E. orgerttisparso 
was observed to feed only on Striga spp. with one insect consuming about 100 
capsules within its life cycle (Lagoke, 1989). 

However, Smicrorijx weevils are the most favoured insects for biological control 
of Striga spp. The weevil occurs in many countries of West Africa (Nigeria, Mali, 
Guinea, C6te d'Ivoire, Burkina Faso and Niger) as well as in Central, Southern and 
Eastern Africa (Cameroon, Sudan, Uganda, Kenya and Zambia). Appearance of the 
adult Sn1icrorty.r weevil synchronizes with the presence of Striga plants, but adult 
feeding does not seriously affect Striga. Galls are formed on the Striga by the larval 
stage, but in the humid savanna zones of Nigeria, the galls appear to have little 
overall effect on Striga seed production. However, in  the Sahel, 80% of Strigo 
plants can be galled and seed production severely affected. 

Anlongst the Striga pathogens are Sphaerothecn fuligines (powdery mildew) 
reported from India and Africa. It causes premature drying of S. derisiflora and is 
more virulent under conditions of low moisture; hence it  has potential in the semi- 
arid regions. Pherrm spp. cause leaf and stem lession in  Strigo spp. in Zimbabwe 
and stunting in Nigeria. Cercosporo spp. have been reported in  India and in  some 
African countries. In Nigeria, for example, heavily infected Striga plants do not 
produce seeds. 

Not much work has been done to effect release of Striga bio-control agents. In 
Ethiopia Sr?~icronj,r albovuriegatris and Erllocastra urgeritiparsa, obtained from 
India, were released into Humera on the Setit River close to the Sudan border 
through CIBC, but no recovery survey was done because of the prolonged civil 
unrest in  that area. Another release was made i n  Kobo i n  Welo Province but 
recovery survey made in  1979 provided no information (Lagoke, 1989). 

Striga Researchable Issues 

A discussion of the researchable issues is clearly heavily biased towards integrated 
control of Striga or, at least, towards the use of several components of integrated 
pest control in  Strigo control. The essential features of integrated pest management 
(IPM) comprise three basic principles: firstly, wherever possible, control should rely 
on natural enemies of pests; secondly, natural enemies should be enhanced (directly 
or indirectly) and host plant resistance used to reduce the necessity for expensive 
chemical control; and, thirdly, chemical control should be selective and should only 
be used as an when pest population increases to a level above which significant 
economic damage occurs, i.e., above the economic threshold. 

The actual application of the IPM principles by the farmer involves four 
components, namely biological control, cultural control, host plant resistance and 
selective use of pesticides. Biological control involves the introduction or re- 
introduction of natural enemies (predators, parasites or diseases), although for some 
pests, enhancement of existing natural enemies may be a more sensible alternative. 



Cultural control as an IPM component basically involves manipulation of the crop 
and its eriviron~nent with a view to increasing the chances of survival of natural 
enc~iiies andlor reducing the chances of survival of the pest. It has been suggested 
that these can bc achieved by mixed cropping rather than monoculture, thereby 
reducing the size or pest populations by reducing the food resources available to thc 
pest while at the same time prov~ding alternative refuges Tor the natural enemies. 
Anothcr example is destruction of crop residues containing resting stages of the 
parasite. 

Host plant resistance has in  the past played major roles in the control of crop 
disease; for some crops such as cowpca and maize, successes have bcen rccordcd 
with respect to plant diseases cornparcd to insect pcsts. Selective pesticide use is 
the fourth component of IPM, thc concept ofeconolnic threshold being used to limit 
the amount of pesticides to be applied. Fortunately, some available pesticides have 
some degree of sclectivity. while certain application techniques (e.g., ULV and 
electrodync spraying) can reduce the amounts of pesticides required to achievc 
effective control. 

With this background. the question is which of the four IPM components should 
be developed and packaged for Striga control in West and Central Africa ? It is our 
belief that biological control of Srriga, through the use of parasites and diseases of 
Striga spp., is a distinctly relnotc possibility. Given this situation, a semblance of 
integrated control of Striga is pivoted on maximum use of host plant resistance 
which is augmented by various cultural practices and, where neccssary, judicious 
use of herbicides. The expectations of research in thesc three areas are the subject 
of the remaining part of this paper and especially focussed on thc four SAFGRAD 
mandated crops - maize, sorghum, millet and cowpea. 

a) Host Plant Resistance. 

i. Sorgltum. The efforts to devclop sorghum varieties resistant to different species 
of Striga have bcen reviewed recently by Ramaiah (1986 and 1987). It is obvious 
that there are sevcral sources of moderate to high levels of resistance in sorghum to 
individual species of Striga, while a few lines have combined resistance to two or 
more species. The first problem is to dcterminc the relative distribution of thc 
important species 0 1  Striga attacking sorghum. At the moment, S, her~nonthica is 
the most important, being more widely distributed and destructive. However, other 
potentially destructive species (namely, S. aspercr, S. forbesii and S. asiatica) are 
beginning to appear at some locations in  the sub-rcgion. 

There is also some evidence of pathogenic varialion within S. Iternlo~~thica. This, 
and thc distribution or different Striga species inflicting severe damage on sorghum, 
should rcceivc concurrent research attention. This will facilitate the development 
and screening of varieties for resistance to spccies for pathotypes important in 
different locations. A case in  point is the recent report that one "seguetana" 
sorghum variety was highly resistant to S. hern~orlthica i n  northern Mali but 
coniplctely susceptible in southern Mali (Ramaiah, personal communication). 'This 
suggests a location specific resistance (probably attributable to edaphic factors) or 
thc existence of IWO different pathotypes in  the two parts of Mali. 
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The EARSAM nelwork has recently confirmed the combined resistance to S.  
l~errtrontltica and S. asiatica in Gambella- 1 107, N- 13, ICSV-1006 and ICSV- 1007, 
the last two being white derivatives of Framida. What is now urgently needed is a 
comprehensive screening of the entire sorghum germplasm of ICRISAT and other 
organizalions. for single and multiple resistance to S. hermonthica, S. aspera, S. 
forbesii and S. asiaticu. A1 the same time, work on the genetics of resistance in the 
available resistant lines should continue, regardless of the mechanism of resistance. 
to facilitaie the breeder's work of incorporating more genes for resistance into the 
already resistant varieties. 

In furtherance of the need to increase the levels of resistance in cultivated 
sorghum, the wild relatives of sorghum should be screened for resistance to 
different species of Striga. Any genes for high resislance to Sttiga spp. should then 
be transferred to cultivated sorghum through wide crosses with or without the aid of 
biotechnology; any heritable tolerance to Striga should he transferred to commercial 
varieties. The overall objective is to produce varieties with the widest resistance 
base as well as tolerance, as an insurance against the emergence of new, dominant 
races of the Strign spp. 

ii. Millet. For pearl millet, the situation in respect of availability of varieties 
resistant to Striga spp. is a direct contrast to the situation in sorghum. There is 
virtually no cultivated variety with high level of resistancc to S. hernlonthica. 
Indeed, only "promising" or "less susceptible" lines have so far been identified. The 
report that Ex-Bornu millet was highly resistant to S. lternrot~thicu at Samaru 
(Nigeria) in the Northern Guinea savanna, but highly susceptible at Gwoza in the 
Sudan savanna (also i n  Nigeria) is illustrative of the existence of pathogenic 
variation in millet S. hernlonthica. In Nigeria, at least, millet is not affected by S. 
l~ern~otlthica in the Northern Guinea savanna, although it devastates the crop in the 
Sudan zone, regardless of the planting date. In the Southern Guinea zone. only the 
late-sown crop is attacked. This type of observation has been reported in other parts 
of West Africa by Ramaiah (1986). In pearl millet, resistance is probably 
ecologically specific on account of specific environmental factors. This has 
important implications in deciding sites at which to screen for resistance to millet 
Striga. Another explanation is that different pathotypes of millet S. hert~ionthica 
occur i n  the different ecologies. The implication here is that such apparent 
ecological differences will become indishnct with the dispersal of the strains across 
the ecologies. 

Nevertheless, it is perfectly reasonable to expect a wide variability of response to 
Striga i n  pearl millet, given the long association belween the suscept and the 
pathogen in West and Cenlral Africa. Yet, here is no millet variety with high level 
of "true" resistancc to S. herttlorlthica and other important Striga species. What 
could be the reason'? Is it because the available germplasm has not been properly 
and thoroughly screened for their reaction to Striga spp? Or is it that germplasm in 
the present collections does not include materials with high resistance to Striga? 
Are highly resistant materials available in nature and only awaiting collection and 
evaluation'? These and similar questions should receive priority research attention, 
as should the colleclion and screening of all available wild and semi-wild relatives 
of pearl millet. Another aspect of Striga millet that requires detailed studies relates 



to the apparent absence of cereal Str iga  problem i n  Somalia despite the 
overwhelming importance of sorghum and millet as staple food crops i n  that 
country. Could the land races of sorghum andlor millet there be highly resistant to 
Striga? 

iii. Maize. Whereas Strigrr is mostly an indigenous scourge of Africa, maize is a 
relatively new crop. Although both S. asiaticrr and S. hernronthica had been 
recognized as major constraints lo maize production in Eastern and Southern Africa 
since the 1930s. Striga did no1 become a serious problem on maize i n  West Africa 
until the crop was moved from the rainforest zone to the savanna in the 1970s. It is 
not surprising, therefore, that there has been no reliable report of "true" resistance to 
Striga spp. in  maize unti l  recently when IITA scientists have developed Srriga- 
tolerant, open-pollinated, synthetic and hybrid varieties. While the effort is highly 
commendable, the concern is the reported increase in Striga seed population in  the 
soil by these tolerant varieties. For example, at low Striga seed population, the 
hybrids 8322- 13 (tolerant) and 8338-1 (susceptible) yielded 7.5 and 5.5 ton of maize 
grains, compared to 7.6 and 7.5 ton in Striga-free soil and 2.7 and 0.0 tonlha at high 
Striga seed densities, respectively. There is, therefore. a need to continue the search 
for resislance among the available germplasm of CIMMYT and IITA as well as in  
all the distant and close relatives of maize. 

iv. Cowpea. Striga scientists appear to be the happiest, at the moment, with the 
several sources of moderate to high levels of resistance lo S. gesnerioides. The 
work that has already begun towards incorporating the genes for Striga resistance in 
some of these resistant lines (B-301, SUVITA-2, etc) into agronomically acceptable 
and locally adapted cowpea varieties should continue with the highest priority. In 
addition, work should also continue in the screening of available germplasm for 
Striga resistance, including such wild relatives as Vigtra radiata and V. vexillata. 

b) Cultural Practices 

i .  Application of Fertilizers. More crilical and intensive work needs to be done 
relating to nitrogenous fertilizer effecls on cereal Slriga. The present descrepancies 
between the results of various workers are probably attributable to differences 
between soil N status of experimental sites. In this regard. areas that would require 
research attenlion should include determining the levels of available N in  the 
experimental site, and rhe crop's oprimum fertilizer requirement for that level of 
available N; the effect of different sources of N; the erfect of other nutrient elements 
and notably P and its interactive effect with N especially on the reaction of cowpea 
to Striga. 

ii. Crop Rotation. Crop rotation involving trap crops would help to reduce the 
Strigci seed soil inoculum density. In this respect, the trap cropping efficiency (i.e. 
rate of reduction of the Striga seed soil inocululn) of various [rap crops should be 
carefully studied. An important corollary of this area of study is to determine an 
effective method of estimating the density of Striga seeds in  thc soil. The direct 
extraction of Striga seeds l'rom the soil is probably more quantitative than bioassays 
involving very susceptible varieties of the suscepts, although both can be used 
where i t  is necessary to determine the host species susceptible to the Str iga 
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population in  a specific location or field. Indeed, an integrated Striga control 
package should make provision for pre-growing season advice to farmers about the 
level of risk from Striga attack so that necessary cultural practices can be effected in 
time. 

iii. Mixed Cropping. There have been conflicting reports about the use of mixed 
cropping as a Strigo control measure, especially in cereals. What is the scientific 
basis for any such controls ? It stands to logic that for some benefit to accrue to the 
crop at risk, the beneticial crop should induce Striga seed germination which would 
then be followed by lysis of the resulting seedlings before roois of the suscept come 
in contact with them. Such a hypothesis opens up a host of possibilities on mixed 
cropping which would need to be addressed. 

iv. Land Preparation. Also deserving research attention is the real effect of land 
preparation (zero or minimum versus conventional tillage; ridges versus flat; deep 
versus shallow cultivation) on Striga seed inoculum and Strigo control. 

v. Sowing Date. Detailed work needs to he undertaken towards explaining the 
reported observations that early planted cereal crops are less attacked andlor 
damaged than later sown crops. and vice versa. Among questions to which answers 
would need to be sought is to determine the basis of reduced attack in early-sowing 
crops; a lower incidence of Striga infection or reduced severity of attack; how is a 
lower incidence of infection related or not to the wet dormancy of Strigo seeds in 
late-planted cereals; is there an implication of soil temperature; does early planting 
enhance the crop's tolerance to the pathogen; and so on. Since planting date is 
location specific. it is important that any beneficial effects of "timely" planting for 
Striga control should be determined and utilised for the different sites and 
ecologies. 

vi. Chemical Control. Following the commendable progress made in evaluating 
various post-emergence herbicides for Striga control in cereals, the emphasis should 
now be in evaluating the most suitable methods of application. ensuring that they 
are not only effective, but also cheap and easy. In addition, there is the need to 
accelerate the work already begun to screen post-emergence herbicides for the 
control of cowpea Striga. Since pre-emergence herbicides are only just beginning 
to receive research attention, there is the need to accord high priority to this aspect, 
especially since most of the damage by Strign is done at its subterranean phase, both 
before and after its emergence above soil level. 

vii. Seed Disinfection. Also of researchable importance are aspects of Striga 
dispersal that deserve urgent attention. towards developing integrated control 
packages. Among questions that relate to the dispersal ol' Striga seed are whether or 
not they are carried with those of their suscepts: what proportion of Strigo seeds that 
are consumed inadvertently by ruminants remain viable after passing through their 
alimentary canals: for how long do seeds in such a~ii~nal droppings remain viable 
compared to other Striga seeds? And so on. 

c) Concluding Comment on Researchable Issues Attempts have been made to 
highlight those issues that are believed to require urgent research attention by 



national, regional and international research centres before an integrated package of 
Striga control can be put together for different crops i n  different ecologies. As 
earlier indicated, such a package would necessarily be dependent on the use of 
Strign resistant varieties grown under such cultural practices that argument host 
plant resistance while mechanical and chemical means are used to reduce the 
population of Striga seed inoculum density in the soil. The most important aspect 
of any control package is that it should be technically and econo~nically feasible at 
the level of resource-poor farmers. 
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Abstract 

In Eastern Africa sorghum, millet and maize are the main staple food. 
Immigration of people, pressure on land with the attendant reduction of fallows, 
planting areas of marginal rainfall, continuous monocropping of susceptible crop 
varieties and lack of soil conservation set the stage for an outbreak of Striga. The 
problem is expected to be compounded further by the introduction of highly 
susceptible, high-yielding crop varieties andlor hybrids. The huge reserve of seeds 
i n  the soil, the special germination requirements, coupled with a variable 
environment preclude an easy solution for the Striga problem and necessitate 
adoption of an integrated control strategy. Cultural, chemical and biological 
methods of control as well as the use of resistant varieties are reviewed. No single 
method can provide adequate answers to the problem. Effects of individual 
treatments displayed distinct variations with site and season. The observed 
variabilities, coupled with lack of immediate returns impede adoption of research 
recommendations. Research proposals based on manipulation of the agricultural 
system have been made. The objectives of the proposal are to highlight the 
limitations of available methods and to suggest possible future amendments. 

Introduction 

The population of Africa is increasing, food shortage is eminent, agriculture in 
most countries is traditional and inefficient. Increasing quantities of grains have to 
be imported. Prices of grains, however, have increased with rises in production 
costs and pressure of demand on falling world reserves. It is, therefore, apparent 
that food production should be the prime concern of all African governments. 

In East Africa, sorghum, millet and maize constitute the main staple food. The 
production of these crops, however, is devastated by the parasitic weed. Striga 
herntorrthica (Del.) Benth. (Ramaiah and Parker. 1982). It1 : infested areas, yield 
losses ranged froni 40 to 100% (Bebawi, 1987). The parasite is a difficult-to- 
control weed. It is very versatile and adapted to traditional practices (Ogborn. 
1983). It produces large numbers of seeds with prolonged viability and special 
germination requirements (Andrews, 1945; Eplee, 1975). 

Immigration of people as a result of drought conditions andlor civil unrest, 
pressure on land with attendant reduction of Fallows, planting of areas of marginal 
rainfall, continuous monocropping of susceptible varieties and lack of soil 
conservation set the stage for an outbreak of Striga. The problem, as noted 
elsewhere (House and Rao, 1982) is expected to be compounded further by the 
introduction of the highly susceptible, high yielding crop varieties and hybrids. 
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Several methods of control, including cultural, chemical and the use of resistant 
varieties have been tried; and yet the problem, today, remains as serious and 
insoluble as ever (Parker, 1983). 

This paper reviews the main methods of Striga control, together with limitations 
and future research needs. 

Cultural Practices 

Cultural practices include crop rotation, trap and catch croppings, mixed cropping 
and hand-pulling. 

a) Trap and Catch Croppirtg. Trap and catch croppings are the foundation of a 
cultural strategy for reducing Striga seed reserves in.soils (Bebawi. 1987). Trap 
crops (false hosts) are those plants which stimulate the germination of Srriga seeds 
without being parasitized. They include cotton (Gossypirrtn spp.), sunflower 
(Helianthus anrlrrs L.), sesamum (Sesanzum orientale L.), soybean (Glycine nlar L.), 
dolichos bean (Dolichos lablab L.), groundnut (Arachis hypogaea L.) and cowpea 
(Vigna ringriiculata Walp) (Andrews, 1945). Planting trap crops and keeping them 
free of grassy weeds was claimed to cause drastic reduction of Strign seeds i n  soils 
(Sand, 1987). Cotton preceding sorghum was reported to reduce Striga infestation 
by about four folds (Doggetl, I952 and 1953). In West Africa, trap cropping wilh 
cotton, soybean and bambara groundnut (Voat~dzein subtraneci) reduced Striga 
infestation in subsequent maize (Parkinson et al., 1987). Early work at the Gezira 
Research Station (GRS), Sudan, showed that sowing of groundnut, cowpea and 
Dolichos bean i n  a Strign infested soil did reduce a large proportion of Striga seeds 
(Andrews. 1945; Wilson-Jones, 1953; Last, 1961). However, recent work at GRS 
has shown that Striga infestation in subsequent sorghum was decreased by Dolichos 
beans, not affected by cotton, but was considerably increased by sunflower 
(Babiker. A.G.T.. unpublished). 

Catch crops are true hosts of Striga. They induce germination and are parasitized 
by the weed. The crop is allowed to grow for 6 to 8 weeks and then ploughed into 
the soil as green manure (Hamdoun and Babiker. 1978). In South Al'rica, two years 
of double catch cropping with Sudan grass (Sorglzurn sudanense) resulted in almost 
complete control of Striga (Saunders, 1933). At GRS, catch cropping with Sudan 
grass reduced Striga in subsequent sorghum by 50% and increased sorghum yield 
by 524 kgha (Last, 1960a and 196 1 ). 

b) Mixed Cropping. Mixed cropping sustained less Striga than sole sorghum 
crop. Emergent Striga plants were ill-nourished, less vigorous, and had less seed 
capsules than those emerging on sole sorghum crop. Mixed cropping alleviated the 
adverse effects of Striga on sorghum. Among the companion crops, Dolichos bean 
was the most suppressive while groundnut was the least. The effect of the 
companion crop on sorghum growth varied with the latter variety. Sorghum 
varieties SRN-39, and IS-9830, were the mosl responsive while Dabar and N- 13 
were the least (Babiker, A.G.T., unpublished). 

c) Hand-Pulling. Hand-pulling is almost the only universally practised control 
technique for Striga species (Ogborn, 1983). However, effects of hand-pulling on 
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grain yield, especially on highly infested fields are disputable. Hand-pulling early 
in the season is labour intensive and has to be repeated several times. 

d) Lur~d Preparatiorr. Mode oT land preparation has been reported to contribute to 
control of parasitic weeds. No-till was lbund to reduce Striga infestation in Niger 
(Hess and Ejeta, 1987). while deep ploughing was reported to be effective in  
reducing Orobntrche infestation in New Zealand (Frater. 1975). 

Resistant Crop Varieties 

Resistance. i n  its strict sense, absence of sustained witchweed haustoria attachment 
(Langston and English. 1990). does not exist. With reference to Slriga, resistance 
implies the ability to resist and reduce the number of successful parasitic 
connections (Ogborn, 1983). Three different host resistance mechanisms to Striga 
have been identified: 

a) Low stimulant production (Kumar, 1940; Rao, 1948; Williams 1959), 
b) Mechanical barriers (Saunders, 1933) and 
c) Antibiosis or physiological obstructions (Saunders, 1942). 

Dixon and Parker (1984) have suggested additional resistance mechanisms based 
on root morphology, differential stimulation of chemotropism and influence of root 
exudates on rhizosphere microllora. 

In theory, resistant varieties should provide the simplest, the best and the cheapest 
solution (Rao, et 01.. 1982). However, resistant varieties take many years to 
develop and need to be adapted to locality (Parker, 1983). Out of 16,000 lines 
screened in India, only nine were reported to be resistant (Ramaiah, 1988). King 
( 1  975) screened 8,000 lines in Nigeria and of these. only I % displayed high level of 
resistance. Recent research i n  Ethiopia identified several lines with good levels of 
resistance, but none of them was adapted to Ethiopian conditions (Sherif et al., 
1987). 

Many resistant varieties were reported to lose their resistance after repeated 
planting (Parker, 1983; Ogborn, 1983). Furthermore, a resistant plant in  one 
location may be susceptible in another (Nkouka, 1988). The problem of resistant 
varieties is further compounded by their vulnerability to diseases and insects, poor 
agronomic qualities and low yields (Nkouka, 1988; Ramaiah, 1988). 

Fertilizers. 

Low soil fertility, particularly low nitrogen status, is conducive to Striga 
parasitism (Doggett, 1965). Sorghum resists infestation when conditions favouring 
its growth are improved by addition of nitrogenous fertilizers (Bebawi, 1984). In 
general, very high nitrogen levels are needed for adequate suppression of the 
parasite (Last, 1960). The influence of nitrogen on Striga parasitism varied with 
rate, soil fertility, the crop and crop variety. Low levels of nitrogen increased Striga 
emergence on infertile soils, but decreased it on fertile ones (Patterson, 1990). 
Nitrogen is less suppressive lo Striga on maize than on sorghum or millet (Robinson 
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and Dowler, 1990). With respect to sorghum varieties, nitrogen decreased Striga 
emergence on Feterita. IS-9830, Gambclla- l 107 and N-13, had negligible effects on 
Striga population on SRN-39, and stirnulaled emergence on Debakrie, Hageen 
Dura- I and Dabar (Last, 1960; Babiker A.G.T., unpublished). 

Herbicides 

Many herbicides. including phenoxy and propionic acids amides, acetamides. 
acetanilides, urea and carbamates were evaluated for their polenrial use, but many 
were discarded for lack of efficacy andlor selectivily (Dowler and Robinson. 1990). 
Fenac, as a pre-plant soil incorporated treatment i n  sorghum or maize, gave 
adequate Striga control early in the season but displayed moderate residual activity 
(Hosmani, 1982). Chlorsulfuron, at very low rates (1-4 glha), applied at sowing 
gave and maintained excellent control of Striga i n  Sudan. However, it displayed 
considerable toxicity to sorghum. In Ethiopia, the product was ineffective against 
Striga and it has no adverse effects on sorghum (Babiker A.G.T. and Ridda, F., 
unpublished). Atrazine at 0.5 to 1.2 kg/ha gave adequate and persistent control of 
Striga, but i t  did not improve crop yield (Hamdoun and Babiker, 1978; 
Ranganadhacharyulu, 1982). 

Oxyfluorfen. as directed post emergence treatment in  Ethiopia and Sudan, effected 
satisfactory and persistent control of Striga. Furthermore, i t  improved sorghum 
growth and yield (Babiker. A.G.T. and Ridda, F., unpublished). Results with 2.4-D 
were erratic. Work at GRS (Sudan) and India indicated that application of 2,4-D at 4 
weeks after planting resulted in excellenl control of Striga and improved crop yield. 
Delayed applications reduced efficacy (Last, 1960a and 1960b; Korwar. 1982; 
Khade, 1982). Results obtained from Ethiopia and USA indicated that 2,4-D 
delayed Striga emergence. Plants emerging after treatment were not affected and 
that for effective suppression of the parasite, repeated applications were necessary 
(Ridda, F.. unpublished). 

Dicamba at 0.3 to 0.6 kglha applied 2 to 4 weeks after planting as a directed spray 
or over the top of the host plant gave and maintained excellent control of Striga in 
both sorghum and maize. Striga plants emerging in  dicamba-treated plots were 
deformed, some died before flowering, others formed small deformed flowers while 
a few succeeded in producing seeds. Early application of the product increased crop 
growth and yield while delayed applications were harmful to crops, specially maize 
(Eplee and Norris, 1987). 

Herbicideflertilizer Combination 

Combinations of nitrogenous fertilizers with herbicides viz. 2,4-D. 2,3,6-TBA, 
fenac. atrazine, dicamba, linuron, oxyfluorfen and chlorsulfuron gave and 
maintained excellent suppression of Striga in both sorghum and maize (Wilson- 
Jones, 1953; Last, 1960a; Ogborn, 1987; Robinson and Dowler, 1990; Babiker, 
A.G.T., unpublished). The performance of the combinations was invariably 
superior to that of the individual components (Last 1960a; Babiker. A.G.T.. 
unpublished). 
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Germination Stimulants 

Sevcral natural and synthetic compounds have been reported to induce 
germination of Striga seeds (Brown, 1965: Eglcy. 1972; Johnson et al., 1976; Lynn 
and Chang, 1990). Of these compounds, ethylene, cthephon, strigol and strigol 
analogues have received most attention. Ethylene and ethephon were quitc cffective 
in inducing Striga seed germination under both laboratory and field conditions. 
Ethylene is largely used in USA where thousands of hectarcs arc treated annually 
with the gas (Eplee, 1975). Ficld applications of ethcphon at GRS was found to 
decrease Striga emergence and increase the number of sorghum heads (Babiker and 
Hamdoun, 1983). Strigol and strigol analogues were very active undcr laboratory 
conditions, but were less cffective under ficld conditions (Babiker and Hamdoun, 
1982). 

Biological Control 

Biological control is an established viable method of weed control (Greathead, 
1983). It is relatively less costly and once established, i t  is sclf-prepctuating and 
can be made use of as a component of an integrated control strategy. 

Numerous insects feeding on Strigo have bccn collected in India and East Africa. 
Most of these insects, viz: Heliothis nrrriigera and Spodoptern species, are 
polyphagous and are important pests of crops (Greathead, 1983). Other insects 
associated with Striga and which scem to havc a narrow host range include 
Sniicrotiyx spp., Eurytonra spp. and Ophioniyia srrignlis (Bashir, 1987). These 
insects werc reported to cause significant reduction in seed production (Ramaiah 
and Parker, 1982). However, Lhe efficacy and spread of thcse insects is limited by 
parasites (Greathead, 1983; Bashir, 1987). 

Fungi, mostly plurivorous or weak pathogens and saprophytes, were isolated from 
Srriga but their significance as agents for biological control has not bccn assessed 
(Greathead. 1983). 

Discussion 

It is, thus, evident that none of the treatments, i f  adopted alone, can provide 
adequate answers to the Strign problem. The effects of individual treatments on 
Strign have generally displayed distinct variations with season and site. The 
observed variability, coupled with lack of immediate economic returns and 
unawareness of farmers and policy makers of the seriousness of thc problem, 
impede adoption of research recommendations. 

The variability in trcatment effects is a logical consequence of the complex nature 
of the Striga problem. The response to a given trcatment is governed by a multitude 
ol' interacting variables, including the parasitic nature of thc weed, size of the sced 
bank. seed distribution in the soil and thc attendant variability of seed environ~ncnt 
with respect to soil moisture, lemperarure, atmosphere and soil composilion. The 
problem is compounded further by thc subtcrranean nature of the early 
developmental stagcs of Strigrr seedlings and by variations in intrinsic susceptibility 



of crop varietics. soil fertility and thc possibility of existence of Strigo strains and 
physiological variants. 

Striga cradication in  Africa is an impractical approach. The parasite is widcly 
spread and is hosted by many wild grasses in  addition to cultivated crops. So far. 
vcry expcnsivc and sophisticatcd mcthods (soil fumigation with methyl bromidc or 
rcpcated injections of cthylcne) proved widely cffectivc. In Africa, socio-economic 
factors precludc adoption of cxpcnsive and/or sophisticatcd mcthods of control. 
Furthermore, i t  is noteworthy that i n  the USA, dcspitc all efforts and facilities. 
Strigo still infests 90,000 ha of land (Nkouka, 1989). 

Striga Control Methods and Research Needs 

In thc light of thc abovc discussion. thc following groups of methods arc to bc 
considcrctl in thc campaign against Srriga and in t'uturc research. 

a) Preverrtive Metlrods/Plr~tosanilary Measrrres. In Africa, preventive methods of 
control havc been totally neglected. Measures should bc taken to avoid the 
nlovcmcnt of Srriga sccds within a farm and betwcen farms. by machinery, animals 
and crop residues. In addition, planting susceptible crop cultivars on infested tields 
should also be avoided. Gcnerally, local varietics arc morc tolerant to Strigo than 
cxotic oncs (Ogborn, 1983). Introduction of high-yielding sorghum varicties and 
hybrids Icd to outbrcak of Srriga infcstation i n  sevcral localitics in thc world (House 
and Rao, 1982). A susccptibility chart for crop varicties should be worked out and 
made available to producers and policy makers. Each recom~nended and popular 
variety is to be rated on Striga emergence and yield. 

b) Cultnral Practices. Plants common to the infestcd area should bc testcd for 
host spccilicity and host grouping (non-hosts. true hosts or false hosts). The annual 
depletion rate of Strigo sccds should bc deternlined for individual species. Plants 
possessing high depletion capacitics can be manipulated for maximum benetlts in 
Striga control. 

Existing crop rotations, within thc m a .  \hould be evaluated for their ability to 
cnhance Strigo sced dcmise. Ro~,~tions co~liprising one or two trap crops, should be 
promoted. Inclusion of leguni~~~ous crop\ i n  the rotation should be encouraged. 
Legumcs, in addition to stimula[~on 0 1  Srriga sccd germination, increase the level of 
nitrogen in soils. Trap crops should bc kcpt frec from grassy weeds. Individual trap 
crop cultivars should bc evaluated for their ability to induce Scriga sced 
germination. 

Planting sorghum in  a mixture with a trap crop. a legume, rcduccd Strigo 
incidencc and seed production and improved sorghum growth. Legumes induce 
Striga sced gcrrnination. Moreover, their roots may compete with the host for 
haustorium attachment. Thc high humidity associated with the legume cover may 
reduce Srrigo transpiration and hence its abilily to withdraw nutrients from the host. 

Planting trap crops in ~nixturcs with tolcrant andlor resistant crops, especially low 
stimulant producers may cnhance ratc of Striga seed depletion in  soils and may be 
very effcctivc in case of localized infcstations. 



Hand-pulling is expensive and has no immediate impact on Strign infestation or 
grain yield. It is feasible under light or localized infestations. In case of heavy 
infestations. only I0 to 30% of the parasite seedlings appear above ground 
(Andrcws, 1945. Doggett, 1965). Furthermore, re-sprouting of cut shoots from 
crown buds located beneath the soil surface often occurs. Hand-pulling at flowering 
is less expensive and may curtail seed replenishment specially i f  coupled with crop 
stubble removal. 

Seed burial in soil at 50 cm depth led to complete loss of viability within three 
months (Mazlunl. 1983). Work at the Gezira Research Station indicated that during 
burial, seeds may acquire a form of dormancy which is not broken by the usual pre- 
conditioning and stimulant treatments. Furthermore, seeds placcd on the surface 
soil (0-5 cm) or those buried at 24 cnl depth displayed variable and slow 
conditioning. Seeds placed at 5 to 20 cm depth were the most responsive to 
germination stimulants). 

Taking the effects of burial on seed behaviour in conjunction with the finding that 
light inhibits germination (Worsham and Eglcy, 1990), i t  could be concluded that in 
the field, it is unlikely for Strign seeds to germinate on or near the soil surface. It is, 
therefore, imperative that the effects of land preparation on Strign infestation should 
be studied in dctail. Deep ploughing during land preparation. for crops preceding 
susceptible hosts, should provide for deep burial and high rates of seed demise 
andlor dormancy. Minimum tillage or no-till, when planting host plants, should 
have the least impact on seed distribution within the soil profile. Furthermore, 
tillage systems could have indirect influence on Srrigu parasitis~n through their 
effects on host root development and distribution within the soil. 

Striga seed germination is poor in wet soils (Saunders, 1933). Recent rcsearch 
results have indicated that stimulant production, activity and persistence decreased 
with increasing soil moisture content. However, high soil moisture delays 
conditioning and is conducive to wet dormancy (Babiker et. n l . ,  1987). 
Furthermore, the development of Str iga  following gernlination and host 
parasitization is favoured by light-textured, well-drained soil with low moisture 
content (Saunders. 1933). Flooding might serve probably in  limited siluations. 
where water is available. However, proper understanding of the factors involved 
may enable their simulation. 

c) Resistant Varieties. Many resistant varieties have been developed, yet their 
adoption rates have been very low. Resistant varieties, as they stand today, should 
never be looked upon as a permanent solution to the problem. It is difficult to 
convince farmers to plant resistant varieties and to ignore the new high yielding 
ones and hybrids. Ne\crtheless, breeding for Strigcr resistance has to continue. 
Rapid and simple techniques which cv3r.-.tnp.\\s ~ c . \  ing for most resistant 
mechanisms has to be developed. Resistancc has to UL ol.,;~dened and established. 
Efforts have to be intensified to develop hihg-yielding varietics. cilch with more 
than one resistance mechanism. Understanding of the mechanisnl(s) by which 
resistance breaks should be given top priority. In this respect, the role of soil and 
environn~ental conditions as well as size of Striga seed reserves in soils has to be 
determined. 
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d) Nitroger1 Fertilizers. Generally, the use of nitrogenous fertilizers should be 
promoted. The relationship between Strign infestation and soil fertility has to be 
elucidated. High levels of soil fertility were reported to decrease stimulant 
production (Raju er al., 1990) and to increase innate resistance of sorghum 
(Andrews, 1945). 

e) Herbicides. To alleviate the damage caused by Srriga, the life cycle of the 
parasite must be disrupted prior to or iinmediately after attachmen1 to the host root. 
This entails availability of herbicides within the rhizosphere of host plants. 
However, availability of herbicides is governed by a multitude of variables, 
including herbicides' physico-chemical properties, soil and environmental factors 
(Bailey and White, 1970). To control Striga, herbicide treatments are made as 
ei~her pre-planting soil incorporated, pre-emergence, or post-emergence. 

i .  Pre-plant soil iricorporated lierbicides. Soil incorporation reduces dependcnce 
on irrigation and/or heavy rainfall to bring the herbicide within the rhizospheres of 
host plants. Furthermore, i t  reduces herbicide losses through volatilization and/or 
photo decomposition. However. i t  may reduce selectivity and jeopardize crop 
sarety. Selectivity may be restored by decreasing herbicide rate or by using 
herbicide antidotes. 

ii. Pre-emergeace herbicides. Pre-emergence herbicides kill Striga when i t  
emerges ~hrough the treated soil. Limited soil moisture and mobility decrease the 
availability of the product in the viciniLy of Strign seedlings and may be conducive 
to erratic performance. Pre-emergence herbicides may have no effect on Striga 
during the early stages of establishment and, hence. may not affect early crop 
damage. 

iii. Post-emergence herbicides. Post-emergence herbicides with contact action or 
those with restricted soil mobility or persiste~ice may have no effect on Striga 
during early stages of parasilism. Further~nore. they may not kill Srrign seedlings 
emerging after treatment and repeated application may be necessary. Such 
herbicides may have limiled en'ects on grain yield. 

Systemic herbicides, which translocate to the root system and kill Striga during 
early stages of growth, should be promoted as [hey may result in appreciable 
increase in crop yield. In general, application of foliar systemic herbicides to 
control localized infestation should be encouraged. In this respect, the application 
technique (IDFOLA) described by Ogborn (1983) may be quite useful, easy and 
safe. 

f) Fertilizers/Herbicides Conrbirtations. Use of fertilizers and herbicide 
combinations should be promoted. However, effects or crop variety, application 
time, soil placenlent, soil type and environmental conditions on performance and 
persistence have to be studied. 

g )  Germirration Stimrrlants a ~ t d  Haustorilrm Inducers. Germination and 
haustorium induction are two separate developmental events which are coordinated 
in time and space. They involve an orderly series of successive changes which are 
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controlled by signal molecules exuded from roots of hosts and non-host plants 
(Lynn and Chang, 1990). The active compounds are phenolic and allelopathic in 
nature (Riopel er al., 1990). 

i. Germinatiota Stimulants. Use of germination stimulants, apart from ethylene, 
llas met with little success (Babiker and Hamdoun 1982; Babiker, et al,, 1987). 
Most of the compounds have restricted mobility (Eglcy, 1990) and very limited 
stability in soils (Babikcr, er al., 1987). For maximum response, seeds have to be 
conditioned. Treatments made prior to conditioning are ineffective. Furthermore, 
they delay the conditioning process (Ramaiah and Parker, 1981; Parker, 1983). 
Restricted mobility and unstability of germination stimulants and lack of even 
conditioning in the field pose serious limitations on practical use of available 
germination stimulants, including ethylene. For practical utilization of the concept 
of suicidal germination. compounds with prolonged persistence and no adverse 
effects on the conditioning process are required. In this respect, the recent report of 
Fischer et al. ,  (1990) on active and stable germination stimulants should be of 
prime concern. 

ii. Haustorium initiation. Many synthetic and natural compounds can induce 
haustorium initiation. Haustorium initiation occurs in close proximity to the host 
root and involves cessation of radicle growth, enzymatic degradation of surface 
components of the host root and cell division (Riopel, er al., 1990). It is, thus, 
apparent that haustorium initiation, by its very nature, offers many intriguing 
possibilities for Striga control. Inhibition of cell division andlor the enzyme 
involved i n  the bio-synthesis of the haustorium factor, will curtail induction of 
haustoria and hence seedling establishment. Prc-mature or concurrent induction of 
haustoria together with germination may lessen contact with the host root andlor 
promote abortive attachment to soil panicles. 

h) Biological Control. Striga species and short-lived annuals that produce 
enormous number of seeds arc not ideal targets for biological control (Greathead, 
1983, Bashir, 1987). However, because of the seriousness of the problem and the 
low input needed, exploitation of biological control option could be considered as a 
component of an integrated control strategy. Much work is needed on surveys of 
natural enemies, their parasites and predatbrs. Adequate information on biology, 
host specificity and quantitative damage assessments is required. In this respect, the 
inhibition of Srriga seed germination reported by Dixon and Parker (1984) in 
association with the rhizosphere microflora of the sorghum variety N-13 needs 
special consideration. 
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Abstract 

Two higher plants parasitic in  cowpea, Striga gesr~erioides and Alectra vogelii. 
have become yield-reducing factors in the semi-arid zones of West and Central 
Africa. In Nigeria, Striga is particularly devastating in the drier Sudano-Sahelian 
zone while Alectra is more destructive i n  the liiore humid, Northern Guinea 
savanna. Pot culture techniques were used to evaluate 14 cowpea varictiesllines for 
their reactions to Striga and Alectra in the glasshouse (temperatures. 2545°C) and 
the screenhouse (temperatures, 25-3573, respcctivcly. In addition, the interaction 
between 10 cowpea lines of varying susccptibility to Striga and 1 1 populations of 
Striga were studied in pot culture i n  the screenhouse, using approximately similar 
Str-iga seed densities. 

The results showed that Striga plants emerged above soil level from susceptible 
potted cowpea plants 28 days after sowing (DAS), while Alectra emerged 35 DAS. 
As a consequence of differences in the expression of resistancelsusceptibility to 
Striga and Alectra, the 14 cowpea varieties/lines were grouped into live classes: 
those with very high resistance to both parasitic plants (exemplified by B-301); 
those having very high resistance to Striga combincd with high susceptibility to 
AIectra (e.g. IT82D-849); high resistance to Alectra combined with fairly moderate 
susceptibility to Striga (e.g. IT86D-843); moderate to high resistance to both Striga 
and Alectra (e.g. TN93-80), and those highly susceptible to both parasites (e.g. TVx 
3236, VITA-3 and SUVITA-2). The results suggest that resislancc to both parasites 
should be combined in cowpea varieties intended for production in the semi-arid 
parts of West and Central Africa. There was some evidence to [he effect that Striga 
seed populations collected from various sites varied in their pathogenicities on 10 
cowpea lines under pot culture conditions. 

Introduction 

In the semi-arid zones of West and Central Africa, cowpea is severely affected by 
Striga gesr~erioides and Alectra vogelii. In Nigeria, Alectra vogelii is more 
prevalent and destructive in the Northern Guinea savanna; although it is also fairly 
prevalent in the Sudan savanna, i t  is less destructive (Emechebe et al. ,  1988). On 
the other hand. S. gesnerioides is far more prevalent in the Sudan than i n  the Guinea 
savanna. Striga causes severe damage to cowpea in all heavily infested sites. At 
present, the combined damage caused by Alectra and Striga is regarded as the single 



most important biotic constraint to cowpea production in thc dry savanna zones of 
Nigeria, especially as thcrc is no way to control crop damage once the plants are 
severely infected (Emcchebe el al.. 1988). 

Host plant resistance is potentially the most feasible mcthod of controlling Srriga 
and Alecrra. Through the cffort of SAFGRADnITA, SUVITA-2 (Goroni Local) 
was found to be resistant to cowpea Srriga in  Burkina Faso and Mali but susceptible 
i n  Nigeria and most of Niger (IITA, 1984), indicating thc existence of, at least, two 
strains of S. gestlerioides in  Wcst Africa. Efforts to find ncw sources of resistance 
to S. gesrlerioides paid off in 1987 with thc identification of cowpca varieties B-301 
and 1T82D-849, both of which were subsequently shown to bc resistant in Burkina 
Faso, Niger, Nigcria and Mali (Aggarwal, 1988; Emechck et ol., 1988). 

Cowpea line B-301 was initially identitied in Botswana for its resistance to A. 
vogelii (C. Riches, pcrsonal communication) and Emechebe and Singh (1989) have 
confirmed that i t  is resistant to A. vogelii in Nigeria. However, these workers have 
reportcd that the other two sources of resistance to S. gestlerioides (SUVITA-2 and 
IT82D-849) are susceptible to cowpea Alecrra. This has necessitated the scarch for 
othcr sourccs of resistance to A. \vogelii. Conscqucntly. part of the study reported in 
this paper was ainicd at evaluating a numbcr of cowpea lines with varying degrees 
of resistance to S. gesnerioides lo dctcr~ninc i f  any of them is also resistant to A. 
vogelii. 

Previous attempts to scrccn cowpea lincs i n  the tield in  different locations in  
Nigeria have yielded inconsistcnt results (Emechebe er nl., 1988). For example, a 
variety could show apparent resistance at Kano (Kano State) and high susceptibility 
at Bakura (Sokoto State) and vicc-versa for another variety. It was postulated that 
since Kano and Bakura. for examples, are i n  the same ecological zone, such 
observed differences could be attributed to availability of different strains of S. 
gesrlerioides at thesc sites (Emcchcbe er nl., 1988). Thc study rcported in  the 
sccond part of this paper was, thus, undertaken to find out if  there is variation in the 
pathogenicity of S. gesrlerioides at the different sitcs. 

Materials and RIethods 

a) Reactions of Cowpea lines to Strign artd Alectrn 

The 14 cowpea lines used in  the study arc listed in Table I .  The reaction of the 14 
lines to S. gesrlerioides was cvaluatcd in thc glasshouse (tcmperatures. 25-45") in 
potted soil according to the method described by Emcchcbe et a/. ,  1988). Each 5- 
inch pot contained about 800 Striga seeds collccted from Bakura in 1987. 



Table 1. Reactions of 14 cowpea lines to Strign gesrierioides in  pot culture in  the 
glasshouse at Samaru, 1989. 

Number of emerged Number of attached 
Cowpea line Srr i~u~pot Strigtrlpot 

IT86D-53 I 

IT8 1 D-994 

lT84S-2246-4 

IT87S- 1643 

IT87S- I252 

IT86D-37 1 

1T82D-849 

B-301 

SUVITA-2 (Gorom Local) 

1lY36D-5.74 

lN93-80 

llY36D-472 

VITA-3 

IT86D-843 

2.75 ef* 

20.0 b 

28.25 a 

5.15 e 

11.87 d 

14.5 cd 

0.38 e l  

0.0 f 

17.63 bc 

13.0 cd 

2.63 ef 

13.50 cd 

15.87 bcd 

3.13 e l  

14.87 defg* 

31.13~ 

85.5 a 

12.87 efg 

35.13 bc 

29.13 cd 

2.75 g 

0.0 g 

26.87 cde 

24.37 cde 

6.50 fg 

23.0 cde 

46.25 b 

20.63 cdef 

Means followed by the same letter in the same column m not significantly different at P = 0.05. 

The experiment was planted in July 1989 and terminated 70 days after sowing as 
earlier described (Emechebe and Singh, 1989). 

The experimental design was randomized complete block, with eight replicates 
(one pot served as a replicate). The numbers of Strign plants that emerged above 
soil level as well as the number attached to the roots of the cowpea plants, were 
determined. 

A similar experiment was done to study the reaction of the same 14 cowpea lines 
to A. vogelii. The trial was planted in the screenhouse (temperatures. 25-35'C) in 
August 1989 and also terminated 70 days later. The numbers of emerged and 
attached Alecrra plants were determined as was done for the experiment on Srriga. 

b) Reactions of Cowpea Lines to 11 Populations of S. gesrterioides 

Seeds of S. gesrierioides were collected in 1988 from I 1  locations - eight from 
Kano, two from Sokoto and one from Kaduna States. Seeds of each population 
were used to inoculate potted soil in 5-inch pots containing about 800 Striga seeds 
each. Three pots oieach population of Srriga were sown in  August 1989 with seeds 
of one of 10 cowpea lines of varying susceptibility to Striga. The numbers of Striga 
plants that emerged above soil level as well as the numbers attached to Lhe roots, 
were determined 70 days after sowing. 



Table 2. Reactions of I4 cowpea lines to Alecrra vogelii in pot culture in the screenhouse at Sammu 
in 1989. 

Nurnber of Emerged Number of attached 
Cowpea line Alecrrulpot Alrcrrcrlpot 

17.25 de* 

26.38 cd 

34.37 bc 

1 1 .50 ef  

38.87 b 
3.25 f 

66.13a 

0.00 f 
25.50 cd 

1.38 f 
11.38 ef 

2.13f 

25.63 cd 

8.25 ef 

* Means followed by the same letter in the same column are not significantly different at P = 0.05 

Results and Discussion 

The reactions of 14 cowpca lines to S. gesllerioides and A. vogelii are presented in 
Tables 1 and 2. The reactions of these lines to the two parasites could be separated 
into five clases. The first group comprised only B-301 which had very high 
resistance to both Alectra and Striga. The second group consisted of only one line 
(IT82D-849) which was highly resistant to Srriga but highly susceptible to Alectra. 
In the third group is ITZ86D-843 with high resistance to Alectra but moderate 
resistancelsusceptibility to Striga. The fourth group consisted of lines that were 
susceptible to both Alectra and Striga; the majority of the lines belong to the group. 
The fifth and final group comprised TN9-80 which had moderate to high resistance 
to both Striga and Alecrra. The fifth and the third groups (ITZ86D-843 and TN93- 
80) would be useful in  developing lines for resistance to both parasites. 

It is cl ar from Tables 1 and 2 that Gorom Local and IT82D-849 are very 
susceptible to Alectra and care is required in using them as sources of resistance to 
Striga, if the varieties are expected to be grown in Alectra-infested locations. 

The reactions of the 10 cowpea lines to I I populations of S. gesnerioides at 
Samaru i n  the screenhouse are summarized in Table 3. The analysis of variance 
shows that the differences among the reactions of the varieties to Striga were highly 
significant, as were the differences in  the reactions of the varieties to Striga 
collected from the difrerent sires (Table 4). This implies that the pathogenicities of 
the populations are significantly different from each other, a clear suggestion of the 
existence of different strains. This is supporled by the highly significant interaction 
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between cowpea lines and the sites of collection of Striga seeds. The means of the 
reactions of the lines across the populations of Striga are presented in Table 5. It is 
evident that Striga seed population from Bakura was significantly the most virulant 
while the pathogenicities of the populations from Kano State (second site at 
Minjibir) and Wailare I1 (also in Kano) were similar; those of populations from 
Tomas, Dambata, and Wailare I (Kano) were also similar. While the pathogenicity 
of the population from Samaru was the lowest, i t  was not different from the 
pathogenicities of the populations from Kazaurc and the lirst site in Minjibir; these 
were not different from the pathogcnicity of the population from Ungwar Kusa 
(Kano). It is clear that the pathogenicities of the populations are not necessarily 
related to the sites of collection, suggesting that mixtures of difi'crent strains may 
occur at the same site. 

Table 3. Reactions of 10 cowpea lines to I I Striga seed populations collected 
from 1 1 sites in northern Giri~iea and Sudan savanna zones of Nigeria. 

Place of 
colleoion B301 IT820 IT83D lT86D IT86D lT82D 11WS IT84D VITA T V n  
olSlrigu sred -957 -534 -472 -843 -849 -2246 -666 3 3236 

Minjibir I 0.0 13.3 4.3 3.3 3.0 0.0 3.0 0.0 2.3 4.0 

Kano 0.0 7.3 6.0 4.67 8.3 0.0 3.0 1.0 4.3 6.0 

Minjibir I 1  0.0 10.0 11.67 5.3 5.0 0.0 10.0 6.3 22.3 11.67 

The high level of resistance of B-301 remained stable in all of the I I locations. 
There have been reports of susceptibility of B-301 from various countries of Wcst 
and Central Africa which could be attributed lo outcrossing. But very recently, one 
replicate of B-301 in a 4-replicated trial near Cotonou (Benin) was reported to have 
been 'uniformly infected' by Striga. A plausible explanation is that there was 
inadvertent mix-up of seeds. There is the unlikely possibility that the replicate was 
planted on a piece of land that was unilbrrnly infested by a new, virulent strain of S. 
gealerioides. 
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Table 4. Analysis of variance for the reactions of 10 cowpea lines to I I 
populations of S. gesrierioides 

Source of 
variation 

Degrees 
of Sum of Mean F - Value Probability 

fmedoln squares square 

Replication 2 11.661 5.830 1.7419 0.1776 

Sire of collection of S~riser seed ( A )  10 2230.564 223.056 66.6412 0.0000 

Cowpea line (B) 9 3487.988 387.554 1 15.7873 0.0000 

A x B  90 3079.012 34.21 l 10.2211 0.0000 

Error 2 18 729.673 3.347 

Table 5. Overall means of reactions of I0 cowpea lines to Striga seeds obtained 
fro111 I 1 locations. 

Site of collecrion of Menti of racrions of 

Srrixcr seeds 10 cowpea lines 

Ungwar Kusa 3.933 deP 

Wailare I 5.567 c 

Minjibir I 3.00 fg 

Kazaure 3.533 efg 

Sanian~ 2.900 g 

Kano 4.067 de 

Wailare I1 7.700 b 

Dambata 4.767 cd 

Minjibir I1  8.233 b 

Tomas 5.733 c 

Bakura I I.ROa 

* means followed by the smne letter are not significantly different ar P = 0.05. 
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Abstract 

Four daylength sensitive (DS) and two daylength insensitive (DI) cowpea (Vigna 
unguiculata (L.) Walp.) cultivars were compared at three sowing dates in 1982-83 
under natural Striga gestlerioides (Willd) infestation at Kamboinse, Burkina Faso, 
in the Sudan savanna zone. In spite of Strigo seed conditioning, Striga emergence 
appeared to depend on cowpea cultivar and the prevailing climatic conditions. The 
wetter the conditions, the earlier the emergence of Striga and vice-versa. Striga 
emerged 28 days at the earliest and 75 days at the latest. after sowing of cowpea. 
Striga density depends on the time of emergence; the earlier the emergence, the 
higher the final density of Striga, irrespective of the sowing date or cowpea cultivar. 
Crop damage caused by Strigo appeared to depend on the time of emergence: the 
earlier Striga emerged before flowering by cowpea, the more the crop was subjected 
to Striga damage manifested by low flowering intensity, low number of pods per 
unit area and low grain yield. Compared to DI cultivars, the DS types were more 
vulnerable to Striga damage, especially when sown before 50 days of their 
respective critical photoperiod. The optimum sowing date for DI cultivars was 
about end of June, compared with mid-July for DS cultivars. The DS cultivars, with 
their critical photoperiod in late September. were not at all adapted to Kamboinse 
growth conditions where the Striga resistant DI cultivar Suvita-2 yielded best 
especially when sown early. 

Introduction 

In addition to insect pests and drought, witchweed (Striga gesnerioides (Willd.) 
Vatke) parasitism constitutes a major cause of cowpea seed yield losses in about 
50% of arable lands in the Sahel-Sudanian and the semi-arid coastal zones of West 
and Central Africa. The physiology of Striga gesnerioides has been reported by 
Parker (1984) and Worsham (1987). Two cowpea cultivars, Suvita-2 and 58-57, 
were among the first to be identified in the field and confirmed in pot culture as 
resistant to Striga attack at Kamboinse, Burkina Faso (Aggarwal et al., 1984; 
Aggarwal and Halley, 1988). Later on, additional Striga resistant cultivars were 
identified: B 301 and IT82D-849 (Emechebe et of . ,  1988). Inheritance studies 
involving Suvita-2 and B-301 have indicated a monogenic dominant inheritance of 
resistance to Striga (Aggarwal et al., 1984; Singh and Emechebe, 1990). 

In field trials conducted by SAFGRAD-IITA at several locations in West and 
Central Africa towards ascertaining tlie stability of the cowpea varieties and lines 
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identified as resistant to Strigu. Suvita-2 exhibited good resistance in Burkina Faso. 
Mali and Senegal hut only moderate to low levels of resistance elsewhere. 
especially in Niger and Nigeria (Aggarwal and Hallcy, 1988: IITA-SAFGRAD 
Cowpea Network Report. 1990). Although B-301 and IT82D-849 havc exhibited 
good resistance to Striga in the sub-region generally, they and especially B-301, 
were attacked by Striga in some fields in Mali, Nigeria and Senegal (IITA- 
SAFGRAD Cowyea Network Report, 1990). 

Such results, coupled with the monogenic nature of inheritancc of Striga resistance 
in cowpea. indicate that the use of Striga resistant cultivars alone may not be 
enough t o  ensure sustainable cowpea production. Appropriate agronomic 
production practices need to be developed in order to prevent severe yield losses. 
should i n  case the genetic resistance 01' cultivars break down. To this end, and in 
the absence of field data on the effect of sowing date on the performance of cowpea 
under natural Strigu infestation, the work reporled in this paper was undertaken to 
dcterrnine thc response of several daylenglh scnsilive cultivars to successive 
sowings and identify the optimum sowing date towards minimizing cowpea seed 
yield losses. 

Materials and Methods 

The experinlent was conducted i n  the 1982 and 83 cropping seasons at 
Kamboinse. Burkina Faso, to compare the performances of four daylength sensitive 
(DS) cultivars (Ouahigouya Local, Kaya Local, IAR 1696 and Kamboinse Local 
Noir) and two daylenglh insensitive (Dl) cultivars (Striga resistant Suvita-2 and 
Striga susceptible KN-I) sown at three diffcrcnt dates (18 and 31 July and 10 
August. 1982). The field used was on a mid-slope, on an "aquic-oxic" Paleustalfs 
soil of very deep, slightly gravelly sandy clay loam. The field was heavily infested 
with Striga gestleriodes in the previous year, 198 1. 

The experiment was a split-plot design, with four replications. Sowing dates were 
assigned to the main plots and cowpca cultivars as sub-plots. Each plot ~lieasured 
4.5 x 5 In. After ploughing and harrowing the field in  prcparation for planting, one 
year-old Striga plant materials (crushed Striga seeds and plant debris mixed with 
wet sand) were broadcast on the field at 10 g/m2 and ploughed under with a hand 
hoe to ensure good Strigu infestation. Singlc superphosphate at 50 kg P,O,lha was 
also broadcast on the field and worked under bcfore sowing. Seeds were sown on 
flat beds at two seeds per hole and later thinned to one plant per hole. 2 weeks after 
sowing. The spacing was 75 cm between rows and 20 cm between holes in a row. 
Rows were earthed up 3 weeks after sowing and ridges were tied every 1.5 m to 
capture and retain rain water. 

The crop was unifornlly sprayed with the insecticides Monocrotophos (R), at 12 g 
a.i./ha when aphids (Aphis craccivora) were observed; Deltamethrin (R) at 12 g 
a.i./ha at flower bud formation; and Endosulfan (R) at 400 g a.i./ha every 10 days 
after flowering for general pesttdiseasc protection. Plots were kept free of weeds by 
hand-hoeing beforc Striga emerged and elimination by hand pulling af'ler Strign 
emergence. Observations taken included the number of days to 50% flowering, 
flowering intensity per unit area counted every two days lill the end of flowering, 



days to Srriga shoot emergence, Striga shoot density per u n i t  area assessed at 
cowpea ripening, number of pods and grains per uni t  area. and 100-seed weight. 
Grain yield was assessed from the four central rows of each plot. leaving 50 cm off 
the end of each row. Pods were harvested as they matured, air dried to a constant 
weight for 10 days and threshed. Climatic data were recorded at the Kamboinse 
meteorological station. 

The data were statistically analysed for all characters assessed and the "student" T- 
test used to establish levels of signilicance. The experiment was repeated in  1983. 
but with DS cultivar IAR 1696 replaced by DS Kamboinse Local Rouge. IAR 1696 
was a particularly late-niaturing variety as compared with Karnboinse Local Rouge 
whose critical photoperiod is in early September (Table 1). From the experience 
gained in the previous year, planting dates were adjusted in 1983 to: 12 June, 18 
July and 12 August. It should be noted that cowpea is traditionally sown in  mid- 
July in the study area. 

Results 

A total of 606 and 663 mm rainfall was received in 1982 and 1983, respectivelly. 
Rainfall was generally poorly distributed i n  both years and particularly i n  
September - a critical period for flowering and grain filling (Fig. I ) .  

a) Flowering. Flowering in both DI. Suvita-2 and KN- I .  was virtually unaffected 
by sowing date, both varieties being the earliest to flower in each of the years (Fig. 
2). With the exception of IAR 1696, DS cultivars exhibited a trend of hastened 
flowering as sowing was delayed. The trend was significant in 1982 for cultivars 
Kaya Local and Kamboinse Local Noir and in 1983 for all DS cultivars. except 
Kamboinse Local Noir for the 2 1 June and 18 July sowings. 

Both DI cultivars produced the largest flowering intensity for each sowing date 
(Table 2). Unlike the DS cultivars, their flowering intensity declined with later 
sowings but this was significant only in 1983 and for Suvita-2. DS cultivars with a 
critical photoperiod in  late September 01. later (Kaya Local. Kamboinse Local Noir 
and IAR 1696) produced the lowest fowering intensity which. in 1982, tended to 
increase with later sowings. In contrast, both DS cultivars Ouahigouya Local and 
Kamboinse Local Rouge with a critical photoperiod in early September, produced 
their niaximum flowering intensity from mid-July sowings during both years. In 
general and with the possible exception of Kamboinse Local Noir, the flowering 
intensity of DS cultivars reached a maximum when the period extending from 
sowing to the critical photoperiod was less than 50 days. 

b) Striga emergence. Striga shoot generally emerged much earlier in 1983 than in  
1982 (Fig. 3). In 1982, Striga shoots tended to emerge earlier in early than in  late 
sowings for all cultivars, except the Srriga resistant Suvita-2 (DI). The trend was, 
however, significant only for cultivars IAR 1696 and KN-I. With the exception of 
these cultivars in the late sowings, Striga emerged about the same time for all Striga 
susceptible cultivars. In 1983. sowing on 18 July appeared to hasten Striga 
emergence in all susceptible cultivars as compared to the earlier and later sowings. 
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Table 1. Characteristics of cowpea cultivars studied under natural Striga 
infestation at Kamboinsc, Burkina Faso in 1982-83. 

Cultivan 
Critical Habit Adaptillion Remarks 

photoperiod area 
(Isohyers mm) 

Daylength sensitive 

Ouahigouya local Early September Prostnte 600 - 800 Landnce, Burkina 
Kaya local Late September Prostmte 600 - 800 Landnce. Burkina 
IAR 1696 Early October Prostrate 600 - 800 Inuoduc~ion from Kano. Nigeria 

Kamboinse local noir Late September Prostrate 600 - 800 Landrace. Burkina 
Kamboinse local rouge Early September Prostmtc 600 - 800 Landnce. Burkina 

Daylengtli insensitive 

Days to rnaturity 

Suvita-2 75 Spreading < 600 Landnce. Burkina 
KN- I 75 Spreading < 600 Cornrnc.rciillIy r~.lcaw'd in Bur*ina Fawr 

Timr of crop rrason I manthr 

oinse, Ouagadougou. Burkina Faso in 1982 



Cultivars 

flg. 2. Days to llowering of daylength-sensitive (S) and insensitive (I) cowpea 
cultivars as atlected by sowing dates : 18 july (0) 31 July (0) and 10 
August (m) in (a) 1982 ; and 21 June (m), 18 July ( ] and 12 August 
(H) in (b) 1983 in a Striga sick plot at Kernboinse. Burkina Faso. Vertical 
bars represent S.E. with 45 D.F. 

Table 2. Flowering intensity of daylength sensitive (S) and insensitive (I) 
cowpea cultivars as affected by sowing dates under natural Striga infestation at 
Kamboinsc, Burkina Faso i n  1982-83. 

- 
Sowing dates 

Cultivars 1982 1983 

Ouahigouyn Local (S) 58 21 41 16 80 35 
Kaya Local (S) 0 2 29 6 2 I I 
Kantboinse Local Noir ( S )  0 5 56 27 10 I I 
Kamboinse Local Rouge (S) - I0 62 3 1 
Suvita-2 ( I )  191 134 167 3 12 I75 63 
IAR 1696 (S) 0 2 6 
KN-I (I) 146 146 102 21 1 260 97 

S.E. 16 17 
D.F. 45 -- 4s 



Cul l ivar8  

Fig. 3. Days lo Striga emergence ol daylenglh-sensfiive (S) and insensilive cullivars as 
affected by sowlng dales : 18 July (0). 31 ~ u l y  (a ) and 10 ~ u g u s l  (m) In (a) 
1982 ; and 21 June (0). 18 July (m) and 12 August (.) in (bl 1983 in a Slriga 
Sick plot at Kamboinse, Burkma Faso. Veaical bars represent S.E. with 45 D.F. 

c)  Striga density. Striga density was affected significantly by sowing date and 
cultivar (Tablc 3). Striga density declined with later sowings. With the exception 
of Suvita-2 which was not infcsted, all other cultivars were moderately to heavily 
infcsted. 

d) Days to nlaturity. The growth duration of cowpea cultivars was longer in 1983 
than in 1982 (Fig. 4). DI cultivars generally matured earlier than DS cowpca for all 
sowings, except for KN- l sown on 18 July. 1983. Exccpt for IAR 1696. the growth 
duration of DS cultivars was significantly rcduccd with later sowings, particularly in  
1983. 

e) Seed yield. Secd yicld was generally grcatcr i n  1982 than 1983 (Fig. 5). 
Suvita-2 yielded the highest at all sowings. Striga susceptible DI cultivar KN-I out- 
yielded, significantly, DS cultivar Ouahigouya Local only for the 21 June sowing in 
1983; for all other sowing datcs, i t  yielded either cqually or significantly lower. 
Daylength sensitive cultivars, with a critical photoperiod i n  early September, 
yielded the highest from the 18 July sowings during both years. These varieties 
produced almost no sccds for the 21 June. 1983 sowing and yield declined with later 
sowings alter mid-July. In contrast, those DS cultivars with a critical photoperiod 
in  late September and early October (Kaya Local, Ka~nboinsc Local Noir and IAR- 
1696), produced either no seed at all or had yicld increases with later sowings 



Table 3. Striga density of daylength sensitive (S) and insensitive (I) cowpea 
cultivars as affected by sowing dates under natural Striga infestation at Kamboinse. 
Burkina Faso. in 1982-83. 

Sowing dates Cul~ivars 

1982d 1983w 1982d 1983w 
(1-5) V x + l . .  ( 1-5) v x +  I . .  

21 June 4.5 Ounhigouya local (S)  3.0 3.9 

18 July 3.3  4.1 Kaya local (S) 3.5 4.7 

31 July 2.7 Kamboinse local noir (S) 2.7 4.4 

10 August 2.4 Ka~nboinse local rouge (S) 4.5 

12 August 3.1 Suvita-2 (I) I .O I .O 

S.E. 0.2 0.2 IAR I696 (S) 

D.F. 6 6 KN-I ( I )  

S.E. 0.2 0.3 

D.F. 45 45 

Striga density was rated using a (1-5) scale in 1982, with I = plot free from 
Striga infestation and 5 = Striga shoots present about every 30 crn and well 
distributed. 
w Data on Striga density was analysed using square root transformation Vx- I ,  

where x = number of Striga shoots per rnz.  

(Fig. 5). As was the case for flowering intensity, DS attained maximum yield when 
the period extending from sowing Lo their respective critical photoperiod did not 
exceed 50  days; beyond this period, the yield dropped to nil. 

Discussion 

Striga emergence appeared to be dependent on the cultivar and/or thc prevailing 
meteorological condilions especially during the first 20-30 days after sowing. In 
fact, the 10 August sowing in 1982 which received insufficient and scattered rainfall 
from 28 August to 20 September delayed Striga emergence, with cowpea IAR 1696 
and KN-1 most affected. In contrast. sowing on 18 July, 1983 benefited from good 
and well distributed rainfall which hastened Srriga emergence especially among the 
Striga susceptible cultivars. In general, Striga emerged earliest 28 days and latest 
75 days after sowing cowpeas in this field study. These results appear to conflict 
with the earlier findings of Parker (1984) and Worsharn (1987) relating to Striga 
conditioning requirement and shoot emergence. Because Striga seeds are reported 
to require a water inhibition period (conditioning) before they can germinate, Striga 
shoots were expected in this study to emerge earlier in the late than in the early 
sowings. But this was generally the reverse. This apparent discrepancy might be 
explained in terms of either wet dormancy as reported by the same workers, or as a 



result of broken conditioning due to the frequent dry spells preceding the sowing of 
cowpea and/or Striga emergence. A further explanation niay also be tenable i n  the 
differences among cowpea cultivars in their susceptibility to Striga, with the least 
susceptible delaying Strigci shoot emergence longer than the most susceptible ones. 

Striga density appeared directly related to the Lime Striga shoots emerged i n  a plot. 
Irrespective of sowing date or cultivar, early emergence induced denser Striga 
infestation than late emergence (r = 0.75**). Early Striga emergence also caused 
severe damage to the cowpea crop. Other traits that were severely affected by 
Striga damage included reduced cowpea flowering intensity ( r  = 0.68**), reduced 
number of pods (r= 0.73**), delayed maturity, reduced grain number per unit area (r 
= 0.59**) and decreased seed yield (r = 0.66**). 

Cul t i va r r  

Flg. 4. Days to maturity of daylength-sensitive (S) and insensitive (I) cowpea cultivars as affected by 
sowing dates : 18 July (0). 31 July (&j ) and  10 August M) In (a) 1982 : and21 June (0). 18 July a) and 12 August (M) in (b) 1983 in a Slriga sick plot at Kamboinse. Burkina Faso. Vertical bars 
represent S.E. with 45 D.F. 

Damage to cowpea was much more serious when Striga shoots emerged long 
before flowering. Thus, DS cultivars sown more than 50 days before their critical 
photoperiod suffered the most Striga damage. This explains. at least in  part, the 
high flowering inlensity and relatively greater grain yield of DS cul~ivars 
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Rouge I S 1  

Cu l l ivar r  

e (S) and insensitive (I) cowpea cultivars as aHecled by sowing 
)and 10 Augus~ (M) in (a) 1982 ; and 21 June (0). 18 J U I ~  (B ) 
in a Sfrigs sick plot at Karnboinse. Burkina Faso. Vertical bars 

(Ouahigouya Local and Kamboinse Local) sown in mid-July. Their relatively 
decreased flowering intensity and seed yield (in later sowings) could be ascribed to 
the combination of Striga and drought damages. The yield decline of DI cultivar 
KN-1, when sown late, might also ,be attributed to negative Striga and drought 
effects - in contrast to Suvita-2 where the reduced yield was probably as a result of 
drought only, since Siriga shoots did not emerge at all in plots grown to this variety. 

In conclusion, it is evident from the study that under Striga infestation it is best to 
use Striga resistant cultivars because of their assured chance of yielding maximally 
irrespective of sowing date. In the event that such Striga resistant cultivars are not 
available, then any susceptible cowpeas should be sown early in the season, about 
the end of June for DI cultivars and mid-July for DS cultivars whose critical 
photoperiod falls in early September. Any DS cultivars whose critical photoperiod 
is in late September to early October or later are not suitable for Kamboinse 
conditions. 
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Abstract 

Four varieties of sorghum were grown in soil treated with Striga hernlorlthica 
seeds at different levels of Nitrogen fertilizer to study the effect of these on Striga 
count and other agronomic characters. 

Highly significant differences were detected among N levels for plant height, stem 
girth, dry matter yield and root weight. Plant vigour showed significant differences 
among N levels. There were highly significant differences among the varieties Tor 
plant height, Striga count, dry matter yield and root weight. No differences was 
found between the Nitrogen fertilizers used. 

Interaction between N levels x fertilizer x varieties was significant only for Striga 
count. This suggests that the effectiveness of nitrogen in suppressing Srriga 
emergence does not depend on either the source or the level but the interaction of 
the two and the responsiveness of the varieties to both the fertilizer and the Striga. 

Introduction 

The parasitic weed Striga has been identified as an important pest hampering high 
grain yield production of sorghum in Nigeria and elsewhere. Six species of the 
weed are of common occurrence in the country, among which S. ltermonthica is the 
most ubiquitous in the Nigerian savanna (Aileosun, 1990). where most of the 
sorghunl is grown. An estimated $950 million (USA) annual loss in sorghum yield 
is attributed to S. hertt~ot~tltica (Lagoke et al., 1988). 

Even though breeding genotypes resistant to Striga is the most economic way of 
averting losses caused hy this parasite, the development and use of an efficient 
screening system in Striga resistance has been slow. The increasing urgency to 
alleviate Striga-caused losses in the savanna zones has increased the emphasis on 
cultural methods of control especially through fertilizer usage (Pancras-Deke, 
1988). 

Till date, no single control measure has been able to effectively check the damage 
done by S. herntonthica. The use of fertilizers has been exploited as a possibility in 
minimizing yield losses due to Striga attack. It has been reported that Striga 
infestation is more severe on infertile soils and that application of nitrogen fertilizer 
to infested land reduces losses caused by this parasitic weed (Pesch and Piertese, 
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1982; Ogborn, 1983: Piertese. 1985; Hanidoun and Babiker, 1989: Laycock, 1989). 
Earlier studies in  Sudan (Lasl. 1960) revealed that the application of 601 bs of 
nitrogen per acre lreppled yields of sorghum on highly infested soils and produced 
up to eight times the yield on heavily infested land. Several authors have indicated 
that high rates of nitrogen applied as urea or ammonium sulphate affected Strign 
development by inhibiting germination, delaying flower emergence. causing 
stunting of emerged shoots, reducing llowcring and dry matter production (Agabawi 
and Youmis, 1965; Parker, 1984; Pesch and Piertese. 1982: Laycock. 1988; Hess 
and Ejeta, 1988). However, the effectiveness of this has been found to depend on 
the category or crop, dosage of I'ertilizcr. ecological zone and its availability within 
reasonable economic rates. 

There is little information regarding the control of S. Itert~lorttl~icn on sorghum 
using nitrogen fertilizers in the savanna ecological zone of Nigeria. The ol~jectivc 
of this investigation was, therefore, to study the cffcctiveness of two sources of 
nitrogen at different regimes on the control of S. herniorttltictl on difi'ercnt sorghum 
varieties. 

Materials and Methods 

The experiment was conducted in   he screenhouse at the Institute for Agricultural 
Research, Saniaru, Nigeria. Soil samples were collected froni a previously 
uninfested sun-dried, crushed to pass through a 2.0 mni sieve. The soil had an 
initial N content of 5.6% and had earlier been described by Kowal (1968). 

Each pot contained 6 kg of soil to which was mixed 500 ml (approximately 0.5 
gm) of Strigtl seeds. Single superphosphate and Muriate of Potash at the rate of 
8gm and 1.13 gm, respectively, were added to this mixture as basal fertilizers. 

Treatments comprised two sources of nitrogcn fertilizers (Urea and Calcium 
Ammonium Nitrate), four levels of N (0 ,  50, I00 and 150 ppm) and four improved 
varieties of' sorghum (L. 2 123 which is susceptible, KSV-4 and NR7 1 150 both 
resistant and SK-5912 which is tolerant to Striga attack). Varieties SK-5912 and 
L.2 123 are long-season sorghunis while KSV-4 and NR7 1 150 arc short-season. 
The experiment was a factorial arrangement replicated three times. Ten seeds were 
planted per pot and later thinned to five seedlings after germination. The pots 
received equal amounts of water throughout the experiment. 

Among data collected froni each pot were plant vigour, plant height, stem girth, 
Striga count, dry matter yield of leaves as well as stcni and root weight. 

Results 

Plant Vigour 

Highly differential response in  plant vigour was shown among the varieties and for 
different levels of fertilizer application (Tables I and 2). Varieties KSV-4 and SK- 
5912 were significantly more vigorous than the others, the least vigorous being 
L.2123. Nitrogen application influenced plant vigour, giving an average increase of 
24.3% over control at 200 ppm (Table 2). However, C.A.N. was most effective in 
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increasing plant vigour at 150 ppm, while the response to Urea application was 
highest at 200 ppm (Fig. 1). 

Plant Height. 

Highly signillcant differences were detected in plant height over all varicties and 
levels of application (Table I ). Thc tallest plants were reported for KSV-4 and the 
least for NR71 150. Generally, plant height increased with increasing levels of 
nitrogen and reached a peak at 150 ppm. giving an increase of 45.3% over the 
control. This was especially true Ibr Urea fertilizer but not for C.A.N. where the 
grcatcst hcight was attaincd at 200 ppm (Fig. 2). 

Stem Girth 

Significant difference were observcd in stem girth for varicties. Nitrogen levels 
showed highly significant differences. Stem girth showed signillcant increase over 
control at highcr levels of nitrogen, reaching a peak at 150 ppm (Table 2). Using 
C.A.N. fcrtilizcr. varieties L.2123 and SK-5912 (long season) increased in stem 
girth up to 200 ppnl, while thc peak for KSV-4 and NR7 1 150 was at 150 ppm. 
There was no clear pattern in respect of urea fertilizer (Fig. 3). 

Table 1. Analysis of variance for host and parasite as affccted by two sources of 
nitrogcn at different re,' olrnes. 

Meall squares 

Sourccs of Plant vigour Pln~i t  height Slem girth Dry matter Roo1 weight Slrigrr count 
\,ariation dl yield yield (shoot) 

(shoot) 

Replication 2 0.86 1.13 8.49 525.3 29.01 31.91 

Fertiliser (F) 1 0.033 7.25 0.51 12.01 0.000 15.41 

Levels (a) 4 2.52 577.23* 1.85* 522.1" 40.88* 23.55 

f x a  4 0.97 18.43 0.97 14.66 2.02 94.55* 

Varieties (v )  3 1 I .5 1 * 1684.92* 1.12* 524.37* 6273* 226.08* 

n x v  12 0.39 68.07 0.45 256.54* 12.20 20.26 

f x v  3 1.01 97.34 1.12 18.61 0.40 33.92 

n x f x v  12 0.59 95.38 0.24 27.07 4.74 63.99* 

Residual 78 0.84 73.73 0.39 114.35 7.44 29.19 

t Significant at 5% ofprobability. 
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Table 2. Mean values for six characters at different levels or fertilizer treatment, 
averaged over sources and varieties. 

Level of Plant vigour Plant heigh~ Stem girth Dry matter Root wciglit Slr ixa count 
Nitrogen ( ~ 1 1 1 )  (~111)  yield (gm) 
krtilizer (pprn) (gmi shoot 

200 4.04 36.2 1 2.87 1 1.73 5.21 8.46 

150 3.92 37.62 2.89 6.38 5.10 8.21 

100 3.46 3 1.32 2.64 5.02 3.13 6.21 

50 3.67 31.29 2.47 3.29 3.75 8.2 1 

0 3.25 25.89 2.30 1.83 2.16 7.96 

LSD 0.527 4.89 0.353 5.39 1.57 3.1 1 

Shoot Dry Matter 

Overall dry niattcr yield increased with increasing levels of fertilizer. 'The variety 
SK-5912 had the higest dry matter yield with a value of 7.16% over the lowest 
(Table 3). Nitrogen levels and varieties differed significantly for [his character. 
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m a w u  Flg. 2. ERect of bvels of CAN and UREA 
Cnilizer on plant height 

Root Dry Matter 

There were highly significant differences among varieties and nitrogen levels for 
root dry matter yield (Table 1 and Fig. 4). 

Root weight increased with increasing nitrogen levels, yielding up to 241.2% over 
the control at 200 ppm (Table 2). The highest response was recorded for SK-59 12 
(Table 3 and Fig. 4). 

Striga Count 

Highly significant differences for Striga count were found among the varieties 
(Table I).  Variety L.2123 sustained the highest amount of Strigct while the lowest 
was supported by SK-5912, with up to 221.2% difference between the two varieties 
(Table 3). 

There were no significant differences in Striga count due to sources of fertilizer or 
levels of application. However, N levels x fertilizer source x variety interactions 
were significant. Thus. there was no clear-cut relationship between sources of 
nitrogen fertilizer or levels of application with Striga count (Table 2). However. 
increasing the application of C.A.N. showed a general decrease in Striga count with 
a 58.9% decrease over control at 200 ppm (Fig. 5). The variety NR71150 was the 
most responsive, with a decrease of 82.5% Striga below control at 200 ppm. On the 
variety L2123, Striga count was reduced by 73.4% relative to the control at 100 
ppm of C.A.N. but was increased by the same value (73.4%) at 150 ppm. 



UREA FFmlllEa (PPM) 

flg. 3. Eflecl of levels of CAN and UREA fenlllzeron stem glr(h. 

Table 3. Mean values of performance of four varieties of sorghum, averaged 
over sources of fertilizer and levels of application. 

Sorghu~ii Plant Plant Stern ginh Dry matter Root weight Srrigl~ 
variety vigour height (crn) yield (gm) (gm) count 

(cm) 

LSD 0.47 1 4.41 0.32 4.82 I .40 2.78 
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The response of cultivars to different levels of urea fertilization was inconsistent. 
At 100 ppm of urea Strign count was dccreased by 27% relative to the control. 
Urea application was most effective i n  reducing Str-iga count on the variety 
NR7 1 150. 

Discussion 

Although there was no consistent evidence that most response to nitrogen 
fertilization would invariably dcpress Strign infestation. i t  is likely that a well 
grown crop would resist infestation and support less Striga than a poorly grown 
crop (Last, 1960). The varieties SK-5912 and KSV-4 had significantly low Striga 
counts and these were consistently associated with good agronomic performance. 
On the other hand, the amount of Strign infestation on NR71150 was unusually low 
compared to its agronomic perforrnancc. It is likely that the roots of this variety did 
not produce enough stimulant for effective germination of the Sfriga seeds 
(Okonkwo, 1990). 

flg. 4. Effect of levels of CAN and UREA 
leriilizers on root weight.. 

There was no direct significant effect to suggest that high levels of nitrogen 
suppressed Str-iga emergence. Rather, (he results showed that the effectiveness of 
nitrogen in suppressing Striga emergence does not depend on either thc source or 
the level but the interaction of the two and the responsiveness of the variety to both 
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the fertilizer and Strigcr. The existence of some kind of relationship between a 
variety's degree of response to nitrogen fertilization and its relative resistance to 
Striga infestation has been observed. The failure of high doses of either urea or 
C.A.N. to suppress Striga count on thc susceptible variety L.2 123 tends to support 
this suggestion. 

Fig. 5. Effect ol levels of CAN 
and UREA fertilizers on 

Potential varieties must. therefore, possess some lcvel of resistance before they 
can make use of high doses of nitrogen fertilizers, since according to Ogborn 
(1979). high levels of nitrogen do not only increase yield of sorghum but also 
number of emerged Srriga plants. Thc cultivation of varictics without a substantial 
amount of resistance at high nilrogen levels would tend to increase the seed- 
producing capacity of the pest rather than to control it. 

Based on Srriga count and other agronomic observations. the varieties SK-5912, 
KSV-4 and NR7 1 150 are suspccted to possess a lcvel of resistance to Striga 
Izernlonfhica, while L.2 123 is susceptible. The usefulness of SK-59 12 and KSV-4 
as potential sources of resistance had been identified (Obilana. 1979; Adeoti, 1986); 
while NR71150 has recently been so identified (Nwasikc er al., 1990). 
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Etude des Parasites du Niébé en Association avec le Sorgho et le 
Maïs. 

YEHOUENOU A. 

INA, N'Dali, Benin. 

Résumé 

La présente expérimentation a été conduite pendant deux campagnes agricoles. cn 
1989 et en 1990, à la Station de Recherche sur les Cultures Vivrières d 'ha ( Nord 
Bénin ) pour étudier le complexe parasitaire du niCbé associé au sorgho et ou maïs. 
Cinq formes d'association et une culture pure de niébé ont été étudiées. Les 
résultats indiquent que le niébé a 6té plus attaqué en culture pure que dans les 
associations. Cependant. les dégâts causés sur les gousses par Manicn et Cydia ne 
présentent pas de différences significatives. 

Introduction 

L'une des principales causes des faibles rendements du niébé. Vignn iiwguiculata 
(L) Walp., au Bénin, cst l'action néfaste des parasites. En effet, le niébé, comme les 
autres légumineuses attire un important complexe pansitaire durant la végétation et 
pendant le stockage ( Kyamanywa et Tukahirwa, 1988, Singh 1990 ). Un bon 
rendement de niébé en culture pure est inipossiblc sans traitement phytosanitaire. 
Cependant, l'usage de pesticides, outre la destabilisation des équilibres biologiques 
naturels. alourdit les charges des paysans, petits exploitants qui ont une pratique 
séculaire d'association des cultures. Aussi avons-nous entrepris cette étude en vue 
d'identifier les formes d'association qui réduisent le plus I'ei'fet néfaste des parasites 
du niébé. 

Matériels et Méthodes 

Les études ont 616 réalisées sur les parcelles d'expQimenlation de la Division 
Agronomique au cours des campagnes agricoles 1989 et 1990. 

Cinq formes d'association et u n  traitement en culturc purc de nibbé ( voir annexe ) 
ont étC Ctudiés en bloc de Fisher à quatre rép6titions sur des parcelles élémentaires 
de 20 m' ( 5 m x 4 m ). Des observations hebdomadaires ont été faites, de la levée à 
deux semaines après récolte, sur les principaux ravageurs du niébé : les pucerons. 
les thrips. les punaises et les lépidoptères. 

Pour les pucerons, les poquets attaqués sont comptés sur toute la parcelle et le 
pourcentage des plants attaqués déterminé. En ce qui concerne les thrips, le niveau 
de population est évalué par In méthode de " check board drop ", tôt le matin entre 
7h00 et 8h00 sur dix plants choisis au hasard par parcclle. Des observations 
visuelles de punaises sont faites tôt le matin entre 7h00 et 8h00 sur toute la parcelle. 
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Les différentes espèces sont dénombrées séparément. Les populations de larves de 
difiërentes espkces de lépidoptères et leurs dégâts sont déterminés par comptages 
des gousses perforées. 

En 1990, l'attaque massive de Ootl~eca mutobilis 3 semaines après le semis nous a 
contraint 3 traiter au FAS-TAC 2 raison de 2 !/ha toutes les parcelles, 

Résultats 

L'Associatiori sorglio-rriébé. La campagne 1989 a Cté marquée par l'absence de 
pucerons et des punaiscs nombreuses, particulibremcnt Ics cspèces Anoploctren~is 
crtrviceps ct Riptortrrs dentipes. Malgré I'abondancc dcs populations de thrips i l  n'y 
a pas de différence significative entrc les attaqucs des traitements. On peut toutefois 
remarquer que la culture pure (TI ) ct l'association T4 ont attiré plus de thrips. II n'y 
a pas dc dil'fCrcnce significative cntrc Ics associations ct la culture pure quant aux 
dégâts de Marrrca et de Cjdia sur les gousses. Ces résultats sont consignés dans le 
Tablcau 1 .  

L'entornofaune parasitaire a été plus importante en 1990 que l'année précédentc. 
Les pucerons, les thrips et les Iépidoptbes notamment ont été plus abondants. Sur 
704 punaises dénombrées. i l  a été identifié 324 Airoplocneitris curvipes, 280 
Riptortlis dentipes et 100 Acarrthonria sp ( Tableau 2 ). On n'a pas observé de 
pucerons sur les traitements T2 et T6, alors que la culture pure a été cette année 
encore plus attaquée, les autres traitcments restant équivalents. II n'y a pas de 
diffkrence significative entre les tiaitenients en ce qui concerne les dégâts de 
Mnnica et Cjdia sur les gousses ( Tableau 2 ). 

Tableau 1. Les effets de l'activité parasitaire sur le niébé sous diverses formes 
d'associations avec le sorgho, campagne 1989. 

Traitements 46 poq. Moy. tlirip Nonibre de punaises Moy. gous. 
artaqiies sur I O  plants attaquées par 

Par Muriicu et Cxdiu 
pucerons An Ri Ac Ne Total traitement sur 10 plants 

(iouirs ebpeces 
confondiies i 

* les moyennes ne sont pas signilicativement dirférentes ( P = 0.05 ) 
An = Anoplocrrenris ciiniipes : Ri = Riptortlis dentipes : Ac = Acaritlzomias sp 
Ne = Nezara virirluh 
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Tableau 2. Les efèts de l'activité parasitaire sur le nikbé sous diverses formes 
d'association avec le sorgho. campagne 1990. 

Tniiements Q poq. Moy. ihrips Moy. punaise Moy. iCltrriic.(i Nbre iowl Moyenne 
aitaqués sur 10 plants p u  parcclle sur 10 plants C~.</;II gousses 

Par perfokes par 
pucerons Murric(i et 

C\.</ili 

* les iiloyeiintts ne sont pas significativeincnt différen~es ( P = 0.05 ) 

Association maïs-niébé. Le Tableau 3 montre que les thrips ont attaqué plus les 
traitements Tl et T3. Ces deux traitements ont aussi altiré des punaises, notaminent 
Anoplocrlentis curi,ipes et Riphortus dentipes.  II n'y a pas d e  différences 
significatives entre les traitements quant aux dégâts des ICpidoptères et i l  n'a pas été 
noté de pucerons. 

En 1990, le traitemcnt T6 n'a pas connu de pucerons. On note moins de thrips sur 
T.5 et T6. tandis que la culture purc reste encorc la plus infestée. II n'y a pas de 
diffirence significative entre les traitements pour les dCgSts dc Maruca et Cydia 
(Tableau 4 1. 

Discussion 

La campagne 1990 montre particulièrement des rksultats favorables à I'activitk des 
insectes qui a déinarré dès l'émergence des cultures: l'invasion massive des jeunes 
plants de niébt? par Ontlieca ntrttobilis, 3 semaines après semis. en est une preuve. 
Ces résultats peuvent être attribués aux différences de régime pluviométrique entre 
les deux saisons. En effet, en 1989, 1.2 17,4 mm de pluie ont été enregistrés en 79 
jours tandis que 1990 ne recevait quc 874,4 mm cn 68 jours, soit un déficit dc 343 
min ( - 27 96 ) par rapport h I'annéc précédente. 

Au cours des dcux campagnes, la culture purc de niébé a été plus attaquée par les 
ravageurs que les associations, Ce qui confirme les observations de Singh, ( 1990 ) 
et renforcc la these de Sterner ( 1985 ) selon laquelle l'association culturale rCduit 
les dégâts causés par les ravageurs. 
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Tableau 3. Lcs cffets dc I'activiiC parasitaire sur le niCbE sous diverses formes 
d'associations avec Ic maïs, camprignc 1989. 

Traitements 'ib poq. Moy. thrip Noinbrc de punaises Moy. sons. 
iIttaqUeS sur 10 plants attaquées par 

par Miiri~cu et Cydiu 
pucerons An Ri Ac Ne Total traitement sur 10 plants 

(toutes espèces 
confondues) 

T2 O IO5 ab l I 5 0 0  16 I I *  

Total 26 I O  1 I 

* les iiioyenncs nc sont pas signilicntiveiiient dilKrentes ( P = 0.05 ) 

Tableau 4. Les el'fets dc I'activii6 parasitairc sur Ic nidbé sous diverses formes 
d'association avec le maïs. campagne 1990. 

Traitements (b poq. hloy. thrips Moy. punaice Moy. Murricu Nbre total Moyenne 
attaqués sur 10 plants par piircelle sur 10 plants Cyli<r gousses 
Pm perforks par 

piicerons Muritct~ et 
C~d iu  

* Les moyennes ne sont pas signilicativement diffdrente ( P = 0.05 ) 
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Nos résultats ont aussi montré que les associations avec 2/3 de population normale 
de céréales, en lignes jumelées, ont Cté plus propices aux ravageurs 
(paniculibrement aux thrips ) que les autres combinaisons. Ainsi la géométrie de 
I'associarion semble jouer un rôle dans l'infestation de la Iégumineuse. 

Nous n'avons observé aucune différence significative en ce qui concerne les dégâts 
des Iépidoptiires et cela peut s'expliquer par le fait que l'activité des thrips a laissé 
peu de gousses suffisamment développées pour être attaquées par les Iépidoptbres. 

Conclusion 

L'étude dcs parasites du niébé en culture pure ou en association avec le maïs ou le 
sorgho montre que la culture pure de la Iégumineuse est toujours plus infestée que 
celle où elle est associée avec une céréale. Dans les deux cas, I'intensit6 de cette 
infestation dépend de la pluviométrie. Ainsi en 1990 ( 874 inm ) les parasites sont 
plus nombreux qu'en 1989 ( 1274 inm ). 
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Annexe : Description des traitements 

1. Association sorgho-niébé 

1. Traitement 1 ( Tl ) : niébé pure. 166.667 planlslha 
2. Traitement 2 ( T2 ) : sorgho-niébé en ligne alternées ( 1 : 1 ) 
3. Traitement 3 ( T3 ) : sorglio-niébé, 213 population normale de sorgho ; S: 

4 1.667 plantslha, N: 55.556 plantsha ( 2 : 2 ) ; deux lignes N à 0,60 m x 
0.20 m. 

4. Traitement 4 ( T4 ) : sorgho-niébé. 213 population normale de sorgho ; S: 
4 1.667 plantslha, N: 41.667 plantsha ( 2 : 2 ) ; deux lignes de N à 0,40 m x 
0,40 in. 

5. Traitement 5 ( T5 ) : sorgho-niébé, 213 populaiion normale de sorgho en 
lignes juriielées : S: 44.444 plantsha N: 55.556 plantsiha ( 2 : I ). 

6. Traitement 6 ( T6 ) : sorgho-niébé, menie ligne. 

II. Association maïs-niébé 

1. Traitement 1 ( Tl I : niébé pure 166.667 plantsiha 
2. Traitenient 2 ( T2 ) : niaïs-niébé, 213 population normale de maïs M 4 1.667 

plantslha. N: 55.556 plantslha ( 2 : 2 ), deux lignes N B 0,60 m x 0,20 m. 
3. Traitement 3 ( T3 ) : maïs-niébé, 213 population normale de maïs M 41.667 

plantsiha, N 4 1.667 plantsha ( 2 : 2 ) deux lignes N à 0.40 m x 0.40 m. 
4. Traitement 4 - T4 ) : maïs-niébé, 213 population normale de maïs en lignes 

jumelées : M 44.444 plantslha, N 55.556 plantslha ( 2 : 1 ). 
5. Traitement 5 ( T5 ) : mai's-niébé. lignes alternatives ( 1 : 1 ). 
6. Traitenient 6 ( T6 ) : maïs- : TZB 

Sorgho : Toko-besscnou. 
Niébé : TVx 1850-0 IF. 



L'Expérimentation sur le Desherbage Chimique du Maïs en Zone 
Cotonnière au Nord-Cameroun. 

J. MARTIN et E. GERARDEAUX. 

IRCT-CIRAD, IRA Maroua et IRCT-CIRAD IRA Garoua, Catrierolitl. 

Résumé 

Le programme de criblage d'herbicides lancé par l'Institut de la Recherche 
Agronomique au Nord-Cameroun comprend quatre phases successives : efficacité, 
sélectivité, arrière effet, approche économique. Une quinzaine d'herbicides maïs ont 
ainsi été testés en deux ans. Des résultats intéressants, en particulier sur Coninielitio 
betighnletisis, ont été obtenus avec plusieurs herbicidcs de pré-levée et dc post- 
IevCe. Ces résultats contribuent à la définition d'itinéraires tcchniques mieux adaptés 
aux conditions locales : par exemple. reduction dcs doses d'herbicides de pré-levée 
en cas de buttage 30 jours après semis ; en travail minimum du sol, utilisation 
d'herbicidcs de post-levée en relais d'un labour chin~iquc. L'intégration du 
désherbage chimique du mais permet une meilleure maîtrise de I'enherbement au 
niveau du système de culture à base coton. 

Introduction 

Les herbicides en culture de maïs sont vulgarisés depuis 1977 au Nord-Cameroun. 
De 1979 à 1983 ils ont été très largement utilisés ( 70 à 90 % des surfaces 
intensives). Depuis 1984, ils se maintiennent à environ 3000 ha, soit 40 à 60 % des 
surfaces intensives. A titre indicatif, les herbicides en culture cotonnière concernent 
environ 10 à 13.000 ha, soit 10 à 14 % des surfaces. Le traitement consiste en une 
application d'herbicide de prk-levée à 4 Iha. Le Gramoxone ( paraquat 200 gma/l ) a 
été introduit pour détruire les herbes présentes au moment du semis : il est utilisé à 1 
à 2 Ilha en mélange avec l'herbicide de pré-levée, ou même seul dans certains cas. 
Les produits utilisés depuis 1987 sont : Bellater ( atrazine + cynnazine 250 + 250 
gmall ), Primextra ( atrazine + niétolachloro 170 + 330 gma/l ),Lasso GD ( atrazine 
+ alachlore 250 + 250 gmafl ), Gramoxone ou sepgramox ( paraquat à 200 gmall ). 

Présentement, les efforts de recherche sur le maïs portent sur l'élaboration 
d'itinéraires techniques pour la culture du maïs avec un labour minimum dans le but 
de protéger le sol contre l'érosion. Dans le domaine de la lutte contre les mauvaises 
herbes, on a entrepris à partir de 1988. d'étudier les effets des herbicides sur cultures 
vivrières entrant en rotation avec le coton, principalement le maïs. Les résultats 
présentés ici sont ceux des essais conduits en 1989 et 1990. 

Matériels et Méthodes 

Schéma de sélectioit. Un herbicide doit répondre à plusieurs exigences : être 
efticace vis-à-vis des adventices ( limitation de la concurrence ), épargner la culture 
en place et sans présenter d'arribre effet sur les cultures suivantes, être rentable. 



Le schéma de séleclion dcs herbicides mis au point par I'IRCT et homologuC par la 
C.E.B. ( Commission des Essais Biologiques de la SociCtC Française de Phytiatrie et 
de Phytopharmacie ) en 1981 comprend quatre phases-tests ( Deat. 1988 ) : ( i ) 

Efficacité vis-li-vis dc la gène adventice, ( i i  ) Selectivité vis-à-vis de la culture, ( i i i  
) Arrière effet vis-à-vis dc la culture suivante et ( iv ) approche économique avec les 
tests en milieu paysan. 

L'efficacité globale et spécifique d'un herbicide à une dose donnée est 6valuée 
suivant la mtthode du témoin adjacent. Trois doses sont étudiées : la dose proposée 
par le fournisseur encadrCe par les doses 314 et 312. Lcs essais ne sont jamais 
sarcles. Les cotations d'enherbement sont faites jusqu'au 60èine jour. 

La stlectivité d'un herbicide reconnu efficace à une dose donnCe est étudiée en 
comparant Ics doses simple, double et triple à un témoin non iraité. L'évaluation 
porte sur les éventuels effets de phytotoxicité et non sur I'enherbement. 

L'Cvaluation de l'arrière-effet phytotoxique sur la culturc suivante de la rotation a 
pour support les essais de sélectivité et la méthodologie est la même pour les 2 types 
d'essais. Ainsi, les trois premières phases de sélection comportent des essais en 
milieu contrôlé. Les sols sont labourés. Les applications d'herbicides sont faites en 
conventionnel à 250 1 de bouillielha. 

Les herbicides reconnus efficaces, sélectifs ct sans arrière effets sont testés pour 
leur intérêt Cconomique en conditions réelles. Les traitements herbicides en bas 
volume ( 20 Iha ) et les entretiens sont réalisés par les paysans, selon leurs propres 
critères. 

Le dispositif expérimental. Pour les trois premières phases, le dispositif 
cxpérimental consiste en un réseau d'essais multilocaux comprenant quatre h cinq 
sites. Les sites sont choisis pour couvrir uiie variabilité importante à la fois 
pédologique ( sols ferrugineux, fersialitiques. alluviaux et planosols ), floristique et 
climatique ( 750-1 150 mm ). Les tests en milieu paysan ont Cté mis en place dans la 
rdgion la plus utilisatrice d'herbicides. 

La flore de l'étude. Les relevés Iloristiques réalisés ont identifié plus de 120 
espèces réparties comme suit : les Poaccae annuelles dont Digitaria horizo~italis. 
Peniiisetum pedicellotuiii, Rottboellia cochiilchii~e~isis, les Coiiinleliiiaceae dont 
Coiiinielina benglialeiisis, les Asteraceae ci les Convolvulncene et les Rubiaceae. 
Ces familles sont les plus représentées. Les Cyperaceae vivaces ( C. rotondus et C. 
esculetitus ), Iinperato cylitidrica, Cynodon dactyloiz ct Eupliorbia liererophylln ) 
sont par contre peu nombreuses. Les cotations n'espèrant pas aller au-delà du 60ènic 
jour, aucune information n'est disponible sur Striga l~ernlonthictc. 

Les herbicides étudiés. Trois familles d'herbicides représentant 22 spécialités ont 
été étudiCes ( Tableaux 1 et 2 ). Certains de ces herbicides sont déjh vulgarisés au 
Cameroun, et quelques uns sont nouveaux. Quinze mati2res actives sont Ctudiées 
seules, en association ou cn mélange. L'alrazine est la matière active la plus 
représentee dans les associations ; les anilides substituécs sont également très 
représentées. Dans la suite de la communication, la terminologie suivante sera 



~8b1-u  1. Herbicides testés en 1989 et 90. 
- - 

Firmç SFL<cialiu! Mali?rcs a r i i v~s  CI ctmccnirniion cn fil Formulaiion LPCIHA Eil i rxi ic '  Sc ' I~~ i iv i td  Arr 
Dos dc n<i6r. Eficl  

- - 
89 Y0 89 WI <w) ThlPWl 

Calliopc Allizinc Au;i/inc 250 + dachli~rc 250 SC 1 p d  . pd+pp prC - 

Ciha-Gcipy Primcxin ainï ine 170 + mc'ii~lachlon: ,730 SC 4 ci 3 pr t  pn< P*+PP 

Prirnagnm cxira airuine + mc'lolachli>n'+ glyphi7.s~~: 475 SC J PP PD - P ~ + P P  

Dow (ABIDM-01) ? EC 1 piisl . posl . 
R.P.A. PWF rnc'W/achl«rc UXI E€ 2 P e  

R v  + au-uih. Mfiasnrhliin: 4 l X i  + airrrinc %YI SC+SC 2 + ?A - p i r  

Paner pndirn?ihalinc I H l  + linumn SWI EC 5 P e  

Challenge aclonikn NiIl SC 2 pr6 

Siomp + Challenp pndirnc'ihalinc 51Y) + aclonilCn NYI EC + SC 2.4 + ? - P d  

(Exp lU527A) hr<int>ryil 1211 + atn/inc 240 .SC 2.5 pnsi p<isi - 
L;ci.w GD alachlorc + auwine SC 4 PR<+PP 

Monranto (Mon Rb18 acc'tnchlon: 810 EC 1.5 P d  

(Mon Rb18 + airdzinz YU) EC + SC 1.5+2 - prd 

(Mon 8484 + Mon 13202) acélirhli>rc 84) + '! 24) EC +EC I + 0.5 - p d  

Duponl (E %3h) '! 25 % WP JX&!p/ha - posl 

I.C.I. u~+in.hlon, 768 EC 1.5 PR! 

A IWl51 '! %XI I 1.3 poïi 

A (XI5 I + airuine ? 3x1 + alra/.inc 5lXI SC 1.3+2 - po\i 

H w h s l  Prado pyridnic 2lXI + aira/.ine I H I  SC 4 pas1 

Shcll FTciwl pcndimc'ihalinï 330 EL 3 P d  - 
ainLinc 5iXl SC 2.4 pn;/p,lsi - 

Gramoxrm pardquai 211) 2.0 PP 

Egende : pré = prélever de la culture et des adventices 
post = post-levée de la culture et des adventices * tniiemeni sur essai sélectivité 
pp = post-levée précoce des adventices. 
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utilisée : ( i ) pré-levée signifie pst-semis, pré-levée de la culture et des adventices, 
( i i  ) post-levée prfcoce signifie post-semis. prf-levée de la culture et post-levée 
précoce des adventices et ( i i i  ) post-levée signifie, post-levée de la culture et des 
adventices. 

Environ 213 des produits étudiés sont appliqués en prélevée et 113 cn post-levée. 
Une seulc formulation a été étudiée en post-levée précoce. Dans les tests en milieu 
paysan, les herbicides de prélevée sont mélangés avec du gramoxone à 0, I ou 2 Ilha 
suivant l'état d'enherbement du champ au moment du semis. 

Tableau 2. Familles des herbicides test&. 

Principales Fainilles Matières Activcs Teslées 

Dcrivés de l'Urée 

Anilides substitu&s 

Coinposés Phenoliques, 
Toluidines 

Autres 

Linuron 

Acéiochlore 
Alachlore 
Metazachlore 
Metolachlon: 

Atrazine 

Pendimethaline 

E 9636 
A 0051 
Pyridate 
Mon 13202 
Aclonifen 
Broinoxynil 

Glyphosatc: 
Panquar 

Résultats 

Efficacité. Les résultats sont présentés en prenant comme crittre d'efficacité 
globale : la duree pendant laquelle I'enherbement est resté acceptable ( note > 7 ; 
note 10 = enherbement nul, note O = enherbement total ), la note d'enherbement 
obtenue 60 jours aprks le semis. 

Les meilleurs herbicides prBlevée ( Tableau 3 ) présentent les caractéristiques 
communes suivantes : efficacité globale équivalente, présence d'atrazine, forte 
rémanence ( au moins 60 jours ), large spectre et faiblesse sur Rottboellia 
cochinchinetwis ( l'exception de I'assosiation atrazine + acétochlore qui semble 
présenter une efficacite moyenne ). Ces herbicides, qui comprennent ceux déjà 
vulgarisés, sont nettement supérieurs aux herbicides coton ; en particulier, ils sont 
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très efficaces sur Conrnrelir~a bertghalensis (Gerardeaux et Martin, 1990 a et b: 
Martin et Gerardeaux, 1989 a et b). Cette efficacité leur est conferée essentiellement 
par I'atrazine. qui utilisée seule à 1200 gmalha s'est très bien comportée. II 
conviendra donc de revoir les ratios atrazinelanilides substituées en fonction de 
leurs prix respectifs. De plus, les doses peuvent certaincnicnt être revues à la baisse 
dans le cas où une moindre rémanence est recherchée. La rnétazachlore à 1200 
gmaha présente une bonne efficacité globale, mais elle est sans effet sur Iponiea 
eriocarpa. 

Tableau 3. Efficacité des herbicides de prélevée. 

J i 7  N60 - - 
atrazine 1800 + mérazachlore 1200 60 8.5 
atrazine 1200 + niétazachlore 800 60 8.5 
ainzine 1200 60 8.0 
atrazine 680 + inétolachlore 1320 60 8.0 
atrazine 5 10 + iiiéiolaclilore 990 60 8.0 
ainzine 510 + inéiolachlore 990 ( 1989 ) 60 8.0 
ainzine 1500 + alachlore 1500 ( 1989 ) 60 8.0 
atnzine 1000 + alachlore 1000 ( 1989 ) 60 8 ,O 
airazine 1000 + acéioclilore 1260 60 7.5 
ainzine 1020 + inéiolachlore 1980 ( 1989 ) 60 7.5 
inéiazachlore 1200 60 7 ,O 
ainzine 900 = iiiétazrichlore 600 60 7.0 
ninzine 1000 + acétochlore 1680 60 7 .O 
atrazine 5 10 + inétolachlore 990 ( 1989 ) 60 7.0 
ainzine 750 + alachlore 750 ( 1989 ) 60 7.0 
ainzine 1000 + acétochlore 840 55 6.5 

aclonifen 1800 
inéiazachlore 800 
neiazachlore 600 
pendiinéihaline 1200 + linuron 675 

aclonifen 1200 
pendilnéihaline 900 + aclonifen 900 
pendiinéthaline 1200 + aclonifen 1200 
pendiméihaline 1800 + aclonifen 1800 
acétochlore 840 + M 13202 180 

aclonifen 900 
pendiinéihaline 600 + linuron 338 
pendiinéthaline 800 + linuron 450 
acétochlore 1536 
acétochlore 840 + Ml3202 90 
aciiochlore 840 + M 13202 120 

acétochlore 1 152 30 5 .O 
acétochlore 768 30 4.0 

J à 7 : Durée (en Nb de jours apri?s semis) pendant laquelle l'enherbement est resté 
correct (> =7) 
N 60 : Note d'cnherbemcnt obtenue à 60 jours aprEs semis. 



Les associations contenant de la pendiméthaline sont moyennement à peu efficaces 
( Tableau 3 ). Ccla les rend peu intéressantcs même si elles sont Iégerement 
efficaces sur Rottboe[[ia coc/~ir~c/ii~ie~~sis.  

Les résultats sont présentés dans Ic tablcau 4 pour les herbicides post-levée 
précoce. ils se caractérisent par l'adjonction d'une troisièrnc matière active agissant 
par contact ou par systémie. destinée aux plantules d'adventices présentes au 
inomcnt du semis ( note 8 ). Cette association est intéressante dans le cas où cllc 
touche dcs adventices pcu sensibles aux herbicides de pré-lev6e. Par contre les 
fcuilles des advcnticcs constituent un écran diminuant l'efficacité dcs matières à 
effet idsiduairc. 

Lcs traitcrnents dc post-levée ont tté cfièctués environ 20 jours après les seinis. 
avcc des enherbements approchant la note 7 ( sarclage nécessaire ). Les résultats 
sont présentes dans le Tableau S. Les meilleurs de ces herbicides ( Groupe 1 ) ont en 
commun : une très bonne efficacit6. uiie forte rémanence et des spectres 
relativcrnent larges. 

Tableau 4. Efficacité des herbicides de post-lcv6e précoce. 

alrazine + méiolachlore 
+ glyphosate 2650 

atrazine + iriéiolachlore 
+ glyphosate 1740 

atnzine + inétolachlorc 
+ plyphosate 1305 

J i  7 : Durée ( en Nb de jours après semis ) pendant laquelle I'enhcrbeinent est resté corrcct ( > =7 ). 

N 6 0  : Noie d'eiiherheiiient obtenue i 60 joun après seinis. 

Cependant. ils ont une faiblesse sur les Poaceae, en particulier sur RottOoellin 
cochirichinensis ; Toutefois, l'association A0051 + atrazine se distingue par une 
bonne efficacité sur Digitaria /zorizor~talis. 

Le dcuxikrne groupe comprend deux herbicides : le broinoxynil + atrazine qui 
prCsente des caractéristiques proches des deux herbicides précédents, mais s'est 
montré moins efficace aux 3 doses étudiCes et le A005 1 à 400 gmalha qui présente 
un spectre assez largc mais une efficacité globale insuffisante. 

Les trois herbicides du troisième groupe sont d'une efficacité faible ou nulle. Il 
s'agit de Atrazine + A005 1 h 840 + 300 ginCaha et Atrazine + Pyridate à 480 + 600 
grnaha. L'atrazine à 1000 gmaha est peu efficace en post-lcv6c alors qu'elle est très 
efiicace en pré-levée. 
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Tableau 5. Eflicacité des herbicides de post-levée. 

Groupe 1. 
J à 7  

atnzine 960 + pyridate 1200 
atrazine 1 125 + A005 1 400 
atrazine 1680 + A005 1 600 
atnzine 480 + pyridate 600 
atrazine 640 + pyridate 900 
atrazine 840 + A005 1 300 

Groupe 2. 

A005 1 400 
atnzine 450 + bromoxynil225 
alnzine 900 + bromoxynil450 
atnzine 600 + bromoxynil300 

Groupe 3. 

nirazine IOOO 
E 9636 9 
E 9636 12 
E 9636 18 
ABlDMOl 0.75 llha 
ABlDMOl 1.00 11ha 
ABIDMOI 1.50 11ha 

Jà 7 : Durée (. en Nb de jours après semis ) pendant laquelle I'enherbcmcnt est resté correct ( > =7 ). 
N 60 : Noie d'enherbemeni obtenue à 60 jours après semis. 

L'association de I'atrazine avec le A005 1 provoque un effet de choc important plus 
qu'additif : i l  y aurait donc synergie entre les 2 matières actives. Les associations 
atrazine + A0051 à 840 + 300 grnaha et atrazine + pyridate à 480 + 600 gmdha 
méritent de passer en expérimentation avanc6e. 

Sélectivité et Arrière-Effet. Parmi les produits de pré-levée et de post-levée 
précoce, les associations atrazine 1000 + alachlore 1000 gmalha et atrazine + 
métolachlore + glyphosate à 1750 grnaha ont été étudiées. Elles nc présentent pas 
de phytotoxicité vis-à-vis du maïs n i  même d'arrière effets significatifs sur coton. La 
pendimfthaline en pré-levée à IO00 gmdha présente des risques de phytotoxicité 
pour le maïs. Ce risque s'Ctend donc aux associations contenant de la 
pendiméthaline. 

Tests en Milieu Paysan. Les semis de maïs intensif ont eu lieu fin Juin début 
Juillet sur des sols encombrés de repousses suite aux labours. Ce sont des touffes 
d'herbes mal enfouies car déjà trop développées au moment du labour ( Peilrzisetuili 
pedicellatunr, Digitaria horizoiitalis etlou Tridax proc~inrbens ). Ces tests révèlent 
que l'efficacité des traitements est fortement conditionnée par l'abondance et la 
vigueur des repousses de labour. En l'absence de repousses. ( en labour motorisé 
classique bien exCcuté par exemple ), Ics herbicides de prélevée testés ont confirmé 
leur efficacité et leur sélectivitf en milieu rfel. Ils ont même été suffisamment 
efficaces lorsque les paysans ont sous-dosé à environ 3 Ilha au lieu de 4 Ilha. En 
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présence de repousses peu vigoureuses, l'adjonction de gramoxone à l'herbicide de 
prélevée est efficace et on se retrouve dans le premier cas. En présence de repousses 
nombreuses et vigoureuses l'addition de gramoxone même à 2 litreslha s'avère 
souvent insuffisante. Les feuilles exposées sont br0lées par le paraquat, mais la base 
des touffes n'étant pas atteinte, ces herbes repoussent vigoureusement à la faveur 
des pluies suivantes. Aussi le paysan est-il souvent obligé de sarcler 15 jours après 
le traitement, d'où une réduction de la pellicule d'herbicide de prélevée et une 
explosion des germinations. L'herbicide de prélevée est donc utilisé à perte dans ces 
cas-là. 

Discussions 

Les résultats obtenus soulèvent la question suivante : comment raisonner le 
désherbage chimique du maïs dans un  systbme de culture cotonlcéréales ? La 
réponse dépend de l'importance du labour, d'où l'examen de deux cas : système 
conventionnel ou minimum tillage. 

Système Conventionnel se caractérise par la place importante qu'y occupe le 
travail du sol qui consiste en labour avec ou sans reprise, sarclage et buttage. Ce 
systEme est le plus répandu jusqu'à présent. Le premier problème est celui des 
repousses de labour. Deux cas peuvent alors se prCsenter : 

a )  des repousses peu nombreuses et utte levée d'adventices au  semis : le 
problème peut être résolu par l'emploi d'un herbicide de contact seul ou en mélange 

. avec un herbicide de prélevée. Le recours à une telle combinaison extemporanée est 
préférable à l'utilisation d'herbicides ternaires préformulés comprenant une matière 
active agissant par contact ou par systémie. En effet, ces derniers sont plus coûteux 
et souvent sous-dosés en matières actives à effet résiduaire. Le inélange offre aussi 
plus de souplesse car i l  permet de moduler les doses d'herbicide de contact selon la 
vigueur des repousses. Une autre solution serait les herbicides de post-levée, mais 
leur efficacité sur ces repousses reste à étudier. 

b) des repousses aboltdalites et vigoureuses. Les herbicides de contact ( type 
paraquat ) peuvent s'avérer insuffisants pour maîtriser les repousses. En l'absence de 
solution chimique dans l'immédiat, deux voies de recherche peuvent être proposées : 
le traitement des repousses avec un herbicide systémique mélangé ou non à un 
herbicide de pré-levée, ou l'intervention au niveau du tapis herbacé avec un 
herbicide de contact ( ou systémique ) en plein, 2 à 3 semaines avant le labour, de 
façon à éviter le problème des repousses ( labour chimique ). 

La deuxième contrainte est celle de la composition de la tlore qui va lever. 
L'intensification a conduit dans de nombreux cas à des modifications de 
I'enherbement vers des types oligospécifiques dominés par Coninlelino Derighalerisis 
( Lebourgeois, 1989 ). Les explications suivantes peuvent être avancées : des 
germinations massives provoquées par le labour et les sarclages, une remarquable 
faculté de régénération après les sarclages, une sélection par les herbicides coton 
vulgarisés jusqu'à présent qui se sont revelés peu ou pas efficaces sur cette 
adventice. Dans ces trois cas l'utilisation d'herbicides de prélevée à base d'atrazine 



est parfaitement appropriée. Les doses actuellement vulgarisées ( 4 Iiha ), valables si 
une très forte rémanence est recherchée, peuvent être réduites ( 3 Iiha ) en raison de 
la pratique systématique du buttage 30 jours après la levée. Cette diminution des 
doses, en abaissant le coût du traitement herbicide, le rendrait aussi accessible à un 
plus grand nombre de paysans. Dans ce même coiitexte, l'utilisation des herbicides 
de prélevée actuellement disponibles pour le coton est inappropriée. Aussi, en 
attendant de disposer d'herbicides-coton adaptés, i l  s'avère indispensable de revoir la 
stratégie de  lutte contre les adventices et en particulier contre Commelina 
bertghalensis en privilégiant le désherbage chimique sur le maïs et les entretiens 

. mécaniques ou manuels sur le coton. 

La pertinence d'un traitement de post-levée en systEme conventionnel, doit être 
aussi raisonnée en fonction du buttage. L'intervalle entre le traitement et le buttage 
représente environ 20 jours : c'est donc davantage un effet de choc qu'un effet 
rémanent qui est recherché ici. La composition des  herbicides et les doses 
d'utilisation devront en tenir compte. 

Les herbicides maïs de pré ou post-levée étudiés jusqu'à présent ne maîtrisent 
malheureusement pas tous les enherbements tels ceux d e  Rottboel l ia  
cochirichineitsis ou des Cyperacees vivaces. 

Dans le cas du labour minimum, la maîtrise de I'enherbement pose un problème 
majeur. Les résultats obtenus à ce jour dans ce système permettent d'avancer qu'il 
est techniquement possible de maîtriser I'enherbement d'une culture de maïs en 
labour minimum dans le cas où dominent des adventices à feuilles larges. La 
maîtrise de I'enherbement repose alors sur 2 ou 3 interventions : la destruction du 
tapis herbacé, avant le semis, par un traitement en plein avec un désherbant total 
(labour chimique ). la limitation de  I'enherbement, pendant le cycle, par un 
traitement de  post-levke ayant une action de  choc et assurant une rémanence 
suffisante, le recours à un traitement dirigé sur l'interligne avec un herbicide total, 
pour pallier une éventuelle faiblesse du traitement de post-levée, voire le remplacer 
le cas échéant. 

La recherche doit se poursuivre dans les directions suivantes : le criblage et les 
conditions d'utilisation des herbicides totaux, la détection d'herbicides maïs de post- 
levée efficaces sur graminées, la mise au point des traitements dirigés. Le problème 
se pose dans les mêmes termes pour le coton ; cependant, les herbicides de post- 
levée disponibles ont des spectres d'action trks restreints car ils sont uniquement 
graminicides. 

Conclusion 

Les résultats de désherbage chimique présentés ici niontrent que les alternatives 
proposées ne sont pas généralisables àtoutes les situations et qu'elles sont à 
raisonner en fonction des types d'enherbement. Mais le désherbage chimique du 
maïs offre des possibilités qui permcttent d'améliorer la maîtrise de I'enherbement 
au sein des systèmes de cultures à base coton. 
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Evaluation of Plant Products for the Control of Cowpea and 
Maize Storage Insects. 

M. OWUSU-AKYAW. 

Gharla Grairis Developnlerlt Project, Crops Research Iristitrrte, Kurrzasi, Ghana. 

Cowpea and maize seeds are damaged by the storage beetle (Callosobruclzus 
ntaculatus) and the weevil (Sitophilus zeantais), respectively. An experiment was 
set up i n  Kwadaso, Kumasi, Ghana, to assess the effectiveness of 1 1  locally 
available plant products in the control of the storage insects. The crop varieties 
used were cowpea TVx 4678-03D and maize Dorke-SR. The plant products tested 
were: hot pepper powder, black pepper powder, orange peel powder. eucalyptus leaf 
powder, jatropha leaf powder, neem leaf powder, ordinary wood ash, neem wood 
ash, neem seed oil, jatropha seed oil and groundnut oil. Actellic 2% dust was the 
check insecticide used. Adults of C. niaculatus and S. zearitais irom laboratory 
stock were introduced separately into kilner jars, each containing 500 gm of the 
treated cowpea and maize seeds, respectively. The results indicated that all the oil 
products were as effective as the Actellic 2% dust and completely controlled C. 
ntaculatus and S. niaculat~u for three months and S. zeaniais for six months while 

. neem wood ash and ordinary wood ash controlled only S. zearilais up to five and six 
months. respectively. 

Inlroduction 

Maize and cowpea are important staple crops in Ghana, with annual production of 
about 750,000 and 30,000 tons, respectively (PPME, 1989). Farmers' efforts to 
increase production are hampered by insect pests encountered during storage of the 
harvested produce. While maize grains are damaged in  storage by the maize storage 
weevil (Sitophilus zeanzais Motsch. - Coleoptera: Curculionidae), cowpea is 
damaged by the cowpea storage beetle (Callosobrucl~us rr~aculot~ts F. - Coleoptera: 
Bruchidae). Grain damage could reach 100% if the insects are not controlled. 
Grains heavily damaged by storage insect pcsts will obviously fetch a lower market 
price or nothing if declared unfit for human and animal consumption, causing the 
farmer a heavy financial loss. 

Although losses caused by storage insects can be drastically reduced by the use of 
conventional insecticides, peasant farmers who produce the bulk of Ghana's maize 
and cowpea may have no access to them or are unable and unwilling to use them 
because of the prohibitive cost and associated health hazards (Taylor and Webley, 
1979). 

Plant products which are easily available locally, relatively inexpensive, non-toxic 
to humans and possess insecticidal, antifeedant or repellent properties have been 
identified. It has been reported that vegetable oils (Mital, 1971; Singh et al., 1978; 
Messina and Renwick, 1983) and oil extracted from the rind of citrus fruits (Su et 
al., 1972; Taylor and Vickery, 1974) possess ovicidal and larvicidal properties on C. 



r~zaculatris eggs and larvae on the surface of treated cowpea seeds. In addition, the 
oils may act as oviposition deterrents (Su et al.. 1972; Messina and Renwick. 1983) 
and cause adult mortality (Su et al. ,  1972). Results from Taylor's (1975) experiment 
on admixture of powdered orangc 01. grape fruit peel with stored cowpea showed 
that orange peel powder was toxic to C. r~racularrts and significantly depressed 
oviposition and progeny emergence. Black pepper, Piper rrigrrtnz L., is present in 
several African countries where i t  is used as a condiment and for medicinal 
purposes. It has, however, been found to be highly toxic to many stored product 
insects like the rice wcevil, Sifopl~ilus oryzae (Su, 1977; Gunathilagaraj and 
Kumaraswami, 1979), the bean weevil, Acarzrl~oscelides obrecrus (Lathrop and 
Keinstead, 1946) and C. nmcrilatus (Gunathilagaraj and Kumaraswami, 1979. Thc 
neem tree, Azadiraclzta ir~dica A. Juss. a native of India and now widely distributed 

. throughout the tropics. has been Pound useful for ornamental purposes and for the 
treatment of malaria in Ghana, Nigeria and other West African countries (Irvine. 
1961). The insecticidal and antifeedant potencies of A. indica against C. r~zaculatils 
have been reported by many researchers, including Ivbijaro (1983) and Sowumi and 
Akinnusi (1983). Ivbijaro (1983) found that neem seed powder significantly 
reduced fecundity, prolonged developmental period and decreased adult emergence 
but did not affect survival of adult C. nraculatus. 

Although plant products have prospects for the control of storage insects in Ghana, 
little or no research attention has been given to them. This paper describes a study 
to determine the efficacy of some local plant products for prcservation of maize and 
cowpea seeds. 

Materials and Methods 

An experiment was set up in the Entomology laboratory of the Crops Research 
Institute, Kwadaso, Kumasi, Ghana to test the efficacy of locally available plant 
products for the control of the maize storage weevil (Sitophilus zeanzais) and the 
cowpea storage bettle (Callosobruchus maculatus). The mean temperature and 
relative humidity of the laboratory ranged Sronl 23"-30'C and 66-87%, respectively. 

Eleven ( I  I) plant products were used to treat seeds of the test cowpea variety TVx 
4678-03E and maize variety Dorke-SR. Both crop varieties are highly susceptible 
to attack by the respective storage insects. The plant products investigated were: 
hot pepper (Capsicunr ar~nunz L., Solanaceae) powder; black pepper (Piper rzigrurlz 
L.. Piperaceae) powder; orange (Cirrus sitzetzsis Osbeck, Rutaceae) peel powder; 
Eucalyptus tereticornis Sm. (Myrtaceae) leaf powder; Jatropha curcas Linn. 
(Euphorbiaceae) leaf powder; neem (Azadirachta itldica A. Juss, Miliaceae) leaf 
powder; ordinary wood ash; neem wood ash: neem seed oil; jatropha seed oil, and 
groundnut (Arac l~ is  hypogaerr Linn: Papilionaceae) oil. All or most of these 
materials are available throughout Ghana. Actellic 2% dust was the insecticide used 
as a check. The source and method of preparing the plant products are indicated in 
Table 1. 

The maize and cowpea seeds were fumigated with phostoxin tablets in an airtight 
chamber for three days to kill any insects inside the seeds. The fumigated seeds 
were aerated outside the chamber to remove the phosphine gas of the fumigant and 
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then conditioned to the laboratory environment for 14 days before use. The moisture 
contents of the seeds were 12.6% for the cowpea and 13.5% for the maize. 

Five hundred (500) grams each of the seeds were weighed into separate 750 ml 
kilner jars which had been previously cleaned and sterilized with 98% ethanol. 
Twelve such set-ups were made for each of the cowpea and maize varieties. Seeds 
in each of the 12 jars of a test variety were thoroughly admixed with one of the 12 
products above. The quantities of the materials used were 10 gm each of the eight 
powdery plant products. 5 ml each or the 3 oil products and 0.25 gm of the Actellic 
2% dust. Each of the treatments of the cowpca was replicated three times whereas 
there were four replicates for each of the maize treatments. Two pairs (2 males and 
2 females) of 0-1 day adult C. nlaculatus and I0 pairs of S. zeanlais were selected at 
random from laboratory breeding stocks and introduced into each of the treated 
cowpea and maize seeds, respectively. Each jar was covered with a lid lined with a 
metal mesh consisting of 400 square holeslcm2. The mesh allowed air into the jar, 
protected the seeds from rodent attack and prevented the introduced insects from 
escaping. A control consisting of seeds untreated with any product but containing 
insects was set up as above. The jars were arranged on shelves which had been 
disinfected with Kelthane (acaricide) against infestation of the test materials by 
mites. 

Table 1. Source and method of preparing plant products. 

Product 

Ha pepper powder 

Black pepper powder 

Neeni leaf powder 

Jatropha leaf powder 

Eucalyptus leaf powder 

Ordinary wood ash 

Neem wood ash 

Neem seed oil 

Janupha seed oil 

Groundnut oil 

Source Method of preparation 

Fresh ripe fruits bought from Fresh fruits air dried in the labontory for I month 
Kumasi Central Market and ground in a hummer mill through I mm sieve. 

Dry seeds bought from Kumasi Dry seeds ground in a hammer mill through I mrn 
Cenml Market sieve. 

Fresh leaves collected from plants Fresh leaves air dried in the laboratory for I month 
near Crops Research Institute and ground in a hammer mill through I mm sieve. 
(CRI), Kwadao. 

Fresh leaves collected from plants - do - 
at the University of Science and 
Technology campus, Kumasi. 

Ash collected from a house at CRI Ash sieved through I mm sieve 
workers' quarters. Type of wood 
unknown 

Dry wood collected from plants Wood burnt and i~qh sieved through I mm sieve. 
near CRI compound. 

Fresh seeds collected from Volta Seed coat removed, kernel dried in the oven at 
Region, Ghana. 40°C for 2 weeks. ground in a mill and oil 

extracted by pressing paste mechanically. 

Fresh seeds collected from Same as for neem seed oil or oil obtained by 
different areas in Ashanti Region, boiling paste mixed with water and collecting oil 
Ghana. settling on the surface of the water. 

Already bottled oil bought from Dry seeds fried on fire, testa removed, kernel 
Kumasi Central Market. ground in a mill and oil extracted by pressing paste 

mechanically. 



Two weeks after introducing the insects into the treated seeds, 33 ml volume of the 
cowpea seeds was taken with a plastic cylindrical vial. The number of cggs laid on 
the seeds by the insects, number of hatched eggs and number of hatched larvae 
penetrating the seeds were recorded. Since eggs of S. zeanlais are laid inside the 
seed, these records were not taken for the maize treatments. 

Monthly records were taken for six months for all the treatments on the number of 
damaged seeds, number of holes per unit damaged seed, weight of seeds and 
number of insects per 33 ml volume of seeds. Samples of the seeds were also taken. 
planted on moist filter papers in petri dishes before and after the experiment; the 
number which germinated and/or became mouldy were counted. 

Results and Discussion 

The mean number of eggs laid by C. ntaculatus on the cowpca seeds two weeks 
after setting up the experiment is presented in Table 2. The results showed that the 
insect laid some eggs on seeds of all the treatments except those treated with 
Actellic 2% dust and jatropha seed oil. The number of cggs laid was highest on 
seeds treated with eucalyptus leaf powder and lowest on those treated with 
groundnut oil. This observation might be due to the insecticidal activity of the 
Actellic dust which caused mortality of the insects introduced into the samples. In 
addition, oil products have been found by several workers to be toxic or to cause 
osmotic tension and, consequently, coagulation of protoplasm and mortality of eggs 
(Mital, 1971; Su et al., 1972; Messina and Vickcry, 1974., Singh et al., 197% 
Messina and Renwick. 1983). In the medium in  which eggs were laid. the products 
used to treat the seeds do not perhaps deter oviposition or have non insecticidal 
constituent which could cause mortality of the insects before oviposition (Su et al., 
1972.. Messina and Renwick, 1983). 

Where the highest number of eggs were laid, the admixed product probably 
stimulated oviposition. None of the cggs laid on the seeds treated with neem seed 
oil and groundnut oil hatched. This could be attributed to the ovicidal properties 
possessed by the oil products (Mital, 197 1; Singh et al; 1978., Messina and 
Renwick, 1983). The proportion of hatched cggs and hatched larvae penetrating 
seeds on which cggs were laid were lowest for the seeds treated with black pcpper 
powder (Table 2). Perhaps the insecticidal property of piperine in  black pepper 
might have caused some egg and larval mortalities (Su, 1977). 
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Table 2. Mean number of eggs laid by C. maculatus on treated cowpea seeds two 
weeks after introducing insects. 

Treatments No of eggs % seeds with % hatched eggs % hatched larvae 
laidl33 ml eggs penetrating seed 

volume of seed 

Hot pepper powder 
Black pepper powder 
Orange peel powder 
Eucalyptus leaf powder 
Jatropha leaf powder 
Neem leaf powder 
Ordinary wood ash 
Neem wood ash 
Neem seed oil 
Jatrophr .seed oil 
Groundnut oil 
Actellic 2% dust 
Control (untreated) 

Mean 
cc (%) 
LSD (5%) 

Figures 1 and 2 show the mean per cent damage and number of insects133 ml 
volume of seeds of the test cowpea and maize seeds infested with the respective 
storage insects and stored from 1-6 months. The mean per cent loss in seed weight 
and number of holes per unit damaged seed of the treated cowpea and maize seeds 
are also indicated in Figures 3 and 4. The results showed that throughout the 
storage period, no damage was caused by either C. niaculatus or S. zeamais to the 
respective test materials treated with neem seed oil, jatropha seed oil, groundnut oil 
and Actellic dust. Thus, the oil products were as effective as Actellic dust in 
controlling the cowpea and maize storage insects. Consequently, there was 
insignificant loss in the weight of the cowpea and maize seeds treated with these 
four products. The observations in the cowpea were obvious, since no eggs were 
laid on the seeds treated with Actellic dust and jatropha seed oil, and none of the 
eggs laid on seeds treated with neem seed oil and groundnut oil hatched. The 
products might have also acted similarly on the maize storage insect. 

Except black pepper powder, neem wood ash and ordinary wood ash, none of the 
other plant products could control any of the storage insects. Black pepper powder 
controlled C. niaculatus for three months and S. zeaniais for six months due, 
perhaps, to the piperine in the product (Su, 1977) which probably had longer term 
effect on S. zeaniais than on C. macrilatus. On the other hand, neem wood ash and 
ordinary wood ash controlled only S. zeantais for 5 and 6 months, respectively. The 
ash products might have reduced the integranary spaces of the maize causing 
obstruction to free movement of the insects in search of mating partners and thereby 
retarding their multiplication. The ash particles might have also caused abrasions 
on the body of the insects as they move over them and causing adult mortality. The 
ash products were, however, only effective against S. zeamais, apparently because 
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of the indentations on  the maize seeds which could hold more of the applied 
material onto the surfacc. The slippery and non-dented surface of the cowpea seeds 
caused the ash to settle at the bottom of the kilner jar with minimum or  no contact 
with the insects and exposing the seeds t o  the insects for infestation. Since the type 
of  ordinary wood ash was  unknown, it cannot be explained why it was more 
effective than neenl wood ash. 

I month 

g 4 months 

2 months 

5 months 

3 months C 

TREATMENTS 

1 = Hot pepper powder 10 = Jatropha seed oil 
2 = 8kck pepper powder I 1  = Groundnut oil 
3 = Orange peel powder 12 = Aclelli 2 %dust 
4 = Eucalyptus leaf powder 13 = Control (untreated) 
5 = Jatropha leaf powder 
6 = Neei leaf powder 
7 = Ordinary wood ash 
B = N e e r n w d a &  A Mean %&mged sads 

Mean n' d hsanrY33 IN. wlms d seada. 

9 = N&m seed oil u 

Fig. 1. Mean percent damage. and number of insects133 ml volume of seeds of 
treated cowpea infested with C. maculatus and stored from 1-6 months. 
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Unexpectedly, insect dan~age and loss in weight were higher in  some of the treated 
seeds than seeds in  the untreated control stored for two and three nionths for the 
cowpea (Fig. 1 and 3) and from the second to the fifth month for the maize (Fig. 2 
and 4). These were observed in  thc cowpea seeds treated with hot pepper powder, 
orange peel powder. eucalyptus leaf powder. ordinary wood ash and neem wood 
ash. For the maize, the products wcrc hot pepper powder. orange peel powder, 
eucalyptus leaf powder, jatropha leaf powder and neem leaf powder. Presumably, 
the insccts laid quite a high number of cggs on both the cowpea and maize seeds 
treated with these products as demonstrated in Table 2 for the cowpea. Since thc 
products might have also acled as feeding stimulants and probably had no lethal 
effect on the respective insccts, this enhanced population build-up (Fig. 1 and 2). 
Consequently, damage and loss in weight of seeds treated with these products were 
higher than those of seeds of [lie untreated control. 

5 months 

TREATMENTS 

LEGEND 

1 = Hot pepper powder 10 = Jatropha seed oil 
2 = Black pepper powder 11 = Groundnut 011 
3 = Orange peel powder 12 Actellic 2 %dust 
4 = Eucalyptus leaf powder 13 = Control (untreated) 
5 = Jalropha leal powder 
6 = Neem leaf powder 
7 = Ordinary wood ash 
8 = Neem wood ash 
9 = Neem seed oil 

Meen % dsnnged see& 
Meen n' d ,wm ml 
vdume d seeds. 

Fig. 2. Mean percent damage, and number of insects133 ml volume of seeds of 
treated maize infested with S. zeamais and stored from 1-6 months. 
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1 = Hot pepper powder 10 = Jatropha seed oil 
2 = Black pepper powder , 11 = Groundnul oil 
3 =Orange peel powder 12 = Aclellic 2 % dust 
4 = Eucalyptus leaf powder 13 = Control (untreated) 
5 = Jalropha leaf powder 
6 = Neem leal powder 
7 =Ordinary wcod ash 
8 = Neem wood ash 
9 = Neem seed oil Mean % bas ~n seed wmgM 

Mean n' d W u n l  damged eeed 

Fig. 3. Mean percent loss in seed weight and number of holeslunit damaged seed 
of treated cowpea infested with C. maculatus and stored from 1-6 months 
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LEGEND 

1 = Hot pepper powder 10 = Jatropha seed oil 
2 = Black pepper powder 11 = Groundnut oil 
3 = Orange peel powder 12 = Actellic 2 X dust 
4 = Eucalyptus leaf powder 13 =Control (untreated) 
5 = Jalropha leaf powder 
6 = Neern leal powder Mmn % lor9 I" seed weghl 

7 =Ordinary wood ash Mean no d hdelrunit dam@ d 

8 = Neern wood ash 
9 = Neern seed oil 

Fig. 4. ~ e a n  percent loss in seed weight and number of holeslunit damaged seed of treated 

Table 3. Mean seed germination, mouldy seeds and number of insectshulk of 
treated cowpea seed infested wilh C. nlnculatus and stored for 6 months. 

Treatments lliitial % Final Final '76 mouldy Insects/ bulk 
seed germination % seed seeds of seeds 

germinalion 

Hot pepper powder 98 0 100 3776 

Black pepper powder 97 0 100 

Onnge peel powder 97 0 100 

Eucalyptus leaf powder 98 0 100 

Jatropha leaf powder 97 0 100 

Neem leaf powder 97 0 100 5161 

Ordinary wood ash 97 0 100 4067 

Neem wood a h  99 0 100 4317 

Neem .seed oil 98 94 8 4n 

Jatrophn seed oil 99 95 7 4a 

Groundnut oil 98 92 12 4a 

Actellic 2% dust 97 95 7 4d 

Control (untreated) % 0 100 5453 

98 29 72 Mean 2826 

cv (8) 
LSD (5%) 

Values are original insects introduced into the seeds. 
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After six months i n  storage, per cent germination of the seeds treated with the oil 
products and Actellic dust ranged from 92-95 for the cowpea (Table 3) and 81-89 
for the maize (Table 4). Expectedly. values of the per cent mouldy seeds after the 
six months of storage the seeds were very low and ranged from 7- 12 for the cowpea 
(Table 3) and I 1-13 for the maize (Table 4). For the other treatments, 100% of the 
cowpea and 99% of the maize seeds became mouldy and as a result none of them 
germinated. These observations were so since in both the cowpea (Tables 3 and 5) 
and maize (Tables 4 and 6) seed germination negatively and significantly correlated 
with seed mouldiness and insect population and damage. Therefore, the properties 
possessed by the oil products make lhcm as effective as Actellic 2% dust for the 
preservation of maize and cowpea seeds intended for planting in  one to six months 
time. In addition, since values of the per cent germination of the maize seeds 
treated with black pepper powder (76%) and ordinary wood ash (80%) were quite 
high after six months in  storage, these products could also be used for preservation 
of seed maize from one to six months. 

From the study, i t  may be concluded that the following plant products, available 
throughout Ghana, have thc potential for the preservation of cowpea and maize 
seeds for varying periods of time: 

Table 4. Mean seed germination. mouldy seeds and number of insects/bulk of 
treated maize seeds infested wilh S. zeantais and stored for 6 months. 

Initial % Final % Final lnsects/bulk 
Treatments germina- germina- mouldiness of seeds 

tion tion 

Hot pepper 
Black pepper powder 
Orange peel powder 
Eucalyptus leaf powder 
Jatropha leaf powder 
Neem leaf powder 
Ordinary wood ash 
Neem wood ash 
Neem seed oil 
Jatropha seed oil 
Groundnut oil 
Actellic 2% dust 
Control (untreated) 

M a n  97 38 59 1847 
CV (%I 3 4 3  I I I5 
LSD (5%) NS 19 10 398 

Values are original insects introduced into the seeds. 
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Table 5. Correlation among parameters ~ested in the storage of treated cowpea 
seeds infested with C. maclrlatus and stored for 6 months. 

Initial no Initial Initial lnitial 8 No of 6 loss No of No of Wnal 
ofeggd 8 seeds % da- llolel in seed insect/ insect/ %of 
33mlvol wilh hatched hatched maged da- weight 33ml bulkof seed 
of seed eggs eggs on larvae seeds maged vol of seeds germi- 

seeds pene- .seed seeds nation 
(rating 
seeds 

Initial % seeds with eggs 0.83** 

lnitial 6 hatched eggs on 

seeds 0.59" 0.54" 

Initial % l~atched larvae 

penetrating seeds 0.57" 0.54** O.%** 

% damaged seeds 0.55" 0.51** 0.90" 0.91" 

No of holeddamaged seed 0.52" 0.49"' 0.90** 0.91** 0.97" 

% loss in seed weight 0.58** 0.53" 0.91" 0.91" 0.98" 0.96" 

No of insects133 ml vol. of 

seeds 0.57" 0.52" 0.90" 0.88" 0.95" 0.91" 0.94" 

No of insectsibulk of seeds 0.57" 0.57" 0.91 ** 0.87" 0.90" 0.87** 0.89" 0.96,' 

Final % seed germination -0.53** -0.50'. -0.91" -0.94" -0.97" -0.94" -0.97" -0.90" -0.86" 

% mouldy seeds 0.53" 0.50" 0.91" 0.94.' 0.97" 0.94" 0.94'. 0.90" 0.85** - 0.99" 

I nlpararneter = 39 ** Signiticanl at the I% level 

Table 6. Correlation among parameters (I) tested in the storage of treated cowpea seeds 
infested with S. zenrnais and stored for 6 months. . . 

No No of 8 loss No of W of Final % 
damaged holeddamaged in seed inseclsl insects1 seed 

seeds seed weight 33 r?l vol. bulk germina- 
af seeds of seeds tion 

-- 

No of holesldamged seed 0.97.. 

% loss in seed weight 0.97" 0.94" 

No of insectd33ml vol. of seeds 0.93" 0.91" 0.93" 

No of inseclsbulkof seeds 0.97" 0.96** 0.96" 0.91** 

Final % seed germination -0.90** -0.89" -0.88** -0.80** -0.89" 

Final % mouldy seeds 0.95" 0.94.' 094" 0.86'. 0.97" -0.95** 

** Significant at the I %  level. 
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a) Neem seed oil, jatropha seed oil and groundnut oil which were as effective as 
Actellic 2% dust in  the control of both cowpea and maize storage insects for six 
months. 

b) Black pepper powder which could control the cowpea storage beetle for three 
months and the maize storage weevil for 6 months. 

C)  Neem wood ash and ordinary wood ash which could preserve only the maize 
seeds for 5 and 6 months, respectively. 
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Evaluation of Cowpea and Pearl Millet Cultivation to Improve 
and Sustain Yield of the Intercrops. 

B.R. NTARE, and L.K. FUSSEL * 

ICRISAT Snhelian Centre, Niamey, Niger. 

Abstract 

Cowpea (Vigna ut~guiculnta (L.) Walp) and pearl millet (Pentzisetunl glaucum (L.) 
R. Br.) are two of the predominant food crops in the semi-arid zone of West Africa. 
Intercropping millet and cowpea is a popular practice in the region. A review of 
research conducted at the ICRISAT Sahelian Centre in Niamey, Niger, indicates the 
importance of plant cowpea type in the system. Early-maturing cultivars (60-70 
days) reduce millet yields less than do the medium to late-maturing cultivars. 
Indeterminate, spreading cultivars produce higher grain and fodder yield than 
determinate cultivars. Late and photoperiod sensitive types produce more fodder 
than grain and have a more pronounced negative effect on millet yields. On the 
other hand, there was a tendency for cowpea to perform better when intercropped 
with short, early-maturing millet cultivars than with the tall and late-maturing 
traditional types. Sowing date of cowpea relative to pearl millet is a critical factor 
i n  the millet/cowpea intercropping system. Cowpea cultivars suited for 
intercropping with millet are those that are less competitive with millet while 
maintaining acceptable yields of both grain and fodder in  the system. Research 
findings demonstrate that millet/cowpea intercropping systems can be made more 
productive by modifying agronomic factors such as sowing dates, plant densities 
and planting patterns as well as the choice of appropriate cultivars of both millet and 
cowpea. Crop rotations are seen as a promising adjunct to further intensification of 
the cropping system. 

Introduction 

Cowpea, (Vignn uttguiculatn (L.) Walp.) and pearl millet (Pennisetum glaucunz 
(L) R.BR.) are two of the predominant food crops in  the semi-arid zone of West 
Africa. The two crops are generally grown together in mixtures. 

Of all the regions of sub-Saharan Africa, West Africa has shown the slowest 
growth rate for total food production, mainly due to the low production of the main 
staples (Spencer and Sivakumar, 1987). Production of pearl millet has shown a 
slow production rate of only I % and for cowpea, production has been rather static. 
Average grain yields of both crops are uniformly low. 

* Present address: 21, Naroom Road, Niagra Park, N.S.W. 225, Australia. 
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The poor production performance of the millet/cowpea production system can be 
attributed to the fact that both crops are grown under harsh dryland conditions 
characterized by poor soils and erratic rainfall. Few inputs are used. 

An array of crop management options which can improve the production system 
are available (Fussel er al., 1989). This paper will limit itself to a review of 
research results of experiments conducted at the ICRISAT Sahelian Centre (ISC) in 
an attempt to improve the productivity of the millet/cowpea cropping system. 

Traditional Pearl Millet/Cowpea Cropping Systems 

Cowpea grains offer nutritious food and the haulms (harvested stems and leaves) 
serve as fodder for livestock. The superiority of intercropping in terms of insurance 
from risk, higher returns and better resource use has been reviewed (Fussel and 
Serafini. 1985; Ntare et nl., 1989). Although, there are no clearly defined patterns 
that can be said to exist in any ecology in which pearl millet and cowpea are grown, 
millet/cowpea is the most predominant i n  the Sahel. The traditional pearl 
millet/cowpea intercropping systems have been developed through man's interaction 
with an environment that involves a high degree of risk due to the inherent poverty 
and variability of the cropping ecology. 

Planting dates vary from simultaneous planting of millet and cowpea to various 
relay plantings. Planting patterns vary from systematic inter-row planting to 
random mixtures. 

The major yield reducing factors for intercropped cowpea are low cowpea plant 
density, shading by the cereal crop, pests and diseases, drought stress and low 
fertility of the soils. Therefore, a programme aimed at improving cowpea yields 
under intercropping was designed to minimize these constraints in such a way as to 
increase cowpea yield without reducing cereal yields. 

Research has been conducled on various factors that affect millet/cowpea intercrop 
performance. These include choice of cowpea cultivars (Ntare, 1989), the effect of 
fertilizer (Fussel and Serafini, 1985) planting date of cowpea in relation to millet 
and cowpea density (Ntare, 1990). 

Varietal Screening for Intercropping 

i. Cliltivar Choice. In the Sahelian zone, traditional millets and cowpea are 
adapted to flower and fill their grain during September-October. This period often 
coincides with the average end of the rainy season. In years when rains stop early, 
both crops are severely affected by drought. 

With the increasing availability of new cullivars, often with different plant types 
and maturity cycles, there is scope for developing more productive and stable 
millet/cowpea cropping systems. Such systems should, however, have the stability 
typical of the traditional systems. Appropriate maturity of cultivars selected for 
both crops is very important. In the short season environment of the Sahel, cultivars 
should reach maturity before moisture is exhausted. Therefore, breeding for 
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earliness is a pre-requisite i n  this case. Early maturity is desirable for two reasons. 
First, with a shorter growing season, early varictics avoid unpredictable moisture 
stress, both at the start and end of the rainy season. Secondly, there is much morc 
flexibility in sclecling a more favourable planting timc. Both of these advantages 
result in  a much lower risk of crop failure and thus, a more stable cropping system. 

ii. Effect of Cowpea Plant Type. Millettcowpea intercropping trials conductcd at 
ISC have demonstrated the importance of cowpea plant type in the system (Ntare. 
1989). Early maturing (60-70 days) and determinate cultivars reduce millet yield 
less than thc medium (75 days) to latc maturing (90 days) cultivars (Table I ) .  
Indeterminate cultivars produce higher grain and fbddcr yields than indeterminatc 
cultivars. On thc other hand, late and photopcriod sensitive cullivars produce more 
fodder than grain and have a morc negative effcct on millet yiclds. 

iii. Sole Crop vs Intercrop: Intercropping reduces lcgumc yields and in the case of 
millc~/cowpca, this dcpcnds on thc cultivar (Table 2). I1 is generally believed that a 
significant, positive correlation of yiclds between two planting systclns suggest a 
minimal genotype by cropping system intcraclion and, thus, a minimal need for 
separate breeding strategies for thc two systems (Smith and Francis, 1986). In a 
study involving 300 cowpea cultivars in sole and intercropping, linear correlation 
betwecn grain and foddcr yields of cowpca in sole and intcrcrop were positive and 
significant, with r values ranging from 0.45 to 0.91 (Ntarc, 1989) indicating that i t  
was possible to select high-yielding cultivars of cowpea for intercropping based on 
their sole crop rejected, respcctivcly, on thc basis of sole-crop grain yield. 
Therefore, selection of cowpea cul tivars for intercropping bascd on their grain yield 
in sole crop may have limited success. On the other hand, selection based on fodder 
yield favoured late-maturing types. 

iv. Effect of hfillet Cultivars. In an cxperiment to study the cffect of different 
millet cultivars, cowpea grain and foddcr yields were greatly affected by the local 
millet cultivar (Tablc 3). The carly-maturing millet had less effect on cowpea yields 
than the late-maturing cultivar. Similar results were reported by Reddy er al. 
(1990). Thcy further reported that intercropped cowpea performed better when 
intercropped with a dwarf millet cultivar than the tall traditional one. In spite of 
these effects, there has been no evidencc of a significant millet x cowpea cultivar 
interaction. This shows that one could use either of the millet varieties for 
screening cowpeas in  inlercropping. 



Table 1. Effect of cowpea plant type on grain and fodder yields (t  ha-1) in  an 
intercrop of cowpea and pearl millet, ISC. Sadorc. Niger, rainy seasons 1985-86, 
1988. 

Planl type cullivars Cowpea Cowpea Millet Cowpea Cowpea Millet Cowpea Cowpea Millet 
grain fodder gnin gnin fodder grain gn in  fodder gnin 

Extn-early, determinate 
(60-65 days) 
IT82E60 0.10 0.32 2.04 0.09 0.1 1 1.30 0.10 0.21 1.01 
1T82D7 16 0.12 0.40 2.17 0.10 0.18 1.14 0.19 0.41 0.99 

Eary, indeterminate (70 days) 
TVX1236 0.40 0.83 1.79 0.20 0.23 1.10 0.22 0.54 0.72 
SUVITA2 0.62 1.34 1.55 0.55 0.50 1.13 0.26 0.61 0.77 

Medium maturity, 
indeterminate ((ul days) 
TNXX-(13 0.42 1.06 0.60 0.18 0.46 1.23 O..W 0.58 0.54 
58-57 0.60 1.30 1.56 0.38 0.77 1.17 0.41 0.91 0.77 

Late nlsturity, indetermlnale 
(120 days) 
L ~ N X ~ I  cowp~'a 1 1.97 0.63 0.03 1.31 0.68 0.17 1.16 0.68 
Solc niillct (cv. CIVT) - 2.24 - - 1.30 - 1.20 

Table 2. Average yield (t  ha-l) of different cowpea maturity and plant types grown 
in sole and intcrcropping with pearl millet in trial 1, rainy seasons 1985 and 1986. 

Maturity and plant types' 

Panmeter and 1985 1986 
cropping systems 

Cowpea grain 

Sole 
Intercrop 
SE 

Cowpea fodder 

Sole 
Intercmp 

SE 

Millet grain 

Sole 

lntercmp 

SE 

I - - IS Extra-early, determinate (60-65 days) 
II - - 36 Early, indeterminate (70 days) 
111 - - 17 Medium maturity. indetrrmina~e (80 days) 

IV  - - 7 Late maturity, indeterminate (120 days) 
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v. Effect of Sowittg Patterrts and Relative Date of Sowittg. Pearl millet is 
traditionally sown with the first rainfall and cowpea is intercropped later, depending 
on the evolution of the rains. The planting time lapse between the two crops may 
vary as much as 15-30 days. There is potential for increased production in intercrop 
combinations through modification of sowing date and spatial arrangements. A 
better understanding of the interaction between these factors with cowpea cultivars 
may contribute to improvement of the production system. 

A two-year study was conducted over two sites in western Niger to compare six 
cowpea cultivars for their response to two sowing patterns in combination with two 
sowing dates relative to pearl millet. The cowpea cultivars were IT82D7 16 (erect 
and indeterminate, maturing in  65 days), ITX3236 (semi-erect with profuse 
flowering habit and matures in about 70 days). B 1 1 1-2 (spreading type, maturing in  
65 days) SUVITA 2 (spreading and maturing in 75 days), TN5-78 (spreading type 
and matures in 75 days) and Sadorc Local, (highly vegetative photoperiod sensitive, 
prostrate cultivar, maturing in more than 90 days). 'The sowing patterns were single 
rows of cowpea alternating with single rows of millet and two rows of cowpea 
alternating with two rows of millet. The sowing dam of cowpea wcre one week 
and three weeks after millet. 

Table 3. Yield (t ha-1) for three cowpea and four millet cultivars from a trial 
conducted at the ISC, rainy season 1985. 

- - - - 

Pearl millet cultivar I Cowpa cultivar Pearl millet grain Cowpa gnin Cowpea fodder 
- ~ - 

Local cv 
ClVT 
3H HK-B78 
lCMV4 (ICMS 7703) 

Local cv 
ClVT 
314 HK-B78 
ICMV4 (ICMS 7703) 

Local cv 
ClVT 
3W HK-878 
lCMV4 (ICMS 7703) 

Local 'cv 
Local cv 
Local cv 
Local cv 

TN88-63 
TN88-63 
TN88-63 
TN88-63 

IT82E 60 
IT82E 60 
1T82E 60 
IT82E 60 

- 

1. Local cv - Long duration tall cultivars. ClVT - marures in I I0 days, 314 HK-B78 is a dwarf. leafy cultivar 
and ICMV4 is an early-maturing cultivar. 

2. Local cv pholoperiod sensitive .and late-maluring (120- 150 days) 
m88-63 - photoperiod insensitive, medium-mluring (70-80 days) 
TN82E 60 - photoperiod insensitive. early-maturing (55-60 days). 

3. Numbers in parenthesis are sole crop yields of millet and cowpea cullivars. 

Because of the variable 'competitive effects of the cowpea cultivars on the millet. 
these wcre assessed across cultivars and sowing dates using a millet to cowpea trade 
ration (T). 'This was compute for grain, lbdder and total biomass using the equation: 

T= CiIMs-Mi 
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Where Ci = yield of cowpea in the ith treatment; Ms = yield of sole crop millet. 
and Mi = yield of rnillet in  the ith treatment (Ntare and Williams, unpublished). 
Thus. a large rcsult indicates that the co~npetitive effects were balanced by 
substantial gains i n  cowpea while a value of 1 indica~es merely a substitution of 
cowpea for millet. 

Cowpea cultivars had a substantial effect on the trade ratios for all parameters 
(Fig. I )  and interaction of T for date and cultivars appeared in (he distribution 
benefit between fodder and grain. Throughout. TVX3236 decreased millet yields 
more than its own yield while at the second sowing date. TN5-78 had no effect on 
millet yield but was close to being a substitute competitor for fodder. SUVITA-2 
and Sadore Local both had high trade ratios with considerable sowing date 
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interaction between grain and fodder. Thus, although there were differences in 
absolute yields between the genotypes. the large decrease in millet yields offset the 
benefits in weight terms. 

Among the cowpea cultivars. TVX 3236 is unsuitable for intercropping because of 
its negative impact on millet yield and its own low yield. If the strategy is to ensure 
maximum productivity of millet grain, then TN5-78 sown at a later date would be 
the logical choice, sincc i t  has no significant negative effect on millet yield. On the 
other hand. i f  total productivity is the objective, then the earlier sowing of Sadore 
Local would be the choice. However, the period of these trials experienced above 
average rainfall and i r  is possible (because of the late niaturity of this cultivar) that a 
production system using this technology would be relatively unstable because of the 
high probability of the end-of-season drought (Sivakumar 1988). SUVITA-2, a 
niedium maturing cultivar, would provide a compromise between the least decrease 
i n  millet yield an a very good trade of millet Ibr cowpea. Therefore, cowpea 
cultivars best suited to intercropping with millet should not strongly compete with 
the cereal but should themselves maintain acceptable yield of both grain and fodder 
in the intercrop situation. 

One difficulty of selecting cowpea culrivars for intercropping is their impact on 
competition on the companion crop. In this context, the use of a trade ratio can 
provide a valuable selection guide to the breeder and a treatment evaluation index 
for the agronomist. The analysis using trade ratios showed consistent behaviour of 
all the cultivars for biomass particularly across sowing dates. This suggests that for 
these environments, relative sowing date may not be significant in  cultivar choice. 
To maximize yields, the earlier sowing date of cowpea relative to millet is 
necessary. However, this would involve major changes i n  the livestock 
management practices and the greater productivity will have to be evaluated relative 
to the cost of finding alternate feed for livestock as a result of keeping them out of 
the fields early in the season. 

vi. Croppirig System Choice. Present cereal cropping systems are expected to 
change as improved germplasm of cereals and legumes as well as other new 
technologies, become available. ~ h o u ~ h  sole crop cowpea is not a traditional 
system in West Africa, it still holds promise. The role of legumes in  the soil N- 
economy cannot be over-emphasized. Yields of cereals that follow cowpeas are 
often improved. Research at ISC, has begun to quantify the beneficial rotational 
effects of cowpea on millet (Bationo et al., 1990). As cowpea is becoming popular 
as a cash crop in the region, i t  may also be feasible and desirable to use purchased 
inputs such as fertilizers and pesticides. Enhancing cowpea yields through 
fertilization and protection from insect pests results in greater millet yields the 
following season through the additional soil N sybmiosis and residual P. This is 
one way of intensifying millet-based systems. 
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Effect of Planting Time on Cowpea in Relay Intercropping with 
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Abstract 

The risk of crop failure due to low, delayed or abrupt cessation of rainfall is a 
major constraint in  both the unimodal and bi-modal rainfed culture characteristic of 
West African agriculture. Relay intercropping offers a possible solution to the total 
crop failures ocassionally encountered, particularly by maize farmers. The study 
reported herein was to find the effect of planting time on cowpea in relay 
intercropping with maize. 

. Four niain factors, each at two levels, were evaluated: maize variety component of 
relay (early and full season); bending-over of maize stalk below ear before 
interplanting cowpea (non-bending and bending-over); time of interplanting cowpea 
into maize stand (at black layer and two weeks after black layer of maize grain) and 
method of weed control before relay cowpea is planted (hand weeding and chemical 
control). The results suggest that light interception and residual moisture use are 
critical to yield of the relay cowpea, but the labour-demanding task of bending over 
can be avoided without any significant reduction in cowpea yield. 

Introduction 

Water is a limiting resource for crop growth in West Africa, not only because 
rainfall distribution is variable, but also because soils have low water-holding 
capacity as a consequence of their low organic matter content. In certain instances, 
the rains cease aburptly. Lack of moisture for crop growth is, therefore, a major 
cause of both low yield and yield instability. 

To minimize the risk of crop failures due to drought, early planting (Asafu-Agyei, 
1983) and the use of early-maturing varieties (Rao et a/. ,  1962; Sindagi and Ansari, 
1970) are some of the management interventions suggested. They allow a greater 
flexibility and a more intensive cropping system. The cultivation of early-maturing 
cowpea types under residual moisture in both thc Southern and Northern Guinea 
savanna zones of West Africa will, therefore, be a beneficial cropping practice. 
(Sinner et al., 1983). Cowpea also has been demonstrated to have an added benefit 
of increasing yields of subsequent non-legume crops (Asafu-Agyei, 1987; Adams et 
al., 1970). This study was to find thc effect of planting time on cowpea in relay 
intercropping with maize. 
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Materials and Methods 

Field experiments were conducted at two locations of the Crops Research Institute, 
Kun~asi, Ghana, in the central forest belt with a bimodal rainfall regime. In 1988, 
the study was conducted at Kwadaso and in I989 at Fumesua. both suburbs of 
Kumasi. The experinlental design was a randomized complete block. with 4 
replications in a 24 factorial arrangcment. Plots were 6 rows x 5m long. Maize was 
planted 80cm between rows and 50cm between hills at 2 plants per hill. Cowpea 
was plantcd 80cm between rows alternating maize rows. Cowpea hills were spaced 
20cm and thinned to 2 plantslhill. 

Factors under study were: (1) Maize varicty component of relay (early and full 
season maturity); (2) Bending-over of maize stalk below ear before interplanting 
cowpea (non-bending and bcnding-over); ( 3 )  Rclay cowpea interplanting time into 
maize stand (at black layer and two wceks after black layer of maize grain), and (4) 
Method of weed control before relay cowpea is planted (hand weeding and chemical 
scorching of weeds). Weed regrowth was not controlled after the weed control 
treatment. The commercial maize varieties uscd wcre Aburotia, a medium-maturing 
(105-day) white dcnt, and Dobidi, a full season maturing (120-day) white dent 
released in Ghana. The cowpea varicty component of the relay was Asontem. an 
early (60-65 days) maturing, light red-seeded variety also released i n  Ghana. 
Measurements made included pod weight and grain yield. 

Results and Discussion 

'There were more rainy days in the minor season of 1988 than in 1989 and yields 
were depressed accordingly in  1989. The second plantings (two weeks after black 
layer formation of maize grain) matured undcr moisturc stress, especially in 1989 
when the minor season rains ceased on 15 October. 

Table 1. Effect of maize variety and relay planting time on cowpea pod and 
grain yields (kglha) at Kwadaso, 1988. 

Planted at black layer Planted 2 wks later 
- 

Mnize variety Pod wr. Gmin wt. Pod wt. Gmin wt. 

Aburotia 209 1 1519 1635 1126 

Dobidi 1328 930 1265 838 

CV (8) 16.9 18.3 16.9 18.3 

SED (f) 133..7 101 133.3 101 
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In both years, cowpea yield was significantly determined by maize variety, relay 
planting time and method of weed control. This indicates the importance of maize 
plant size and leafiness, residual moisture and density of weed cover in  influencing 
yield of relay cowpea. Bending-over did not influence cowpea yield significantly in  
both years. 

The yield difference between cowpea interplanted into Aburotia and into Dobidi 
ranged between 23-36% for pod weight in 1988 (Table 1). The corresponding value 
ranged between 26-39% for grain yield. 

In 1989, it was still better to interplant cowpea into Aburotia when planting was 
done two weeks after black layer (Table 2). Shading by Dobidi and the late planting 
combined to severely depress cowpea yield. Yield was 43 and 47% less for pod 
weight and grain yield, respectively. At the black layer stage, no differences in  
cowpea yield were established when cowpea was planted into either of the maize 
varieties. 

Cowpea yield under chemical weed control was better than under hand weeding in 
both environments. Yield of cowpea under chemical weed control in Aburotia was, 
however, higher than in Dobidi. This could be due to more residual moisture under 
Aburotia than under Dobidi. 

The results presented are in agreement with the suggestion of Muleba & Ezumah 
(1985) For cereal-cowpea relay intercropping in  both the savanna and humid areas 
of Africa. The results also suggest a feasible and appropriate technology for a 
maize-cowpea relay intercropping system. 

Table 2 Effect of maize variety and relay planting time on cowpea pod and grain 
yields (kglha) at Fumesua, 1989. 

Planted at black layer Planted 2wks later 

Maize variety Pod wt. Grain wt. Pod wt. G n i n  wt 

Aburotia 849 598 928 62 1 

Dobidi 99 1 656 53 1 328 

cv (%) 20.8 21.5 20.8 2 1.5 
SED (k) 85.7 59.3 85.7 59.3 
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PART VI 

Notes 



NOTES 

Nous avons reuni dans cette section les resultats prelirninaires de 
travaux de recherche toujours en cours au moment de la terlue de la 
conference dont les actes font l'objet de la presente publication Etant 
donnk la qualit6 et la pertinence des donnkes prdiminaires, il est de 
notre souhait que les resultats con,nnes et complets de ces travaux 
soient publies par leurs auteurs, aussit6t que possible, aJn d'en faire 
bPneJcier le monde de la recherche et de la production agricole. 

This section includes preliminary results of research work still on-going at rhe time 
of the conference, the proceedings of which are hereby presented. In view of the 
quality and relevance of these preliminary data, we wish that they be further 
confirmed and that complete results of such work be published by their authors as 
soon as possible, so that they can benefit the research and food production 
communities. 
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La Production du Maïs et Etat Actuel de la Recherche pour le 
Développement de la Culture au Niger. 

INRAN, Niaiiiey, Niger. 

Bien que les terres agricoles du Niger semblent peu propices à une grande 
production de maïs grain en pluvial, la consommation croissante ( tant en vert que 
sous forme de " tuwo " ) de cette céréale dans les zones urbaines fait que sa culture 
prend de plus en plus d'importance tant en pluvial qu'en irrigué ( Tableau I ). Des 
travaux de sélection massale ont été entrepris en vue d'améliorer le rendement du 
cultivar P3 Kolo, d'en réduire la hauteur des plants et d'insertion de l'épi. La 
sélection Cpi àla ligne a donné des résultats intdressants dans ce domaine 
(Tableau2). 

Tableau 1. Evolution des superficies cultivées en pluvial et de la production du 
maïs au Niger 1982-1 989. 

Superficies( ha) 12645 10515 10700 7200 9400 14010 9500 3634 

Production ( T ) 7280 6690 7055 3400 6100 7778 4947 2571 

Rendement moyen 
( kgha ) 576 636 659 472 649 555 518 708 

Tableau 2. Rksultats des tests réalisés à Bengou en 1989. 

P3 Kolo-Sklec. P3 Kolo Reg. lYPe 

Rdt ( kglhn ) 5334 5043 392 

Cycle ( 50 % flor. ) 5 1 53 1 .  I 

Hauteur plants ( cni ) 174 192 99 

Hauieur Insert. ( cm ) 80 115 8.8 
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Identification des Sources de Résistance au Charbon Allongé 
(Tolyposporium ehrenbergii ) sur le Sorgho (Sorglzum bicolor L. 
Moench ) et Effet de la Date de Semis sur la Séverité. 

ISSOUFOU-KOLO ABDOURHAMANE. 

INRAN, Nianiey, Niger. 

Soixante-quinze variCtés de sorgho ont CtC criblCes pour l'identification des 
sources de résistance au charbon allongé Tolyposporiuni ehrenbergii ,  dans des 
conditions d'infestation naturelle trEs forte. La rCaction des entrtes a CtC notte 
suivant une Cchelle qui varie de zéro à quatre ( O = rCsistant ... 4 = très sensible ). 
Onze entrCes ont eu une note de O. Il s'agit de Terra, SC326-6, SC630-I IE, 
BTx2775, BTx378, B8106, Tx7075, QL3, R9 188, 87L3450 et 84C9408. La 
resistance de ces variétés doit être vCrifiCe par une inoculation artificielle. En plus i l  
a CtC dCrnontrC que dans les conditions d'infestation naturelle, i l  existe une relation 
positive entre la rCaction des entrées et leur cycle vCgCtatif ( r = 0.74 ). Enfin il a été 
montre que la date de semis joue un rôle important sur la sCvCritC du charbon 
allongC. 
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L'Intensification de la Culture du MaïsINiébé en Zone CMDT du 
Sud-Mali : Quelques Leçons. 

ABDOULAYE DOLO. 

CMDT, Bantako - Mali 

Le projet maïs, démarré en 1981, a adoptt une démarche de recherche- 
dtveloppement qui s'est traduite par une augmentation de la production du maïs tant 
en superficie ( Tableau 1 ) qu'en rendement du fait d'un certain nombre de facteurs 
favorables, au nombre desquels : ( i ) un système efficace d'encadrement du paysan, 
( i i  ) une bonne politique de prix pour la ventetl'achat du maïs, ( i i i  ) l'existence d'un 
marchC inttrieur puisque le maïs est consommé, apprtcit par la population 
malienne, même si sa mouture s'avère plus difficile que celle du mil et du sorgho. 
Plus de 7000 essais et tests de démonstrations ont t t t  rtalists en milieu paysan de 
1981 à 1989 et ont abouti à la vulgarisation de nouvelles variCtés de maïs dont le 
Tuxpeno 1 ( 3 t/ha ), le Molobala-2 ( 2,5 t/ha ) et le Tiémantit ( 2,5-3 t/ha ) et de 
nouvelles variétts de niébé telles la TN88-63 et la KN-1. 

Les conditions climatiques relativement bonnes de 198 111982, lors du dtmarrage 
du projet, ont été capitales pour le dtveloppement de la maïsiculture. Les anntes 
suivantes ont été plus difficiles et ont ainsi rappelé le risque que represente cette 
culture face aux altas climatiques, notamment la mauvaise répartition des pluies. Ce 
risque peut être considtré comme permanent dans le contexte de stcheresse au 
Sahel. L'explosion des maladies virales, bien que d'incidence variable et non 
gtntraliste, souligne la ntcessité de proposer rapidement des variétts résistantes. 

Des problèmes sont apparus qui ont permis de prendre conscience des risques lits 
à l'intensification de la maïsiculture, notamment la pratique de la monoculture dans 
les conditions actuelles du monde paysan. Ainsi avons-nous t t t  aments à considtrer 
le dtveloppement des exploitations agricoles àtravers une notion de triple tquilibre : 
( i ) tquilibre entre superficies à intensifier et superficies à exploiter de façon 
traditionnelle, ( i i  ) Cquilibre entre culturcs intensifiables, ( i i i  ) tquilibre entre 
diverses formes d'intensification. par exemple, culture pure ou culture associde. Ce 
triple-tquilibre doit être dtterminé par les paysans en fonction de leurs 
disponibilitCs financières, en Cquipement, en main d'oeuvre ou autres facteurs socio- 
tconom iques. 

L'application de la notion de triple-Cquilibre pourra imprimer une dimension 
nouvelle à la vulgarisation, qui ne consistera plus à donner des recettes infaillibles, 
mais i l  s'agira maintenant de faire connaître au monde rural les difftrentes cultures 
rentables. les techniques à appliquer, leurs avantages et leurs inconvknients. II 
s'agira, en somme. de fournir aux paysans des Cléments leur permettant de 
determiner les niveaux d'tquilibre propres à leurs potentialitts. Une telle approche 
prtsuppose que les rapports vulgarisateur-paysan soient moditïCs : le vulgarisateur 
doit devenir plus polyvalent, capable de saisir des techniques plus varites, des 
messages plus divers et être apte à analyser et à transmettre les connaissances aux 
paysans ; ces derniers doivent s'attendre à des conseils plus nuancts, donc plus 
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compliqués et être en mesure de les saisir, de les analyser et de décider de ce qui 
leur convient. Il s'agira là d'une tâche de longue haleine où la formation de  
l'encadrement, tout comme celle des paysans, sera primordiale. 

Tableau 1. Evolution des superficies maïs, millsorgho et niébé ( ha ). 

- - - - -  - - 

Campagnes Mil / Sorgho Maïs Niébé 



Effets de l'Association Céréale-Niébé sur la Densité de Striga 
attaquant le Niébé. 

OUEDRAOGO T.J., J.B. TIGNEGRE, et G.R. ZANGRE. 

INERA, Ouagadougou, Burkina Faso. 

Résumé 

Le mode de culture du niCbé en association avec les ctrCales ( mil etlou sorgho ) a- 
t-il un effet sur le niveau d'infestation du nitbé par le Striga gesnerioides ? Afin de 
rdpondre à cette interrogation, une variCtC de niCbé trks sensible au Striga, KVx396- 
18-10 a Cté testte en association avec une varitté de petit mil et une varieté de 
sorgho avec fumure ( celle recommandde pour la cCrCale ) et sans fumure. Une 
culture pure de niCbC avec et sans fumure a servi de tdmoin. Les rCsultats montrent 
que les effets de la cérCale ( sorgho ou mil ) Ctaient nuls pour la date d1Cmergence du 
ler plant de Striga. Par contre le nombre de plants de Striga est plus ClevC en 
culture pure qu'en culture associte ( Tableau 1 ). 

Tabieau 1. Dates d'émergence, nombres de Strigalmi et rendements grains 
(kglha) h Fada (F) et KamboinsC (K). Burkina Faso, 1990. 

Traitements Dates d'tmergence Nombre Rendements 
ler Striga (JAS)* Slrigu lm2 

F K F K cf* cf+ 

Niebé+mil+Fo 46A 46A l l B  15B 138 679B 
Niebé+mil+FI 52A 50A 48 128 8B fi428 
Niebé+sorg.+Fo 45A 46A SB 138 9B 7168 
Nieùé+sorg.+FI 54A 50A 148 1 SB 148 6978 
Niéùé pur + Fo 45A 43A 47A 38A 43A 887A 
Niebé pur+ F I  45A 45A 44A 35A 40A 952A 

PPDS (5 %) 13 7.6 14 14 9.9 110 

* JAS = Jours après semis 
** C = RCsultats de l'analyse combinCe des 2 localitts. 



Présentation d'une Méthodologie d'Etude des Plantes Parasites 
Herbacées des Cultures. 

G. HOFFMANN et C. DIARRA. 

Projet Conjoint IRAT-ICRISAT WASIP, Banrako, Mali. 

Des enquêtes conduites dans trois villages maliens ont permis de recenser six 
espkces parasites des cultures dont la plus nocive est le Striga hernionthica. Les 
principales cultures vivrikres ( sorgho, mil, maïs, riz ) sont parasitées ( Tableau 1 ). 
Les champs infestés sont trks nombreux quel que soit le village considéré et leur 
surface représente plus de 50 % des terres cultivdes. En tenant compte de la surface 
réellement infestée, c'est-à-dire la partie du champ occupée par le ou les parasites, 
on note que les surfaces infestées représentent en moyenne pour les trois villages 10 
% des terres cultivées ( Tableau 2 ). La différence entre la surface des champs 
parasités et la surface réellement infestée nous donne la surface susceptible d'être 
envahie si l'extension des espkces parasites n'est pas endiguée. Dans les trois 
villages cette surface est trks importante et met en évidence la gravité de la situation 
puisque les plantes parasites des cultures sont remarquablement bien adaptées à leur 
milieu et à leurs hôtes et qu'aucune technique de lutte efficace n'est pratiquée 
actuellement par les paysans. 

Tableau 1. Liste des cultures infestées ou non et des espèces parasites. 

Villages Espèces p m i t e s  
Cultures 

Nûnkilabougou Dibatu Garasso ( 1 )  

Cultures pures + + + SH SA SA BH 

Sorgho + + + SH SG SG BH 
Mil + + + SH 
Maïs 
Fonio 
Anchide 
Gombo + + 
Pois de terre + + 
Colon + 

Aubergine + 
Hibiscus sabdanfa a 

Riz + SH RF 
Cultures associées + + + SH SA SG BH AV 
Sorgholniebé 
Millniebé + + SH 

Maïslnibbé + SH 

+ : Cultures non infestées ; * : Cultures infestées ; ( 1 )  : SH : S. hermonthica, SA : 
S. aspera, SC : S. gesnerioides, B H  : B. hispida, RF : R. fistulosa, AV : A. vogelii. 
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Tableau 2. Etude globale de l'infestation. 

Villages 
Surfaces et nombre de champs 

Nankilabougou Dibaro Gansso 

Surface totale cultivée (ha) 53 138 259 

Nombre de champs cultivés 75 112 139 

Surface des champs infestés (ha) 34 (64)* 121 (88) 150 (58) 

Nombre de champs infestes 40 (53) 83 (74) 87 (63) 

Surface des champs non infestés (ha) 19 (36) 17 (12) 109 (42) 

Nombre de champs non infestes 35 (47) 29 (26) 52 (37) 

Surface réellement infestée (ha) 6(12) 14 (IO) 17 (7) 

Surface réellement non infestee (ha) 47 (87) 120 (87) 243 (94) 

Surface non infestée des champs avec 

parasites (ha) 28 (53) 107 (78) 134 (52) 

* : Entre parenthèses les valeurs 
sont exprimkes en pourcentage. 
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REPORT AND RECOMMENDATIONS OF THE PLENARY SESSION 

Population pressure in sub-Saharan Africa has increasingly brought millions of 
hectares of marginal land under cultivation. As a result, degradation of the resource 
base for productive agriculture has been exacerbated due to soil erosion, 
deforestation, poor soil and water conservation, intensive cultivation in areas that 
are less proned to drought, etc. 

A number of issues were addressed-during the plenary session. Two lead papers 
stressed the importance and the devastating effect of Striga on the production of 
food grains. Various species of Striga infest over two thirds of the 73 million 
hectares devoted to food grains viz maize, sorghum, millets, cowpea and rice, 
causing an average of 40% crop yield loss. In many cases complete crop losses 
occurred. 

It is ironical that various efforts being made to intensify food grain production. 
including intensive land-use, monocropping with susceptible crops and use of 
improved seed varieties, among others, seem to exacerbate the Striga problem. 
Various existing Striga control methods and their limitations were discussed. These 
include the tedious inefficient hand pulling, hoe weeding and uprooting, expensive 
herbicides, host plant resistance where some success has been recorded in maize, 
sorghum and cowpea, cultural practices including trap cropping, nitrogen 
application and intercrop whose benefits are not immediately realisable. 

In order to solve the Striga problem, some of the researchable issues include : 

1)  Host plant relationship with studies on biology and mechanism of parasitism 
leading to the development of varieties with broad genetic base for resistance 

2) Cultural control including nitrogen application and various cropping systems and 

3) Evaluation of cheap and easy-to-apply preplant incorporated, pre-emergence and 
post-emergence herbicides. 

It was concluded that integration of the component in a package which has been 
tested on-farm will be necessary to provide a technically feasible and socio- 
economically acceptable, sustainable solution to the Strign problem. This should be 
complemented by massive campaigns at national level on preventive measures to 
reduce its spread. 

Four papers were presented by two IARCs on their current and proposed activities 
in the region. ICRISAT emphasizes its Strategic Plan (up to the year 2000) which 
focusses on the Semi-Arid Tropics and dry land farming. The goal of research is on 
sorghum, pearl and finger millets, groundnut and pigeon pea and chick pea, crop 
improvement in yield, quality and resistance/tolerance to biotic and abiotic 
constraints and new uses for the crop and biomass for fodder and soil amelioration. 
The programme aims at providing links between high-income and low-income 
countries. 
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IITA's maize and cowpea programmes focus attention on crop improvement with 
the overall objective of developing varieties that would reduce risks associated with 
intensive production of the crops, through breeding for resistance to various biotic 
and abiotic constraints, with Striga as high priority. The programmes collaborate 
with the NARS and SAFGRAD Networks in their activities. IITA intends 
focussing on the use of biotechnology for the transfcr of genes for 
resistanceltolerance to various constraints of maize and cowpea production and 
development of varieities adapted to various cropping systems including mixed 
cropping. Both short-term and long-term training programmes will be conducted, 
as the need arises, in collaboration with NARS and SAFGRAD Networks. 'The 
IITA station in Kano shall interact with SAFGRAD and NARS cowpea 
programmcs in East, West and Central Africa, while a maize station will be opened 
in C6te d'Ivoire. 

The conference notes with satisfaction the activities of IARCs in  providing 
technical support for network development, especially by IITA for maize and 
cowpea and ICRISAT for sorghum. 

Two papers were presented on soil fertility and related subjects. The importance 
of soil testing and mapping as basis for fertilizer recommendation in sole and mixed 
cropping and the need to develop appropriate soil testing methods were discussed. 
Furthermore, the exploitation of suitable indigenous rock phosphates for agricultural 
production was advocated. 

Fifteen papers were presented on cropping systems and various cropping practices 
and post-harvest technology. The importance of mixed cropping in the farming 
system of the sub-region was discussed. Cropping systems research should be 
multidisciplinary in approach and the development of production packages should 
be eco-edaphic specific. There is need for a close link between cropping systems 
research and resource management research for the development of sustainable 
agriculture, post-harvest processing using indigenous materials and storage using 
natural products. These should be explored to reduce food grain losses. 

Two papers were presented on utilization of grains for various home foods and 
agro-industrial uses. The successful substitution of imported wheat with sorghum in 
bread flour and the implication on foreign exchange conservation were discussed. 

Papers on the experiences and approaches of the SAFGRAD Networks (maize, 
cowpea, sorghum and farming systems research) in strengthening NARS, the future 
strategy of sorghum and millet improvement in Eastern Africa as well as new 
frontiers of food grain research for the 1990's were presented. From the 
presentations, i t  was evident that the network approach to strengthen NARS had 
been very effective. The networks had enhanced interaction among scientists, 
exchange of information and germplasm, and influenced the research agenda of the 
IARCs to address the problems of NARS, and enhanced the research capabilities of 
NARS scientists as well as technical staff. 



RECOMMENDATIONS 

In view of the importance of the problem of Striga to agricultural development in 
the Semi-Arid Tropics (SAT), tlie comnlonality of thc problem to major food grain 
crops and the threat to the attainment of food self-sufficiency and sccurity in SAT, 
the Conference hereby recommends that FAO, OAUISTRC-SAFGRAD, IITA, 
ICRISAT, Overseas Advanced Laboratories, OAUISTRC-IAPSC and other relevant 
inter-regional organizations should work out concrete collaborative projects to 
strengthen the Pan-African Striga Control Network (PASCON) whose main 
objective is to coordinate efforts to minimize the devastating effect of Striga on 
food grain production. 

In order to facilitate the strengthening of activities of PASCON and ensure the 
realisation of its goals, the Conference further recommends that a meeting of FAO, 
OAUISTRC-SAFGRAD, OAUISTRC-IAPSC and PASCON be convened to 
discuss ta collaborative approach to the Striga problem. 

The Conference notes with delight the progress made in identifying sources of 
resistance/tolerance to Striga in cowpea, sorghum and maize by various research 
organizations in the sub-region and hereby recommends intensification of 
collaborative activities among NARS, IARCs Overseas Advanccd Laboratories and 
all the Networks, in the areas of research, including biology of Striga, mechanism of 
parasitism, development of resistanceltolerance in various food grain crops, cultural 
practices and herbicide use for Striga control. 

The Conference further notes that none of the components can by itself solve the 
Striga problem and, hereby, recommends the integration of available components in 
a package for on-farm testing to ensure their technical feasibility, socio-economic 
acceptability and sustainability. 

In order to minimize the spread of Striga, the Conference recommends immediate 
intervention of governments through national campaign and extension activities for 
the destruction of Striga plants before they attain the stage of seed production. 

Other recommandations 

The Conference recommends the need for developing appropriate soil testing and 
mapping methods for determining soil productivity both for sole and mixed 
cropping systems. Furthermore, utilization research should be intensified to 
maximize the efficient use of suitable indigenous rock phosphates to enhance 
agricultural production. 

The Conference recommends close links between cropping systems research and 
resource management research for the development of sustainable agriculture. 

The Conference further recommends the need to intensify research on diversified 
utilization of food grains and their by-products for consumption and agro-industrial 



use, especially for the development of livestock industries aimed at reducing 
cerealsimports. 

The comparative advantage of networks as regional strategies to-strengthen 
national research programlnes was noted. To ensure the adoption of improved 
technologies by farmers, it  was recommended that SAFGRAD scientists in their 
respective countries should make greater effort to influence agricultural policies. 

Furthermore, it was stressed that networks should enhance verification and 
validation of technologies through on-farm research. 

Three other recommendaions, specially addressed to the OAU, were adopted by 
the Conference. 

In view of the key role of research in promoting agriculture in the semi-arid zone 
and considering that this field is not always given the due attention which it 
deserves, the Conference recommended that OAU convene a special summit 
devoted to agriculture in Africa and encourage member state governments to fund 
agricultural research. 

Since SAFGRAD has gained prominence as a research coordinating organ with 
the principal objective of contributing to the attainment of food self-sufficiency, the 
Conference recommended its transformation into a specialized institution of OAU 
in charge of agricultural research. 

The conference also recommended that OAU Member States, through OAU, 
provide SAFGRAD with substantial financial support in order to benefit from its 
continuous existence. 



STRIGA 

Considtrant l'importance du problkme du Striga pour le dtveloppement agricole 
dans les zones tropicales semi-arides (SAT), le caractkre commun des problkmes 
des principales cultures et la menace qui pèse sur la rCalisation de l'auto-suffisance 
et de la sdcuritd alimentaire dans les SAT, la confdrence a recommandd que la FAO, 
I'OUAICSTR-SAFGRAD, I'IITA, I'ICRISAT. les Laboratoires Avancés d'outre- 
Mer, I'OUAICSTR-IAPSC et autres organisations inter-régionales compétentes 
Claborent des projets coopératifs concrets pour renforcer le Rtseau Panafricain de 
Lutte contre le Striga (PASCON) dont l'objectif principal est de coordonner les 
efforts visant à minimiser l'effet ddvastateur du Striga sur la production des cultures 
vivrikres. 

Afin de faciliter le renforcement des activitts du PASCON et faire en sorte qu'il 
rdalise ses objectifs, la conférence a par ailleurs recommandé qu'une rdunion de la 
FAO, de I'OUAICSTR-SAFGRAD, de I'OUAICSTR-IAPSC et du PASCON se 
tienne en vue d'examiner l'approche coopérative pour la solution du problème du 
Striga. 

La confdrence a nott avec satisfaction les progrks accomplis par les difftrentes 
organisations de recherche de la sous-région pour l'identification des sources de 
rtsistanceltolérance au Striga et a recommandé l'intensification des activitds de 
recherche coopérative entre les SNRA, les CiRA, les Laboratoires Avancts d'Outre 
Mer et tous les rtseaux, dans les domaines de la biologie du Striga, du mdcanisme 
de parasitisme, du development de la rbistanceltol~rance de diverses cultures 
vivrikres, des pratiques culturales, et de, l'utilisation des herbicides conlre le Striga. 

La conftrence a noté qu'aucun volet ne pouvait à lui seul rdsoudre le problbme du 
Striga. Elle a recommandt l'intégration des diffdrentes technologies disponibles en 
un paquet à tester en milieu paysan afin de s'assurer de leur faisabilitk technique, de 
leur acceptabilitd socio-konomique et de leur durabilité. 

Afin de minimiser l'expansion du St r iga ,  la conférence a recommandd une 
intervention immédiate des gouvernemenls à travers des campagnes nationales et 
des activitts de vulgarisation pour la destruction des plants de Str iga avant la 
production de semences. 

Autres recommandations 

La conftrence a recommandd d'tlaborer des mdthodes approprides 
d'expérimentation du sol et de cartographie pour dtteminer la productivitd des sols 
dans les systkmes de culture pure et d'association de cultures. En outre, la recherche 
devrait être intensifide pour maximiser l'utilisation efficace de phosphate naturel 
local approprit en vue de l'accroissement de la production agricole. 

La conftrence a dgalement recommandd des liens plus étroits entre la recherche 
sur les systèmes de production et la recherche sur la gestion des ressources, afin de 
ddvelopper une agriculture durable. 



La conférence a par ailleurs recommandé une plus grande intensification de la 
recherche sur l'utilisation diversifiée des cultures vivrières et de leurs sous-produits 
pour la consommation et I'agro-industrie et particulièrement pour le développement 
des industries animales et la réduction de l'importation de céréales. 

L'avantage comparatif des réseaux en tant que stratégie régionale pour renforcer 
les prograriimes nationaux de recherche a été noté. Cette démarche assure l'adoption 
des iechnologies améliorées par les paysans. La conférence a donc recommandé que 
les chercheurs du SAFGRAD s'éfforcent davantage d'influencer les politiques 
agricoles dans leurs pays respectifs. 

Il a en outre été souligné que les réseaux devraient promouvoir la vérification et la 
validation des technologies à travers la recherche en milieu paysan. 

Trois autres recommandations spécialement formulées à l'intention de I'OUA ont 
été adoptées par la Conférence. 

Eu égard au rôle-clé de la recherche dans la promotion de l'agriculture en zone 
semi-aride et considérant que ce domaine ne reçoit pas ioujours l'attention qu'il 
mérite, la conférence a recominandé que I'OUA convoque un sommet spécial 
consacré à l'agriculture en Afrique et encourage les gouvernements des états- 
membres à financer la recherche agricole. 

Dans la mesure où le SAFGRAD a acquis de l'importance en tant qu'organe de 
coordination de la recherche et a pour objectif de contribuer constamment à la 
réalisation de I'autosuffisance alimentaire, la conférence a recommandé la 
iransformation du SAFGRAD en institution spécialisée de l'OUA chargée de la 
recherche agricole. 

La conférence a aussi recomandé que les Etats Membres de I'OUA, àtravers 
I'OUA, fournissent au SAFGRAD un soutien financier substantiel afin de profiter de 
son existence continue. 
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ALLOCUTION PRONONCEE PAR LE DR. PAPA DAOUDA FALL, 
SECRETAIRE EXECUTIF ADJOINT DE LA COMMISSION 

SCIENTIFIQUE, TECHNIQUE ET DE LA RECHERCHE, 

Excellence, Monsieur le Ministre de l'Enseignement SuNrieur et de la Recherche 
Scientifique, 
Excellence, Monsieur le SecrCtaire d'Etat auprès du Ministre de l'Agriculture et de 
I'Elevage. 
Excellence, Monsieur le SecrCtaire d'Etat au Plan 
Excellences, Mesdames et Messieurs les Membres du Corps Diplomatique, 
Messieurs les ReprCsentants des Organisations Internationales, 
Messieurs les Directeurs Nationaux, 
Chers Experts, 
Honorables InvitCs, 
Mesdames, Messieurs, 

C'est pour moi un énorme privilbge doublC d'une fiertC lCgitime que de prendre la 
parole à cette honorable tribune, au nom de S.E. le Dr. SALIM AHMED SALIM, 
Secretaire Gtnéral de l'organisation de l'Unit6 Africaine et dont je me fais 
I'agrCable devoir de vous transmettre le salut et les encouragements. 

Le Projet de Recherche et de DCveloppement sur les Cultures Vivribres en zone 
semi-arides-SAFGRAD de son nom anglo-saxon-est une Institution de l'OUA. C'est 
en effet, à la suite des assises du Conseil des Ministres de l'organisation pan- 
africaine tenue en 1976 à Port-Louis-Ile Maurice- que les Chefs d'Etat et de 
Gouvernement prirent la rCsolution demettre sur pied le projet SAFGRAD. 

Cette volont6 politique traduisait ainsi, sans tquivoque, la ferme determination de 
nos dirigeants de pallier les conséquences dCsastreuses du cycle de ~Ccheresses des 
annees 1972, 1973 et 1975 d'une part; et d'autre part, de prkvenir de telles situations 
et, partant, d1amCliorer qualitativement et quantitativement la production agricole au 
niveau du Continent, pour le plus grand bien des populations rurales. 

Depuis cette mémorable date, le SAFGRAD a fait bien du chemin. Le 
Coordinateur International de ce Projet, qui vient de me préctder à cette tribune, en 
a donné un bref aperçu. D'autres voix plus autorisées que la mienne - parce 
qu'émanant d'hommes de terrain - vous en diront plus long les jours à venir. 

Je me bornerai donc simplement à citer : 

- la mise au point de variCtCs de maïs et de niébC rtsistantes à la sécheresse, aux 
maladies et aux autres stress; 

- la mise au point de variétés de sorgho adaptées aux moyennes et hautes 
altitudes; 

- l'identification des autres contraintes au dCveloppement de la production agricole 
( gestion de l'eau, fertilité du sol, action de l'homme, etc.. ) et les possibilitts d'y 
remCdier; 
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- les essais de transfert de technologies en milieu rural; 
- la formation à tous les niveaux. 

A l'évidence, le SAFGRAD a obtenu des résultats encourageants ; mais à 
l'évidence, également, le chemin qui reste à faire est long et plein d'embûches. 

En effet, aux raisons premibres qui ont présidé à la naissance du SAFGRAD sont 
venus s'ajouter d'autres facteurs. Tels, les prescriptions du Plan d'Action de Lagos 
de 1980 et celle du Programme Prioritaire pour le Redressement Economique de 
l'Afrique de 1985, toutes axées sur la recherche de l'auto-suffisance alimentaire du 
Continent. Tels, également, le retour et l'apparition de la sécheresse et sa persistance 
dans les zones jusqu'ici épargnées, au point que des pays jadis considérés comme 
zones humides sont actuellement confrontés à des problbmes de déficit 
pluviométrique 

Et c'est pour toutes les raisons que voilà que la Conférence de Niamey revêt une 
importance toute particulibre et constitue tout un symbole. 

Symbole des efforts persévérants des chercheurs africains et d'ailleurs, sous-tendus 
par une volonté inébranlable d'aider les masses rurales à faire face et à vaincre les 
méfaits des aléas climatiques. 

Symbole d'échange d'expériences éntre Réseaux de recherche qui ont jusqu'ici 
travaillé séparement, mais qui s'adressent tous aux mêmes paysans, en vue d'une 
meilleure efficience par le biais d'une coordination harmonieuse des actions, la 
conjugaison des efforts et la suppression des duplications inutiles. 

Symbole, enfin, d'une coopération internationale Nord-Sud et Sud-Sud en tous 
points exemplaire. 

Celà me donne l'occasion, au nom de S.E. Le Secrétaire Général de l'OUA, de 
féliciter chaleureusement tous les Experts nationaux et d'ailleurs qui ont largement 
contribue à la rCalisation des rCsultats non nCgligeables sus-mentionnés, sous la 
supervision clairvoyante du Bureau de Coordination du SAFGRAD. Et, ensuite, de 
réexprimer notre profonde gratitude aux Bailleurs de fonds du SAFGRAD : USAID, 
FIDA, CRDI, Fondation Ford, Fonds Français d'Aide et de CoopCration, Banque 
Africaine de DCveloppement - la liste n'est pas limitative - de leur assistance 
financibre et matCrielle gCnCreuse et dCsinteressCe. Nous ne saurions oublier, dans 
ces remerciements, les Instituts Internationaux, IITA, ICRISAT, ICRAF et tant 
d'autres sans l'assistance technique soutenue desquels les progrès rCalisCs n'auraient 
pas CtC aussi significatifs. 

. Excellence, Monsieur le Ministre de l'Enseignement Supérieur et de la Recherche 
Scientifique, 
Excellence, Monsieur le Secretaire d'Etat auprbs du Ministre de l'Agriculture et de 
llElevage, 
Excellence, Monsieur le Secretaire d'Etat au Plan 
Excellences, Mesdames et Messieurs les Membres du Corps Diplomatique, 
Messieurs les Représentants des Organisations Internationales, 
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Messieurs les Directeurs Nationaux, 
Chers Experts, 
Honorables InvitCs, 
Mesdames, Messieurs, 

Je disais tantôt que le chemin qui reste à faire est long et c'est pourquoi. aprbs les 
satisfecit, je voudrais maintenant, avec votre permissioii, eii appeler au concours de 
toutes les parties prenantes de cette exaltante balaille pour le dCveloppement 
agricole de notre cher Continent. 

D'abord aux Gouvernements des Etats membres du SAFGRAD, en particulier, des 
Etats membres de I'OUA en gknéral. en leur suggCrant respectueusement de faire en 
sorte que les rksultats obtenus en station ne restent pas lettre morte, mais fassent 
plutôt l'objet de vulgarisation à large échelle, par l'entremise du renforcement 
significatif des structures nationales, la mise à la disposition des chercheurs 
nationaux des facilitCs requises ( équipemenls, matériels et techniques adaptCs aux 
besoins sans cesse accrus de la recherche, moyens humains et financiers suffisants ) 
et de facteurs incitatifs. 

Ensuite, aux Donateurs, pour la poursuite de leur assistance financibre et surtout, 
pour le renforcemenl de leur confiance en l'Afrique. 

Mais, me diriez-vous fort justement et I'OUA alors ? Eh bien, l'organisation de 
l'Unité Africaine a mis en place dbs 1964, c'est-à-dire juste un an aprbs sa propre 
crkation, une Commission Scientifique, Technique et de la Recherche ( CSTR-OUA 
) basCe à Lagos, Nigeria, et chargCe d'Claborer et de proposer à la sanction du 
Conseil des Ministres et des Chefs d'Etat et de Gouvernement la politique 
industrielle et technologique à I'bchelle du Continent. 

C'est cette même Commission qui, une fois la politique industrielle et 
technologique approuvCe, procède h la recherche des fonds complCmentaires à ceux 
propres h l'organisation, pour la mise en oeuvre de projets conjoints ou rkgionaux 
d'inter& commun. Il convient de mettre à l'actif de la CSTR la nkgociation et la 
signature de tous les accords de coopCration concernant le SAFGRAD. 

Enfin, last but not least, I'OUA a dCcidt lors de son dernier Conseil des Ministres 
de tenir : 

- Une rCunion interne à l'effet de discuter du futur et de la restructuration du 
SAFGRAD ainsi que de I'opporlunitC d'une plus grande contribution de I'OUA, 
h la lumibre des conclusions des missions dlCvaluation internes et externes du 
projet ; 

- et une RCunion de Bailleurs de Fonds, en vue de la poursuite des autres volets du 
SAFGRAD, notamment le transfert des rCseaux de recherche aux struclures 
nationales. 

Ces deux importantes réunions auront lieu en Juillet de cette même annCe à 
0uagadougou.Vous le voyez donc, I'OUA est à vos côtCs, mais aussi devant et 
dernkre vous. 
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Quant à vous, Excellence, Monsieur le SccrCtaire d'Etat auprts du Ministre de 
l'Agriculture et de I'Elcvage, le choix de voue belle capitale Nianiey pour abriter 
cette conférence SAFGRAD n'est pas Ic fait du hasard. .ll  prockdc de la tradition 
d'hospitalitC toute africaine qui caractérise le Niger, du r61e déterminant jouC par 
votre pays au sein du SAFGRAD et surtout des résullats remarquables rkalids par 
votre Gouvernement, au coeur du Sahel, en matiEre de dkveloppement agro- 
pastoral. 

Aussi, vous prierais-je respectueusement, Excellence, de bien vouloir transmettre ?I 
S.E. le GCnCral de Brigade Ali SALBOU, PrCsident de la République, Chef de I'Etat, 
les vifs remerciements du Secrktaire GCnCral de I'OUA pour nous avoir permis de 
tenir nos assises à Niamey et pour toutcs les facilit6 mises à notre disposition depuis 
notre arrivée. 

Je m'en vais maintenant conclure en renouvelant mes encouragements àtous les 
Experts ici prCsents et en exprimant le voeu que des discussions des prochains jours, 
Cinergent des conclusions et recommandations pertinentes qui Cclaireront d'un jour 
nouveau notre marche commune à la recherche du mieux-être de nos populations. 

Vive le SAFGRAD ! 
Vive I'OUA ! 
Vive la CoopCration Internationale ! 

Je vous remercie de votre bienveillante attention. 



DISCOURS D'OUVERTURE DE MONSIEUR LE SECRETAIRE D'ETAT 
AUPRES DU MINISTRE DE L'AGRICULTURE ET DE L'ELEVAGE 

CHARGE DU DEVELOPPEMENT COOPERATIF. 

Messieurs les Ministres, 
Excellences Messieurs les Ambassadeurs, 
Monsieur le Secrktaire Exkcutif Adjoint de In Commission Scientifique, Technique 
et de la Recherche de l'organisation 'de l'Unité Africaine, 

. Messieurs les Reprksentants des Bailleurs de Fonds, 
Monsieur le Coordinateur International du SAFGRAD, 
Mesdames et Messieurs les Participants, 

Après Lomk en 1989, c'est Niamey qui accueille aujourd'hui la Confkrence 
conjointe biennale sur les Rkseaux Maïs, Sorgho, Niébk, du Projet de Recherche et 
de Développement des cultures vivrières dans les zones semi-arides d'Afrique, 
connu sous le nom de SAFGRAD. 

Par ma voix, le Niger tout entier se rejouit de cet acte qui l'honore et vous souhaite 
la cordiale bienvenue et un agrkable skjour à Niamey. 

Je suis convaincu que le choix de mon pays pour abriter cette importante rencontre 
du donner et du recevoir n'est pas un fait du hasard. 

En effet, fidèle à sa politique de dkveloppement économique et social, le Niger 
accorde de plus en plus une prioritk absolue au dkveloppement du secteur agricole, 
bas6 essentiellenient sur la recherche de l'auto-suffisance alimentaire et la protection 
de son environnement. A ce sujet, il me paraît important de souligner que le Niger, 
pays enclavC et très continental, tire l'essentiel de ses ressources de I'activitk 
agricole au sens large du terme, pour nourrir ses quelques 7.250.000 habitants 
rkpartis sur 1.267.000 km2, avec un  croît dkniocratique annuel de l'ordre de 3 %. 

Cette forte dkpendance d'une activitk agricole parfois très prkcaire est 
caractkristique aux zones semi-arides, car s'exerçant dans un environnement agro- 
climatique extrêmement vulnérable. 

Aux périodes fréquentes de skcheresse qui skvissent dans ces zones, s'ajoute le 
phknoniène de dksertification accentuant ainsi le processus de dkgradation de leurs 
environnements les rendant de plus en plus rudes et hostiles à la production des 
denrkes nkcessaires à l'alinientation des hoinmes et des animaux. 

Il est cependant réconfortant de constater que face à ce dkfi, l'Afrique a pris 
conscieiice au niveau politique le plus ClevC, de la gravité de la situation et qu'elle 
tente d'y rémCdier de manière efficace par la mise en oeuvre des activités de 
recherche coopCrative spécifiques aux rdgions semi-arides. 

Je puis vous assurer que mon pays souscrit pleinement à cette démarche qui 
consiste en la mise sur pied de RCseaux de Recherche CoopCrative sur les 
principales cultures vivrières à l'échelle régionale, en vue du renforcement des 
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capacitks des Services Nationaux de Recherche Agronomique (SNRA), complktant 
ainsi l'action des Centres Internationaux de Recherche Agronomique (CIRA). 

Messieurs les Ministres, 
Mesdaines et Messieurs les Participants, 

Les faiblesses et insuffisances dc moyens des SNRA, constituent la contrainte 
majeure au dkveloppement des activités de recherche dans nos pays. Pour y 
rémkdier. le Projet de Recherche et de Développement des Cullures Vivribres dans 
les zones semi-arides d'Afrique (SAFGRAD) a étt  cr6é en 1977 ti la suite d'une 
concertation d'un groupe de donateurs avec pour objectif de promouvoir et d'utiliser 
la recherche scientifique en vue d'augmenter et de soutenir la production des 
cultures vivribres principales dans les zones semi-arides d'Afrique. 

C'est ainsi que cinq (5) rtseaux de recherche coopérative sur le mil, le sorgho, le 
niébé, le maïs et sur les systbmes de production, sont aujourd'hui opkrationnels au 
litre de SAFGRAD LI et fonctionnent de manière lrès satisfaisante. 

Issu du Projet conjoint PC 26, entrepris par I'USAID dbs 1969, le SAFGRAD est 
le fruit d'une volonit politique commune des Chefs d'Etat africains traduite dans une 
rksolution adoptke en Conseil des Ministres de l'OUA en 1976 à 1'Ile Maurice ; d'où 
la naissance du projet conjoint PC 31, ayant pour objectif le développement des 
cultures vivribres dans les zones semi-arides d'Afrique. 

Par ailleurs, il me plaît de rappeler que la naissance de SAFGRAD et le 
dkveloppement de ces activités, ont été rendus possibles grâce au concours de la 
Communautk Internationale et plus particulibrement, grâce au soutien financier de 
I'USAID, du FIDA, du FAC, du CRDI et à l'appui scientifique et technique des 
Centres Internationaux de Recherche Agronomique (CIRA) auxquels je rends un 
vibrant hommage. 

Messieurs les Ministres, 
Mesdames et Messieurs les Participants, 

Le Niger, à i'instar des autres pays du Sahel, continue d'éprouver la sévtrité des 
contraintes naturelles sur sa production agricole. Au nombre des efforts consentis 
par I'Etat dans la recherche de I'autosuffisance alimentaire, figure la création de 
I'Institut National de la Recherche Agronomique du Niger (INRAN) dès 1975. Je 
suis heureux de constater que notre jeune institution est aujourd'hui un partenaire 
important et actif, dans la mise en oeuvre des programmes des RéseauxISAFGRAD. 

La restructuration trbs prochaine de I'INRAN et l'adoption imminente par le 
Gouvernement de ses textes statutaires, contribueront sans aucun doute àaméliorer 
ses capacités de recherche le rendant ainsi beaucoup plus apte non seulement à 
consolider les acquis, mais aussi à entreprendre des programmes nouveaux de 
recherche coopkrative dans le cadre des réseaux générés piu le SAFGRAD. 
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Messieurs les Ministres, 
Mesdames et Messieurs les Participants, 

Du SAFGRAD 1 (1 977- 1986) au SAFGRAD II ( 1986- 199 1 ), beaucoup de progrès 
ont kt6 accomplis grâce aux efforts conjuguts de nos tminents chercheurs, pleins de 
bonne volonté, mais travaillant parfois dans des conditions peu satisfaisantes. C'est 
pourquoi, je m'en voudrais beaucoup si je ne m'acquittais d'un agrtable devoir ; 
celui de présenter à toute la communautt scientifique intervenant dans le système 
des réseaudSAFGRAD, mes tres vives ftlicitations pour le travail accompli. Et 
c'est aussi l'occasion de leur adresser tous mes encouragements pour la poursuite de 
ce qui reste à faire en ayant toujours à l'esprit la noblesse du travail du chercheur. 
Cette noblesse se caracttrise à n'en point douter par une contribution 
àl'accroissement de la production agricole dans les Etats membres, grâce à la 
formation scientifique des chercheurs nationaux, la circulation de l'information ainsi 
que les tchanges de technologies entre les Services Nationaux de Recherche 
Agronomique (SNRA). 

Messieurs les Chercheurs, 

En souhaitant plein succès à vos travaux, je dtclare ouvert l'Atelier Conjoint 1991 
des RéseaudSAFGRAD. 

Je vous remercie. 



APPENDIX II 

Closing ceremony 

PREVIOUS PAGE BLANK 



ALLOCUTION DE CLOTURE PRONONCEE PAR 
MONSIEUR LE SECRETAIRE GENERAL DU MINISTERE DE 

L'AGRICULTURE ET DE L'ELEVAGE. 

Messieurs les Ministres, 
Excellences Messieurs les Ambassadeurs, 
Messieurs les ReprCsentants des Organisations Internationales, 
Monsieur le Secrétaire Extcutif de la Commission Scientifique, Technique et de la 
Recherche de l'OUA, 
Monsieur le Coordinateur International de I'OUAISAFGRAD, 
Mesdames et Messieurs les Participants, 

Nous voici enfin au terme de sept jours de travaux de cette premi&re conference 
Inter-RCseaux SAFGRAD, sur le Maïs, le NiCbC, le Sorgho, et les Systhmes de 
Production, organisee conjointement avec l'Institut National de Recherches 
Agronomiques du Niger. 

Je suis heureux de constater que durant une semaine, les participants ont pu 
examiner et discuter de manihre trhs methodique, les resultats des programmes de 
recherche des differents reseaux que je citais tant&. 

Cette conference inter-reseaux a permis à ne point douter, de faire non seulement 
le point sur 1'Ctat d'avancement des activites spécifiques à chacun des reseaux, mais 
aussi, de deceler les points faibles, de manière à pouvoir entreprendre les 
ajustements nécessaires. 

Mesdames et Messieurs les Par"ciyts, 

La qualit6 des resultats de vos travaux et le serieux avec lequel vous les avez 
menes, me donnent l'occasion de vous feliciter pour le sacrifice consenti en 
travaillant parfois à des heures trhs tardives. 

Eminents chercheurs que vous êtes, vous avez pu identifier en si peu de temps les 
principales contraintes et limites majeures du developpement de la production 
vivrihre dans les zones semi-arides de l'Afrique. Ainsi, de vos discussions d'un îds 
haut niveau technique et scientifique, j'ai retenu entre autres thèmes, l'invasion du 
Striga, vCritable calamite qui extermine nos cultures, llamClioration varietale du 
maïs, du sorgho et du niCbC, ainsi que ltamClioration des systèmes de production. 

J'ai aussi note avec satisfactioii li rccomiiiandations t iès pertinentes que vous 
avez formulCes pour le dével~pl)c~ii~iiL dt: Programmes de Recherche sur le Striga, 
l'amelioration de la coopération non seulenient entre chercheurs, mais aussi entre les 
Institutions de Recherche, notamment dans le domaine des systèmes de production 
et de celui de la diversification des produits alimentaires pour la consommation et 
1'Agro-Industrie. 

il s'agit là, Mesdames et Messieurs, de disposiiions d'une grande importance qu'il 
conviendrait de mettre en oeuvre au niveau des Etats Membres du SAFGRAD. 
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l e  suis convaincu que le Secrdtariat Exdcutif de la Commission Scientifique, 
Technique et de la Recherche de l'OUA, saura vdhiculer l'ensemble de ces 
recommandations aux Etats Membres concernes. A ce sujet, je puis vous assurer 
que le Niger, Membre actif du SAFGRAD par le truchement de son Institution de 
Recherche Agronomique, mettra tout en oeuvre pour la concrdtisation de ces nobles 
dispositions. 

Mesdames et Messieurs les participants, 

Permettez moi de remercier une fois de plus les principaux Bailleurs de Fonds qui 
ont soutenu jusqu'ici les activités du SAFGRAD et qui ont de ce fait permis la tenue 
de cette importante rencontre. 

Mes remerciements vont Bgalement en direction des Organisateurs SAFGRAD et 
INRAN dont I'appon mdthodologique et matériel a et6 d'un grand appui pour le bon 
dt2roulemeni de votre confdrence. 

Mesdames et Messieurs, Honorables Déldguds, 

En espérant que votre sdjour au Niger a dtd agrdable, et en vous souhaitant un bon 
retour dans vos familles respectives, je ddclare clos, les travaux de la Conference 
Inter-Rdseaux SAFGRAD. 

Je vous remercie. 
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