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Foreword
This book documents the successes of the West and Central African Maize Network, known widely as 
WECAMAN, which is comprised of national and international agricultural research and development institutions 
within West and Central Africa. The publication is directed to WECAMAN’s partners and stakeholders along 
the	maize	seed	value	chain	including	the	scientific	community,	donors,	policymakers,	extension	agents,	seed	
companies and producers, and more importantly farmers, not only within the subregion but all those interested 
in Africa’s successful development. 

The experiences in WECAMAN provide valuable lessons in subregional cooperation through the rational 
sharing of resources and capacity strengthening of participating countries to develop, adapt, and make 
technology available to farmers for addressing constraints to maize productivity. This publication documents the 
successes and lessons spanning a 20-year period. 

First, it demonstrates that maize production constraints in the West and Central African (WCA) subregion can 
be effectively solved through collaboration. The maize production constraints of each agroecology cut across 
countries and solutions to the constraints achieved in one country can be easily adapted to others at little or no 
additional cost. WECAMAN successfully capitalized on the use of different agroecologies to develop improved 
technologies that have set in motion a maize-based Green Revolution in the subregion.   

Secondly, WECAMAN clearly established that it was possible to secure subregional collaboration to carry out 
relevant and quality research. WECAMAN was able to address the challenges and constraints of common 
and regional interest through a consensus of the objectives, strategies, and activities required for this. The 
national agricultural research systems of member countries participated in a process of assessing the research 
capabilities of individual countries and assigning roles to each country and the respective institutions. This 
required investment in capacity building, infrastructure, and logistical support, together with sustained funding 
from donors, national governments, international centers, and regional and national research institutions. 

Thirdly, it demonstrated that transparent mechanisms for planning, implementing, monitoring, and evaluating 
activities were continuously assessed and the quality and output from research were improved. Monitoring and 
evaluation were not limited only to research activities and outputs, but were also extended to the collaborating 
scientists and their institutions, with the results of evaluation being used to improve technology generation and 
development processes. WECAMAN’s management structure, that involved primarily NARS collaborators, 
created a sense of ownership allowing the NARS to play an important leadership role. This in turn ensured 
capacity development as well as knowledge generation and its dissemination. 

Fourthly, WECAMAN’s experience demonstrated that science can be applied to solve complex agricultural 
production problems resulting in increased yields and productivity, improving food security and reducing 
poverty. This was achieved by all partners focusing efforts on their individual areas of comparative advantage; 
IITA concentrating on the provision of advanced laboratory services, facilitating the exchange of germplasm 
and other technologies among NARS and playing a backstopping role to ensure the judicious use of available 
funds; donors releasing funds consistently and on time; and national governments providing infrastructure and 
logistical support for their participating institutions. 

WECAMAN’s success is attributable to the effective mechanisms put in place for monitoring and evaluation of 
its	performance,	the	strategy	of	Lead	Centers	and	an	efficient	and	effective	management	structure	involving	
Steering and Research Committees. WECAMAN used research project development and implementation; 
attendance	and	quality	of	papers	presented	at	technical	conferences	organized	by	the	Network;	scientific	
monitoring tours; consultation visits; mid-term reviews; end-of-project reviews and impact assessment as 
mechanisms for monitoring, evaluating, and improving its performance.  



ix

Achievements	show	that	over	two	decades,	WECAMAN	helped	to	expand	substantially	the	scientific	and	
training capacity of NARS in WCA. The NARS successfully produced and helped to disseminate new 
technologies to farmers. Wide adoption led to increased maize production contributing to a maize-based Green 
Revolution	in	WCA.	This	resulted	in	significant	returns	to	the	investments	in	maize	research	made	by	donors	
and participating countries. 

Notwithstanding these successes, researchers still face challenges to increasing maize yields. Although total 
maize production has increased in the subregion, the increase has resulted from extensive rather than intensive 
cultivation. FAO’s statistics show that average maize yields in the subregion have increased from the long-
standing 0.8 t/ha to nearly 2 t/ha during the last three decades, although average yields in researcher-managed 
on-station and on-farm research were over 5 t/ha. Therefore, one of the present challenges for researchers is 
to reduce the yield gap between researchers’ and farmers’ production.

This needs to be undertaken against challenges of climate change, increasing urban populations and 
environmental problems associated with land degradation. The partnerships created by WECAMAN are now 
faced with many new challenges, which they jointly need to address. 

Dr Nteranya Sanginga 
Director General, IITA
January 2012
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Preface
The generation and adoption of improved, higher-yielding maize varieties is one of the outstanding success stories 
of technological change in food crop production in WCA countries.  The increasing availability of new maize varieties 
adapted to the savanna zones, with high yield potential and increased tolerance to multiple biotic and abiotic stresses 
together with fertilizer subsidies and improved infrastructure and support services has  changed the status of maize 
from that of a minor crop in the 1970s to one of the most important food and cash crops from the 1990s. 

As a result of research undertaken by IITA, WECAMAN, NARS, and other institutions, a large number of 
improved maize varieties has been developed and the area planted to these varieties continues to expand. 
Studies show that in 2005, of the 7 million ha  planted to maize in nine WCA countries, over 4 million, 
representing about 60% of the area, had been planted to improved varieties. Adoption of new varieties 
increased from less than 5% of the maize area in the 1970s to about 60% in 2005, yielding an aggregate rate of 
return to research and development investment of 43%. The estimated number of people moved out of poverty 
through the adoption of new maize varieties rose gradually in the 1980s to nearly one million people per year 
from the mid-1990s. Over half of this impact has been attributed to maize research 

Looking to the future, maize will remain crucial for food security in sub-Saharan Africa. The predominance of 
the crop in many farming systems and diets implies that yield gains have the potential to jump-start a Green 
Revolution. Although considerable progress has been made towards achieving this potential, food insecurity 
for millions of rural households persists even where progress in maize production has been achieved. With 
domestic maize production often not keeping up with the requirements of expanding urban populations for food, 
there is increased consumption of rice and wheat, much of which is imported. At the same time, the demand for 
maize for industrial use and as a feed for livestock continues to grow rapidly.

International and regional research needs to continue to support national programs through regional alliances 
that	build	on	the	comparative	advantages	of	the	NARS	in	developing	full	scientific	capabilities	in	WCA.	Many	
technical, ecological, institutional, and policy issues need to be addressed if maize is to contribute its expected 
share to the alleviation of poverty in WCA. These include the following:  
•	 Ongoing enhancement of NARS capacity to develop and transfer technology through training, infrastructure 

development, use of biotechnology, geographic information systems, other new tools and innovative approaches.
•	 Development of micro-nutrient dense and quality protein maize varieties that are stress tolerant (to drought, 

low soil nitrogen, Striga, stem borers and nutrient depletion), to improve the income generating capabilities 
and nutritional status of farmers.

•	 Increasing  the capacity of farmers and farmers’ organizations to drive the research agenda and use the 
products of research. 

•	 Development of sustainable farming systems that increase the productivity of land and labor in the face of 
climate change and land degradation.  

•	 Ensuring	that	the	varietal	release	processes	across	countries	and	agroecological	zones	are	efficient	and	
effective. 

•	 Developing effective partnerships between the public and private sectors in the development of effective 
seed production and distribution systems.

•	 Ensuring that input and output markets and the rural infrastructure that support them are capable of 
providing	farmers	with	access	to	efficient	services.

•	 Developing market information systems to guide and link farmers, traders, end-users, input dealers, and 
policymakers.

•	 Development	of	existing	and	new	maize	technologies	for	new	products,	specific	markets,	production	areas,	
and processing methods to diversify the utilization of maize.

•	 Stimulation of regional trade by promoting appropriate agro-enterprise. 
•	 Advocacy in the development of appropriate policy reforms for sustained maize production and productivity.

Baffour Badu-Apraku
IITA-Ibadan, Nigeria
January 2012
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The importance of maize in West and Central Africa

Evolving importance of Maize
After the introduction of maize to Africa in the sixteenth century, the crop rapidly gained popularity as a major 
food crop as well as a trade commodity in much of West and Central Africa (WCA). Today, maize is widely 
grown in many agroecological zones (Map 1) in this subregion. It is a highly suitable crop, especially well 
adapted to the savanna zones with their mono-modal rainfall distribution. 

Initially, the most suitable areas had been regarded as those characterized by a growing period of 120 to 180 
days, which largely fall in the southern Guinea savanna (SGS) (Kassam et al. 1975). The yield potential of this 
zone was high compared with both the wetter and bi-modal rainfall environments of the derived savanna (DS) 
and humid forest (HF) and the drier environments of the Sudan savanna (SS). The SGS and northern Guinea 
savanna (NGS) are characterized by adequate moisture, relatively low disease pressure, high solar radiation, 
and low night temperatures, all favoring maize production.  

Traditionally maize had been cultivated as a minor crop in the Guinea savanna zones, grown near household 
compounds, where it received the regular application of household refuse and organic manure. However, the 
availability of new varieties has subsequently pushed the boundaries of suitability and maize is now widely 
grown in the drier areas of the NGS and SS as well as to a lesser extent in the more humid areas of the DS and 
HF. At the same time, increased availability of inorganic fertilizers has encouraged a considerable expansion in 
the area planted to maize , making maize an increasingly important cash crop. Over 50% of the maize is now 
grown in the savannas, whereas in the 1970s it was only a minor crop.

Map 1. West African agr-ecological zones.
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Recognizing the enormous potential of maize as a food and industrial crop, WCA countries established 
research programs to improve its productivity. Maize research and development have now been in place for at 
least 50 years, initially each country conducting its own research according to its available resources in plant 
breeding, crop protection, crop management, postharvest technology, and utilization. Unfortunately, production 
and productivity remained low for many years because of serious production and marketing constraints.

The savanna zones are now increasingly playing a major role in agricultural development since they have the 
potential to produce substantial market surpluses of maize for use not only in other agroecological zones but 
also for export. For example, the NGS of Nigeria produces a market surplus from an annual production of more 
than	2	million	t.	This	is	becoming	a	driving	force	behind	the	intensification	of	agriculture	in	the	country.	However,	
continued	expansion	will	depend	on	continued	profitability,	which	in	turn	will	depend	on	expanded	demand	in	
urban consumption and alternative uses.

Expansion of maize production
Maize expansion in the WCA savanna zones has been high from the early 1980s and through the 1990s, 
with annual growth rates in Burkina Faso of over 17%, Ghana – over 8%, Guinea – nearly 8%, Mali – nearly 
8%, Nigeria – over 5%, and Togo – nearly 6%, with a regional average of slightly over 4% compared with an 
average of less than 1% in Eastern and Southern Africa (CIMMYT 1994).  It is Interesting that in much of the 
cotton growing areas of Francophone WCA cotton companies had encouraged maize production by providing 
cotton farmers with improved maize seeds, subsidized fertilizers and herbicides, animal traction, as well as a 
guaranteed market outlet, until market liberalization when this was discontinued.  In Mali, maize production 
and commercialization continued to expand with liberalization, while in Cameroon and Bénin, the lack of a 
dynamic private sector failed to stimulate maize production to the same extent as in Mali. The development of 
an	effective	market	information	system	for	private	traders	and	farmers	in	Mali	encouraged	increased	efficiency	
in the cereal markets, resulting in lower transaction costs, improved market integration, and consequently 
improved incomes for maize farmers. This rapid development in maize production and marketing contributed to 
a	significantly	increased	demand	for	maize,	showing	that	a	dynamic	private	sector	could		play	a	critical	role	in	
expanding the demand for maize and cereal products. 

By 1990, nearly 9 million ha of maize were being cultivated in WCA with average grain yields of just over1 t/
ha , varying from 0.8 t/ha in Congo and Côte d’Ivoire to 2.1 t/ha  in Cameroon (Byerlee and Heisay 1996, using 
FAO crop statistics 1996 and CIMMYT’s 1993/1994 World Maize Facts and Trends) (Table 1). Nigeria was 
responsible	for	producing	over	50%	of	the	total	grain	output	with	other	significant	contributions	also	coming	
from Congo (10%), Ghana (9%), Cameroon (7%), and Côte d’Ivoire (6%).

  Table 1. Agricultural performance in selected countries of WCA (1980–1990).

Country
Area Production Net imports 

1990–1992
(‘000 t)

Per capita  
consumption  

(kg/year)ha % of total tonnes % of total /ha 

Bénin 458,220 5 503,818 5 1.1 2 87

Burkina Faso 150,000 2 222,000 2 1.5 - 33

Cameroon 350,000 4 750,000 7 2.1 15 34

Chad 65,136 1 60,120 1 0.9 - -

Congo -DRC 1,400,000 16 1,100,000 10 0.8 - -

Côte d’Ivoire 760,000 9 597,450 6 0.8 –12 38

Ghana 625,000 7 1,000,000 9 1.6 15 45

Guinea 91,813 1 89,977 1 1.0 0 14

Mali 205,364 2 264,457 2 1.3 3 24

Nigeria 4,273,400 48 5,667,000 53 1.3 3 16

Senegal 108,000 1 110,000 1 1.0 18 18

Togo 381,595 4 413,751 4 1.1 1 70

Total/mean 8,868,528 100 10,778,573 100 1.2 45 38
Source:  Byerlee and Heisay 1996.
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Between 1980 and 2000, the total maize harvested increased from less than 3 million to more than 10 million t 
(Fakorede et al. 2003), although much of this increase was due to an increased area under cultivation rather than 
to higher yields. For instance, Nigeria increased its area under maize by more than 2.5 million ha during the 1990s, 
which increased maize grain production from 1.8 million to 5.4 million t. Many other countries in the subregion 
experienced similar increases. Much of this expansion occurred northwards into drier areas where there were 
fewer serious disease or pest problems, with maize often displacing sorghum and millet. The development and 
increased availability of early (90–95 day and extra-early 80–85 day) varieties developed and disseminated in large 
part through Semi-Arid Food Grain Research and Development (SAFGRAD) and WECAMAN made this expansion 
possible. This wide acceptance of maize was due in part to its versatility, providing a food source early during 
the	hunger	period,	when	it	is	consumed	as	green	maize	as	well	as	grain	for	making	flour	for	traditional	foods	for	
the rest of the year. There was also an increasing demand for maize for industrial uses, such as processed food, 
livestock feed, and malt for beer.

The agricultural sector
The economies of WCA countries  are heavily dependent on agriculture with their economic growth being 
closely linked to the development of the agricultural sector. A major and ongoing challenge is a need to feed a 
population which has been increasing at an annual rate of between 2 and 3% and providing employment for 
a rapidly growing work force who can earn their living from the land. Unfortunately WCA countries in common 
with many others in SSA have faced a general deterioration in their standards of living, manifested by declining 
yields and worsening levels of poverty and food insecurity, with many countries producing less food in 1990 
than in 1980 (Okai 1997).

The result of the poor performance of the agricultural sector was evident from the low mean agricultural growth 
rate of most countries in WCA between 1980 and 1990, during which time population growth often exceeded 
agricultural GDP growth rates (Table 2). Agriculture’s percentage share in GDP fell from 28 to 25% from 1970 to 
1990, the fall being greatest in Bénin, Côte d’Ivoire, and Mali. The stagnation or deterioration of the economies 
of many of these countries resulted from a decline in food output.

As already mentioned, many WCA countries experienced a deterioration in their standards of living resulting 
in	increased	levels	of	poverty	and	varying	levels	of	food	insecurity.	This	included,	first,	seasonal	shortages	
when food was in short supply during pre-harvest periods; secondly, transitory shortages due to a decline in 
access to food arising from instability in food production; and thirdly, high food prices and chronic shortages, 
when	food	availability	was	persistently	insufficient	to	supply	an	adequate	diet	or	when	poverty	precluded	
access	to	sufficient	amounts	of	food.	This	inadequate	food	supply	led	not	only	to	food	insecurity	but	also	to	the	
inadequate provision of nutritionally balanced diets.

Table 2.  Agricultural GDP and population growth in selected countries of WCA (1980–1990).
Country Mean agricultural 

GDP growth rate
(%)

Mean annual  
population growth 

rates (%)

Difference between 
mean agric. GDP, and 

population growth rates

Agric. % share in GDP

1970 1990

Bénin 3.6 3.2 0.4 59 37

Burkina Faso 3.3 2.6 0.7 37 32

Côte d’Ivoire 1.0 4.0 –3.0 47 36

Gambia 7.1 3.3 3.8 - -

Ghana 1.0 3.4 –2.4 44 48

Mali 2.3 2.4 –0.1 65 46

Niger 1.0 3.5 –2.5 68 36

Nigeria 3.3 3.3 0.0 55 36

Senegal 3.1 3.0 0.1 25 21

Togo 4.1 3.5 0.6 46 59

Mean 3.0 3.2 –0.2 28 25
Source: Okai1997.
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By 1990, 24% of the population in WCA countries were facing food insecurity, particularly in Burkina Faso, 
Ghana, Mali, Niger, Senegal, and Togo (Table 3).  The average daily per capita calorie supplies were 93% of 
the minimum required, with Burkina Faso and Nigeria having the worst shortfalls. Between 1970 and 1990, 
cereal importation rapidly increased by over 50% in the region although Mali and Niger actually experienced a 
decrease in importation.

Improving food security
Maize is one of the few crops grown in WCA which has good prospects for improving the food supply situation. 
However, an important characteristic of maize is its high and relatively rapid nutrient requirement. Research 
data show how quickly soil nitrogen (N) can be depleted by maize, especially when yields are high and crop 
residues are removed (Sanchez 1997). Even under low yielding conditions, soil nutrients are mined beyond 
the power of the soil to replenish them. Without soil nutrient replenishment, continuous maize production will 
lead to a rapid decline in soil fertility, land abandonment and  degradation, and to deforestation as new land is 
cleared for maize production. 

Notwithstanding these problems, over 85% of the rural population of WCA now grow maize because of its 
ability	to	fit	into	the	different	farming	systems	and	its	great	potential	for	increasing	yield	under	improved	
management practices compared with other grain crops. The new maize varieties made available to farmers 
have had a considerable impact including a large expansion in the maize area at the expense of sorghum 
and millet. This has been due to the  better response of maize to fertilizer and the availability of high yielding, 
disease and pest resistant varieties, which have had a major impact in stimulating production, especially 
into the savanna areas since the 1980s. The production of early and extra-early maize varieties that can be 
consumed either as green maize or grain has helped in addressing seasonal and transitory food insecurities. 
At the same time, increased maize production has helped to overcome chronic food insecurity, increasing the 
availability of food for the most vulnerable groups including women, children, and the poor. The promotion of 
maize, which is cultivated by rich and poor alike, is proving to be an important step in achieving food security.

Increasing the demand for maize
Maize production, apart from its role in improving food security, is a source of employment and income for 
farmers	and	other	entrepreneurs,	providing	diversified	uses	as	human	food,	livestock	feed,	industrial	raw	
material, and a source of energy. Over 30 kg of maize are consumed per capita per year in WCA because of 
its suitability for the preparation of local dishes including gruels, porridges, and pastes. Green maize, boiled 

Country Population facing food 
insecurity-1990 (%)

Daily per capita 
calories supply

Average daily per 
capita calorie supplies
(% of minimum needs1)

Average annual  
cereal imports (‘000 t)

1965 1986/1989 1970 1990 % increase

Bénin 18 2019 2115 92 8 126 1475

Burkina Faso 33 1882 2002 84 99 145 46

Côte d’Ivoire 8 2352 2405 104 172 502 192

Gambia 19 - 2339 98 - - -

Ghana 36 1937 2167 94 177 337 90

Mali 35 1938 2114 90 281 65 –77

Niger 28 1996 2321 98 115 86 –25

Nigeria 17 2185 2454 88 389 502 29

Senegal 21 2372 2162 91 341 534 57

Togo 29 2454 2210 92 6 111 1750

Mean 24 2126 2229 93 176 268 52%	
1 Average daily calorie supply, 1986/1989 divided by requirement.
Source: Okai 1997.

Table 3.  Food insecurity, daily calorific requirements, and cereal imports.
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on the cob or roasted, is an important vegetable crop and plays an important role in bridging the hunger gap 
after the dry season. Maize is widely fed as porridge to weaning children, although often unfortunately without a 
protein supplement such as milk, meat, or beans in many African countries. This can lead to diseases such as 
kwashiorkor	from	protein	deficiency.	This	has	prompted	the	development	of	Quality	Protein	Maize	(QPM),	such	
as	Obatanpa,	which	has	gone	a	long	way	in	WCA	to	reduce	protein	deficiency	problems.	Varieties	of	QPM	can	
also	make	significant	contributions	to	the	food	and	livestock	industries.	

More recently, maize has acquired a new role as a raw material in the food beverage industries, providing 
additional	markets	for	maize	farmers.	The	industrial	processing	of	maize	to	produce	grits,	flour,	breakfast	
cereals, baby foods, baked foods, alcoholic and non-alcoholic beverages and other products is increasing. 
For example in Nigeria, out of a total estimated 5.7 million t of maize grain, about 1.5 million t are used by the 
brewery and bakery industries, where maize has replaced imported barley and wheat. In addition, the results 
of the evaluation in Mali of two improved varieties, Sotuba, a yellow maize and Tuxpeno, a white maize, have 
shown	that	wheat	flour	can	be	replaced	by	20%	of	maize	flour	in	baking	bread,	40%	in	croissants,	and	60%		
in	chocolate	cake	(WECAMAN	1996).	This	has	a	significant	potential	to	make	large	savings	in	the	amount	of	
imported	wheat	flour.

Constraints to the development of the maize industry
Maize production in WCA has been greatly constrained by many biotic and abiotic stresses often too formidable 
for individual NARS to combat alone. Most of these constraints cut across countries with similar agroecological 
zones, the most important being drought, low soil fertility, Striga infestation, stem borers, and maize streak 
virus (MSV). The last two are more important in the more humid southern zones. In addition, farmers face a 
variety of policy and institutional constraints, such as undeveloped markets, the high cost or unavailability of 
farm	inputs,	high	labor	requirements	for	land	preparation	and	weeding,	and	difficult	access	to	credit,	all	of	which	
inhibit increases in maize yields and production. In fact, improved maize varieties grown under controlled and 
well- managed conditions on research stations can produce average yields of 4-5 t/ha in the forest zone and 
5–8 t/ha in the savanna zones, although the average yields are currently about 1 t/ha, among the lowest in the 
developing world. 

Maize	production	constraints	were	identified	in	1998	by	WECAMAN	national	maize	scientists	in	collaboration	
with farmers (Table 4). Although varying in relative importance among countries and agroecological zones, 
they included the need for improved crop varieties, appropriate natural resource and crop management, plant 
health, postharvest technologies, socioeconomic practices and conditions, as well as the need to improve 
human capacity. 

The role of research in addressing the constraints of the maize sector
With many factors constraining the growth of the maize sector, ongoing support was required to stimulate 
growth. To reach the target of a 4% annual increase in food and agricultural production to sustain the fast 
growing population made a research-based approach essential. The challenges for regional research in WCA 
included the following:
•	 Development of a broad array of technological options which were appropriate for farmers’ production 

conditions to enhance their capacity to generate grain outputs for both consumption and sale. Such 
technologies would require a high payoff to offset the risks involved in their investments.

•	 Development of partnerships between NARS producers, extension services, NGOs, processors, and 
marketers of agriculture produce, to ensure that priority problems were addressed and the rapid adoption of 
improved technologies facilitated.

•	 Continued improvement of the research capacity of NARs for policy analysis to promote policies which 
would increase the availability of inputs and strengthen the linkages between maize sector stakeholders to 
ensure their support for research and development activities.
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WECAMAN	addressed	ecologically	specific	adaptive	traits	including	the	varietal	development	of	resistance	to	
MSV, Helminthosporium, leaf blight, H. maydis, Striga spp., and stem borers, as well as tolerance to drought 
and low soil N. As the economies of WCA countries developed, maize breeding programs would need to 
target the industrial and processing needs of consumers.

Also critical was the development of a vibrant seed sector. In spite of the substantial effort in breeding 
and the large number of new varieties released in WCA since the 1990s, their impact was not as high 
as expected, partly due to the non-availability of good quality improved seeds for farmers. Public sector 
production and marketing of seeds have achieved mixed results but have often been limited by inadequate 
resources and poor management. At the same time, unstable and low maize prices, often caused by 
inadequate marketing, credit and infrastructure facilities, receive less attention and are still hampering 
increased maize production.

Table 4.  Major constraints limiting maize production in WCA identified in 1998.
Area Constraint 

Crop improvement Lack of maize varieties appropriate to different ecologies, cropping systems and end-uses
Drought stresses
Striga tolerance/resistance
Low protein content
Lodging

Natural resource and crop 
management

Agronomic and crop management
Low and declining soil fertility
Inadequate seed production and distribution
Ongoing use of unimproved and low yielding varieties
Lack of appropriate on-farm testing with farmers
Annual	bush	fire	hazards

Plant health Disease (MSV, rusts, blight, leaf spot, stalk and ear rots)
Insect pests (especially stem borers, termites, storage insects) and weeds (particularly Striga) 

Postharvest Poor storability of some improved varieties
Inadequate processing facilities
Need	for	new	and	more	diversified	uses

Socioeconomic Unavailability and high costs of inputs
Poor distribution of inputs
Low and unstable prices for maize
Unavailability of credit
Poor transport systems
Poor marketing
Lack of processing and other utilization facilities
Labor shortages

Lack of human resources Inadequate number of trained scientists, technicians, and extension personnel
Inadequate facilities for staff training at MSc and PhD levels
Weak links between extension services, research scientists, and farmers leading to low adoption 

Source:  IITA 1998.
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WECAMAN’s origins
Agricultural development is a process of continual change that builds on earlier efforts. In this regard 
WECAMAN’s activities and achievements were no different. Over the past 40 years IITA, Semi-arid Food 
Grain Research and Development (SAFGRAD), WECAMAN, and other institutions played a leading role in 
supporting maize research and development in WCA. The various programs and projects were supported by 
a number of donors with USAID playing a leading and sustained role. This started as early as 1964 in a joint 
project between the then Organization for African Unity (OAU) and USAID and continued to 2007 in WCA with 
additional support from IFAD-UNDP and the Nippon Foundation (Table 5).  

From 1964 to 1987, 26 countries in SSA were supported in a joint venture supported by the OAU and funded 
by USAID in research efforts for maize, millet, and sorghum in semi-arid areas. This included SAFGRAD 
from	1976.	SAFGRAD	Phase	1	was	officially	launched	in	1977	by	the	Scientific,	Technical	and	Research	
Committee of the Organization for African Unity (OAU-STRC) and USAID under the umbrella of the OAU-STRC 
Coordination	Office	in	Ouagadougou,	Burkina	Faso,	and	included	the	26	countries	of	SSA.	The	project’s	aim	
was to improve the production of maize, sorghum, millet, and cowpea through the development of improved 
varieties and cultural practices suitable for small-scale farming. IITA accepted the responsibility for undertaking 
a regionally oriented research and providing training activities for maize and cowpea.

Those countries participating in the SAFGRAD and WECAMAN initiatives are listed in Table 6. Those 
participating in WECAMAN from 1993 to 2007 are shown in Map 2.

Dates Program /Project Principal funders Participation Aims
1964–1976 Joint project

(JP26)
The OAU and 
USAID 

26 SSA countries Support to SSA research  
effort in maize, millet, sorghum, 
addressing major agriculture 
problems in semi-arid areas

1977–1987 SAFRGRAD I USAID 26 SSA countries Launched to help coordinate and 
support accelerated develop-
ment of a productive and  
sustainable research system

1987–1993 SAFGRAD II
WECAMAN Phase 1

USAID 17 WCA countries The development of regional 
collaborative research networks 
for maize, rice, and sorghum 
to address priority constraints. 
WECAMAN, led by IITA, was 
established to address maize 
production constraints

1994–1998 WECAMAN Phase 2 USAID 11 WCA countries Support for the maize network 
with WECAMAN becoming an 
autonomous network in 1994

1998–2003 WECAMAN
Phase 3
Including the AMS 
project

USAID
IFAD-UNDP 

8 WCA countries Revised maize priorities
AMS funding for Striga, Low 
soil N, stem borer and drought 
tolerance

2003–2005 WECAMAN USAID
Nippon Foundation 
support

11 WCA countries Revised maize development 
priorities including development 
of QPM varieties

2006–2007 WECAMAN USAID 11 WCA countries Rationalization and ownership in 
the region

Table 5.  Programs and projects supporting maize (1964–2007).
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During SAFGRAD Phase I, which ended in 1986, research conducted by IITA–SAFGRAD in Burkina 
Faso resulted in the development of adapted early maturing varieties and management practices for soil 
conservation. It was also during this period that the value of regional commodity networks in strengthening the 
capabilities of national scientists of collaborating countries became apparent. This resulted in the formation of 
WECAMAN during an assembly of WCA maize scientists in March 1987. This was one of four collaborative 
research networks for maize, millet, rice, and sorghum, created during the USAID-funded SAFGRAD Phase II, 
which at that time included 17 WCA countries. 

The goal of the maize network was to assist national programs in the 17 countries to pool their resources 
to tackle production constraints common to the WCA subregion through the development of appropriate 
technologies.	The	production	constraints	identified	by	participating	countries	became	the	basis	for	setting	
research priorities and formulating network programs. The NARS with relatively strong research programs 
with	more	highly	qualified	staff,	better	physical	facilities	and	infrastructure,	as	well	as	optimal	agroecological	
conditions	for	particular	environmental	constraints,	were	given	specific	responsibilities	as	lead	centers	for	
undertaking research of regional dimensions; NARS with weaker research capacity concentrated on adaptive 
research at the national level.

SAFGRAD Phase I
26 countries 
(1964–1986)

SAFGRAD Phase II (WECAMAN Phase I)
17 WCA countries (1987–1993)

WECAMAN Phase II and III 
11 WCA countries 
(1993–2007)

Bénin
Botswana
Burkina Faso
Cameroon
Cape Verde
Central African Republic
Chad
Côte d’Ivoire
Ethiopia
Gambia
Ghana
Guinea-Bissau
Guinea
Kenya
Mali
Mauritania
Niger
Nigeria
Senegal
Sierra Leone
Somalia
Sudan
Tanzania
Togo
Uganda
Zambia

Bénin
Burkina Faso
Cameroon
Cape Verde
Central African Republic
Chad
Côte d’Ivoire
Gambia
Ghana
Guinea
Guinea-Bissau
Kenya
Mauritania
Niger
Nigeria
Senegal
Sierra Leone
Togo

Bénin
Burkina Faso
Cameroon
Chad
Côte d’Ivoire
Ghana
Guinea
Mali
Nigeria
Senegal
Togo

Table 6. SAFGRAD and WECAMAN countries in SSA.



9

Network coordination was provided by IITA following decisions made by a Steering Committee (SC) comprised 
of representatives of participating NARS. This coordination included backstopping of network activities by 
IITA’s	own	technical	programs.	At	the	same	time,	NARS	benefited	from	training	from	the	IITA	programs	and	
participation in biennial workshops. The SC through its bi-annual meetings provided leadership for the Network. 
This included annual consultation visits by the Network Coordinator and SC members to member countries. 
The Network also organized monitoring tours to selected member countries and  made it possible for NARS 
and IITA to streamline regional germplasm nurseries and variety trials in such a way as not to overburden the 
less resourced national programs. This allowed the member countries to concentrate their effort on adaptive 
research. An assembly of NARS researchers held in alternate years was a key professional forum for reviewing 
research plans and exchanging technical information as well as for identifying and prioritizing constraints to 
maize production.

The Network underwent mid-term and end-of-project evaluations during SAFGRAD Phase II. These evaluations 
indicated that most of its planned outputs had been achieved with evidence that SAFGRAD’s aims had been 
substantially accomplished. Following these evaluations, an impact assessment was undertaken. This showed 
that the achievements included the following: 

Map 2.  Africa showing WECAMAN’s member countries.
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•	 Successful stimulation of the capacity and initiative of national scientists to solve maize production 
problems.

•	 Success in sharing technology among countries with national scientists taking on an increasing share of 
responsibility for the network’s activities.

•	 Development of several technologies by NARS lead centers and IITA scientists which had been adopted by 
member countries resulting in increased production with several promising technologies in the pipeline for 
further testing and likely release. 

•	 Early	cost–benefit	analysis	showed	that	there	had	been	a	significant	return	to	investments	in	research	
(Sanders et al. 1994). Consequently, the impact assessment team recommended greater emphasis on 
combining varietal development with agronomic innovation as well as the increased integration of activities 
in IITA and NARS.

As	a	result	of	the	significant	progress,	USAID	indicated	its	willingness	to	continue	the	support	for	WECAMAN	
after the termination of SAFGRAD II in 1993. IITA, therefore, submitted a new proposal to USAID to enable it to 
continue its role of strengthening the maize research capabilities of NARS in WCA. In developing this proposal, 
two	important	factors	were	taken	into	consideration,	firsty	limited	funding	meant	that	the	number	of	participating	
countries needed to be reduced and secondly, greater emphasis was to be placed on agronomic innovation 
and technology transfer. 

Following the review of the proposal, USAID approved funding for a further two years and a new phase 
of WECAMAN was initiated in 1994 with a meeting of heads of National Maize Programs. At this meeting, 
country reports were presented and production constraints, originally prioritized in 1987, were reassessed. 
Also a three-member ad hoc research Committee (ARC) consisting of individuals from non-member countries 
was established to review the proposals based on criteria established by the SC and to allocate funds for 
collaborative research projects. The members of ARC were appointed from IITA, OAU-STRC, and CIMMYT. As 
a result of these deliberations seven collaborative research projects were approved.

In 1995, USAID agreed to fund the network for an additional two-year period from 1996 to 1998, during which 
a review of WECAMAN’s achievements and a 5-year strategy was submitted to USAID (IITA 1996; 1998). The 
strategy covering the period 1998–2003 was prepared by WECAMAN’s participants and subsequently funded 
by USAID.  

An independent evaluation of all the USAID-funded collaborative agricultural research networks in WCA 
was undertaken in 2004 and WECAMAN’s activities continued until 2007.  During this period, additional 
funding was provided by IFAD-UNDP for a project entitled African Maize Stress (AMS) project concerned with 
addressing constraints from Striga, low soil N, and stem borers and improving drought tolerance. Also the 
Nippon Foundation provided funding for the development of Quality Protein Maize (QPM) to combat nutritional 
concerns.
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WECAMAN’s countries, partners, governance, and  
accountability

Collaborating countries
Eleven countries, Bénin, Burkina Faso, Cameroon, Chad, Côte d’Ivoire, Ghana, Guinea, Mali, Nigeria, Senegal 
and Togo, were recognized as being WECAMAN’s member countries, based on four key criteria.
•	 The importance of maize in each country, either as a staple food or an export commodity.

•	 The commonality of constraints among member countries in the production, marketing, and utilization of 
maize.

•	 The availability of research infrastructure and research personnel engaged in the development of maize.

•	 The adoption of an eco-regional approach to network research.

Partners
WECAMAN had eight categories of partners.

National Agricultural Research Systems (NARS). The NARS of the 11 member countries undertook 
collaborative research projects assigned by the network on a competitive basis. Each country provided land, 
offices,	research	personnel,	and	the	other	necessary	resources	to	help	establish	and	maintain	networking	
activities. They also conducted regional trials and participated in monitoring tours, special purpose seminars, 
workshops, and technical training courses. Each member country organized its own workshops and meetings 
for its researchers, extension staff, farmers, policymakers and agro-industries to strengthen the linkages 
among	stakeholders.	These	activities	provided	farmers	with	the	opportunity	to	play	an	active	role	in	influencing	
the	research	agenda	and	finding	solutions	for	the	problems	of	their	individual	countries.	For	instance,	in	
Bénin, Burkina Faso, Cameroon, Côte d’Ivoire, Mali and Togo, cotton companies became actively involved in 
promoting improved maize varieties.

In addition the NARS, who were not regular members of WECAMAN were encouraged to participate in the 
regional trials and biennial regional maize workshops organised by the Network.

Donors. USAID was the major donor of the network and so a representative of USAID attended the meetings 
of the SC as an observer. 

UNDP-IFAD	provided	additional	financial	support	through	a	six-year	project	on	the	development	and	
dissemination of stress tolerant maize for sustainable food security in WCA. This provided an opportunity 
to	strengthen	the	Network	by	including	three	more	countries	and	to	improve	the	quality	and	efficiency	of	the	
screening sites. 

Nippon Foundation provided funds for QPM variety development

International research systems. IITA was responsible for the network’s coordination, administration, logistical 
support	and	funding,	initially	from	the	IITA’s	Savanna	Station,	based	at	WARDA	offices	in	Côte	d’Ivoire.	When	
security conditions there deteriorated, this support was transferred to IITA’s headquarters in Ibadan, Nigeria. 

Scientists from IITA, CIMMYT, and WARD in Côte d’Ivoire served as resource persons for the WECAMAN 
biennial training courses for technicians. 

WECAMAN collaborated with CIMMYT in making maize varieties available for testing, and scientists from 
CIMMYT participated in the biennial regional maize workshops in WCA.
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Regional research organizations.  WECAMAN had partnerships with OAU-STRC through SAFGRAD and 
INSAH1 and later CORAF/WECARD2

OAU-STRC played a key coordinating role during both SAFGRAD I and II and their participation continued after 
the formation of WECAMAN, through regular participation as an observer at SC and ARC meetings.

The partnership with INSAH was through the impact assessment workshops organised by INSAH for the 
Sahelian countries. 

CORAF/WECARD was established to contribute to the sustainable reduction of poverty and food insecurity 
in WCA. This was addressed through promotion of economic growth led by the agricultural sector, improving 
the	agricultural	research	systems	of	the	su-region,	and	increasing	the	efficiency	and	effectiveness	of	small-
scale producers and the agri-business sector. For that reason, producers and end-users weren placed at the 
centre of the research process (CORAF/WECARD 2007). CORAF/WECARD now has the mandate to facilitate 
research in WCA and has assisted in organizing planning meetings of NARS Directors to review research 
priority setting and research strategic plans, developing an operational strategy.  WECAMAN was expected to 
be one of the networks under CORAF, although this was never formalized.

Non-governmental organizations.Two NGOs, Sahel Solidarite3 and SG 20004, had important links with the 
network.

Sahel Solidarité collaborated to promote the adoption of early and extra-early varieties in Burkina Faso, with 
WECAMAN providing the seeds and Sahel Solidarité being involved in organizing farmers to produce seeds 
for planting in their own farms and for sale to others. Sahel Solidarité continues to collaborate with network 
scientists of INERA through community seed production initiatives in Burkina Faso.

SG 2000 also promoted early, extra-early maturing and QPM varieties in Bénin, Burkina Faso, Ghana, Guinea, 
Mali, Nigeria, and Togo, with programs still operating in Mali and Nigeria (Sasakawa Africa Association 2011).

Seed companies. Premier Seed Nigeria was the only seed company in WCA which partnered with the 
network. This link was established in 1995 when the Premier Seed Director participated as a resource person in 
seed production courses in Ghana. Thereafter, Premier Seed participated actively in all WCA maize workshops. 
These served as a forum for Premier Seed to exchange information on activities and achievements. 

Agro-industries.		Bakeries	in	Mail	have	succeeded	in	substituting	locally	produced	maize	flour	for	wheat	flour	
to make bread, biscuits, croissants, and other confectionaries.

Farmers were both partners and clients of the network, participating in workshops and helping to identify 
research	priorities;	some	have	been	involved	as	community-based	seed	producers,	and	many	have	benefited	
through the adoption of new varieties and management practices.
	

1 INSAH	was	a	specialized	institution	of	the	CILSS	mandated	to	coordinate,	harmonize,	and	promote	scientific	and	technical	research	in	the	Sahelian	countries.	
CILSS was the Permanent Inter-state Committee for Drought Control in the Sahel, established in 1973 following the major droughts that hit the Sahel area in 
the 1970s. CILSShad  nine member countries: The Gambia, Guinea Bissau, Mauritania, Senegal, Burkina Faso, Mali, Niger, Chad, and Cape Verde.
2 CORAF/WECARD had 22 NARS members from the following countries: Bénin, Burkina Faso, Cameroon, Cape-Verde, Central African Republic, Chad, 
Congo, Côte d’Ivoire, the Democratic Republic of Congo, Gabon, The Gambia, Ghana, Guinea, Guinea-Bissau, Liberia, Mali, Mauritania, Niger, Nigeria,  
Senegal, Sierra Leone, and Togo.
3 SAHEL SOLIDARITE was  a national NGO that was established in 1973 by an interdenominational group of Muslims, Protestants, and Catholics who felt the 
need to assist destitute communities in the Burkina Sahel. The NGO had s its mission the need to contribute in building capacity for small-scale farmers and 
marginalized groups, for them to take care of their own development (Sahel Solidarite 2011).
4 Over the past 23 years, the Sasakawa Africa Association (SAA) and its partner, the Global 2000 program of the Carter Center, have worked, under the name 
SG 2000, with frontline extension workers and farmers in 14 countries in SSA. The main focus of that work was to test and promote higher yielding  
technology for maize, wheat, rice, grain legumes, and roots and tubers. The new technologies promoted by SG 2000 programs were developed by African  
national research organizations in collaboration with the international agricultural research centers. SG 2000’s role has been a catalytic one, working primarily 
with	national	Ministries	of	Agriculture	to	mount	field	demonstration	programs	so	that	farmers	could	evaluate	for	themselves	the	value	of	these	improved	 
technologies.
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Governance structure, steering committee and coordination
WECAMAN was governed through a Steering Committee (SC), supported by an ad-hoc Research Committee 
(ARC) and managed by IITA who also appointed a Network Coordinator who worked closely with National 
Coordinators. In addition a General Assembly (Fig. 1) comprised of the SC, the National Coordinators not 
necessarily members of the SC,  representatives of Directors of Research in NARS, CORAF/WECARD,  
OAU-STRC SAFGRAD, IITA, and donors was convened every two years during biennial WECAMAN 
workshops to consider progress and future strategies.

The Steering Committe, was composed of eight active scientists from participating member countries and the 
Network Coordinator, elected in such a manner to ensure the representation of a mix of disciplines. Representatives 
of IITA’s research programs also attended meetings as observers. The SC performed the following tasks:
•	 Reviewed and approved annual work plans and budgets in conformity with network objectives.

•	 Appointed the ad hoc Research Committee (ARC) to review all work plans and budgets and allocated 
resources to different collaborative projects.

•	 Prepared the agenda for biennial workshops and monitoring tours.

•	 Reviewed	annual	technical	progress	reports	of	the	Network	and	proposed	necessary	modifications	or	
termination of activities, and

•	 Monitored the implementation of Network activities and the management of funds.

The SC met twice a year, co-opting persons with the required expertise when needed to assist it in carrying 
out its functions. Membership was for a 2-year period renewable once for half of its members, thus ensuring 
continuity. The Chair and two secretaries, one Francophone and the other Anglophone, were elected by their 
peers for a 2-year period.

An ad-hoc Research Committee (ARC), appointed by the SC, was composed of three agricultural research scientists, 
initially from non-member countries and then from IITA’s Maize Program, OAU’s SAFGRAD, and CORAF.  The ARC 
had the following duties:
•	 Review all research proposals.

•	 Select	Lead	Centers	for	specific	collaborative	research	projects	on	a	competitive	basis.

•	 Allocate research funds based on criteria established by the SC.

•	 Appraise progress reports on collaborative projects.

All	decisions	of	the	ARC	were	subject	to	the	final	approval	of	the	SC.

Figure 1. WECAMAN’s structure.

West and Cental African Maize Network

National Agricultural  
Research (11 countries)
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UNDP-INIFAP
Nippon Foundation

National Coordinators Research grantees

Research 
Committee
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International Institute 
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The Network Management Agency (IITA) with its long experience in network coordination of various crops 
across Africa provided the following:
•	 The Network Coordinator.

•	 Administrative, managerial, and technical support.

•	 Funds from its core program to cover expenses of the research undertaken by the Network Coordinator.

•	 Backstopping of network activities.

•	 Support	for	the	review	and	editing	of	the	publication	of	research	findings.	

•	 Assistance	in	the	identification	and	acquisition	of	potentially	useful	maize	germplasm.

•	 Assistance	in	the	procurement	and	shipment	of	office	and	field	research	supplies	to	member	countries.

The Network Coordinator supported	by	a	research	assistant,	a	secretary,	an	office	assistant,	and	a	driver,	
provided by IITA, was responsible for the following:
•	 Preparing the Network’s annual work plan and budget in consultation with and subject to the approval of 

the SC.  

•	 Making the necessary arrangements for Network meetings, workshops, monitoring tours, and other events.

•	 Implementing decisions made by the SC including collaborative research activities, training, and regional 
trials.

•	 Providing documents on planning, analyzing, and reporting on Network activities.

•	 Serving as a link between IITA and  the member countries and for arranging backstopping when necessary.

•	 Preparing quarterly and annual reports for donors.

National Coordinators were either members of the SC from their respective countries or scientists appointed 
by Directors of Research in NARS. These coordinators were responsible for the coordination of WECAMAN’s 
activities in their own  countries. 

Ensuring accountability and maximum returns 
To ensure accountability and maximum returns from the Network’s research budget, the SC established criteria 
for the allocation of funds for collaborative projects. Competitive research grants were introduced to motivate 
NARS scientists to encourage creativity and increase research output. Funds were allocated to Lead Centers 
based on the submission of well-conceived research proposals. The procedure used for screening these 
proposals, allocating funds, and assessing project implementation followed a set procedure.

Research proposals. Initially seven competitive collaborative research projects were proposed. 
Announcements soliciting research proposals for each were sent to member countries. To ensure fairness 
in judging the proposals, the Network’s SC appointed three experienced researchers to serve on the ARC. 
These were residents in the subregion but nationals of non-member countries. The ARC was charged to: (i) 
review the collaborative research proposals submitted by member countries, (ii) select the Lead Centers for the 
research projects, (iii) allocate funds for research activities and (iv), review progress reports on each project. All 
member countries were provided with the guidelines and formats for preparing project proposals along with the 
deadlines for submission. 

The ARC members met once or twice a year to consider research proposals, assign responsibilities, and review 
and evaluate progress reports. The members also participated in meetings of the SC and the biennial regional 
maize workshops organized by the Network. The members presented reports of their separate meetings and 
were involved in workshop activities, often serving as session chairpersons. In addition, they assisted in editing 
the	proceedings	of	the	workshops	before	publication.	They	were	officially	released	by	their	organizations		
that also covered, where possible, their travel and subsistence expenses. Members of the ARC received 
no additional monetary remuneration for their duties. Their participation was based on their expertise and 
commitment to the development of science in WCA. 
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The ARC used published guidelines in evaluating research proposals, including: i) comparative advantage, ii) 
relative importance, scale of constraints, and the extent to which the proposal was researchable within a 2-year 
time frame, iii) the research achievements and experience of the researchers, iv) the avoidance of duplication 
both within and between countries, and v) the applicability to or value-added opportunities in ecologies not 
covered by the mandate of the Network. 

The ARC developed a standard evaluation matrix for judging project proposals using the criteria as a guide. 
Each proposal was evaluated on a 1–3 scale for each criterion in the matrix (1 = low, 2 = medium, and 3 = 
high). The sum of the scores was then used to select projects to be funded by the Network. An example of the 
proposal score sheet, along with the summary and decision of the ARC is presented in Tables 8 and 9. Of the 
11 proposals received for this particular project, two were rejected outright, due to low scores and duplication, 
one was referred to a specialist for expert advice, and two were merged into a single proposal. Funds were 
allocated	to	five	proposals	for	the	project.	

In judging and approving proposals for funding, the ARC was as fair and transparent as possible. First, as may 
be seen from the example presented, the ARC did not use exclusively the total score on the evaluation matrix 
but took cognizance of other rational factors to ensure a fair and even distribution of the projects among member 
countries. Secondly, the ARC gave reasons for rejecting proposals so that the scientists could improve their future 
proposals.	Thirdly,	because	proposals	although	approved,	were	generally,	not	flawless,	the	ARC	provided,	as	
needed,	comments	and	suggested	modifications	to	improve	each	approved	proposal.	Fourthly,	the	ARC	gave	
credit to well-conceived and well-written proposals. Comments such as “Good proposal”, “Excellent proposal”, 
“Well-focused proposal” were used to encourage scientists to write good proposals. Fifthly, the ARC was strict 
in executing its proposal guidelines and requirements. For example: i) there was no extension of the deadlines 
for proposal submission, ii) proposals not addressing the target ecologies or subject-matter areas were not 
considered, iii) countries defaulting in the submission of progress reports were not given further funding until 
such reports were submitted, and iv) countries that could not use approved funds in one year were allowed to 
use the funds the following year, but there was no further allocation of funds. Although there were revisions and 
modifications	of	the	evaluation	matrix	as	well	as	changes	in	the	membership	of	the	ARC,	the	Network	maintained	
the same principles and consequently was able to improve the standards of the ARC over the years. 

Progress reports. Review of progress reports on the collaborative research projects was included in the 
proposal guidelines and requirements of the ARC. This arrangement ensured the same people kept track of 
a project from proposal to execution with both ex ante and ex post evaluations being built into this approach. 
The	means	for	objectively	evaluating	the	progress	reports	of	each	project	included	five	criteria	each	being	on	
a scale; 0 or 1 in some cases, 1 to 3 or 4 in others, where 1 = poor, 3 or 4 = good/excellent. Each criterion was 
assigned a weighting factor based on its relative importance in the project execution. The weighting factor, 

Table 8.  Summary of decisions of the ARC.
Country Proposal number                 Total score or remarks Rank Approval

Bénin
1 17 4 Yes
2 Merge with proposal 1

Cameroon 13 7 No

Burkina Faso

1 22 1 Yes
2 19 2 No1

3 17 4 Yes
4 Rejected - not a priority

Ghana Feasible, referred to specialist

Togo 17 4 Yes

Nigeria
1 19 2 Yes
2 Rejected 

1Similar to a proposal from another country; therefore, not approved for funding.
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multiplied by the rating for each criterion, was recorded as the score for that criterion for the project. The sum of 
scores for each factor was expressed as a percentage of the maximum score to obtain the performance index 
(PI). Examples are given in Table 9.

The ARC passed comments on individual project reports. Here again, the Committee commended good reports 
and was critical of those poorly executed. Glowing commendations on one project and strong criticisms of another 
project were not unusual for projects in the same country, as shown in the example presented in Table 9. 

Regression analysis was used to determine the trends in the mean PI on progress reports from 1994 to 2001 
(Badu-Apraku et al. 2003).  Across all countries and research projects, the PI increased from about 58% in 
1994, when the ARC started using this approach to assess progress reports, to about 80% in 2001 (Fig. 2).

Although	the	linear	model	produced	a	good	fit	for	the	data	(r2	=	89.8%),	the	quadratic	model	improved	the	fit	
slightly more (r2 = 92.7%).  Also, the quadratic b-value was positive, thus indicating that the improvements in PI 
scores in the later part of the period under study were larger than those for the earlier years. It is convincing, 
therefore, that the researchers in WCA gradually improved their ability to execute maize research and 
development	projects	efficiently.	

The level of transparency displayed in the allocation of competitive grants using the ARC approach, and the 
refinements	in	the	whole	system	of	allocating	research	responsibilities	and	matching	grants	to	carry	out	such	
researches	had	the	following	results:	i)	the	conduct	of	high	quality	research,	ii)	increased	efficiency,	iii)	high	
accountability and a judicious use of resources. Another dimension to the progress made, though not easily 
quantified,	was	that	the	research	involved	both	Francophone	and	Anglophone	scientists.	Each	researcher	or	
group of researchers submitted their proposals and reports as well as presented papers in conferences and 
workshops in their preferred language. Occasionally, simultaneous translations were not available at certain 
meetings, yet the scientists coped well, indicating that the Network served as an incentive for the scientists to 
gain a working knowledge of the other language in the region.

Figure 2. Mean performance index across countries and projects for progress reports (1994–2001).

Fitted lines: YLinear = 2.6071x + 55.893, r2 = 0.8981** (s.e. for b=0.359, and  
for a=1.810); and YQuadratic = 0.2321x2 + 0.5179x + 59.375, R2 = 0.9266**.
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WECAMAN’s goals and objectives
WECAMAN’s main goal as stated in its 5-year strategy 1998–2003 was as follows:

To increase maize productivity, production, and income of farmers through the use of appropriate  
technologies identified by the Network and extended to farmers by extension services and NGOs in the 
respective member countries.  

Specific	objectives	set	out	at	this	time	included	the	following:
1. Development of improved maize varieties which possess resistance or tolerance to the major biotic and  
 abiotic stresses limiting maize production in the region.
2. Development of suitable agronomic practices to enhance increased productivity and production.
3. Development of sustainable seed production and distribution systems.
4. Development and promotion of alternative uses for maize.
5. Enhanced capacity of partners to undertake collaborative research programs with minimum outside support.
6. Promotion of the adoption of improved maize varieties and crop management practices.

In 2003, the network developed a new 5-year strategy to cover the period 2003–2008, modifying its goal:
To improve the maize subsector in WCA for increased food security, income generation, and  
poverty reduction. 

Also, at this time the network stated its purpose:

To strengthen the capacity and capability of NARS in member countries to develop market oriented  
research for maize and generate and disseminate appropriate maize technologies for end-users.   

This reinforced the priority of building  the capacity of NARS, with a stronger emphasis on markets and an 
equal	emphasis	on	technology	generation	and	dissemination.	This	changing	orientation	was	reflected	in	a	
revision of its strategic objectives. 
•	 Advocacy in the development of appropriate policy reforms for sustained maize production and productivity.

•	 Development of market information systems to guide and link maize farmers, traders, end-users, input 
dealers, and policymakers.

•	 Stimulation of trade by promoting appropriate agro-enterprise and the development and strengthening of 
farmers’ groups.

•	 Promotion	of	existing	and	new	maize	technologies	for	specific	markets,	production	areas,	and	utilization.

•	 Development of stress tolerant, micro-nutrient dense, and QPM varieties to improve the income generating 
capabilities and nutritional status of farmers.

•	 Development of new products and processing methods to diversify the utilization of maize.

•	 Enhancement of the capacity of NARES to develop and transfer technology through training, infrastructure 
development, the use of biotechnology, other new tools, and innovative approaches.
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WECAMAN’s activities

Approach and research undertaken
Important	elements	of	the	relevance	of	research	and	quality	of	science	in	the	CGIAR	system	were	identified	
by	Kassam	et	al.	(2004).	Relevance	depends	on	identified	priorities	and	strategies	and	the	nature	of	the	
planning and consultation process. Quality depends on the correct formulation of research hypotheses, 
the	appropriateness	of	scientific	inputs,	research	methodologies	and	processes,	and	research	outputs	and	
outcomes. WECAMAN, through its processes of planning, implementing, monitoring, and evaluating research 
ensured a relevant outcome. Several mechanisms were used for execution, monitoring, and evaluation of the 
research and development activities: research project development and implementation, attendance and quality 
of	paper	presentation	at	conferences	and	workshops	organized	by	the	Network,	scientific	monitoring	tours,	
consultation visits, mid- and end-of-project reviews and impact assessment. 

One of the major activities of WECAMAN was collaborative research on topics and problems of common 
interest to countries in WCA  to exploit the strengths and complementarities among the different NARS. These 
included research personnel and infrastructure as well as the potential to generate technologies which could 
then be shared by all member countries. This strategy for optimizing research strength and comparative 
advantage	meant	assigning	to	the	stronger	NARS	specific	research	problems	related	to	the	principal	
constraints of maize production in WCA. The stronger NARS were designated Lead Centers in areas of their 
specific	expertise.	They were generally better resourced with better research facilities and often had more 
scientists. For instance, research responsibilities for the breeding of new varieties with tolerance/resistance to 
the major stresses and development of sustainable agronomic practices were assigned to them, based on the 
1994 to 2004 funding allocations (Fakorede et al. 2007) as follows.
•	 Breeding in Burkina Faso, Cameroon, Côte d’Ivoire, and Ghana
•	 Striga control in Bénin, Burkina Faso, and Togo
•	 Agronomy in all countries
•	 Technology transfer in Nigeria and Togo
•	 Community-based seed production in all countries
•	 Marketing and utilization in Ghana and Mali
•	 Quality, storage, and related research in Ghana and Togo

Research on DNA markers, forage maize, and maize for agro-industrial use was considered to be at a very 
early stage. Hence, it would not have been possible to generate new technology or make any noticeable impact 
by the time that WECAMAN’s funding was terminated.

At the inception of the AMS project, the Network either put new research facilities in place or rehabilitated those 
existing as well as modifying the responsibilities of Lead Centers. For example, six regional stress screening 
and	testing	sites	were	modified	in	Bénin,	Burkina	Faso,	Cameroon,	Ghana,	Nigeria,	and	Senegal	to	breed	for	
tolerance in maize to drought and N-stress. These sites enabled NARS scientists to conduct stress breeding 
research. This	assigned	specific	research	problems	and	responsibilities	to	Lead	Centers	with	four	stress	
screening sites being established. 
•	 Drought tolerance in Burkina Faso, Senegal, Ghana and Cameroon
•	 Striga resistance in Cameroon, Bénin, and Côte d’Ivoire
•	 Low	N-	use	efficiency	in	Nigeria	and	Ghana
•	 QPM in Ghana and Togo

The Lead Centers shared germplasm and other technologies they had developed with the technology-adapting 
NARS, ensuring that all member countries were able to take advantage of the gains made by both Lead 
Centers and IARCs. This allowed the technology adapting countries to concentrate their efforts on adaptive 
research	and	the	verification	of	technologies	under	farmers’	conditions.
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WECAMAN’s	scientists	screened	and	identified	promising	drought	tolerant	germplasm,	either	incorporating	
these into existing populations or initiating the development of new populations to serve as sources of future 
drought tolerant varieties. Also, promising extra-early germplasm and varieties were developed from crosses 
between the materials.  Furthermore, introgression of sources of resistance to Striga into existing early and 
extra-early populations and elite varieties was undertaken for Striga resistant/tolerant varieties in Ghana, Bénin, 
Cameroon, and Côte d’Ivoire. These populations were also improved using recurrent selection methods for 
grain yield, Striga	resistance/tolerance,	low-N-use	efficiency,	and	resistance	to	stem	borers.

During the early  years of the Network, emphasis was placed on technology generation activities, including 
breeding and agronomic research. In the later years, increased emphasis was given to the promotion of 
new technologies through on-farm trials, demonstrations, and community-based seed production. Of the 50 
collaborative research projects undertaken over the period 1999–2007, 18% concerned breeding, 24% were 
on agronomic aspects of maize production, 8% concerned building stakeholder partnerships, and over 50% 
supported promotion activities (Table 10).

Regional research by the network coordinator
The Network Coordinator  spent up to 40% of his time developing and promoting early and extra-early maturing 
maize varieties combining drought tolerance with resistance to MSV and Striga. Other activities related to 
WECAMAN’s research included seed multiplication, the establishment of nurseries for training, germplasm 
conservation and maintenance, analysis and interpretation of the data from regional uniform variety trials 
(RUVTs), training of research technicians and NARS scientists. Several early and extra-early Striga resistant 
and drought tolerant populations, varieties, and inbred lines were developed by the Coordinator and made 
available to NARS for testing and release in their countries or for use in the national maize breeding programs.

Within the framework of IITA’s Maize Improvement Program, the ultimate goal of the Network Cordinator’s  own 
research program for biotic and abiotic stress tolerance was improved grain yields of extra-early and early 

Type of project Collaborative research projects No. Percentage Countries involved

Breeding Breeding for Striga  resistance 3 6 Bénin, Côte d’Ivoire. and  
Cameroon

Breeding drought and disease resistance 4 8 Burkina Faso, Cameroon,  
Ghana and Senegal

Breeding for QPM 2 4 Ghana and Togo

Subtotal 9 18

Agronomic Agronomic  research for maintaining  
soil fertility and optimizing plant stands

8 16 Bénin, Burkina Faso, Chad, 
Ghana, Côte d’Ivoire, Nigeria, 
and Senegal

Cultural and biological control of Striga 3 6 Bénin, Burkina Faso, and Nigeria

Subtotal 11 24

Building partnerships Improvement of research, extension, partnerships 
with farmers and other stakeholders 

4 8 Burkina Faso, Guinea, Mali,  
and Senegal

Promotion Promotion of sustainable seed production 11 22 Bénin, Burkina Faso, Cameroon 
Chad, Côte d’Ivoire, Ghana 
Guinea, Mali, Nigeria, Senegal, 
and Togo

Promotion of the adoption of maize varieties, crop 
and soil management practices

10 20 Bénin, Burkina Faso, Cameroon 
Chad, Ghana, Guinea, Mali 
Nigeria, Senegal. and Togo

Promotion  of the demand for maize 5 10 Chad, Ghana, Nigeria, and Mali

Subtotal 29 52

Grand total 50 100
Source: WECAMAN 2007.

Table 10. WECAMAN’s collaborative research projects 1997–2007.
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maturing maize. This program, undertaken in collaboration with NARS scientists, focused on developing breeding 
materials	with	resistance	to	five	stress	factors:	resistance/tolerance	to	Striga, drought, low soil-N for the savanna 
ecologies; resistance to major diseases, MSV, downy mildew, rust, and leaf blight, for all ecologies; and borer 
resistance for the forest ecologies.  The program  had four strategies for the two maize maturity groups: 
i) Development of stress tolerant (Striga resistant, drought and low-N tolerant) maize source populations  

for recurrent selection;
ii) Improvement	of	source	populations	using	recurrent	selection	with	reliable	artificial	field	infestation	and	

screening methods to increase resistance to relevant stresses in the breeding materials; 
iii) Extraction of open-pollinated varieties (OPVs), inbred lines, and hybrids from source populations; 
iv) Germplasm enhancement. 

The interrelated components of these four strategies are shown in Figure 3. Highlights of the program included 
the	development	of	breeding	populations;	recurrent	selection	for	stress	tolerance	or	resistance;	identification	of	
mega-environments for varietal evaluation; and an inbred–hybrid development program.

Development of breeding populations
For nearly three decades, three successive Network Coordinators, Drs A.O. Diallo, J.M. Fajemisin, and B. 
Badu-Apraku, all plant breeders by training, worked on improving early and extra-early maize populations, 
varieties, inbred lines and hybrids to combat the constraints in the savanna agroecologies of SSA. One of the 
initial steps of their program was the collection of germplasm in these maturity groups, a number of which were 
already available in the subregion from CIMMYT and IITA gene pools. Prominent among these was Pool 16, 
a white dent early tropical maize population developed by CIMMYT scientists but well-adapted to the Guinea 
and	Sudan	savannas	of	WCA.	This	population,	identified	as	drought	tolerant	in	1982,	was	further	improved	
for drought tolerance through eight cycles of full-sib recurrent selection, starting in 1987, at which time it was 
renamed Pool 16 DR. The population was converted to MSV resistance in 1992 and renamed Pool 16 DT; it 
has served as the base population for the extraction of many drought tolerant experimental varieties in WCA.  

Figure 3. Schematic representation of the Network Coordinator’s regional research program.

Germplasm collection and 
formation of source  

populations
Pedigree breeding

and selection

Varieties and 
hybrids

Inbred lines

Preliminary variety
and hybrid trials

Regional and international
variety and hybrid trials

On-farm testing
and demonstrations

Variety release and promotion

•		NARS	Scientists
•		Extension	Agents
•		Private	Seed	Companies
•		NGOs	and	CBOs



23

Dr Badu-Apraku, from 1992 to 2007, concentrated his research on populations he developed, including an early 
maturity group TZE-W Pop DT STR and TZE-Y Pop DT STR, and an extra-early maturity group TZEE-W Pop 
DT STR and TZEE-Y Pop DT STR.  In addition, he worked on QPM populations, including GH Pop 63 SR and 
several others which were converted to QPM. Studies conducted by IITA scientists (Kim and Winslow 1991; 
Kim	and	Adetimirin	1997;	Kling	et	al.	2000),	and	confirmed	independently	by	the	Network	Coordinator	and	
his team showed that resistance to Striga in maize is quantitatively inherited (Badu-Apraku et al. 1999; Badu-
Apraku and Fakorede 2001). Striga resistance traits were found to be easily determined, exhibiting normal 
distribution, moderately heritable, and controlled predominantly by additive gene action. However, non-additive 
gene action was also found to be important. This genetic information suggested that Striga resistance was 
quantitatively inherited and should be amenable to recurrent selection. A breeding program for Striga resistance 
was therefore initiated in Côte d’Ivoire in 1994 by the Network Coordinator to complement those of IITA to 
combat the threat posed by S. hermonthica to maize in the savannas. The objective was to develop maize 
populations, varieties, and inbred lines that combined earliness or extra-earliness with resistance/tolerance to 
S. hermonthica, drought, and low soil-N  using drought tolerant and Striga resistant germplasm from diverse 
sources	identified	through	several	years	of	extensive	testing	in	WCA.	Efforts	were	concentrated	on	the	
introgression of Striga resistance/tolerance into the early and extra-early maize populations and varieties, using 
inbred lines from IITA (1368 STR, and 9450 STR) as the sources of resistance. Backcrossing, inbreeding, and 
hybridization were all adopted in the breeding program.

Among the products of the IITA-WECAMAN breeding program were two early maturing (90–95 days to 
maturity) populations designated TZE-W Pop DT STR (white) and TZE-Y Pop DT STR (yellow) and two extra-
early (80–85 days to maturity) Striga resistant populations, one with white endosperm designated as TZEE-W 
Pop STR, and the other named TZEE-Y Pop STR with yellow endosperm (Badu-Apraku et al. 1999; 2001). The 
four populations have been subjected to recurrent selection for stress tolerance and enhancement of grain yield 
under stress and no-stress conditions. Recurrent selection for stress tolerance and resistance
Recurrent selection is a cyclical scheme designed to increase the frequency of favorable alleles in a population 
and has been used effectively by several workers for improvement of quantitatively inherited traits in maize 
breeding populations (Sprague and Eberhart 1977; Hallauer and Miranda 1988; Kling et al. 2000; Badu-
Apraku et al. 2006a, 2008) including drought tolerance (Bolanos and Edmeades 1993; Badu-Apraku et al. 
1997; Chapman and Edmeades 1999; Monneveux et al. 2006). Although Striga resistance or tolerance has 
been shown to be quantitatively inherited (Ejeta et al. 1992; Kim 1994; Lane et al. 1997), very few studies 
have been conducted on the effectiveness of recurrent selection in improving the level of stress tolerance or 
resistance (Menkir and Kling 2007; Badu-Apraku et al. 2006a, 2008). The WECAMAN Coordinator and his 
team hypothesized that the use of recurrent selection methods that capitalized on additive gene action in 
combination	with	an	effective	and	reliable	artificial	method	of	Striga infestation for the screening of segregating 
families should facilitate the accumulation of Striga resistance genes to develop germplasm with polygenic 
resistance that was durable over time and effective against the parasitic weed.  

Striga tolerance / resistance – Over the years, the Network  Coordinator  used recurrent selection and some 
other breeding methods to improve early and extra-early maize for tolerance / resistance to Striga hermonthica 
and drought. It took three seasons to complete one cycle of selection and four cycles of selection for Striga 
resistance/tolerance were completed in each of the two early and two extra-early populations developed by the 
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Network  Coordinator. Another feature of recurrent selection which the Network Coordinator used to advantage 
was the possibility of extracting new, improved varieties as the recurrent scheme progressed. These varieties 
are referred to as experimental varieties.

Between 1994 and 2004, a total of ten experimental varieties were extracted from the early populations and six 
from the extra-early populations as follows: 
•	 TZE-W Pop DT STR C0: Six varieties, EV DT-W 98, EV DT-W 2000, EV DT-W 99 STR, TZE-W Pop x 1368 

S6 F2, EVDT-W 98 C2, and 2004 TZE-W Pop DT STR C4 

•	 TZE-Y Pop DT STR C0: Four varieties, EV DT-Y 98, EVDT-Y 98 C2 STR, EV DT-Y 2000 STR, and 2004 
TZE-Y Pop DT STR C4.  

•	 TZEE-W Pop STR: Two varieties, EV 98 TZEE-W and 2000 Syn EE-W, and 2008 TZEE-W  STR C5.

•	 TZEE-Y Pop STR: Two varieties, EV 98 TZEE-Y and 99 TZEE-Y STR C1, and 2008 TZEE-Y  STR C5.

The cycles of selection along with a total of 14 experimental cultivars derived from them as selection 
progressed	were	evaluated	in	several	field	experiments.	The	four	populations	had	a	significant	improvement	
in Striga tolerance/resistance in response to recurrent selection. In addition to improved performance under 
Striga infestation, the derived cultivars from the program performed as well as or better than the best released 
cultivars in Striga-free environments. Despite the improvements, studies showed that the genetic variation in 
the populations was not exhausted; this was an indication that continued improvement was  to be expected in 
future cycles of selection. 

Drought tolerance– Maize	has	good	prospects	for	reducing		the	food	deficit	in	WCA.	The	Guinea	savanna	has	
the greatest potential for increased maize production due to high incident solar radiation, low night temperatures, 
and low incidence of diseases. Unfortunately, unpredictable recurrent drought, in addition to Striga infestation 
had seriously constrained grain yield in this agroecology over three decades. Edmeades et al. (1995) reported 
an estimated  15%  annual maize yield loss from drought stress in the savanna of WCA and indicated that 
localized losses might be much higher in the marginal areas where the annual rainfall was below 500 mm and 
soils were sandy or shallow. Grain yield losses could  even be greater if the drought stress occurred at the most 
drought-sensitive	stages	of	crop	growth,	such	as	flowering	and	grain	filling	(Photo 1). For example, drought stress 
which	coincided	with	flowering	could	reduce	grain	yield	by	50%	and	at	grain	filling	periods	by	21%	(Denmead	
and Shaw 1960). Nesmith and Ritchie (1992) reported that maize yield could be reduced by as much as 90% if 
drought	stress	occurred	from	a	few	days	before	tassel	emergence	to	the	beginning	of	grain	filling.	In	a	study	to	

Photo 1.  Yield of drought tolerant (left) and drought susceptible (right) maize varieties evaluated under 
managed drought from floral initiation to physiological maturity in the savanna ecology of WCA.
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compare the effects of drought stress and S hermonthica	on	maize	under	field	conditions,	Badu-Apraku	et	al.	
(2008) reported that grain yield was reduced by 53% under drought stress and by 42% under Striga infestation. 
Furthermore, drought stress and low soil nutrient status, especially of low-N, aggravates S hermonthica 
parasitism on maize (Lagoke et al. 1991; Cechin and Press 1993; Mumera and Below 1993; Kim and Adetimirin 
1997).  Therefore, in the Sudan and northern Guinea savannas where intermittent drought occurred frequently, 
it was desirable to incorporate drought tolerance into varieties that had resistance to Striga as the two stresses 
could occur at the same time. In fact, farmers in Striga endemic ecologies of WCA were requesting varieties that 
combined Striga resistance with drought tolerance and were unwilling to adopt maize varieties which did not 
possess both drought tolerance and Striga resistance (Badu-Apraku, personal communication). Therefore, during 
the past decade, IITA and the national programs of WCA developed and released some improved early, extra-
early, intermediate, and late maturing varieties and inbred lines that combined Striga resistance with drought 
tolerance to increase productivity on-farm. There is still a tremendous opportunity to improve the performance and 
suitability of these varieties by incorporating higher levels of tolerance to drought. 

With the goal of developing maize technologies adapted to the different forms of climatic variation prevalent 
in	WCA	with	emphasis	on	drought	stress,	the	Network	Coordinator	designed	programs	to	specifically	exploit	
the naturally available drought escape and drought tolerance mechanisms in the maize germplasm and 
the prevailing production environments in WCA to develop drought tolerant varieties. The drought escape 
mechanism occurs when the plant completes critical physiological processes before drought sets in. This 
is quite desirable in varieties to be released to farmers in the areas of WCA where terminal drought is most 
prevalent. Drought tolerance, on the other hand, is under genetic control and indicates the presence of 
physiological mechanisms to minimize or withstand the adverse effects of drought if and when it occurs. 
Drought tolerant varieties are useful in the environments where drought can occur randomly and at any stage in 
the growth of the crop. This is quite relevant in WCA where drought occurrence is erratic, with varying intensity 
and timing. Two strategies were adopted for developing drought tolerant varieties in WCA:
•	 Development of early and extra-early maturing cultivars that completed their life cycles before severe 

moisture	deficit	occurs.

•	 Development of drought tolerant cultivars under controlled drought stress.

Selection for earliness/extra-earliness was carried out in the savannas and several varieties were developed, some  
of which have been released to the farmers after extensive testing in the different countries of the subregion.

At the initial stages, selection for drought tolerance was made under controlled conditions at Ferke and 
Sinematiali in Côte d’Ivoire and Kamboinse in Burkina Faso. At the later stages, the screening sites were 
Ikenne and Bagauda in Nigeria. Various strategies were adopted at the different sites for the improvement of 
drought tolerance in the populations. At Ferke, Sine, and Ikenne the crop was grown under irrigation during the 
dry season using an overhead sprinkler irrigation system which applied 12 mm of water/week.  Induced drought 
stress was imposed by withdrawing irrigation water from about 2 weeks before anthesis to the end of the 
season. At Kamboinse, a location in the SS zone, tied and untied ridges were used to simulate different levels 
of drought stress. Another strategy that was often adopted at Sine in the Guinea savanna zone was to use high 
plant density to induce stressed conditions for selection purposes. At Bagauda, the materials were exposed 
to	natural	terminal	drought	which	normally	starts	from	flowering	and	continues	until	harvesting.	The	focus	was	
on the screening of diverse maize germplasm with resistance to Striga, and other adaptive traits for tolerance 
to drought under induced moisture stress.  This was achieved by withdrawing irrigation water at 21 days after 
planting until maturity for extra-early genotypes and at 28 days after planting for early genotypes. 

The extra-early populations of the IITA Maize Program from which the extra-early inbred lines and cultivars 
were derived were formed from crosses between local varieties (landraces) and exotic and introduced 
germplasm	identified	through	extensive	multi-locational	trials	in	WCA	(Badu-Apraku	and	Fakorede	2001;	Badu-
Apraku et al. 2007). These materials were selected on the basis of high grain yield, earliness, resistance to 
MSV and, above all, adaptation to the heat and drought stresses characteristic of the SS  in Burkina Faso, Mali, 
Mauritania, Ghana, and Nigeria during both the rainy and dry seasons. It was hypothesized that, after several 
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years of cultivation in these environments, the extra-early germplasm should have adaptive traits for tolerance 
to these stresses where they had survived. Some of the extra-early inbred lines in the IITA Maize Program did 
not only escape drought stress but also seemed to possess drought tolerance genes. Results of the evaluation 
of	the	varieties,	inbred	lines,	and	hybrids	derived	from	this	program	under	drought	at	flowering	and	grain-filling	
periods	and	well-watered	conditions	have	confirmed	that	genes	for	tolerance	to	low-N	and	drought	stress	at	
flowering	and	grain-filling	periods	were	present	in	the	extra-early		maize	germplasm	in	WCA.	Consequently,	
many extra-early inbred lines, open-pollinated varieties which do not only escape drought but possess genes 
for	drought	tolerance	at	the	flowering	and	grain-filling	periods	were	developed	and	are	being	promoted	for	
commercialization and adoption by farmers of  the subregion.

Development of QPM populations and varieties

Introduction of QPM to WCA. As indicated earlier, maize has such a critical nutritional role to play because 
it is the most important staple food crop across SSA. Traditionally, maize is consumed as a starchy base in a 
variety of forms such as gruel, porridge, and paste. It is also widely fed as porridge without protein supplements 
to weaning children (2 to 3 months old, until the children are completely weaned at the age of 15 to 24 months) 
and to preschool children (3 to 5 years old). The normal maize has a major nutritional constraint as human food 
because	the	protein	content	(about	10%)	is	deficient	in	two	essential	amino	acids,	lysine	and	tryptophan.	The	
result is that infants fed on normal maize without any balanced protein supplements suffer from malnutrition 
and develop diseases such as kwashiorkor, a fatal syndrome characterized by initial growth failure, irritability, 
skin lesions, edema, and a fatty liver. The high lysine content of QPM improves the absorption of zinc and 
iron	in	the	human	digestive	system	and	may	thus	contribute	to	improved	micronutrient	status.	The	first	QPM	
variety released in WCA was Obatanpa GH. This variety has been widely adopted by farmers and consumers 
in Ghana.  Presently, it covers more than 50% of the maize area (650,000 ha) in Ghana (Dankyi et al. 2005). 
It has also been released formally or informally in several other African countries including Bénin (as Faaba), 
Togo, Mali (as Debunyuman), Guinea, Burkina Faso, Côte d’Ivoire, Senegal, Cameroon, Nigeria (as SAMMAZ 
14), Mozambique (Susuma), Uganda, Ethiopia, Zimbabwe, Swaziland, Malawi, and South Africa (Badu-Apraku 
et al. 2004). The cultivar is also serving as a source of inbred lines for the development of QPM hybrids and 
synthetic varieties in several maize breeding programs in Africa. 

Genetic enhancement of Obatanpa GH. Obatanpa GH has good levels of resistance to MSV, lowland rust 
(incited by Puccinia polysora Underw.), and moderate levels of resistance to blight [caused by Bipolaris maydis 
(Nisikado & Miyake) Shoemaker]. The variety was derived from Population 63 SR, a white dent QPM, adapted 
to the lowland tropics. Population 63 SR is a composite of intermediate maturing tropical maize germplasm 
originally developed by CIMMYT, Mexico. IITA incorporated resistance to MSV into the population.While a 
visiting scientist in IITA , Ibadan from 1989 to 1991, Badu-Apraku selected and recombined individual MSV 
resistant	plants		with	desirable	kernel	endosperm	modification	from	this	population	to	form	an	improved	version	
designated GH Pop 63 SR. Further improvements made in GH Pop 63 SR in Ghana included the selection of 
MSV resistant individual plants, screening	the	selected	ears	for	desirable	kernel	modification	under	the	light	
box, planting selected kernels of each ear for further screening for MSV resistance and desirable agronomic 
traits, and recombining selected plants to constitute a new variety designated Obatanpa (Badu-Apraku et al. 
2006b)	which	in	one	Ghanaian	language	means	‘‘Good	nursing	mother”.	Results	of	multi-locational	field	tests	
showed that Obatanpa was comparable in grain yield and other agronomic characters or superior to the top 
improved intermediate and late maturing normal endosperm maize varieties in Ghana (Twumasi-Afriyie et al. 
1997; Sallah et al. 1997). Furthermore, results of feeding trials with piglets and chicken showed that Obatanpa 
had a higher nutritional value and could be used as a replacement for normal endosperm maize in animal feeds 
with economic advantage (Okai et al. 1994; Osei et al. 1994). Because of its superior performance and the 
elevated levels of lysine and tryptophan, Obatanpa was released for production by farmers in Ghana in 1992 
and most member countries of WECAMAN quickly adopted the variety. 

As this was an OPV, it was necessary to upgrade the genetic purity of Obatanpa periodically after its release. 
This was done under the auspices of WECAMAN. For instance, in 2001, the lysine and tryptophan levels of 



27

the grain of Obatanpa were found to be low and some plants were observed to be susceptible to MSV. The 
Network Coordinator initiated research into this aspect while the lysine and tryptophan contents of families 
selected from Obatanpa were analyzed in the QPM laboratory at CIMMYT, Mexico. Based on the results of the 
laboratory analysis, 40 families with high levels of the two essential amino acids were selected and recombined 
to reconstitute the variety which, after further improvement, was designated Obatanpa GH (Badu-Apraku et al. 
2006b). The	results	from	a	series	of	field	trials	showed	that	Obatanpa	GH	was	the	highest	yielding	OPV	with	a	
grain yield of 4.96 t/ha compared with 3.56 Mg/ha for the normal endosperm local check. Obatanpa GH silked 
at 55 days after planting with a plant height of 205 cm. In 19 on-farm trials conducted in the NGS zone of the 
Republic of Benin in 2004, Obatanpa GH had an average grain yield of 3.67 t/ha which was comparable to that 
of the popular Striga and drought tolerant normal endosperm variety, EV 97 IWDT STR (3.37 Mg/ha but out-
yielded the released normal endosperm local check (2.66 Mg/ ha). Results of laboratory analyses of Obatanpa 
GH for total protein and tryptophan at IITA in 2005 showed that it contained 10.0% total protein in the grain with 
0.88% tryptophan in the protein. In contrast, the normal endosperm check had 9.6% total protein in the grain 
with 0.49% tryptophan in the protein. 

Conversion of normal endosperm maize to QPM.  In an effort to mitigate the effects of the two major 
constraints on maize production and productivity in WCA, S hermonthica, and drought, IITA since 1980 
developed several high yielding early and extra-early Striga resistant and/or drought tolerant normal endosperm 
populations, varieties, hybrids, and inbred lines. The strategy for converting normal maize into QPM focused 
primarily on crossing elite populations, varieties, and inbred lines to QPM donor sources followed by the 
selection	of	genetic	modifiers	which	are	minor	genes	that	exert	their	influence	mainly	by	intensifying	or	
diminishing	the	expression	of	major	genes.	The	modifiers	stimulate	the	opaque-2	gene	to	produce	kernels	
with desirable characteristics. The sources of the QPM trait used in the conversion program for the normal 
endosperm, white, early maturing populations, varieties, and inbred lines were Pool 15 SR QPM and DMR-
ESR-W QPM (both white grained) and Pool 18 SR QPM (yellow grained) for the yellow materials. The donor 
for the conversion of the normal endosperm, extra-early maturing, white populations, varieties, and inbred lines 
to QPM was EV 99 QPM. Seven early (TZE-W Pop DT STR C3, EV DT-W 99 STR C1, 98 Syn WEC STR C0, 
TZE-W Pop x 1368 STR C1, TZE-Y Pop DT STR C3, TZE-Y Pop C0 S6, and EV DT –Y 2000 STR C0) and four 
extra-early (TZEE-W Pop C3, 2000 Syn EE-W, TZEE-Y Pop STR C3, and 99 TZEE-Y STR). Striga resistant 
and/or drought tolerant, elite, normal endosperm maize varieties, and populations were crossed in 2002 to 
QPM donors for their partial conversion to QPM. 

There was no conscious effort to select for Striga resistance or drought tolerance during the QPM conversions. 
However,	artificial	Striga infestation has been used to maintain the levels of Striga resistance in germplasm 
converted	to	QPM.	Similarly,	artificial	infestation	with	viruliferous	leaf	hoppers	has	been	employed	to	maintain	
good levels of resistance to MSV in converted germplasm. 

Results of a trial involving 20 early maturing cultivars with enhanced adaptation evaluated in 2008 at nine 
locations in drought prone environments in northern Nigeria revealed the cultivars Tillering Early DT, EV DT-W 
99 STR QPM CO, EV DT-Y 2000 STR QPM CO, and Pool 18-SR/AK 94 DMESRY as outstanding because they 
outyielded the best local normal maize check by 8 –51% (DTMA 2008). Based on these results, EV DT-W 99 
STR QPM C0 and EV DT-Y 2000 STR QPM C0, which consistently showed a superior performance across 
six locations, were tested extensively on-farm in 2009 in the drought prone and Striga endemic zones of the 
NGS of Nigeria. Also, EV DT-W 99 STR QPM C0 underwent extensive on-farm testing in Bénin while it was 
at the release stage in Ghana. In a similar trial involving extra-early cultivars evaluated at two locations in the 
Upper West Region of Ghana, the highest yielding QPM cultivar, TZEE-W Pop STR QPM C0, had 34% higher 
grain yield than the QPM check (Buah et al. 2009). Based on the superior performance of TZEE-W Pop STR 
QPM C0, 2000 Syn EE-W QPM C0, and TZEE-Y Pop STR QPM C0 in West Africa, the three cultivars underwent 
extensive testing in Ghana and Mali using the mother-baby on-farm approach (S. Buah, SARI; J. Kambiok, 
SARI; N. Coulibaly, IER; personal communications 2009). TZEE-W Pop STR QPM C0, TZEE-Y Pop STR QPM 
C0 and EV DT-W 99 STR QPM were released in Ghana in 2010. Also, TZEE-W Pop STR QPM C0 and 2000 Syn 
EE-W QPM C0  were released in Nigeria in 2011.
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Inbred-hybrid development activities
The predominant maize types cultivated by farmers in WCA are OPVs. Hybrid maize accounts for only about 
5% of the total area under production (Abdoulaye et al. 2009). IITA devoted considerable attention and 
resources in the last decade to develop genetically enhanced maize germplasm with a higher yield potential 
and stability across varying levels of water availability and growing conditions.  Strategies for developing 
germplasm useful for African farmers included the following: backcrossing, inbreeding, hybridization, the 
S1	recurrent	selection	method,	improved	artificial	field	infestation	with	S. hermonthica, and screening under 
managed drought stress. Through these strategies, several early and extra-early maturing white -grained 
source populations, inbred lines, OPVs, and hybrids were developed, several of which combined tolerance to 
drought and resistance to S. hermonthica and MSV.

The Network Coordinator developed many inbred lines from the early and extra-early populations in his 
program. The lines were used to develop experimental varieties, synthetic varieties and hybrids. In 2003, 
twenty-two early white, 15 early yellow, and two extra-early white normal endosperm elite Striga resistant 
inbred lines were crossed to QPM donor sources, Pool 15 SR for the white and Pool 18 SR for the yellow lines, 
in an effort to convert them to QPM. Between 2003 and 2008, the materials were taken through various stages 
of backcrossing and self-pollination with selection for QPM and the desirable agronomic qualities, including 
drought tolerance. Lines that survived selection were used to develop QPM synthetic varieties for the different 
maturity groups and kernel colors. In addition, the best 30 lines of the early QPM inbreds were selected and 
advanced to the S6 stage and 23 of the extra-early QPM to the S6  stage, during the 2011 growing season. 
A total of 93 of the early QPM lines at S6 stage, 71 white grained and 22 yellow grained, were given TZEQ 
designations and analyzed for lysine and tryptophan contents at the IITA Nutrition laboratory in August 2010. 
Based on the analysis, the best 14 yellow endosperm QPM lines (Table 11) were planted and single-cross 
hybrids were generated using a diallel mating scheme. The diallel crosses were evaluated under induced 
drought stress and well-watered conditions at Ikenne during the 2010/2011 dry season. Also, the best 30 white 
endosperm early maturing QPM inbreds (Table 12) were selected and single- cross hybrids were made using 
design II mating scheme to determine the performance of selected drought tolerant early QPM inbred lines and 
their crosses under drought stress and well-watered conditions, and to examine the combining abilities and 
inheritance patterns of the inbred lines and identify the best testers for use in our breeding program. Preliminary 
results showed that the highest yielding single-cross hybrid out-yielded the normal endosperm check, TZEI 3 × 
TZEI 26, by 42%. Furthermore, studies have been initiated to determine the combining ability of  forty superior  

Table 11.  Tryptophan analysis of early maturing yellow QPM inbred lines selected for combining 
ability studies in 2011.
Name Tryptophan

(%)
Protein

(%)
Tryptophan content per 
whole maize protein (%) 

TZEQI 87 0.095 16.79 0.566

TZEQI 80 0.095 12.59 0.752

TZEQI 74 0.086 13.56 0.638

TZEQI 49 0.086 12.80 0.675

TZEQI 79 0.086 13.33 0.646

TZEQI 81 0.086 14.14 0.608

TZEQI 78 0.083 14.18 0.584

TZEQI 89 0.076 12.47 0.611

TZEQI 84 0.074 13.81 0.532

TZEQI 82 0.072 13.36 0.542

TZEQI 93 0.072 10.97 0.655

TZEQI 91 0.070 12.89 0.541

TZEQI 92 0.068 11.29 0.606

TZEQI 85 0.065 13.77 0.471
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extra-early white QPM inbreds that have been given the TZEEQI designations and to place them into heterotic 
groups as well as identify appropriate testers for hybrid development.

An inbred-line development program for normal endosperm maize was initiated in 1997 by the Network 
Cordinator in Côte d’Ivoire to extract inbred lines from several broad-based drought tolerant, Striga and MSV 
resistant early (TZE-W Pop DT STR C0, TZE-Y Pop STR C0,  TZE Comp 5-Y C0 and TZE-W pop x 1368 STR 
C0) and extra-early (TZEE-W Pop STR C0 and TZEE-Y Pop STR C0) populations and crosses (TZEE-W SR 
BC5 ´ 1368 STR, TZEE-W Pop STR ´ LD and TZEF-Y SR BC1 ´ 9450 STR). Through this program, several S6-S8 
inbred lines and synthetic cultivars were bred from each population. A large number of Striga resistant early 
and extra-early maturing inbred lines were developed and evaluated extensively as inbred lines per se in WCA 
countries	by	WECAMAN	(Badu-Apraku	and	Fakorede	2001).	The	inbred	lines	were	classified	into	groups	of	
similar phenotypes based on agronomic and morphological traits, using multivariate statistical analyses  
(Badu-Apraku et al. 2006b) and lately diallel analysis (Badu-Apraku et al. 2011a, b) and line by line x  tester 
analysis (Agbaje et al. 2008; Akoagu et al. 2011).

Name Tryptophan (%) Protein (%)

Tryptophan per 
whole maize 
protein (%)

TZEQI 60 0.110 15.57 0.706

TZEQI 56 0.107 14.69 0.727

TZEQI 39 0.105 12.85 0.814

TZEQI 24 0.098 12.37 0.791

TZEQI 23 0.094 14.65 0.643

TZEQI 59 0.094 12.90 0.729

TZEQI 16 0.092 13.18 0.697

TZEQI 44 0.089 13.00 0.687

TZEQI 13 0.089 12.11 0.735

TZEQI 17 0.089 12.68 0.703

TZEQI 33 0.087 12.39 0.705

TZEQI 45 0.087 12.15 0.717

TZEQI 3 0.087 11.70 0.740

TZEQI 28 0.087 14.34 0.604

TZEQI 49 0.086 12.80 0.675

TZEQI 27 0.086 14.15 0.608

TZEQI 55 0.086 10.87 0.790

TZEQI 14 0.086 12.13 0.706

TZEQI 11 0.085 12.16 0.699

TZEQI 12 0.085 12.59 0.675

TZEQI 18 0.084 12.54 0.672

TZEQI 30 0.084 15.12 0.556

TZEQI 6 0.084 13.25 0.635

TZEQI 25 0.084 11.82 0.711

TZEQI 26 0.083 13.68 0.606

TZEQI 34 0.083 10.98 0.756

TZEQI 7 0.082 12.40 0.664

TZEQI 15 0.082 12.53 0.654

TZEQI 51 0.082 13.19 0.621

TZEQI 29 0.082 13.83 0.591

Table 12. Tryptophan analysis of early maturing white QPM inbred lines selected for combining 
ability studies in 2011.



30

In Nigeria 121  genotypes were evaluated at three locations for 2 years to assess their performance under 
drought stress and well-watered conditions. Genotype, environment, and genotype ×environment interactions 
were	significant	for	grain	yield	under	the	research	conditions.	Genotypic	groups	were	not	significant	under	
drought stress. Reduction in grain yield under drought stress ranged from 51 to 55% in hybrid groups. The 
highest yielding single-cross (TZEI 129 ×TZEI 16),  3-way cross [(TZEI 59 × TZEI 108) × TZEI 63] and double-
cross [(TZEI 63 ×TZEI 108) ×(TZEI 59 ×TZEI 87)] early  hybrids out-yielded the best OPV check (TZE-W DT 
Pop STR C4) by 18–20% under drought stress. TZEI 129 × TZEI 16 and (TZEI 16 × TZEI 157) × TZEI 129 
were	identified	as	the	highest	yielding	early	hybrids	across	environments.	Three	hybrids,	TZEI	129	×	TZEI	
16,	(TZEI	17	×	TZEI	16)	×	TZEI	157	and	(TZEI	16	×	TZEI	157)	×	TZEI	129	were	identified	as	ideal	across	
research conditions. It was concluded that drought tolerant hybrids with stable and high yield across target 
environments were available for promotion for adoption to ensure sustainable maize production and food 
security in WCA. In another study involving 120 extra-early hybrids and an OPV check, 2008 Syn EE-Y DT 
STR, evaluated at two locations under Striga infested conditions (Mokwa and Abuja) and Striga free (Ikenne 
and Mokwa) for 2 years,  mean grain yield ranged from 295 to 2288 kg/ ha under Striga infestation and from 
894 to 3875 kg/ha when Striga free. The highest yielding hybrid, TZEEI 83 × TZEEI 79, out-yielded the OPV 
check by 251% under Striga infestation. The hybrid, TZEEI 83 × TZEEI 79 was the highest yielding and most 
stable under Striga infested conditions and TZEEI 100 × TZEEI 63  when Striga free. It was concluded that 
these extra-early hybrids had the potential  to increase maize production in drought prone and Striga infested 
areas in WCA.

Improvement of selection and evaluation procedures
Maize	breeding	for	high	grain	yield	is	a	continuous	exercise;	therefore	the	use	of	efficacious	procedures	is	
desirable. The Network Coordinator conducted some research to improve selection and evaluation procedures 
in	the	subregion.	The	procedures	included	breeding	for	resistance	to	multiple	stresses,	the	identification	of	
indirect selection criteria, and grouping evaluation sites into mega-environments using the GGE biplot analysis 
of genotype × trait interaction and factor analysis of repeatability estimates.  

Over the years, many early and extra-early cultivars,were formally released by the countries of WCA and have 
served as the vehicle for increased maize production in the savanna agro-ecology of the subregion.

Germplasm development by lead NARS
As a strategy to strengthen the regional capacity to combat Striga, drought, stem borers, and declining soil 
fertility and to improve the nutritional quality of maize, research responsibilities for breeding varieties with 
tolerance/resistance to the major stresses were assigned to member countries in WECAMAN as follows:
•	 Drought tolerance –  Burkina Faso, Senegal, Ghana, and Cameroon.

•	 Striga resistance – Cameroon, Bénin and Côte d’Ivoire.

•	 Low	N-use	efficiency	–	Nigeria	and	Ghana.

•	 QPM – Ghana and Togo.

Funding made available in 1998 through the AMS Project Phases 1 and II allowed the membership of 
WECAMAN to be expanded from 8 countries to 11 through the inclusion of Chad, Guinea, and Senegal 
and also all agroecological zones to be covered. Consequently, six regional screening sites (Table 13) were 
developed and funded to generate varieties for testing at national screening sites across the subregion. 
Additionally,	three	“hot	spot”	sites,	one	each	in	Ghana,	Nigeria,	and	Cameroon,	were	identified	for	the	on-farm	
screening	of	genotypes	selected	from	IITA	under	artificial	infestation	with	stem	borers.	The	screening	sites	
enabled the NARS scientists to conduct stress-breeding research themselves.

Using	the	screening	and	testing	sites	the	lead	countries	and	IITA	scientists	screened	and	identified	
promising drought tolerant germplasm and incorporated these into existing maize populations or initiated the 
development of new drought tolerant populations to serve as the sources of future drought tolerant varieties. 
Also, promising extra-early germplasm and varieties were developed from crosses among the materials. 
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Furthermore, introgression of sources of Striga resistance into existing early and extra-early populations 
and elite varieties was carried out by the lead centers for Striga resistant/tolerant varieties in Ghana, Bénin, 
Cameroon, and Côte d’Ivoire. Efforts were also continued to screen varieties and populations for low-N use 
efficiency	and	to	develop	stemborer	resistant	varieties.

Regional uniform variety trials
The most important means for the exchange and evaluation of elite germplasm and other technologies were 
RUVT	conducted	by	NARS	in	all		member	countries.	The	aims	of	the	regional	testing	activities	were	first,	
to	accelerate	the	process	of	verification	and	validation	of	the	performance	of	technologies	under	different	
environmental and socioeconomic conditions, secondly, to publicize the new germplasm and related 
technologies	available	in	NARS	and	international	centers	and	thirdly,	the	identification,	on-farm	testing,	and	
eventual release of the varieties evaluated in the NARS trials.

In addition to the RUVTs, two Regional Striga Variety Trials (RSVTs) were undertaken by NARS in 2001 and 
2002. These were the Regional Early Striga Trial (90–95 days to maturity) and Regional Extra-early Striga Trial 
(80–85 days to maturity) both of which consisted of Striga resistant/tolerant cultivars. Sets of both RUVTs and 
RSVTs were dispatched to NARS collaborators by the Network Coordinator on request. 

After the RUVTs, NARS made requests for breeders seeds of maize varieties found promising in their countries 
for further evaluation in national adaptive trials and demonstrations. For instance, breeder seeds of a number 
of Striga	resistant	early	and	extra-early	varieties	identified	as	promising	following	regional	testing	in	2001	
and 2002 were distributed for further on-farm evaluation and demonstration in a number of countries. These 
included the following: 
•	 EV DT 97 STR C1

•	 AC 94 TZE Comp 5-Y

•	 TZE-W Pop × 1368 STR C1

•	 AC 94 TZE Comp 5-W

•	 98 Syn WEC

•	 2000 Syn EE-W

•	 99 Syn EE-W

Exchange of scientific information and technologies

Biennial regional maize workshops. Technical conferences organized by the Network were called biennial 
regional maize workshops and were held from 1987 onwards. The workshops provided a forum for scientists 
to	acquire	skills	for	communicating	their	research	findings	to	their	peers.	They	were	an	invaluable	means	
of motivating scientists, encouraging professionalism, as well as promoting the exchange of information, 
techniques,	and	technologies.	Intending	participants	were	first	required	to	submit	abstracts	of	their	proposed	
papers. These were reviewed and screened by a panel of three scientists. Participants whose abstracts were 
selected were sponsored to attend the workshops and were expected to submit the full papers there. After the 

Table 13. Distribution and function of stress-screening sites in WCA.

Country Location Latiitude Longitude Altitude (masl) Function
Senegal Nioro 13.667 –15.767 240 Drought
Burkina Faso Vallée  de Kou 11.110 –4.333 430 Drought
Nigeria Zaria 11.183 7.583 640 Low N
Ghana Nyankpala 9.517 –1.017 120 Low N
Cameroon Garoua 9.333 13.383 240 Striga
Benin Republic Ina 9.967 2.733 340 Striga
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workshop, the papers were peer-reviewed and those accepted were published in the proceedings, subject to 
the	authors	having	effected	the	reviewers’	suggested	modifications.	Using	the	data	in	Table	14,	the	proportion	
of NARS attending the biennial maize workshops and the number of technical papers compared with the total 
number of papers presented were computed from 1987 to 2001 and subjected to regression analysis (Badu-
Apraku et al. 2003). In 1987, no technical papers were presented and only about 50% of the participants 
were NARS scientists. The proportion of NARS participants remained about the same in the following two 
workshops, although 60–70% of the papers presented were technical. Beginning from the 1995 workshop, the 
proportion of technical papers increased to over 80%. Similarly, from 1997, the proportion of NARS participants 
increased to over 70%, with a peak of 82% in 1999. Linear regression analysis showed a 9% increase in the 
proportion of technical papers per additional Workshop with an r-square value of 63%. Corresponding values 
for	the	proportion	of	NARS	participants	were	5	and	90%.	The	quadratic	analysis	produced	a	better	fit	for	the	
proportion	of	technical	papers	(r-square	=	82%),	with	a	quadratic	b-value	of	−0.694;	a	reflection	of	the	peak	
observed in 1999 (Fig. 4).

One problem the Network was not able to solve was the relatively small number of women involved in maize 
research in the subregion. There were about 15 females to 85 males in the maize Network. This problem, 
however, is not peculiar to WECAMAN. For example, in the rice task forces coordinated by WARDA from 
1989	to	1997,	the	proportion	of	female	scientists	was	very	low.	This	is	a	clear	reflection	of	the	actual	situation	
in the national programs of WCA (Fakorede and Yoboue 2001). To ensure further proper monitoring and 
evaluation	of	the	scientific	contributions	of	collaborating	scientists,		the	Network	established	a	Working	Group	
at the 1995 biennial workshop to serve as an umpire for the papers presented at the workshop, evaluate 
the communication skills of the presenters, and appraise critically the workshop in general. Based on the 
contents of the papers presented, the Working Group was to highlight the advances made in the generation 
of	maize	technology	in	the	subregion,	draw	up	the	lessons	learnt,	identify	challenges,	and	make	specific	
recommendations on the future directions for the Network. This Working Group carried out the assignment 
in 1995 and at every biennial workshop of the Network thereafter; that is, in 1997, 1999, 2001, and 2005 
(Badu-Apraku et al. 1997; 1999; 2001; 2003; 2005). Each year, the Working Group noted that, generally, the 
presentations were lively, thought-provoking, and generated a lot of useful discussions. The papers were well 
presented,	of	high	quality,	and	they	made	definite	contributions	to	the	knowledge	of	maize	in	the	subregion.	
Each year, the Group made recommendations for improving future workshops. At the next workshop, the 
extent to which the recommendations had been implemented during the intervening 2-year period was 
examined. The Group consistently noted continued improvement in the quality of papers presented and the 
communication skills of the scientists. For example, at the 1999 workshop, the Group recommended that there 
should be no presenters with handwritten overhead transparencies, and at the 2001 workshop, the Group 
noted that this recommendation had been accepted.

Figure 4. Percentage of technical papers presented and participants from NARS at 
biennial workshops, 1987–2005.
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Biennial workshops (Table 14) held over the period 1987–2003 played an important role in the exchange of 
scientific	information,	allowing	the	presentation	and	review	of	research	results	from	previous	years’	regional	
trials as well as other relevant research undertaken by Network partners. In the early years, the number of 
NARS scientists attending was limited, 17 in 1987, with the number increasing steadily to over 50 by 2000. 
Over	the	same	period,	attendance	by	scientists	from	international	institutions	decreased	from	17	to	9,	reflecting	
the	increasing	scientific	capability	of	the	NARS.	The	number	of	papers	presented	increased	from	10	to	over	50,	
reflecting	the	increasing	research	activities	and	capacities	of	the	network.

The proceedings of each workshop consisting of edited papers were published and widely distributed to 
Network members and other stakeholders. Network members were also encouraged to publish and distribute 
Steering Committee reports, annual technical reports, and workshop proceedings.

Scientific monitoring tours. WECAMAN conducted monitoring tours with the objectives of (i) discussing 
production constraints in the countries visited; (ii) discussing the research conducted and the methodologies 
used to solve the problems relating to production; (iii) observing how research, extension, and production were  
organized in the countries and the linkages in place between research and extension to facilitate technology 
development and transfer; (iv) providing a forum for interaction among national scientists on issues relating 
to maize research, extension, and production; and (v) visiting in situ the collaborative research projects and 
RUVTs funded by the Network. One representative was selected from each member country to constitute the 
team for the monitoring tour. At the end of the tour, the participants prepared a report that was presented to the 
SC and then sent to the countries visited. Monitoring tours were organized biennially to see the maize-related 
research and development activities of two selected countries at a time. The monitoring tours provided a 
unique opportunity to appraise in situ the feasibility and potentials of the Network’s output in member countries. 
The participants usually returned to their own countries, taking along with them successful technologies and 
development strategies for adoption. 

Monitoring tours were conducted in alternate years. These involved the Network Coordinator and selected 
members of the SC in consultation visits to national maize programs to assess progress and allow the 
exchange of disciplinary expertise. About 62 scientists participated in the monitoring tours from 1988 onwards 
(Table 15).

Consultation visits. The work “environment| and “situation” of the agricultural researcher varied from one 
country to another in the subregion. It was necessary to look into individual national experiences and build 
evaluation guidelines on this basis rather than make a generalized “ideal” system of evaluation. Differences 

Date

1987 1989 1991 1995 1997 1999 2001 2005

March March March May April May May May

23–27 20–24 8–14 28–June 2 21–25 3–7 14–18 3–6

Venue
Ouaga Lome Niamey Cotonou Cotonou Cotonou Cotonou Cotonou

Burkina 
Faso

Togo Niger Bénin Bénin Bénin Bénin Bénin

No. of NARS scientists 18 22 40 60 43 49 51 40

No. of representatives  from 
international organizations

17 19 37 34 16 11 9 10

Total no. of participants 35 41 77 94 59 60 60 60

No. of countries 15 15 17 17 12 12 13 12

No.	of	scientific	papers - 20 20 41 51 40 48 49

No. of general papers 10 10 14 10 12 6 8 11

Total no. of papers 10 30 33 51 63 46 56 60

Table 14. Date, venue, numbers of participants and papers presented at regional workshops, 1987–2005.
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in national capabilities, interests, resources, cultures, and organization were important considerations in 
assigning and evaluating research projects. One way to understand the peculiar circumstances of a national 
research program was to hold consultation visits with the scientists on the program. The Network Coordinator or 
selected members of the SC made consultation visits annually to several member countries with the following 
objectives: (i) monitoring collaborative research projects; (ii) interacting with scientists of the host country in 
situ; (iii) familiarizing the management of WECAMAN with problems peculiar to the countries visited; and (iv) 
assessing the impact of the Network’s activities. Through monitoring tours and consultation visits, the Network 
was able to identify serious research constraints for individual countries, such as problems of mobility during the 
season, lack of research funds, lack of organized seed production and distribution systems, non-availability of 
production inputs, and poor linkages between researchers, among extension agents, and between research and 
extension.	Furthermore,	training	needs	were	identified	and	training	courses	and	workshops	were	organized	on	
the basis of the reports of the monitoring tours and consultation visits. Over the years, consultation visits enabled 
the Network to attend to problems of the NARS in several countries simultaneously and identify the problems 
facing	the	scientists	in	executing	the	projects.	First,	information	flow	from	some	of	the	National	Coordinators	
to their colleagues needed to be improved; the consultation visits made this possible. Secondly, the Network 
used the consultation visits to ensure that the collaborating scientists followed the approved work plan and 
the recommendations of the ARC in executing the collaborative research projects. Thirdly, the members of the 
consultation	visit	team	were	able	to	evaluate	research	projects	and	RUVTs	in	the	field.	Generally,	monitoring	
tours and consultation visits contributed immensely to the development of national experts with broadened 
horizons and greater depth. They also improved the capability of national scientists to generate and transfer 
maize technology in the subregion. 

Promotion of new technologies
On-farm trials and demonstrations were important avenues to showcase the effectiveness of new technologies to 
farmers. Therefore, WECAMAN provided funds to all its member countries for the conduct of on-farm trials and 
demonstrations, including farmer participatory methods of testing varieties and agronomic practices. Most of the 
member countries faced the problem of a low extension: farmer ratio. Therefore, they were encouraged to work 
with farmers’ groups (instead of with individual farmers) who, in turn, would then be encouraged to demonstrate 
their	work	to	colleagues	through	formal	visits	and	field	days.	Also,	WECAMAN	encouraged	closer	collaboration	
with non-traditional agents such as NGOs for the diffusion of technologies to farmers. All on-farm trials funded by 
the	Network	included	farmers’	field	days	at	different	stages	of	crop	growth.	This	approach	enabled	the	researchers	
and	extension	workers	to	visit	farmers’	fields,	so	that	the	farmers	could	conduct	the	scientists	through	their	fields.	
The	visits	to	farmers’	fields	enabled	scientists	to	obtain	a	feedback	on	the	performance	of	the	new	technologies	
evaluated by the farmers. Farmers not involved in the evaluation of a particular technology had the opportunity 
to	see	its	performance	on	the	fields	of	their	participating	colleagues.	Furthermore,	the	field	days	offered	the	
opportunity for the farmers, extension agents, and WECAMAN scientists to discuss current production problems 
and proffer solutions or explore ways of avoiding such problems in the future. Farmers from the vicinity were 
invited	to	attend	the	field	days.		In	this	way,	the	field	days	served	to	help	the	spread	of	knowledge	of	the	new	
technologies being promoted. WECAMAN insisted that on-farm research activities should include agronomists 
and economists. Also, farmer participatory methods of on-farm testing of varieties and crop management practices 
were exposed to member countries and were emphasized to improve the adoption of available technologies.

Year Countries visited            No. of participants

1989 Burkina Faso, Ghana 7

1991 Cameroon, Nigeria 7

1994 Côte d’Ivoire, Mali 11

1996 Burkina Faso, Ghana 9

1998 Bénin, Togo 14
2000 Cameroon, Nigeria 15

Total 62

Table 15. Countries visited and number of participants on  monitoring tours, 1989–2000.
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Human resource development
To	enhance	the	professional	and	scientific	capacity	of	the	NARS,	training	was	regarded	as	an	essential	
component of the Network’s activities. This included annual in-service training and special purpose seminars 
provided	with	support	from	IITA’s	training	unit.		These	focused	on	particular	production	problems,	identified	by	
the SC, and the associated research methodologies. Participants at training sessions included scientists and 
technicians from the member countries. 

Technician Training Course. To mitigate the problem of lack of skilled research personnel in the subregion, a 
training course for technicians,initiated by WECAMAN/SAFGRAD in 1988, was sustained by the Network. The 
5-month course was designed to upgrade the skills of technicians of national programs in the management of 
field	experiments.	The	course	was	practical	but	backed	by	theory	to	improve	the	understanding	of	breeding,	
production strategies, and techniques. The full-season training course allowed the participants to learn the 
latest	skills	in	maize	production	research.	These	included	site	identification,	layout,	and	report	writing.	The	
training course resulted in an improved quality of data from the regional trials and the increased capacity of 
technicians to maintain research activities effectively wherever the scientists were absent.

Visiting Scientist scheme. Researchers needed to be trained from time to time to sharpen their skills and 
update their knowledge. With this aim, the leader of the national maize program of Chad, Mr Dabi Mabissoumi, 
was at IITA-Ferke in Côte d’Ivoire as a visiting scientist for a 5-month intensive maize improvement course. The 
program of Mr Dabi included hands-on practical training on techniques of Striga and MSV infestations, breeding 
for stress tolerance, computer skills, and the implementation of various experimental designs. Apart from the 
lectures and practicals sessions,  Mr Dabi was assigned a project to manage from planting to harvesting. In 
addition, Dr Regine Aroga, an entomologist from Cameroon’s national maize program and Dr S.O. Alabi, a 
breeder from Nigeria, spent about 6 months as visiting scientists in IITA-Ibadan to work in research areas of 
interest. The visiting scientist scheme was funded through the AMS project of WECAMAN.

Monitoring, evaluation, and impact assessment 
An important activity was a constant requirement to monitor and assess the key performance areas of the 
Network’s activities. These included the adaptation and release of technologies developed through the Network 
and the area under cultivation and production levels in member countries during the various phases. This 
assessed the impact of the research in member countries to demonstrate the returns to investment in maize 
research	and	hence	influence	agricultural	research	policy.	These	monitoring,	evaluation,	and	impact	studies	
were undertaken in Bénin, Burkina Faso, Cameroon, Ghana, Mali, Nigeria, and Togo with results published in 
the proceedings of the WCA regional maize workshops of 1997 and 1999.
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WECAMAN’s achievements

Development, testing, and release of improved Varieties

Germplasm development by the network coordinator
Major	constraints	limiting	maize	production	in	WCA	had	been	identified	early	in	1998	(Table	4).	From	this,	
research priorities were established and collaborative research assigned to national programs on a competitive 
basis.	Both	Lead	Center	NARS	and	technology-adapting	NARS	valued	the	benefits	from	networking	and	
partnership building. Lead Center NARS, by widely testing their new varieties through the regional trials, had 
the opportunity to identify their strengths and weaknesses and subsequently make adjustments, when needed. 
At the same time, technology-adapting NARS, by conducting the regional trials, were in a position to identify 
new and relevant varieties, which they were then able to encourage farmers to try. 

A major thrust of WECAMAN was the development of early and extra-early maize varieties and accompanying 
agronomic practices. Maize varieties with tolerance to major pests and diseases and drought were developed 
to satisfy the varietal requirements of all the agroecologies of WCA. Of particular importance was the 
development of extra-early varieties with a yield potential in excess of 5 t/ha which could be harvested as green 
maize to be eaten boiled or roasted, after about 65 days or as dry grain after only 80–85 days. These extra-
early varieties could be harvested at a time when previous harvests had been depleted and other staples were 
not	ready,	thus	filling	a	“hunger	gap”	during	July	each	year.	In	addition,	intermediate	and	late	maturing	varieties	
were made available to member countries. Early, extra-early, intermediate, and late maturing maize varieties all 
contributed	significantly	to	increasing	maize	production	and	improving	food	security.

Population	improvement	and	inbred–hybrid	methods	were	used	with	relevant	and	reliable	artificial	field	
infestation and screening methods to increase resistance to the stresses in the breeding materials. The 
products of the program included several source populations, inbred lines, high yielding OPVs and hybrids 
of varying grain types, colors, and maturities with good levels of resistance/tolerance to one or more of the 
endemic stresses. Among the products of the program were two Striga and drought tolerant early maturing 
populations (90–95 days to harvest stage), designated TZE-W Pop DT STR (white) and TZE-Y Pop DT 
STR (yellow), and two extra-early (80–85 days) Striga resistant populations, one having white endosperm 
designated as TZEE-W Pop and the other named TZEE-Y Pop with yellow endosperm. 

Four cycles of S1 recurrent selection for improved grain yield and Striga tolerance/resistance were completed 
in the two early and two extra-early populations. The cycles of selection along with 14 experimental varieties 
derived	from	them	as	selection	progressed	were	evaluated	in	several	field	experiments.	Grain	yield	in	the	
two early populations under Striga infestation improved at about 70.6 kg/ha (6.3%)/ cycle for TZE-Y Pop DT 
STR and 352.5 kg/ha (58.0%)/cycle for TZE-W Pop DT STR. Corresponding values for the two populations 
under Striga	free	environments	were	194.0	kg/ha	(6.6%)/cycle	for	the	first	and	186.5	kg/ha	(6.0%)/cycle	for	
the second. Four cycles of S1 recurrent selection improved grain yield in the yellow extra-early population by 
nearly 90%/cycle (Striga infested) and 18.44%/cycle  (Striga free). Gains for the white extra-early population 
were 12.66%/cycle under Striga and 12.94%/cycle without Striga.	The	four	populations	had	a	significant	
improvement in Striga tolerance/resistance in response to S1 recurrent selection. In addition to improved 
performance under Striga infestation, the derived varieties from the program performed as well as or better than 
the best released varieties in Striga free environments. Analysis of residual genetic variances and covariances 
indicated that continued progress was to be  expected in future cycles of selection. 

Other areas of research for improved performance of early and extra-early germplasm included the 
development of stress tolerant QPM varieties, an inbred–hybrid development program, and improvement in 
selection	and	evaluation	methodologies,	such	as	breeding	for	resistance	to	multiple	stresses,	identification	of	
indirect selection criteria, and the grouping of evaluation sites into mega-environments using the GGE biplot 
analysis of genotype ×trait interaction and factor analysis of repeatability estimates. 
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Over the years, many early and extra-early varieties, were formally released by the countries of WCA and these 
served as the vehicle of increased maize production in the savanna agro-ecology of the subregion.

Other important breeding achievements included the development and testing of the following.
•	 Inbred lines with tolerance to biotic and abiotic stresses that could be used in the production of stress 

tolerant hybrids and synthetics.

•	 Synthetic varieties, crosses of heterotic combinations, test crosses, and single- crosses. 

•	 Varieties resistant to MSV.

•	 QPM inbreds, hybrids and OPVs with improved levels of resistance to MSV and tolerance to Striga and/or 
drought.

Germplasm development by other IITA breeders
Additional regional and international trials involving intermediate and late maturing OPVs, hybrids, and inbred 
lines with resistance to the prevalent major foliar diseases, MSV, kernel rots, S. hermonthica, and stem 
borers, with tolerance to drought and suboptimal soil N organized by other maize breeders at IITA were also 
made available to member countries on request. These trials were invaluable sources of promising OPVs and 
hybrids for further testing on-farm and for release. Details of the varieties selected through the regional and 
international trials are shown  in Box 1.
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Box 1. OPV and hybrid maize varieties for further testing or release  
1. Early varieties tolerant to Striga hermonthica (EV DT-W 99 STR C0, TZEW-Pop ×1368 STR C0, EV 

DT 97 STR C1) which had shown superior performance in the regional trials were made  
available for more extensive testing by NARS in the RSVTs  from 1999. Based on the trials, EV DT 
97	STR	C1	was	identified	as	promising	and	was	released	and	promoted	for	adoption	on-farm	in	
Bénin and Togo.

2. Six Striga tolerant extra-early varieties developed in the resident research program and  
designated as Sine TZEE-W STR, Ferke TZEE-W STR, 98 TZEE-W STR, 99 Syn EE-W, 2000 
Syn EE-W, and 99 TZEF-Y STR were nominated for evaluation in the extra-early RSVT  offered 
from 2000.

3. Several early and extra-early Striga tolerant S4 and S6 inbred lines were developed and made 
available to NARS of WCA as sources of resistance for the development of synthetic varieties.

4. Two drought tolerant early varieties (EV DT-Y 98 and EV DT-W 98 C0) and seven MSV resistant 
extra-early varieties (98 TZEE-W C2, EV 98 TZEE-Y, 97 TZEE-W, 97 TZEE-W2, 97 TZEE-Y1, 
97 TZEE-Y2, and TZEF-Y) developed in the resident research program were included in the 
RSVTs from 1999.

5. Two early populations resistant to drought and S. hermonthica, TZE-W Pop DT STR (white) and 
TZE-Y Pop STR STR (Yellow), and two extra-early populations, TZEE-W Pop STR (white) and 
TZEE-Y Pop STR (yellow) were developed and taken through three cycles of improvement using 
the S1 selection scheme. Also, Striga tolerant S6 inbred lines and synthetic varieties were extracted 
from each population. Bulks of the early white and yellow populations were made available to the 
national programs of Burkina Faso and Côte d’Ivoire for use in their breeding programs.

6. In 2003, 250–300 families generated from each of the populations, TZE-W Pop DT STR, TZE-Y 
Pop	STR	STR,	TZEE-W	Pop	STR,	and	TZEE-Y	Pop	STR,	were	evaluated	under	artificial	S.  
hermonthica infestation at Mokwa and Abuja in Nigeria. Based on the results of the progeny 
trials, the top 30–40 S1families of each population were selected and recombined to reconstitute 
each population. Furthermore, the top 10% performers of each population were recombined to 
form experimental varieties.

7. A	total	of	five	early	and	two	extra-early	white	elite	varieties	and	populations	were	crossed	to	the	
QPM varieties, DMRE-SRW QPM and EV 99 QPM, in 2002 in Côte d’Ivoire for conversion to 
QPM. The F1 crosses were planted in Ibadan in 2003 and advanced to F2. Also, two early and 
two extra-early yellow varieties and populations were crossed to Pool 18 SR QPM in 2003 at 
Ibadan for conversion to QPM.

8. Through a collaborative program with SG2000 initiated in 2002 in Côte d’Ivoire to upgrade the 
level of resistance to MSV  in Obatanpa from Ghana and Susuma and DMRE-SR-W from  
Mozambique, 154 kg of  seeds of the upgraded versions of the varieties were provided to NARS  
at the beginning of the 2004 planting season for NF-QPM Project activities. In addition, adequate 
seeds of the extra-early QPM variety, EV 99 QPM, developed in Ghana, were produced and 
made available for on-farm testing in  member countries in 2004.

9. Results of the 2001  extra-early RSVT conducted in Ferke showed that 2000 Syn EE-W, an 
extra-early maturing Striga tolerant variety developed in the resident research program out- 
yielded the non-STR reference entry, TZEE-W SR BC5 by 28% under Striga free conditions and 
45%	under	artificial	Striga infestation.

10. In the early RSVT Striga Trial conducted in Ferkessedougou in 2001, EV DT-W 2000 STR had 
the lowest Striga emergence count while TZE-W Pop x 1368 STR was the best in terms of Striga 
damage rating.

11. Seventeen early maturing maize varieties were evaluated under non-stressed versus Striga  
and drought stress conditions for two years at Ferke, Côte d’Ivoire. Results showed that the 
varieties, 98 Syn WEC, Kamb 88 Pool 16 DT, and EV DT W 99 STR Co were the top-yielding 
entries under Striga infestation.  EV DT-W 99 STR Co, TZE-W Pop × 1368 STR C1, AC 95 TZE 
Comp 4 C3F3, AC 92 Pool16 DT, and Kamb Pool 16 DT were the best varieties under drought 
stress. Across the three environments, AC 92 Pool 16 DT, EV DT-W 99 STR Co, TZE-W Pop × 
1368 STR, 98 Syn WEC, and Kamb 88 Pool 16 DT were the top-yielding varieties.
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Germplasm development by lead NARS
Each NARS made important contributions to the development of new germplasm. These are listed by the 
country in which the research was undertaken. 

Côte d’Ivoire: Results of on-station tests in Côte d’Ivoire revealed that the early Striga tolerant varieties, IWD 
STR, AC 97 TZL COMP 1-W, EV DT 97 STR C1, AC 94 TZE Comp 5-Y, AC TZE Comp5-W, and TZE-Comp 5 
C6 had high grain yield and good levels of tolerance. Also, the intermediate varieties, TZL Comp 1 C4, IWF STR 
C0, STR EV IWF, and Z. Diplo BC4 C2 were promising. The varieties were tested on-farm.

S5 Striga	resistant	inbred	lines	extracted	from	TZE-W	Pop	DT	STR	and	TZE-Y	Pop	DT	STR	were	classified	into	
three  groups based on plant height, and diallel crosses were made within each group. Based on the results 
of the diallel studies, 8–10 S5 lines of each group were recombined to form synthetics for each group. The 
varieties underwent preliminary evaluations.

Six Striga	resistant	intermediate	maturing	varieties	identified	through	the	IITA	Striga trials were used in diallel 
crosses. The lines with good general combining ability were recombined to form a synthetic.

Ghana: Two QPM varieties, one  extra-early with white endosperm and one intermediate maturing with yellow 
endosperm  were developed by the national maize program of Ghana and underwent testing. Results of 
preliminary evaluations showed that the QPM extra-early variety, GH 99-80 DWDQPM-S, yielded 5.22 t/ha 
compared with 4.5 t/ha for the improved normal extra-early variety, Dodzi, across six sites in 2000. GH 99-80 
DWDQPM-S was, therefore, nominated for evaluation in the extra-early RUVT in 2001 and underwent testing. 
Results of trials conducted in 10 drought stressed and non-stressed environments in Ghana showed that two 
experimental varieties developed in Ghana, EV EJ 9190 DWDP and EV Fu 9190 DWDP, yielded 20% more 
than the recommended early variety, Dorke SR, under drought stress but in favorable environments the yields 
were similar. EV Fu 9190 DWDP was nominated for the 2001 RUVTs coordinated by WECAMAN. The national 
maize program of Ghana made excellent progress in developing the following early and extra-early drought 
tolerant varieties:
•	 Fu	20	-	80	DWFDP	-	an	extra-early	white	flint	variety

•	 GH	20	-	80DYFP	-	an	extra-early	yellow	flint	variety

•	 Fu 20 - 90DWDP - an early white dent variety

•	 GH	90	-	DYFDP	-	an	early	white	flint	variety

Four drought tolerant source populations in the Ghana program were taken through several cycles of 
improvement for grain yield and drought tolerance.

Togo: Based on test cross performance, 8 S1 inbreds extracted in Togo from QPM population AC 8762 and 10 
S1 from Pozarica 8673 were recombined to form a synthetic variety for each population. S5 QPM inbred lines 
were extracted from the two source populations (AC 8762 and Pozarica 8763) and  advanced to the S6 stage 
for the development of synthetic varieties after lysine analysis in the QPM laboratory in Ghana.

Cameroon: Two drought tolerant varieties developed by Cameroon, CMS 9810 and CMS 9817, were 
nominated for the 2001 RUVTs. Two Striga tolerant heterotic pools designated Pool 1 and Pool 2 were 
developed, based on the superior performance of the hybrids and evaluated under Striga infestation in 2000. 
Eighteen families selected from Drought Pool 25, 16 from Drought Pool × Obatanpa, 14 from BSR ×Drought 
11, and 13 S1 from BSR × Drought Pool 2 were advanced to the S2 stage in 2001. The S2 of each material was 
bulk-sibbed to obtain the F1 which was advanced to the F2 stage. Six varieties, 9011-30, A 9803-15, A 980310, 
STR	EV	IWF,	CMS	9817.	and	A9802-2,	were	identified	as	promising	in	the	IITA	drought	tolerant	trial	evaluated	
in Garoua and Maroua during the 2001 cropping season. The promising varieties underwent  further evaluation 
on-farm.
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Burkina Faso: Four drought tolerant varieties, designated FBDR 1, FBDR 2, FBDR 3 and FBDR 4, were 
developed from S1 lines extracted from FBC 6, Pool 16 DT, DTE-W SR BC3 C0, and DTE-Y SR BC3 C0. Based 
on on-station trials,	the	following	varieties	were	identified	as	promising	for	further	evaluation	in	on-farm	trials:	
2000 Syn WEC, EV DT-99 STR C0, 98 Syn WEC, EV DT-W 2000 STR, EV DT-Y 2000 STR, 2000 Syn EE-W, 
EV 99 QPM, ACR 94 TZE Comp5-W, ACR TZE Comp5-Y, EV DT-W 2000 STR, TZL Comp4 C2, ACR 97 TZE 
Comp4 C2, EV-IWD STR C1, and EV-IWF STR C1.

Nigeria: Results of studies to evaluate the progress from selection following three cycles of selection in the 
Low N Population - Yellow (LNTP-Y) under stress (30 kg N/ha) and non-stress (90 kg N/ha) conditions revealed 
good progress from selection under low N for most of the traits measured. Grain yield increased with cycles of 
selection. An average grain yield of 0.13 t/ha or 4.1%/cycle was obtained. Five yield components, stay green, 
days	to	silking,	anthesis,	N-uptake	efficiency,	and	N-utilization	efficiency	were	significantly	associated	with	grain	
yield.	Four	maize	genotypes	(DTSR-W,	LNPC3,	AC	8328	BN	C7,	and	LNTP)	were	identified	as	N-use	efficient.
The genotypes produced higher grain yield than the widely grown OP variety, TZB-SR, at 30 kg/ha N. However, 
they did not differ from other varieties at 90 kg/ha N. These genotypes were potential N-tolerant varieties that 
could be grown under low-N stress. About 40 genotypes from the low-N tolerant population, LNTP-Y Pool 
C1FS, produced a grain yield of more than 2500 kg/ha at 30 kg/ha N and were  selected for use in developing 
N-tolerant composites, synthetics, and hybrids.

Bénin:  The	superior	performance	of	five	Striga tolerant composites, TZEE-W Pop C0, EV DT 97 STR C1, 
TZE Pop C0, IWD STR, and 95 TZEE-Y1,	was	confirmed	in	1998	and	1999	in	Bénin.	Seed	increase	of	the	
varieties was carried out for more extensive testing on-farm in 2000 and 2001. Also, crosses were made 
between	the	five	composites	and	five	Striga resistant lines (Tzmi 407, Tzi MMB 9, Tzmi 103, Tzi 1368 STR, 
and Tzi Ku 1414) in an effort to improve the level of Striga resistance. Based on the results of the screening 
for S hermonthica resistance in Bénin, four IITA inbred lines (TZMi 407, TZMi 103, 1368 STR, and KUI 414) 
were	identified	as	resistant	sources	for	use	in	the	breeding	program.	Also	EV	DT	97	STR	C1 and STR EV IWT 
were selected, based on tolerance to Striga and high grain yield for on farm trials in 1999. The Striga tolerant 
varieties, EV DT 97 STR C1,	IWD	STR,	2000	Syn	EE-W,	and	99	Syn	EE-W,	confirmed	their	outstanding	
performance	under	artificial	infestation	in	trials	conducted	in	2000.	Seed	multiplication	of	EV	DT	97	STR	C1 and 
IWD STR was initiated to ensure the availability of seeds of the varieties for promotion for adoption. 

Summary of varieties developed, tested and promoted

Based on the results of the RSVTs , several varieties were released in member countries (Table 16). In addition, 
other	promising	varieties	were	identified	for	on-farm	testing	to	generate	data	for	release.	Many	of	the	promising	
early and extra-early varieties which were in the pipeline in 2007 were subsequently released in a number of 
WCA countries.

Development of innovative agronomic management practices
Despite the high potential for maize production in the savanna of WCA, yields have been and continue to be 
limited by Striga damage, inherently low soil fertility, and fragile soils which rapidly degrade under intensive 
cropping. The increased importance of Striga in	the	subregion	is	associated	with	the	intensification	of	land	use	
resulting in the reduction of fallow periods, rotations, and intercropping, which were common practices that 
kept Striga infestations at acceptable levels. To reverse this trend, WECAMAN’s emphasis for the past decade 
was the development of early maize varieties with moderate levels of Striga tolerance and a combination of 
agronomic practices that break the continuous maize cropping cycles through the use of selected non-host 
legume cultivars. The non-host legumes when used in rotation with the Striga tolerant maize can cause the 
suicidal germination of Striga seeds in the soil and hence reduce the Striga seed bank for the succeeding 
maize crop. Biological control, also a potential technology that could reduce Striga infestation in the subregion, 
was actively pursued.
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Bénin, Burkina Faso, Cameroon, Côte d’Ivoire, and Togo were assigned through a competitive process the 
research responsibilities for developing sustainable agronomic practices that could enhance maize production 
and productivity in the savanna zones of WCA. Recognizing the fact that agronomic recommendations could  
often	be	variety-	and	location-specific,	WECAMAN	encouraged	and	supported	through	competitive	grants	the	
conduct of agronomic trials to maximize on-farm maize yields. The agronomic trials supported included optimal 
planting time, plant population density, and time of fertilizer application. WECAMAN also supported the maize–
legume rotation and intercropping trials for Striga control and improved soil fertility management. Results from 
these trials were shared and the results were used in the design of on-farm research for testing improved 
varieties together with complementary crop management options.

It has been recognized for a considerable time that maize responds favorably to conditions of high soil 
fertility and that the full realization of the yield potential of new maize varieties would be achieved only under 
conditions of high soil fertility. Unfortunately, low soil fertility, especially low levels of N and phosphate, was a 
major constraint limiting maize productivity. To exacerbate the problem, the availability of inorganic fertilizers 
had been a problem for a considerable period with the costs often being beyond the reach of the majority of 
maize growers. This had hindered the adoption of improved varieties. Farmers involved in impact assessment 
surveys in all member countries consistently indicated the non-availability and/or prohibitive cost of fertilizer as 
the prime cause of the limited adoption of improved varieties (Enyong et al. 1999; Onyibe et al. 2001). In fact, 
when fertilizer availability was not guaranteed, many farmers abandoned the planting of maize and shifted to 
the cultivation of sorghum and millet that are less demanding on fertilizer application.. 

To alleviate this constraint and encourage the adoption of improved maize technologies, the Network initiated 
and funded a series of studies on alternative methods of soil fertility management in member countries. These 
included the management of crop residues, incorporation of manure and organic matter into the soil, use of 
leguminous cover crops as green manures, and legume–maize rotations. Studies were also conducted on the 
sources	and	efficacy	of	locally	available	inorganic	fertilizers,	such	as	rock	phosphate.	The	major	findings	of	
these agronomic studies conducted are listed by member countries.  

Improved varieties Source No. of  
countries Countries adopting varieties

1. DMR-ESR-Y IITA 5 Cameroon, Chad, Guinea, Mali, and Togo

2. Ikenne 8149 SR Togo/IITA 1 Togo

3. AB11 Togo 1 Nigeria, Togo

4. DMR-ESR-W IITA 4 Bénin, Cameroon, Côte d’Ivoire, Senegal

5. Pool 16 DT WECAMAN 8 Bénin, Burkina Faso, Cameroon, Chad, Côte 
d’Ivoire, Ghana, Senegal, and Togo

6. TZEE-W SR BC5 WECAMAN 5 Bénin, Cameroon, Chad, Côte d’Ivoire, and Senegal

7. Maka SR WECAMAN/ Mauritania 1 Burkina Faso

8. TZESR-W × Gua 314 WECAMAN 3 Côte d’Ivoire, Mali, and Nigeria

9. CSP SR BC5 WECAMAN 1 Côte d’Ivoire

10. TZEF-Y SR WECAMAN 1 Burkina Faso

11. 95 TZEE-W 1 WECAMAN 3 Togo, Nigeria, Senegal

12. 95 TZEE-Y1 WECAMAN 2 Nigeria, Chad, Senegal

13. 2000 Syn EE-W STR WECAMAN 2 Bénin and Nigeria

14. TZE Comp 4 IITA 5 Chad, Côte d’Ivoire, Guinea, Senegal, and Togo

15. EV DT 97 STR C1 WECAMAN/I 2 Bénin and Mali

16. Obatanpa GH Ghana 17 Bénin, Cameroon, Chad, Mali, Togo, Nigeria, 
Burkina Faso, Côte d’Ivoire, Senegal, and Guinea  

17. IWD STR IITA 2 Bénin and Nigeria

18. ACR 97 TZL Comp 1-W IITA 2 Nigeria, Bénin, and Togo

19. Syn 9243 SR IITA/CIMMYT 1           Senegal

Table 16. Improved maize varieties released in WCA countries through WECAMAN’s activities, 1994–2007. 
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Bénin:  Studies	confirmed	that	the	best	date	for	planting	maize	in	the	savanna	zone	was	between	25	June	and	
15 July. Also, the best plant spacing was 0.75 × 0.40 m, 0.80 × 0.30 m, and 0.80 × O.20 m.

Screening of trap crops in vitro for Striga control by Béninois scientists revealed that in vitro stimulation of 
Striga seed germination was better with groundnut varieties RMP 12, RMP 91, and 69-101. The cowpea variety 
90-K-56	was	found	to	be	effective	as	a	trap	crop	under	artificial	infestation.	

Results	of	field	studies	established	the	effectiveness	of	the	cowpea	varieties,	TVX	1850-01F,	IT	90	K-56,	
soybean varieties, TG × 536-02 D and Jupiter, and the groundnut varieties, RPM 91, 69-101, and Moto, as 
false hosts for the control of S. hermonthica. The cowpea varieties were particularly recommended for this 
purpose as they highly stimulated the in vitro germination of S. hermonthica	seeds	specific	to	millet	in	contrast	
to the other hosts. A 2-year rotation with the false hosts was found to be more effective than a 1-year rotation; 
planting two plants/hill gave better results than one plant/hill.

Studies on the time of N application on early and extra-early maize varieties established that N should be 
applied at planting time and 15–22 days after planting for the extra-early varieties and at 28–30 days after 
planting for early varieties to maximize grain yield.

Maize–groundnut and maize–cowpea associations were studied. One row of maize alternated with two of 
groundnut produced the best yields. In another study, the yield of maize increased by about 30% after one year 
of	rotation	with	cowpea	variety	TVX	1850-01F.	An	added	value	of	this	combination	was	that	S. hermonthica 
infestation was practically nil after one year of rotation.

Thirteen	trials	were	conducted	in	the	SS	zone	(Guéné	and	Birni	Lafia)	in	1997	to	determine	the	dose	of	farm	
manure and the optimal combination of farm manure and inorganic fertilizer for maize production. The results 
of the study revealed that, of the three rates of farm manure (0, 5, 7 t/ha) and two rates of mineral fertilizer (0 
and 50%) of the recommended dose of fertilizer (100 kg/ha of ammonium phosphate and 100 kg/ha of urea) 
evaluated in factorial combination, 7 t/ha of manure gave the highest yield. The partial budget analysis revealed 
that	the	application	of	7	t/ha	of	organic	manure	and	a	half-dose	of	mineral	fertilizer	gave	the	highest	net	benefit	
(159 235 FCFA). Nevertheless, 7 t/ha of the farm manure without the application of mineral fertilizer could be 
recommended to farmers to produce  a lower revenue (113 440 FCFA).

Ghana:  A	2-year	rotation	of	maize	following	groundnut	gave	a	significantly	higher	maize	yield	than	maize	
following maize. Economic analysis showed that the returns to land were higher when maize was rotated with 
groundnut. From similar studies with Mucuna and Calopogonium as cover crops, it could be concluded that the 
use of leguminous cover crops was a better system of fallow than the traditional bush fallow. This conclusion 
was corroborated by the higher returns to both land and labor for the improved fallow systems with Mucuna and 
Calopogonium. Mucuna fallow was, however, found to be superior to that of Calopogonium

The	results	of	studies	conducted	in	1997	and	1998	confirmed	the	findings	that	in	the	Guinea	savanna	zone	
the	addition	of	inorganic	fertilizer	or	manure	to	maize	following	groundnut	or	soybean	gave	significantly	higher	
maize grain yields than continuous cropping of maize with the addition of inorganic fertilizer or manure.

Studies aimed at identifying alternative sources of fertilizer showed that a Calopogonium cover crop provided 
biologically	fixed	N	equivalent	to	35	kg/ha	of	fertilizer	N	to	succeeding	maize	crops	in	1997	and	30	kg/ha	in	1998.	
Calopogonium also produced substantial increases in maize yields when used as a cover crop. The ability of 
Calopogonium	to	fix	N	and	increase	maize	grain	yields	coupled	with	its	capacity	to	produce	adequate	seeds	rendered	
it a suitable cover crop in maize production systems. Calopogonium	was	therefore	tested	on	farmers’	fields,

A	study	to	estimate	the	N	fertilizer	equivalency	of	selected	cover	crops	revealed	a	significant	linear	relationship	
between maize grain yield and N rate. Based on the yield response curves, the fertilizer N equivalency of the 
tested cover crops was estimated to be 35 kg N/ha for Calopogonium, 16 kg N/ha for Mucina, 18 kg N/ha for 
Pueraria, and 3 kg N/ha for Vigna unguiculata.  
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Côte d’Ivoire: The results of a 2-year study on maize–legume intercropping established that the effect of 
different legumes (groundnut, cowpea, and soybean) on maize was similar and that maize performed equally 
well with any of the legumes. The best time to plant either crop depended on the interest of the farmers. When 
the production of more maize was the objective, the maize and legume could be sown together or the maize 
could be sown about 2 weeks before the legume. On the other hand , if the interest was in the legume, it was  
advisable	to	plant	the	legume	first.	Planting	the	legume	about	2	weeks	before	maize	was	better	than	planting	
the maize 4 weeks after the legume.

Togo: Results of on-farm trials conducted in the Kara Region since 1995 established that maize–pigeon 
pea rotation would ameliorate soil fertility, increase maize grain yield, and provide pigeon pea for human 
consumption. Similarly, better growing conditions were observed for the maize crop in Cameroon when pigeon 
pea was tested in rotation with maize for 3 years in each of three locations. At all three locations, higher maize 
yields were observed after pigeon pea than after the traditional fallow system. Use of pigeon pea in the rotation 
saved up to 130 kg N/ha, depending on the location.

Nigeria: The project on enhancing maize production through the improvement of Striga and soil management 
capabilities of farmers was extended to three new sites/villages in the NGS in 2001. The sole maize cropping 
system using the Striga	tolerant	variety	AC	97	TZL	Comp1-W	performed	significantly	higher	in	terms	of	
ear height, cob weight, and grain yield than the intercrop of AC 97 TZL comp1-W with cowpea at Sakarau. 
However,	in	two	of	the	villages,	the	difference	was	not	significant.	Also,	the	sole	crop	supported	lower	Striga 
shoot emergence and exhibited lower levels of host damage severity. Similarly, sole cowpea produced a 
significantly	higher	pod	weight	and	seed	yield	than	intercropped	cowpea.	Soybean	did	not	differ	significantly	in	
these	parameters.		The	cost–benefit	analysis	of	the	rotation	systems	showed	that	sole	OPV	maize	rotated	with	
sole	cowpea	had	the	highest	profit	for	the	farmers.

Results of studies to identify trap crops for the control of Striga in the Guinea and SS zones of WCA established 
the effectiveness of the following crop varieties:
•	 Cotton-SAMCOT 9 and SAMCOT 10

•	 Cowpea-IT 89 KD - 245-1 and IT 93K - 596 Groundnut - RMP 12 and RMP 91

•	 Soybean	-	TGX	1681	-	3F	and	SAMSOY	2.

Results of the studies aimed at developing complementary crop management practices that would severely 
reduce the stem borer population in endemic areas showed that intercropping the stem borer tolerant maize 
varieties,	TZBR-Eldana-3C2	and	DMR-LSR-W,	with	cassava	significantly	reduced	infestation	in	the	maize	
population at 8 weeks after planting and at maturity. This was explained by the fact that stem borers lay eggs 
on non-host plants in a complex intercropping system, thereby reducing the number of eggs laid on the maize 
crop. Of the two maize varieties evaluated, TZBR-Eldana-3C2 appeared superior to DMR-LSR-W in terms 
of the maize population at 4 and  8 weeks and at maturity as well as the number of plants with cobs. Stalk 
damage was also less in TZBR-Eldana-3C2.

Results of studies conducted in 1998 and 1999 to identify complementary crop management practices that 
would	increase	maize	yields	as	a	result	of	decreased	stem	borer	damage	confirmed	that	maize–cassava	
intercrop	significantly	enhanced	maize	establishment	at	3	and	8	WAP	and	was	superior	in	grain	yield	to	sole	
maize. 

Intercropping extra-early maize with four legumes, Centrosema pascuorum, Lablabpurpureus, soybean var. 
TGX	1448,	and	cowpea	var.	IT	94	K-	4403	significantly	increased	maize	yield.

Agronomic studies showed that ground Sokoto phosphate rock (SPR) produced yields which were comparable 
to those from 50% partially acidulated phosphate rock (PAPR) and single super phosphate.



44

Cameroon:  The results of studies conducted in 1999 and 2000 to determine the effect of insecticides, 
fungicides, and aromatic plant powder on the germination of seed- borne fungi of maize concluded that 
infection had a negative effect on maize grain yield by reducing the emergence of seedlings, the plant stand, 
density at harvest, and grain yield.

Of the 14 different seed treatments evaluated, the best was Benlate + Marshall.

The combination of Marshall and the aromatic plant powder, Thymus vulgaris, was the most cost–effective.

Seed treatment cost could be reduced by replacing a fraction of the synthetic chemical with the crude powder 
of T. vulgaris.

Burkina Faso:  Studies by Togo and Burkina Faso on the use of Parkia biglobosa pods for Striga control in 
1996 led to the following conclusions:
•	 There are germination inhibitors for Striga seeds in macerations obtained from Parkia biglobosa pods.

•	 Concentrated macerations fully inhibit Striga seed germination.

•	 In	some	field	trials,	the	use	of	macerations	for	Striga control in a maize crop was detrimental to maize 
growth and grain yield, apparently because of phyto toxicity.

Research	responsibility	was	therefore	given	by	WECAMAN	to	Burkina	Faso	to	refine	field	applications	in	
respect of the timing and amount of Parkia	seed	extract	to	be	applied	in	the	field	for	the	effective	control	of	
Striga.

Studies	conducted	in	1996	and	1997	in	Burkina	Faso	confirmed	that	Nere	powder	had	active	components	
which inhibited the germination of S. hermonthica seeds. The result of a dose of 750 g/m2 was comparable to 
that of 500 g/m2	even	though	its	efficacy	varied,	depending	on	the	biological	and	physiological	conditions	of	
the soil. The Nere powder when incorporated into the soil at the rate of 750 g/m2 allowed the reduction of the 
Striga population	at	the	flower	initiation	stage	by	more	than	50%	and	resulted	in	a	maize	yield	increase	of	40%,	
compared with the non-treated control. 

Further on-farm tests carried out in 1999 and 2000 showed that the nere extract when applied to the soil did not 
inhibit S. hermonthica	germination.	However,	the	extract	affected	the	days	to	flowering	and	maturity	as	well	as	
the	nitrate	N	and	the	potassium	available	for	flowering.	The	date	of	application	and	doses	of	the	extract	did	not	
have	any	significant	effect	on	the	grain	yield.

Studies on the response of extra-early, early, and intermediate maize varieties to locally available fertilization 
material established that the best formulation was 300 kg/ha of Burkina phosphate, 75 t/ha of organic matter, 
and 50 kg/ha of urea. This was equivalent to 100 kg/ha of NPK and 50 kg/ha of urea.

A summary of the agronomic practices generated by the Lead Centers  and adopted by the technology-
adopting NARS from 1994 to 2007 are presented in Table 17.

Improved cultural practices Source Countries adopting agronomic practices
Increased plant population for higher grain 
yield of early and extra-early varieties 

Ghana, Bénin, Togo, Cameroon, 
Burkina Faso, Nigeria, Senegal

Cameroon, Nigeria,and Bénin, Togo, 
Ghana, Burkina Faso, Senegal,  
Cameroon

Earlier date of fertilizer application (top 
dressing) for increased yield of early and 
extra-early varieties

Bénin, Togo, Burkina Faso, 
Ghana, Cameroon, Senegal

Bénin, Togo, Burkina Faso, Ghana,  
Cameroon, Senegal

Use of maize–legume rotation to improve 
soil fertility and maize grain yield

Bénin, Ghana, Nigeria,  
Cameroon, Togo, Côte d’Ivoire

Bénin, Ghana, Togo, and Cameroon,  
Côte d’Ivoire, Nigeria

Table 17. Improved cultural practices developed by Lead NARS and adopted by other countries (1994–2007).
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Promotion of promising maize varieties, crop and resource management practices
The major thrust of WECAMAN was on the development of early and extra-early maize varieties and 
associated agronomic practices. Adoption of these varieties and, to some extent, the complementary 
agronomic practices led to the expansion of maize production in the subregion. However,the rates of adoption 
were constrained by several factors, including the high price and non-availability of inputs, inadequate on-farm 
testing of available technologies, poor seed production and distribution, an inadequate number of extension 
workers, and poor researcher–extension–farmer linkages.

The importance that WECAMAN attached to promoting the adoption of improved technologies is illustrated 
by the percentage of funds allocated to different types of network projects from 1994 to 2002. During the 
SAFGRAD era, the network allocated the largest proportion of the available funds to technology generation, 
particularly genetic enhancement and agronomic research.  This trend continued into the initial years of the 
period 1994–2002 (Fig. 5). In 1994,for example, only about 14% was allocated to technology transfer and 18% 
in 1995, whereas genetic enhancement received about 32% of the funds in 1994 and 26% in 1995. During the 
two years, marketing and utilization projects were not funded at all. From 1996, however, the largest proportion 
of the funds was allocated to technology transfer and marketing and utilization projects, although this aspect 
got the lowest allocation. Summed across the 1994–2002 period, nearly 30% of the funds were  allocated 
to technology transfer (Fig. 6). The combination of technology transfer and community seed production was 
allocated 46–55% (47% on average) from 1996 to 2002. Corresponding allocations were 17–27% (about 23% 
on average) for genetic enhancement and 14–20% (17% on average) for agronomic research. 

Secondly, whereas most of the other projects were awarded to countries on a competitive basis, projects for 
technology transfer were assigned under certain guidelines in such a way that all members participated.

The strategies to promote the adoption of available maize technologies in member countries included national 
maize workshops and annual planning sessions, RUVTs, on-farm tests and demonstrations, enhanced capacity 
of partners, the enhancement of the exchange of ideas and technical experience among NARS scientists, and 
the promotion of community-level seed production.

Figure 5. Percentage of funds allocated to the different projects in WECAMAN, 1994–2002.
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National maize workshops and annual planning sessions
The success of any agricultural research enterprise depends on effective linkages with agricultural extension 
and development institutions as well as with national and international agricultural research institutions. Some 
of the individual research institutions in WCA were well linked with others in the country as well as with the 
international research systems. Moreover, the institutions enjoyed good relationships with national extension 
agencies, NGOs, and relevant development agencies. The NARS of some other countries appeared to be not 
so well linked. WECAMAN encouraged and assisted member countries to organize national maize workshops 
and annual planning sessions as an effort to foster linkages between researchers, extension agents, and 
farmers where such linkages were not already in existence. The objective was to encourage researchers, 
extension	agents,	and	farmers	to	collectively	review	and	discuss	research	findings,	growers’	recommendations,	
and agricultural policies. Member countries that had not been organizing maize workshops and annual planning 
sessions	were	provided	with	financial	support	to	initiate	these	activities.	For	example,	with	this	financial	support,	
maize	workshops	and	annual	planning	sessions	were	initiated	and	firmly	established	in	Bénin	and	Togo.

Often technologies failed in the transfer phase due to the late involvement of the extension agents. Bringing 
in the extension agents very early in the technology development phase allowed their active participation in 
the design, implementation, and evaluation of the technologies in  member countries. Such an approach built 
confidence	in	all	stakeholders,	thus	improving	the	efficiency	of	individual	roles	in	the	planning	and	execution	of	
technology development and dissemination. Through the maize workshops and annual planning sessions, it 
was possible to bring in the extension agents very early in the technology development phase, not just at the 
technology transfer phase.

Regional uniform variety trials
A total of 672 sets of RUVTs were evaluated at various locations in Network member countries between 1993 
and 2007 (Fig. 7). Of the total, 30% of the sets were undertaken in Nigeria, 13%, in Ghana, 7% in Burkina Faso 
and Cameroon, 9% in Bénin, 11% in Mali,  6% in Togo, 3% in Senegal, 2% each in Chad and Guinea, and 6% 
in Côte d’Ivoire. 

Figure 6. Total funds allocated to the different projects in WECAMAN, 1994–2002.
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On-farm tests and demonstrations 
Over 4000 on-farm trials were funded by the Network over the period from 1995 to 2006 (Fig. 8). The number 
increased	significantly	in	the	final	few	years.	These	allowed	researchers	and	farmers	to	work	together	in	testing	
and farmers to see the new varieties grown under their own conditions.

Activities to promote adoption of new varieties and management practices resulted in the improvement of 
linkages between research and extension services in many countries in WCA. This was stimulated by the 
Network’s	determination	to	facilitate	the	flow	of	appropriate	knowledge	and	technologies	to	farmers.	This	made	
a	significant	contribution	to	the	building	of	partnerships	and	often	joint	activities	among	researchers,	extension	
agents, both NGOs and government, farmers and, more recently, emerging seed companies. 

Figure 7. Number of RUVTs conducted by member countries, 1993–2007.

Figure 8. Number of on-farm trials conducted by member countries, 1995–2006.
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For instance, Sasakawa Global 2000 or SG 2000, an NGO working in close association with both research 
and government extension, successfully used the on-farm trials and demonstrations as an effective tool to 
demonstrate new technologies and obtain feedback from farmers. This involved a “learning and doing”, farmer 
field	school	approach,	allowing	farmers	to	compare	the	new	technologies	with	their	own	management	practices,	
assessing	the	risks,	as	well	as	the	costs	and	benefits	of	the	new	technologies.	On-farm	test	plots	were	often	
about	0.5	ha	in	size,	usually	placed	adjacent	to	farmers’	fields	for	purposes	of	comparison.	Researchers,	
extension agents, and SG 2000 staff held planning sessions at central and district locations. These played an 
important role in strengthening the partnerships among research, extension, and farmers, by providing fora that 
facilitated discussion and contributions from all participants. Importantly, this process facilitated feedback to 
researchers from farmers and extension agents on further research needs.  

SG 2000 played a key role in promoting the adoption of the new varieties and practices in Ghana, Bénin, Mali, 
Guinea, Nigeria, and Togo and WECAMAN encouraged similar approaches in the other member countries. 
In support of this work, extension manuals and farmers’ handbooks were developed for maize and seed 
production. These were initially for Burkina Faso, Bénin, Cameroon, and Togo, but later covered all countries.

Highlights of on-farm trials and demonstrations conducted in the various countries are presented:

Nigeria: Based on the data on the performance of the extra-early and late varieties on-station in multi-locational 
tests, and on-farm, the varieties ACR 97 TZL Comp1-W, 95 TZEE-W1, and 95 TZEE-Y1 were registered and 
released to Nigerian farmers. The National Committee on Registration and Release of New Crop Varieties 
and Livestock Breeds approved the recommendations for the registration and release of the varieties by IAR 
Samaru. The new varieties were designated SAMMAZ 11 for ACR 97 TZL Comp1-W , SAMMAZ 12 for 95 
TZEE-W1, and SAMMAZ 13 for  95 TZEE-Y1. The new varieties were sold to farmers by the Nigerian seed 
companies from the 2002 season. At least, 20 kg of breeder seeds of each of the released varieties were 
delivered to the National Centre for Genetic Resources and Biotechnology (NACGRAB), Ibadan, for long-term 
storage in the gene bank.  

Thirty	copies	of	the	Maize	Production	Bulletin	were	produced	under	the	project	for	some	Government	officials	in	
Nigeria desirous of starting large-scale maize production in Zamfara and Katsina States. In addition, the Hausa 
version of the TV program on extra-early maize and seed production was revised and aired at the Katsina State 
Broadcasting Service.

Results of on-farm trials in Nigeria showed that intercropping an extra-early maize with four legumes, 
Controsema pascuorum, Lababpurpureus,	soybean	variety	TGX	1448,	and	cowpea	variety	IT	94	K	-	4403	
significantly	increased	the	grain	yield	of	maize.

The	results	of	14	demonstrations	established	on	farmers’	fields	at	the	EPHTA	benchmark	site,	Layin-Taki/
Kaya in northern Nigeria, showed that the intercrop of the legume trap crops soybean (Samsoy 2) and 
groundnut (RMP 91) with the improved Striga	tolerant	OPV	,	ACR	97	TZL	Comp1-W	resulted	in	a	significantly	
higher stand count and crop vigor score compared with the farmers’ practice. Striga infestation and incidence 
were	significantly	lower	on	the	plots	planted	with	the	improved	maize	hybrids,	Oba	Super	I	and	Acr	97	TZL	
Comp1-W, compared with the farmers’ variety. Higher maize yields were generally obtained with the groundnut 
intercrop than with the soybean, probably due to the competition of the latter with maize. The maize grain 
yield when Oba Super 1 and Acr 97 TZL Comp1-W were intercropped with Samsoy 2 and RMP 91 was 19%, 
22%, 19% and 43% respectively higher than the farmers’ practice. Results of interviews with farmers indicated 
that the improved Striga control technologies were the “best bet” control options and thus were preferred to 
the farmers’ practice. About 150 kg of breeder seeds and 1100 kg of foundation seeds of the Striga resistant 
varieties Acr 97 TZL Comp1-W and Acr 94 TZE Comp5-W were produced in support of the promotional 
campaign.
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The project on the promotion of the adoption of maize varieties was expanded from two to four communities 
in Zamfara State and from six to eight communities in Katsina State in 2001. A total of 340 kg of seeds were  
given to 96 farmers; 13,685 kg of seeds of 95 TZEE-Y1 and TZEE-W1 were  produced through the farmers’ 
groups. 

One demonstration plot of 0.5 ha each was established in Katsina and Zamfara States in 2001 through 
community participation. 
•	 In	2001,	318	farmers	participated	in	field	days;	three		farmers’	groups	were	linked	with	input	distribution	

agencies.

•	 During the 2000/2001 dry season, 16 farmers participated in the Large Irrigation Project using two varieties, 
ACR 90 Pool 16 DT and 95 TZEE-W1. The mean grain yield of ACR Pool 16 DT was 2.9 t ha with the yield 
ranging from 2.0 to 4.4 t/ha.  The average gross margin from green maize sales was N40 000/ ha for ACR 
90 Pool 16 DT and N27 000 for 95 TZEE-W1. The average gross margin for the grain sales was N34 000 
for ACR 90 Pool 16 DT and N1600 for 95 TZEE-W1.

Togo:  The improved early maize varieties, DMR ESR-W, TZE Comp4 C2, and TZE Comp3 C2, and the extra-
early varieties, 95 TZEE-W1 and 95 TZEE-Y1, were introduced through on-farm trials to the districts of Tone and 
Tandjoare of the Kara Region in 1999. The improved varieties were compared with the early local check AB11 
and	the	extra-early	check	TZE	SR-W	x	Gua	314.	The	improved	varieties	confirmed	their	high	performance	in	
on-farm	trials	over	a	period	of	three	years	and	were	earmarked	for	official	release.	

The results of a 3-year study to determine the most economic population density for the production of early and 
extra-early varieties in the Kara and savanna Region showed that 0.65 m × 0.40 m, with 2 plants/hill giving a 
population	density	of	76	923	plants/ha,	was	the	most	economic.	The	study	also	resulted	in	the	modification	of	
the fertilizer recommendation through the use of Mucuna in the rotation system. The recommended fertilizer 
dose could be reduced by between 33 and  50% without a reduction in grain yield through the rotation of maize 
with Mucuna.

The	results	of	a	study	conducted	from	1999	to	2001	in	the	savanna	region	confirmed	the	effectiveness	of	the	
maize–legume rotation for the control of S.  hermonthica and improvement of soil fertility. The highest grain 
yield was obtained in Djambengou zone following a 2-year rotation of the early maize variety, 92 TZE Comp 4, 
with	the	sole	crop	of	the	cowpea	variety,	TVX	1850	OI	F,	and	the	soybean	variety,	Jupiter.	Similar	results	were	
observed for the maize varieties, TZLW Comp1 C4 and AB 11 at Lokpanou, Tami, and Naki East. The results 
also showed that the grain yield was higher when maize was rotated with soybean or cowpea than when it was 
intercropped with cowpea or soybean.

The improved early maize varieties, DMR ESR-W, TZE Comp4 C2, and TZE Comp3 C2, and the extra-early 
varieties, 95 TZEE-W1 and 95 TZEE-Y1, were introduced through on-farm trials to the districts of Tone and 
Tandjoare of the Kara Region in 1999. The improved varieties were compared with the early local check AB11 
and	the	extra-early	check	TZE	SR-W	x	Gua	314.	The	improved	varieties	confirmed	their	high	performance	in	
on-farm trials over a period of three years and were released in 2002.

Bénin: On-farm	trials	were	conducted	in	the	SS	zone	(Angaredebou)	and	at	Guene	and	Birni-Lafia	in	the	
Sudano-Sahel zone in 1999 and 2000 to determine the best spacing to maximize the grain yield of extra-early 
maize.	The	results	of	the	studies	showed	that	in	Guene	and	Birni-Lafia,	a	spacing	of	0.75	×	0.40	m	gave	the	
highest grain yield and was preferred by the farmers . In Angaredebou the farmers opted for 0.80 ×0.30 m 
because this gave a higher number of ears.

Eighteen on-farm trials were established in 2000 and 2001 in Striga-infested	fields	in	Zakpota	in	the	coastal	
savanna zones to compare the Striga tolerant early variety (EV DT 97 STR C1) and the extra-early (TZEE-W 
Pop STR) and the Striga susceptible local variety, Jame de Za. Results showed that EV DT 97 STR C1 



50

supported the lowest number of Striga plants followed by TZEE-W Pop STR with the local variety supporting 
the highest number.. The Striga tolerant varieties were also superior to the local variety in terms of grain yield 
with EV DT 97 STR C1 producing the highest grain yield. Based on these results, this Striga resistant and 
drought tolerant variety was released to farmers for production.

On-farm trials were established in the SS zone (Bensékou and Angaredebou) and the NGS zone (Sokka) 
in	1997	and	1998	to	determine	the	best	spatial	arrangement	to	maximize	grain	yield	and	the	net	benefits	in	
a maize–groundnut association. The results of the study showed that in both zones, the maize–groundnut 
intercrop involving the normal maize population (two rows of maize and two rows of groundnut) and two-thirds 
of the normal maize population (two rows of maize and three rows of groundnut) produced a higher grain yield 
than pure maize and groundnut. The economic analyses in 1998 revealed that in the SS zone, the farmer had 
a	net	benefit	of	93	410	FCFA	for	the	normal	population	density	and	124	620	FCFA	for	two-thirds	of	the	normal	
density, compared with 104 883 FCFA for the pure maize and 32 734 FCFA for the pure groundnut. In the NGS, 
the	net	benefit	for	the	pure	maize	was	higher	than	those	of	the	normal	population	density	and	two-thirds	of	the	
normal	population	density.	The	economic	analysis	of	1997	showed	a	net	benefit	of	67%	for	the	adoption	of	
the maize–groundnut association using the normal population density and 2.38% for two-thirds of the normal 
density, compared to pure maize and groundnut. Most farmers interviewed indicated their preference for the 
two spatial arrangements compared with the pure culture of maize and groundnut because of the contribution 
to food security and improvement in soil fertility.

Chad:  Results of on-farm trials conducted in eight  villages from 1999 to 2001 revealed the varieties, TZE 
Comp 3 C2, DMR-ESR-Y, AC 90 Pool 16 DT, and 95 TZEE-Y1, as outstanding. Based on the results, seeds of 
the four varieties were produced through WECAMAN’s community seed production scheme to promote the new 
varieties. 

Four improved maize varieties, TZE Comp 3 C2, DMR ESR-Y, ACR 90 Pool 16 DT, and 95 TZEE-Y1, were 
compared with the local variety CMS 8602 in on-farm trials in eight  villages. Sixty farmers were involved in the 
trials. Results showed TZE Comp3 C2 was the most promising entry with a grain yield of 3991 kg/ha. This was 
followed by 95 TZEE-Y1	(2840	kg/ha)	and	ACR	90	Pool	16	DT	(2175	kg/ha).	The	field	day	organized	to	promote	
the new varieties during the growing season  was attended by 127 farmers.

Mali: On-farm trials involving two QPM varieties, Mamaba and Dembagnyuman (Obatanpa) and the local 
normal endosperm variety, Sotubaka, were conducted from 1999 to 2001 in the CMDT and OHVN zones. 
Results showed that Sotubaka was the most stable variety in terms of grain yield especially in the humid zones. 
However, the QPM varieties, Mamaba and Debagnyuma, produced a satisfactory grain yield in less favorable 
environments.	It	should	be	noted	that	Mamaba	was	highly	appreciated	by	farmers	for	taste	and	grain	filling.	In	
addition, it was less prone to bird attack. Based on the results, Debagnyuma and Mamaba were released and 
vigorously promoted for adoption. 

Côte d’Ivoire: Through the collaboration of the Ivorian national maize program with WECAMAN, the two early 
maize varieties, DMR-ESR-Y and TZE Comp 4, and the extra-early varieties, CSP- SR BC5 and TZESR-W 
x	Gua	314,	identified	in	on-station	trials	in	Côte	d’Ivoire	after	several	years	of	multi-locational	tests	were	
evaluated on-farm in 1996 and 1997 and showed a superior performance. In 1998, the four varieties were used 
in demonstrations involving ten farmers. Large plots (2500 m2 /variety) were used. The objectives were to verify 
the performance of the varieties on-farm and to expose the varieties to as many farmers and extension agents 
as	possible.	The	results	confirmed	that	the	early	and	extra-early	varieties	had	superior	yields	and	were	stable	
in	most	of	the	farmers’	fields.	As	a	result,	large	quantities	of	seeds	of	the	varieties	were	produced	through	the	
community seed production project and were made  available to farmers in several communities for commercial 
production.

Ghana: The on-farm evaluation of cropping systems was initiated in 1999 to compare the groundnut–maize 
rotation with the farmers’ practice of maize–maize production.  Results of on-farm trials in 2001, showed that 
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maize	following	groundnut	gave	a	significantly	higher	(P < 0.05) maize grain yield than maize following maize in 
four communities (Chinchang, Silbelle, Piisi, and Nakong) in the Upper West Region. The analysis of the data 
for	2000	and	2001	for	Chinchang	and	Silbelle	showed	that	the	grain	yield	of	maize	in	2001	was	significantly	
greater than that in 2000.

Cameroon: Twenty farmer-managed on-farm trials were established during the 2001 second cropping season 
to	evaluate	the	economic	profitability	of	maize–cowpea	intercropping	as	a	stem	borer	control	method	at	the	
farmers’ level and to promote the adoption of the available new, high yielding maize varieties. The technologies 
demonstrated were: improved maize variety, fertilizer application, planting methods (row planting, plant 
density),	plant	arrangement	(maize–cowpea	intercropping)	and	time	of	weeding.	Results	revealed	no	significant	
differences among the maize–cowpea intercropping, the protected maize, and the control treatments. The yield 
of the cowpea intercrop was very low, probably due to poor photosynthetic activity leading to high biomass 
production with no seeding.

A	total	of	18	on-farm	trials	were	established	on	farmers’	fields	in	the	forest	zone	to	compare	improved	and	local	
varieties under farmers’ conditions and to demonstrate the superiority of the improved varieties in controlling 
stem	borer	attack.	At	Mbangassina,	186	participants	attended	the	farmers’	field	day	organized	on	21	December,	
2001. Of the three varieties evaluated on-farm (CMS 8704, AK 9522, and Local), the people in the study area 
selected AK 9522 as the preferred variety for local dishes based on the color and taste. 

On-farm trials involving the improved maize varieties, CMS 8704, CMS 8501, AK 9552 DMR, and AK 9528 
DMR, were conducted in the forest zone in 2000 and 2001 using a participatory varietal evaluation approach. 
The	results	led	to	the	identification	of	CMS	8704	as	the	variety	most	tolerant	to	stem	borers	and	high	yielding		
followed by AK 9522 DMR.  When the maize was consumed as dry grain, CMS 8722 was preferred.

Senegal: Results of on-farm trials conducted in seven villages from 1999 to 2001 revealed the varieties 
DMR-ESR-W, Syn 9243, 95 TZEE-W1, TZEE-W SR BC5, and across Pool 16 DT as the most promising 
white	endosperm	varieties.	In	the	yellow	endosperm	group,	Early	Thai	and	KD	22	were	identified	as	the	
most promising for promotion for adoption. The four varieties, Syn 9243, AC 90 Pool 16 DT, 95 TZEE-W, and 
DMR-ESR-W,	were	officially	released	in	2002.	The	necessary	protocols	for	the	release	of	the	varieties	were		
prepared in consultation with the Ministry of Agriculture.

Results of on-farm trials conducted in seven villages showed 95 TZEE-W1 as the most promising in the Kour 
Serigne Thioye zone and Syn 9243 in the Kour Mamou Ndary zone. Based on the results of these studies, 95 
TZEE-W1 and Syn 9243  were released for production.

Development of sustainable seed production and distribution systems
Poor seed production and distribution had been and remained a major constraint to the adoption of new 
maize varieties. Consequently, one of the activities funded by WECAMAN for promoting adoption was the 
encouragement of member countries to facilitate community-based seed production. This was funded in all 11 
member countries and included training farmers in the techniques of seed production, and strengthening the 
capacity	of	seed	producers	to	produce	good	quality	seeds	that	reached	the	certification	standards	required	
within the region. NARS scientists worked with selected NGOs and farmers in the development of these 
community-based schemes, involving a seed company where possible. Figure 9 demonstrates the linkages that 
were encouraged, although this schematic model varied considerably among  countries, depending on both 
the development of the private sector either as seed companies or stockists and the capacity to regulate seed 
trade. 

In many countries, seed companies were either just developing or not yet in existence, necessitating the 
encouragement of individuals within the community to produce seeds that could be stored safely until the next 
season and then sold or shared with other farmers.  
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WECAMAN’s member countries provided both technical advice and in some cases credit in the form of seeds 
and other inputs as well as training to selected seed producers in the community. At harvest, the credit was 
repaid either in seeds or in cash. This allowed the establishment of revolving loan funds designed to encourage 
sustainability and to allow more farmers to be reached each year. A number of seed production models (Box 2) 
were developed by different member countries, allowing large quantities of seeds of improved varieties to be 
produced	annually.	These	were	breeder,	foundation,	and	certified	seeds	as	illustrated	in	Figs 10,  11 and  12. 
Clearly	this	had	a	significant	positive	impact	on	the	availability	of	good	quality	breeder,	foundation,	and	certified	
seeds, particularly of early and extra-early varieties. 

Figure 9. Linkages among stakeholders in the seed industry.

Figure 10. Breeder seed production in member countries supporting community seed  
production, 1994–2005.
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The	strategies	involved	partnerships	of	scientists,	extension	agents,	seed	certification	agents,	farmers,	and	
NGOs working closely together to provide reliable and sustainable production of seeds for farmers. Each team 
helped	local	seed	producers	to	determine	the	area	of	land	to	be	planted,	field	selection	taking	into	consideration	
the	need	for	isolation,	the	variety	to	be	produced,	and	the	steps	to	ensure	quality	control	and	seed	certification.	
Other production concerns addressed included postharvest handling and marketing. Technical advice, breeder 
or foundation seeds and fertilizers were provided.  After harvest, farmers were required to pay back the input 
costs either in cash or with some of the seeds produced. Since the scheme endeavored to reach more farmers 
each year, each network country established a revolving fund to allow more seed farmers to participate. Within 
each	community,	the	partnership	involved	a	plant	breeder	and	a	producer	of		foundation	or	certified	seeds	
with	arrangements	for	marketing	and	distribution	of	the	certified	seeds.	A	number	of	different	seed	production	
models were developed to allow large quantities of seeds of approved varieties to be produced annually.    
The features of each model and the countries that have adopted each of them are shown in Box 2.

.

Figure 11. Foundation seed production in member countries supporting community seed 
production, 1994–2005.

Figure 12. Certified or commercial seed production in member countries supporting community 
seed production, 1994–2006.
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Box 2. Alternative models used for seed production, marketing, and distribution

Model 1 (Burkina Faso, Mali, Bénin, and Cameroon)
•	 WECAMAN works with NARS to produce breeder and foundation seeds.
•	 Researchers provide foundation seeds and other inputs to selected farmers through 

extension services.
•	 Farmers	produce	and	sell	certified	seeds	repaying	the	cost	of	inputs	to	the	extension	

services.

Model 2 (Burkina Faso, Mali, and Bénin)
•	 Surveys are conducted by national extension services to identify potential contract 

growers.
•	 Farmers	are	provided	with	foundation	seeds	and	inputs	to	produce	certified	seeds.
•	 Certified	seeds	are	sold	directly	to	extension	services	with	the	cost	of	supplied	inputs	

discounted.
•	 Certified	seeds	are	marketed	by	the	extension	services.

Model 3 (Burkina Faso, Nigeria, Bénin, and Cameroon)
•	 Farmers receive foundation seeds once from researchers.
•	 Farmers purchase and apply fertilizers and other inputs.
•	 Scientists provide farmers with technical assistance.
•	 Farmers	who	produce	certified	seeds	market	them	directly	to	other	farmers.

Model 4 (Burkina Faso)
•	 NGOs organize and supply foundation seeds and other inputs to farmers for the pro-

duction	of	certified	seeds.
•	 After the sale of seeds, farmers retain 50% of the realized revenue which is provided to 

other farmers through the Extension Service to encourage seed production.

Model 5 (Ghana)
•	 The national program produces breeder seeds; foundation seeds are produced by a 

parastatal.
•	 The parastatal producing foundation seeds manages seed stock and provides support 

services to seed growers.
•	 Seed	growers	obtain	foundation	seeds	from	the	parastatal	for	the	production	of	certified	

seeds.

Model 6 (Nigeria) 
•	 Scientists of the national maize program produce breeder and foundation seeds.
•	 Scientists provide training and foundation seeds to community-based seed producers 

for	certified	seed	production.	
•	 National scientists link community-based seed producers to established seed compa-

nies to improve market opportunities.
•	 National scientists work closely with seed companies and seed inspectors to assist 

community seed producers to produce good quality seeds.
•	 Seed companies sign contracts with community-based seed producers so as to ensure 

markets for seed.
•	 National scientists link community seed producers to credit and input sources as well 

as markets. 

 Participants in Nigeria included IAR, NAERLS, UNIMAID in collaboration with Premier  
 Seed,Seed Project and  Maslaha Seed Companies. 

Model 6 is presently being promoted by the Drought Tolerant Maize for Africa (DTMA) 
project.
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Farmers were encouraged to form associations or cooperatives to facilitate community seed production, thus 
strengthening the informal seed production system and leading to the development of micro-enterprises. 
The production of seeds, largely undertaken through community-based seed producers, required the training 
of large numbers of farmers in seed production. Nearly 2000 received training in both seed production and 
postharvest seed handling over the period 1994–2006 (Fig. 13). From the training these farmers acquired the 
capability to produce good quality seeds. Their activities led to the increased availability of seeds of improved 
early and extra-early maturing maize varieties. In addition, there was an increased awareness among farmers 
of the importance of planting high quality seeds of improved varieties   and purchasing  new seeds of OPVs 
after every 2–3 seasons.

As a result, maize production expanded into the drier areas of WCA, replacing traditional food staples, 
particularly sorghum and millet. This widespread adoption of improved maize varieties in the savannas changed 
the status of maize from a backyard crop to that of a major cereal grown for both cash and food.

Challenges to seed production and future direction
Challenges	to	community-based	seed	production	in	WCA	include	the	need	to	develop	a	more	efficient	structure	
for seed marketing with better promotion to reduce the problem of the lack of market information. Partner 
organizations that could assist in the collection and relay of market information to potential end-users need to 
be	identified.	It	would	be	beneficial	to	package	and	label	seeds	in	small	bags	of	1	and	2	kg	and	to	have	points	
of sale at strategic points in communities. For countries that do not yet have seed laws, the promulgation of 
such laws would help to ensure that unscrupulous people do not sell grain as seeds, and farmers have access 
to good quality seeds.  Where seed laws exist and are not functional, there is a need to strengthen the system 
through the establishment of active seed inspection units.

More and better organized associations/ cooperatives need to be established with agro-enterprise businesses 
supported through training and linkages to appropriate markets. These should take into consideration the 
lessons learnt from recent initiatives. Improved access for seed producers to credit, inputs, and market outlets 
for their products are also necessary.  Successful community-based seed production schemes should be 
assisted to transform themselves to micro-enterprises for sustainability. This could be further facilitated by the 

Figure 13. Number of farmers trained in seed production and postharvest handling in member 
countries, 1994–2006.
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provision of small items of equipment to seed producers. Given that seed producers who may be skilled in 
seed production might  lack skills in small business management, book-keeping, accounting, and marketing, 
the DTMA is currently organizing seed business management courses for seed companies in DTMA member 
countries.	Such	training	needs	to	be	intensified	and	participants	should	include	community-based	seed	
producers.  

The greatest impact of community-based seed production scheme would be in areas not currently served 
by seed companies where this system should be promoted. Educational awareness campaigns, variety 
demonstrations, and increased promotional activities by community seed producers are required to stimulate 
the demand for improved seeds. Apart from making available adequate quantities of breeder seeds of improved 
varieties to the informal seed production system, linkages with established seed companies are required.

A compilation of released varieties, their characteristics, adaptation, and sources of their seeds is required as 
some countries still lack this information. Such lists should be regularly updated as new varieties are released. 
A database and GIS on community-based seed production schemes would also be useful.

An assessment of the impact of WECAMAN’s intervention on the production and availability of seeds of 
improved	maize	varieties	is	needed.	It	would	be	beneficial	for	IITA,	CIMMYT,	and	the	NARS	to	prepare	action	
plans for scaling-up seed production in the countries participating in DTMA which should include indicators for 
seed production and a list of partners. 

Development of alternative uses of maize 
Concerns had been raised that too rapid increase in maize production could lead to a glut in the market and 
lower	maize	prices,	thus	making	maize	production	less	profitable	and	unattractive	to	farmers.	If	this	occurred,	
it could lead to disastrous consequences for the adoption of improved maize technologies. To address these 
concerns, WECAMAN facilitated the development of closer linkages and partnerships among key stakeholders 
in the maize sector. These included NARS, farmers, extension services, NGOs, processors, and markets 
for agricultural produce. At the same time, the Network endeavored to improve the capacity of NARS and 
other	stakeholders	to	influence	policies	that	would	strengthen	linkages	among		maize	research,	production,	
marketing, and processing. This was intended to encourage the ongoing support of appropriate stakeholder- 
driven research. WECAMAN therefore supported studies on maize marketing systems and utilization 
(Langyintuo 1999; Ahmed 2001; Gyasi 2003). These included the following: 
•	 Marketing studies in Ghana, Nigeria, and Togo. These showed that retail maize marketing was often 

dominated by women traders and wholesale marketing by men who had better access to capital and 
storage	facilities.	However,	both	men	and	women	reported	poor	transport	facilities	and	a	lack	of	finance	to	
purchase the crop from farmers.

•	 Postharvest and utilization studies in Chad, Cameroon, Mali and Nigeria. In Mali, the possibility was 
examined	of	replacing	wheat	flour	with	15,	30,	or	50%	of	maize	flour	instead	of	using	100%	wheat	flour	in	
making bread (moka). This showed that moka	prepared	from	50%	maize	flour	mixed	with	wheat	flour	was	
preferred to moka	prepared	from	100%	wheat	flour.	In	terms	of	storage,	no	significant	differences	were	
observed between moka	prepared	with	15,	30.	or	50%	maize	flour	and	that	prepared	with	100%	wheat	
flour.	Research	also	showed	that	a	QPM	variety,	Dembanyuman,	could	be	used	to	prepare	acceptable	
porridge for children just like the normal maize (Sotubaka), sorghum, and millet. Also, consumer acceptable 
biscuits	could	be	prepared	from	composite	flour	that	was	50%	Dembanyuman	and	50%	wheat	flour.	The	
technology was promoted in market development activities.

•	 Chad. Results	showed	that	wheat	flour	could	be	mixed	with	30%	maize	flour	for	the	preparation	of	
consumer	acceptable	biscuits.	Also,	an	infant	weaning	food	was	prepared	from	60%	fermented	maize	flour,	
20%	soybean,	8%	de-hulled	maize	flour,	and	12%	sugar.	In	addition,	consumer	acceptable	beignets were 
prepared	from	a	composite	flour	made	from	50%	maize	and	50%	wheat.	The	studies	also	showed	that	
spaghetti (douede), cake (soumbis), pancakes, beignets, biscuits, and couscous normally prepared from 
wheat	and	other	cereals	could	also	be	prepared	from	maize	flour	without	any	problem.	
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•	 Cameroon. Research	results	comparing	wet	and	dry	milling	of	maize	flour	after	removal	of	the	panicle	
showed	that	dry	milling	produced	relatively	higher	yields	of	flour	of	a	lower	grade.	However,	flour	from	wet	
milling took much longer to dry, thus requiring about 2.5 hours longer for each 5 kg of corn used. 

•	 Nigeria. A study to promote the expansion of the demand for maize as a livestock feed showed that three 
varieties of maize gave high forage yields when in-row spacing was reduced. Yields varied from 7 to 15 t/
ha  of dry matter (DM at milk stage; 7–15 t/DM/ha at dough stage, and 9–23 t/DM/ha at crop residue stage). 
A yield of 3-6 t/ha of grain  was obtained. Obatanpa gave the highest forage yield at all three stages of 
growth ranging from 7 to 14 t/DM/ha at milk stage; 10–20 t/DM/ha at dough stage, and 15–28 t/DM/ha at 
crop residue stage. It had the highest grain yield of 3–7 t/ha. With an application of 150 kg N/ha, the highest 
forage and grain yields were obtained for both TZEE-Y and TZPB; application of 100 kg N/ha gave the 
highest forage and grain yields for Obatanpa. 

Enhanced capacity of partners
The list of activities undertaken by WECAMAN to strengthen the capacity of partners included:  (i) sharing 
germplasm developed by the Lead NARS and IARCs, (ii) building leadership capacity to address issues of 
regional importance, (iii) upgrading the screening facilities of partners, (iv) building professional development 
and technical competence, (v) organizing training workshops for professionals and technicians, (vi) holding 
biennial	workshops	for	the	exchange	of	scientific	information	and	technologies,	and	(vii)	organizing	 
monitoring tours. 

Amongst WECAMAN’s main achievements was the Network’s capability for sharing maize technology and 
promoting spill over effects among participating countries. It successfully brought together WCA scientists to 
advance	the	development	of	Africa’s	scientific	community.	Through	its	workshops,	monitoring	tours,	and	short-
term training, the network facilitated steady professional growth and the development of the scientists in NARS. 
Visits by these scientists to other countries enabled them to gain experience and learn about the subregion, 
and to further enhance the development of a self-driven sustainable network.  

In	addition,	the	coordination	of	the	network	through	its	Steering	Committee	facilitated	the	identification	of	
regional priority research constraints and the development of the research leadership capabilities of NARS 
scientists.	This	made	a	significant	improvement	in		their	professional	capacity	and	competence	to	identify,	
plan, and implement relevant maize research. The network proved a practical means for building constructive 
relations among and within national programs, with responsibilities allocated between the well- and the less-
resourced NARS and international research centers, particularly IITA.

A key component of the capacity building included training at both professional and technician levels. This 
involved over 277 participants in courses ranging from 1 week to 5 months in length. From 1995 to 2003, over 
an 8-year period, 19 courses were run. These included courses on Striga resistance, methodologies for on-
farm testing and demonstration, technology adoption and agricultural policy changes, seed production, variety 
maintenance, data collection, processing, and analysis, as detailed in Table 18.

The outcomes of the training courses and workshops on the research capability and capacity of NARS included 
the following.
•	 Increased research output, as evident from the number of collaborative research projects executed at the 

national level.

•	 Improvement of capabilities in data analysis, as shown by the quality and number of technical reports and 
papers presented during the regional maize workshops.

•	 High	quality	presentations	of	scientific	papers	at	conferences.

•	 Preparation of well structured, focused, and convincing research proposals.

•	 Improvement of data recovery from collaborating NARS.

•	 Release of improved varieties and agronomic practices.
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Course title Year Duration No. of participants

Technician training courses (4 courses) 2001 5 months 52

Seed production 1995 2 weeks 27

Striga control and technology transfer 1995 2 weeks 8

Preparation of extension material 1996 1 week 15

Advanced statistical computing 1996 2 weeks 17

Farmer participatory methods of on-farm testing 1998 2 weeks 11

Impact assessment workshop 1998 2 weeks 6

Workshop on maize quality, processing and utilization 1998 2 weeks 13

Breeding for stress tolerance in maize 1999 1 week 13

Striga resistance breeding and marker-assisted selection in cereals 1999 1 week 10

Advanced statistical computing for breeders and agronomists 2000 2 weeks 14

Impact assessment of maize stress management technologies 2000 2 weeks 9

Travel workshop 2001 1 week 15

Biotechnology workshop on maize 2002 1 week 11

QPM development and seed delivery workshop 2003 2 weeks 32

Training Workshop on Statistical Computing for breeders, agronomists 
and social scientists

2007 1 week 24

Total  19 courses 277

Table 18. Capacity building activities of the NARS of WCA, 1994–2007.
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WECAMAN’s impact
The activities and achievements  of WECAMAN contributed to the impact of maize research and development in 
WCA	in	four	key	areas,	first	in	building	partnerships	through	improved	inter-institutional,	inter-country	and	inter-
personal	relationships	that	enhanced	trust	and	confidence	among	the	maize	scientists	and	other	stakeholders	of	the	
subregion, secondly through the development and release of improved varieties and agronomic practices, and thirdly 
through increased maize production and productivity leading to better  food security and poverty reduction.

Building partnerships
For about 25 years, WECAMAN put in place and sustained a research and development system for maize in 
the	subregion.	USAID	provided	financial	support	since	the	inception	of	the	maize	network.	IFAD	and	UNDP	
complemented USAID’s efforts from 1997. The governments of the various member countries also provided 
funds, infrastructure, and logistic support for maize research. These synergistic efforts stimulated the capability 
and initiatives of national scientists to solve maize production problems and to generate and/or identify and 
transfer appropriate technologies to end-users.

The impressive performance in generating and promoting technology was attributable largely to the 
mechanisms put in place for planning, implementing, monitoring, and evaluating the collaborative research 
projects and the collaborating scientists. Through both monitoring tours and consultation visits, the Network 
was able to identify serious research constraints for individual countries, such as problems in the mobility 
of scientists during the cropping season, lack of research funds, lack of an organized seed production and 
distribution system, non-availability of production inputs, and poor linkages among researchers, extension 
agents,	and	between	research	and	extension.	Furthermore,	training	needs	were	identified	and	training	courses	
and workshops were organized on the basis of the reports of the monitoring tours and consultation visits. 

Generally, monitoring tours and consultation visits contributed immensely to the development of national 
experts with increases in their horizon and depth. They have also improved the capability of national scientists 
to generate and transfer maize technology in the subregion. One of the greatest problems in regional 
collaborative research was when the individual country was doubtful about having full and uninhibited 
access to all the results and technologies emanating from projects executed in Lead countries. Apparently, 
WECAMAN did not face this problem. Actually, the understanding was that all participating countries would 
have unrestricted access to the results and technologies emanating, not only from the Lead countries, but from 
all other projects undertaken by the Network as well. To put this understanding into practice, the reports of all 
Network projects were published and made available to all collaborating countries. The results of the RUVTs 
and on-farm trials were also available to all countries. The results of all completed projects were presented at 
the biennial workshop of the Network and the proceedings were usually peer-reviewed and published. 

Lastly, all technologies emanating from the research activities were placed at the disposal of all collaborating 
countries	and	many	benefited	from	them.	One	secret	of	the	resounding	success	of	WECAMAN	was	its	
management structure. A democratically elected Steering Committee (SC) managed the Network. All member 
countries were represented on the SC. The SC provided a concerted effort in directing the Network by deciding 
the agenda for meetings, monitoring tours, seminars, and workshops, as well as in allocating research 
responsibilities to member countries. The SC monitored the performance of member countries, including 
sponsoring consultation visits to member countries for in situ interaction among scientists. If and when there 
was a problem in any member country, the SC promptly arranged a special visit to the country to investigate 
the problem and to proffer solutions as far as possible. Decisions taken at SC meetings were closely followed 
to execution. Similarly, the SC seriously considered and, in most cases, endorsed the recommendations 
of	consultants,	subcommittees,	and	any	committee	it	set	up	for	specific	issues.	The	idea	of	the	SC	as	the	
decision-making entity had been in operation in earlier regional projects, such as SAFGRAD, but the SC for 
WECAMAN introduced the research committee (ARC) system. The ARC screened all research proposals 
and recommended to the SC those to be funded. The ARC also evaluated the reports of the funded research 
projects and recommended to the SC projects which the Network should terminate or continue to fund. 
Members of the ARC were experienced scientists from countries that were not Network members. 
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One of the strong points was the level of transparency displayed in the allocation of competitive grants using 
the	ARC	approach.	With	this	approach,	WECAMAN	introduced	refinements	in	the	whole	system	of	allocating	
research	responsibilities	and	matching	grants	to	carry	out	such	researches.	These	increased	efficiency,	
ensured accountability and the judicious use of resources, and resulted in the conduct of high quality maize 
research in the subregion. It is evident that the ARC was an important player in these activities.

The mid-term and end-of-project reviews as well as impact assessments were also very useful in re-orienting 
the activities and emphasis of the Network. For example, the 1992 impact assessment study of WECAMAN 
recommended that a greater emphasis should be placed on combined agronomic innovations and the 
increased	integration	of	IARC	and	NARS	activities.	Other	weaknesses	of	the	Network	identified	were	a	lack	
of	competitiveness	in	the	allocation	of	research	funds,	the	need	for	an	efficient	system	to	retrieve	technical	
data	from	NARS,	specific	criteria	for	the	disbursement	of	funds	and	the	retrieval	of	expenditure	receipts.	
Following the impact study, steps were taken to address these issues and to correct the lapses. For example, 
the competitive grant system was introduced to make the NARS more creative and to ensure a judicious 
use of resources. Also, the emphasis of the Network was since then shifted from technology generation, for 
example, breeding, to technology transfer, for example, the on-farm evaluation of improved technologies (Figs 
5 and 6). From 1994 to 2002, about 30% of WECAMAN’s funds were allocated to technology transfer whereas 
the combination of transfer of technology and community seed production was allocated 46–55% of the total 
Network funds from 1996 to 2002. This represented a reduction in the funds allocated to technology generation 
from 40% in 1994 to only 7% in 2002.

All the technology-generating projects involved interdisciplinary teams of breeders (usually as the team 
leaders), entomologists, pathologists, and agronomists, and, in some cases, socio-economists. On the other 
hand, technology transfer, adoption, and impact assessment studies had socio-economists (as team leaders) 
and scientists from several other relevant disciplines.

The appointment of the ARC to review research proposals, allocate funds and evaluate progress reports went 
a long way towards correcting the lapses mentioned earlier. Similarly, monitoring and evaluation of the impact 
of the Network in 1996 showed that the rate of adoption of the technologies was constrained by several factors. 
These were the high price and non-availability of inputs, poor seed production and distribution, inadequate 
on-farm testing of available technologies, inadequate numbers of extension workers, and poor researcher–
extension farmer linkages. WECAMAN, therefore, employed strategies to facilitate the better adoption of 
the available technologies. These included the commissioning of studies on alternative methods of soil 
management, development of community seed production schemes, use of farmer participatory methods and 
production test plots as tools to test and demonstrate new technologies, and strengthening of the research–
extension–farmer linkages. The Network also funded marketing studies to document the evolution of domestic 
maize	production	and	how	it	could	be	used	to	influence	policy	in	member	countries	(Badu-Apraku	et	al. 2003).

Although increased maize production in the subregion  resulted from the collective effort of many players, 
WECAMAN was a central component of the team effort. Results of impact studies funded by the Network in 
most	of	the	member	countries	clearly	justified	the	investment	in	maize	research,	training	and	development	
activities in the subregion (Badu-Apraku et al. 2003). For example, in Burkina Faso, there was an internal rate 
of return   (IRR) of 35% from maize research during the period 1982–1998. There was a high level of adoption 
of improved maize varieties to satisfy the needs of farmers (Laraba 2001). In a similar study in Nigeria, varietal 
adoption rates, social rates of return, and net social gains from maize research and extension during the period 
1986–1997 were obtained (Phillip 2001). The study indicated annual varietal adoption rates of 8% for local 
varieties,, 50% for OPVs, and 43% for hybrid varieties, an IRR of 23%, and the net present value (NPV) of 
about $330 000 during the 1986–1997 period. Incremental yield gains by OPVs and hybrid varieties improved 
both the IRR and NPV. In Mali, the adoption rate of the improved varieties during the period from 1991 to 
1996 was 74% (Sanogo et al. 2001). The improved maize varieties taken up included Tiamante, adopted by 
more than 50% of the producers, Tuxpeno by 38%, TZE-SR-W by 22%, EV 8422-SR by  15%, and Sotubaka 
by 10%. The net income of the maize producers was about $200/ha for improved varieties compared with 
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about $95/ha for local varieties, an increase of about 110%. The reasons mentioned by the farmers in the 
subregion for adopting the improved varieties were high grain yield, early maturity, desirable taste, ease of 
processing	and	storage,	good	flour	yield,	and	increased	income	(Enyong	et	al. 1999; Onyibe et al. 2001). 
Thus, through networking involving national and international research programs, regional constraints to 
increased maize production were  tackled by scientists in WCA. The effort gradually ushered in a maize-based 
Green Revolution in the subregion (Fakorede et al. 2003). However, a full-blown maize revolution would be 
achieved when farmers practiced intensive maize production. For farmers to do this,  policy impediments to 
higher	production	and	trade	inefficiencies	negating	the	realization	of	the	full	potential	of	maize	in	the	subregion	
needed to be critically examined. CORAF/WECARD (Conseil Ouest et Centre Africain pour la Recherche et 
le Développement Agricoles / West and Central African Council for Agricultural Research and Development) 
as the regional research coordinating body has a critical role to play in this respect. CORAF/WECARD in 
collaboration with WECAMAN need to energize the NARS in each country to encourage the creation of 
appropriate national policy environments for greater maize production and improved trade. CORAF/WECARD 
need	also	to		become	actively	involved	in	advocacy	at	the	national	and	subregional	levels	to	influence	national	
governments to support public research systems and investment in public goods.

An important noticeable achievement was that, over time, there was a marked improvement in the participation 
by NARS  and their contribution to the presentation of technical papers at conferences and workshops 
organized by the Network. Also, the management was NARS-driven. Thus, the stage was set for the NARS to 
increase their leadership role in the Network.

Several lessons could be drawn from WECAMAN’s experience in the generation and transfer of maize 
technology. First, it was possible to secure subregional collaboration to carry out relevant and quality research. 
To secure collaboration, the activities had to address problems of common and regional interest. The 
anticipated	benefits	had	to	be	well	defined;	NARS	had	to	be	part	of	the	process	of	assessing	their	research	
capabilities and, by implication, part of the decision-making in the assignment of roles. In addition, there 
was the need for human capacity building, sustained funding, adequate infrastructure, and logistic support 
from stakeholders,  donors, national governments, international centers, and regional and national research 
institutions. Secondly, the mechanisms for planning, implementing, monitoring, and evaluating activities had 
to be transparent and continuously assessed with a view to improving output. The process of monitoring 
and evaluation did not have to be limited to the research projects, but had to include the collaborating 
scientists as well. The results of evaluation had to be be fed back into the technology generation, transfer, 
and adoption process. A management structure that left the NARS in charge of the affairs of the technology 
generation and transfer process had the advantage of creating a sense of ownership, and prepared NARS 
to assume leadership roles. Thirdly, it was possible to apply science to solve complex agricultural production 
problems to achieve impact. This was achieved by each stakeholder focusing on what it could  do best – 
IARCs concentrated on research that NARS did not have the comparative advantage to implement, provided 
backstopping to NARS and facilitated the exchange of germplasm and other technologies among NARS; 
participating NARS focused on research in which they had capabilities; and donors and national governments 
provided the required funding support.

Through the collaborative research projects, the Network i) optimized the strength and comparative advantage 
of	strong	NARS	(Lead	Centers)	by	assigning	them	specific	research	problems	identified	as	principal	constraints	
to maize production in WCA; ii) motivated NARS scientists to increase research output and to be creative; iii) 
enhanced the capability of the national research and extension system to generate and promote technology; 
and iv) improved the research management capability of NARS scientists by ensuring accountability and 
maximum	returns	from	the	Network’s	research	funds	allocated	to	specific	projects.	The	Network’s	experience	
provided a valuable lesson in subregional cooperation through rationalizing resources, as well as strengthening 
the capacity of countries to generate and transfer technology to address crop production constraints. Also, for 
effective operation, subregional organizations  should in future focus on the creation of appropriate national 
policy	environment	for	greater	food	production	and	better	trade	and	influence	national	governments	to	support	
public research systems and investment in public goods.
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Releases of maize varieties in WCA  
A total of 379 maize varieties were released in WCA over the period 1965–2006; of these, 267 were 
released between 1965 and 1998 and a further 112 varieties between 1998 and 2006 (Arega et al. 2009). 
Of the total of 379 new varieties released, 68% resulted directly from the activities of the public sector and 
32% from activities of the private sector, although most of the germplasm used by the private sector came 
from public research.  

Nigeria had the highest number of releases, 82 (being 22%) of the total number, with private seed 
companies accounting for 48 (59%) of country releases, followed by Burkina Faso, 59 releases (16%), 
Senegal 47 (12%), and Ghana, 36 (9%) (Table 19).

Over 90% of variety releases were OPVs; this was consistent with the focus on small-scale farmers 
(Byerlee	and	Heisey	1996);	the	rest	were	hybrids,	including	QPM.	This	emphasis	on	OPVs	reflected	a	view	
that farmers could afford and would purchase fresh seeds every cropping season, although this is required 
to maintain the yield advantages of hybrids, whereas OPV seeds could  be recycled for a number of years, 
although ideally for not more than three or four seasons. 

The annual release of new maize varieties increased markedly from less than a single variety in the 1970s 
to	about	five	varieties	during	the	1980s	and	1990s	(Manyong	et	al.	2003)	and	over	12	varieties	after	the	late	
1990s.  

In 2007, 51 varieties of maize were multiplied (Fig. 14). 

Thirty-two varieties had been released and another 31 were due for release in four of the 11 countries in 
WECAMAN (Table 20). Many of these varieties were in the pipeline for release when WECAMAN funding 
ended in 2007.

Key varieties emanating from research efforts included early and extra-early OPVs  with resistance/
tolerance to Striga, drought and MSV for drought prone areas, postharvest methods, and crop management 
practices. The extra-early variety TZEE-W SR BC5 was released in seven countries while the early and 
drought tolerant variety Pool 16 DT was released in six countries through on-farm tests and demonstrations 
funded in  member countries from 1994. A total of 20 extra-early and 30 early varieties were made available 
to	farmers	in	WCA	through	WECAMAN.	Obatanpa,	a	QPM	variety	with	good	N-use	efficiency	which	
was developed in Ghana, was vigorously promoted in the subregion. This variety was released in all the 
member countries. 

Country

Public sector Private sector Total

Number % of country total Number % of country total Number % of WCA total

Nigeria 34 41 48 59 82 22
Burkina Faso 33 56 26 44 59 16
Bénin 22 76 7 24 29 8
Cameroon 27 100 0 0 27 7
Ghana 22 61 14 39 36 9
Togo 19 70 8 30 27 7
Senegal 31 66 16 34 47 12
Mali 14 78 4 22 18 5
Côte d’Ivoire 8 100 0 0 8 2
Chad 14 100 0 0 14 4
D.R. Congo 20 100 0 0 20 5
Guinea 12 100 0 0 12 3
Total 256 68 123 32 379 100
Source: Arega el al. 2009.

Table 19. Number of maize varieties released by country in WCA, 1965–2006.
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Figure 14. Number of maize varieties being multiplied in 2007. (Source: Sanogo et al. 2009).

Table 20. Registered and in the pipeline drought tolerant Hybrid and OPV maize varieties in WCA, 2011.

Country Number  
of varieties Names of varieties

Registered varieties 

Nigeria 14
EV DT 99 STR, TZE Comp3 DT, Pool16 DT,  2000Syn EE-W, 99

TZEE-Y STR, DT W STR C0, IWD C2 Syn F2, EV DT-Y 2000 STR, 2000 Syn EE-W STR QPM 
C0 , 99TZEE Pop STR QPM C0, 0501– 1 –STR, M0926 – 7,  M0926 – 9, M0926 – 8.

Ghana 9 Dorke SR, Dodzi, Akposoe,TZE W Pop STR QPM C4, EV DT W99 STR QPM C0, TZEE-Y-Pop 
STR QPM C0,, Mamaba, Etubi, Golden Jubilee.

Bénin 7 2000 Syn EE-W,  TZEE-Y Pop STR C4, EV DT 97 STR, TZE Comp. 3 DT, Bag 97 TZE Comp. 3 
DT, DT SR-W,  IWD C2 Syn F2.

Mali 2 Jerobana, TZEE-Y STR.
In pipeline for release

Nigeria 10

EV DT-W 2008 STR, EV DT-Y 2008 STR, TZE-W DT STR C4, TZE Y DT STR QPM C0,  EV 
DT 2000-Y STR QPM, 2008 DTMA – Y STR, DTE  W STR SYN,TZE-Y Pop DT STR x TZEI 11, 
(TZEI 17 × TZEI 157) × TZEI 129, (TZEI 135 × TZEI 17) × (TZEI 16 × TZEI 157)

2004 TZE-W Pop STR C4, 2004 TZEE-W Pop STR C4,  TZE-Y Pop DT STR × TZEI 11

Ghana 8

TZEI 129 × TZEI 17) × TZEI 157, TZE Comp3 DT C2F2.

EV DT- Y 2000 STR QPM C0, TZEE-W POP STR C4, EV DT-Y 2000 STR QPM C0;, BAG TZE 
COMP. 3  4, TZE-W DT STR C4, TZE-Y DT STR C4

Bénin 7

TZE-W Pop DT STR × TZEI 22, (TZEI 135 × TZEI 17) × TZEI 157.

EV DT- Y 2000 STR QPM C0, TZEE-W POP STR C4, EV DT-Y 2000 STR QPM C0, TZE-W DT 
STR C4, TZE-Y DT STR C4

Mali 6 DT SR6 W CO, IW DC 2 SYN F2, DT C2 SR W, DT SR Y SYN 2  
TZE-W Pop DT STR × TZEI 22, (TZEI 135 × TZEI 17) × TZEI 157
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Adoption of improved maize varieties 
Adoption studies undertaken in Bénin, Cameroon, Ghana, Nigeria, Burkina Faso, Mali, and Togo showed high 
rates of adoption. In Ghana, the proportion of farmers growing improved maize varieties increased from about 
20% in 1988 to 75% in 1999, with an annual adoption rate (b-value from the linear regression equation) of 
about 5.8% (Fig. 15). 

Similarly in the  cotton production areas of Mali, the annual adoption rate of new maize varieties was about 
2.4% from 1992 to 1997 (Fig. 16). 

Figure 15. Cumulative adoption of improved maize varieties by farmers in 
northern Ghana, 1988–99 (adapted from Gyasi et al. 2003).

Figure 16. Cumulative adoption percentage of improved and local maize varieties by farmers 
in the cotton production zone of Mali, 1992–1998 (adapted from Sanogo et al. 2001).

(y=5.79x	−	493	(s.e . slope = 0.297; 
intercept = 27.8; r2 = 0.97**)

Local variety y=2.43x+253;  
improved variety y=22.43x−153	
for both lines: s.e. slopes = 0.452;  
intercepts = 42.7; r 2 = 0.88∗∗.
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A study conducted in the NGS of Nigeria during the period 1986–1997 showed that by 1997, only about 8% 
of the farmers were growing local varieties whereas about 50% had adopted improved OPVs and 43% had 
adopted hybrid varieties  (Phillip 2001).  

A study conducted in 2000 in the 11 countries that produced over 90% of the total maize grain in WCA showed 
an average of 37% of the land area under maize was planted to improved varieties showing a 41% increase in 
total grain production and a yield advantage of 45% of improved over local varieties (Manyong et al. 2003). 

Maize area and yield trends in WCA
The Network contributed to increased maize production and productivity through the movement of maize into 
new areas, which would have been impossible without the availability of the early and extra-early varieties. 
The impact on production was largely through bringing in new areas, which hitherto had been unproductive 
under maize production. The impact on yield per unit land area was quite low because of the poor functioning 
of agricultural input supply systems and the macroeconomic reforms initiated in many of the countries from the 
1980s, which had the effect of reducing the use of fertilizer on maize. 

Data from FAO (FAOSTAT 2011) show that while the area of maize cultivated and maize yields in WCA 
stagnated during the 1970s;they increased substantially after the 1980s.  Yields increased from less than 1 t/ha 
in 1970 to nearly 2 t/ha in 2009, with an annual average growth rate of 2.4%.This steady growth from the 1980s 
coincided with several national and international maize research initiatives in the 1970s, described earlier, 
leading to the development of important technologies from the 1980s up to the present time, with WECAMAN 
playing a key role through much of this period. Yield increases accounted for about one-third of the observed 
growth of maize production, while the maize area cultivated increased by over 3% annually or by 175% over a 
40-year period. Yield/ha increased by slightly over 100% in the same period (Fig. 17).  

In Nigeria, the increased availability of new maize varieties adapted to the savanna zones, coupled with 
fertilizer subsidies initially over 80%) improved infrastructure and support services; Established product markets 
favored maize production that led to the rapid expansion in area (Smith 1994).  In fact, areas planted also 
expanded substantially from the early 1980s to the mid-1990s, but declined thereafter mainly because of the  
removal or reduction of subsidies in several countries in the region.
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Annual growth rate varied from –1.4% in Chad to 5% in Côte d’Ivoire with an overall mean of 1.9% over the  
40-year period (Fig. 18).

A comparison of FAO data on land area, total production and yield/ha for maize from 1990–1992 to 2008/2009 
for	the	same	11	countries	in	WECAMAN	,	shows	that	nine	countries	had	significant	increases	in	land	area	
under	maize,	ten	had	increased	their	total	grain	production,	and	ten	had	significant	increases	in	yield	per	unit	
land area (Table 21).

A study of total annual production across the eight countries between 1990 and 2008 showed a mean grain 
yield increase from 0.9 t/ha in 1990 to 1.7 t/ha in 2008, an 89% increase, although there were large variations 
among countries.The greatest yield/ha increases were noted in Cameroon (247%), Mali (235%), Nigeria 
(149%), Burkina Faso (139%), and Ghana (122%) and the lowest in Chad (–16%), Bénin (26%), Togo (32%), 
and Guinea (44%).

Returns to investment
With funds becoming increasingly scarce, it was imperative to justify further investments in maize research 
in the subregion by showing the early impact of the research. WECAMAN therefore sponsored NARS social 
scientists from Burkina Faso, Togo, Bénin, Ghana, Nigeria, Cameroon, Côte d’Ivoire, and Mali to attend impact 
assessment training workshops organized by Purdue University and INSAH, a regional NGO. After these 
workshops	financial	support	was	provided	to	undertake	impact	studies	in	these	countries.

In Burkina Faso, an economic model used to determine the impact of maize research and extension in 
improving social welfare showed an IRR of 35.3% during the period from 1982 to 1998 (Laraba 2001). The 
study revealed a high rate of adoption of improved and released maize varieties. 

In Nigeria, a study using a combination of cross-sectional and time series data, varietal adoption rates, social 
rates of return and net social gains from maize research and extension during the period 1986–1997 was 
undertaken (Phillip 2001). This showed annual varietal adoption rates of 7.8% for local varieties, 49.6% for 
improved OPVs, and 42.6% for hybrid varieties, with an IRR of 23% from the research investment over this 
period. 

Figure 18. Maize yield growth rates in selected WCA countries, 1970/1971–2008/2009. 
Source: FAOSTAT 2011.
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In Mali, a study covering the period 1991 to 1996 showed that improved maize varieties had been adopted by 
more than 50% of producers. The main reasons given by farmers for adoption included high grain yields, early 
maturity,	desirable	taste,	ease	of	processing	and	storage,	good	flour	yield,	and	increased	income.	The	study	
showed a net income for maize producers of around $200/ha for improved varieties compared with about $95/
ha for local varieties, an increase of over 100% for the improved varieties. The constraints to wider adoption of 
the improved varieties included farmers’ inadequate knowledge about the importance of using improved seeds 
and a lack of information on the improved varieties (Sanogo et al. 2001).

In the Northern Province of Cameroon, a farm-level survey of 345 farm households in 16 villages showed that 
maize was quickly replacing sorghum in the diet and cropping systems of rural households. This was found 
to be linked to several factors, including mainly early maturity, high yield, better taste and color, high market 
prices, and availability during the hunger period (Enyong et al. 1999).

Results indicated that maize technology adoption rates, social rates of return, and the social gains from the 
maize research and extension had been positive and that investment in maize research and development 
during	the	period	was	justified.	WECAMAN	had	clearly	stimulated	national	scientists	to	solve	production	
problems	with	significant	returns	on	investment	in	maize	programs	estimated	to	be	74%	in	Ghana,	78%	in	
Burkina Faso, and over 100% in Mali over the past decade (Oehmke 1997).

The increasing availability of new maize varieties adapted to the savanna zones, with high yield potential 
and increased tolerance to multiple biotic and abiotic stresses together with fertilizer subsidies and improved 
infrastructure and support services, changed the status of maize from a minor crop in the 1970s to one of 
the most important food and cash crops in the 1990s (Smith et al. 1994). However, there was little empirical 

Country Area harvested (‘000 ha) Production (‘000 t) Yield (t/ha)

1990–1992 2008–2009 % increase 1990–1992 2008–2009 % increase 1990–1992 2008-2009 % increase

Bénin 413 835 102 413 1092 164 1.0 1.3 26

Burkina 
Faso

201 1092 443 302 597 98 0.7 1.6 139

Cameroon 220 699 218 396 699 76 0.6 1.9 247

Chad 270 225 –17 243 218 –10 1.1 0.9 –16

Côte 
d’Ivoire

675 303 –55 540 681 26 1.3 2.2 80

Ghana 525 898 71 683 1545 126 0.8 1.7 122

Guinea 90 473 425 81 759 836 1.1 1.6 44

Mali 172 408 137 224 1086 385 0.8 2.6 235

Nigeria 1517 3591 137 1820 7432 308 0.8 2.1 149

Senegal 104 214 106 114 363 218 0.9 1.7 85

Togo 270 434 61 243 624 157 1.1 1.5 32

Total/mean 4457 9168 106 5059 15091 198 0.9 1.7 89
1Improved technologies include

Table 21. Maize production trends through adoption of improved technologies1 in selected WCA countries, 1990-1992 
and 2008-2009.

i. New varieties 
ii. Optimal plant population for higher grain yield of early and extra-early varieties
iii. Optimal time of fertilizer application (top dressing) for increased yields of early and extra-early varieties
iv. Use of local sources of fertilizer and organic matter for soil improvement
v. Use of one row of maize to two rows of groundnut in a maize–groundnut association
vi. Use of appropriate dates of planting in maize–legume intercrops to maximize grain yield
vii. Use of maize–legume rotations to control Striga, improve soil fertility and maize grain yields
       Source: FAOSTAT database 2011.
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evidence on the impact of maize research in WCA. The economic and poverty reduction impacts of maize 
research were estimated in Bénin, Burkina Faso, Cameroon, Côte d’Ivoire, Ghana, Guinea, Mali, Nigeria, 
Senegal, and Togo, which together account for about 85% of maize production in WCA, using data on variety 
release, adoption, and yield gains as well as research investments (Arega et al. 2009). The results showed that 
the adoption of new varieties increased from less than 5% of the maize area in the 1970s to about 60% in 2005, 
yielding an aggregate rate of return to research and development investment of 43%. The annual estimated 
number of people moved out of poverty through adoption of new maize varieties rose gradually in the 1980s to 
more than one million people from the mid-1990s. Both IITA and WECAMAN contributed to the recorded impact 
of maize in the subregion. 

Future	research	accounting	for	the	non-yield	benefits	of	modern	varieties,	such	as	early	maturing	varieties	
that tolerate drought and avert possible hunger and QPM varieties that improve nutrition and health, is likely to 
reveal	even	greater	benefits	from	maize	research.	The	results	suggest	that	poverty	in	the	region	would	have	
been substantially worse had there been no research to increase, or at least maintain, maize yields in the face 
of pest and disease pressure, soil fertility decline, and area expansion onto marginal lands. There is no sign 
of	any	decline	in	the	benefits	from	modern	varieties	of	maize	in	the	region,	suggesting	that	maize	research	
will	continue	to	be	a	factor	in	reducing	poverty.	If	there	is	any	decline	in	variety	adoption	and	benefits,	this	
would	likely	be	due	to	constraints	outside	the	research	system.	For	example,	the	benefits	from	maize	research	
stagnated during the late 1990s when area planted to maize declined and the area under modern varieties 
stagnated after the removal of fertilizer subsidies and the collapse of support services. High fertilizer prices and 
poor	access	to	credit	together	reduce	the	profitability	of	modern	varieties	and	limit	further	adoption.	For	Nigeria,	
which actually accounted for much of the decline in maize area during the late 1990s, the fertilizer liberalization 
policy adopted in 1996 effectively ended the heavy subsidies of up to 85% and resulted in a sharp decline in 
fertilizer use from over 500,000 t in 1994 to about 100,000 t in 1999 (Bumb et al. 2000). The evidence points 
to the fact that the impacts of research investments are conditioned by farmers’ physical and economic access 
to	a	number	of	complementary	inputs.	High	rates	of	return	to	agricultural	research	are	difficult	to	sustain	in	an	
environment where farmers do not have  accessible or affordable inputs. 

WECAMAN’s contribution to other development initiatives
A number of other recent development initiatives used the new maize varieties and management practices 
developed by WECAMAN. Project activities involved the close integration of research and development which 
came	to	be	known	as	Research	for	Development	or	R4D.	This	was	typified	in	a	CIDA-funded	project	in	Nigeria,	
Promoting Sustainable Development in Borno State (PROSAB) and the SSA Challenge Program Pilot Learning 
Site in Kano-Katsina-Maradi in northern Nigeria and southern Niger under the aegis of the Forum for Agriculture 
Research in Africa (FARA) (Ellis-Jones et al. 2009; Kamara et al. 2010). 

Both projects were based on building strong partnerships, the use of participatory approaches, the strengthening 
of farmers’ and community-based organizations, gender mainstreaming, and the use of research knowledge 
and new technologies. Both resulted in the widespread adoption of new crop varieties, increased yields, and 
improvements in the lives of target communities. The approach used was to identify, develop, and promote 
new and appropriate technologies based on the use of mother, daughter, and granddaughter trials. These 
built on WECAMAN’s plant breeding work and proven crop management practices as well as on developed 
community-based seed production schemes and included the establishment of mother trials across different 
agroecological	zones	in	Borno,	Kano,	and	Katsina	States	This	provided	further	useful	scientific	information	on	
a	range	of	new	crop	varieties	and	management	practices.	The	mother	trials	were	an	important	first	step	in	a	
technology development process. They were researcher-managed,  testing and demonstrating technologies in 
local conditions before further testing by farmers and promotion to the wider farming community. The mother 
trials were visited by farmers and extension workers from adjoining areas who selected options they considered 
best for their circumstances and who subsequently established daughter trials on their own farms. Mid- and end-
of-season evaluations involving many other farmers and facilitated by local extension agents resulted in more 
farmers testing some of the technologies on their own. This was the granddaughter stage from which further 
adoption was encouraged (Kamara et al. 2005). This process is illustrated in Figure 19.
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In	both	projects,	lack	of	access	to	improved	seeds	had	been	identified	very	early	as	a	major	constraint	and	
support for local community-based seed production was essential. A number of different seed producer 
associations were supported, one of which, the Jirkur Seed Producers Cooperative, subsequently received a 
grant from the Alliance for a Green Revolution in Africa (AGRA) to support increasing commercialization of its 
activities. Today Jirkur continues to play a major role as an emerging seed company in ensuring farmers have 
access to improved varieties at affordable prices.  

Improved crop varieties introduced in this way included early and extra-early maturing maize varieties resistant 
to Striga and tolerant to drought, often grown in rotation with soybean in legume–cereal rotations helping to 
improve soil fertility and reduce the incidence of Striga. 

More recently Drought Tolerant Maize in Africa (DTMA) and Striga projects funded by the Bill and Melinda 
Gates Foundation are also building on WECAMAN’s successes in WCA (La Rovere et al. 2010). Both these 
projects	aim	at	accelerating	the	development	of	new	maize	varieties	which	will	significantly	improve	tolerance	
to drought and Striga with targets for increasing yields by 1 t/ha under stress conditions. At the same time, 
the projects aim to increase maize productivity by 20–30% on adopting farms, reaching 30–40 million people 
across SSA and providing additional grain with an annual average value of US$ 160–200 million. This is 
intended to be accomplished by distributing both OPV and hybrid varieties with increased tolerance to drought 
and Striga	and	at	the	same	time	boosting	farmers’	confidence	to	adopt	other	productivity-enhancing	cultural	
practices, such as weeding and the application of higher levels of fertilizer. Such actions are intended to 
augment the effects of the adoption of these maize varieties and increase the currently low proportion of  
small-scale farmers who regularly sell maize surpluses.

Figure 19. Process for getting research into use.  
(Source:  Ellis-Jones et al. 2009).
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Lessons from WECAMAN’s achievements

Overview
Through its collaborative research projects, WECAMAN i) optimized the strength and comparative advantage 
of	strong	NARS	(Lead	Centers)	by	assigning	them	specific	research	problems	identified	as	principal	constraints	
to maize production in WCA; ii) motivated NARS scientists to increase research output through improved 
creativity; iii) enhanced the capability of the national research and development systems to generate and make 
new knowledge increasingly accessible to end-users; and iv) improved the research management capability 
of NARS scientists by ensuring accountability and high returns to the Network’s research investments. The 
Network’s experience provided valuable lessons in subregional cooperation through rationalizing resource 
use and strengthening the capacity of member countries to generate and transfer technology to address crop 
production constraints.  In particular, it has shown as follows:
i) Increasing maize productivity on a sustainable basis represents an important strategy for improving food 

insecurity and reducing poverty in WCA.
ii) Increased access to and use of stress tolerant maize varieties are the key to increasing maize productivity 

and maize production.
iii) Developing a functional, effective, vibrant, and streamlined seed sector is critical at both the national and 

regional levels to ensure new maize varieties reach the maximum number of farmers. 
iv) A good understanding of the dynamics of the seed sector is required to improve the performance of the sec-

tor.	This	requires	the	identification	of	the	key	stakeholders	and	their	roles	and	how	they	relate	to	one	another;	
a	thorough	understanding	of	the	seed	value	chain,	entrepreneurial	opportunities,	and	potentials	for	profitable	
seed enterprises at the producer, market, and consumer levels.

v) The private sector can and should play an increasingly important role in the procurement and distribution of 
improved maize varieties in the countries of the region.

vi) Public sector support in providing an enabling  environment for private sector participation in the market is 
indispensable.

Lessons from the past
Common challenges to improving maize productivity and a need to harness and rationalize the use of what was 
available in the subregion in the face of dwindling resources, necessitated the establishment of WECAMAN. 
Over	two	decades,	WECAMAN	helped	to	expand	substantially	the	training	and	scientific	capacity	of	the	NARS	
in WCA where the Network played a key role in planning, coordinating, implementing, and evaluating maize 
research. The NARS successfully produced new knowledge and helped to ensure access to extension agents, 
farmers, and other partners. The wide adoption of new technologies led to increased maize production and 
productivity and has contributed to a maize-based Green Revolution in WCA (Fakorede et al. 2003) with 
significant	returns	to	these	research	investments.		Key	lessons	were	as	follows:	

Funding arrangements. WECAMAN put in place and sustained a research and development system for 
maize	in	the	subregion	for	over	25	years	with	USAID	providing	financial	support	since	the	inception	of	the	
Network. In addition, IFAD and UNDP complemented USAID’s efforts over the period from 1998 to 2005. The 
Nippon	Foundation	contributed	funds	from	2003,	specifically	for	the	development	of	QPM.		The	governments	
of the member countries also provided funds, infrastructure, and logistics support for maize research. These 
synergistic efforts stimulated the capability and initiatives of national scientists to solve production problems and 
to generate and/or identify and transfer appropriate technologies to end-users.

Governance and funding allocation. A major reason for the resounding success of WECAMAN was its 
governance and management structure, which included a democratically elected SC on which all member 
countries were represented. The SC was responsible for managing the Network and directed it through 
agendas settings, allocating research responsibilities, arranging monitoring tours, seminars, and workshops. 
Specific	problems	in	member	countries	were	addressed	through	special	visits	to	investigate	and	proffer	
solutions. Decisions taken at SC meetings were closely followed to execution. Similarly, the SC considered 
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and, in most cases, endorsed the recommendations of consultants and any committees it established. In 
particular the ARC of experienced scientists from countries that were not members of WECAMAN screened 
and recommended research proposals, evaluated reports, and made recommendations concerning ongoing 
funding. In this way, the Network became increasingly transparent in its allocation of competitive grants. This 
increased	efficiency,	ensured	accountability	and	the	judicious	use	of	resources,	and	resulted	in	the	conduct	of	
high quality maize research. Clearly the ARC was an important player in WECAMAN’s activities. 

Human capacity building.	Training	needs	were	identified	and	training	courses	and	workshops	were	organized	
on the basis of reports of monitoring tours and consultation visits. These contributed immensely to the capability 
of national scientists to generate and transfer maize technology and to the development of national experts with 
a broader horizon and greater depth.

Monitoring and evaluation. Mid- and end-of-project reviews as well as early impact assessment were 
essential in re-orienting the Network’s activities and focus. For example, an assessment in 1992 recommended 
that a greater emphasis be placed on integrating agronomic innovations with varietal selection and the closer 
integration	of	the	activities	in	IARCs	and	NARS.	It	identified	a	lack	of	competitiveness	in	the	allocation	of	
research	funds,	the	need	for	an	efficient	system	to	retrieve	technical	data	from	NARS,	and	the	establishment	
of	specific	criteria	for	the	disbursement	of	funds	and	retrieval	of		expenditure	receipts.	Steps	were	then	taken	
to address these concerns that led to the introduction of the competitive grant system, thus ensuring greater 
creativity and the judicious use of resources. 

Also the Network took steps to ensure that the knowledge generated became more accessible to end-users 
and increased funding for this purpose.  For example, from 1994 to 2002, some 30% of WECAMAN’s funding 
was allocated to knowledge transfer and from 1996 to 2002, this was increased to 55%.

Development of alternative uses of maize for an expanding market. The Network also funded marketing 
studies	to	document	the	evolution	of	domestic	maize	production	and	how	it	could	be	used	to	influence	policy	in	
member countries (Badu-Apraku et al. 2003).

Impact assessment. Early assessment of the impact of the Network’s activities showed that the rate of 
adoption of the technologies was constrained by several factors, including the high price and non-availability of 
inputs, poor seed production and distribution; inadequate on-farm testing of available technologies; inadequate 
extension workers and poor linkages among researchers, extension, farmers, and other stakeholders. 
WECAMAN, therefore, developed strategies to facilitate the better adoption of the available technologies, 
including the commissioning of studies on alternative methods of soil management; development of 
community seed production schemes; use of farmer participatory methods involving on-farm testing to test and 
demonstrate new technologies; and the strengthening of partnerships among stakeholders. 

Research achievements. WECAMAN effectively used the following as mechanisms for monitoring and 
evaluating its performance in research project development, implementation, and outputs attendance and 
quality	of	papers	presented	at	technical	conferences	organized	by	the	Network;	scientific	monitoring	tours;	
consultation visits; mid-term reviews; end-of-project reviews, and impact assessment. The success of this 
approach was  attributed to the effective mechanisms put in place for the monitoring and evaluation of its 
performance,	the	strategy	of	Lead	Centers	and	the	efficient	and	effective	management	structure	involving	the	
ARC and the SC. Consequently, WECAMAN’s research and development activities had a major impact on 
maize production in the subregion. 

Conclusions
A number of conclusions can be drawn from WECAMAN’s experiences. First, it is possible to secure 
subregional collaboration to carry out relevant and quality research. To secure this collaboration, the activities 
should	address	problems	of	common	and	regional	interest.	The	anticipated	benefits	should	be	well	defined;	
NARS should be part of the process of assessing their research capabilities and, by implication, part of the 
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decision in the assignment of roles. In addition, there is the need for human capacity building, sustained 
funding, adequate infrastructure, and logistic support from stakeholders – donors, national governments, 
international centers, and regional and national research institutions. 

Secondly, the mechanisms for planning, implementing, monitoring and evaluating activities should be 
transparent and continuously assessed with a view to improving output. The process of monitoring and 
evaluation should not be limited to the research projects, but involve the collaborating scientists as well. The 
results of evaluation should be fed back into the technology generation and transfer process. A management 
structure that leaves the NARS in charge of the affairs of the technology generation and transfer process has 
the advantage of creating a sense of ownership and prepares NARS to assume leadership roles. 

Thirdly, it is possible to apply science to solve complex agricultural production problems to achieve impact. 
This is achieved by each stakeholder focusing on what it can do best – IARCs concentrating on the research 
that NARS do not have the comparative advantage to implement, providing backstopping and facilitating the 
exchange of germplasm and other technologies between NARS; participating NARS focusing on research in 
which they have capabilities; and donors and national governments providing the required funding support.

Lessons for the future 
Despite the success in improved maize production recorded in the subregion, serious challenges remain to be 
overcome if the products of maize research are to maintain the growth required to ensure that food continues 
to	be	available	for	growing	populations	and	that	the	poorest	and	most	vulnerable	also	benefit.		The	increased	
maize productivity has resulted from extensive rather than intensive cultivation (Fakorede et al. 2001). Statistics 
from FAO show that average maize yield in the subregion increased from the long-standing 1.0 t/ha to about 
1.4 t/ha during the 1983–1992 decade. Average yield in researcher-managed research on-station and on-farm 
was about 6 t/ha. Therefore, one of the challenges still for researchers is to reduce the yield gap between 
research and production.  

The	use	of	a	competitive	grant	scheme	by	WECAMAN	significantly	aided	the	identification	of	appropriate	
technologies including stress tolerant varieties and complementary crop management options. Some of the 
identified	technologies	were	in	the	pipeline	at	the	Network	and	the	NARS	levels	for	release	and	promotion	by	
member countries. These included the use of resistant varieties for sustainable Striga control. In the extra-early 
maturity group, nine Striga resistant varieties were available at the Network level for testing through the RUVT. 
In the early maturity group, there were ten Striga resistant varieties and six new varieties not resistant to Striga 
still undergoing on-farm testing in WECAMAN member countries. In addition, six crop and soil management 
practices were being tested on-farm by NARS. Future emphasis should focus on promoting the adoption of the 
available Striga resistant varieties and soil and crop management practices to ensure sustained high maize 
production in the long term.

Given the current moderate level of Striga resistance in the available maize varieties and the inherently low 
fertility status of the soils of the savannas of WCA, there will be  a need to combine host plant resistance with 
other control methods, such as maize–legume rotation, to improve soil fertility and ensure the progressive 
reduction of the Striga seed bank to an acceptable level. Through studies funded by WECAMAN in Nigeria, 
Bénin,	and	Togo,	soybean,	cowpea	and	groundnut	varieties	were	identified	as	possessing	high	germination	
stimulant activity. These legumes when used in rotation with Striga tolerant maize varieties cause suicidal 
germination of Striga seeds, reduce the damage caused by S. hermonthica and result in increased maize yield. 
These legumes need to be extensively evaluated on-farm in rotation with the Striga tolerant maize varieties.

A myriad problems face the seed industry in WCA. A strategy of WECAMAN to ensure wide adoption of 
released maize varieties was to promote the production of seeds of improved maize varieties. The community-
based seed production schemes need to be supported and expanded to promote the production and 
distribution not only of stress tolerant varieties but also of the QPM and other varieties in an effort to increase 
production and productivity in the subregion. An area of concern was the transformation of the successful 
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community based seed production schemes into micro-enterprises with participating farmers as shareholders 
for sustainability.

The moderate level of resistance to Striga	identified	to	date	and	incorporated	into	maize	is	quantitatively	
inherited and no cases of immunity have been reported (Kim 1994, Kling et aI.  1996). The resistance 
available	therefore	does	not	limit	the	reproduction	of	the	parasite.	IITA	scientists	have	identified	an	accession	
of perennial teosinte (Zea diploperennis) that supports little or no emergence of Striga hermonthica. Also, a 
program initiated to identify molecular markers tightly linked to Striga resistance genes is almost completed. 
The markers would facilitate the transfer of the Striga resistance genes to a wide array of germplasm adapted 
to the major maize agroecologies in Africa through marker-assisted backcrossing. WECAMAN and IITA 
have made some progress in developing drought tolerant germplasm for WCA and some promising drought 
tolerant varieties have been released to farmers in WCA and are presently in production. Breeders should take 
advantage of the new advances in biotechnology and explore the molecular approach to the problem of Striga 
and	drought	to	improve	breeding	efficiency	so	that	maize	varieties	with	enhanced	drought	and	Striga resistance 
could be developed for the farmers of WCA.

Many highly productive QPM and non-QPM germplasm are yet to be improved for resistance to MSV, Striga, 
drought, storage pests, and stem borers. Furthermore, a limited number of varieties in WCA are endowed with 
the QPM trait. There is therefore a need to intensify the efforts at developing and disseminating high yielding, 
Striga, MSV and drought resistant extra-early, early, intermediate, and late QPM varieties for the production 
conditions of WCA. 
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Future challenges and the way forward

Population dynamics
Despite the impressive progress that has been made in terms of the development and dissemination of 
improved maize varieties, serious challenges remain to be overcome if the products of maize research are to 
maintain the growth required to ensure that food continues to be available for growing populations and that 
poorest	and	most	vulnerable	also	benefit.	High	population,	if	combined	with	low	increases	in	maize	productivity,	
represents a major challenge to plans for  improvement in food security and poverty reduction. In addition, 
climate	change,	which	may	result	in	increasingly	erratic	rainfall	patterns,	exacerbates	drought,	desertification,	
and	flood	conditions,	increasing	the	challenges	to	food	production	and	food	security.		

West Africa faces serious problems. Higher population densities in rural areas necessitate technical change; 
crop	production	can	no	longer	be	increased	by	extending	existing	farming	systems.	Intensification	without	
causing degradation is required to cope with changing population dynamics. West Africa presently has 306 
million inhabitants; the number is expected to grow to 625 million by 2050 (Fig. 20).  Of the total population, 
55% are presently rural, but the annual urbanization rate is about 4%. Over the past 30 years the population 
has grown by by 119% and is expected to grow by 80% in the next 30 years between 2010 and 2040. Nigeria, 
with 140 million people, has the largest population which is also expected to grow by 80% between 2010 and 
2050 (UN World Populations Prospects 2010). 

In 2010, there were 1.2 rural people for each urban dweller. Present estimates for urbanization indicate that 
this ratio will decline markedly to 1:1 by 2020 and to 0.6:1 in the next 30 years (2010–2040), placing increased 
pressures on the rural areas to produce food for urban dwellers. 

Figure 20. West Africa’s historical and projected population growth. 
(Source: Derived from UN World Population Prospects 2010).
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Presently, nearly 50% of the population of West Africa live on less than $1.25 daily; with an estimated 22% of 
adults being undernourished; 37% of children under 5 years old are under height for their age and 28% are 
underweight for their age; with 10% of the child population being affected by malnutrition.  

Recent studies indicate that if farmers continue to plant in 2030 the same variety of maize that they are planting 
today, the harsher conditions resulting from climate change that have started to manifest themselves in many 
countries of the continent will reduce productivity substantially (Jones and Thornton 2003, Butt et al. 2005). 
Declining yields, at a time of rising population in a region with already millions of poor people, will surely lead 
to widespread food shortages. At the same time, gender concerns need to be addressed including the fact that 
women are often unable to hold land or to make decisions regarding household expenditure and consumption 
and have less access to capital than men.

Improving and distributing maize varieties. Despite the tremendous progress made in developing and 
promoting maize varieties, over one-third of the maize area in WCA is still planted to low-yielding varieties 
(Arega et al. 2009). At the same time, many farmers continue to use farm-saved seeds because improved 
varieties are either not accessible or are regarded as too costly. Since maize is an open-pollinated crop, farm-
saved seeds can quickly lose its genetic purity. Farmers who wish to grow improved varieties must replace their 
seeds regularly, annually, for hybrid varieties and every 2–3 years for OPVs.

The answer is clear: the development and dissemination of maize and other crop varieties that grow well in 
increasingly drought prone conditions require ongoing support to avert hunger and malnutrition (Abalu 2001).

Developing the seed sector. A	vibrant	and	efficient	functioning	seed	sector	is	required	to	ensure	the	wide	
distribution of the new varieties needed to increase farmers’ incomes, reduce food prices for consumers, and 
improve	the	profitability	and	sustainability	of	the	seed	industry.	Although	the	West	African	maize	seed	sector	is	
being strengthened through the emergence of local seed businesses, it is still limited by inadequate access to 
improved	seeds	for	farmers	and	most	countries	in	the	region	still	have	difficulties	in	coping	with	seed	supply,	
especially during emergencies. In the absence of a viable seed industry, WECAMAN played a key role in 
promoting community-based seed production in many countries in the region.  This initiative requires further 
support to facilitate the evolution of community-based producers into more formal and sustainable seed delivery 
mechanisms, involving the private sector.

Improving land management. Unfortunately, much of the increase achieved in maize yield has resulted from 
an increase in the area of land cultivated and not in an increase in yield/ unit area. Consequently, increasing 
tracts of land, marginal for the maize crop, are being cultivated, resulting in deforestation, decline in soil fertility 
and soil erosion, the prime causes of land degradation.  

Total Urban
%

Rural
%

Urban Rural Rural: Urban 
ratio

1980 140 26 74 36 104 2.8

1990 184 33 67 61 123 2.0

2000 238 39 61 92 146 1.6

2010 306 45 55 137 169 1.2

2020 estimate 383 51 49 195 188 1.0

2030 estimate 467 57 43 264 203 0.8

2040 estimate 550 64 36 352 198 0.6

2050 estimate 626 68 32 428 198 0.5

Growth 1980–2010 (actual) 119% - - 278% 63% -

Growth 2010–2040 (estimated) 80% - - 156% 17% -

Source: Derived from UN World Population Prospects 2010.

Table 22. West Africa total, urban and rural populations (millions) (1980–2050) .
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A large yield gap exists between grain yields of more than 5 t/ha that are often obtained in trials and 
demonstrations and the average farmers’ yields of  1–1.5 t/ha. The potential higher yields can be obtained 
only if other inputs are used and management practices are improved. Higher rates of fertilizer application and 
greater	fertilizer	efficiency	are	required	together	with	a	corresponding	reduction	in	prices	from	their	present	
high levels. Without this increase in yields, the productivity of both land and labor will remain low, despite the 
introduction of new varieties.

Mechanization in agriculture over the past 30 years has been limited. Most equipment and tools remain 
traditional and are often poorly adapted to more intensive cultivation. Most seeds are still placed by hand, 
weeding is mostly done manually, most harvests are handpicked; crop residues are often cut by hand and 
harvested	products	are	brought	from	fields	on	heads	or	backs.	Irrigation,	when	available	is	often	labor-
intensive. Postharvest processing is often undertaken manually using traditional tools. Few farmers have 
transport	to	move	fertilizer,	manure,	or	compost	to	their	fields.	Mechanization	for	land	preparation	either	by	
tractor or draft animal using plows, has been shown to be a prime cause of land degradation. 

Enabling policies. The adoption of improved maize varieties is strongly conditioned by the policies that affect 
access to knowledge, input supplies, credit, and market infrastructure. High rates of return to agricultural 
research	are	difficult	to	sustain	in	an	environment	where	inputs	are	either	not	accessible	to	farmers	or	not	
affordable.  Although recent initiatives contributed to an increase in the maize area under improved varieties, 
increased technical, infrastructural, and policy support is needed to strengthen seed delivery mechanisms and 
institutional innovations to facilitate their evolution into more formal and sustainable seed delivery mechanisms, 
involving the private sector. At the same time, integrated knowledge access systems, credit, and input supply 
systems with an improved market infrastructure are needed to achieve a greater impact from maize research 
and technology development that is relevant to end-users’ needs.

Together with improvements in rural infrastructure, education, and health, agricultural research can play 
an even larger role in reducing poverty in WCA. However, increased and stable funding for national and 
international agricultural research will be necessary to reduce both rural and urban poverty.

The Common Agricultural Policy of ECOWAS adopted by West African Heads of State in January 2005 resulted 
from close consultation between member states and regional professional organizations. In addition a regional 
CAADP compact was signed by the ECOWAS Commission, Technical and Financial Partners, professional 
organizations of the agricultural sector, private sector representatives, and the African Union in November 2009.  
ECOWAS then presented a comprehensive Regional Agriculture Investment Plan at a meeting held in Dakar 
in	June	2010	which	included	a	roadmap	to	finalize	the	regional	investment	plan.	Development	partners	agreed	
to harmonize their regional assistance to agricultural development and food security within the guidelines, 
objectives, principles, programs, and actions of ECOWAP/CAADP. This involves private sector stakeholders 
actively participating in the consultation processes concerning the implementation of the regional plans.  It also 
involves	regional	experts	and	line	ministries	working	to	validate	institutional	and	financial	mechanisms	with	
technical	and	financial	partners	developing	a	joint	monitoring	and	evaluation	framework.	It	is	Important	that	the	
ECOWAS Trade Liberalization Scheme provides for goods to be traded and transported in the region duty free. 

Future actions to support the maize sector
Addressing the future requires:
i) Continuing the ongoing enhancement of the capacity of NARS to develop and transfer technology through 

training, infrastructure development, and the use of biotechnology, other new tools, and innovative  
approaches.

ii) Developing stress tolerant, micronutrient dense and QPM varieties to improve the income generating  
capabilities and nutritional status of maize farmers. 

iii) Ensuring that varietal release processes across countries’ borders for similar agroecological zones are  
effective and speedy.
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iv) Developing effective partnerships between the public and private sectors in the growth of an effective seed 
production and distribution sector. 

v) Developing market information systems to guide and link maize farmers, traders, end-users, input  
dealers, and policymakers.

vi) Developing new products and processing methods to diversify the utilization of maize.

vii) Promoting	existing	and	new	maize	technologies	for	specific	markets,	production	areas,	and	utilization.

viii) Stimulatiing trade by promoting appropriate agro-enterprise and development and strengthening  
farmers’ groups.

ix) Stimulating advocacy in the development of appropriate policy reforms for sustained maize production  
and productivity.
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