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Preface 

IITA's research-for-development agenda is divided into six project themes (Annex 1), around 
which these project annual reports are prepared_ These project themes address different 
aspects of attaining sustainable increases in productivity of dominant farming systems and 
utilization practices in the various agroecologies of sub-Saharan Mrica (SSA)_ Research 
and training activities carried out in the six projects are being implemented together with 
national program partners in order to increase the well-being of resource-poor people in 
SSA through higher levels of food production, better income, and nutritional status, and 
reduced drudgery particularly for women_ 

The project logframe is presented in Annex 2. 

Highlights from all projects are in Annex 3 which thus provides an illustrative overview 
of IITA's research activities and achievements for the year. 

Annex 4 shows the agroecological zones of sub-Saharan Mrica in which UTA conducts 
J'esearch_ 
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Project goal 

Project E aims to enhance livelihoods in the humid and subhumid zones of West and Cen
tral Africa by: 

(i) increasing the productivity and profitability of diverse agricultural systems focussing 
on starchy staples, peri-urban systems, and multiproduct tree crop systems 

(ii) improving environmental services and sustainable management of natural resources 
to protect the environment 

Project purpose 

Project E works in partnership with farmers, NGOs, NARES, and advanced research insti· 
tutions to foster the adoption and adaptation of productive plantain and banana systems, 
intensified cassava systems, sustainable yam systems, multiproduct tree crop systems, and 
market-oriented, peri-urban crop and livestock systems in a conducive policy environment 
leading to widespread uptake of innovations. 

Project rationale 

The project is subdivided into six intervention areas or outputs: Productive Plantain Sys
tems, Intensified Cassava Systems, Sustainable Yam Systems, Multiproduct Tree Crop 
Systems, Peri-urban Crop and Livestock Systems, and Integrated Farm and Landscape 
Management. 

Productive plantain systems 

Plantain is an important subsistence and cash crop in the humid zones of West and Central 
Africa. Local and subregional markets already exist and it is a preferred starchy stable in 



many urban communities. This project will enhance income-generating opportunities for 
the farmer and the rural community. 

Traditionally, plantain has been planted into cleared forest fields. However, with less forest 
or long fallow land available, plantain production has been displaced into land with shorter 
fallows. These production systems experience declines in yield due to reduced soil fertility 
and greater pest and disease pressures. This project will develop sustainable systems for 
already deforested land and contribute to reducing pressure on forests. 

Intensified cassava systems 

Besides being the major subsistence starchy crop in the humid and subhumid region, 
cassava is an important food crop of the growing urban centers. In addition, there are 
developing market opportunities in the starch and livestock feed industry. This project will 
develop opportunities that will increase income for producers and transformers, as well as 
provide for the increasing demand of the urban population. 

Significant progress is being made on improving the germplasm for greater yield and dis
ease resistance. Greater yield, however, can lead to soil degradation, if not accompanied 
by nutrient and soil management strategies. This project will develop systems that will 
prevent decline in the natural resource base. 

Biological control approaches have led and are leading to the control of key cassava pests, 
though important challenges still remain. This project will contribute to the development 
of economically and environmentally sustainable systems. 

Small-scale postharvest equipment has been developed and is being integrated into farming 
systems through development organizations. This project will test innovative approaches 
to link the producers with the processors and end-users towards developing efficient and 
profitable market chains. 

Sustainable yam systems 

Yam is a traditional African crop and is increasing in importance. Urban consumption 
studies in the humid and subhumid zones of several West and Central African countries 
have indicated that as incomes rise, yam (and plantain) is preferentially consumed com
pared to other starchy staples. This project will develop systems that allow producers to 
exploit these opportunities. 

Yam requires relatively fertile soils to produce well, especially for high quality yam. As 
pressure on land has increased and fallows have been shortened or disappeared, yam 
productivity has declined due to lower soil fertility and greater pest and disease pressure 
(particularly, nematodes, anthracnose, and viruses). This project will develop systems that 
allow the intensification of yam production in a sustainable way-providing income as well 
as protecting the resource base. 

Storage loss and options for transformation are key factors limiting marketability of this 
crop. This project will identify opportunities to reduce losses and increase marketability. 

Multiproduct tree crop systems 

Tree crops playa strategic role in smallholder agriculture, account for a large share of 
agricultural trade, are an area of strength and comparative advantage for the region, 
and can contribute substantially to sustaining biodiversity and carbon stocks and to the 
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sound management of natural resources. This project will build on the strengths to develop 
options to further the income of smallholder farmers while improving on the efficiency of 
the marketing chain and enhancing the environmental services of tree crops. 

Nevertheless, tree crops systems in West and Central Africa encounter varying levels 
of development-related constraints: soil fertility, pest and germ plasm limitations; low 
farmgate prices for products; limited availability of and access to technology for produc
tion, postharvest, and processing; unresponsive and expensive input supply systems; low 
organizational and management skills of farmer associations and groups; controversial 
labor practices; inefficient marketing channels; inadequate access to information; poor 
infrastructure to support trade and investment; and lack of a policy or incentive environ
ment to encourage competition and investment. This project will develop an integrated 
producer-to-user approach across the commodity chain to improve the opportunities ofthe 
smallholder tree crop farmer. 

Traditionally, tree crops have been planted into fully or partially cleared forest fields. 
However, with less forestland available, existing tree crop systems need to be rehabilitated 
and new systems established on already deforested land. This project will develop such 
management options and systems for fallow land. 

Market-oriented peri-urban crop and livestock systems 

Urban populations in the region are increasing at several times the rate of national aver
ages. This results in increasing and diverse urban market opportunities for agricultural 
products, i.e., crop, livestock, and fish. The farming communities in the vicinity of these 
urban areas (i.e., peri-urban areas) are in a prime position to respond to these opportunities 
due to greater access to inputs, markets, and availability of labor. This project will help 
identify these opportunities and develop them together with the necessary stakeholders to 
generate income for the peri-urban farmers while supplying the urban demand. 

Farmers are already adopting intensive short fallow or continuously cropped and simplified 
field systems for primarily commercial purposes. Examples include high-value horticul
tural, green maize and cassava monocrops, which are frequently integrated into cropping 
rotations with staple food crops. This project will initially focus on the development of sus
tainable and profitable management practices for fresh cassava systems and maize-grain 
legume systems. Additionally, it will seek the partnerships necessary for the development 
of the indigenous leafy green vegetable sector. 

Areas in which the crops in the peri-urban systems are planted are often the only ones where 
fertilizers and pesticides are applied. However, uninformed use of these inputs, often in 
combination with continuous cropping, has led to significant concerns regarding resource 
use efficiency, environmental impact, and health risks. This project will test integrated 
soil fertility and crop protection measures to reduce this risk. 

On the one hand, limited use is being made of the synergies inherent in the integration of 
crop and livestock production systems. And on the other, uncontrolled growth oflivestock 
enterprises can result in environmental pollution and illness to animals and humans. This 
project will initially focus on developing integrated aquaculture-agricultural systems for 
the forest margins together with ICLARM. 
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Integrated farm and landscape management options 

The targeted cropping and land use systems in this project generally only make up part of 
the portfolio of farming activities of rural households in the humid and subhumid zone of 
West and Central Mrica. Willingness oHarmers to take up innovations will also depend on 
the relative allocation of resources to these other activities. This project will evaluate oppor
tunities and innovations based on the overall conditions encountered by the farmers. 

Particularly in the humid zone, agriculture and forest managementfconservation inter· 
face. This can lead to conflicts between different stakeholders. Furthermore, land with 
specific characteristics is often allocated preferentially to specific cropping systems. This 
requires a spatial understanding of household and community decisions on resource use. 
This project will interface across disciplines and institutions to identify alternative land 
use opportunities also at a spatial level. 

Integration of innovations by farming households is a social process. Technology devel
opment alone is not adequate to ensure adoption beyond the test sites. This project will 
endeavour to include the social component as an integral part of its approach. 

The policy and institutional environment (e.g., related to markets, credits, and input 
supply) can influence the uptake of innovations by farmers and rural communities. At the 
same time, feedback needs to be provided to policymakers on options. This project will take 
these factors into consideration as it develops strategies and will also relay its findings to 
policy makers at different levels. 

Outputs 

1 Productive plantain systems 

Ongoing and future activities 

1.1 Improving and sustaining soil fertility 

by S.H. 

Plantains are the most important commercial food crop in southern Cameroon and else
where in the humid forest ecologies of sub· Saharan Mrica. They are planted after forest 
clearing, thus drawing on natural resources. Plantains have a high demand for N, K, and 
P and it was shown that P and K application increased yields even when planted after 
long forest fallow. Yields are depressed through plant losses caused by the burrowing 
nematode Radopholus similis. Farmers are not aware of the symptoms and consequences 
of nematode infection and have no means to clean planting material. Most plantations 
are established from suckers cut from existing plantations, bearing a high risk of initial 
infection. There may be an interaction between soil fertility (in terms of nutrient supply) 
and nematode infestation, such that infested plants need higher nutrient levels to acquire 
sufficient nutrients to produce a crop. The latter may be one reason for farmers not to plant 
plantains in young fallows or land already used for several cycles. 

An experiment was designed to determine the importance of four factors which can be 
easily manipulated by farmers: (1) fallow age forest versus short fallow, (2) variety, French 
(large bunches versus false horn (small bunches), (3) sucker treatment against nematodes 
and weevils, traditional (control) versus hot·water treatment, and (4) fertilizer application 
versus no fertilizer. The experiment was conducted in two sites, in each site neighboring 
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forest fallow of more than 15 years and grass and bush fallow of approximately 4 years 
age (mixture of Chromolaena odorata, Panicum maximum, and Imperata cylindrical were 
used. The location was Nkometou village (11°34'E, 4'05'N), north of Yaounde, in southern 
Cameroon. The land was cleared manually, using cutlasses and a chainsaw, during March 
and April 2000. The slash was retained, not burned. 

Within each fallow type, the factors variety, sucker type/treatment, and fertilizer applica
tion were tested, thus forming. The experiment was a four factorial design with the first 
factor being fallow age at two levels: forest of more than 15 years of age versus grassfbush 
fallow of 4 years of age. Within these two fallow ages all other factors were randomly 
distributed. Second factor was plantain variety at two levels: Essong (Musa spp., AAB, 
French) versus Ebang (Musa spp, AAB, false horn); third factor was fertilizer application 
at two levels: no fertilizer versus a planting hole application of 40 kg ha'! P as triple super 
phosphate plus five dressings of 40 kg hal Nand K; fourth factor was sucker type or treat
ment at two levels: traditionally prepared suckers versus hot· water treated suckers. 

Plantain suckers ofthe local varieties Essong (Musa spp., AAB, French) and Ebang (Musa 
spp., AAB, false horn) were collected from previously planted experiments and purchased 
from farmers. Whenever a sufficient number of suckers had been procured to plant one 
replicate, they were randomly separated into two sets. One set was treated with hot· water 
at 52°C for 20 minutes, the other prepared in the traditional way, by removing rotten and 
discolored tissue. Plantains were planted on the same day as they were treated. Due to the 
large number of suckers required for the experiment planting was from 7 to 19 May 2000. 
Plots of 12.5 by 12.5 m were demarcated and planting holes of 0.2 x 0.2 x 0.2m were dug 
at 2.5 x 2.5m distance on a square configuration; thus, plots had 25 plants at a density of 
1600 plants ha'! or 6.25 m2 plant!. 

Plants received 128 g of triple super phosphate equivalent to 25 g plant! of P or 40 kg hal 
of P, as a single application into the planting hole. A total of 200 kg hal of nitrogen and 
potassium were applied in five dressings of 40 kgha' ofN and 40 kgha'! ofK, equivalent to 
25 g plant·! Nor 54 g plant·! of urea and 25 g K plant! or 50 g plant·! of potassium chloride 
on 8 August 2000, 23 October 2000, 4 May 2001, 16 October 2001, and on 15 May 2002. 

At harvest, only bunches deemed edible by farmers were considered for yield analyses. Thus, 
it appeared that the most two important factors affecting the plantain growth and yield 
were the fallow age and sucker treatment, followed by variety and fertilizer application. 

Bunch fresh yield was positively affected by fertilizer application (5.788 Mg ha'!) versus 
no fertilizer application (4.079 Mg hal, P < 0.005). The varietal response in bunch fresh 
yield interacted with fallow age (Table 1) and sucker treatment (Table 2). 

In the degraded land none of the measures increased bunch yield to the lowest level attained 
in the forest land (Table 3). Thus additional factors need to be considered in any further 
attempt to profitably produce plantains in short fallow land. 

Table 1. Plantain fresh bunch yield (Mg ha'!) as affected by variety and fallow 
age. 

Forest Degraded P(fallow) 

Ebang 5.976 2.016 < 0.001 

Essong 9.406 2.336 < 0.001 

p (variety) < 0.001 ns P ,i..-roo, = 0.011 
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Table 2. Plantain fresh bunch yield (Mg ha-') as affected by variety and sucker 
preparation. 

Ebang 

Essong 

p ('Ialiety) 

Hot-water treated 

4.878 

8.028 

< 0.001 

Traditional 

3.114 

3.174 

Ns 

P (treatm(lnt) 

< 0.038 

< 0.001 

P (interaclion) = 0.034 

Table 3. Plantain fresh bunch yields (Mg ha-') of two varieties and various treat
ments in forest and degraded land. 

Hot-water treated Fertilized Forest Degraded Variety 
.~--------------------------------------------------~-~-----

Ebang Yes Yes 7.631 4.104 

No 5.864 1.912 

No Yes 5.28 1.712 

No 5.128 0.336 

Essong Yes Yes 14.928 4.776 

No 9.416 2.992 

No Yes 6.816 1.056 

No 6.464 0.52 
---------~------------

1.2 Controlling nematodes and weevils through improved and clean 
planting material and agronomic measures adapted to farmer 
circumstances 

1.2.1 Interaction between mechanical and thermal cleaning methods 
against nematodes and weevils 

by S.H. 

Plantain is the most important food cash crop in southern Cameroon. Among the starchy 
staples it is, after yam (Dioscorea spp.), the most preferred by customers and accordingly 
it is expected that the demand for plantain will increase in the future. 

Smallholder farmers who can use this demand to generate income face the problem of a high 
proportion of plantains failing to produce because of early toppling and pseudostem break 
in the dry season, due to Radopholus similis infestation. Farmers in southern Cameroon 
are not aware of the presence of the nematode, nor of measures against it. 

The traditional way of planting plantain does not include any measures to remove nema
tode·infested tissue from suckers. However, there are several methods to clean suckers from 
nematodes. One of them, hot-water treatment, has been shown to be efficient. However, in 
the rural setting of southern Cameroonian farmers, hot-water treatment is apparently too 
complicated and too expensive (capital investment). Alternatively, paring has been sug
gested to remove infested tissue. Tests on -station could not confirm any nematode reducing 
effect or improved plant growth. Consequently, paring, which is a rather time-consuming 
procedure, might not be required if other cleaning methods are used. Here, the proven 
hot-water method, along with locally used and simplified methods were tested on pared 
and non-pared suckers to establish whether paring is required to obtain clean planting 
material and if alternative treatments can be effective without paring suckers. In an earlier 
experiment, the application of fertilizer caused positive yield responses, particularly when 
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suckers were hot-water treated_ Therefore, the response to N, P, K, fertilizer application, 
after cleaning suckers with different methods, was tested_ 

Materials and methods 

The experiment was established in a farmer's field on land previously under forest fallow 
for about 18 years, at Nkolmetet (110 x 45' E, 30 25' N) in southern Cameroon. The forest 
was cleared manually using cutlasses and a chain saw. The slash was retained, not burned. 
The design was a three factorial (2 x 5 x 2) complete randomized block design with four 
replicates. The experiment was positioned on a gentle slope with blocks arranged along 
the slope. Plots contained 16 plants at 2.5 x 2.25 m distance on a rectangular configura
tion, resulting in a space allocation of 5.625 m2 plant·! and 1778 plants ha-!. 

First factor was sucker preparation at two levels: suckers pared versus suckers prepared 
in the traditional manner. Second factor was sucker treatment at 5 levels: (1) no treat
ment, i.e., control (2) nematicide application into the planting hole, (3) rolling of the sucker 
in wood ash, (4) hot-water treatment, and (5) boiling-water treatment. Third factor was 
fertilizer application at two levels: 120 kg N ha-! as urea in 4 dressings of 30 kg ha-! plus 
180 kg K ha-! as potassium sulfate in three dressings of 60 kg ha-! and 40 kg P ha-! as 
triple super phosphate in a single dressing versus no fertilizer application. 

Traditional sucker preparation involves the removal of the lower half ofthe corm to control 
for the presence of banana weevil (Cosmopolites sordidus) galleries, if none are found the 
sucker is planted as is. If galleries are found the black tissue is removed. This method 
does not look for weevils that have penetrated the corm through the base of the petioles. 
Furthermore, black tissue and rotten tissue are only roughly removed, yet not until all 
remaining corm material is purely white and free of discolored tissue. 

Nematicide (carbofuran), was applied at 2.0 g active incredient per planting hole around 
the sucker before refilling planting hole with soil. Rolling of suckers in wood ash was a 
suggestion made by farmers during a survey on plantain planting methods in southern 
Cameroon. Wood ash is readily available as all rural households use firewood for cooking. 
Furthermore wood ash contains Ca, Mg, K, and P. When dissolved it increases the pH and 
might thus have a biocidal effect. Hot-water treatment was conducted in a hot-water tank 
by submerging suckers in 52 °C hot water for 20 minutes. Boiling-water treatment was 
conducted in a used oil drum suspended over a fire. Suckers were submerged in boiling 
water for 30 seconds. 

Plantain suckers were obtained locally and separated into four size classes, to be planted 
in the four blocks. Within size classes suckers were randomly separated into batches of 16. 
Thereafter the suckers were treated and the treated suckers of each plot were weighed. 
Planting holes of approximately 20 x 20 x 20 em were dug and suckers were planted from 
2 to 7 April 1999. 

Sucker weight at planting 

Mean sucker weight per plot at planting was higher after traditional preparation (910 g) 
than after paring (801 g, P = 0.032). Sucker weights were not different between any other 
treatments (Table 4). The reduction of sucker weight through paring is inevitable as the 
corms' outer layer is completely removed. By the traditional preparation, more tissue is 
retained because the method is less stringent in the removal of discolored tissue. The mean 
sucker weight was used as a covariate when appropriate. 
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Table 4. Mean sucker weight (g) at planting and mulch layer height (em) at 10 
weeks after planting. 

Sucker weight 

Mulch layer 

Mulch layer height 

Control 

788 

4.8 

Ash coating 

891 

3.3 

Hot water 

807 

7.8 

Boiling water 

959 

6.2 

Nematicide 

833 

4.8 

The slash from the clearing was not distributed uniformly and it was not possible to 
manually distribute it. Therefore, the height of the mulch layer was measured at each 
plantain at 10 WAP (Table 4). The blocks had significantly different mulch layer heights. 
Furthermore, although randomly allocated, the mulch layer in the hot-water treated plots 
was higher (P < 0.021) than in all other treatments except the boiling-water treatment 
plots which also had plots had higher mulch layers than the ash-coated treatment (P = 
0.028). The mulch layer height was thus used as a covariate, when appropriate. 

Fertilizer application 

At planting and until 30 weeks after planting (WAF) neither P nor K fertilizer was avail
able. Therefore, the first and second fertilizer applications were 30 kg N ha·', being equiva
lent to 37 g urea per plant on 15 June 1999, 10 WAP, and on 26 August 1999,20 WAP, 
respectively. When P and K fertilizer became available, a third fertilizer application of 40 
kg ha·' of phosphorus, as triple super phosphate, equivalent to 114.8 g of fertilizer or 22.5 
g P per plant; and 60 kg hal potassium as potassium sulfate, equivalent to 81.3 g offertil
izer or 33.7 g K per plant, was conducted on 4 November 1999, 30 WAP. The fourth and 
filth fertilizer applications were on 5 May 2000, 56 WAP and on 14 July 2000, 66 WAP, 
respectively, each at 30 kg N ha·t, and 60 kg ha· l potassium as potassium sulfate. 

Measurement of plant parameters 

Establishment and number of living leaves per plant were counted on 15 June 1999 (10 
WAF). The height of the mulch layer was measured on 16 June 1999. On 26 August 1999 
(20 WAP), a second count of Eving leaves was conducted. From 3 to 5 November 1999 (30 
W AP), living leaves, pseudostem circumference at 50 em height, and the height ofthe plant 
from the soil surface to the emergence point of the youngest leaf were measured. 

Uprooted plants or those with pseudostem breakage, before or after flowering were evalu
ated for number ofliving leaves, plant height measured from the soil surface to the emer
gence point of the peduncle, circumference of the pseudostem at 0.5 m height from the soil 
surface, total number of suckers, and height and number of leaves of the tallest sucker. 

At harvest, plants were evaluated for the same parameters. Bunches were harvested from 
standing plants when deemed ready for sale or consumption by the farmer. The bunch was 
cut off between the first and second empty bract above the first hand and weighed fresh. 
Yields presented are based on fresh bunch weights. Bunches of uprooted or broken plants 
were evaluated for the quality of the fruits. If deemed edible by the farmer, the bunch mass 
was included in the yield analysis. 

Nematode damage was assessed at harvest on every plant whereby a soil monolith of 
20 em x 20 cm x 20 em was excavated, with one corner adjacent to the corm. All roots 
were sorted into dead and alive ones and counted. Five alive roots were randomly 
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selected and cut to 10 em length, then cut longitudinally to expose corticle and steele. If 
plants were uprooted, excavation and count of roots was not possible. In such cases five 
roots were randomly selected from the exposed corm. Nematode·damaged tissue is dark 
purple to black as compared to the unaffected white corticle tissue. A "root nematode index" 
(RNI) was derived as: 

RNI = (surface of necrotic cortical tissue/total surface of cortical tissue) x 100% 

To consider both the number ofliving roots and the level of nematode damage a "non-dam
aged roots index" (NDRI) was calculated as: 

NDRI = number of living roots x (100 - RNI) 

Harvested plants were cut at ground level. The largest sucker was retained to grow the 
ratoon, all other suckers were cut off. Bunch harvest was terminated at the end of May 
2002, 45 months after planting. 

Results 

Plantain establishment and survival up to 30 weeks after planting 

The plantain establishment rate at 10 WAP was neither correlated to the mean sucker 
weight per plot nor to the mean mulch layer height per plot. Establishment was higher from 
traditionally prepared suckers (96.7%) than from pared suckers (86.7%, P = 0.0001). Treat
ments following traditional preparation had no effect on establishment rates. However, after 
paring, boiling water treatment reduced establishment compared to all other treatments 
and nematicide application had a lower establishment than ash-coating (Table 5). 

In all treatments but the pared boiling water treatment, the proportion of surviving plants 
further dropped until 30 WAP (Table 6). Plant losses in the pared treatment were 14_5 %, 

resulting in significantly lower survival than in the non-pared treatments (85.5 versus 
94.1 %, P = 0.0001)_ Paring interacted significantly with following treatments, such that in 
boiling water treatment and nematicide application paring caused significant reductions 
in survival, yet not in the other treatments. 

Table 5_ Mean establishment rate (%) at 10 weeks after planting_ 

Control Ash-coating Hot water Boiling water Nematicide 

Traditional (T) 98.3 98.9 97.0 90.7 98.4 

Pared (P) 91.4 95.0 88. t 73.6 85.8 
Pair-wise comparison 
Tvs P ns ns 0.045 0.0001 0.004 
Nematicide within P ns 0.034 ns ns na 

Boiling water within P 0.0001 0.0001 0.0014 na 0.0057 

na = not applicable, ns = not significant 

Table 6. Mean survival rate (%) until 30 weeks after planting_ 

Control Ash-coating Hot water Boiling water Nematicide 

Traditional 92.2 97.7 93.8 90.6 96.1 

Pared 89.6 93.0 86.7 74.2 84.4 

Pair-wise comparison ns ns ns 0.0007 0.0131 
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Plant growth and leaf production 

At 10, 20, and 30 WAP, pared plants had significantly less leaves than traditionally prepared 
plants (Table 7). All other factors and interactions were insignificant. At 10 W AP, living leaf 
number was weakly positively correlated to mean initial sucker weight at planting: 

Number ofleaves = 1.4 x sucker weight (kg) + 3.36; r2 = 0.174, P = 0.0001, n = 80. 

Table 7. Mean number of living leaves at 10, 20, and 30 weeks after planting (WAP) 
of pared and traditionally prepared plantains. 

IOWAP 20WAP 30WAP 

Tradilional 4.78 6.92 7.41 

Pared 4.38 6.15 6.67 

Pdiff 0.0407 0.0011 0.0069 

Root and shoot status at harvest 

Paring had no effect on the number of standing leaves (1.13 versus 1.11 in pared), the height 
(228 cm versus 218 cm in pared) and circumference (40.6 cm versus 38.5 cm in pared) of 
plants at harvest or when reported fallen. Neither the number of living roots nor that of 
dead roots was affected by paring. The root necrosis index (RNI) was significantly lower 
for pared plants, yet not the non.damaged root index (NDRI) (Table 8). 

Effects on the numbers ofliving roots of treatments following paring or traditional prepa
ration failed the 0.05 significance level, yet at P < 0.07 the control (7.1) and ash coating 
(8.6) had lower living root numbers than nematicide application (10.4) hot-water treatment 
(10.7), and boiling water treatment (11.8). The RNI and NDRI were highly significantly 
affected by treatments (Table 9). 

Table 8. Number of living and dead roots, root necrosis index (RNI) and non-dam
aged root index (NDRI) of plantains (Musa spp. AAB) at harvest or when reported 
fallen, Nkolmetet, southern Cameroon. 

Living rools Dead rools RNI NORI 

Tradilional 9.01 7.28 35.8 607 

Pared 10.41 6.53 28.9 727 

P diff ns ns 0.013 ns 

Table 9. Root necrosis index (RNI) and non-damaged root index (NDRI) of plan
tain roots at harvest or when plants had fallen after different treatments against 
nematodes. 

RNI 

NORI 

Conlrol 

39.6 a 

435a 

Ash-coaling 

40.0 a 

514 a 

Hoi waler 

26.7 b 

779b 

Means within rows, followed by the same letter are not significantly different. 
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Boiling waler 

3O.2b 

826 b 

Nemalicide 

25.2 b 

783 b 



Bunch production and yield 

Paring suckers before further treatment against nematodes and weevils had no positive 
effect on the proportion of plants that produced a bunch (37.8% nonpared versus 37.0% 
pared, p = 0.86), the bunch mass per plant that produced (5.257 kg nonpared versus 5.915 
kg pared, p = 0.34), and the fresh bunch yield (7.306 Mg ha· l nonpared versus 7.363 Mg 
ha· l pared, p = 0.96). 

Treatments following paring or traditional preparation had effects on both bunch mass 
and yield. Bunch mass per plant that produced was highest after boiling water treatment, 
followed by nematicide application and hot· water treatment (Table 10). 

Table 10. Bunch mass (kg) per plant that produced a bunch and fresh bunch yield 
(Mg ha·l ) of plantain, after different treatments against nematodes. 

Bunch mass (kg) 

Bunch yield (Mg ha") 

Control 

4.134 c 

5.183 b 

Ash-coating 

4.379 bc 

5.898 b 

Hot water 

5.629 abc 

7.671 ab 

Means within rows, followed by the same letter are not significantly different. 

Boiling water 

7.274 a 

9.937 a 

Nematicide 

6.312 ab 

7.765 ab 

As the effect of paring was negative when followed by thermal treatment, the analysis 
was run with the nonpared plots only. The proportion of plants that produced an edible 
bunch was significantly higher after boiling water treatment than after control, ash coat
ing, and nematicide application (Table ll). There were no differences between the other 
treatments. 

Table 11. Proportion of plants that produced an edible bunch, bunch mass 
per plant that produced, and bunch yield of traditionally prepared plantain 
following different treatments against nematodes. 

-~--.- -- ----
Control Ash-coating Hot water Boiling water Nematicide 

Producing plants (%) 25.8 b 28.9 b 41.4 ab 57.0 a 35.9 b 

Bunch mass (kg) 3.453 b 3.891 b 6.140 ab 8.233 a 4.567 b 

Bunch yield (Mg ha") 4.096 c 4.944 bc 9.281 ab 12.042 a 6.166 b 

Means within rows, followed by the same letter are not significantly different. 

Conclusion 

The time-consuming paring does not appear necessary, especially if a thermal cleaning 
method can be used. Although boiling water treatment did not out yield the hot-water treat
ment, its advantage of low capital investment, mobility, and speed of treatment, make it 
a more likely adoptable option than hot-water treatment. 

Further investigations specifically to test interactions with mulching or other nutrient 
application (fertilizer) may allow further yield increases. 

1.2.2 

byS.H. 

Determination of plant parasitic nematode populations in forest and 
bush fallow soils 

To establish the effect of existing plant parasitic nematode populations in the sites of a 
planned experiment on the performance of local plantain and UTA hybrid in different 
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fallow ages and under different agronomic systems, the soil was sampled at establishment 
of cover and other intercrops. 

Nematodes were extracted directly form the sampled soil. About 4 kg of the soil were 
weighed into 15 I buckets and tissue culture banana plants planted. At 3 months after 
planting (!I{AP), the bananas were removed and the number of leaves, the leaf area, shoot 
dry weight, root number, and root fresh weight were determined. The roots were mixed in 
a blender and nematodes were extracted. At 3 MAP, a soil sample was taken from every 
bucket and nematodes extracted from the soil. 

Radopholus similis and Pratylenchus spp. were neither found in the soil before planting, 
nor in the banana roots or the soil at 3 months after planting bananas. The most common 
nematode was a Helicotylenchus sp. which was more abundant in young Chromolaena 
odorata dominated fallow (261 100 em') than in forest fallow (18 100 em"). Meloidogyne 
spp. were more abundant in forest soil (60 100 em") than in young fallow soil (9 100 cm·'). 
Hoplolaimus spp. occurred in a few samples and at very low densities. The Helicotylenchus 
sp. densities increased very rapidly in the banana roots in short fallow land (24 0911100 g 
roots) compared to forestland (432/100 g roots). A similar yet not as pronounced increase was 
found in the rhizosphere of short fallow soil (654 100 em") versus forest soil (24 100 cm·,). 

1.2.3 

by S.H. 

Determination of Radopholus similis populations in conventional 
planting material before and after boiling water treatment 

In two experiments testing the effects of boiling water treatment on plantain suckers, 
samples of roots attached to the sucker and corm surface material were taken before and 
after submerging the suckers in boiling water for 30 seconds. 

The level of infestation before treatment was surprisingly low. Mter treatment of 24 sets 
of suckers one apparently live specimen of R. similis was found. The sample originated 
from a set of suckers which had rather a lot of hard soil attached, and it might have been 
that the heat did not penetrate fast enough into the soil. Thus, suckers should be cleaned 
of soil and root stumps should be cut off before treatment. 

1.2.4 Distribution of plant parasitic nematodes on Musa in Nigeria 

by D.Co. and A. T. 

This remains an ongoing activity to establish the geographical distribution of nematodes 
on Musa in Nigeria, and how this relates to previous studies. In neighboring countries, a 
shift in the community structure of nematode populations on Musa has shown Pratylenchus 
correae to gradually become more prevalent than previously, resulting in more damage to 
plantain by this species. 

In Nigeria, results to date indicate that P. cotteae is present but with a relatively low 
prevalence in comparison to Helicotylenchus multicinctus, which is the most prevalent and 
occurs in greatest densities. The species currently identified as the most common occur
ring on Musa are P. corteae, H. multicinctus, Meloidogyne spp., Radopholus similis, and 
Hoplolaimus pararobustus. 
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1.2.5 Comparative importance of different plant parasitic nematode species 
of Musa in West Africa 

by D.Co. 

A field experiment was laid down at Ibadan, Nigeria, to study the differential pathogenic
ity of the plant parasitic nematodes Pratylenchus coffeae, Helicotylenchus multicinctus, 
Meloidogyne spp., Radopholus smiles, and Hoplolaimus pararobustus, which were inocu
lated separately onto plots of plantain cv. Agbagba. 

Data on the mother crops have largely been lost due to storm damage. Results of the first 
ratoon are awaited. Experiments under screenhouse conditions in pots are being established 
in 2003 to compare with and support results from the field. 

1.2.6 Evaluation ofthe comparative efficiency of Tithonia diversifolia mulch 
for pest management and improved Musa production 

by D. Co., S.H., and A. T. 

Use of Tithonia diversifolia as a mulch, as low as 2 tha" dry weight on Musa in pots 
resulted in a significant increase in crop growth on nematode-infected planting material 
over a 4-month period. Mulching with T_ diversifolia over a 4-month period however, did 
not affect nematode populations of Helicotylenchus multicinctus in Nigeria, or Radopholus 
simi lis in Uganda. 

A field trial was established in 2002 to observe the effects of T_ diversifolia mulch on plantain 
and nematode pests in Ibadan, Nigeria, over a series of crop cycles. On-farm demonstration 
plots are due to be established in 2003 to promote the use of clean planting material in 
combination with mulch, for improved nematode management and increased production. 

1.3 Developing germplasm adapted to key pest and disease constraints, 
while preserving market preferences 

1.3.1 New germ plasm development 

by A. T. in collaboration with J. Okoro, C. Okorter, T. Adeniji, and H. Oselebe 

New selections were made in 2002 from early evaluation trials (EET) established in 2000 
or 2001 at Onne, consisting of four diploid x diploid-derived hybrids, one diploid x tetra
ploid-derived hybrid, and nine tetraploid x diploid-derived hybrids (Table 12)_ These are 
under propagation for clonal evaluation from 2003 onwards. 

Three new EETs were established at Onne in 2002 with focus on selecting for resistance 
to nematodes among families derived from crosses involving 'Morong princesa' and 'Pisang 
lilin' as sources of resistance and primary diploid or tetraploid hybrids previously selected 
for their excellent agronomic characteristics as well as resistance to black Sigatoka. 

1.3.2 Screening of Musa hybrids and cultivars for nematode resistance in 
West Africa 

by D. Co., A.A., and A. T. 

Nematode inoculum of the various common nematode species in West Mrica have been 
cultured during 2002 in preparation for use in resistance screening to begin in 2003. Popula
tions of Pratylenchus coffeae, Helicotylenchus multicinctus, Meloidogyne spp., Radopholus 
smiles, and Hoplolaimus pararobustus have been developed. 
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Table 12. List of promising hybrids selected for earliness, short stature, resistance 
to black Sigatoka, good bunch weight, and fruit characteristics during 2002 at 
anne. 

Selection number 
(cross number) Pedigree 

Diploid' diploid 

29650 9839-2 • 8075-7 

29944 8532-1 • 5105-1 

30286 1448-1 • 4400-8 

30838 9719-7.1297-3 

Diploid. tetraploid 

30752 16952 x 2796-5 

Tetraploid' diploid 

29603 612-74' 1297-3 

30456-1 612-74 x 8075-7 

30456-2 612-74 x 8075-7 

30456-3 612-74 .8075-7 

30804 6930-1 • 4400-8 

31129 4479-1 .9128-3 

32442-1 612-74 • SH3217 

32442-2 612-74 • SH3217 

32520 612-74 x 1297-3 

1.3.3 Hybrid delivery to farmers 

1.3.3.1 Nigeria 

Source 

EETNo. Row 

2000-1 32 

2000-1 11 

2001-1 5 

2000-1 9 

2000-6 10 

2000-5 18 

2000-5 3 

2000-5 20 

2000-5 21 

2000-6 32 

2000-6 14 

2001-4 4 

2001-4 13 

2001-4 6 

Plant 

16 

13 

9 

23 

7 

10 

6 

7 

18 

9 

5 

8 

by A.T .• J.Lm., and S.C. in collaboration with B. Faturoti, T Adeniji, J. Okora, E. Uchendu, and 
NARES 

An initiative to mass·propagate and distribute seedlings of 10 UTA·bred hybrids (BITA·3, 
BITA-7, PITA·14, PITA-17, PITA·21, PITA-22, PITA·23, PITA·24, PITA·25, PITA·26) and 
7 hybrids introduced from other research institutes (FHIA-17, FHIA·18, FHIA-20, FHIA-
21, FHIA·23, FHIA-25, CRBP-39) was launched in September 2001. 

On·farm demonstration plots (OFDP) were established in the form of varietal mixture 
trials (VMT) at 62 georeferenced sites in collaboration with farmers and extension agencies 
across the Nigerian plantain belt (Fig. 1). 

Three tetraploid hybrids (PITA 14, PITA 17, and BITA 3) were planted in alternation with 
the popular landrace "Agbagba", following a checkerboard layout. Preliminary data show 
that disease pressure on the landrace is reduced, resulting in higher yields of the landrace 
in addition to the good performance of the hybrids. 

Baseline data collection has been carried out to provide indicators against which to measure 
progress imparted by the project. Similarly, data on crop performance at and beyond farm 
gate are being collected at all 62 contact test locations. Such data from a small number of 
contact farmers (10 out of 62) show that the adoption potential of the new hybrids is very 
high. 

On the average, each farmer harvested 21.3 bunches of the improved hybrids compared to 
10.7 bunches for the landrace, owing to the faster growth of the improved hybrids. 
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Figure 1. Distribution of on-farm trials (flagged sites) across the Nigerian plantain belt, 
also showing pilot plant multiplication centers (PPMC). 

In terms of food quality. the surveyed farmers reported that the new hybrids met their 
preference criteria. Interestingly, not all the harvested bunches were consumed at the 
farm gate: an average 69% of the harvest was sold for the hybrids, understandably less 
than the 82% for the landrace. 

Also. the hybrids attracted lower prices per bunch compared to the hybrids, which was 
expected because the latter was more known to buyers than the former. However, farmers 
derived more cash income from the hybrids (N3873.33) than from the landrace (N2517.67). 
as a result of the larger number of bunches produced by the hybrids compared to the land· 
race. These results are detailed in Table 13. 

Furthermore, additional income was generated from the sale of suckers to other farmers. 
Of much significance is the relatively large number of suckers that were sold to each pur· 
chaser, despite the relatively high cost of the suckers. 

This may be interpreted as an indication of the high appeal exerted to noncontact farmers 
by the new hybrids, are good prospects for expansion of areas cultivated with the improved 
varieties. It appears that besides disease resistance, earliness and faster cycling constitute 
most attractive features of the new varieties. 

The performance of the hybrids has generated a lot of interest among the farmers in the 
region, and this has resulted into pressure on UTA and collaborating State ADPs as well 
as contact farmers for the hybrid planting materials. Therefore, to ensure that the hybrid 
dissemination process continues indefinitely, efforts are underway to establish six regional 
plantain training schools (RPTS) at nodal locations across the Nigerian plantain belt. 
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Table 13. Performance of plantainlbanana hybrids and landrace under the 
Nigeria Plantain project. 

*Others are waiting for the coming planting season to establish new fields. 

It is therefore important that we vigorously pursue the completion of the RPTS that will 
carry the triple mission of (1) providing planting materials through rapid multiplication 
techniques acquired from UTA. (2) training of farmer groups in such techniques to foster 
the development of community nurseries, and (3) training in postharvest processing options 
that reduce wastage, extend shelf life, and add value to the fruits for increased income 
generation. 

Meanwhile, 10 selected personnel from the RPTS host agencies were subjected to inten
sive training in efficient vegetative propagation methods as well as nursery management 
techniques both at the UTA station at Onne and at CARBAP (Centre Africain de recher
ches sur bananiers et plantains) station at NjomM (Cameroon). The trained personnel 
will now serve as resource persons for the RPTS with backstopping assistance from UTA. 
Furthermore, a plant propagation manual consisting in step-by-step pictorial guides was 
produced for distribution to the RPTS as training materials for future use. 

1.3.3_2 Ghana 

By A. T. and J.d'A.H. in collaboration with NARES 

In Ghana, a large-scale hybrid dissemination process was launched in 1998, resulting 
in the establishment of three primary plant multiplication plots with BITA-2, BITA-3, 
PITA-2, PITA-5, PITA-ll, PITA-I3, and FHlA-21 in three regions (Ash anti, Central, and 
Eastern). 

Secondary sites were also established in these regions and extended to the other three 
plantain-producing regions (Brong Ahafo, Volta, and Western) of Ghana (Fig. 2). We now 
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Figure 2. Map of southern Ghana identifying the lead centers of the three proposed 
project operational zones (POZ). The big rectangles, correspond to the primary sites 
used while the approximate locations of the secondary sites are indicated in small 
squares. 

plan to mass-propagate and disseminate from the secondary sites the improved hybrids 
to farmers during 2002-2004. 

1.3.3.3 Other countries 

by A. T. in collaboration with NARES, KULeuven, and IPGRI (also under Project D) 

Another country targeted for mass distribution of improved hybrids in West and Central 
Africa is Cote d'Ivoire where preparation for distribution of PITA-3 and PITA-14 have 
started. 

In Cameroon, the field evaluation of several improved hybrids introduced in 2001 from 
Onne (Nigeria) to Mbalmayo has been completed with the identification ofBITA3, PITA14, 
PITA21, PITA23, FHIA23, and FHIA25 as the most promising hybrids for Cameroon. These 
will undergo mass-propagation for on-farm demonstration trials backed by training in rapid 
multiplication techniques and assistance in developing a decentralized network of plantain 
seedling multiplication in collaboration with the Ministry of Agriculture. 

Hybrid dissemination was also undertaken in Uganda with five IITA-bred hybrids (BITA-
2, BITA-3, PITA-8, PITA-14, and PITA-17). The hybrids BITA-2 and BITA-3 were also 

-17 -



included in the largest scale hybrid distribution scheme ever undertaken in eastern Africa. 
Culminating in the distribution of nearly 1 million seedlings of improved varieties since 
1997 in northern Tanzania under the Kagera Community Development Program, it was 
implemented by the Belgian Technical Cooperation in collaboration with KULeuven and 
with financial support from the DGDC. This dissemination scheme will be boosted by 
additional support from USAlD in 2002-2003, which also targets Mozambique. 

While UTA's primary intervention zone is sub-Saharan Africa, demand for UTA hybrids 
has been coming from outside the continent. Thus, IITA-bred hybrids have been reach· 
ing farmers in Latin America (e.g., BITA-2, BITA·3, PITA-S, PITA-10, PITA·14, PITA-17, 
distributed to farmers in the departments of Leon and Chinandega in Nicaragua in the 
framework of a KULeuven coordinated project with possible spillover into neighboring 
countries). 

Likewise, the hybrid BITA.3 is being produced for chips in the Kerala State ofIndia where 
it compares favorably with the local cultivars. 

1.4 Identifying new product use options to enhance marketing 
opportunities 

1.4.1 Demonstration of new processing options 

by A. T. and J.Lm. in collaboration with T. Adeniji, B. Faturoti, and NARES 

This activity was embedded in the hybrid delivery schemes, whereby farmers field days 
(FFD) were held to demonstrate new processing options in addition to displaying the new 
hybrids. In Nigeria, for example, most hybrids have produced fruits at virtually all farm 
sites, justifying our efforts to hold as many FFDs as possible to showcase the improved 
varieties to nonhost communities. The FFDs not only provide opportunities to showcase 
the new varieties, but also constitute avenues for displaying several value-adding posthar
vest processing options (Fig. 3) that can generate extra income for those adopting them. 
Furthermore, practical demonstrations of good farming practices and easy-to·perform 
field multiplication techniques are carried out to assist those who choose to grow the new 
varieties. 

In 2002 alone, about 20 FFDs have been held with more than 1400 participants and public 
television coverage, which provided means of reaching a larger audience. This public aware· 
ness drive has also benefited from radio broadcasts using local dialects. It is estimated that 
more than 50 000 people have been reached by the awareness campaign, the consequences 
of which is increased interest in, and request for, improved hybrids. 

It is becoming increasingly clear that the processing/marketing end of the plantain enter
prise may not be physically connected with the production end, i.e., separate groups of 
people express interest in one versus the other, rarely both. This indicates that market 
information systems may need to be put in place to link these two ends of the produc
tion-processing continuum. 

1.4.2 Promotion of micronutritional quality 

by A. T. in collaboration with B. Faturoti, T. Adeniji, and S. Akele 

The major cause of micronutrient deficiencies in sub-Saharan Africa is inadequate intake of 
foods rich in micronutrients. In Nigeria, plantain and banana are one of the major starchy 
staples and provide an important source of rural income in the local food economies. UTA 
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Figure 3. Training in postharvest processing options is an important component of 

the hybrid delivery process in Nigeria. As much as possible, the training language is 
that spoken by the people at the training site. 

has developed several disease resistant and high·yielding hybrids that produce two to five 
times more than traditionallandraces, under natural conditions with no chemical control 
of black Sigatoka. Increased concentration of micronutrients, such as provitamin A, iron 
(Fe), and zinc (Zn), in otherwise disease-resistant hybrids could be a cost·effective approach 
to improve the micronutrient status for areas of subsistence farming which are beyond the 
market reach of fortified foods. 

Thus, several plantain and banana hybrids currently distributed to farmers in the Nigerian 
plantain belt were compared to Agbagba, the most popular plantain landrace consumed 
in Nigeria. Bunches were harvested at green (unripe) stage and fruits were subjected to 
micronutrient analysis in fresh form for pro-vitamin A (rJ·carotene) content or after drying 
for iron (Fe) and zinc (Zn) content. Another set of analysis was done for Fe and Zn after 
processing of fruits into chips. 

Preliminary results indicate that four plantain hybrids (pITA·14, PITA-21, PITA-24, and 
PITA-25) and one cooking banana hybrid (BITA-7) had both higher iron and zinc content 
than the preferred landrace Agbagba (Fig. 4). Two other hybrids, one plantain (pITA·17) 
and one cooking banana (BITA·3), h ad higher zinc content than the landrace, but did not 
contain more iron than the landrace. 

The recommended dietary a llowances (RDA) for an average adult male or female is 10 mg 
and 18 mg Fe/day, respectively, 15 mg Znlday for both adult male and female . Thus, the 
landrace Agbagba provides about 20% of Fe requirements for adult males, 11% of the Fe 
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Figure 4_ Micronutrient content in the flour of some improved plantain and banana 
hybrids_ 

needs for adult females, and about 6% of the Zn needs of either male or female adults for 
each 100 g of flour. In comparison, the five improved hybrids contribute from 24% to 55% 
of the adult males' Fe needs, 13% to 31% of the Fe needs offemale adults, and 6% to 22% 
of the Zn requirements for these people. 

Processing hybrids into chips resulted in simultaneous increase in the Fe and Zn contents 
of two hybrids (PITA·14 and PITA·26) well above the levels expressed by the landrace as 
shown in Table 14. Processing usually reduced iron content in other varieties but increased 
Zn content of several varieties (particularly PITA·24). 

Table 14. Mineral composition of some plantain and banana varieties (mg/lOOg 
dry weight)_ 

Genolype Flour Chips 
Fe Zn Fe Zn 

PITA-14 2.40 0.88 2.50 2.23 

PITA-17 2.00 1.70 1.00 1.13 
PITA-21 3.50 3.27 2.30 2.00 
PITA-24 3.95 0.88 3.05 6.26 
PITA-25 5.50 2.64 
PITA-26 1.75 0.82 2.55 2.66 
BITA-3 1.65 1.94 0.70 0.95 
BITA-7 3.75 1.68 
FHIA-20 1.05 0.91 0.65 0.58 
FHIA-21 1.75 0.47 

FHIA-25 1.40 0.45 

Agbagba 2.00 0.87 0.75 0.99 
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2 Intensified cassava systems 

Ongoing and future activities 

2.1 Assessing the cassava postharvest syste m and market opportunities 

by A.G.O.D. in collaboration with P. nona 

A workshop was organized in November 2002 to review constraints and opportunities 
connected to the development of a competitive market-oriented cassava subsector in Nige
ria. A strategy with emphasis on value-addition and productivity enhancement along the 
entire cassava value-chain was recommended, which could be pursued through a coalition 
of private/public sector partnership including farmers, processors, marketers, and other 
stakeholders. 

The overall objective must be to transform cassava from a basic commodity into some 
advanced commodities such as bakery products, noodles, creams, sweeteners, convenient 
snack foods, pellets, chips, starch, ethanol, gums for small- and large-scale industrial users. 
This will involve the setting up of collection points, with emphasis on farm-gate processing, 
the development of new processes, expanded seed multiplication, provision of new uses, 
and improvement in information management. 

The workshop identified the high cost of cassava production and poor product qualities as 
the major causes oflack of competitiveness of the Nigerian cassava subsector. It was pointed 
out that the key to the development of the cassava subsector is in the domestic industrial 
market because Nigeria has the largest domestic market in sub-Saharan Africa. 

Success in the industrial utilization of cassava in Nigeria lies in the promotion and enforce
ment, by government, of policies that will encourage the use of secondary processed cassava 
products as industrial raw material in Nigeria. 

2.2 Deploying integrated management systems adapted to farmer 
circumstances to address particularly African root and tuber scale, 
root rots, and new cassava mosaic disease virus strains in Central 
Africa 

2.2.1 Population dynamics of the African root and tuber scale (ARTS) on 
local and improved cassava germplasm and identification of sources 
of cassava resistance to ARTS 

by R.H., M Ti., A. T., and A.D. in collaboration with A. Nkakwa, K. Lema, and K. Tatahangy 

The research on population dynamics of ARTS on various cassava genotypes continued in 
2002. We concluded a trial on four cassava varieties in DRC and two varieties in Camer
oon. While there are differences in ARTS abundance among cassava varieties tested, all 
germplasm was heavily attacked (over 200 scales per plant at peak densities). These trials 
will be repeated in 2003 with additional local and improved cassava germplasm in an effort 
to locate sources of resistance for ARTS_ Trials are also underway to quantify yield losses 
due to ARTS on various cassava germplasm in DRC and Cameroon. 
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2.2.2 Vegetation management in fallows to reduce African root and tuber 
scale infestations in cassava fields. 

by R.H., M.Ti, and L. W in collaboration with A Evans, K. Lema, C. Nolte. J. Ngeve, K. Tatahangy, 
andM. TOM 

In previous surveys in Cameroon and DRC, we determined that fallow vegetation con· 
sisting of various wild host plants and leftover cassava serve as a significant reservoir of 
ARTS. These findings provide an opportunity to use vegetation management to reduce 
ARTS reservoir and therefore ARTS infestations in cassava fields. Experiments in this 
area were initiated in 18 farmers' fields in two villages in the Forest Margin Benchmark 
area in Cameroon. Similar experiments will be initiated in the Bas Fleuve district of the 
Demographic Republic of Congo. 

2.2.3 Baseline survey of pests and diseases associated with cassava in 
ORC 

by J.Lg., R.H., M. To., D.Co., and AG.O.D in collaboration with SEClD 

With respect to plant parasitic nematodes, the most commonly observed on cassava in 
surveyed fields are root-knot nematodes (Meloidogyne spp.). Population densities recovered 
have largely been low however. Other relatively common species include Pratylenchus spp. 
(lesion nematodes) and Helicotylenchus spp. (spiral nematodes), but also in low densities. 
Results to date from sites surveyed, suggest root-knot nematodes are widespread on cas· 
sava. Of sites assessed, galling of roots as a result of root-knot infection have been observed 
in 73%, 52%, and 25% of fields in Kinshasa, Bandundu, and Bas Congo, respectively. 
Damage however is recorded as slight or moderate in most cases with very few records of 
severe damage. The damage observed on cassava in the areas surveyed to date, is probably 
causing little loss in economic terms. 

2.2.4 Baseline survey of constraints associated with cassava in key sites in 
Cameroon 

by C.N, J.Lg., R.H., M.To., D.Co., S.D., and AT. 

This activity is due to be initiated in 2003 to establish the incidence and distribution of 
pests and diseases, abiotic and social factors restricting increased commercialization of 
cassava in Cameroon using funds from IITA Project E competitive grant. 

2.2.5 Assessment of the importance of nematodes to cassava production 

by D. Co. and A G. O.D. in collaboration with T. Mungo (KARl, Kenya) and M Ogunlolu (UL 
Nigeria) 

Seven field trials have been established in West and East Mrica to assess the yield differ
ence of cassava between nematicide-treated or not treated in Meloidogyne spp. infested 
soils. The first trial was harvested in 2002 with no differences between treatments, but 
with much nematode galling damage to roots in both treatments. Remaining trials will be 
harvested in 2003. Three further field trials were established at Ibadan and Sendusu in 
2002 using different levels of inoculum to more closely assess the damage threshold levels 
of Meloidogyne spp. on cassava. 
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2.2.6 Assessment of the interaction between fungal root rots and 
nematodes on cassava 

by R.B., D. Co., and A. G. O.D. in collaboration with A. Rotimi (UI, Nigeria) 

A field trial established at Ibadan in 2002 has been used to observe the development of 
fungal root rot and nematode damage on cassava roots and tubers over the course of 12 
months at monthly intervals, through destructive sampling within plots. Results not yet 
compiled. Pot inoculation of Botrodiplodia spp. and Meloidogyne spp. simultaneously before 
or after the other showed that infecting cassava with Botrodiplodia spp. appears to prevent 
invasion and/or development of Meloidogyne spp. in the roots. The study is continuing. 

2.2.7 Screening of cassava cultivars for resistance to nematode pests 

by D.Co. and A.G.O.D. in collaboration with M. Ogunlolu (UI, Nigeria) 

Screening Df cassava local lines and improved IITA lines for resistance to Meloidogyne 
spp., is due tD be undertaken in 2003 towards the identification of improved germplasm 
for cassava production in intensive cropping conditions, which will form part of the PhD 
work of Ogunlolu. 

2.2.8 Evaluation of elite cassava clones for CMD resistance in pandemic 
hotspots in the Republic of Congo 

by J.Lg. in collaboration with P. Ntawuruhunga, J. Mabanza, and M. Mbemba 

Out of a total of 117 elite cassava genotypes introduced in tissue culture form into the 
Republic of Congo in 2002, 97 were developed and cloned at Odziba Research Station for 
further evaluation work. A number of genotypes, originally introduced in 1992 by UTA, 
and maintained by the NGO Agricongo through the war years, were recovered in 2001, and 
17 of these were put into evaluation trials at three locations characterized by high CMD 
inoculum pressure. These were: Odziba (pool region), Lekana (Plateaux region), and Ewo 
(Cuvette region). Evaluations were done at three-month intervals in order to assess the 
reaction of these clones to CMD as well as the other major pests and diseases. 

The best-performing clones in terms of CMD response were 92/647, 92/277, 92/106, and 
92/130 at Odziba, 92/130, 92/277, 92/519, and 921144 at Lekana and 921267, 92/277, and 
92/519 at Ewo. By contrast, almost all plants of local cultivars became diseased at all sites 
within the first six months ofthe trial and expressed moderate to severe symptoms. Overall, 
921277 appeared to be most resistant to CMD, with a small proportion of plants becoming 
infected, and infected plants expressing very mild symptoms. Clones 921130, 921519, and 
921647 also showed good levels of CMD resistance. 

Clones that perform best in response to CMD and well in other respects will be selected, 
multiplied, and later tested in on· farm trials prior to introduction into the pandemic miti
gation multiplication program. 

2.2.9 Mitigation of CMD in the Republic of Congo through the multiplication 
and dissemination of CMD-resistant cassava clones 

by J.Lg. in collaboration with P. Ntawuruhunga, J. Mabanza, and M. Mbemba 

Multiplication activities were conducted at three locations (Odziba, Lekana, and Ewo) in 
the zone affected by the CMD pandemic in the Republic of Congo (ROC) and in partnership 
with the NGO, Agrigongo. The variety used, MM86, considered initially to be CMD-resis· 
tant, has been shown through the CMD research·for·development program initiated by 

-23-



IITA in ROC to be sensitive to the severe virus (EACMV-UG) associated with the pandemic. 
Three hectare blocks of MM 86 were multiplied at the three locations, and stems produced 
will be distributed by the FAa's Emergency Program to farmers. However, the ROC-IITA 
program will identify cassava clones with proven resistance to severe pandemic CMD for 
subsequent larger-scale multiplication. These materials will be obtained from the tissue 
culture introductions under small-scale multiplication and the 17 "recovered" IITA-origin 
clones currently being evaluated in CMD hotspots. 

2_3 Testing and distributing germplasm adapted to key pest and disease 
constraints, while preserving market preferences 

2_3.1 Identification and deployment of new cassava clones in Cameroon 

by A. T. and A.G.O.D. in collaboration with P. flona, E. Njukwe, and J. Fanwoua 

In Cameroon, we undertook a study to evaluate together with rural women the perfor
mance of some improved cassava varieties in the forest zone. The study was initiated by 
John Wendt prior to his relocation to Uganda and conducted in 36 sites distributed in six 
villages with 13 improved UTA varieties and a local variety provided by the women. The 
local practices associated with cassava cultivation in the area were used to manage the 
trials while those related to cassava utilization guided the choice of evaluation criteria. 
The trials were entirely managed by women themselves, according to their normal cultural 
practices, but with participation of a research technician. The varieties were evaluated 
according to the following characteristics: total yield, tuber dry matter content, yield of 
marketable tubers, cooking ability, and taste. 

Five improved varieties were selected as the best for the region (Table 15). Interestingly, 
other varieties with high total yield appeared to be of little value for direct consumption. 
Thus, an evaluation based only on total yield would have been misleading, and this study 
showed that such errors could reduce the adoption rate of new cultivars. 

Table 15. On-farm performance of some cassava varieties in southern Camer
oon. 

Fresh root yield Dry malter Marketable yield 
Variety (kg ha") content (%) (kg ha") 

Selected with fanmer partiCipation 

92/0326 12398 35.0 10557 

96/1414 9071 39.7 7717 

880745 7656 40.7 6922 

50395 9685 39.1 8152 

881765 9407 40.2 7973 

Not selected by farmers 

85121 11160 33.0 9736 

881736 9256 36.8 7898 

TME-l 10516 35.9 8348 

94/0239 7354 34.6 6176 

Elibri-pi 11193 34.4 10279 

882097 6389 39.5 4570 

8081 5470 34.7 4226 

85089 4551 33.1 3621 

Local check 7261 42.2 6136 

LSD (0.05) 1884 1.8 1854 
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Also in Cameroon, two on-station trials were established in 2002 for clonal evaluation of 
most promising selections from a set of varieties introduced from Nigeria in 2001. The 
selected clones had not less than 25 t ha-1 yield and resistance to cassava mosaic disease, 
bacterial blight, and anthracnose. 

2.3.2 Preemptive management of cassava mosaic disease in Nigeria 

by A.G.O.D. in collaboration with P. nona and NARES in Nigeria 

A major breakthrough in the IITA breeding program was made as new sources of CMD 
resistance identified in diverse landraces collected in West Mrica were combined through 
pyramiding with the resistance genes of the earlier Tropical Manihot Selection (TMS) 
varieties, and newly developed germplasm were developed for a wide range of ecologies 
including the humid forest, moist and dry savannas, wet inland valleys, and midaltitudes, 
and cropping systems in sub-Saharan Mrica (SSA). These varieties broke what had been 
an apparent yield plateau in cassava improvement, and in many cases combined virtual 
immunity to CMD with improved postharvest qualities and excellent farmer acceptance. 
The pyramiding of multiple sources of resistant genes in these varieties is especially 
important for imparting durable CMD resistance in varieties that would prove difficult 
for various strains of the virus to circumvent. The characteristics of the new genotypes 
also reflect the vision of an expanded future role of cassava in SSA as a major source of 
income from industrial use and in the animal feed sector as well as many nontraditional 
food uses. These improved genotypes have been virus tested at Ibadan, Nigeria and are 
available for international distribution. In the case of Nigeria, 46 diverse CMD-resistant 
varieties have been selected and available for widespread deployment (Table 16). 

In order to get these materials into farmers fields as quickly as possible, a novel fast
track varietal testing approach is piloted, in which new clones are rapidly multiplied on 
station, then taken straight for simultaneous multilocational evaluation on station and 
participatory evaluation in farmers' fields as well as promoting decentralized and large 
scale community-based multiplication and distribution centers at sites covering a diverse 
range of agroecologies. 

Target interventions for food security would include the provision of CMD-resistant plant
ing materials and production technologies to producers. For income generation and equity, 
smallholder farmers and processors will be linked to high value markets where the majority 
of the value is retained in the rural sector. This will require collective action, NGO partici
pation, development of enterprise skills and private sector involvement. As regards import 
substitution and foreign exchange earning, increased production efficiency; and the sale of 
low cost and high volume materials to major users and markets would be required. 

2.3.3 Emergency response to the outbreak of cassava mosaic disease in 
the Democratic Republic of Congo 

by A. G. O.D. in collaboration with P. Ilona, FAO, SECID, and NARES 

2.3.3.1 Germplasm improvement 

At the start of the rains in November 2002, 730 improved genotypes of cassava made up 
of elite introductions from IITA (Ibadan and Uganda stations), new selections from the 
seedling nursery at M vuazi and some elite selections by INERA in Bas Congo were selected 
for further evaluation. The genotypes were planted in 12 different trials across eight prov
inces including Bas Congo, Bandundu, Kinshasa, Katanga, Kassai oriental, Nord Kivu, 
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Table 16. Some characteristics of 46 newly improved multiple disease and pest 
resistance clones developed for a range of agroecological zones and 3 popularly 
grown (check) varieties in Nigeria. 

Genotype 

9210057 
92B/00068 
9210326 
93/0098 
9210325 
97/0162 
97/4769 
M98/0028 
9810505 
98/0510 
99/1590 
99/6012 
M98/0040 
91102324 
92/0067 
92B/00061 
9410561 
94/0026 
94/0039 
95/0166 
95/0379 
95/0289 
96/1089A 
96/0603 
96/1642 
97/3200 
9712205 
97/4763 
9812226 
9810002 
97/0211 
96/1569 
96/1632 
97/4779 
Z97/0207 
98/0581 
98/2101 
M98/0068 
9911903 
99/2123 
99/3073 
96/0523 
96/1317 
95/0279 

CMD 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

TME419 R 
4(2)1425 (Check) MR 
30572 (") MR 
82100058 (.) M R 

CBB 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

Root 
mealiness 

M 
M 
M 
M 
M 
M 
M 
M 
M 

MM 
MM 
MM 
MM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
M 
M 

NM 
NM 

CNP 

M 
M 
L 
M 
L 
L 
L 
M 
M 
M 
L 
L 
L 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
L 
M 
M 
M 
M 
L 
M 
M 
M 
M 
L 
M 
M 
M 
M 
M 
L 
M 
M 

1 eMD :;: Cassava mosaic disease; R :;: Resistant, MR :;: Moderately resistant 
2 eBB:;: Cassava bacterial blight; R :;: Resistant, MR :;: Moderately resistant 
3M:;: Mealy, MM:;: Moderately mealy, NM:;: Non-mealy 
4 CNP:;: Cyanogenic potential (mg HCNIlOO g fresh root); L:;: Low, M :;: Medium 
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Root dry 
matter (%) 

30 
32 
30 
30 
35 
30 
30 
30 
35 
35 
35 
35 
32 
35 
30 
30 
30 
32 
32 
30 
30 
32 
32 
30 
30 
32 
30 
32 
30 
35 
30 
30 
40 
30 
30 
30 
30 
35 
39 
35 
30 
30 
32 
30 
37 
32 
32 
32 

Fresh root Flesh 
yield (Vha) color 

25-30 Wh 
30-35 Wh 
30-35 Wh 
32-35 Wh 
20-25 Wh 
30-35 Wh 
30-35 Wh 
30-35 Wh 
30-40 Wh 
40-45 Wh 
25-32 Wh 
35-40 Wh 
40-45 Wh 
35-45 Wh 
25-30 Wh 
30-35 Wh 
30-35 Ye 
30-35 Wh 
30-40 Wh 
35-40 Wh 
30-35 Ye 
30-35 Wh 
30-35 Wh 
30-35 Whr 
30-35 Wh 
35-40 Wh 
30-35 Wh 
35-40 Wh 
30-35 Wh 
40-45 Wh 
30-35 Wh 
30-35 Wh 
35-45 Wh 
30-35 Wh 
35-40 Wh 
30-32 Wh 
30-35 Wh 
40-45 Wh 
40-45 Wh 
30-32 Wh 
30-35 Wh 
35-40 Wh 
30-35 Ye 
30-35 Wh 
30-35 
30-40 
30-40 
30-40 

Wh 
Wh 
Wh 
Wh 



and Sud Kivu. All the trials in the first four provinces were evaluated during this trip and 
the summaries are shown below. 

2.3.3.2 GermpJasm introduction 

Ten new genotypes of cassava, having high levels of beta· carotene content, were introduced 
and planted at Kola for preliminary evaluation. The genotypes included 0111115,0111273, 
0111224, 0111663, 0111442, 0111649, 0111277, 0111646, 0111413, and 0111412. The demand 
for planting materials of such varieties is high particularly in Plateau de Bateke where the 
economic returns from the sale of yellow fleshed roots is high. The high levels of pro·vita
min A in such varieties make them important for improving diets in several villages where 
cassava is a major staple. 

2.3.3.3 Seedling nursery 

Eight thousand cassava seedlings from 160 improved families were planted at Mvuazi in 
Bas Congo. These were evaluated at 3 MAP for multiple pest resistance. The pressure of 
cassava mosaic disease (CMD) was very high and over 60% of the seedlings showed severe 
damage symptoms. Resistant genotypes to CMD and CBB were tagged to facilitate selec
tion at harvest. 

Crosses were made between selected and adapted parents to generate seeds for further 
selection. The cross combinations included improved x improved, improved x local, local 
x improved, and local x local. About 2000 fruits have been successfully produced and are 
awaiting maturity. 

2.3.3.4 Clonal evaluations 

A clonal evaluation trial comprising 100 cassava genotypes selected from the seedling 
nursery at Mvuazi was planted in December 2002 at three locations including Mvuazi (Bas 
Congo), Mbankana (Kinshasa), and Kiyaka (Bandundu). The performance of each genotype 
in terms of resistance to major pests and diseases was evaluated. At Mvuazi and Kiyaka, 
both of which are in the forest agroecology, the severity and incidence scores for CMD were 
comparatively high. Damage by CBB was highest at Mbankana in the savanna while CAD 
damage was only observed at Kiyaka. The number of genotypes that showed symptoms of 
damage by these diseases is shown by location in Table 17. 

A second set of clonal evaluation was planted only at Lubumbashi in the Katanga province 
and comprises of30 genotypes selected in 2001 by INERAfrom seeds at Mvuazi. At 3 MAP 
all the genotypes were clean for CBB and CAD. However, five of the genotypes showed 
severe damage symptoms ofCMD. 

Table 17. Number of genotypes in clonal evaluation showing symptoms of damage 
of three major diseases of cassava 

Province 

Bas Congo 

Kinshasa 

Bandundu 

Location 

Kolo 
Mbankana 

Kiyaka 

No. of genotypes 
evaluated 

100 
100 
100 
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3 MAP due to susceptibility to 

CMD CBB CAD 

55 
to 
39 

a 
80 

o 

o 
o 

20 



2.3.3.5 Preliminary yield trial (PYT) 

PYT-set 1 

Sixty·one varieties comprising of 53 elite introductions from IITA Ibadan, 15 selections by 
INERA, and 3 farmers' local varieties were planted at 4 locations including Mvuazi and 
Tshela in Bas Congo, Mbankana in Plateau de Bateke, and Kiyaka in Bandundu. These 
were evaluated at 3 MAP for multiple pest resistance. The trial at Tshela will also be used 
to evaluate for resistance to the African root scale (ARTS). At Mvuazi, CMD pressure was 
high while CBB and CAD pressures were low. Despite the high pressure of CMD 35 of the 
genotypes did not show symptoms of damage and were apparently resistant (Table 18). 

At Tshela, the pressures of CMD, CBB, and CAD were all very low, thus providing a good 
environment to evaluate the effect of ARTS alone, which is in abundance, on the perfor
mance of cassava. At Mbankana, CBB pressure was very high while CMD and CAD pres
sures were low (Table 18). Damage by CBB remains the major biotic constraint to cassava 
production in the Kinshasa province and only very few genotypes have so far shown some 
level of tolerance. At Kiyaka, damages by CMD, CBB, and CAD were moderate. 

PYT-set2 

Twenty-four genotypes were evaluated in this trial in two provinces Katanga and Kasai Ori
enta!. The genotypes comprised 21 introductions from UTA, 2 improved checks from IN ERA 
currently in multiplication, and 1 local check of the farmers in the region. At Katanga, the 
genotypes were evaluated at 3 MAP for resistance to major pests and diseases. Only one 
genotype, 9210053, showed symptoms of CMD at 5% incidence level while the others were 
clean for all the major diseases considered (Table 19). 

2.3.3.6. Uniform yield trial (UYT) 

UYT- Set 1 

The best of farmers' selections from 2001102 PYT trials in each of 3 provinces (Bas Congo, 
Kinshasa, and Bandundu) were advanced to uniform yield trials in December 2002 at the 
same location. 

The number of genotypes evaluated at each location varied because of differences in farm
ers' choice at harvest. All the genotypes were evaluated at 3 MAP for resistance to CMD, 
CBB, and CAD (Table 20). 

The severity of CMD in this trial at 3 MAP was very high at Mvuazi where 4 of the geno
types, earlier thought to be resistant, showed some symptoms of the disease. However the 
incidence of attack was less than 5% in these varieties compared with the improved and 
local checks in which the incidence was above 80%. 

The situation was different at Mbankana and Kiyaka where the pressure of CMD was 
comparatively lower and most of the genotypes did not show any symptom of the disease. 
On the other hand, the CBB pressure was highest at Mbankana and no symptom of the 
disease was observed at the other 2 locations at 3 MAP. This differential in disease pres
sures calls for independent selection for each of the provinces. So far, the most promising 
gentoypes include 96/1439, 9610860, 9610160, 96/1630, 95/1009, 95/0925, 95/0528, 95/0211, 
99/0395,9610267,96/1087, and 93/0170. 
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Table 18. Damage scores of three major cassava diseases in preliminary yield 
trials at three locations in three provinces. 

- .------~---

Mvuazi Mbankana Kiyaka 
----~-,-,--

Clone CMD CBB CAD CMD CBB CAD CMD CBB CAD 
.,-------

91/02327 1 1 1 3 1 1 2 1 
91/02324 1 2 1 1 1 1 
91/02322 3 1 1 1 3 1 1 1 1 
92/0057 1 1 1 
928/00068 2 1 1 1 2 1 1 
9210398 1 1 1 1 3 1 
94/0239 2 1 1 1 3 1 1 1 1 
94/0330 1 1 1 1 3 1 1 1 1 
94/0461 1 1 1 v 
95/0166 2.5 1 1 1 2 1 
96/1432 1 1 1 1 3 
96/1624 1 1 1 
96/1569 1 1 1 1 1 1 
9610603 1 1 1 1 3 1 1 1 1 
9611708 1 1 1 1 2 1 1 1 1 
9611089A 1.5 1 1 1 3 1 1 1 1 
9610023 1 1 1 1 3 1 
9611632 1 1 1 1 3 1 1 1 1 
01/1326 1.5 1 1 1 3 1 1 1 1 
01/1526 1 1 1 1 3 1 1 1 1 
01/1529 1.5 1 1 1 3 1 1 1 1 
0111229 1 1 1 1 2 1 1 1 1 
01/1311 1 1 1 1 2 1 1 1 1 
01/1316 1 1 1 1 2 1 1 1 1 
0111661 1 1 1 1 3 1 1 1 1 
01/1144 2 1 1 1 3 1 1 1 1 
01/1313 1 1 1 1 3 1 1 1 1 
01/1111 1 1 1 1 3 1 4 1 1 
0111411 1 1 1 
01/1530 1 1 1 
01/1533 1 1 1 1 3 1 
01/1389 2 1 1 1 3 1 
01/1581 1 1 1 1 3 1 1 1 
MV 01/038 2.5 1 1 1 3 1 
MV 01/026 1 1 1 
MV 01/036 1 1 1 1 1 1 
MV 01/082 4 1 1 1 1 1 
MV 01/001 4 1 1 3 3 1 1 
MV 01/025 1 1 1 1 1 1 
MV 01/135 3 1 1 
MV 01/141 2.5 1 1 1 2 1 1 1 1 
MV01/002 1 1 1 1 3 1 1 1 1 
MV 02/143 3 1 1 
MV 02/002 3.5 1 1 1 2 1 4 1 1 
MV02l039 1 1 1 1 3 1 1 1 1 
INITAl 1 1 1 1 3 1 1 1 1 
INITA2 1 1 1 1 3 1 3 1 1 
INITA3 1 1 1 1 2 1 1 1 2 
INITA4 3 1 1 1 2 1 
INITA5 1 1 1 1 2 1 
INITA6 2 1 1 
INITA7 3 1 1 
INITA8 1 1 1 1 3 
INITA9 1 1 1 
P. d'Angola 1.5 1 1 1 2 
TME 419 1 1 1 
Rav 3.5 1 1 3 1 
80ma 4 1 1 
Sadisa 1 3 
Ngamanza 4 3 
Mundjoko 4 1 1 
Mean 1.62 1.00 1.00 1.07 2.69 1.00 1.31 1.02 1.02 
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Table 19. Reactions of improved cassava varieties and their local checks to dis-
eases in Katanga, (southeastern Congo). 

Genotype CMD CBB CAD 

9611087 1 1 1 
9510211 1 1 1 
9610016 1 1 1 
9510528 1 1 1 
9510925 1 1 1 
9611439 1 1 1 
TME 1 (4x) 1 1 1 
9610415 1 1 1 
9210053 2 1 1 
82101438 1 1 1 
9610658 1 1 1 
9210402 1 1 1 
9210019 1 1 1 
9611630 1 1 1 
9610160 1 1 1 
9511009 1 1 1 
9610249 1 1 1 
9310267 1 1 1 
9410270 1 1 1 
91100457 1 1 1 
9310170 1 1 1 
Katoba 1 1 1 
Sadisa 1 1 1 
Rav 1 1 1 
Mean 1.04 1.00 1.00 

Table 20. Performance of 20 improved varieties of cassava, 2 improved checks 
and 4 farmers' checks in uniform yield trials in 3 provinces. 

Clone Mvuazi Mbankana Kiyaka 

CMD CBB CAD CMD CBB CAD CMD CBB CAD 

9611439 1 1 1 3 1 1 
9510211 1 1 1 3 1 1 
9610860 1 1 3 1 1 
9210402 1 1 1 
9610160 1 1 3 1 1 
9310267 2.3 1 1 3 1 1 
9310170 1 1 1 3 1 1 
9611630 1 1 1 3 1 1 1 
9510528 1 1 1 1 1 
9510925 1 1 1 2 1 1 1 
9410005 2.7 1 1 1 1 
9310529 3.3 1 1 
9210019 3 1 1 3 1 
9511009 1 1 1 3 1 
Rav 3.3 1 1 3 1 1 1 
TME12 1 1 1 
MV9910038 2.7 1 
Boma 3.7 1 
Mundjoko 4 1 
8411252 1 1 
Sadisa 4 3 1 
Ngamanza 4 3 1 
9910395 1 3 1 
9210067 1 3 1 
9610249 1 3 1 
9610016 1 3 1 
9611087 1 2 1 
Mean 1.78 1.00 1.00 1.33 2.78 1.00 1.21 1.00 1.00 
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UYT- Set 2 

This trial which comprises 14 newly selected genotypes from clonal and preliminary yield 
trials at Kiyaka in 2002 was evaluated for pests and diseases at 3 MAP. Seven of the geno· 
types including the local and the improved checks were susceptible to CMD. Symptoms of 
damage by other diseases such as CBB and CAD were not observed as at the time of this 
evaluation (Table 21). 

Genotype 

K01/0031 
K01/0034 
K0110143 

K01/0016 

K01/0109 
K01/0081 

K01/0065 
K0110106 
K01/0058 

K01/0037 

K01l0051 
KOO/0013 

KOO/0017 

84/01252 
99/0395 

Rav 

Mundjoko 

Mean 

UYT- Set 3 

CMD 

2 
4 
1 
1 
4 
4 

1 

CBB 

1 

1 

CAD 

1 

1 
1 

1 
1 

Twelve genotypes selected in 2002 by farmers in Bas Congo and Kinshasa provinces, from 
introductions made by IITA, were evaluated in 2 provinces (Katanga and Kassai Oriental). 
At Lubumbashi in the Katanga province disease symptoms of CMD, CBB, and CAD were 
not observed on any of the improved genotypes as well as the improved and local checks. 
Plant establishment was low due to prolonged drought soon after the trial was planted. 
The data from the sister trial at Mbujimayi in Kassai Oriental were not available as at 
the time of this report. 

UYT- Set 4 

Ten other genotypes in UYT, selected by INERA from seed populations introduced from 
!ITA, were also evaluated at 3 MAP at 21ocations (Lubumbashi and Mbujimayi). At Lubum· 
bashi, in the Katanga province, disease symptoms of CBB and CAD were not observed on 
any ofthe improved genotypes as well as the checks. However, damage by CMD was severe 
on 3 ofthe improved selections (Table 22). The data from the trial at Mbujimayi in Kassai 
Oriental were not available as at the time ofthis report. 

UYT-Set 5 

This trial was planted in Sud Kivu according to the plan of work that was jointly pre
pared with Mr Phemba for eastern Congo. As at the time of this evaluation there was no 
information on this trial. It is expected that Mr Phemba would forward available data as 
soon as possible. 
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Table 22. Performance of 10 improved cassava genotypes, selected by INERA, 
and their checks in a uniform yield trial at Lubumbashi. 

Clone CMD CBB CAD 

M01/0038 1 1 1 

M0110054 4 1 1 

M0110442 1 1 1 

M01104l9 4 1 

M0110030 3 

M0110l48 1 

M0110l50 

M0110112 1 

M9910161 1 

9910395 1 1 

Sadisa 1 1 

Kabala Teta 1 1 

Mean 1.67 1.00 1.00 

2.3.3.7 On-farm trials 

Twenty-one improved cassava genotypes, comprising 18 genotypes selected from introduc
tions made from UTA and 3 others selected locally at Mvuazi from seeds introduced from 
UTA, were evaluated in 160 on-farm trials in 4 provinces (Bas Congo, Kinshasa, Bandundu, 
and Katanga). Two of the varieties currently multiplied by FAO and SECID for distribution 
and 10 of the farmers best locals were used as checks across the 4 provinces. The number 
of improved genotypes tested in each of the 4 provinces varied. It was 17, 15, 10, and 13 
for Bas Congo, Kinshasa, Bandundu, and Katanga, respectively. In Bas Congo, 50fthe 17 
improved genotypes under test showed symptoms of CMD in at least one site. However the 
incidence of the disease was less than 5%_ In Kinshasa, only one ofthe improved genotypes 
showed symptoms of CMD while no symptoms were observed on any of the genotypes in 
Bandundu and Katanga. Damage by CBB was observed only in Kinshasa at a moderate 
level on all the genotypes but there were indications that the level of damage could get 
worse. In Bandundu, damage by CAD was observed at an early stage, though at a low 
severity and incidence level, on all the genotypes_ 

In Table 23, the performance of each genotype is compared for the following 3 diseases 
(CMD, CBB, and CAD). Generally, the farmers' local varieties were highly susceptible, 
particularly to CMD across the provinces. The farmers themselves observed significant 
differences between the new genotypes and their conventional types at all sites and loca
tions and this is evident from the choice they made at this stage of the trial. 

2.3.3.8 Preharvest varietal selection by farmers in on-farm trials 

Farmers selected ten new varieties of cassava from what is currently being tested in on
farm trials. These included 96/0160, 96/1630, 96/0860, 96/0016, 96/1439, 95/0211, 95/0528, 
95/0925,95/1009,93/0170,93/0267,99/0395, and MV00/0038. Selection was based on mul
tiple pest resistance, plant establishment, and vigor across 4 provinces. 

2.3.3.9 Preharvest varietal selection by farmers in preliminary yield trials (PYTJ 

Farmers and researchers also selected 19 new genotypes of cassava from Preliminary Yield 
Trials in 3 provinces. These included 91102327, 91102324, 92/0057, 96/1432, 9611632, 961 
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Table 23. Performance of improved and local varieties in on-farm trials across 4 
provinces in the Democratic Republic of Congo. 

Genotype 

9610160 
9611439 
9510211 
9610860 
9310267 
9310170 
9611630 
9510528 
9510925 
9410005 
9210019 
9511009 
9210067 
9210402 
9610016 
9611087 
9610249 
M9910030 
M9910038 
M9910395 
TME12 
Rav 
Sadisa 

8411252 
Barna 

Ngamanza 

Mvuama 
Kik-Iocal 

Sedi 

Klingele 

Kileba 

Kibungu 

Muat Kasang 

Mean 

Bas Congo Kinshasa Bandundu 

CMD CBB CAD CMD CBB CAD CMD CBB CAD 

1 

1 
3 

1 

1 
3 

3 

3 
2 
1 

4 
4 

4 

4 

5 
4 

2.2 

1 
1 

1 
1 

1 

1 

1 

1 

1 

1 
1 
1 

1.0 

1 

1 
1 
1 
1 
1 
1 
1 
1 

1 

1 
1 

1 

1.0 

1 
1 

1 
1 

1 

4 

1 

4 

4 

4 

5 

2 
3 
3 
3 
2 
2 
2 

2 

2 
2 

2 

3 

3 
2 

3 

3 
3 

2 

2 

1.8 2.4 

1 
1 

1 

1.0 

1 
1 

1 

3 

2 
4 

1 

2 

1.4 1.1 

2 
2 

2 
2 
2 

2 

3 
2 

2 

2 

4 

4 

2.3 

Katanga 

CMD CBB CAD 

1 

1 1 

1 

1.0 1.0 

1 

1 
1 

1 
1 

1.0 

1569, 9611708, 96/1089A, 9610023, 9210398, 9510166, 0111229, 01/1311, 0111313, 0111581, 
0111533,0111661, MV 021039, and TME 419. 

These new varieties are being rapidly multiplied at Mvuazi to increase available planting 
materials. Planting materials of at least 5 of the genotypes in on-farm trials will be deliv
ered to FAO and SECID after the final evaluation in November 2003. Planting materials 
of other genotypes particularly those in preliminary yield trial will be needed in large 
quantities for the establishment of a new set of on-farm trials in 2003-2004. 

2.3_3_10 Commencement of activities in Equateur 

Arrangements were made to send improved varieties of cassava to Equateur for evaluation 
in collaboration with farmers. Two trials were identified as very important--{)n-station 
evaluation of 21 improved varieties in preliminary yield trial (PYT) and on-farm trials of 
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the same set of genotypes. Mr N dombo Delo, having worked in this region in the past, was 
hired to plant these trials. The PYT was planted and 22 on-farm trials were established. 

The FAO representative in the country, as usual, was highly instrumental in providing 
the required logistics to transport the materials to Equateur. 

2.3.3.11 Rapid multiplication 

Intensive rapid multiplication of selected genotypes has been emphasized at Kolo in Bas 
Congo and Manpu in Plateau de Bateke. Two hectares of planting materials at approxi
mately 40 000 plants per hectare have been produced at Kolo and another 0.5 ha at Manpu 
in Plateau de Bateke. Further intensive multiplication will continue in the coming months 
to ensure that sufficient planting materials for secondary multiplication and expanded 
on-farm trials are available by NovfDec 2003. 

2.3.3.12 Promotion of postharvest technologies 

Postharvest activities were continued in target communities in 2 provinces (Bas Congo 
and Bandundu) to demonstrate the income generation potential of the crop to farmers, 
particularly women. Improved methodologies for producing quality flour, starch, chips 
confectioneries and other food products were adapted to farmers' conditions using locally 
available tools. 

Practical workshops on the production and use. of unfermented cassava flour, starch, and 
chips were organized for women leaders and interested processors. The workshop at Kikwit 
was organized in collaboration with SECID. Requirements for the establishment of small
scale processing centers were discussed and at the moment, women at Kola (Bas Congo) 
have organized themselves into groups for the commercial production of cassava flour. 
Table 24 shows the number and gender of participants at the workshops. 

At the end of the workshops, there was a high demand for cassava flour by women who 
wanted to evaluate the market friendliness and acceptability of the new products. In 
response to this demand, 120 kg of quality flour was produced by a local women NGO 
(AFEPA). Twenty kilogram of the flour was given as starting material to women groups at 
Kinzau-vuete, Lukula, and Tshela in Bas Congo. The women of AFEPA sold the remain
ing quantity of flour to generate income for the association. The cassava flour business is 
already booming. Another 130 kg of quality flour was produced to meet increasing demand 
for cassava flour for confectioneries. Women groups in Bas Congo and Bandundu received 
at least 20 kg of flour to enable them evaluate market acceptability of cassava-based confec
tioneries. Subsequently, these women are expected to produce by themselves large quanti
ties of quality flour for sale in the local market. To realize this objective, the only available 
grating/chipping machine, introduced from UTA in 2002, will be rotated on village basis to 

Table 24. Number and sex of farmers trained in postharvest technologies of cas-
sava. 

Location Province No. of males No. of females Total 

Kola Bas Congo 15 42 57 
Kinzau Vuete Bas Congo 19 40 59 
Tshela Bas Congo 16 55 71 
Kikwit Bandundu 15 52 67 
Total 65 189 254 
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enable women grate or chip fresh cassava roots, which will be dried and milled into flour. 
More grating/chipping machines are urgently needed to sustain this growing market. 

Local fabrication of processing machines 

In order to make cassava-processing machines more readily available and at an affordable 
price for processors in DRC, local fabricators of machines were identified for the direct 
reproduction and perhaps modification of the prototype from UTA to suit local demands. 
With the assistance of Mr Bernard Musangu of SECID, 3 fabrication centers were visited 
in Kinshasa. Each company's potential for mass production of quality machines at an 
affordable price was assessed and compared with others. 

Chanimetal has the highest capacity for mass production of quality machines, however the 
price quoted for each unit ofthe machine (without the motor) is very high compared with 
that of other companies (Table 25). The most probable company that can guarantee quality 
at an affordable price is ITI (Institut Technique Industriel). The comparative advantage of 
this company over others can further be considered from the point of view that it is affili
ated to a technical school, where students are trained in machine fabrication. This will 
ensure that more fabricators are available in the future for the production and servicing 
of cassava processing machines locally. 

Table 25. Capacity and price ratings of local manufacturing companies in DRC 
for the production of cassava grating/chipping machines. 

Capacity for Type Price 
Name of company mass production of machine quoted (US$) Remarks 

Chanimetal Very high Grater/Chipper 950.00 Rejected 

Tramecom Low Grater/Chipper 400.00 Rejected 

ITI High Grater/Chipper (1) 350.00 Selected 

Grater/Chipper (11 ) 500.00 

IT! = Institut Technique Industriel. Prices quoted are exclusive of the motor, which is estimated at US$400 

max. 

3 Productive yam systems 

Ongoing and future activities 

3.1 Establishing nutrient deficiency symptoms in yam and addressing 
soil fertility constraints through efficient use of organic and inorganic 
amendments 

3.1.1 Symptoms of nutrient deficiency 

by H.S. and R.A. 

In vitro plantlets of D. alata and D. rotundata were transplanted into and maintained in 
water culture. Nutrient omission treatments, -N, -P, -K, -Ca, -Mg, - B, -Zn, ·Mn, -Mo, -Cu 
and -Fe were applied in comparison with control (full nutrient status). 

The symptoms observed were photographed 30 days after transplanting. These would 
serve as a guide in the identification of nutrient deficiencies in the field that often confound 
diseases caused by viruses and fungi. 
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3.1.2 

by K.A. 

Soil fertility management towards sedentarization (stabilization) of 
yam production: Gender differences in mineral fertilizer application in 
Nigeria 

Farm-level soil fertility depletion is a fundamental cause of steady productivity decline 
in yam production during the past four decades, as pressure increased on land and fallow 
periods shortened or even disappeared. A study was conducted to identify the determinants 
of adoption decisions and intensity of application of mineral fertilizers in yam cultivation. 
Knowledge generated will be crucial for designing new approaches to soil fertility main
tenance and continuous culture of yam, while increasing productivity, assuring food and 
income security, and fostering sustainable resource management in Eastern and Central 
Nigeria. 

Commercially oriented as opposed to subsistence production of yams has a positive influ
ence on the probability of fertilizer adoption. Farmers' geographic location and ethnic 
background had a positive influence on the likelihood of fertilizer use. Among the seven 
states covered in the survey, the probability of adoption increases with farmers originating 
from Taraba and Nasarawa. Farmers from the Tiv ethnic group were more likely to apply 
fertilizer on yams than their Igbo, Igala, and Mada counterparts, the major ethnic groups 
encountered during the survey. 

Among adopters, age and gender of the farm operator, extension contacts, farm size, the 
number of other crops fertilized on the farm and market orientation in production influ
enced the intensity of fertilizer application on yams. Older producers are more likely to 
apply fertilizer on a large share of their yam fields as opposed to younger ones. The same 
pattern is predicted for females as opposed to male producers. Because yams are usu
ally grown before other crops on newly cleared land or after a fallow period, this finding 
provides evidence that female and older producers may be growing yams more frequently 
on the same plots or on marginal lands. The intensity of fertilizer application increases 
with the size of yam cultivation as measured in number of mounds, the number of other 
crops fertilized on a farm, and with commercially oriented production. In view of the large 
amount of seed and labor requirement in yam production, farm size is an indication of the 
level of economic resources available to producers. 

3.1.3 

by K.A. 

Economic viability and acceptability of legume fallow for soil fertility 
maintenance in yam production, Benin Republic 

The objectives of this study were to: (1) evaluate farmers' perception of yam inter-cropping 
with Glyricidia sepium; (2) evaluate farm-level economic viability ofthe technique; and (3) 
identify factors explaining adoption and nonadoption. 

Adopters of the technology acknowledged its contribution to soil fertility improvement 
(100%), reduction of fallow periods (55%), production of stakes (53%), and prevention of 
soil erosion (13%). Yet, a number of constraints, namely competition between yam and 
G. sepium trees (22%), high labor requirement, particularly for tree pruning (49%), and 
difficulties in the provision and growth of seedlings (13%) restricted the intensity of adop
tion_ A limited number offarmers (1.5%) also faced insecurity over farmland that prevented 
them from using the technology. 
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Other farmers abandoned the technology on grounds of additional constraints, namely 
the reduction in area for planting yam, and the belief that Glyricidia trees will deplete 
soil fertility in the long run. The lack of information and lack of interest regarding the 
technique were the constraints identified by 53% and 21 % of nonadopters, respectively. 
Insufficiency of farmland (11%) and difficulties to access seedlings of Glyricidia sp. (8%) 
were also mentioned. 

Results from the multinomial Logit model show that the likelihood of adoption of Glyricidia 
intercropping with yam is associated with male farmers, age, the number of extension 
contacts, and security over farmland. In addition, inheritance rights over farmland and 
education have positive influences on the probability of adoption among current adopters 
and former users, respectively. Yet, it declines for farmers that have insufficient farmland. 
Furthermore, adopters do not consider the technology as a means for producing stakes in 
yam cultivation. 

Partial budget analysis using farm-level data shows that intercropping yams with G. sepium 
is economically viable with a marginal rate of return of 7 that is slightly more than double 
farmers' minimum acceptable rate of return. 

The introduction in the Zou-Nord Benin of Glyricidia as a soil fertility management crop 
is well accepted by few farmers who acknowledge its advantages. However, young farmers 
and female farmers were not attracted to the technology, which could be an introduction 
bias. The constraints enumerated in the zone suggest that additional technical support 
would be necessary to help these farmers take full advantage of the technique and encour
age nonadopters to develop interest. This could be achieved through increased extension 
contacts and assuring security over land. 

In view of the high profitability of the technology compared to low adoption and high aban
don rates, research efforts need to evaluate the technology within the context of whole farm 
planning where many crops compete for limited resources. 

3_2 Addressing pests and diseases, particularly nematodes, through 
improved and clean planting material and agronomic measures 
adapted to farmer circumstances 

3.2.1 Production and delivery of virus-free plantlets 

by S. Y C.N., J.d'A. H., M.A., and R.A. 

During the year, 18000 virus-tested in vitro plantlets were produced from certified germ
plasm stocks of D. rotundata and D. alata. A total of 16 000 plantlets were transplanted 
into protected screenhouses leading to the production of 12 950 minitubers for international 
distribution. From these 5145 and 4253 minitubers were delivered to partners in Benin 
and Togo, respectively, for field multiplication and evaluation. The remainder was reserved 
for delivery to partners in Sierra Leone early in 2003. 

3.2.2 Analysis of the pathogenicity and genetic variability of Scutellonema 
bradys on yam in West Africa 

by D.Co. in collaboration with V. Williamson (UC Davis, USA), B. Hugues (University of Pretoria, 
RSA), and A. Tchabi (University of Lome, Togo) 

Pathogenicity studies of different geographic isolates within Nigeria have shown differ
ent levels of damage between different isolates in pots, but not in the field. Both field and 
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pot experiments are being repeated in the forthcoming year. Differences were limited, 
but comparisons of those isolates, which differed from each other in levels of damage, are 
currently being made for differences in DNA material. Material from other yam-growing 
countries in West Africa has also been sourced for assessment of variability. Nematodes 
from the different countries will be assessed for pathogenic differences in the coming year, 
under quarantine. Development of a reproductive fitness assessment assay on agar proved 
unsuccessful. Alternative culture mediums are currently being assessed. 

Specific regions of the DNA from individual nematodes have been extracted and amplified 
using primers for Dl domain of 28S rDNA, IGS of rDNA, ITS of rDNA, and mitochondrial 
COl gene. DNA from individual nematodes of different isolates have been analyzed using 
different restriction endonucleases. DNA polymorphisms within and between populations 
have been identified. Analysis of incoming, new material continues. 

Results ofthe comparison of the polymorphisms with data on pathogenicity of the nematode 
should allow us to develop and test appropriate molecular probes for the nematode. 

3.2.3 Evaluation of the interaction between fertilizer application and 
nematode damage on yam 

by D.Co. in collaboration with B. Hugues (Uniuersity of Pretoria, RSA) 

Field trials were conducted in Ibadan, Nigeria and at Cotonou, Benin to assess the inter
action between fertilizer (NPK) application and Scutellonema. bradys nematode damage 
on yam cv. Td131. Results are yet to be analyzed. The trials will be repeated during 2003 
in more detailed experimental design and treatments, involving the multidisciplinary 
approach to assessing reducing yam production, using UTA Project E competitive grant 
funds. 

3.3 Developing germplasm adapted to key pest and disease constraints, 
while preserving market preferences and improving storability 

by R.A., H.S., and S. Y.C.N. in collaboration with NARS partners 

Genetic improvement of yams at IITA focuses on Guinea (Dioscorea rotundata and D. 
cayenensis) and water (D. alato) yams. Guinea yams are indigenous to West Mrica. They 
are the most preferred yams and also those with the highest market value owing to the 
organoleptic properties of their tubers that suit the most prevalent food use for the crop 
in the region. D. ala to, introduced to Mrica from Asia during the 16th century, is next in 
terms of volume of production and extent of utilization to the Guinea yams but it is the 
most widely distributed Dioscorea species in the world. 

Primary geographical focus of UTA's yam improvement work is on the dominant yam
production zones of coastal West and Central Mrica (WCA). It is however recognized that 
yam cultivation has continued outside those zones in many countries of Mrica, often as a 
minor component of the farming systems. Annual and perennial wild/semi-domesticated 
Dioscoreo species continue to serve as important reservoirs of food in Mrica during periods 
of food shortage. 

Yams bring a lot of flexibility to the annual cycle offood availability in many areas through 
the multiplicity of cultivars, agroecological adaptation, maturity periods, as well as options 
for storage and utilization. Moreover the crop has high commercial value that can be 
exploited for alleviation of poverty. It is important to understand the minor, but significant, 
role that the crop plays outside the main production belt in WCA and explore opportunities 
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for expansion of production and utilization of the crop, where relevant, with the aims of 
enhancing food security and income generation for farmers and consumers. 

The objectives for yam improvement at UTA include high yield of dry matter per unit area 
and unit time; resistance to diseases (e.g., anthracnose, viruses, tuber rots) and pests (e.g., 
nematodes, beetles); tuber characteristics that are valued by consumers (e.g. size, shape 
culinary quality, and shelf life). Farmers have been relying on natural genetic variation 
for their selection of suitable yam cultivars to cope with the deteriorating resource base in 
the major yam producing areas. 

The pace of this is not compatible with the increasing challenges in the physical and socio· 
economic environment. Farmer'participatory testing, which combines farmers' indigenous 
knowledge and long experience with the expertise of breeders, is one of the approaches 
being used for the selection of new cultivars that are more suited to the current challenges 
as well as opportunities. 

Planting materials for production of ware yams (large tubers for market or home con· 
sumption) are derived from the edible portion, the tuber, which is expensive and bulky to 
transport. Farmers often use small tubers from the previous harvest or cut portions oflarge 
tubers as planting materials. For early maturing varieties of D. rotundata, harvesting of 
tubers about two-thirds into the growing season without destroying the root system ('milk
ing') provides early yams for home consumption and market. This also allows the regen
eration of fresh small tubers from the corm at the base of the vine. These small tubers are 
harvested at the end ofthe season and used as planting materials for the next season. 

The multiplication ratio for seed yam production in the field is very low (less than 1:10) 
compared, for instance, to some cereals (1:300). The technique of rapid multiplication 
using small tuber pieces (e.g., 25 g weight, called a minisett) in field nurseries has been 
developed and used for acceleration of the multiplication process. Meristem culture and 
micropropagation in vitro offer even higher multiplication rates and healthier propagules. 
For bulbiferous cultivars of D. alata, there is another option for propagation through the 
bulbils while the use of botanic seeds and vine cuttings require more research effort to 
become viable alternatives in the future. 

3.3.1 Germplasm development 

Preliminary, advanced, and uniform yield trials 

Breeding lines of D. alata and D. rotundata were evaluated in comparison with local 
check cultivars in preliminary, advanced, and uniform yield trials at Owerri and Ikenne 
(forest zone),lbadan (forest/savanna transition zone), Ubiaja, and Abuja (southern Guinea 
savanna) in Nigeria. 

For instance in uniform yield trials of 12 advanced clones of D. alata with 4 popular local 
check cultivars, three of the advanced clones TDa 98101166, TDa 98/01168, and TDa 991 
00240 each had a mean yield across five sites (Abuja, Ikenne, Ibadan, Owerri, and Ubiaja) 
that was about twice as much as that of the best local check. Owerri was the poorest site 
with a mean yield of 5.11 tonneslha while Ubiaja was the best with 25.51 tonneslha. The 
yields at Ubiaja for the two top yielding clones TDa 98/01166 and TDa 98101168 were 38.3 
and 39.4 tonneslha, respectively. 

Another set of D. alata clones were evaluated in a uniform yield trial at Abuja, Ikenne, and 
Ubiaja in Nigeria for symptoms of leaf blight (lfb), leaf spot (lsp), anthracnose (ant), and 
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virus (vir) infections. This was done on a scale of 1 to 5 where 1 = no or negligible infec
tion and 5 = maximum expression of symptoms, giving the results shown in Table 26. TDa 
297 and TDa 92-2 were used as local check cultivars with the former being known for its 
moderate reaction to the diseases evaluated_ 

Regional varietal trials with NARS 

Regional trials were conducted at several sites in West Africa in partnership with national 
yam programs within an IFAD-sponsored project (TAG 457) based on clonal germplasm 
supplied by IITA and local selections from seed populations_ Populations of Dioscorea 
rotundata developed for high yield and pest resistance formed the basis for identification 
of superior new clones by partners in the five major yam praducing countries of West Africa 
(Nigeria, Benin, Togo, Ghana, Cote d'Ivoire). 

Selections were made from these trials on the basis of tuber yield; reaction to viruses, 
anthracnose (leaf scorch) disease, leaf spot, leaf blight, and nematodes; and tuber quality 
(dry matter content, culinary attributes). New clones, superior in yield and pest resistance 
to popular local yam varieties, were identified among the introductions in each of these 
countries. 

Table 26_ Mean scores of D. alata clones evaluated in a uniform yield trial at three 
locations in Nigeria for leaf blight (lfb), leaf spot (lsp), anthracnose (ant), and 
virus (vir) infections, using a scale of 1 to 5 where 1 = no or negligible infection 
and 5 = maximum expression of symptoms. 

Clone Llb1 Llb2 Lsp1 Lsp2 Ant1 Anl2 Vir1 Vir2 
----
TDa 99100638 2.08 2.33 2.00 2.50 2.00 2.17 2.00 2.00 
TDa 99100214 1.92 2.42 1.92 2.25 2.08 2.42 1.67 2.00 
TDa 99101169 2.02 2.66 1.84 3.00 2.11 2.93 1.98 2.20 
TDa 99100216 1.98 3.12 2.28 2.93 2.03 2.95 1.80 2.12 
TDa 99100049 2.25 3.33 1.83 3.25 2.42 308 2.25 2.25 
TDa 99100022 2.25 2.58 2.25 2.67 2.00 3.08 2.17 2.42 
TDa 297 1.42 2.83 1.58 2.33 2.33 3.08 2.00 3.00 
TDa 85100250 2.08 3.08 2.00 2.67 2.17 3.17 3.00 2.58 
TDa 99101055 2.02 2.79 1.72 2.50 1.99 3.18 1.75 1.95 
TDa 99100197 2.08 3.17 1.97 3.27 1.94 3.31 2.30 2.32 
TDa 99100528 2.65 3.41 2.34 2.62 2.24 3.31 2.13 2.33 
TDa 99100048 2.00 2.83 1.92 2.50 2.08 3.33 1.92 2.17 
TDa 99100249 2.08 3.08 1.75 2.33 2.33 3.33 2.33 2.42 
TDa 99100217 1.98 2.91 1.85 2.50 2.27 3.38 2.01 212 
TDa 99100200 2.40 3.12 2.28 2.71 2.27 3.38 2.01 2.12 
TDa 99100208 2.00 3.00 1.75 3.08 2.00 3.42 2.00 2.33 
TDa 99100446 1.90 3.04 1.97 2.75 2.36 3.43 2.52 2.58 
TDa 99100304 2.02 2.54 1.84 2.75 2.11 3.56 1.75 2.08 
TDa 99100100 2.17 3.50 2_00 2.67 2.25 3.58 1.75 2.08 
TDa 99100503 1.98 3.33 1.85 2.50 2.27 3.80 2.01 2.12 
TDa 92-2 2.08 3.75 1.75 2.67 2.75 4.08 3.58 3.67 
Mean 2.04 2.99 1.97 2.70 2.19 3.25 2.09 2.34 
CV(%) 17.60 18.80 22.90 14.70 14.30 18.10 22.40 16.00 
SED 0.25 0.40 0.32 0.28 0.22 0.42 0.33 0.26 
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Fifty-two new clones of the species were provided for farmer-participatory evaluation in 
six states of Nigeria and a set of 12 leading clones were delivered to partners in each of 
the five key countries for a regional collaborative trial. 

New clones of Dioscorea alala selected for high tuber yield and food quality as well as 
anthracnose resistance were delivered to, and evaluated on-station with partners in Nigeria 
(18 clones) and Cote d'Ivoire (36 clones). 

Selections from earlier introductions are under on-farm evaluation with farmers in Cote 
d'Ivoire. These and other germplasm of the two species delivered to partners in West Mrica 
during the year for various purposes are shown in Table 27. 

Table 27. Delivery of improved yam germplasm to partners in West Africa in 2002 
for various purposes. 

Country Agency' No. of clones SpeCies Purpose 

Benin INRAB 12 D. rotundata Regional yield trial 
Cote d'ivoire CSRS 7 D. rotundata Farmer-participatory 

evaluation 
Cote d'ivoire CNRA 12 D. rotundata Regional yield trial 
Cote d'lvoire CNRA 36 D. a/ala National Yield trials 
Ghana SARI 7 D. rotundata Farmer-participatory 

evaluation 
Ghana CRI 12 D. rotundala Regional yield trial 
Nigeria NRCRI 26 D. rolundata Hybridisation; regional 

yield trial; nationally 
co-ordinated yield trial 

Nigeria NRCRI 53 D. rotundata Farmer-participatory 
evaluation (on-farm) 

Nigeria AGIP-NAOC 4 D. rotundala Multiplication for delivery 
to farming communities 
in the Niger Delta areas 

Nigeria FUTO 18 D. a/ata Nationally co-ordinated 
yield trial 

Togo ITRA 12 D. rolundata Regional yield trial _._------

*INRAB = Institut national des recherches agricoles du Benin, SRCV-Ina, Benin; CSRS = Centre Suisse 
de Recherches Scientifiques en COte d'Ivoire, Abidjan, Cote d'Ivoire; CNRA = Centre national de recherche 
Agronomique, Bouake, Cote d'Ivoire; SARI = Savanna Agricultural Research Institute, Tamale, Ghana; CRI = 
Crops Research Institute, Kumasi, Ghana; NRCRI = National Root Crops Research Institute, Umudike, Nigeria, 
AGIP-NAOC = Nigeria AGIP Oil Company, Rivers State, Nigeria; FUTO = Federal University of Technology, 
Owerri. Nigeria; ITRA: Institut Togolais de Recherche Agronomique, Sotouboua, Togo. 

3.3.2 

byK.A. 

Producers' demand for varietal characteristics of yam in Nigeria: an 
ex-ante evaluation for adoption of new technologies 

The objective of this study was to evaluate farmers' preferences for yam characteristics and 
assess their expectations from varietal improvement programs. The knowledge generated 
will give yam breeders an indication of the ex-ante adoption of improved varieties yet to 
be disseminated to producers. 

The knowledge will be essential for the development of desirable genetic material in future 
yam breeding programs that aim at adequate adoption, increased food security, and higher 
incomes at the farm level. Results will also help extension agents and rural development 
initiatives to efficiently target adopters of the improved varieties by matching character
istics with farmers' preferences, social and demographic parameters. 
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A survey was conducted in East-Central Nigeria corresponding to the eastern section of 
the yam production belt_ The area comprises seven states namely, Benue, Ebonyi, Enugu, 
Federal Capital Territory, Kogi, Nasarawa, and Taraba. 

Results from the ordered Probit models show that producers preferred pounded yam (sticky 
dough prepared by pounding boiled tuber pieces) that is white, shiny, smooth, nonsticky, 
easy to mold, and elastic. These attributes highly influenced the likelihood of a variety 
being ranked ideal for processing into pounded yam. The ranking of varieties did not differ 
according to the gender of producers but with respect to other sociodemographic and geo
graphic parameters such as yam growing experience, education, and state of origin. 

Producers preferred boiled yam that is white, dry, mealy, and sweet to taste, regardless 
of yam species. For D. rotundata species, soft texture of boiled yam was most preferred. 
Even though preferences differed across state boundaries but not with respect to gender 
these attributes played a significant role in the classification of producers' varieties for 
their suitability for boiling. Similarly for amala (a sticky dough prepared by stirring yam 
flour in boiling water), producers preferred a paste that is light-brown in color, has smooth 
texture, is non-sticky, easy to mold, and elastic, with some differences across states and 
ethnic groups. Elasticity, texture, and stickiness highly influenced the probability of a 
variety being classified as ideal for amala. 

Among agronomic and morphological characteristics, producers prefer varieties that are 
early-maturing, high-yielding, and readily marketable. Tubers should be large in size, 
smooth skinned, cylindrically shaped, and easy to harvest, without enzymatic browning of 
the flesh or shrinkage in storage. There were differences among producers in the ranking 
of D. rotundata varieties on the basis of gender, yam-growing experience, and State, but 
not across ethnic groups. For D. alata, ranking differed according to state and ethnicity 
only. Men and women were similar in the order of importance of yam characteristics, based 
on average scores. Among the main dishes prepared with yam, the three most important 
characteristics were color, texture, and consistency for pounded yam; sweet taste, white 
color, and soft texture for boiled yam; and light brown color, with a lump-free texture that 
is easy to mold for amala. Regarding the 12 agronomic and morphological characteristics 
analyzed, high and stable yield, good marketability, large tuber size, and growth cycle were 
the most important to producers. 

Varietal improvements targeting good agronomic, morphological, and marketability traits 
should not come at the expense of sweet taste as the outcome will be less attractive to 
women or short cooking time as this will be less attractive to men if the variety is to be 
used as boiled yam. Similarly, it should not hinder the smooth texture of amala (valued 
by women) or non-sticky and elastic amala (valued by men). 

3.4 Developing improved storage and processing methods and 
identifying new marketing opportunities 

Quality of the tuber for the preparation of yam-based foods is a major criterion for accep
tance of new yam varieties by farmers and consumers. Yam tubers are mostly consumed 
with sauce directly after boiling, frying in oil, or roasting. They may also be cooked into 
pottage with added protein sources and oils. One major method of preparation that is well 
appreciated in coastal West Mrica is the boiling and pounding of the tuber pieces into a 
thick dough (called 'tutu' or 'pounded yam') that is consumed with soup. Another popular 
dough (called 'amala' in Nigeria and Benin and 'konkonte'in Ghana) is prepared in hot 
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water from flour derived from dried yam tubers. The popularity of this product is increas· 
ing in urban areas owing to the convenience in its preparation. The product has also been 
introduced to processors and consumers in Cote d'Ivoire, Burkina Faso, and Cameroon 
through the same project entitled: Raising the value of yams on the urban market. A few 
commercial products based on dry flakes or flours from the tuber are produced in Nigeria 
and Cote d'Ivoire for export and sale in urban areas. These are produced by peeling, dicing, 
sulphite bathing, cooking, mashing, drying, and flaking followed by packaging. However 
the yam sector currently needs additional innovative processing technologies that could 
reduce food losses and create new products with higher added value. In order to address 
this efficiently it is necessary to understand the properties of the tuber that relate to high 
quality of food products. 

3.4.1 Characterization of principal food and processing qualities in yams: 
Texture profile analysis of 'pounded yam' made from varieties of D. 
alata and D. rotundata 

by R.A. in collaboration with B. Otegbayo 

The objective of this experiment was to establish a fast protocol for screening yam geno· 
types for food quality by evaluating the textural characteristics of 'pounded yam' from 
varieties of D. alata and D. rotundata using sensory texture profile analysis and relating 
this to instrumental texture profile analysis. Pounded yam is a very popular yam dish in 
West Mrica prepared by pounding boiled tuber pieces into a sticky dough that is consumed 
with soup. 

Sensory analysis is a scientific method used to evoke, measure, analyze, and interpret those 
responses to products as perceived through the senses of sight, smell, touch, taste, and 
hearing. For instrumental texture profile analysis a texturometer was used that measures 
texture by simulating the action of the human jaw (deforming food via a pivotal motion). 

From the results of sensory texture profile analysis, textural qualities that are considered 
important in pounded yam are: adhesiveness, cohesiveness, elasticity, hardness, and 
smoothness. Fibrousness was not considered an important textural quality in pounded 
yam since both yam species (D. rotundata and D. alata) gave pounded yams that were 
fibrous, and it did not affect the acceptability of the texture of the pounded yam by the 
trained panellists. It was therefore concluded that textural notes associated with a good 
quality pounded yam are: a reasonable degree of adhesiveness, cohesiveness, elasticity, 
moderate softness but firmness (so that it will be deformable or easily squeezed with the 
hand). Pounded yam prepared from D. rotundata varieties met these criteria. Textural 
qualities of pounded yam from D. alata species were considered very poor. The pounded 
yam samples were less cohesive, very soft, not elastic, lumpy (not smooth), and highly 
sticky (adhesive). 

Storage of fresh yam tubers before use improved the textural qualities of the pounded yam 
produced from them. Pounded yam made from stored yams from the two yam species was 
judged to have better textural qualities than those made from freshly harvested yams. 
Storage of the yams gave pounded yam that was less sticky, cohesive, moderately soft (not 
hard), firm (not still) and very elastic (high resilience value in instrumental texture profile 
analysis (TPA) pounded yam. 

There were highly significant positive correlations between the five dominant instrumental 
TPA parameters: Hardness, cohesiveness, springiness, stringiness, adhesiveness and the 
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sensory parameters: stickiness, elasticity, cohesiveness, and hardness. Deformability had 
lower correlation coefficients with other instrumental TP A parameters and may not be a 
significant parameter to consider in instrumental TPA of pounded yam. In sensory TPA 
since it shows whether the pounded yam is fIrm, and deformable or very hard and stiff. 

Four dominant parameters (adhesiveness, springiness, cohesiveness and hardness) can be 
picked from eight TPA parameters (fracturability, cohesiveness, gumminess, chewiness, 
adhesiveness, springiness, resilience, and hardness) extracted from the TPA force·compres· 
sion curve correlated with the sensory TPA. These parameters can be used for objective 
assessment of texture in pounded yam. This means that from the result of the TPA analysis, 
the harder pounded yam is, the more cohesive and more elastic it could be. Also it can be 
less deformable depending on whether the softness or hardness is at two extreme ends. A 
desirable degree of adhesiveness (stickiness) is also important. 

Highly significant correlations between instrumental and sensory texture profile analyses 
parameters show that the former can be used as an objective method for the measurement 
of textural qualities of pounded yam as an alternative to sensory evaluation using trained 
panelists. 

3.4.2 

byK.A. 

Market orientation in yam production: situation analysis in Togo 

A survey was conducted in the Isati, Dereboua, and Dimori regions located in three yam 
production ecologies. The study found that men predominantly manage yam production 
although 85% of the households have one to fIve women involved in agricultural activities. 
Farmers do not manage many yam plots, contrary to other food crops, as a way to take 
advantage of soil types and microclimates, and to minimize the risks of crop failure. The 
number of yam plots is limited to one (58%) or 2 plots (33%). 

Although yam is a major contributor to the diet and food security in the study areas, 
there is a high degree of commercialization of production to generate income. About 72% 
of producers commercialize 20-65% of disposable output. Harvesting and sale of fresh 
tubers are mainly spread over five to six months, but some prefer selling their harvest in 
December or in April. 

Most of these sales take place in the village market places. However, 30% of producers 
carry their products beyond their villages to nearby towns and cities. Others sell yam on 
markets across the national border (Ghana). A number of farmers (17%) have declared 
growing varieties such as Koukou, Alassora, Keke, Kratsi, and Wamba specifically for 
processing into chips that they commercialize in many types of markets during the peak 
period of June through August. 

Traders offresh tubers and chips are mainly women (98%) that are highly organized along 
the marketing channel into collectors, semi· and wholesalers, and retailers. They operate 
within specific zones and with different capacities. Collectors purchase yam products from 
primary rural markets directly from producers. These collectors then sell to intermediaries 
andlor wholesalers that assure distribution to other wholesalers and retailers. In many 
cases, this distribution takes place through a middleman and from the production zones 
to consumption centers in the country. 

Occasionally, some traders (12%) target regional markets in Ghana, Burkina Faso, and 
Niger with fresh tubers, but not with chips. Skin bruises, tuber rot, and pest damages in 
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storage are the major constraints to traders (63%). As a result, there is a high stock turn
over and 54% of traders manage to sell yam within 10---12 days of acquisition. Yet, yam 
chips are easily stored and 50% of traders do so for 2 to 6 months. 

Transport service providers playa major role in linking production and consumption centers 
nationally and regionally. These services are not limited to yam alone but to other food 
and non-food commodities, as one would expect. A number of transporters (8%) confirmed 
hauling fresh tubers across national borders to other countries in the subregion namely, 
Ghana, Mali, and Niger. 

In terms of scale and geographic scope, many small vehicles cover short distances, each 
transporting a small share of marketed outputs. On the contrary, few lorries convey the 
bulk of yam tubers over longer distances. This practice suggests that on the margin, small 
vehicle size may be a more efficient way of product collection while medium and large 
capacities are more profitable in hauling. 

In conclusion, fresh yam tubers and dried chips are tradable food products that are well 
integrated in the marketing systems. They are sources of food as well as income for market
oriented farmers, traders, and other service providers. Production and trade activities are 
highly specialized according to gender and predominantly under the management of men 
and women, respectively. Markets are geographically segmented with many categories of 
participants. 

Further research should address, among other things, the extent and volume of spatial 
product flows, the transaction costs, and market efficiency, factors explaining market par
ticipation and how they affect the livelihood of the poor farmers and traders. 

4 Multiproduct tree crop systems 

Ongoing and future activities 

4.1 Test different approaches to create capacity and motivation of farmer 
associations and farmer-owned support services to assist 
smallholder cocoa and oil palm producers 

4.1.1 The Sustainable Tree Crops Program: realizing a new development 
paradigm 

by S. Weise in collaboration with C. Knight (Knight International) 

The Sustainable Tree Crops Program (STCP) constitutes a coordinated and innovative 
effort made by farmers and producer organizations, the worldwide chocolate industry and 
trade, national governments, research institutes, the public sector, policymakers, donors, 
and development agencies to facilitate the improvement of smallholder agricultural systems 
based on tree crops in West Africa. With over 50% of the foreign exchange derived in West 
Africa coming from cocoa alone, it is clear that there are numerous groups now involved and 
committed to the tree crop commodities. Collectively, these groups, which typically bring 
different perspectives to the table, have shaped consensus around three common interests 
and concerns. They include: (1) promoting the production and marketing of quality cocoa, 
(2) improving market access and income for small-scale producers, and (3) creating systems 
that are environmentally friendly, socially responsible, and economically sustainable. 
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The STCP goal is to improve the economic and social well-being of smallholders and the 
environmental sustainability of tree crops farms_ To achieve the STCP goal, a public-pri
vate sector partnership was created-the STCP West Mrican Development Alliance-to 
provide stakeholders with an organizational framework and policy environment under 
which they could improve the performance and efficiency of the system. Productivity of 
tree crop farms and enterprises are being raised, with emphasis on the rehabilitation and 
reclamation of deforested lands_ Efficiency in the marketing chain is being improved so 
that it delivers fair prices to farmers and quality products to end-users_ Only by lowering 
production and marketing costs will tree crops remain competitive and profitable for Mri
can farmers on world markets. Achieving this and at the same time improving the state of 
natural resources, including biodiversity, land, soil and water, is the formidable task being 
undertaken by STCP. On the social and labor front, STCP is working to prevent hazard
ous working conditions and eliminate the worst forms of child labor, thereby improving 
standards on farms and in comm unities. If successful, the outcome of these efforts will be a 
more sustainable global economy for the focal tree crop systems, characterized by: increased 
rural incomes, reduced risk and greater stability in the supply of quality products to end 
users, increased demand for and use of tree crop products, better working conditions on 
farms, and an improved status of environmental resources for current and future genera
tions of West Mricans to pursue their interests. 

STCP is a program that brings together all ofthese stakeholders and enables them to col
laborate. To do this efficiently, a results framework with five strategic areas was adopted: 
(1) strengthening community-focused groups, (2) technology dissemination and research, 
(3) policy change and implementation, (4) market system and information system devel
opment, and (5) labor and social systems. The general approach being taken within each 
strategic area is to build on the existing efforts and activities of relevant stakeholder groups, 
to add value to them, and to coordinate future collaborations. Currently, the primary tree 
crops targeted by STCP in West Mrica are cocoa and cashew. Additional tree crops may be 
considered within the context of diversification of cocoa or cashew production systems. 

A regional program is being implemented which will enhance the synergies to be gained 
by working across institutions and countries to successfully develop sustainable tree crop 
production. The four largest Mrican cocoa producers (Cameroon, Cote d'I voire, Ghana, and 
Nigeria) are included in the program and account for approximately two-thirds of total 
world production. The flith member of the program is Guinea whose diversified agricultural 
economy includes cocoa, cashew, and robusta coffee as major subsectors. Furthermore, an 
integrated and holistic approach is taken within STCP to link developments in research, 
technology delivery, market systems, information systems, policy change, and community 
or producer-focused services. 

Currently, a series of STCP pilot projects are in the start-up phase in West Mrica; three 
pilot project sites have been identified in Cote d'Ivoire, and one in each of the other four 
countries (Cameroon, Ghana, Guinea, and Nigeria). The objective of these pilot activities 
are to compare, test, and validate different approaches and interventions to develop sus
tainable and integrated cocoa production systems, and to concurrently address child labor 
concerns in a coherent and systematic method. The ultimate goal of these pilot activities is 
to improve the rural livelihood of cocoa producers in West Mrica by improving their ability 
to respond to the demands of global markets. To support the pilot activities, three "cross
cutting" regional projects have been developed in the following thematic areas: (1) child 
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labor, (2) demand-driven technology delivery and research, and (3) trade and information 
systems. These projects are being developed by organizations with the necessary expertise 
and capabilities in the respective areas. 

Finally, a regional management structure has been developed to support and link the pilot 
projects and regional activities. The International Institute of Tropical Agriculture (UTA) 
is hosting the STCP regional program and will manage it through the STCP Regional and 
National Coordination Units. The Child Labor Regional Project will be hosted and man
aged by the International Labor Organization (ILO) through its International Program 
on the Elimination of Child Labor (IPEC). The Donor Alliance Committee will ensure a 
broad-based public-private partnership to support STCP; a Washington Liaison office is 
assisting with development of communication tools and material to serve the Alliance. The 
STCP Steering Committee, consisting of 15 members from farmer groups, industry/trade, 
funding agencies, national network chairs, and the program host institution is providing 
general oversight to the STCP program as a whole. 

4_1_2 STep regional workshop 

by S. W. and J.R. in collaboration with C. Knight (Knight International) 

In November 2002, a regional workshop was held for the broader STCP coalition to par
ticipate in and support this integrated and coordinated West African Regional Program to 
develop a holistic approach to sustainable tree crop systems in Cameroon, Cote d'Ivoire, 
Ghana, Guinea, and Nigeria. The workshop was organized jointly by the Government of 
Ghana (COCOBOD), the US Government, the international cocoa industry (Global Issues 
Group), and UTA. Specifically, three areas were addressed during the workshop: 

• STCP Action Plan: A common understanding of the rationale for and details of the 
Pilot Phase Action Plan of STCP and the framework for its implementation was 
developed. 

• STCP Interventions: The successes in interventions to date and innovations necessary 
to achieve the STCP goal were showcased and discussed for further assimilation into 
the program. 

• STCP Coalition: The coalition between farmer organizations, industry, governments, 
international agencies, research and extension for implementing STCP activities was 
consolidated and further strengthened. 

The STCP Action Plan, initiated in October 2002, has now moved into full implementation 
of its 3-year program, building on the insights provided by this workshop. The Action Plan 
includes pilot projects in each ofthe member countries focusing on developing the capacity 
of farmer organizations, and regional projects that provide technical support to the pilots in 
addressing issues on trade and information systems, technology dissemination, research, 
and child labor. The child labor component is implemented through the WACAP Program 
of ILOIIPEC. Existing linkages with complementary programs are being formalized (e.g., 
with Socodevi and Creative Associates) and new ones will be pursued. At the end of the 
workshop, the members of the Sustainable Tree Crop Development Alliance ensured their 
support for the Action Plan of STCP. With this workshop, the 3-year regional Action Plan 
was launched. 
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4.2 Create and strengthen regional market and information systems, 
which enhance the efficiency of the tree crop sector, i.e., primarily 
cocoa and associated crops 

Key characteristics of cocoa and cashew production systems in West and Central 
Africa 

by J. G. and G.B.N. in collaboration with STep partners 

Among the perennial tree crops, the cocoa sector is of particular interest for the humid 
forest region and for the global chocolate industry, as approximately 60% of the world 
supply of cocoa originates from West and Central Africa, and producing countries derive 
a large proportion of their foreign exchange earnings from cocoa. 

The main objective ofthis research was to understand the general constraints and opportu
nities of cocoa-based systems in the humid forest zone of West and Central Africa (cashew 
as concerned Guinea), in view to increase the productivity of agricultural land and labor 
employed by asset-poor households, and thus contribute to alleviation of rural poverty. 

Method 

An extensive baseline survey of 5457 farmers in major cocoa growing regions (cashew grow
ing regions in Guinea), was conducted in 2001 in Cote d'I voire, Ghana, Nigeria, Cameroon, 
and Guinea, to provide basic parameters of cocoaJcashew based systems in the region. 

In all of the countries surveyed, villages and clusters of households were randomly selected 
and household heads interviewed using structured questionnaires. In Nigeria, 1083 house
holds were visited in 35 villages and towns of Ondo State which accounts for between 40 
and 50% of annual production in Nigeria. In Cameroon, 1003 households and 83 villages in 
the Southwest, Center and South Provinces were visited, with production from these sites 
accounting for over 80% of national production. In Ghana, the surveys were conducted with 
1000 households from 85 villages in the Brong Ahafo, Ashanti, Eastern, and Western regions 
which together account for approximately 90% of national production. In Cote d'Ivoire, a 
list of farmers obtained from a national census of cocoa and coffee producers conducted in 
1998 provided the opportunity of selecting households with known probability of selection. 
In all, 1372 households from 20 subdivisions and 134 villages, hamlets and cocoa "camps" 
across the cocoa belt of Cote d'Ivoire were visited. In Guinea, 999 farmers were visited in 
Boke and Mandiana areas. 

Results 

Landholding 

Table 28 summarizes information on land ownership by crop types in the cocoa belt of the 
four countries. Compared with other crops, cocoa areas are the most important. Cocoa 
production across the region is in the hands of small family farms. The average cocoa area 
planted per household was 4.5 ha in Cote d'Ivoire, 5 ha in Cameroon, 6.4 ha in Ghana and 
4.6 ha in Nigeria. In Guinea, the average cashew area was 3.12 ha. 

Cocoa production is just one component in the rural livelihoods of most households. Nearly 
all households also grow food crops for both consumption and the market and in Cote 
d'Ivoire about half of the cocoa producers also grow robusta coffee on small plots. Other 
common perennial cropping systems include oil palm, and in some areas citrus production. 
Relatively small portions of the planted areas were dedicated to food crops; with the areas 
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Table 28. Average land holding (ha). 

Cote d'lvoire Cameroon Ghana Nigeria Guinea 

Total cocoa area 4.5 5 6.4 4.6 3.12 (cashew) 
Total Perennial crop fields 6.32 6.89 4.4 4.62 6.3 
Food crop fields 1.67 2.49 1.36 1.38 5.6 
Fallow land 3.38 3.32 1.09 0.81 4.9 
Forest land 2.38 6.69 0.86 0.24 4.5 

allocated ranging between 1.3 ha (Ghana) and 2.5 ha (Cameroon). It is also important to 
note that if in some countries (Cameroon), forestlands are still important, land shortage 
is apparent in Nigeria and Ghana. 

Household cash revenue 

Cocoa revenues are often the largest source of revenues for many households (Table 29). 
The average cocoa share in household income ranges from a low of 50% in Cameroon to a 
high of 67% in Nigeria. In Ghana, the average share of cocoa revenues was 56% while in 
Cote d'l voire the average share of cocoa revenues among the surveyed households was 51 % 

and 21.5% for coffee. In Guinea the contribution of cashew is only 9%. 

Table 29. Estimated household cash revenues and the contribution of cocoa, 
coffee, and cashew. 

____ . ______________ ~C_'_'ote d'lvoire Cameroon Ghana Nigeria Guinea 

Contribution of cocoa sale in total revenue 
Contribution of coffee sale in total revenue (%) 
Cocoa sale revenue ($) 
Coffee sale revenue ($) 
Estimated households' total revenue ($) 

$1 = 640 Fcfa; $1 = 8186 Cedis; $1 = 126 Naira 

Yield patterns 

50.96 
21.44 

779 
122.3 

1274.5 

50 
3.5 

770.7 
54.16 

1547.4 

56 
0.3 

138.4 

426 

67.2 9 (cashew) 

963 

1537.5 

Cocoa yields per ha are substantially lower than the one to two tonnes typically obtained 
on research stations and the production technology is generally extensive with almost no 
use of labor saving inputs such as motorized pesticide sprayers, motorized brush clearing 
machines, or herbicides. The average yield per ha was 207 kg in Ghana, 292 kg in Cam· 
eroon, 393 kg in Cote d'lvoire, and 475 kg in Nigeria. Yield was 184 kg per ha for cashew 
in Guinea. 

Chemical inputs use 

The low yields reflect in part the low prices in recent years, which have caused farmers 
to reduce the amount of inputs applied to their tree stock investments. The most impor· 
tant of these inputs are labor and agrochemicals for fertilization and controlling pest and 
disease. 

Agrochemicals use showed a wide variation by country. Nigeria and Cameroon have the 
largest proportion of farmers applying some kind of chemical inputs (88% and 84%, respec
tively). While in Ghana and Cote d'lvoire less than 50% are concerned. In Guinea, very 
few farmers (2%) use chemical inputs. An important problem with the agrochemical use is 
the place of purchase. An important proportion of farmers purchased chemical inputs from 
unlicensed private suppliers (Table 30). These sources do not necessarily provide certified 
quality of chemical inputs. This can potentially lead to serious health problems. 

-49-



Table 30. Chemical input supplier (% of farmers). 

COte d'ivoire Cameroon Ghana Nigeria Guinea 

Licensed private supplier 21 32.3 13 14.6 
Unlicensed private supplier 17.6 20.3 3.3 20.6 
Privale cocoa/coffee buyer 3 23.2 1.3 44.6 
Government authority 3.5 1.2 27.2 3.5 
Farmer organization 3.5 3.5 5.2 2.8 
Other larmer in village 1 0.9 1.2 0.5 

Capital assets 

The use of pesticide on cocoa farms requires special capital equipment. Ownership of capital 
equipment for pesticide application is very low (Table 31). Knapsack sprayer is the most 
common equipment mainly in Cameroon where 72% of farmers use it. This is naturally 
related to the high prevalence of cocoa black-pot disease in Cameroon. The use of more 
modern motorized equipment is globally very low. Most producers are smallholder farm
ers. The size of farms limits the possibilities for an individual ownership of some types of 
equipment. 

Table 31. Capital equipment owned (% of households). 

Motorized sprayer 
Knapsack sprayer 
Motorized insect logger 

COle d'ivoire 

22 
21 
11 

Cameroon Ghana 

1.5 9.4 
72 6.4 

0.8 0.1 

Nigeria Guinea 

0.7 0.5 
12 10 
0 0.5 

---------- --------------------

Use of improved varieties 

The proportion of farmers who do not have access to suppliers of improved varieties is 
relatively high in some countries (Table 32). This is the case in countries where the sector 
has been liberalized. Fifty-eight and 87% offarmers in Cameroon and Cote d'Ivoire, respec
tively, mention the lack of availability of suppliers of improved varieties. A consequence 
of this is that the largest portion of producers in all countries obtained planting material 
from existing farms/fields or volunteer seedlings (Table 32). These sources probably do not 
provide the latest improved varieties. Farmers who obtained planting material from market 
or the other sources (cooperative. government service) are more likely to use improved 
varieties-the proportion of farmers using these sources was high only in Ghana. 

Table 32. Availability of improved variety supplier and source of planting mate-
rial (% of farmers). 

Cote d'ivoire Cameroon Ghana Nigeria Guinea 

No available supplier 87 58 5 68 7 
Existing larmslfields 89 88 67 79 43 
Volunteer seedlings 4 21 4 10 1 
Improved planting material lrom government 7 12 35 7 a 
Improved planting material purchased Irom 
private sellers 4 7 5 2 15 
Improved planting material obtained from 
farmer organization 1 1 1 1 4 
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Farmers' organizations 

The adhesion of farmers to rural organization is still very low, even insignificant in a 
country like Ghana where only 9% of farmers belong to a group (Table 33). 

In the humid forest zone of Mrica, the private and nongovernmental sectors have been 
actively brought in after the liberalization of the cocoa sector. Specially, groups of farm
ers, in the form of producer associations, are among the best means of providing extension 
advice and thus extending new production techniques. It is noted that these groups are 
actually more active in the marketing part of the cocoa activity (Table 34). 

Table 33. Rural organization (% of farmers). 

Member of rural organization 

Formalgroup 

Informal group 

COte d'lvoire Cameroon 

32.8 
86.6 

13.4 

36.3 

65.8 

27.7 

Ghana Nigeria Guinea 

8.7 24.1 50 

52.9 63.9 37 

54 37.2 76 

Table 34. Services provided by the rural group (% of farmers). 
--- ---- . - . ,--- ---~--------------- -------

Cote d'ivoire Cameroon Ghana Nigeria Guinea 
--------

Input supply 14.4 27.7 26.4 53.3 44 

Group sales 73.3 48.8 20.7 10.6 15 

Transportation of produce to market 72.22 19.5 1.1 4.7 16 

Market information 48.9 40 12.6 25.5 17 

Storage facilities 70.7 29 2.3 4.3 51 

Technical advice 18.9 36.8 34.2 25.1 n.a 

Training 10.44 13.4 5.7 24.7 n.a 

Collective pest and disease control 16.7 20 9.2 2.7 7 
-----.---------~-

Credit 

Data in Table 35 show that cash credit is a very scare commodity in the rural sector. Eighty
nine percent offarmers in Cote d'lvoire 74% in Cameroon, 80.5% in Ghana, 47% in Nigeria, 
and 75% in Guinea did not have access to cash credit in 2001. The supply of rural credit 
has been divided into the 'formal' and 'informal' sectors. The formal sector includes banks, 
government agencies, cooperative credit unions, NGOs, etc. The informal sector is made 
up largely of individuals (traders, landlords or farmers themselves) who lend money as a 
business. The main source for farmers who received credit was the informal sector. Some 
farmers reported to have received in-kind credits (Table 35), mainly in Nigeria (44%) and 
in Cameroon (25%). The in-kind credit received is mainly made of fungicides, pesticides, 
and fertilizers. 

In recent years, with the liberalization of the cocoa sector, the credit sector has experienced 
many changes due to the withdrawal of government subsidized credit programs. The gap 
left by the withdrawal of government has been partly filled by the informal sector. However, 
the informal sector is traditionally characterized as being highly usurious and in positions 
of considerable power due to lack of local competition. 
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Table 35. Access to credit. 

COte d'ivoire Cameroon Ghana Nigeria Guinea 

Formal credit 2.4 2 6 5 11 
Informal credit 8.3 24 13.5 48 14 
No access to cash credit 89.3 74 80.5 47 75 
Have received in-kind credit 5 25 6 44 6 

4.3 Identify and promote the use of policy and strategy options that 
increase the efficiency and sustainability of the cocoa sector, address 
undesirable labor practices, and remunerate farmers for 
environmental services 

See 4.1. 

4.4 Elucidate the ecological functioning and environmental services of 
establishing as well as mature cocoa agroforests and other tree crop 
systems to identify factors of system sustainability and link to the 
global environmental debates/opportunities on carbon trading and 
biodiversity 

4.4.1 Ecological consequences and food safety issues of fungicide use on 
cocoa farms 

byL.N. 

The initial results of an experiment to compare the agronomic effects and environmental 
impacts of different copper fungicide regimes in cocoa are presented. Fungicide to control 
blackpod (Phytophthora megakarya Bras. & Griff) is the main external input used in cocoa 
(Theobroma cacao L.) systems in southern Cameroon. One of the most commonly used 
fungicides is 'Ridomil® Plus 72 W AP'; copper (I) oxide plus metalaxyl. However, at fluctu
ating cocoa prices, the spraying regime recommended by the manufacturer is not always 
profitable. Therefore the effects of a reduced spraying regime need to be assessed. 

In a survey conducted in eight southern Cameroonian villages, on average farmers classified 
33% of their cocoa holdings as abandoned. Given increased interest in cocoa production due 
to higher market prices, it is important to know what yields are possible from previously 
abandoned fields and what is the yield response to fungicide. 

Losses of fungicide to the soil surface are inevitable, from dripping during the spraying, 
and during subsequent rainfall and thus there might be negative environmental conse
quences associated with application. Earthworms are 'ecosystem engineers' and maintain
ing their populations and consequent activities such as burrowing and cast production is 
an essential component in sustainable agricultural systems worldwide and their use as a 
bioindicator is widespread. The cocoa tree trunks, pods and leaves are sprayed manually 
up to 12 times per year during the rainy seasons using a knapsack sprayer. Soil organ
isms can tolerate metals by avoidance, reduced assimilation or increased excretion rates, 
uptake into compartments at the subcellular level and protein inductions. Earthworms 
can distinguish between litter contaminated with metal ions (zinc, copper) and that which 
is not, selecting the non-contaminated litter. However, there are very few in-situ studies 
on copper toxicology from the tropics. 
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Material and methods 

An experiment was established in Zoatoupsie near the IITA Mbalmayo research station 
in Cameroon (3° 51'N and 11° 27'E) and plots were established in farmers' cocoa farms 
with upper canopy trees. The cocoa had not received any inputs for the previous three 
years. Plots were selected for visual uniformity. The cocoa was approximately 35 years old 
and reportedly had been established after selectively felling secondary forest and a single 
cropping cycle. 

The experimental design was a replicated randomized complete block design with three 
treatments: (1) 'high concentration' Ridomil® plus 72 WAP (active ingredients 600 g kg-! 
Cup and 120 g kif! metalaxyl (methyl N·(2,6·di·methylphenyl)·N·(methoxyacethyl)·DL. 
alaninate, C,.H2,NO.,) at 6.4 kg Ridomil® ha" yr" divided into eight applications (recom· 
mended application); (2) 'low' concentration' at 2.13 kg ha'! yr' divided into eight applica· 
tions. (3) zero--no spray. Also, an (unsprayed) secondary forest control (non. randomized) 
was used as a comparison for each block. The secondary forest control had reportedly been 
cleared for crop production 35 years previously at the same time as the cocoa and left to 
regenerate. The experiment was replicated three times. Plot size was 25 m x 25 m. 

Phytosanitary harvests were conducted once per week during peak times. In July, all 
pods were assessed. At each phytosanitary harvest, all pods were assessed for blackpod, 
and classified by size and mycelial presence/absence. Total damaged pods per plot were 
weighed by size category and removed from the field. Pods exhibiting physiological wilt 
were counted, weighed, and removed from the field. 

Cocoa pods were harvested as ripe from all trees within experimental plots. Mass of whole 
pods was recorded for each plot and the tree of origin was recorded. Pods were split in the 
lab and fresh mass of beans and empty pods measured. A subsample of empty pods from 
each plot was weighed for dry matter determination and dried at 55 DC to constant mass. 
Beans were fermented on a draining tray for six days and were regularly turned. Beans 
were sun-dried. On wet days, beans were dried in an airflow oven. Dry mass of beans was 
recorded. 

Two hundred beans (ten batches of twenty beans) per plot were randomly selected. Dry 
mass, and husk percentage were recorded. These data were used as a proxy for fat content 
as previous work has shown that beans weighing less than 1 g have a lower fat content. 

Soil was sampled at O-lO and 10-20 cm depths in March 2001 at five points per plot, at 
8.8 m, 17.7 m, and 26.5 m along each of the 35.35 m plot diagonals. At each point, one 
cylinder of 10 em length was used. Samples were dried at 40°C to constant weight. 

Surface casting was measured in 1 m by 1 m frames with five frames per plot each adjacent 
to where the soil samples had been taken. All surface casts were collected from the frames 
twice. Casts were dried at 40 DC for 48 hours after each sampling and the dry mass per 
frame was recorded. Casts were bulked by plot. 

Cast and soil samples were ground to 2 mm for texture analysis and 0.5 mm for chemical 
analysis. Texture was determined using Day's procedure. The pH was determined in a 
water suspension at a 2:5 soil:water ratio. Exchangeable (exch.) Ca, Mg, K, Cu and total 
P were extracted by the Mehlich-3 procedure (Mehlich 1984). Cations were determined 
by atomic absorption spectrophotometry, and P by the malachite green colorimetric 
procedure. Organic C was determined by Heanes' improved chromic acid digestion and 
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spectrophotometric procedure. Total N was determined using the Kjeldahl method for 
digestion and ammonium electrode determination. 

All datasets were analyzed using the GLM procedure in SAS v. 6.12. 

For earthworm cast production, the model used was an incomplete blocked two factorial 
where the cocoa treatments were nested within a 'cocoa versus forest' factor. Exploratory 
data analysis revealed that sample variances of earthworm cast amounts were correlated 
with the means. The data were thus transformed so that Y = sqrt (y) and all analysis were 
performed upon the transformed data. 

For cocoa yield and blackpod data, analysis were performed on square root transformed 
data using a blocked one-factorial at three levels. For cocoa bean size, the model used 
included the harvesttime as a subplot factor. Proportions were arc-sine transformed prior 
to analysis. 

Results 

Yields of cocoa were 358, 203, and 48 kg dry beans ha· 1 in the high, low, and zero spray 
treatments, respectively, in the first year of rehabilitation. In the second year, yields were 
generally much lower due to lower pod set early in the year, probably due to rainfall differ
ences and this was a general feature in the area. Yields were 149, 104, and 7 kg dry beans 
ha·1 in the high, low and zero spray treatments, respectively. In the first year, returns to 
capital were higher in the high application rate treatment whereas in the second year, 
returns were higher in the low application rate treatment. There was high variability 
between individual trees in both cherelle production and unaffected pod production. Fun
gicide treatments had no significant effect upon cocoa bean size, although individual bean 
mass was significantly greater at the final (December) harvest than at earlier harvests. 
Copper concentrations in cocoa beans were extremely low (13-17 ppm) and were not dif
ferent between treatments. 

Topsoil (0-10 cm depth) was different between cocoa and secondary forest, with higher pH, 
higher exch. Mg and Cu in the cocoa (Table 36). In the 10--20 cm layer, exch. K concentra
tion was lower in the cocoa. 

There were no significant differences in texture between forest and cocoa, however, the 
10--20 cm layer had a higher clay content than the 0--10 cm layer. There were no significant 
differences between fungicide treatment plots therefore the data are not shown. 

While the forest had more total cast production in both years than the cocoa treatments, 
the year totals of the cocoa fungicide treatments were not significantly different from 
each other. Nutrient and carbon concentrations were generally higher in casts derived 
from the cocoa plots than casts in the forest. However, there were no effects of fungicide 
treatment upon any concentration measured. Cast:soil nutrient ratios were higher than 
one for all elements except Cu. Casts derived from the forest had a higher percentage of 
sand than those from the cocoa. Casts derived from the high fungicide application plots 
had a higher percentage clay than those derived from the low fungicide application and 
zero-spray treatments. 

Discussion 

The profitability of the spraying depends on the yield level and thus farmers are recom
mended to spray at the recommended rate in years when pod set is high and at the low rate 
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Table 36. Initial soil nutrient concentrations at 0-10 cm and 10-20 cm depths. 
N = 3 cv coefficient of variation. 

0-10 an 10-20 an 
Cocoa CV P Cocoa CV P Depth x 

Variables Forest (n - 9) (0/0) (system) Forest (n = 9) (%) (system) Depth system 

% sand 67.7 66.1 3 0.19 60.6 59.8 7 0.75 0.0007 0.72 
ns ns ••• ns 

% clay 19.5 19.6 9 0.91 27.1 28.0 18 0.79 0.0001 0.74 
ns ••• ns 

% silt 12.8 14.3 12 0.21 12.3 12.2 12 0.92 0.008 0.10 
ns ns •• ns 

PH 5.47 6.23 7 0.034 5.19 5.73 7 0.09 0.0002 0.10 
ns ••• ns 

Total N 1.15 1.47 25 0.22 0.72 0.71 14 0.85 0.0015 0.22 
g.kg·' ns ns •• ns 

Organic C 11.62 15.12 32 0.29 7.15 7.18 13 0.95 0.0026 0.28 
g.kg·' ns ns ns 

P 4.42 4.03 38 0.72 1.78 1.96 50 0.79 0.001 0.52 
mg. kg" ns ns •• ns 

Exch. Ca 0.34 0.93 61 0.11 0.30 0.43 43 0.30 0.35 0.12 
g.kg·' ns ns ns ns 

Exch. Mg 0.06 0.16 39 0.03 0.04 0.06 43 0.25 0.0018 0.037 
g.kg' • ns .. 
Exch. K 0.040 0.030 26 0.13 0.021 0.015 21 0.027 0.0015 0.64 
g.kg·' ns • •• ns 

Exch. Cu 0.86 13.10 35 0.0018 0.71 4.37 79 0.09 0.022 0.063 
mg.kg·' .. ns 0 ns 

in years with poor pod set. Furthermore, some trees did not produce, thus it is suggested 
to replace such trees. However, cherelle and pod production per tree are being monitored 
for a third year to test whether there are correlations between year to year production for 
each tree. No significant negative environmental consequences of fungicides were detected 
over the time frame of the experiment. 

Differences in soil pH and exch. Mg concentration between the forest and the cocoa may 
reflect either previous management and/or the initial land selection for cocoa establish-
ment. The higher exch. eu concentration in the cocoa soil suggests a history of copper 
fungicide use, although the fields had been abandoned for the three previous years. Some 
of the difference in exch. eu is attributed to pH differences, as eu is more available at 
higher pH. Thus, differences in exch. eu concentrations between forest and cocoa may to 
some extent reflect pH dependent availability rather than real differences in eu amounts 
in the soil. However, eu concentrations were still low, with the highest eu concentration 
in the topsoil of 19.3 mg kgt. 

Relative to the forest system, casting levels ranged from 24 to 36% in the cocoa. This dif
ference is similar to that reported for a comparison between forest and a food crop field 
after burning, tillage and cropping where cast production was 25% of the forest. 

There was no effect of fungicide treatment on earthworm cast production over the year and 
cast nutrient concentrations reflected initial soil nutrient concentrations. eu concentrations 
of casts were lower than eu concentrations in soil for the cocoa plots. This suggests that, 
unless the eu is being compartmentalized at the sub-cellular level, that earthworms are 
avoiding copper uptake. Earthworms could avoid copper uptake by feeding at deeper soil 
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layers. Casts derived from the high fungicide application plots had a higher percentage 
of clay than those derived from the low fungicide application and zero-spray treatments. 
This suggests that the earthworms may be feeding more in the deeper soil layers where 
the clay content was higher (Table 36) to avoid the soil with higher Cu concentrations near 
the surface. 

4.4.2 Biomass management and diversification of cocoa multistrata 
agroforestry systems in southern Cameroon 

by S. W. in collaboration with D.J_ Sonwa (University of Bonn, Germany), B.A. Nkongmeneck 
(University of Yaounde J), and M. Janssens J.J. (University of Bonn Germany) 

Faced with declines in profits and labor productivity of cocoa, the majority of smallholder 
cocoa farmers are increasingly diversifying their income generation and food production 
activities. With the goal of diversifying land use systems and increasing incomes, farmers 
can either reconvert their plantations or enrich them by increasingly integrating forest 
species, fruit trees, and annuals within the plantation system. The particular dynam
ics of interest to us in this study is the diversification within the cocoa plantations. The 
important ecological, economic, and sociocultural dynamics that have lead and are lead
ing to different types of cocoa agroforests need to be understood to better target research 
interventions. These multistrata systems deserve to be investigated as they are excellent 
models of association between non-domesticated forest species and cultivated forest species; 
between production of food, nuts and seeds, and other provision of environmental services 
in the forest ecology; and between sustainable management, flexibility, and household 
food security. 

The overall objectives of this study are to: 

1. Characterize the factors explaining the dynamic changes of cocoa multistrata agrofor
estry systems in the humid forest zone; 

2. Characterize the vegetation structure and composition of the evolving agroforestry 
systems and its environmental role; 

3. Characterize the management and production of the evolving agroforestry systems. 

Methods 

The study is being conducted within the Forest Margin benchmark in southern Cameroon. 
The current report builds on reports already provided in 1999-2000 and focuses on the 
specific differences between the typology of cocoa agroforests presented in 1999. Three 
basic types had been identified based on the species composition of 60 agroforests in three 
different blocks (i.e., areas around Yaounde, Mbalmayo, and Ebolowa): 

Type A Plantations with a high density of oil palms and Musa species. 

Type B: Plantations with a high density of cocoa trees. 

Type C: Plantations with a high density of non· timber forest product and high-value timber 
speCIes. 

In 2002, building on previous work, we initiated in different cocoa agroforests a study 
to investigate (1) the productivity of the cocoa systems, and (2) the litter fall and its 
composition. Eight cocoa agroforests were identified: one Type A and one Type C each 
in Nkometou (Yaounde block) and Akok (Ebolowa block), one each of Types A, B, and 
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C in Awae (Mbalmayo block), and one "full sun" system (8) also in Awae. The "full sun 
system" was added to assess the role of shading on biomass dynamics in cocoa agroforests. 
Initial results from the period July to December 2002 are being presented for this progress 
report. 

Results 

During the 6·month period, between 4 and 5 tlha oflitter material was collected (Table 37). 
Across the benchmark area, leaves of associated trees constituted 66% of the total litter fall, 
that of twigs 19%, cocoa leaves 8%, fruits of associated trees 6%, and cocoa fruits less than 
2%. There appeared to be a trend of greater total litter fall in the Yaounde block compared 
to Ebolowa (P = 0.0958). This difference was significant particularly in the leaf and cocoa 
fruit fractions. Although the proportion of leave fall of associated trees across the blocks 
was similar (about one·third), cocoa leaf fall in the Yaounde block constituted 14% of the 
total litter fall, while only 4% in Ebolowa. In contrast, the fall of fruits of associated trees 
and twigs was greater in Ebolowa. 

Evaluating litter fall by month, we observed that the greatest litter fall across all blocks 
was in December (Fig. 5). This coincides with the establishment of the dry season in the 
region. Greater litter fall was registered in the Yaounde and Mbalmayo blocks. The lower 
rates in Ebolowa appear to be associated with the usually more delayed on· set of the dry 
season in the southern part of the benchmark area. 

From July to December, nearly 5 tlha of litter fell in the shaded cocoa systems (A, B, and 
C), while only 2 tlha in the "full sun" cocoa system (8) (Table 38). This is primarily due 
to greater leaf fall from associated trees and greater twig fall. However, "full sun" cocoa 
system had significantly greater cocoa leaf fall and to a lesser extent greater cocoa fruit 
fall. Less than 10% ofthe total litter in the shaded systems came from cocoa leaves, while 
this was 72% in the "full sun" system. And the inverse was true for the proportion of the 
leaves from associated trees. 

The litter fall is greatest in all systems in December as the dry season establishes itself 
(Fig. 6). There appears however to be a greater increase in litter fall compared to the rainy 
season months particularly in Types A and 8, the fIrst being a shaded system with reduced 
shading compared to Band C, and the second being the "full sun" system. 

Table 37. Litter production from July to December 2002 in cocoa agroforests by 
different blocks of the benchmark area in southern Cameroon (t ha-' ). 

Leaves of Fruits of Fruits of 
associated Leaves of associated cocoa 

Block trees cocoa trees trees trees Twigs Total 

Ebolowa 2.657 b 0.192 b 0.276 a 0.009 b 1.064 a 4.197 b 

Mbalmayo 3.128 ab 0.295 b 0.429 a 0.025 b 0.820 ab 4.698 ab 

Yaounde 3.336 a 0.694 a 0.116b 0.164 a 0.710 b 5.020 a 

Mean 3.040 0.394 0.274 0.066 0.865 4.638 

P 0.039 <0.0001 0.009 < 0.0001 0.Q76 0.0958 
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Figure 5. Monthly litter production from July to December 2002 in cocoa agroforests 
by different blocks of the benchmark area in southern Cameroon (tlha). 

Table 38. Litter production from July to December 2002 in cocoa agroforests by 
. type of agroforest in the benchmark area in southern Cameroon (tJha). 

Leaves of 
Cocoa associated Leaves of 
agroforest type trees cocoa trees 

A 3.325 a 0.292 b 

B 3.123 a 0.243 b 

C 2.931 a 0.299 b 

S 0.195 b 1.380 a 

P <0.0001 <0.0001 
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Figure 6. Monthly litter production from July to December 2002 in cocoa agroforests 
by type of agroforest in the benchmark area in southern Cameroon (tlha). 
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Conclusion 

During the period July to December 2002, the total litter fall was similar in the different 
blocks of the benchmark area, although there were differences in the composition of the 
litter fall. The "full sun" cocoa system was distinct from the shaded systems in general. 
However, System A has some similarities to the "full sun" system, which is probably 
explained by the former having fewer large shade trees compared to Types Band C. There 
was also some indication of shaded systems being at least initially less severely affected 
by the on-set of the dry season. 

4.5 Increase availability and use of environmentally friendly production 
and postharvest technologies to raise profitability and productivity of 
smallholder cocoa and oil palm systems 

Not started. 

4.6 Establish multiproduct cocoa and oil palm systems that are 
productive in deforested lands through strategies integrating 
resource management, pest and disease management, and crop and 
varietal choice 

4.6.1 Participatory establishment of oil palm systems on degraded land in 
southern Cameroon 

by S. W. in collaboration with S. Bassanaga and N. Ngongang (IRAD) 

Oil palms are an integral component of nearly all the farming systems in the forest zone of 
southern Cameroon. Farmers have been utilizing the oil palm for oil production and palm 
wine tapping. Oil palms are not planted, but retained in home gardens and increasingly 
in the various food crop farms naturally. 

As pressure on the land increases and forests disappear, farmers have started showing 
mounting interest in establishing smallholder oil palm systems on already deforested land 
using improved varieties. This is particularly the case in the northern part of the Forest 
Margin Benchmark where population pressure is mounting (ca. 100 personslkm2 in the 
rural areas) and adult forests do not dominate the landscape any more. 

For young male farmers in Nkometou, a research village in the northern part of the 
Benchmark, the development of oil palm systems is their number one priority and is also 
of interest to women and older men. Such systems, particularly in the non·traditional oil 
palm plantation areas as around Nkometou, could provide an alternative source of income 
to cocoa and coffee, which have for long been the most important cash crops of farmers 
of the zone. Unlike relatively large·scale plantations managed by parastatals, these oil 
palm systems are family managed and receive only low levels of external inputs with very 
limited technical assistance. 

The main objectives ofthis activity are to: 

• Develop sustainable oil palm systems on already deforested land for smallholder 
farmers, providing early income through intercropping with food crops. 

• Transfer the experience on the development of these systems primarily by farmers from 
two other locations where activities had been initiated in 1997. 

• Determine the preference of farmers for different management systems. 
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In 2001, the major farmer groups in Nkometou were approached and asked to identify 
representatives from their respective groups to participate in this activity. This approach 
was taken to ensure that the participating farmers fed their information back to non
participating farmers of their group. Finally 20 farmers were selected after ensuring that 
their households had enough land and labor for this additional enterprise. In a further set 
of meetings in Nkometou, farmer leaders from two other localities who have already been 
involved with UTA since 1997 in developing oil palm systems on deforested lands were 
brought in to share their experience. Some key observations of these farmers conveyed 
were: 

• The main limiting factor is labor during the establishment phase. 

• Size of a new plantation needs to be adjusted to the available household labor force. 

• Oil palms need to be physically protected against rodents for the first 2-3 years. 

• Intercropping with food crops in the fIrst one to two years is recommended since it helps 
to keep the fIelds clean of weeds. However, planting cassava should be avoided. 

• Mter cropping has stopped, a cover crop such as Pueraria phaseoloides should be 
planted to keep the natural vegetation down. 

• Fertilizers should be used as recommended. 

• Marketing and transformation opportunities need to be looked into early. 

The fields were cleared early in 2002 and the oil palm seedlings were planted during May 
and June 2002. A base fertilizer application was made to all seedlings in October. Each 
of the 20 fields received 36 plants with the intention that the farmers would be able to 
experiment with certain factors which were important to them. In the second half of 2002 
a set of evaluations of the activities to that date was made and discussions held with the 
participating farmers. Some key observations follow: 

• Farmers were particularly keen on testing the role of fertilizers. It was perceived that 
fertilizers may give greater bunch yields, but that there may be greater loss due to 
fruit rots before the bunch harvest and that oil quality may be inferior. 

• Farmers indicated that fIeld preparation was done just before the start of the rainy 
season (FebruaryfMarch), but that waiting for the official recommended planting date 
for oil palms (May) necessitated an additional round of slashing just before planting. 
This happened during a period where labor was already scarce due to other opera
tions on the farm. 

• Eleven farmers planted different short season crops between the rows of oil palms. 
They decided to do this to facilitate the weeding of the oil palm fields. Some of the 
others decided to plant food crops in a different field since they wanted to associate 
these crops with cassava, and thus decided that they preferred to slash any vegetation 
establishing in the oil palm fields. 

• At planting, only a minority of farmers had built protectors against rodent attack 
for their young palms, but they were ready to do this as soon as the palms had been 
planted. 

Observations will be continued jointly with the farmers in 2003. 
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4.6.2 Establishing cocoa hybrids on degraded land in southern Cameroon 

by S.H. in collaboration with S. Nyasse (IRAD) and B. Eskes (IPGRI) 

AB forests become scarce, new ways of establishing cocoa farms on already deforested and 
possibly degraded land have to be devised. This requires investigating the best means of 
providing a protective environment for the young cocoa seedlings, improving the level of 
fertility of the degraded land, and selecting the varieties best adapted to these more severe 
establishment conditions. 

Method 

A cocoa varietal trial was established in 1999 and cocoa was planted in 2000. Local mate· 
rial, a bred Cameroonian variety and four hybrids from Cote d'Ivoire were compared in 
seven farmers' fields at Nkilzok, southern Cameroon. In each farm, two shading systems 
were established, one by cutting alleys into natural vegetation (bush) the other planted 
to plantain and cooking bananas (Musa). From the first evaluation, three of the hybrids 
out·performed the local material and the Cameroonian variety (SNK). The results of an 
evaluation in December 2002 are reported. 

One of the farms was lost due to the farmer's decision to convert an adjacent forest into 
an oil palm plantation. The forest trees fell into the bush system destroying virtually all 
cocoa plants. This report is thus on the six remaining farms. 

Results 

Survival was affected by shade system with more plants alive under Musa shading (88%) 
than in the bush (82%, P = 0.098). Variety had no effect on survival, ranging from 81% in 
local and SNK to a maximum of 90% in hybrid # 4. In the Musa system, more flush leaves 
were found than in the bush system. All other growth parameters were unaffected by the 
shade system. With the decline of the plantains, the shading (or the lack of it) in the two 
systems is becoming more similar, eliminating differences found at earlier stages. 

The most important indicator of vigor, stem diameter, was larger in hybrids # 1, 3, and 
4, than in the local material and SNK. Survival of the terminal bud was highest in the 
local material, yet this may well be caused by the fact that many plants had not formed a 
jorquette and therefore were still in a stage where the presence of a terminal bud was an 
advantage. Most hybrids had a jorquette and thus numerous side branches. 

Flower formation, although not usually an important parameter in December, was greater 
in hybrids # 1 and 3, significantly different form the local material. Fruit set was the high. 
est in hybrid # 3, significantly higher than in the local material and SNK. 

Conclusion 

At the moment, hybrids # 1, 3, and 4 all appear superior to the local and SNK material. A 
final evaluation will be conducted in June 2003 and a decision made as to which hybrids 
to propagate. Data on cocoa quality need to be gathered in the forthcoming years to ensure 
the multiplication of cocoa with superior vigor and appropriate quality. 

4.6.3 Establishment of mixed tree crop systems on short fallow land 

by L.N. and S.H. 

In 1999, an on· farm, two· factorial trial, replicated nine times was established to assess the 
potential of mixed tree systems consisting of Persea americana Mill: Lauraceae (avocado), 
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Dacryodes edulis (G. Don) H. J. Lam: Burseraceae (safoutier), Terminalia ivorensis A. Chev: 
Combretaceae (framire), Ricinodendron heudelotii (Baill.) Pierre: Euphorbiaceae (esses
sang) and Theobroma cacao L.: Sterculiacaeae (cocoa) to rehabilitate short-fallow land. 
The effects of different temporary shade crops and four fertilizer regimes were tested. We 
compared the following shade treatments which had different levels of labor investment, 
different potential profitabilities, and different risks of success. 

Methods 

Four different shade treatments were tested: plantain (Musa spp. AAB); cooking banana 
(Musa spp. ABB); inga (Inga edulis Mart.: Leguminosae), and alleys of natural regrowth 
dominated by Chromolaena odorata King & Robinson:Asteraceae. 

Musa spp AAB cv. Essong (local plantain), a French type. This was the farmers' choice 
treatment and, given that plantain is the favored starch staple of urban populations in 
Cameroon (Dury et a1. 2002), there is a potential for a high economic return. 

Musa spp ABB cv. Fougamou (cooking banana). This is less susceptible than local plan
tain to root nematodes and Sigatoka, can have a higher survival and can, under southern 
Cameroonian conditions, continue to produce four or more bunches from the same mat 
(Hauser pers. obs). However, it is not widely grown in Cameroon, and thus has no estab
lished market price. 

Inga edulis Mart: Leguminosae: Mimosideae (inga) is an N .fixing tree. On a similar soil 
(Ultisol) in Costa Rica, 1. edulis had the highest nitrogenase activity of nine tested species 
(Tilki and Fisher 1998). The genus Inga originates from Latin America and is one of the 
most widely used shade trees in cocoa and coffee plantations. It is a multipurpose tree, 
producing an edible fruit and fuelwood. In Mrica, it is in Equatorial Guinea probably having 
been brought by the Spanish during colonial times, to provide shade in cocoa plantations. 
Its fruits there are found for sale in the capital. The tree is not known in Cameroon. 

Alleys of the natural regrowth. This was the 'low investment' and required the least labour 
to establish. Alleys of the fallow vegetation were left between the rows of cocoa to provide 
some shade. These were maintained by regularly slashing along the cocoa lines. 

Four inorganic fertilizer regimes were imposed: nil; 'N only' at 22 kg ha"; 'P plus cations' P, 
K, Ca, and Mg at 11, 33, 367, and 73 kg ha·1,respectively; and 'all' N, P, K, Ca, and Mg at 
22, 11,33, 367, and 73 kg ha·"respectively. All plots were planted in an identical pattern 
to fruit and timber tree seedlings. 

Results 

Growth oftimber and and fruit trees was assessed twice per year. Mter measurements on 
all components in May/June 2002, fields were reweeded in October and all system compo
nents were remeasured (height, girth, leaf numbers, etc.). In all years, shade treatment 
had no impact upon survival. By October 2002, growth was generally best in the plantain 
temporary shade treatment and fertilizer regime had no significant effects. Plantain is 
susceptible to root nematode pests and leaf diseases therefore it is prone to uprooting and 
can maintain fewer leaves than cooking banana. This treatment produced the least shade 
and, given that local plantain (AAB) has a poor performance relative to (ABB) cv. Fouga· 
mou, competition would be lower in these plots. By October 2002, survival of Terminalia 
iuorensis was 71% across treatments and trees averaged 245 em height. Stem diameter and 
branching were significantly higher in the plantain treatments and growth was worst in 
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the bush. However, green branch number was highest in the bush treatment, suggesting 
a developmental delay. By October 2002, growth of Ricinodendron heudelotii was gener
ally unaffected by shade treatment although stem diameter was higher in plantain plots 
than in others. 

Of the shade treatments, rnga was thinned to 50% of the initial density and the cooking 
banana suckers were removed but one per stand. The thinning exercise was used to esti
mate the biomass ofthe Inga. This repeats the measurements conducted last year and thus 
gives yearly growth data and canopy development. It is concluded that the selected fruit 
trees have a negative initial response to shading and it might be more appropriate ifthey 
are planted before fast-growing components in such mixed systems. 

4.6.4 Evaluation of cocoa hybrids from Cote d'ivoire 

by S.H. 

A cocoa varietal trial was established in 1999 and cocoa was planted in 2000. Local mate
rial, a bred Cameroonian variety and four hybrids from Cote d'Ivoire were compared in 
seven farmers fields at Nkilzok, southern Cameroon. In each farm, two shading systems 
were established, one by cutting alleys into natural vegetation (bush), the other planted 
to plantain and cooking bananas (Musa). From the first evaluation, three of the hybrids 
out-performed the local material and the Cameroonian variety (SNK). Here the results of 
an evaluation in December 2002 are reported. 

One ofthe farms was lost due to the farmer's decision to convert adjacent forest into an oil 
palm plantation. The forest trees fell into the bush system destroying virtually all cocoa 
plants. This report is thus on the six remaining farms. 

Survival was affected by shade system with more plants alive under Musa shading (88%) 
than in bush (82%, P = 0.098). Varity had no effect on survival, ranging from 81% in local 
and SNK to a maximum of 90% in hybrid # 4. In the Musa system, more flush leaves were 
found than in the bush system. All other growth parameters were unaffected by the shade 
system. With the decline of the plantains, the shading (or the lack of it) in the two systems 
is becoming more similar, eliminating differences found at earlier stages. 

The most important indicator of vigor, stem diameter, was larger in hybrids # 1, 3, and 
4, than in local material and SNK. Survival of the terminal bud was the highest in the 
local material, yet this may well be caused by the fact that many plants had not formed 
a jorquette and therefore were still in a stage where the presence of a terminal bud is an 
advantage. Most hybrids had a jorquette and thus numerous side branches. 

Flower formation, although not usually an important parameter in December, was greater 
in hybrids # 1 and 3, significantly different form the local materiaL Fruit set was the high
est in hybrid # 3, significantly higher than in local material and SNK. 

At the moment, hybrids # 1, 3, and 4 all appear superior to local and SNK materiaL A 
final evaluation will be conducted in June 2003 and a decision made which hybrids will be 
propagated. Data on cocoa quality needs to be gathered in the forthcoming years to ensure 
the multiplication of cocoa with superior vigour and appropriate quality. 
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5 Market-oriented peri-urban crop and livestock systems 

Ongoing and future activities 

5.1 Commercial fresh cassava systems: Design and test intensive and 
sustainable crop rotations for fresh cassava, in order to generate 
income notably for resource-poor women. 

by C.N., D.Co., R.B., S.D., and A.T. in collaboration with FAD and NGDs 

The objective of this activity is to diagnose major constraints to cassava production, to 
improve market information on commercialization opportunities of fresh roots and pro· 
cessed cassava products, and to develop with farmers technology options for sustainable 
cropping systems in areas with intensifying cassava production, which supply urban mar· 
kets. Contacts with 3 NGOs working on cassava production in the Center, South, and Lit· 
toral provinces, the 3 major cassava· producing areas of Cameroon, have been established. 
These are: 

1. AID Cameroon, working in the Pouma arrondissement, Littoral Province, with 42 
farmer organizations (FO) of about 900 farmers 

2. ODECO, working in the Mbam and Nyong and Kelle departments of the Center and 
South province 

3. PGPA, a GTZ·supported project, in the Mefou·Afamba, Mefou·Akono, Mbam, and 
Nyong and Kelle departments of the Center and South province 

In Pouma, two actions will be started up in 2003: (i) a cassava variety test, supported by 
FAO; and (ii) a diagnostic survey on major cassava constraints on 60 farmer fields. These 
will be accompanied by a training workshop on improved cassava production using avail· 
able training material from Ibadan. Further training workshops will be held once more 
locally adapted information on cassava constraints become available. 

With ODECO and PGPA it was agreed to run a similar training workshop. Further col· 
laborative activities will be discussed in 2003, but will be subject to available funds. 

5.2 Commercial maize-grain legume systems: Develop sustainable 
intensive crop rotations of maize and grain legumes in order to 
exploit niche markets for new products, e.g., new foods and animal 
feed 

5.2.1 Phosphorus-use efficiency of soybean cultivars in low-P soils of 
southern Cameroon 

by C.N. in collaboration with J.A. Messiga. M. Jemo, and M. Tchienkoua 

Farmers are unfamiliar with grain legumes such as cowpea and soybean, but are showing 
increasingly interest in their cultivation in the humid forest zone of southern Cameroon. 
Grain legumes produce not only edible grain for human consumption but also biomass that 
can be used for soil fertility restoration and weed controL However, soybean, an N·fixing 
legume, requires a large amount of P for its energy·consuming N,-fixation process and P 
is one of the major limiting nutrients for crop production in this zone. Given the limited 
access of most small farmers to fertilizer P, it is desirable to identify and incorporate into 
cropping systems soybean cultivars that can mobilize P from soil·P pools that are unavail· 
able to less P·efficient food crops. 
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Fields and pot experiments were carried out at Minkoameyos and Abang village in 2001 
and 2002. A factorial trial with 2 factors (soybean cultivar and P fertilizer application) was 
run in a split block design. Thirteen soybean cultivars and 3 levels ofP fertilizer application 
(0 kg P, 30 kg TSP, and 90 kg rock phosphate) were tested. Soybean was seeded at 5 by 75 
cm with a density of 250 000 plants ha·'. The soil pH was 5.4 and the available P (Bray. 1) 
was 2.68 at 0·10cm. Biomass production, nodulation (weight and number of nodules), % 

AMF, root length, Nand P, and P use efficiency, and N fIxed by different soybean were 
determined at pod filling and at harvest. In this report only data on dry matter production, 
root length and phosphorus· use efficiency are presented. 

The F·test denoted a signifIcant effect of cultivars and P application on dry matter produc· 
tion of soybean cultivars. However the interaction effect between cultivars x P application 
was not signifIcant (p = 0.81). In extreme P defIcient condition, the high dry matter was 
produced by cultivars, Tgm 1511 (6.01 g plant·') and in high P supply, the higher dry matter 
production was obtained by the same cultivars Tgm 1511 (7.50 g plant·') following by the 
cultivars Tgm 1251 (7.10 g plant·') (Table 39). 

The total root length of soybean cultivars was signifIcantly different between the cultivars 
and P application (P < 0.0001 and P = 0.031 for cultivars and P application, respectively) 
(Table 40). The higher root length was produced by Tgm 1196, Tgm 1039, and Tgx 1465·2E 
whereas the lower root length was produced by the cultivars Tgm 1293, Tgm 1360, and 
Tgm 1420 (Table 40). 

RP: Togolese rock phosphate; TSP: Triple super phosphate; Means followed by the same 
letter are not signifIcantly different at P = 0.05. 

The P·use efficiency per em of root showed that cultivars Tgm 1419; Tgm 1360, and Tgm 
1293 had the higher P·use efficiency than cultivars Tgx 1465; and Tgm 1039 where the 
P·use efficiency was two times lower than the P·efficient cultivars (Fig. 7). 

Table 39. Effect of phosphorus application on dry matter production and P-
uptake at Minkoameyos. 

-------

Dry matter production (9 plant') P uptake (g plant') 
Soybean 
Cullivars OP RP TSP Mean OP RP TSP Mean 

Tgm 0944 5.30 6.31 6.52 6.04' 11.96 14.04 13.71 13.23' 
Tgm 1039 5.60 5.81 6.44 5.95" 12.65 13.33 13.89 13.29'> 
Tgm 1196 5.64 6.36 6.57 6.19'> 11.97 14.72 14.70 13.79'>' 
Tgm 1251 4.63 6.74 7.10 6.15' 10.19 14.76 14.81 13.25' 
Tgm 1360 4.35 5.32 5.92 5.19' 9.90 11.77 14.39 12.02' 
Tgm 1419 5.30 6.51 6.05 5.9S8b 11.24 13.87 12.50 12.53' 
Tsm 1420 4.77 5.31 6.55 5.54' 11.05 12.33 15.72 13.03' 
Tgm 1511 6.01 5.7B 7.49 6.42' 12.59 13.53 17.36 14.49'>' 
Tgm 1540 5.37 5.52 6.63 5.84" 12.2B 12.12 15.36 13.25' 
Tgm 1566 5.66 6.93 6.69 6.42' 13.11 17.06 16.24 15.47' 
Tgm 1576 4.25 5.81 5.93 5.33' 9.94 13.44 12.95 12.11' 
Tgm 1293 5.06 5.72 6.37 5.71"" 11.37 12.16 13.43 12.32' 
Tgx 1465-2E 5.45 6.39 6.66 6.16' 12.50 14.39 14.78 13.B9'>' 
Mean 5.1B' 6.03' 6.53' 11.59' 13.65' 14.60' 
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Table 40. Effect of phosphorus application on root length and root dry matter 
production at Minkoameyos in 2002 (sceenhouse experiment). 

Soybean 
cultivars 

Tgm 0944 
Tgm 1039 
Tgm 1196 
Tgm 1251 
Tgm 1360 
Tgm 1419 
Tgm 1420 
Tgm 1511 
Tgm 1540 
Tgm 1566 
Tgm 1576 
Tgm 1293 
Tgx 1465-2E 
Moy 

18 -

16 ~ 

~ 14 ~ 
~ 12 J 
a: 
C) 10-1. 2. 

8 ~ 

6 -

4 ---1 

2 1 
a 

Root dry matter production (g plant') Root length (m plant') 

OP RP TSP Mean OP RP TSP Mean 

0.63 0.63 0.83 0.69" 12.01 19.50 19.15 16.89" 
1.04 0.93 0.96 0.97" 37.77 33.96 45.97 39.23' 
1.02 1.05 1.05 1.04b 39.50 27.23 24.67 30.47" 
0.76 0.86 0.94 0.85' 26.03 23.13 35.06 28.07b 
0.59 0.64 0.53 0.58' 9.12 11.45 15.25 11.94' 
0.48 0.58 0.62 0.59' 10.89 11.00 19.43 13.77' 
0.88 0.83 1.06 0.92" 22.77 28.74 24.01 25.18" 
0.64 0.71 1.04 0.79' 18.84 14.18 27.92 20.32"" 
0.65 0.66 0.98 0.76'" 19.52 15.95 24.47 19.98"" 
1.01 1.07 1.11 1.06b 25.07 28.18 23.09 25.45" 
0.68 0.91 0.80 0.79' 14.75 24.86 22.08 20.57"" 
0.60 0.62 0.56 0.59' 9.87 12.82 24.26 15.65'" 
1.13 1.52 1.33 1.32' 21.94 43.73 51.40 39.03' 
O.77b 0.84'" 0.90' 20.62b 22.67'b 27.44' 

Tgm Tgm Tgm Tgm Tgm Tgm Tgm Tgm Tgm Tgm Tgm Tgm Tgx 
0944 1039 1196 1251 1360 1419 1420 1511 1540 1566 1576 1293 1465-

2E 
Cultivars 

Figure 7. Phosphorus use-efficiency of soybean cultivars in low P soils of the humid 
forest of Cameroon. 

5.2.2 Potential infectivity of VA mycorrhizal spores in dominant soil groups 
of southern Cameroon and its relationship with phosphorus fractions 

by c.N. in collaboration with M. Kinfack. M. Jemo, and M. Tchienkoua 

The most important contribution of arbuscular mycorrhiza fungus (AMF) to crop growth is 
probably phosphorus uptake through the soil mycelium network. Numerous studies have 
shown the significant effect AMF in increasing the available P that plants can uptake. 
Surprisingly, very few data can say precisely which P fraction the fungus makes available 
to plants. Moreover, in the humid forest of southern Cameroon, no data exist on the number 
and infective propagules able to form AMF association with host plant. 

This study was developed from a need to assess the number of AMF infective propagules 
present in the humid forest soil of southern Cameroon and to determine the fractions of 
P which are made available to the plant by AMF association. The study was conducted in 
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the Benchmark of southern Cameroon. Sites were selected according to their texture and 
low levels of available P (Bray 1). In each soil group, five representatives villages were 
selected and within each village, five fields (4 short fallow and one forest) were used for 
sampling of soil and aboveground biomass of the vegetation. Soil and plant root samples 
were sampled from September to December 2000. Soil was sampled at 0-5; 5--10, and 
10-25 cm depths. At each sampling point, spores were recovered from 25 g of soils. Spores 
were then counted under a microscope at 40x magnification. The most probable number 
(MPN) technique was used to assess the infectivity of AMF in soil. A 10·fold dilution series 
was made in a screenhouse at Nkolbisson. Steamed soil was used to dilute the inocula. 
Two pregerminated seeds of cowpea and soybean were planted. The plants were supplied 
with nutrient solution for eight weeks after planting and harvested at 8 WAP. Values for 
the MPN were calculated from the number of infected pots by an approximation of the 
maximum likelihood method. 

Results obtained showed that the number of AMF spores was not significantly different 
between the five groups of soil fallow fields, although the number of spores was higher in 
Akonolinga and Sangmelima than in Ebolowa, Mbalmayo, and Yaounde soils (Fig. 8). No 
significant difference was observed between soil groups in the forest field. Contrary to the 
fallow fields, the highest number of spores was obtained in Akonolinga and Ebolowa soils. 
When comparing the number of spores according to type of vegetation (forest and fallow 
fields), the difference was significantly different (P < 0.0001) (Fig. 8). 

The number of spores and the number of AMF invectives propagules were not significantly 
different between the soil groups (Fig. 9). 

However significant differences were observed between vegetation types. The coefficient 
of correlation between soil P·fractions, the number of spore, and the number of infective 
propagules (Table 41) showed significant and positive relationships in terms of available 
P (Bray I), the number of invectives propagules (r = 0.59; P < 0.0001; n = 82), Pi.NaHCo

3
, 

the number of spores (r = 0.35; P < 0.0041; n = 64), Pi·HCI fractions, and the most probable 
number of AMF (r = 0.45; P < 0.0004; n = 64). 
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Figure 8. Number of AMF spores by soil group and vegatation type in the benchmark 
of southern Cameroon. 
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Figure 9. Number of AMF infective propagu/es by soil group and vegetation group in 
benchmark of southern Cameroon. 

Table 41. Coefficient of correlation between P fractions, the number of spores, 
and potential infection of AMF in the humid forest soil of southern Cameroon. 

P fraction Number of AMF spores Most probable number 

N Pr N Pr 

AI -0.27 46 0.0617 NS -0.4 46 0.0054' 

Fe 0.02 82 0.8796 NS 0.17 82 0.1159 NS 

P (Bray 1) 0.49 82 <0.0001'''** 0.59 82 <0.0001'" 

Pi-NaHeO, 0.35 64 0.0041 • 0.22 64 0.0753 NS 

Pi-NaOH 0.11 64 0.3512 NS -0.001 64 0.9499 NS 

pi-Hel 0.45 64 0.0001 • 0.42 64 0.0004' 

P(r) H,SO, 0.03 64 0.8094 NS -0.07 64 0.5779 NS 

Pi- H,SO, 0.6 64 <0.0001'" 0.45 64 <0.0001 .u 

p(e- H,SO,) 0.29 64 0.0174 • 0.19 64 0.1329 NS 

Po 0.09 64 0.4789 NS 0.02 64 0.8363 NS 

Pt 0.08 64 0.5246 NS -0.03 64 0.8156 NS 

5.2.3 Phosphorus status of soils in the forest margins of southern Cameroon 

by C.N. in collaboration with M. Tchienlwua and P. Bilong 

Phosphorous is a key factor in crop and biomass production on acid soils of the tropics. 
Such soils are widespread in southern Cameroon and the Congo basin but differ signifi· 
cantly by some properties of great agronomic significance. Any successful management 
of these soils ultimately depends on the quantitative understanding of their phosphorus 
status in terms of soil P reserves and their kinetics. Methods to fractionate P have often 
been used with or without modifications. The interpretation of those P fractions in terms 
of soil development have permitted to elucidate soil-landscape relationships as well as 
associated P biogeochemical cycling. In southern Cameroon and the Congo basin, such 
information is very scarce. 
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The main objectives of this study were: (i) to obtain quantitative data of the phosphorus 
reserve in the strongly weathered soils of southern Cameroon, and (ii) to establish rela
tionships between P fractions and soil genetic properties_ As detailed soil maps are largely 
missing for southern Cameroon and the Congo Basin, whereas geological maps are more often 
available, such information should enable us to locate soils with potential P problems. 

Five soil groups, termed according to their location as 'Ebolowa', 'Sangmelima', 'Yaounde', 
'Akonolinga' and 'Mbalmayo' soils, were sampled. The parent material of these soil groups 
vary from granite (Ebolowa and Sangmelima), migmatite (yaounde), mica schist (Akono
linga), to schist (Mbalmayo). The soils derived from them belong to the udult and udox 
suborders. In each group, one representative profIle was described and sampled by genetic 
horizons. The profiles were located as far as possible on summits with slopes of less than 
4%. AIl profIles were under fallow vegetation of less than 4 years at the time of sampling 
and were chosen such that no adjacent tree could interf. Soil samples were collected by 
genetic horizons. 

Four discrete P pools were determined by sequential extraction whereby alkali-soluble 
forms of phosphorous (0.5M NaHC0

3 
and O.lM NaOH) with greater bioavailability were 

extracted fIrst, followed by less available, acid extractable ones. Residual P was extracted 
with 2M H

2
S0

4 
after ignition at 550 'C. Total organic P within the solum was calculated 

as the sum of all the 4 fractions to a depth of 1.5 m, taking into account the P form and its 
concentration, soil bulk density, and horizon depth. 

The studied pedons differ in their morphological and biochemical properties. 'Sangmelima', 
'Yaounde' and 'Akonolinga' soils are red (2.5 YR hue) in contrast to 'Mbalmayo' and 'Ebolowa' 
with yellow (10YR hue) surface color. Ultisols were morphologically more differentiated 
than soils derived from the various granites. Their silt/clay ratio, clay illuviation index, 
and ECEC were all indicative of soils at an advanced stage of weathering. The oxalate 
extractable, active Fe (Feo)' was minimal in the soil surface, and reached a maximum in 
the upper part of the Bt horizon. Higher values of Fe

o
, (1.0-3.2 g k!5!) were observed in red 

soils (2.5 YR) compared to yellow (10 YR) soils (0.5-1.2 g kg'!). AI3+, exchangeable with 1 M 
KCI, was the dominant cation on the organo-mineral complex reaching saturation levels 
between 30 and 93% from 20 cm downwards. 

The total P reserve within 1.50 m depth ranged from 473 to 632 )lg g'! in granitic soils to 
168-254)lg g-! in schist-derived soils ('Mbalmayo' and 'Akonolinga' soils). Labile P, as mea
sured by the Bray-I method, ranged from 15.2 )lg !5! in surface horizons to almost zero in 
subsoils horizons. Soils from the 'Yaounde' group had higher values of all extracted fractions 
in the Ap horizon, reflecting recent fertilizer application. The bicarbonate (NaHCO,P) frac
tion represented between land 3% of tbe total P with higher values occurring in surface 
horiwns. The vertical pattern suggests that this pool is associated with short-term organic 
matter transformation processes, mediated by plant uptake. The NaOH-P pool represented 
between 6 and 27% of the total soil P reserve. Significantly higher values were observed 
in granitic soils and the 'Yaounde' soils. The highest values of NaOH-P occurred in illuvial 
horizons with higher amounts of Feo,' 
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5.2.4 Phosphorus response of maize (Zea mays L.) in relation to P fractions 
in three acid forest soils from southern Cameroon 

by C.N. in collaboration with M. Tchienkoua, M. Jemo, and P. Bilong 

Data on P.response of maize in dominant soils of southern Cameroon are scarce. The objec· 
tive of this study were: (i) to quantify P fractions and P·sorption characteristics of three 
major soil groups in southern Cameroon; (ii) to determine the response of maize to different 
levels of applied P; and (iii) to analyze the residual P in the soil system. 

A pot experiment was run as RCBD with soil type and P fertilizer rate as factors. Soil (0-10 
cm) was collected from three villages (Mengomo, Minkoamayeos, and Abang) representing 
3 ('Ebolowa', 'Yaounde', and 'Mbalmayo' soils, respectively) of the 5 soil groups studied. 
Soil material for the experiment was collected from fields under fallow. These fields were 
chosen on the basis oftheir P·Bray·I values of~ 3!, g g". P was applied as SSP with 5 rates 
ranging from 0, 7.5, 15, 30, and 45 kg P ha·1• The test crop was maize CV. CMS 8704. 

Soil samples were sun·dried, passed through a 4 mm sieve, and distributed after thorough 
mixing in 60 pots. The applied P rate was corrected for mean bulk density of the soil at the 
time of sampling. Each pot contained 5 kg of soil, which was put to 80% of field capacity 
by daily watering with deionized water. Each pot received a basal application of 30 kg K 
ha·1 in the form of Kieserite and N (30 ppm) in the form of urea. Five maize plants were 
sown and thinned to 4 soon after emergence. Crop parameters, such as plant height and 
diameter, shoot and root fresh and dry weight, were measured at 4 and 6 W AP. Shoot and 
root samples were oven·dried at 70°C. The P and Zn contents of each compartment were 
analyzed. Free and total Fe, Al, and P·sorption were also analyzed. 

Growth parameters (plant height and diameter) showed highly significant differences (P = 
0.0001; Table 42) for soil type and P rate. Similarly yield components (shoot and root bio· 
mass) followed the same trend. The interaction term was significant at 7% root yield. A 
greater response to P was observed at Abang and Minkoameyos villages for plant height 
at 3 and 6 WAP, and diameter at 6 WAP. Maize growth parameters were generally lower 
on Mengomo soils. In Abang soils however, maize root biomass was less developed but 
produced similar or higher amount of aboveground biomass compared to Minkoameyos. 
This may point to higher P availability at Abang than Minkoameyos. 

Table 42. Mean values of some growth parameters and root/shoot ratio. 

Plant height Plant height 
P rate (kg ha") 3WAP(cm) 6 WAP (em) Root/shoot ratio 

MEN MIN ABA MEN MIN ABA MEN MIN ABA 

0 46.4 52.5 60.3 7.33 69.4 77.9 0.67 0.42 0.28 

7.5 63.9 63.8 76.3 8.76 8t.7 93.2 0.92 0.43 0.32 

t5 73.6 79.5 82.6 9.96 89.7 87.6 0.75 0.61 0.32 

30 76.3 93.4 92.3 11.01 102 101 0.66 0.43 0.30 

45 79.5 96.9 95 11.34 107 102 0.66 0.45 0.35 

Note: MEN = Mengomo; MIN = Minkoameyos; ABA = Abang 
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5.2.4 Effects of maize-legume intercropping versus relay cropping on maize 
yield tested on farm in Cameroon 

by C.N. in collaboration with B. Ngiumgo (IRAD, seconded to IITA·HFC) 

Nitrogen has been identified as the most yield· limiting factor for maize in the Yaounde area 

whereas no significant yield response to phosphorus was observed. With maize production 
becoming more intensive in the urban and peri·urban area of Yaounde, where it is sold fresh 

or dry for income generation, resource· poor farmers hardly purchase N ·mineral fertilizer for 

maize production. However, N can be supplemented to maize by using appropriate legume 
species grown as intercropping or relay cropping. Although, experiments in the region 

revealed no consistent effect of P on maize, P shows generally an effect on legumes. 

Objectives if this experiment are: (i) to identify the best legume species among cajanus, 
mucuna, soybean and cowpea for low external mineral N fertilizer input in an intensive 

maize production system; and (ii) to study the long·term P effect on maize yield. 

An experiment was established in four farmers' field at Nkometou (each farmers field 

constitutes a replicate) in March 2002. Treatment factors are maize cropping pattern 
(intercropping vs. sole cropping) and Prate (0 and 30 kg P ha· 1

). A total of 16 treatments 
were randomly allocated to plots in each replicate. Cropping pattern treatments were as 
follows: 

(1) Maize intercropped during the first season with Cajanus, soybean, cowpea, or Mucuna, 
followed by Cajanus, cowpea, soybean, and Mucuna, respectively, during the second 
season; 

(2) Sole maize during the first season, followed by soybean, cowpea, Mucuna or natural 
fallow during the second season. 

In the first season, cajanus and maize were planted simultaneously, while soybean, cowpea, 

and Mucuna were planted 2, 4, and 8 weeks after maize, respectively. Maize was planted 
at 0.75 x 0.50 em (2 seedslhill), and Cajanus, soybean, cowpea, and Mucuna were sown 
between two maize rows. The distance between these legumes, planted 1 grainlhill within 
a row, were 0.30, 0.10, 0.20, and 0040 m, respectively. In the second season, soybean and 

cowpea were planted at 0.50 x 0.25 cm at a rate of 3 grainslhill for soybean and 2 grains! 
hill for cowpea. Crops varieties used were: CMS 8704 (maize), TGX 1805·13F (soybean), 
'Asonteng' (a cowpea cv. from Ghana), and a local Cajanus variety from the Northwest 

province of Cameroon of 6-7 months growth period with red kernels. 

Maize grain yield, plants at harvest (PAR), ears at harvest (EAR), and haulms weight (HW) 
were not affected either by P or by intercropped legume species (Table 43). Although there 

was no significant difference between the two P levels for all the parameters measured, a 

slight effect of P was observed (Table 44). 

P did not affect intercropped soybean and cowpea yield during the first season. Both legumes 
yielded about 100 kg ha" (data not presented). During the second season, residual P or 

previous sole or intercropped maize treatments did not affect soybean and cowpea yield. 

Soybean yielded 841 kg ha·1, which was significantly higher than the cowpea yield with 

388 kg ha·'. 
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Table 43. ANOVA of maize-legumes trial in Cameroon, 2002. 

Maize grain yield 
Source of variation df F-value Haulm weight PAH EAH 

Replication 3 125' 14.2' 30.8' 25.9ns 

Crop pattem (CP') 7 0.8ns l.4ns 0.7ns O.4ns 

P level (P) 1 O.4ns 2.1ns 2.6ns lns 

Cpx P 7 O.lns O.4ns 0.5ns 0.7ns 

Mean 2,567 kg ha" 6,265 kg ha" 37,350 ha" 34,456 ha" 

R' 0.89 0.58 0.70 0.66 

CV(%) 21 39 18 19 

ns = not significant; * = significant at P < 5%; P AH = plants at harvest, EAH = ears at harvest. 

Table 44. Effect ofP on maize grain yield, number of plants (PAH) and ears (EAH) 
at harvest, and haulms weight (HW). 

Plevel 

o 

30 

5.2.5 

Grain yield (kg ha") Haulm yield (kg ha") PAH (no. ha') 

2,525 5,822 35,995 

2,609 6,707 38,704 

EAH (no. ha") 

33,657 

35,255 

Adapted soybean varieties tested with extension service on farmers 
fields in Cameroon 

by G.N. in collaboration with B. Ngiumgo (IRAD, seconded to IITA-HFC) 

Groundnut is the common legume grown for household consumption in the humid forest 
zone of Cameroon. Farmers are increasingly showing interest in cultivating soybean, which 
is not a traditional legume grown in this region. Recent trials on selected villages have 
shown some promising soybean varieties. These varieties have not yet been tested on a 
large scale in farmers field. The objective of this activity was to identify the best perform
ing soybean variety in farmers field. 

Three soybean varieties (TGX 1879-7F, TGX 1838-5E, and TGX 1805-13F) were distributed 
to agents of the national extension service (PNVRA) to be planted in farmers fields in a 
RCB design with a local variety as a check. A total of eight extension agents were involved 
with 80 and 60 farmers, respectively, during the first and second season of 2002. Out of 
these farmers, data were effectively recorded on 67 farmers fields during the first season 
and 58 during the second season. 

The analysis of variance showed significant differences in yield for all fixed effects (season, 
zone, variety) and their interactions (data not shown). Therefore, a separate analysis was 
done by season for each zone. Mean grain yields are presented in Table 45. 

During the first season, TGX 1879-7E grain yield was lower than that of other varieties 
except at Nkolfep (Table 45). This was mainly due to the poor seed germination of this 
variety. No variety consistently yielded better than the other varieties during the two 
seasons. Therefore, no clear recommendation on the variety to be proposed to farmers 
could be made. However, farmers expressed their preference for TGX 1805-13F because of 
its earliness and uniform maturation. Due to logistical problems, the biomass yield of the 
soybean varieties could not be determined. 
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Table 45. Mean grain yield (kg ha-I ) of selected soybean varieties from an on-farm 
trial in Cameroon, 2002. 

Trial sites or extension zone 

Variety Nkomelou Loua Nkolfep Essong Edinding EloudAyos Mean 

Season 1 (N = 13) (N = 12) (N = 5) (N = 10) (N = 12) (N = 15) 

TGX 183B-5E 1671 a 1500 b 1156 a 1446 b 1158 be 1534 a 1102 

TGX lB79-7F 617 b 901 e 1047 a B19 e 974e 1096 b 909 

TGX1B05-13F 1906 a 1673 a 1211 a 1800 a 1700 a 1433 ab 1621 

Local 1770 a 1920 a 1037 a 17B8 a 1364 b 1159 ab 1507 

Mean 1476 1499 1113 14Bl 1299 1332 

SE 103 74 58 110 58 72 

CV(%) 22 19 27 19 23 39 

Season 2 (N = 10) (N = 8) (N = 10) (N = 10) (N = 10) (N = 10) 

TGX 183B-5E 1310 a 1154 b 1267 d 719 b 1048b 1271 d 1128 

TGX 1879-7F 641 e 1244ab 1624 a 909 a 1042 b 1620 a 1180 

TGX1805-13F 963 b 1351ab 1474 b 755 b 1269 a 1464 b 1213 

Local 999 b 1387a 1395 c 764 b 1052 b 1385 c 1164 

Mean 979 1264 1440 787 103 1435 

SE 57 45 31 24 23 31 

CV(%) 25 14 6 11 8 7 

Note: Means followed by the same letter are not significantly different (P == 0.05) within zones in each 

season. 

Results from earlier trials indicated that the improved soybean varieties have higher bio
mass yield than the local variety_ This means that it can be recommended to farmers to 
change over to an improved soybean variety without loosing on grain yield while having 
a higher potential for soil conservation through increased biomass recycling. However, 
currently farmers uproot the whole plant and carry it to the village before stripping the 
pods. This technique does not allow farmers to benefit from the higher biomass recycling, 
because the biomass is usually not returned to the field. A recommendation to soybean 
breeders is therefore, to modify the plant characteristics such that easier pod harvesting 
on site would be possible. 

5.2.6 Cowpea germplasm screening in the humid forest margins of 
Cameroon 

by C.N. in collaboration with M. Fonji (IRAD) and B. Nguimgo (IRAD) 

Cowpea is a new crop in cropping systems of the humid zone in Cameroon. It is often 
assumed that cowpea is not adapted to the humid zone, because of pest pressure. In initial 
trials it was found, however, that cowpea gives good yields of about 1 Mg ha-I even without 
spraying. Cowpea, adapted to acid soils, is of interest to farmers because it fetches a rela
tively high price on the market (FCFA 400 kgl) and can serve as a substitute or addendum 
to the traditional groundnut, which usually yields little grain. Thus, we started a screening 
program in order to select varieties that could be recommended to farmers in the region. 

Twenty-four cultivars were tested in the fIrst season of 2001. Seventeen cultivars were 
retained after the fIrst season-14 improved from Ibadan, 1 improved from IRAD Bambui, 
and 2 local. These 17 cv's were tested in both seasons of 2001 and 2002 in two villages, 
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Nkometou with soil pH of 5.5 to 6.5 and Akok with soil pH of 4.5 to 5.0. Spraying was a 
treatment factor with no or maximum spraying (2-3 as required for total suppression of 
insects). The experiment was run as split·block design with 4 replications per location. 
Determined were: grain and biomass yield, percentage rotten pods and seeds, nodulation, 
and shoot/root ratio. Only grain and biomass yield are reported here. 

The statistical analysis was done using a mixed model approach. Fixed factors were geno· 
type, season, treatment, and their interactions, whereas, random factors were year, loca· 
tion, and replication. Replication was nested within treatment (spraying) block and within 
year, location, and season. 

Genotype and season by genotype were the significant fIxed factors in terms of grain and 
biomass yield, indicating that both yields of some cowpea cultivars were influenced by 
seasonal factors. However, Asonten and MTA 22 were among the highest grain yielders 
in both seasons (Figs. 10 and 11). 

Grain and biomass yields of all cultivars were higher in the fIrst season than in the second 
season (exception cv. 22), on average by 34% and 78%, respectively, but the difference was 
not significant. The four highest yielding cultivars in the fIrst season were IT97K·556·4, 
IT98K·128·3, Asonten, and MTA 22, with grain yields ranging between 0.95 and 1.15 Mg 
ha· ' . The two highest yielding cultivars in the second season were Asonten and MTA 22 
with grain yields of 0.89 and 0.79 Mg ha", respectively. Spraying with Karate led on aver· 
age to 25% higher grain yields, but the difference was not significant. The biomass yields, 
however, were 10% less with spraying, but again the difference was not significant. 

The cultivar 97K·819·170 gave the highest dry biomass yield (1.85 Mg ha") in the first 
season (Fig. 12), but it had also the lowest harvest index (0.16). The next highest biomass 
yields of 7 cvs. ranged from 1.03 to 1.23 Mg ha" (Fig. 12) with harvest indices between 
0.37 and 0.43. Dry biomass yields in the second season were considerably lower with 7 cvs. 
yielding between 0.57 and 0.80 Mg ha" and with harvest indices between 0.43 and 0.50 
(Fig. 13). The best grain and biomass yields in the fIrst season were obtained with cvs. 
IT97K-556·4 and IT98K-128·3 and cvs. Asonten and MTA 22 in the second season. 
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Figure 10. Grain yield (Mg her') of cowpea cultivars in the first season. 
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Figure 13. Haulm yield (Mg ha") of cowpea cultivars in the second season. 

5.3 Improving integration between crop and livestock: Develop, test, and 
integrate into farming systems crop-livestock management strategies 
integrating crop selection, nutrient management, and livestock 
options in an environmentally sound manner while protecting the 
health of animals and humans 

by G.N. 

The overall objective ofthis intervention is to intensify maize and soybean cropping for the 
production of chicken feed. Maize and soybean are the main ingredients of chicken feed 
in terms of volume and can be self-produced with a view to reduce fodder costs in chicken 
production. Fodder costs represent generally 60-70% ofthe total costs of small-scale chicken 
production and 79% of chicken producers think that production costs can be lowered by self· 
produced maize and soybean, as revealed by a survey amongst peri-urban producers. 

It is anticipated to economize between 10 and 30% of the fodder costs through self-pro
duced maize and soybean. Further results of that survey were that producers trust more 
the quality of their own produce vis-a.-vis purchased feed. 

Four research actions have been discussed with the farming community in Odza village 
(along Yaounde - Nsimalen road), including: 

1. quality tests of purchased maize at Mokolo market, to test variation in terms of pro
tein, energy, and lysine/methionine content 

2. testing a high-protein quality maize cultivar (cv. "Obatampa") vs. the local and eMS 
8704 cultivar on 15 farmer fields 

3. testing intensified maize cropping, with focus on N fertilizer management (fertilizer 
type, N-rate and time of application as factors) on the community field 

4. testing integrated maize· soybean cropping systems 
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Activities 1-3 will start in 2003. The longer-term objective in terms of crop management 
is to integrate chicken manure into the existing cropping system at the village. A second 
phase is anticipated to use the experience for dissemination among a wider farming com
munity in the peri-urban area of Yaounde. 

6 Integrated farm and landscape management options 

Ongoing and future activities 

6.1 Assess agroecosystems at the household, community and landscape 
levels through dynamic systems analysis, and determine farmers' 
management strategies and stakeholder roles in targeted study areas 
of the humid and subhumid zone 

by V.B. and G.L. 

The activity carried out by the HFC GIS LAB in 2002 has mainly focused on data collection, 
in continuity with the activity of2001, for the implementation of the FMBA-GIS. Actually 
the borders of the benchmark were overtaken and the database has expanded to cover the 
central and southern province of Cameroon. First analysis of the dataset has produced a 
general cost-distance matrix for the area, which can be used for market tension and trans
port analysis. First applications of the map are (1) Benchmark Market Tension Analysis 
for 45 Benchmark villages and (2) implementation of a methodology for the spatialization 
of fresh cassava market-flow in the peri· urban area of Yaounde. 

The interaction with the ASB modelling project has continued, with many interconnected 
activities: (1) land cover mapping, to focus on the dynamic of forest-agriculture mosaics in 
the area of study at different scale and time frames; (2) the integration of GIS and partici. 
patory mapping in the ASB test villages, to get information (qualitative and quantitative) 
on the social basin of natural resource management in the area. This information will be 
integrated in the Flores model, used for the interpretation of land cover dynamics and for 
the implementation of possible scenarios regarding management options in the context 
ofASB. 

6.2 Develop, test, and integrate into rural livelihood systems strategies 
for the improvement of farming systems productivity and sustainable 
use of the resource base 

6.2.1 Long-term (6 years) effects of Pueraria and Mucuna relay cropping 
with maize established on-station 

by S.H. 

In the first 4 years of continuous cropping the leguminous cover crops out yielded the natural 
regrowth fallow and burning biomass had a cumulative advantage over mulch retention. 
Results were published in 2002 (Hauser, S., Henrot, J., and Hauser, A. 2002. Maize yields 
in a Mucuna pruriens var. utilis and Pueraria phasealaides relay fallow system on an Ultisol 
in southern Cameroon. Biological Agriculture and Horticulture 20: 243-256). 

In the fifth year, burning had no longer an advantage but mulch retention led to higher 
yields (2.63 Mg ha" versus 1.99 Mg ha" after burning P = 0.023). The number of cobs and 
the number of marketable cobs m·1 had a significant fallow type by biomass management 
interaction, which more cobs and marketable cobs after burning the legume biomass yet 
less cobs and marketable cobs after burning the natural regrowth fallow. 
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In the sixth year, the experiment was severely hit by a storm, which caused all plots to 

lodge. This happened at flowering and consequently a lot of plants died, reducing plant 
density in the Mucuna system significantly below the level in natural regrowth fallow (2.71 
plants m-' versus 3.42 m', P = 0.015). Plant density in the Pueraria system did not differ 
from the other two (3.21 plants m-'). Grain yields were lower than in any previous year, 
yet higher in the Pueraria system than in both other systems (1.65 Mg ha·1 versus 1.19 Mg 
ha· 1 in Mucuna and 1.06 g ha-1 in natural regrowth fallow, P < 0.023). 

6.2.2 Mid-term (4 years) effects of Mucuna relay cropping with maize 
established on-farm 

byS.H. 

In 1998, a two-factorial experiment was established in a harvested farmer's field at 
Ngoungoumou. First factor was fallow type, at two levels: Mucuna planted fallow and 
natural regrowth fallow, second factor was biomass management at two levels: burned 
versus retained as mulch. The experiment was four times replicated. In 1999, the plots 
were slashed and either burned or mulched. Maize cv. eMS 8704 (90-100 days to maturity) 
was planted with two seeds per pocket at 0.5 m by 0.5 m distance on a square configura
tion. Maize was supposed to be thinned to one plant per pocket. Weeding was done by the 
farmer. In 2000, 2001, and 2002, the same plots were planted to maize in the first rainy 
season in the same manner. The farmer collected Mucuna seed in every dry season and 
reseeded when ever he felt it necessary. Mucuna was removed from non-Mucuna plots 
once during each fallow phase. 

In 1999 and 2000, neither the fallow type nor the biomass management had an effect on 
the number of marketable cobs or the grain yield. However, the number of marketable cobs 
almost tripled from 1999 (0.55 m-,) to 2000 (1.47 m-') and the grain yield increased from 
1.35 Mg ha- 1 to 1. 76 Mg ha-1 . In 2001, biomass management had a highly significant effect 
with burned plots out yielding mulched plots by more than 1 Mg ha·1 (1.92 Mg ha-1 burned 
versus 0.92 Mg ha- l mulched, P = 0.0002). The number of marketable cobs had a similar 
response. Fallow type had no effect. In 2002, grain yield was higher than in any previous 
year (2.23 Mg ha-1

), without an effect of biomass management and a positive effect of the 
Mucuna at P = 0.082, yielding 2.57 Mg ha-1 versus 1.88 Mg ha- l after natural regrowth 
fallow. 

The cumulative grain yield over the four years was highest in Mucuna when biomass was 
burned (Table 46). 

Table 46. Cumulative maize grain yield (Mg ha·1) over four consecutive years 
(1999-2002) at Ngoungoumou in Mucuna pruriens var. utilis versus natural 
regrowth fallow. 

Burned Mulched Mean p~-

Natural failow 6.59 5.44 6.02 

Mucuna pruriens 6.36 6.68 7.52 0.045 

Mean 7.47 6.06 

P means tIiomass mg1 0.035 
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6.2.3 Ecology and socioeconomic importance of short-fallows in the humid 
forest zone of southern Cameroon: Productivity of selected high
value species 

by S. W. in. collaboration with M Ngobo (University of Wales, Bangor) and M. McDonald (Univer
sity of Wales, Bangor) 

The study aimed to provide quantitative information on the ecology of short fallow sys
tems in southern Cameroon, and their socioeconomic value to farming communities ofthat 
area. Results from this study will lead to recommendations for the design of appropriate 
conservation and management decisions and plans that will improve the productivity and 
guarantee the sustainability of shortened fallows in the area. 

The specific objectives of the present research were to assess species diversity as impacted 
by fallow age and fallow type, both during the fallow phase as well as during the subse
quent cropping period, and to evaluate the productivity of some key fallow trees identified 
by local farmers that could be components of productive agroforests. 

The major indigenous key productive fruit trees identified by farmers throughout the 
humid forest zone of southern Cameroon include Coula edulis Baill., Dacryodes edulis H. 
J. Lam, Irvingia gabonensis Baill. and Ricinodendron heudelotii (Baill.) Pierre (cf UTA
AR2001). 

This part of the study was undertaken to characterize the phenology of C. edulis, D. edulis, 
1. Gabonensis, and R. heudelotii in a fallow farming system of southern Cameroon, and 
to examine the phenological patterns in relation to land use. Leaf flushing, flowering and 
fruiting phenology of each study species were investigated and patterns offruit production 
monitored. 

This study was carried out in the Kaya Watershed in Makak District of southern Cameroon. 
The sample design used to study the distribution and abundance of selected tree species 
was adopted from van Dijk (1999). The sample plots covered an area of 4.9 ha, in the form 
of four transects with a length of 1.15-1.25 km and 10 m wide. For this part of the study, 
three land use types were defined: short fallows (of less than 7 years old), medium·term 
fallows (of 7-10 years old), and long-term fallows (of more than 10 years old). For each of 
these land use types and across the sample area, an average number of 10 individuals per 
species were selected for phenological observations. Flowering, leafing, and fruiting pat
terns were observed on 103 individuals twice per month (i.e., every 15 days) over a period 
of 19 months (from February 2001 to August 2002). For each tree species, the pattern of 
leaf flushing, flowering, and fruiting was recorded as the percentage of canopy in each 
phenophase. 

Except for D. edulis, the basic procedure used to estimate fruit yield was identical for all 
study species and adapted from Peters and Hammond (1990). Two weeks before fruiting, 
the ground beneath the crown of each individual was cleaned of vegetation and debris. 
The vertical projection of the crown of each sample tree was then determined and four 
litter traps were positioned within this area under the crown, using random bearing and 
distances from the trunk. All quadrats were emptied weekly during the fruiting season. 
For each tree, the total number of mature fruits was recorded, and their weight determined 
using an electronic scale. Following Peters and Hammond (1990), total fruit production for 
each individual, per year, was estimated by summing the number of fruits collected and 
their weight during each sampling period, and by extrapolating the result by the percent 
of the crown area sampled. 
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The farmland of Kaya appeared to be mainly dominated by fallow lands of more than seven 
years old (about 35% of the total area sampled, Fig. 12) and logged-over primary forests 
(24% of the total area sampled). Coula edulis, Dacryodes edulis, Iruingia gabonensis and 
Ricinodendron heudelotii were recorded at 2 very low density values in fallow lands of 
the study area « 10 individuals of more than 10 em dbh). suggesting the need to develop 
preferential management of regeneration for these species. 

Apart from leaf flushing, flowering and fruiting phenology of these species were seasonal, 
with irregular flowering/fruiting observed for some D. edulis and 1. gabonensis individuals 
over the two years of monitoring. Fruiting was concentrated between July and October 
(and up to January for R. heudelotii), coinciding with the rainy season. An individual of 
C. edulis, D. edulis, 1. gabonensis, and R. heudelotii produced, on average, nearly 236 
fruits (9.6 kg fresh weight in 2001,335 fruits and 11 kg in 2002), 235 fruits (12.5 kg in 
2001 and 801 fruits, 51 kg in 2002), 547 fruits (72 kg in 2001 and more than 2002 fruits , 
133 kg in 2002), 2018 fruits (72 kg in 2001), respectively (Table 47). Regression analyses 
showed that tree size parameters are correlated with fruit production for some species, 
but generally, do not explain an important part of the production data of the study species 
(r < 60%). It is not uncommon in wild tropical fruit trees that variability in production is 
high between individuals and also between years . It is thus necessary to make multi-year 
observations to ensure that reliable data is obtained. 

Table 47. Annual fruit production of individual trees of C. edulis, D. edulis, 1. 
Gabonensis, and R. heudelotii growing in fallow lands at Kaya (south Cameroon, 
2001-2002). N is the number of adult trees assessed per year. Mean ± standard 
error. 

C. eduJis D. edulis I. gabonensis R. heudelotii 

2001 N = 15 N = 10 N=8 N = 12 
Number of fruits 236.27 ± 48.41 235.20 t 93.79 547.0 ± 211.90 2018.50 ± 466.76 

Fruit yield (kg) 9.61 ±2.14 12.48 ± 5.05 71.84 ± 24.87 72.22 ± 16.39 

2002 N = 27 N=9 N =22 .. 
Number of fruits 334.88 t 88.37 801 .78 t 245.51 1886.64 t 424 .74 

Fruit yield (kg) 10.90 ± 2.86 51.40 ± 16.01 133.28:1: 30.00 .. 

*Data not analyzed. 

6.2.4 Effect of fallow vegetation type on Zonocerus variegatus population 
dynamics 

by S. W. in collaboration with S. Kekeunou (University of Yaounde J) and J. Messi (University of 
Yaounde I) 

This study is investigating the influence of fallow vegetation types on the biological cycle 
and population density of Z. variegatus and its effect on crop damage in adjacent fields. 
Fallow species that affect the presence of the variegated grasshopper are being identified 
and their influence on the development of the grasshoppers established. 

The work is being carried out in the humid forest zone of southern Cameroon. Though the 
activities were initiated in 1998, this report focuses on observations made in 2002. 
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6.2.4.1 Numerical fluctuations ofZonocerus variegatu5 in an Inga edulis fallow 

The results of the previous work presented in the 2000 annual report showed that Zonocerus 
variegatus was more abundant in a natural fallow of Chromolaena odorata compared to a 
planted tree fallow of Calliandra callothrysus. It was postulated that these differences were 
at least in part due to the different architecture of the vegetation. The natural fallow was 
dominated by chromolaena and had a single dense canopy at about 2 meters. In contrast, 
the calliandra fallow had its main canopy at about 3-4 meters above the ground with a 
weak layer of herbaceous plants between the rows. To further check on the potential role 
of the architecture of the vegetation, we decided to observe Z. variegatus populations in 
an Inga edulis fallow. This tree fallow had developed a single dense canopy between 6 
and 8 meters with no lower vegetation layer. Observations were made every 14 days from 
January 2002 to February 2003. Throughout the period of observation, there was a total 
absence of Z. variegatus in the I. edulis fallow. This result combined with previous obser
vations suggests that the presence of Z. variegatus populations is linked to the presence 
of a leafy canopy at heights primarily up to 3 meters. Where such a canopy is weak due to 
shading from above, the populations are low, and where it is missing, Z. variegatus tend 
to be absent. However, further verification ofthis hypothesis is necessary. 

6.2.4.2 Development and reproduction ofZ. variegatu5 on 17 diets 

The detailed methodology of this study has been presented in the 2001 annual report. In 
brief, young larvae of the insect were collected in the field and placed in laboratory cages 
where they were fed 17 specific diets of young shoots of fallow plants and selected crops. 

On average it took 361 days for adults to develop out of the first larval stage. The propor· 
tion oflarvae that developed into adults varied between 0 and 54% (Table 48). However, 
8 diets led to no adults, and another 7 to less than 6%. Out of the nine monospecific diets, 
only 2 produced adults, while 7 did out of the 9 polyspecific diets. By far the best diet was 
that of M. esculenta (cassava) leaves which led to 54% of adults developing. Among those 
9 diets that produced adults, the longevity of the adults varied significantly and ranged 
between 44 and 116 days (Table 48). On 5 diets longevity was more than 100 days, while 
on the other 4 it was distinctly less. 

Adults on all of the diets produced ootheca. However, 3 diets resulted in 0 eggs per 
ootheca (Table 48). The highest number of eggs on average was between 11 and 13 per 
ootheca. In contrast, adults that were collected in the field and reared on cassava in the 
lab had on average 51 eggs per ootheca, significantly more than completely lab reared 
ones (P < 0.0001). 

The results obtained so far indicate that lab studies can provide useful information on 
some certain aspects of the relationship between Z. variegatus and improved fallow species. 
However, supplementary studies are necessary in the field to attain a fuller understanding 
of these relationships. 

6.2.5 Reducing speargrass (/mperata cylindrica (L.) Raeusch) with 
conservation agriculture: involving farmers in research to reduce 
labor, herbicide use, and conserve yields 

by O.K.N., D.Ch., and V.M. in collaboration with J Ellis-Jones and J.C. Streibig 

Labor constraints are the most limiting factor to expand the cropped area for most 
small-scale farmers in sub·Saharan Mrica. In rural areas labor prices are rising due to 
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'Fable 48. Selected de~elopmental palmnetels of Z. tlaJ iegatlts on 17 diets in 
Percentage larvae 

laboratory cages. reaching the adult Longevity of adults 
Diets stage (in %) (in days) 

Crota/aria retusa 

G/ycine max 

Lab/ab purpurea 

Manihol escu/enta 

Aeschynomene histix 

Sesbania pachycarpa 

Cajanus cajan 

Synandrela nodinora 

Chromo/aena odorata 

C. cajan .. C. odorata 

S. nodmora .. C. odoreta 

C. Calan .. S. nodiflore 

C. cajan .. S. nodmora + C. odoreta 

C. cajan .. S. nodiflore + A. histrix + 

S. pachycarpa 

C. cajan + S. nodiffora + A. histrix + 

S. pachycarpa + C. odorata 

C. cajan + S. nodiflora + A. histrix ... 

S. pachycarpa + M. pruriens + P phase%ides 

C. cajan ... S. nodiflora + A. histnx ... 

s. pachycarpa + M. pruriens + P phase%ides + 

C.odoreta 

Probabilities 

a 
a 
a 

54 

a 
a 
a 
1 

a 
4 
5 
1 

a 

13 

5 

6 
< 0.0001 

110 

107 

112 
113 

116 

70 

74 

87 

44 
0.044 

Number of eggs 
per ootheca 

13 

11 

13 
5 
o 

4 

o 

o 
0.0628 

urbanization and the increasing AIDS epidemic. In the humid part of Nigeria, very few 
farmers use animals or tractors to prepare land and labor is mainly used for the tedious 
and unpopular tasks, land preparation, and weed control. Widespread adoption of chemi
cal weed management practices among small-scale farmers is low. This is mainly because 
of the need to acquire expensive application equipment and herbicides and because most 
farmers have no experience with the technology. Cropping areas infested by speargrass 
require especially high labor inputs. However, only 3% of the farmers with infested fields 
use herbicides for control. Work on increasing farmers herbicide use would, because of 
the extra labor requirements in speargrass infested areas, have higher expected adoption 
rate compared to areas dominated by other weeds_ Alternative land preparation methods 
and increased use of herbicides would decrease the intensive labor requirements for crop 
production. 

In speargrass infested areas of the humid part of Nigeria, farmers' land preparation for 
maize (Zea mays L.) is traditionally tillage and hoe weeding as a postemergence inter
vention. The amount of labor involved often forces farmers to abandon land and fallows 
dominated by speargrass are often observed. Conservation tillage, where soil inversion is 
avoided and labor is saved can substitute unavailable traction for land preparation. To 
substitute the post-planting weeding in maize, the rope wick (RW) was tested as a promising 
safe and water-conserving alternative by scientists in southeast Asia. RW can be used to 
make a directed in-row glyphosate application, and uses 40 L ha·' depending on the weed 
infestation_ Low carrier volume is important and the perspective of carrying 200-300 L ha·' 
to often remote fields made farmers from the republic ofB€min prefer pesticide applicators 
with low water use to conventional knapsack sprayers_ 
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In contrast to adoption of new crop varieties where farmers have to change little or no 
practices, adopting herbicides is more complex. Using herbicides instead of hoe weeding 
requires a sprayer, chemicals, and knowledge on how to use it. Adoption of technologies 
where farmers have had to change major practices has often been low. Traditionally, 
technologies have been developed from the drawing board of scientists without involving 
farmers from the beginning. Many of such technologies have not been adopted as widely, as 
the scientists would have expected. Instead of simply accepting or rejecting an innovation 
as a fixed idea, potential adopters should be included as active participants in the adop· 
tion process, giving their own unique meaning to the innovation as it is applied in their 
local context. Therefore farmers need to be involved to make the technology development 
choices from the beginning of the development phase. 

The objectives of these trials were threefold: (1) to compare conservation tillage practices 
with farmers practices, (2) to test the weed wiper as a plausible alternative postemergence 
weed control to hoe weeding, and (3) to involve farmers from the initial technology testing 
stage, to get their inputs on the economic feasibility of the technology. 

Materials and methods 

Two sets of trials were set up to test the hypothesis. The first set of trials (experiment 
1), a set of RCBD researcher-managed on·farm trials, were conducted in 2000,2001, and 
2002 on sites dominated by speargrass at Ijaiye (7° 35' N; 3° 55' E), a village located in the 
forest/savanna transition zone characterized by annual average precipitation of 1200 to 
1500 mm, in two seasons: May to mid·August and September to mid·October/November. 
There is a short dry spell between mid-August and September. The average annual tern· 
perature was 26 DC in 2000, 2001, and 2002. The soil type is a sandy loam (Oxic Paleust
alf) with a pH of 5.4-6.5 and an organic carbon content of 0.53-0.67%. Before the study, 
the experimental site had been abandoned for at least 5 years due to heavy infestation of 
speargrass (above 100 plants m') and slashed and burned two weeks before applying the 
treatments. The treatments were a pre-planting and a post-planting treatment. The pre
planting treatment had two levels, hoe tillage followed by planting (SBT) and application 
of glyphosate (NT) (1200 g ai-1 ha-1) followed by direct planting. The post-planting treat
ments had three sublevels, hoe weeding (HW) (3 and 6 WAP), band weeding, which was 
in-row hoe weeding and intra-row wiping of glyphosate with 100 ml Roundup per L water 
with a handheld rope wick applicator (3 and 6 WAP) (RWh) , and lastly band weeding, 
which was similar to the previous treatment but with reduced glyphosate dose (50 ml 
Roundup/L) (RWl). Note that 100 ml Roundup per liter water gives a 10% solution. When 
speargrass is 15 em high and there are 100 shoots per m' about 30 L solution per ha is 
used. Thereby the application rate is 3 1. Rounduplha treated area. Fertilizer was given 
as a split application where 60:60:60 NPK kg is applied to the whole site when maize is 
planted and 35 kg urea is applied at 6 W AP (maize). This adds up to 24 plots (2 x 3 x 4) 
sized 100 m' (10 m x 10 m). 

A separate second set of participatory strip plot farmer-managed trials (experiment 2) was 
set up in Okowowolo (7" 34'N; 7° 33' E) and Emere (7° 27' N; 7" 37' E), in 2001 and 2002 on 
sites dominated by speargrass. The villages were also located in the forest/savanna transi
tion with similar rainfall patterns to Ijaiye. The main criteria for the participating farmers 
were that they should be part ofthe DDS farmer groups to which feedback should be given. 
It was indicated by farmer group representatives that the farmers wanted to try some of 
the experiment 1 tested treatments. The farmer experiments were then designed to be a 
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reduced form of the fIrst trials. It thus became a 2 x 2 trial with three replications. This 
allowed the farmers to test results and the researcher to get reasonable tangible results. 
The pre· planting treatments were similar to the treatments in the fIrst experiment, with 
the difference that the farmers chose to ridge after spraying to avoid water logging. The 
post· planting treatments were either hoe weeding (HW) or band weeding followed by the 
high dose glyphosate application (RWh). The low dose from experiment 1 was not included 
as the data from 2000 showed a reduced effect on weeds with the low application rate. 
Therefore, to test the treatments 24 plots (2 x 2 x 2 x 3) sized 100 m' (10 m x 10 m) were 
needed. The observations were yield of crop, measured at the end of the season, count of 
maize plant density, above- and below-ground weed biomass sampling at crop harvest, 
cost of labor for land preparation, weeding, planting, spraying, and cost of herbicides. A 
mid-term evaluation was undertaken on the trial involving the farmers and their DDS 
groups in June 200L Farmers were asked to rank their agricultural problems, and rank 
the trial control methods against each other. An end of trial evaluation workshop was set 
up where the involved farmers assessed the economics of the trials. Using participatory 
budgeting the farmers was asked to list advantages and disadvantages of the treatments, 
and then compare the results economically. When making a participatory partial budget, 
only costs that are different in between treatments were included. 

Results 

In the midterm evaluation ofthe trials, the farmers indicated that their main problem was 
soil fertility, weeds, lack of capital, and pests. Speargrass was closely related to soil fertil
ity problems and indicated a higher problem on light upland soils with high fertility. The 
farmers categorized the extent of speargrass problems with specifIc references to crops, 
like maize, yam, and groundnut as the most affected and cassava and cowpea as the least 
affected. Cassava was indicated to shade out speargrass. Cowpea was not affected due to 
it being a short season crop_ If no weeding was done, irrespective of soil fertility status, 
this could lead to total crop loss. They were of the opinion that for the past 10-20 years, 
the problem had been getting worse, due to deforestation, bush burning, and continuous 
cropping. Farmers found in the midterm evaluation that no-tillage followed by knapsack 
spraying was the best method as it was effective and reduced labor requirements. The 
main problem was the costs involved. Second preference was no-tillage followed by hoe 
weeding, as the labor inputs were perceived to be less compared to the tilled systems. 
Tillage followed by weed wiping was rated third and tillage followed by hoe weeding was 
rated fourth as the two latter were rated laborious and ineffective. The knapsack sprayer 
was preferred to the weed wiper as it could not be purchased locally and was regarded as 
more labor intensive than the knapsack sprayer. 

The advantages and disadvantages of the individual treatments were established with 
the farmers in the process of quantifying the costs and benefIts of each treatment. Each 
treatment was evaluated in pairs (pre- or post-planting with and without herbicide) (Table 
49). 

In the glyphosate plots, farmers used 100 hours less time to ridge than they did in the 
untreated plots. Furthermore, they stated that they did not need to hoe weed the pre 
tillage glyphosate plots where they used 300 hours to hoe weed the untreated plots. The 
reduced labor use in the glyphosate plots induced an increased net benefit of US$189.3 
compared to the untreated plots. Farmers estimated the rope wick application labor cost 
to be U8$15.7, saying that it took double the time, compared with knapsack spraying. 
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Table 49. Participatory partial budget analysis comparing pre-planting weed 
management methods (All values are converted from N per plot to US$ ha). 

Benefits and costs per ha 

Gross farm gate benefits 

(1) Farm gate price (US$lkg) 

(2) Yield (scientist) 

(3) Yield (farmer) 

Variable input costs 

(4) Glyphosate 

Labor 

(5) Spraying (US$0.7811oad) 

(6) Land preparation (US$0.511 h) 

(7) Hoe weeding (US$0.51Ih) 

(8) Total variable costs 

(9) Net benefit (2 - 8) 

(10) Difference in net benefits 
between pre-planting treat
ments 

Farmers practice, ridging and 
hoe weeding 

Amount 

0.32 

2.0 Mglha 

2.0 Mglha 

o 
300h 

300h 

Value (US$) 

640 

640 

153.7 

153.7 

3.7.6 

316.7 

Glyphosate application followed 
by tillage/ridging 

Amount Value (US$) 

0.32 

2.0 Mglha 

2.4 Mglha 

3 Llha 

10 loads 

200h 

o 

640 

750.0 

23.6 

7.8 

102.5 

o 
134.0 

506 

189.3 

Note: Scientist· measured yields were used in the analysis rather than the farmers higher estimates. Farm 

gate prices are those of Ayankpa market as indicated by farmers. 

However, the difference was negligible compared to the US$153.7 used for hand weed
ing. Therefore, the rope wick gave US$122 greater benefit than did weeding with the hoe. 
Although farmers felt that the herbicide treatments gave significantly higher yields, sci
entist·measured yields were used in the analysis. 

6.2.6 Seasonal variation in carbohydrate and biomass of speargrass: Effect 
of slash and burn on shoots and rhizomes 

by O.K.N. and D.Ch. in collaboration with J.C. Streibig 

Imperata cylindrica (L.) Raueschel (speargrass) is a perennial grass with creeping, subter
ranean scaly rhizomes. It is one of the most dominant, competitive, and difficult weeds to 
control in the humid and subhumid tropics of Asia, West Africa, and Latin America. It is a 
serious weed of intensive agriculture particularly in areas prone to recurrent burning. In 
West Africa, smallholder farmers do most farming and the commonly used control methods 
are in a prioritized order: tillage, hoe weeding, fallow, slashlburn, and herbicides. These 
interventions are often used in combination with each other. Farmers know that combining 
intervention methods in time, gives better and cheaper control. 

Speargrass propagates sexually by seed and vegetatively by underground rhizomes. The 
rhizomes have a high regenerative ability because of the numerous alternately arranged 
lateral buds that readily sprout into new plants when fragmentation due to tillage or 
any other form of plant disturbance removes apical dormancy. This inherent regenera· 
tive capacity of rhizomes in addition to their ability to penetrate deep into different soil 
horizon, and adequate protection of rhizome buds by scales spear grass very persistent in 
soils. Furthermore, rhizomes can conserve water within the vascular bundles and possess 
a lignified core that resists breakage and disruption to allow the plant to resprout in dry 
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periods. In a participatory appraisal on speargrass management made in southern Nigeria 
in 2002, farmers considered that the aggressive, invasive nature of speargrass was attrib· 
utable to the extensive rhizome system, and its ability to resprout in the dry season when 

other plants could not. 

The stocks of carbohydrates of under and aboveground parts of perennial rhizomous weeds 
fluctuate during the growing season and thus determine growth and propagation. For 
several temperate perennial weeds this has been intensively investigated in connection 
with herbicide uptake and translocation, but this is not the case for many tropical peren· 
nials. For speargrass there is solid information on the influence of abiotic factors such as 
temperature and soil moisture, and anthropogenic factors such as burial depth and fire on 
the regenerative effects of rhizomes has been investigated. 

However, there is very little knowledge on the fluctuations of carbohydrates over the 
season. The stored carbohydrate reserves in the rhizomes support the growth of new shoots 
after each intervention (e.g., slashinglburningltilling) and any time the reserves are at a 
minimum, the plant is most susceptible to any control measure. An understanding of the 
seasonal variation of source of sink relationship between the arial parts and the rhizomes 
is crucial in order to identify the optimal time to obtain maximum weed control and to 
give indications of an effect of combined interventions. The objective of the study was to 
estimate the time of the year when carbohydrate and dry matter are at minimum in the 
rhizomes .. This knowledge would help farmers to better integrate interventions against 
speargrass. 

Materials and methods 

Researcher·managed on·farm trials were conducted on sites dominated by speargrass at 
Ijaiye (7° 35' N; 3° 55' E), a village located in the forest/savanna transition zone character· 
ized by annual average precipitation ofl200 to 1500 mm, in two seasons: May to mid·August 
and September to mid-OctoberlNovember. There is a short dry spell between mid.August 
and September. The average annual temperature was 26°C in 2000 and 2001. The soil 
type is a sandy loam (Oxic Paleustalf) with a pH of 5.4-6.5 and an organic carbon content 
of 0.53-0.67%. Prior to the study, the experimental site had been abandoned for at least 5 
years due to heavy infestation of speargrass (above 100 plants m2). 

Initial preparation was slash and burn of the whole area, which was then done every 
December/January to simulate the often· occurring savanna fires in speargrass infested 
areas. The treatments applied were no treatment, slash and burn, and slash, burn and 
tillage with three replications. The sampled plot size was 2 by 2 meters with 1 meter 
between the plots. After sampling the treatments are applied to the plots that are supposed 
to be harvested next month. 

As the first sampling is done before any treatment the experiments will be analyzed by 
analysis of covariance to adjust for nonuniform infestation of Imperata cylindrica. 

In each plot, four 50 x 50 em square samples were randomly taken. The first sampling 
was different from the others, as it was done before the initial slash and burn treatment. 
Sampling was done on the first of each month in 24 months. All in all (4 by 3 by 24) 288 
samples were taken. Observation of phenological stage of the plants in the square (number 
of plants and number of leaves counted), leaf area measurement, biomass of shoot, and 
rhizome dry weight was recorded. Measurement of precipitation was done with the UTA 
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weather station. The collected samples were analyzed for dry weight, soluble carbohydrates 
(sugars, glucose, maltose), and starch using a colorimetric method. 

Results 

There was no interaction between month and treatment for rhizome biomass (Fig. 14). 
This means that the effect of tillage is similar whenever applied. This would have been 
good news but for the fact that the soil was dry and hard in the dry season. Farmers would 
have been able intervene at a time when labor was more available. Slashing and burning 
had no effect on rhizome biomass development, as there was no difference between the 
untreated plots and the slashed and burned plots. This could be associated with the large 
amount of lignified material in the core of the rhizomes. Slashing and burning would only 
be expected to reduce the starch and readily available carbohydrates. The ratio between 
carbohydrates and cell material is expected to be low while more detailed info would come 
from the carbohydrate analysis. 

Raw data and predicted trendlines for rhizome model 
10 .. c 

'" 0> 8 
::;; 

" 6 ., 
" E 
<:- 4 
"0 
~ 
E 2 0 
N 
:E 
a: 0 

o 
o 

0 

0 c 
§ 0 

0 

t 
g 

I~ 
D 

- 1--------.- --, 

o 
o 0 B 

o 0/!'"g 0 .. 8 " 
0/ ~ ~ 9 

o -if /8 -. j--i-li 
*~rf ~~llr 

--r ------,----- T ---.---- T -----,----1 ------, 

23456 789 10 11 12 

Months in 2000 and 2001 

co::: NS SBobs NS S8~ 
c [] r. SST <ts - - 58T p-OO 

Figure 14. Observed and predicted values of rhizome, shoot, combined and shoot! 
rhizome biomass. 

6.3 Generate and disseminate among local and national policymakers 
policy and institutional options to improve farming systems 
productivity and sustainable use of the resource base 

Ongoing 

6.4 Characterize and delineate appropriate recommendation domains for 
targeting experimentation and dissemination 

Ongoing 

- 87-



Completed studies 
Auwerkerken, A., J.d'A. Hughes, D. Coyne, D. De Waele, and D.J.F. Brown. 2002. Nema
todes as potential vectors of banana die-back, a virus disease of Musa. Proceedings, 
African Crop Science Conference, Lagos, 21-26 October 2001. 

A new disease of banana (Musa) was first observed in 1998 and currently is known to occur 
at two localities in southeastern and southwestern Nigeria. The disease causes die back 
and is of particular concern due to its apparently high virulence, with infected plants dying 
soon after symptoms are expressed. Symptoms include leaf necrosis that initially affects 
the older leaves, and which quickly spreads to the younger leaves, eventually affecting the 
cigar leaf (leaf curl) and results in the death of the plant. Suckers produced from affected 
or dying mother plants are progressively shorter and also die. The disease is caused by the 
Banana die-back virus (BDBV) and the virus, which has only been partially characterized, 
has isometric particles and is serologically related to members ofthe genus Nepovirus (Ne, 
nematode and po, polyhedral). The mode of transmission of BDBV is unknown, although 
other members of the virus are transmitted by nematodes of the Longidorideae family. A 
study was therefore initiated to examine the nematode fauna at the disease localities and 
to assess the likelihood of any of these being natural vectors of BDBV. Helicotylenchus 
multicinctus, Meloidogyne spp. and Hoplolaimus pararobustus were the dominant spe
cies. No longidorid nematodes were identified from the soil around the diseased plants, 
although Xiphinema spp. were extracted from an adjacent forest plot. The implications of 
these findings are discussed. 

Coyne, D. and C. Dochez. Towards the management of plant parasitic nematodes in 
tropical and subtropical agriculture. IPM Conference, Kampala, Uganda, 8-12 Septem
ber2002. 

Plant parasitic nematodes are insidious pests, often overlooked, regularly confused with 
nutrient deficiency symptoms or are misdiagnosed. However, with correct diagnosis of nem
atode problems, the options available for their management are limited. As a consequence, 
addressing nematode-related problems have been somewhat neglected. With increasing 
intensification of agricultural systems, more consecutive cropping of land with the same 
crop, reduced lengths of fallow and more marginal land coming under production, crop 
losses due to nematodes are estimated to be escalating. Damage resulting from nematode 
infection can lead to pre and postharvest yield losses and loss of quality (marketability). 
Nematode infection can affect a crop's ability to tolerate water stress, uptake nutrients and 
can predispose crops to additional pests and diseases. Consequently, the need to address 
nematode-related problems is becoming more urgent. Efforts underway at IITA towards 
managing nematode problems on key crops in sub-Saharan agricultural systems are dis
cussed. Pivotal to improved management of nematodes is the need for a well-balanced 
integration of management options, using resistant/tolerant cultivars and clean planting 
material as a basis to support complementary pest management components. Discussion 
will also take into consideration the need to further understand the relationship between 
nematode infection, poor soil fertility and low water availability, in order to ensure the 
development of suitable pest and disease management strategies. 

Coyne, D.L. and R.A. Plowright. 2002. Assessment of the importance of individual plant 
parasitic nematodes species from a mixed community under tropical conditions, using 
a community dominated by Heterodera sacchari on upland rice in Cote d'lvoire. Nema
tology 4: 661-669. 

In temperate climates, densities of plant parasitic nematode at or shortly before sowing 
are a useful predictor of their damage potential. Reexamination of data from nematode 
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communities on upland rice in Cote d'Ivoire, showed that interpretation of nematode pest 
potentials and the damage caused by either individual species, or by the community as a 
whole, is less simple. The numerical proportion of individual nematode species within a 
plant parasitic nematode community, comprising Heterodera sacchari, Pratylenchus zeae, 
Meloidogyne incognita, Helicotylenchus dihystera, Mesocriconema tescorum, and Xiphinema 
spp., changed with duration of the cropping cycle. The relative importance to the crop of the 
different species changed with time, and with development of the community structure over 
the course of the season. Analysis suggested that for H. sacchari, the mid-season popula
tion densities were most highly correlated with crop damage (yield loss) and therefore its 
damage potential for that particular season. The pest potential of other known rice pest 
species, such as M. incognita and E zeae, was likely indicated earlier in the season, but 
the population increase of other nematode species in the community, particularly H. sac
chari, compounded the interpretation of the data for other species. The use of single linear 
regression to assess the importance of individual nematode species, conflicted with results 
of analyses using multiple stepwise regression, while use of cluster analysis permitted the 
identification of species groups at early and late stages in the cropping season. 

Dochez, C., D. Coyne, M. Pillay, and D. De Waele. Comparison of two screening methods 
for early evaluation of resistance to Radopholus similis in Musa germplasm. Interna
tional Nematology Conference, Tenerife, 8-13 June. 

Plant parasitic nematodes are one of the most important constraints to sustainable Musa 
production_ In the lowlands of central Uganda, the most common nematode species is 
Radopholus similis, while at higher elevations Pratylenchus goodeyi is more prevalent. 
The use of host plant resistance provides promising prospects towards sustainable nema
tode management through conventional breeding. To identify resistance, reliable screen
ing methods need to be developed. In this study, two screening methods for resistance 
to nematodes are compared. The flrst screening method is based on the inoculation of 
individual roots placed in a cup. The second 'screening method is based on the classic pot 
experiment, whereby the complete root system is inoculated. The newly developed cup 
method requires less nematode inoculum and less plant material per cultivar compared 
to the pot experiment. By using single roots for inoculation, the host response to nema
tode attack is not influenced by differences in root growth rates between Musa genotypes. 
Hybrids developed within the banana breeding program of the International Institute of 
Tropical Agriculture are being evaluated for resistance against Radopholus similis using 
both methods. Nematode reproduction ratio is compared against a known resistant check 
(Yangambi km 5) and a known susceptible check (Valery). The results of both screening 
methods will be discussed. 

Dochez, C., D. Coyne, M. Pillay, and D. De Waele. Status of host plant resistance breed
ing to nematodes among the East African highland bananas IPM Conference, Kampala, 
Uganda, 8-12 September 2002. 

The East African highland banana is a major staple crop in the East African Great Lakes 
Region. Current production levels however, are falling, with sustainable production threat
ened. Among the various abiotic and biotic constraints contributing to this production decline 
are plant-parasitic nematodes, particularly the aggressive Radopholus similis in the lowlands 
of central Uganda, while at higher elevations (above 1400 masl) Pratylenchus goodeyi is more 
prevalent. The use of host plant resistance provides promising prospects as a basis towards 
sustainable nematode management and improved banana production. All flve clone sets 
(cooking + beer) covering the East African highland bananas are susceptible to R. similis. At 
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the International Institute of Tropical Agriculture, crosses between East African highland 
bananas with Calcutta 4, a diploid wild banana with resistance to R. similis, have resulted in 
resistant tetraploid hybrids. The breeding program is further developing improved diploids 
in order to use them in crosses with local material and hybrids, until secondary triploids 
with desirable characteristics are obtained. The current status of host plant resistance 
breeding to nematodes in East African highland bananas are discussed. 

Kajumba, C., C. Gold, P.R. Speijer, W. Tushemereirwe, D. Coyne, AR. Semana, and J. 
Mudiope. Farmers' perception on use of banana clean planting material for pest man
agement in Uganda. [PM Conference, Kampala, Uganda, 8-12 September 2002. 

The East African highland banana (Musa genome group AAA·EA) is a staple crop in the 
Ugandan diet consumed by a large proportion of the population. Banana weevils (Cos· 

mopolites sordidus) and nematodes (especially the aggressive Radopholus similis) have 
been observed to reduce production. These are often and easily transferred to new fields 
through infested planting material. To address this constraint, an inexpensive and afford· 
able method using clean planting material was developed and disseminated to farmers 
in three districts i.e., Ntungamo, Mpigi, and Luweero. In these districts, approximately 
1000 farmers were trained on the use of clean planting material technology using a farmer 
participatory approach. Farmers then established banana fields using clean planting mate· 
rial. From the study, a total of 180 farmers were interviewed on their opinions on the 
technology. Among the positive observations, 13% and 34% observed that the technology 
led to reduced pests and improved yields, respectively. Some of the negative observations 
by the farmers included drought susceptibility (19%) and 6% observed that they were 
more susceptible to livestock. According to the farmers' perceptions, the technology was 
appropriate and worthwhile under their circumstances, managed pests, improved banana 
yields, and proved profitable. 

Mudiope, J., D. Coyne, and E. Adipala. [PM of plant parasitic nematodes on yams 
(Dioscorea spp.) in Uganda. [PM Conference, Kampala, Uganda, 8-12 September 2002. 

Yam (Dioscorea spp.) is a tuber crop gaining increasing popularity in Uganda, particularly 
with the introduction of new improved cultivars from West Africa. Despite this, nematodes 
such as Meloidogyne spp. and Pratylenchus sudanensis pose a potentially serious threat to 
increased yam production. Meloidogyne spp. infection results in reduced yields, deformed 
tubers, and increased rates of tuber desiccation. Rapid tuber decay is associated with infec· 
tion by P. sudanensis. Although farmers appreciate the damage resulting from nematode 
infection, they are often unaware of the cause and have limited knowledge on management 
options. Pesticides can be effective in managing nematode problems, but are expensive, 
often unavailable and are environmentally unsound. Alternative methods for managing 
nematodes and improving the yields of yams are therefore being sought by the International 
Institute of Tropical Agriculture together with National Agriculture Research Organisation 
of Uganda, towards maintaining the momentum in the uptake of the crop and diversifying 
crop production. Options currently being investigated include use of hot water treatment 
to provide clean planting material, combined with resistance screening. 

Niere, B., C.S. Gold, and D. Coyne. Endophytes and banana IPM: Current status and 
future prospects. IPM Conference, Kampala, Uganda, 8-12 September 2002. 

Endophytic fungi colonize living plant tissue without causing symptoms of damage to their 
hosts. Endophytic fungi have been isolated from all plants investigated and mutualistic 
relationships of fungal endophytes with their host plant could be demonstrated. Stud· 
ies on banana material originating from Uganda have shown that banana corm and root 
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tissue hosts a variety of endophytic fungi. Preliminary results in Uganda have shown that 
indigenous endophytic fungi from banana can effectively colonize tissue-cultured banana 
when plants are inoculated at an early stage. Inoculation could lead, depending on fungal 
isolate and banana clone, to increased plant growth, reduced nematode multiplication, 
and reduced weevil damage. Control levels vary between fungal species and strains and 
host-endophyte interactions influence chances of success. Interactions of the fungi with 
their host plant and weevils and nematodes, respectively, and the mechanisms leading to 
effective control are not well understood. Similarly, the duration of protection provided 
by the endophyte to the plant is not known at present. Currently, research focuses on the 
inoculation of single strains onto endophyte· free planting material, such as tissue-cultured 
plants, and targets the initial period of plant establishment in the field. As our knowledge 
of the microbial biodiversity inside the plant increases, combinations of different fungal 
strains or species might be used in the future. This will help to achieve different levels of 
control for a number of pests and also to target specific periods. Long·term control might 
involve persistence of the fungal endophyte or the activation of effective and durable plant 
defense responses to pests. Ideally, fungal endophytes are applied only once and persist 
within the host plant to ensure protection for a considerable or the entire time span of the 
crop. This is a major advantage to biocontrol agentsfbiopesticides, which are more costly 
to produce, have to be applied more frequently, and are often highly influenced by envi· 
ronmental factors. The use of fungal endophytes also reduces the risk of side effects on 
non-target crops and humans as no field applications are required. The use of indigenous 
strains further limits environmental risks. Acceptability of endophytes for pest control is 
therefore considered high from an environmental and economic point of view. Research at 
the International Institute of Tropical Agriculture in Uganda focuses on the identification of 
fungal endophytes that are effective against a number of pests and diseases of banana and 
the mechanisms leading to biocontrol. One of our prime objectives is the optimization and 
integration of this new technology into agricultural systems in East Mrica. Management 
of endophytes must be seen as one component in IPM strategies and has to be combined 
with other control options such as tissue cultured planting material. 

Onyeka, T.J., E.J.A. Ekpo, and A.G.O. Dixon. 2002. Prevalence of cassava root rot dis
ease and associated fungi in Nigeria (In review). 

The distribution and importance of root rot disease in cassava was determined in a survey 
of farmers' fields across humid forest and forest transition agroecological zones in Nigeria 
between November 1998 and September 1999. Root rot was observed in 115 (50.44%) of 
the 228 sites visited. Field disease index ranges between 2.5 and 3.1 in the humid forest 
and from 2.3 to 2.8 in the forest transition zone. Symptomatic samples were collected from 
the 115 diseased fields, from which a total of nine fungal genera were isolated. The most 
widely distributed fungal isolates were Botryodiplodia theobromae and Nattrassia man
giferae. Other frequently isolated fungi were Fusarium spp., Aspergillus niger, Rhizopus 
stolonifer, Penicillium oxalicum, Sclerotium rolfsii, Trichoderma spp. and Macrophomina 
phaseolina. Higher populations of these fungi were observed in the humid forest zone than 
in the forest transition zone. In a pathogenicity test, isolates of B. theobromae were highly 
virulent, and N. mangiferae isolates were virulent; all other fungi isolates were moderately 
virulent. Because of the relatively high virulence of B. theobromae and N. mangiferae and 
their wide distribution across the cassava-growing ecological zones, it was concluded that 
these are the most important pathogens of cassava root rot in Nigeria. 
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Onyeka, T.J., A.G.O. Dixon, and E.J.A. Ekpo. 2002. Nattrassia mangiferae: distribution, 
cultural characteristics, and pathogenicity of cassava root rot isolates in Nigeria (In 
review). 

Mter stem and root rot disease of cassava due to Nattrassia mangiferae had been observed 
for the fIrst time in Mrica in 1997, a recent survey of the humid forest and derived savanna 
zone, the two major cassava producing agroecologies of Nigeria, confIrmed the wide dis· 
tribution of N. mangiferae. The fungus was isolated from 13% of a total of 115 diseased 
samples collected from farmers' fIelds. Two isolate types were identifIed based on mycelial 
growth pattern on potato dextrose agar. Isolates placed in type 1 produced olivaceous black 
colonies with concentric zones while those in type 2 produced olivaceous grey colonies with 
no concentric zones. The isolate types were comparable in virulence when inoculated to 
susceptible cassava genotypes. In a screening test for the disease reaction of six cassava 
genotypes, genotypes 30572, 91102324, and 9210057 were resistant while 92/0427, 30001, 
and TME·1 were susceptible to infection by the pathogen in artifIcial inoculation. 

Onyeka, T.J., A.G.O. Dixon, and E.J.A. Ekpo. 2002. Assessment of laboratory methods for 
evaluating cassava genotypes for resistance to root rot disease (In review). 

Field evaluation of six cassava varieties for resistance to root rot disease was compared 
with three rapid laboratory methods (whole root inoculation, root slice inoculation, and 
stem inoculation) for screening cassava varieties for resistance to root rot disease. Both the 
fIeld evaluation and the three laboratory methods separated the varieties into resistant 
and susceptible groups. Genotypes 30572 and 91102324 were resistant to root rot while 921 
0247 and TME·1 were susceptible. One genotype (30001) was not consistent in its reaction 
between fIeld evaluation and laboratory assays. A highly signifIcant (P < 0.001) genotype 
by trial interaction was observed for the stem cutting and root slice assays, while there was 
no genotype by trial interaction in the fIeld and whole root laboratory assays. The majority 
of the genotypes reacted in the same way across trials in root slice and whole root assays 
when inoculated with a virulent pathogen (Botryodiplodia theobromae). Because of the 
advantages in terms of economy of labor, space, quantity of root and inoculum required, 
uniformity of treatment conditions, and easy of observation, root slice assay will be appro
priate for the preliminary screening of large accessions of cassava germplasm. The selected 
genotypes can then be further screened with the whole root inoculation method. 

Onyeka, T.J., A.G.O. Dixon, and E.J.A. Ekpo. 2002. Field response of six cassava geno
types to root rot disease and the effect on yield at different plant stages (In review). 

A survey of farmers' fIelds in 16 states and UTA research farms in the major cassava-pro
ducing agroecologies of Nigeria identifIed B. theobromae as the major pathogen of root rot 
disease. A fIeld experiment was therefore carried out at the UTA research farm, Ibadan, 
Nigeria, for 15 months (July 199B-October 1999) to study the response of fIve improved 
cassava genotypes (30572,91102324,30001,92/0057, and 9210427) and a popular Nigerian 
landrace (TME-1) at different plant ages to root rot disease and its effect on cassava yield 
parameters. Field screening of roots of 12-month-old plants was also compared with the 
root·slice laboratory assay for the disease. In the fIeld, the genotypes differed signifIcantly 
for percentage of rotted roots at 12 and 15 months after planting (MAP) but not at 6 and 
9 MAP (P < 0.05). Genotypes 30572, 91102324, and 30001 were resistant, and 92/0057, 
92/0427, and TME-1 were susceptible to th 

-92-



e disease. The genotypes also differed significantly with respect to root rot infection in 
the laboratory and their reactions to the disease in both field and laboratory evaluations 
were similar, except for 30001, which was found to be resistant in the field but not in the 
laboratory. At 12 and 15 MAP, the percentage of rotted roots significantly (P < 0.05) and 
negatively correlated with root fresh weight (r = -0.38, ...{l.85), dry yield (r = -0.37, ·0.82), 
and total root number (r = -0.33, -0.38). The response of the genotypes to root rot depends 
on the plant age; field screening should not be done before 12 MAP. 

Staff scientists 

Project research time allocation (%) 

1. Ajala, S.O., maize breeder, Ibadan 

2. Amegbeto, K., agricultural economist, Ibadan 

3. Asiedu, R., yam breeder/geneticist, Ibadan 

4. Auwerkerken, A., nematologistNVOB assoc. expert, Onne 

5. Ayodele, M., plant pathologist, Ibadan 

6. Bandyopadhyay, R., plant pathologist 

7. Beed, F., weed pathologist, Cotonou 

8. Carsky, R., agronomist, Cotonou 

9. Chikoye, D., weed scientist, Ibadan 

10. Coyne, D., nematologist, Ibadan 

11. Dixon, A.G.O., cassava breeder/geneticist, Ibadan 

12. Dury, S., agricultural economist/ClRAD, Yaounde 

13. Ghebreyesus, 0., agronomist, Ibadan 

14. Gilis, S., agrophysiologistNVOB assoc. expert, Onne 

15. Gockowski, J., agricultural economist, Yaounde 

16. Halos·Kim, L., food and agricultural engineer, Ibadan 

17. Hanna, R., acarologist, Cotonou 

18. Hauser, S., soil physicist/agronomist, Yaounde 

19. Ishida, F., social anthropologist, Ibadan 

20. Langewald, J., insect pathologist, Cotonou 

21. Legg, C., landscape ecologist, Yaounde 

22. Legg, J., virologist, Kampala 

23. Lemchi, J., agricultural economist/technology transfer, Onne 

24. Maroya, N.G., GTZIIITA project coordinator, Accra 

25. Nolte, C., agronomist, Yaounde 

26. Norgrove, L., Agroecologist, STCPIMARS scientist, Yaounde 

27. Rueda, J., STCP coordinator, Yaounde 
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28. Schulz, S., agronomist, Ibadan 20 

29. Shiwachi, H., yam physiologist, Ibadan 50 

30. Tamo, M., insect ecologist, Cotonou 10 

3l. Tarawali, G., Agronomist, Ibadan 20 

32. Tarawali, S., agronomist - joint with ILRI, Ibadan 10 

33. Tenkouano, A., plantain & starch crop breeder/geneticist, Yaounde 

(project coordinator, from Dec 2002) 20 

34. Tindo, M., entomologist, Yaounde 50 

35. Toko, M., entomologist, Cotonou 20 

36. van der Meer, B., GIS specialist, Ibadan 5* 

37. Weise, S., weed scientist, Yaounde (project coordinator, to Nov 2002) 80 

* Left during the year 

** died during the year 

Research assistants 

Adeniji, Tajudeen, plantain postharvest, Onne 

Amah, Delphine, plantain and cassava tissue culture, Yaounde+ 

Dimpka, Christian, plantain breeding and molecular biology, Onne 

Ebitu, Mary, plantain tissue culture, Onne 

Fanwoua, Julienne, plantain and cassava data management and outreach, Yaounde+ 

Faturoti, Babatunde, plantain agronomy and outreach, Onne 

Ngallame, Edward, plantain and cassava evaluation, Yaounde+ 

Njukwe, Emmanuel, plantain and cassava breeding, Yaounde 

Okarter, Chyka, plantain breeding and data management, Onne 

Okoro, Josephine, plantain breeding and tissue culture, Onne* 

Shaibu, Ibrahim, plantain breeding, Onne 

Uchendu, Esther, plantain tissue culture, Ibadan+ 

Udu, Perpetua, plantain breeding, Onne 

* left during the year 

+ joined during the year 

Graduate training 

Name Degree Country Sponsor IITA supervisor 

Amougou, D.L. MSc Cameroon IITA.lSelf Hauser 

Ariyo, O. PhD Nigeria IITAlDAAD Dixon 

Bah, S. PhD Guinea Conakry IITA Dixon 
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Bamkefa, B. PhD Nigeria IITAJSelf Asiedu 

Banful, B. PhD Ghana IITA. Hauser 

Benesi, I MSc Malawi IITA DixonlMahungu 

Claudius-Cole, A. PhD Nigeria IITAJSelf Asiedu 

Egwu,N.J. MSc Nigeria IITAJSelf LemchilTenkouano 

Faturoti, B. MSc Nigeria IITAJSelf Tenkouano 

lIe, E.1. PhD Nigeria DFID Asiedu 

Lokko, Y. PhD Ghana Rockefeller Dixon 

Madong, A.B. PhD Cameroon Wageningen Hauser 

Mekoa, C. PhD Cameroon IITA.lSelf Hauser 

Mohib, o. MPhil Nigeria IITAJSelf Dixon 

Nanga,J.L. Ing. Ag. Cameroon IITAISelf Tenkouano 

Ngo Kanga, F. Ing. Ag. Cameroon IITA.lSeif Hauser 

Ogunjobi, A PhD Nigeria IITAISelf Dixon 

Olufemi, A PhD Nigeria IITAISelf Dixon 

Onibokun, A. PhD Nigeria IITA Asiedu 

Onyeka, J. PhD Nigeria IITAISelf Dixon 

Oselebe, R.O. PhD Nigeria UTA Tenkouano 

Owolade, T. PhD Nigeria UTAfSelf Dixon 

Raji, A. PhD Nigeria UTA Dixon 

Sangoyomi, T.E. PhD Nigeria UTAfSelf Asiedu 

Selatsa, A.A. Ing. Ag. Cameroon IITAfSelf Tenkouano 

Shaibu, A. MSc Nigeria UTAJSeif Tenkouano 

Tieche, B. MSc Cameroon IITA/Self Hauser 

Tueche, J.R. MSc Cameroon IITA.lSelf Hauser 

Udu,P. MSc Nigeria IITAfSelf Tenkouano 

Scientific collaborators 

Agricultural Research Council, Plant Protection Institute, Pretoria, South Mrica, 

E. van den Berg, B. Bouwman, G. Pietersen 

Centre Mricain de Recherches sur Bananiers et Plantains (CARBAP), NjombelDouala, 
Cameroon 

K. Tomekpe, R. Fogain, M. Kwa, L. Temple 

Centre National de Recherches Agricoles (CNRA), Bimbresso (Abidjan), Cote d 'Ivoire 

A Adiko, K. Kobenan, P. Gnonhouri, S. Kouassi 

-95-



Centre National de Recherche Agricoles (CNRA), Bouake, Cote d'Ivoire 

AM. Kouakou 

Centre Suisse pour la Recherche Scientifique (CSRS) 

O. Girardin 

Centro Internacional de Agricultura Tropical (CIAT), Cali, Colombia 

M. Fregene, H. Ceballos, J. Thome, AC. Mba 

Centro Nacional de Pesquisa de Mandioca e Fruticultura Tropical (CNPMF), Empresa 
Brasileira de Pesquisa Agropecuaria (EMBRAPA), Cruz das Almas, Bahia, Brazil 

W.M. Fukuda 

Crops Research Institute, Kumasi, Ghana 

F. Anno-Nyako, B.M. Dzomeku, J. Otoo, J.J. Muakwa, A. Asare-Bediako, R. Sagoe, 
G.AMensah 

Federal University of Technology, Owerri, Nigeria 

C.N. Chiedozie 

Fundacion Hondurena de Investigacion Agricola (FHIA), La Lima, Honduras 

P. Rowe (died during the year), J. Aguilar 

Institut Centrafricain de Recherche Agronomique (ICRA), Bangui, Republique Centraf
ricaine (CAR) 

J. Kafara 

Institut de l'Environment et de Recherches Agricoles (INERA), Ouagadougou, Burkina 
Faso 

R. Dabire 

Institut d'Etude et de Recherches Agricoles (INERA)lProgramme National Manioc, Kin
shasa, Democratic Republic of Congo 

KM. Lema, M. Bidiaka, K Tata-Hangy, S. Lokombo, Koko Zeza, L. Bompenda, B. 
Bipini, M. Nsuanda, N. Ndambi, M. Biponda, K Landu, Phemba Phezo 

Institut National des Recherches Agronomiques du Benin (INRAB), Benin 

R. Doussou, M.A Toukourou, B. Lokossou 

Institut des Recherches Agronomiques pour Ie Developpement (IRAD), Yaounde, 

Cameroon 

M. Tschienkoua, B. Madong, T. Nyobe, L. Dibog, J. Ngeve, M. Wouamane 

Institut de Recherches Agronomiques de Guinee, Conakry (Kindia-Foulaya), Guinee 

M. Lamah, El-Sanoussy Bah 

Institut de Recherches Agronomiques de Guinee (IRAG), Bordo-Kankan, Guinee 

F. Camara 
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Institute of Agricultural Research (IAR), Dept. of Agronomy, Ahmadu Bello University, 
Zaria, Nigeria 

E.B. Amans, B. Ahmed 

Institute of Agricultural Research (IAR), Freetown, Sierra Leone 

M. Jalloh, M. Tucker, F. Massaquoi, A. KaHon 

Institute of Agricultural Research and Training (IAR&T), Nigeria 

S. Aghaje 

Institute of Experimental Botany, Olomouc, Czech Republic, 

J. Dolezel 

Institut Togolais de Recherche Agronomique (ITRA), Lome, Togo 

K. Somana 

Institut Tchadien de Recherche Agronomique pour Ie Developpement (ITRAD), N'Djamena, 
Tcbad 

M. Mbailao, M. Koumaro, M. Naitormbaide 

International Food Policy Research Institute (IFPRI), CFC program, Yaounde, Cameroon 

B. Eskes 

Institut National de Recherche Agronomique du Niger (INRAN), Niamey, Niger 

S. Sirifi 

International Institute of Parasitology, CABI, St.Albans, UK 

R. Plowright 

International Livestock Research Institute (ILRI), Ibadan, Nigeria 

A. Larbi 

International Plant Genetics resources Institute (IPGRI), Montpellier, France 

E. Akyeampong, E. Frison, E. Karamura, G. Blomme, K. Jacobsen, J.V. Escalant, S. 
Sharrock, I. Van den Houwe 

KU Leuven, Laboratory of Tropical Crop Improvement, Heverlee, Belgium 

D. de Waele, L. Sagi, B. Panis, R. Swennen 

Ministry of Food and Agriculture, Accra, Ghana 

P.K. Entsie 

National Root Crops Research Institute (NRCRI), Umudike, Nigeria 

T.N.C. Echendu, O. Eke-Okoro, G. Orkwor, J. Ikeorgu 
National Seed Service (NSS), Ijebu Ode, Nigeria 

A. Adeniji 

Nigerian AGIP Oil Company, Green River Project, Port Harcourt, Nigeria 

S.E.A.Akele 
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Nigerian Institute for Horticulture (NIHORT), Ibadan, Nigeria 

S.O.S. Adeyemi, B.A. Adelaja 

Plantain and Banana Development Programme, Federal Department of Agriculture, 
Ibadan, Nigeria 

A.E. Asuquo, D. Lordbanjou 

Plant Quarantine Service, Nigeria 

The Director 

Queensland Department of Primary Industries, Indoorooppilly, Australia 

J. Thomas 

Savanna Agricultural Research Institute (SARI), Nyankpala Station, Tamale, Ghana 

C. Osei, T. Bagamsa, S. Asante, Y. Alhassan 

Serere Agricultural and Animal Production Research Institute (SAARI), Soroti, Uganda 

J.Oriokot 

University of Agriculture, Abeokuta, Nigeria 

S.O. Osunlaja 

University of Dschang, Dschang, Cameroon 

Prof.Sakwe 

University of Ghana, Agricultural Research Station, Kade, Ghana 

S.Osei 

University of Ghana, Legon, Ghana 

E. Acheampong 

University of Ibadan, Ibadan, Nigeria 

G.I. Atiri, T. Ikotun, M.O. Akoroda, E.J.A. Ekpo, I. Fawole, E.A Akinrinde, 
F.A. Fagade, 0.0. Tewe, V.O. Adetimirin, A Odunola, A Togun, B. Fawole, 
AO. Oladiran, J.K. Egunjobi, 

University of Nigeria, Dept.ofCrop Science, Nsukka, Enugu State, Nigeria 

P.K. Baiyeri 

University of Port Harcourt, Port Harcourt, Nigeria 

B.E.Okoli 

University of Reading, Reading, UK 

P. Craufurd 

Wageningen Agricultural University, Wageningen, The Netherlands 

L. Brussaard 

University of Yaounde, Yaounde, Cameroon 

D. Landon, L. Zapfack, Prof. B. Nyeck, B. Nkongmeneck, Prof. Bell 
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Publications 2002 

Note: Some 2001 publications only became available in 2002 or were omitted in 2001 
annual reports. 

Journal articles, book chapters, and edited proceedings 

Aka7no, A.O., A.G.O. Dixon, C. Mba, E. Barrera, and M. Fregene. 2002. Molecular genetic 
mapping of resistance to the African cassava mosaic disease. Theoretical and Applied 
Genetics: 2105: 521-525. 

Ariyo, O.A., A.G.O. Dixon, and G.I. Atiri. 2002. The relative resistance of cassava culti
vars to African cassava mosaic disease (ACMD) as determined by two methods: Rank
sum and the area under the disease progress curve. Archives of Phytopathology and 
Plant Protection 35(1): 23--30. 

Asadu, C.L.A. and A.G.O. Dixon. 2002. Comparative effects of continuous cultivation 
of seven crop combinations on soil physicochemical properties in two soils of different 
land use history in eastern Nigeria. Communications in Soil Science and Plant Analy
sis 33(19 & 20): 3545-3566. 

Asadu, C.L.A., A.G.O. Dixon, and R. Okechukwu. 2002. Comparative evaluation of the 
contributions of soil physicochemical properties to variations in the yields of four major 
staple food crops in eastern Nigeria. Soils and Tillage Research 65(2): 141-155. 

Asawalam, D.O. and S. Hauser. 2001. Effects of earthworm casts on crop production. 
Tropical Agriculture (Trinidad) 78: 76-81. 

Blomme, G., H. De Beule, R.L. Swennen, A. Tenkouano,· and D. De Wae/e. 2002. Horizon
tal distribution of root nematode damage in six Musa spp. genotypes. African Plant Pro
tection 7: 73-80. 

Carsky, R.J., M. Becker, and S. Hauser. 2001. Mucuna fallow for the maintenance and 
restoration of soil fertility of tropical cropping systems: Potential and limitations. 
Pages 111-135 in SSSA Special Publication no. 58, Sustaining Soil Fertility in West 
Africa. 

Dixon, A.G.O., J.M. Ngeve, and E.N. Nukenine. 2002. Genotype x environment effects 
on severity of cassava bacterial blight disease caused by XanthOlnonas axonopodis pv 
manihotis. European Journal of Plant Pathology 108(8):763-770. 

Dixon, A.G.O., J.M. Ngeve, and E.N. Nukenine. 2002. Response of cassava genotypes to 
four biotic constraints in three agroecologies of Nigeria. African Crop Science Journal 
10(1): 11-21. 

Eggleton. P., D.E. Bignell, S. Hauser, L. Dibog, L. Norgrove, and B. Madong. 2002. Ter
mite diversity across an anthropogenic disturbance gradient in the humid forest zone of 
West Africa. Agriculture, &osystems and Environment 90: 189-202. 

Fokunang, C.N., A.G.O. Dixon, T. Ikotun, R. Asiedu, E.A. Tembe, and C.N. Akem. 2002. In 
vitro, greenhouse, and field assessment of cassava lines for resistance to anthracnose 
disease caused by Colletotrichum gloeosporiodes f. sp. manihotis. Mycopathologia 
154(4): 191-198. 

Hauser, S. 2002. Production and spatial distribution of volunteer biomass between mul· 
tipurpose tree hedgerows after two years offallow. Agroforestry Systems 55: 139-147. 

Hauser, S. and C. Nolte. 2002. Biomass production and N r<xation of five Mucuna pru
riens varieties and their effect on maize yields in the forest zone of Cameroon. Journal of 
Plant Nutrition Soil Science 165: 101-109. 

Hauser, S. and L. Norgrove. 2001. Slash and burn agriculture, effects of. Pages 269-284 
in Encyclopedia of Biodiversity, edited by S. Levin. Vol. 5, Academic Press, San Diego, 
USA. 
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Hauser, S., J. Henrot, and A Hauser. 2002. Maize yields in a Mucuna pruriens var. utilis 
and Pueraria phaseoloides relay fallow system on an Ultisol in southern Cameroon. Bio
logical Agriculture and Horticulture 20: 243-256. 

Hauser, S., L. Norgrove, and T. Nyobe. 2002. Crop rotation and farming systems: small
holder farming systems and agroforestry systems. Pages 243-246 in Encyclopedia of Soil 
Science, edited by R. Lal. Marcel Dekker, New York, USA 

Hauser, S., L. Norgrove, and T. Nyobe. 2002. Managing soil structure in tropical small
holder farming systems. Pages 243-246 in Encyclopedia of Soil Science, edited by R. Lal. 
Marcel Dekker Inc, Lincoln Park, NJ, USA 

Hauser, S., L. Norgrove, and S. Bassanaga. 2002. Survival and growth of cacao saplings 
as affected by fertilizer and shade on short fallow land in southern Cameroon. Pages 
614-620 in Proceedings of the 13th International Fertilizer Symposium. Fertilizers in 
Context with Resource Management in Agriculture, Tokat, Turkey, edited by C. Hera, 
E. Schnug, T. M. Topbas, H. Gunal, S. Ersahin. Published by International Scientific 
Centre of Fertilizers, Bucharest, Braunschweig, Budapest, Gent. 636 pages. 

Koutika, L.S., S. Hauser, and J. Henrot. 2001. Soil organic matter assessment in 
natural regrowth, Pueraria phaseoloides and Mucuna puriens fallow. Soil Biology 
and Biochemistry, 33: 1095-1101. 

Koutika, S.L., N. Sanginga, B. Vanlauwe, and S.F. Weise. 2002. Chemical properties and 
soil organic matter assessment under fallow systems in the forest margins benchmark. 
Soil Biology and Biochemistry 34: 757-765. 

Ngobo, M., S. Weise, and M McDonald. 2002. Influence of land-use intensity on weed 
dynamics and crop yield in southern Cameroon. Pages 41-44 in Proceedings of the 5th 
Workshop of the EWRS Working Group Physical and Cultural Weed Control, Pisa, Italy, 
11-13 March 2002. 

Norgrove, L. and S. Hauser. 2002. Measured growth and tree biomass estimates of Ter
minalia ivorensis in the three years after thinning to different densities in an agrisilvi
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Research projects 

A. Preserving and enhancing germplasm and agrobiodiversity 

B. Developing biological control options 

C. Impact, policy, and system analysis 

D. Starchy and grain staples in Eastern and Southern Africa 

E. Diverse agricultural systems in the humid zone of West and Central Africa 

F. Improving and intensifying cereal· legume systems in the moist and dry savannas of 
West and Central Africa 
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Research Highlights 

Project A 

Preserving and enhancing germplasm and agrobiodiversity 

Germplasm management 

• A cowpea core collection (2078 accessions) was established from the world cowpea 
collection (> 15000 accessions) at UTA; 133 yam accessions were added to the in vitro 
genebank; and the Bambara groundnut collection (1169 accessions) was rejuvenated. 

• Genetic variation in Ugandan banana cv. Sukai Ndizi and the genetic diversity in East 
African highland bananas and their putative ancestors was established with DNA 
markers. 

Genetics of key agronomic and quality traits 

• Studies on the genetics of resistance to the cassava mosaic disease (CMD) in Mrican 
cassava landraces showed that the additive gene effect was more important in predicting 
progeny performance. Data from F1 progenies suggest polygenic inheritance of the 
trait. 

• Analysis, through inductively coupled plasma spectrophotometry (ICP), of kernels from 
240 early maturing varieties of maize grown at three sites showed variation in iron 
(16.9-20.7 mglkg) and zinc (18.5-21.2 mg/kg) contents. Environmental, varietal, and 
variety x environment interaction effects were highly significant. 

• Inherita nce was elucidated for cowpea seed characteris tics, plant pigmenta tion, flower 
color, pod color, photosensitivity, and resistance to Ascochyta blight. 

• Multivariate statistical ana lysis of 56 quantitative and qualitative agrobotanical traits 
of 504 Mrican landraces a nd 398 improved cultivars of cassava identified 12 cluster 
groups for the African landraces and nine for the improved germ plasm. Twenty-two 
clusters were formed from the joint clustering of the African landraces and improved 
cassava germplasm. 

Biotechnology tools for crop improvement and germplasm management 

• Molecular markers were identified for important traits, e.g., DNA markers associated 
with quantitative trait loci (QTL) for resistance to the cowpea bruchid (Callosobruchus 
maculatus) (one of the QTL accounted for up to 76% ofthe variation for this trait); SSR 
marker associated with resistance to CMD in cassava (accounting for 57.41% of the 
total phenotypic variation for the trait); SSR and AFLP markers associated with QTL 
affecting Striga damage symptom rating and maize yield under Striga infestation; QTL 
for resistance to flower bud thrips were detected at five regiops of the cowpea genome 
that explained 76% of the variation for the trait. 

• RAPD markers for resistance to virus (white yam) and anthracnose (water yam) and 
genetic linkage maps for white and water yams were published. 

• Cowpea gene flow studies showed outcrossing (0.021 %) 10 m from the marker line. 



Source breeding populations and parental lines 

• New sources of several important traits were identified, e.g., root knot nematode 
(Meloidogyne incognita) resistance in soybean; resistance to black sigatoka in the 
Musa cultivar Kikundi; pulp color, bunch characteristics, and nematode resistance in 
Musa germplasm from Papua New Guinea; resistance to major diseases, grain quality, 
and tolerance to specific abiotic stresses in cowpea; resistance to root rot in cassava; 
resistance to root knot and yam nematodes in Dioscorea dumetorum; tuber quality 
in white and water yams; drought tolerance, high p-carotene content and vitamin A 
equivalent, and resistance to Striga and Aspergillus flauus in maize. 

• Improvement of broad-based and special trait populations continued for all mandate 
crops. 

NARS capacity for crop improvement and germplasm management 

• Seeds were delivered for international trials: e.g., 63 sets of regional uniform variety 
trials (RUVT) of maize and 41 ofthe regional Striga variety trials (early and extra-early 
maturity) to partners of WECAMAN; and 409 sets of cowpea trials to 105 partners in 
24 countries. Based on results of 200 1 RlNTs, 120 kg of seed of selected maize varieties 
were also delivered to NARS partners on request. 

• UTA's Institutional Biosafety Committee (IBC) was inaugurated and a workshop was 
organized for would-be-members of national biosafety committees from five countries 
in West Africa. 

• Several postgraduate students conducted thesis research on the mandate crops in 
germplasm management and crop improvement. 

Project B 

Developing biological control options 

• Mild strains of the pandemic-associated cassava mosaic virus, EACMV -U g , were shown 
to provide a cross-protective effect against superinfection by severe strains of the same 
VIrus. 

• Some 30 highland bananas and 20 plantain hybrids with improved resistance against 
the nematode Radopholus similis have been identified. 

• The importance of organic mulching (particularly using the weed Tithonia) in improving 
crop production and suppressing nematode damage has been demonstrated in field 
trials. 

• Aflatoxin management packages allowed a 30% reduction of aflatoxin contamination 
compared with traditional maize production practices in Benin and Togo. 

• The occurrence and spread of the gray leaf spot pathogen Cercospora maydis on 
experimental and farmers' maize fields in Plateau State and at Mokwa, Nigeria, was 
confirmed. Similarly, widespread occurrence of soybean rust has been confirmed in 
IITA·lbadan farm. 

• Samples of Beauveria bassiana and Metarhizium anisopliae were found to be highly 
virulent to the cowpea bruchid (Callosobruchus maculatus) in small experimental stores 



and also to laboratory populations of the pod bug (Clauigralla tomentosicollis) leading 
to complete control of these pests. 

• The industrial production of Green Muscle ™ (recently rated by FAa as environmentally 
safe and causing low risk to humans) against locusts and grasshoppers in West Africa 
has been demonstrated to be economically feasible at a price competitive with synthetic 
pesticides, and in Niger, farmers have started buying it in large quantities. 

• Studies on the interactions between cassava cultivars and the exotic phytoseiid 
predator Typhlodromalus aripo in a range of agroecologies indicated that the predator's 
preference for cassava cultivars with large hairy apices is widespread. In greenhouse 
studies, T. aripo produced up to four times more offspring when exudates were available, 
boosting biological control of cassava green mite. 

• Where T. aripo has persisted for two or more years in the field, cassava green mite 
abundance has declined substantially and cassava yields have increased by between 
15 and 45%, and at times, by up to 85% on varieties susceptible to cassava green mite 
damage and favorable for the predatory mites. 

• Mango mealybug and spiralling whitefly infestations (checked in Benin, Burkina Faso, 
and Cote d'Ivoire) were again generally low with a dry season peak particularly in big 
cities. In all samples, all exotic parasitoid species were common. 

• The exotic thrips parasitoid Cera nisus femoratus was recently recovered 390 km north 
of the original experimental release site in southern Benin, 1 Y, years after the initial 
release, indicating faster spread than anticipated. 

• The SP-IPM pilot site farmers gained 20% increase in maize yields by integrating. 
resistant varieties with habitat management against Striga and stemborers in Kenya; 
reduced Striga emergence by 63% by integrating resistant varieties and cropping 
patterns in northern Nigeria; and resuscitated faba bean production in Egypt and 
Morocco through resistant varieties and improved agronomic practices against 
Orobanche. 

• Over 70% of vegetable consumers in Ghana and Benin are aware of potentia1 health 
risks linked to the misuse of pesticides and are willing to pay up to 60% of the premium 
price for organic vegetables, whereas vegetable farmers are willing to pay 30-60% of 
the premium price for new biopesticides, which could increase expected incomes by at 
least 10% while decreasing health hazards and environment pollution. 

• A total of 41 peer-reviewed journal articles and book chapters were published in 2002 
by the 18 "core" project scientists. 

• A research paper relating aflatoxin exposure to impaired child growth was published 
in the prestigious British Medical Journal. 

• Faunistic surveys conducted in various ecological regions of Benin, Cameroon, Ghana, 
Nigeria, and Togo led to the preservation of more than 20 000 new specimens and' 
enabled us to update the UTA insect reference collection with 1000 newly identified 
speCIes. 



Project C 

Impact, policy, and system analysis 

• The impact of globalization on Mrican agriculture shows that a few countries experienced 
a positive real growth in gross domestic product in the last two decades. Highly 
competitive global markets and increases in the production of raw products led to about 
a 76% decline in commodity prices. Some of the interventions for African agriculture 
to become competitive and to benefit more from globalization are strengthening the 
capacity of countries in trade negotiations, stimulating the production of added-value 
products, diversifying exports, improving access to information technology, and 
increasing regional trade. 

• The analysis of the urban food demand structure in the dry savanna of Nigeria shows 
that rice (imported and local) represents about 65% of the household expenditure for 
cereals, followed by maize (20%), sorghum (9%), and millet (6%). Cross-price elasticities 
indicate that maize is a substitute for sorghum and rice. 

• The spatial and economic analysis of the fresh cassava supply in Yaounde identified 
15 urban markets where the product is being sold and 65 villages supplying the four 
main markets. Most of the villages are located within a traveling distance of 2-3 hours. 
These villages will be the major sites for further research and development actions. 

• Aflatoxin contamination was detected in 99% of the serum samples from 200 children 
aged 18 to 36 months in Benin Republic. The contamination was higher in the southern 
Guinea savanna than in the coastal savanna. It increases from February to November 
in both zones. Contamination was also found in the samples of white maize, a staple 
in the study area. Stunting of children, 40% on average, was higher in the aflatoxin 
high exposure zone than in the low exposure zone. 

• The potential is high for the use ofbiopesticides for vegetable production because both 
producers (about 80% of 372 respondents in Ghana and Benin) and consumers (70% 
of 220) are aware of the health risk from chemical pesticides. Farmers are willing to 
pay b~tween 30 and 60% more as the price premium for yield increases of between 10 
and ~%. Consumers are willing to pay 50% more as a price premium for cabbage and 
tomato free from chemical residues. 

• A new scheme of small farmers' groups of between 5 and 10 people is proving successful 
in the four pilot states of the RUSEP project in Nigeria. About 4300 farmers belong to 
550 groups linked up with private seed companies, 960 with banking institutions, and 
860 with tractor-hiring services for sustainable access to modern agricultural inputs. 
Similarly, RUSEP is facilitating the supply of raw materials by farmers' groups to 
agro-industries worth about USD 2.7 million. This amounts to about a 20% increase 
in farmers' income and a 15% reduction in cost for the agro-industries. 

• FOOD NET continues to improve the market information systems in Uganda, including 
2-3 broadcasts/week, and the use of a local SMS service provider to enable text 
messaging for 17 commodity prices to be available via mobile phone_ Similarly, RUSEP 
is facilitating the broadcast of market information on 20 agricultural commodities in 
Nigeria through local radio and a website. 

• About 100 entrepreneurs benefited from training on agroenterprise and product 
development in Nigeria and Uganda. 



understanding of their market opportunities and challenges on both a territorial and 
commodity-specific hasis. 

• Tools for monitoring and evaluating the business performance of processing equipment 
manufacturers have been developed with banks and microcredit institutions to assist 
in the scaling-out process. In western Kenya, five processing units have been installed 
and tested to enhance and develop the income generating potential of cassava, and 
transform fresh roots into stable, market-grade, intermediate products. 

• SARRNET brokered the involvement of an additional 20 industries within the SADC 
region in commercial cassava production and utilization from a base number of less 
than 4 in 1990. This has increased the industrial utilization of cassava from 8166 t in 
2001 to 11 700 t in 2002. Farmers' associations have been established in pilot production 
and processing centers and linked to industrial users in Malawi (3) and Tanzania (2). 
A cassava business center has heen created in Tanzania while a "Cassava Task Force" 
was inaugurated in Malawi. 

• Typhlodromalus aripo is confirmed estahlished since its release hetween 1995 and 
1998 across different agroecologies in Kenya, Malawi, Mozambique, Tanzania, Uganda, 
and Zambia. Impact surveys indicate a reduction in CGM populations with a 15-40% 
increase in storage root yields. The CMD pandemic was newly reported from two 
districts of northwestern Tanzania and large areas of DR Congo and Republic of Congo. 
A coordinated "Plan of Action" for research for development on CBSD was developed 
hy the principal stakeholders. 

• Large shoot tips and compact and hairy apices are major determining factors for 
suitability to T. aripo. No interaction was observed between CGM infestation and 
CMD infections at Kumi, Uganda, where CGM densities are very high. T. aripo did 
not discriminate against varieties infected by CMD with similar numbersltip recorded 
on MH 95/0414 (resistant to CMD, slightly tolerant to CGM) and Ebwanatereka 
(susceptible to both CGM and CMD). 

• A spreadsheet, accessible at http://www.iita.orglinfo/soilmass.zip, was developed 
using more precise methods than previously published to simplify determination of 
soil nutrient stocks. 

• A competitive production cost was estimated for cassava to be obtained from 25 to 30 
tlha with an economic return of about US$800 to US$1000Iha. 

• Field and feed trials were initiated with commercial feed millers in Malawi and Tanzania 
to develop and validate feed production systems for poultry, pigs, and cattle. Crude 
protein levels of cassava leaves (fresh, dried) were 2 to 3 times higher than other fodder 
crops (fresh and dried alfalfa, napier hay, and brachiara). Application of chicken manure 
on the cassava variety Kiroba, planted at 33 000 plantslha yielded the highest amount 
of silage. Variety Silira also had the highest yields in Malawi at similar densities. A 
30% increase in milk production was recorded from dairy cattle fed on cassava silage 
in Malawi and Tanzania. 

• The functional quality characteristics of 832 elite genotypes for potential end-uses 
were assessed and cassava starches specifically compared favorably with corn starches. 
Genotype MM96/0161 produced the highest quantity of gari per unit area estimated at 
11.8 t garilha equivalent to US$6820Iha. 



o The economic analysis oflegume fallow for soil fertility maintenance in yam production 
shows that intercropping yams with Gliricidia sepium is economically viable with a 
marginal rate of return of about seven from a survey of 153 farmers in Benin Republic. 
Similarly, 65% of 631 survey farmers in Nigeria applied inorganic fertilizer to yam. 
The intensity of fertilizer application was higher for male farmers, those with large 
holdings, and those who crop for sale. 

o Farmers' requests for seeds of herbaceous legumes shows a sharp increase after only 
three years in eight villages of the derived savanna in Benin Republic (times 2.2) and 
northern Guinea savanna in Nigeria (times 7.6). The main driver is livestock feed for 
Nigeria and soil fertility improvement for Benin Republic. 

o The profile of an ideal yam variety to guide breeding activities was constructed from 
an ex·ante adoption study on a sample of 1347 respondents located in the yam belt of 

Benin, Cote d'l voire, Ghana, Nigeria. and Togo. Results from Nigeria (631 respondents), 
as an example, show differences in users' preferences for yam attributes for the three 
major identified yam products: pounded yam, boiled yam, and amala. 

o High adoption rates of lIT A technologies were recorded in the dry savannas of Nigeria. 
IITA maize (largely varieties Oba Super 1 and 2) was found in nine out of ten villages 
and accounted for more than 45% of the maize planted. Results for soybean (largely 
TGX1019·2EN and TGXI448·3E) were eight often villages and 44% of area. Six years 
ago, soybean was mentioned in only two villages. Results for cowpea (largely IT93K452·1 
and IT90K277·2) were six often villages and 26% of area. In the forest zone of Cameroon, 
new cassava from UTA (largely 8034 and 8017) was grown in 64% of area planted to 
this crop from a sample of 320 households. 

o A user· friendly procedure for annual project planning and management was developed 
and is available in the form of a CD· ROM. The procedure is based on a multicriteria 
scoring approach that UTA is developing for a more transparent and structured system 
for setting priorities within the Institute .. 

o Two international workshops were successfully organized, one in collaboration with 
the World Bank and the second with the CGIAR Systemwide Initiative on Malaria and 
Agriculture. 

Project 0 

Starchy and grain staples in Eastern and Southern Africa 

o Ninety stakeholders participated in a regional workshop to develop strategies for 
transforming the cassava subsector to assure food security, income generation, 
and economic growth in East, Central, and Southern Africa. Participants identified 
opportunities within the food, feed, and industrial sectors with varying potentials 
across countries. Demand for feed was estimated at 535 000, 500 000, and 18 750 t in 
Madagascar, Kenya, and Uganda, respectively. Constraints to industrial transformation 
included policy, grades and standards, marketing system, volume, prices, supply, 
production, processing and storage technologies, credit, market information and 
intelligence, and the need for a private·sector·led championship lobby group. 

o FOODNET conducted market studies (46) that aimed to assist research institutes, 
international NGOs, governments, donors, and private·sector clients to gain a better 



time, 10 improved plantain hybrids and five banana hybrids were distributed to 60 
farming communities via farmer participatory demonstration plots located in those 
communities. 

• Thermal (hot water and boiling water) treatments out yielded the control, ash-coating 
(traditional), and nematicide (carbofuran) application. Paring in combination with ther
mal treatment had no positive effect, thus the labor-intensive paring can be regarded as 
unnecessary if suckers are treated with hot water (20 minutes at 52 GC) or submerged 
for 30 seconds in boiling water. 

• Diagnostic surveys of cassava in western regions of the Democratic Republic of Congo 
and central and northern Republic of Congo showed cassava mosaic disease to be the 
most widespread and damaging production constraint with more than 70% of all plants 
diseased, severe symptoms predominant, and mixed virus infections frequent. To tackle 
the expanding CMD pandemic, a multifaceted CMD management program was initiated 
in the Republic of Congo, and included the field establishment of >100 elite CMD
resistant clones, hot spot evaluation of 17 "rescued" IITA varieties, training of Congolese 
researchers in cassava plant health management techniques, and the establishment of 
a national stakeholder network for cassava research for development. 

• It has been clearly established that P and K are the primary limiting nutrients for 
cassava production on the structurally stable terre de barre soils of southern Benin and 
Togo. In three years of continuous cropping, cassava yields were maintained above 20 
tfha with NPK and 18 tlha with PK while unamended yields fell to 13 tlha. 

• Participatory evaluation of several improved cassava varieties in the forest margin 
benchmark of Cameroon was completed with the best three varieties retained for mass 
multiplication and distribution to farming communities. 

• Populations of Dioscorea rotundata developed for high yield and pest resistance formed 
the basis for identification of superior new clones by partners in each of the five major 

yam-producing countries of West Africa (Benin, Cote d'Ivoire, Ghana, Nigeria, and 
Togo). New clones of Diose ore a alata selected for high tuber yield and food quality as well 
as anthracnose resistance were delivered to, and evaluated on-station with partners in 
Nigeria (18 clones) and Cote d'l voire (36 clones). Selections from earlier introductions 
are under on-farm evaluation with farmers in Cote d'lvoire. 

• At least 95% of producers in surveyed zones would consider improved yam varieties 
for adoption in Cote dT voire, Ghana, and Togo. For these varieties having desirable 
characteristics, most farmers in Cote d'Ivoire and Ghana, as opposed to Togo, are will
ing to pay more than the current market price of local yams. 

• Nine-month legume fallows produced between 1.3 and 2.0 times more maize grain than 
the natural fallow in southern Cameroon, with maize grain yields being around 4 Mgf 

ha after the best legume fallows, such as Cajanu8, Mucuna, and Pueraria. P fertilizer 
application increased the maize grain yield further in combination with some but not all 
legumes. N fertilizer application (70 kg Nlha) after natural fallow gave higher though 
comparable grain yields (4.5 Mglha). 

• GIS and market survey tools were used successfully to identify the supply system 
in Yaounde for fresh cassava roots. The supply system is fragmented and most of 



• Over 200 000 cassava seedlings were screened in Kenya, Malawi, Mozambique, 
Tanzania, and Uganda for multiple disease resistance (CBSD emphasized) and quality 
characteristics. Over 2000 elite genotypes from UTA and ESARC and other advanced 
locally selected lines are being evaluated in various countries. Over 500 ha of primary 
multiplication sites were established by NGOs, CBOs, and fflrmers. Production arefls 
in Malawi under improved cassava and sweetpotato genotypes increased from 9.77% 
in 2001 to 13.5% and from 15.66 in 2001 to 29.4%, respectively. 

• Open quarantine facilities have permitted exchange of over 3800 improved clones to 
eight countries significantly reducing the cost of establishing cassava using tissue culture 
material, shortening the time for evaluation to release of varieties and providing an 
efficient regional solution for the CMD pandemic. The participatory on·farm evaluation 
involving NGOs, farmer groups, extension services of the Ministry of Agriculture, and 
church organizations has permitted farmers to apply their own criteria to identify suitable 
varieties and enriched the diversification of improved varieties in farmers' fields and 
proved essential in meeting the diverse food and other needs of households. 

• Kikundi, a male sterile but female fertile cultivar, is being used as a new resistance 
source for black sigatoka in banana germplasm development. Landraces of Papua New 
Guinea with good variations in pulp color, bunch characteristics, and resistance to 
Radopholus similis were identified. There are strong indications of different pathotypes 
among R. similis populations in Uganda. Tithonia mulch improves initial EARB (cv. 
Mbwazirume) development, crop production, and suppression of nematode damage. 

• Pratylenchus sudanensis has been demonstrated to be pathogenic on yams in Uganda, 
though varietal differences exist in response to it. Monoxenic cultures of Pratylenchus 
sudanensis have been established using carrot discs. 

• Sampling methods for banana weevil were improved through the use of damage to the 
central cylinder, which is the key parameter in banana weevil yield loss assessment. 
The positive effect of crop sanitation on weevil pest status (reduced weevil densities and 
damage) was demonstrated on-farm. Semiochemicals aggregate banana weevil while 
the ant Pheidole sp. predates on banana weevil immatures thereby reducing weevil 
damage. Searches for natural enemies in Indonesia revealed several new predators but 
no parasitoids for either eggs or larvae. 

• Training courses were conducted on marketing, agroenterprise development, market 
information, statistical analysis, and CGM management using different approaches 
including learning alliance, field days, and farmer field schools. Ten partners 
participated in an agroprocessing study tour in Vietnam, hosted by the Vietnamese 
Postharvest Technology Institute. 

Project E 

Diverse agricultural systems in the humid zone of West and Central Africa 

• In order to facilitate distribution of improved plantain and banana hybrids to farmers, 
six pilot multiplication centers were established in collaboration with four public 
extension agencies and two nongovernmental companies in Nigeria. Similarly, three 
multiplication centers were established in Ghana. At least 500 farmers received 
training in rapid plant multiplication techniques and pre and postharvest management 
of plantain through farmers' field days held at five locations in Nigeria. At the same 



120 kg Nlha (the maize yields ranged fromL4 to 2.1 t/ha). However, a supplementary 
application of 40 kg Plha, 29 kg Calha, 25kg Mglha, and 26 kg Slha in the form ofTSP 
and Epsom salts (9.9% Mg, 12.7%S), the same N treatments showed a highly signifi
cant response (the maize yields ranged from 2.2 t/ha to 5.12 tlha) suggesting that these 
degraded soils are not only deficient in N but also deficient in P, Ca, Mg, and S. 

• A participatory on-farm fertility trial in the northern Guinea savanna showed that 
maize yields were similar (about 3.5 tlha) with 136 N + 20 P + 37 K kglha (mineral fer
tilizers) and with 86 N + 9 P + 17K kglha (mineral fertilizers) + 6 tlha animal manure. 
However, in the same fields, soybean yielded about 3 tlha without any fertilizer. Also, 
the residual effect of soybean on maize in the following year was equal to 6 t of animal 
manure. The results indicate the importance of cereal-legume rotation and crop-live
stock integration in reducing the need for mineral fertilizers and efficient management 
of natural resources. 

• Several high yielding maize varieties were developed combining drought tolerance 
and Striga resistance and ability to perform well under low fertility (30 kgfha). Some 
of the promising varieties are TZE COMP 3 DT, ACR94 TZE COMP-5W, TZE COMPI 
C5, DTSRW-CO, and LN PC3. A total of 113 open-pollinated variety trials, 63 hybrid 
trials, and 24 inbred line trials were distributed to various countries on request. 

• A number of early, medium, and late maturing soybean varieties were developed com
bining high_ grain and stover yields with good nodulation, enhanced nitrogen fixation, 
and low shattering. The most promising varieties were TGX 1910-11F (early), TGX 
1905-2F (medium), and TGX 1910-8 (late) with about 2 tlha grain and 2 to 3 tlha stover 
yields. Forty-two sets of soybean international trials involving 20 improved varieties 
were sent to 36 collaborators in 21 countries on request. 

• A range of improved grain and dual-purpose cowpea varieties were developed with 
combined resistance to major diseases, insectpests, and Striga for the northern Guinea 
savanna, (NGS) Sudan savanna (SS), and the Sahel. The most promising varieties were 
IT97K-568-18, IT97K-499-35, IT99K-573-1, and ITOOK-1260 for NGS; IT98D-1399, 
IT98K-409-5, IT98K-491-4, and IT97K-499-39 for SS, and IT97K-568-18, IT98D-1399, 
IT98K-131-1, and ITOOK-1205 for the Sahel. A total of 409 sets of cowpea interna
tional trials involving 140 improved varieties were sent to 105 collaborators in 24 
countries. 

• The results of an IPM trial to control cowpea insects at Minjibir (Nigeria) representing 
the Sudan savanna showed some beneficial effect of soap and neem leaf but much less 
compared to the synthetic insecticide .The mean grain yield of the improved cowpea 
variety IT90K-277-2 was 361 kglha without insecticide spray; 516 kglha with soap 
spray; 509 kgfha with neem leaf (extract) spray; 1352 kgfha with two sprays of synthetic 
insecticide spray, and 2430 kglha with three sprays of synthetic insecticide sprays. 

• It was demonstrated for the first time that stem exudates of cowpea, maize, and soybean 
can stimulate better germination of Striga hermonthica seeds than root exudates. It was 
further shown that cowpea varieties caused 42 to 70% germination of S. hermonthica 
compared to 24 to 36% germination by soybean varieties. Cowpea variety IT94K-440-3 
was the best, causing 70% germination and TGX1844-18E soybean variety caused 36% 
germination. 



the supplying villages are located within 2-3 hours travel distance. Transport costs 
represent about 30% of the consumer price. The carriers complain about bad road 
conditions, harassment by police, and the lack of space to unload the commodities in 
the urban markets. 

• Farmers organizations associated with the Sustainable Tree Crops Program have been 
able to increase the prices they receive for cocoa by 10-15% through organized sales in 
Cameroon, Cote d'Ivoire, and Nigeria. 

• Recommended application rates of fungicide appear to be necessary to maintain cocoa 
yields against black pod disease in southern Cameroon. Regarding trade-offs between 
ecological sustainability criteria, there was no significant advantage of reducing fun
gicide rates on earthworms, the major "ecosystem engineer" in the system. However, 
relative to the forest system, casting levels ranged from 24 to 36% in the cocoa farm. 

• Two years after a farmers' organization was established in Akok villagefsouthern 
Cameroon and a farmer-managed credit system set up around the cocoa crop, farmers 
are actively seeking new income generating opportunities and diversifying their 
agricultural base. 

• A participatory mapping approach was developed that allows, through an interactive 
process of mapping and reiterated validations, the local communities in southern 
Cameroon to get familiar with the ordinary geographic representation. They are then 
able to sketch on a georeferenced base map land use, clan and lineage lands, hunting 
areas, etc. This will provide new insights into the management of landscapes by local 
communities. 

• A study of natural fallows in southern Cameroon revealed that farmers identified a 
total of 174 useful plant species, from which about 58% were collected in fallows of 
less than 10 years old. This demonstrates the importance of short fallow systems as 
a reservoir of forest product species and their significance in the socioeconomic and 
cultural lives of rural communities, particularly in landscapes where forests are rapidly 
disappearing. 

• Prototype CamFlores model running was tested to improve understanding of interactions 
between farmers and land, and to evaluate the effects on productivity, livelihoods, and 
landscape sustainability of interventions in farming systems; modified and expanded 
to simulate one real forest margin benchmark village in Cameroon. The model has 
demonstrated the critical role of labor availability in food production, as well as the 
need to model interhousehold cooperation. 

• A new user-friendly version of LEXSYS (Herbaceous Legume Expert System) has been 
made available on the internet (ftp:ffftp.bangor.ac.uk/pubfdepartmentsfaflLEXSYSf) 
through collaboration with the University of Wales at Bangor's School of Agricultural 
and Forest Sciences. 

Project F 

Improving and intensifying cereal-legume systems in the moist and dry 
savannas of West and Central Africa 

• In degraded soils of Shika farm (Zaria, Nigeria) representing the northern Guinea 
savanna, maize yields did not show any significant response to nitrogen from 30 to 



• A weed control experiment in maize revealed that a new herbicide, "Nicosulfuron", 
was very effective in controlling weeds at a low dose of 35 g a.i.lha. The mean maize 
grain yield in the control plot was 968 kglha and the herbicide treated plot (35 g a.i.) 
yielded 3070 kglha compared to 2800 kglha in the hand-weeded (weed-free) plot. The 
grain yields in plots treated with the higher doses (70, 105, 210, and 420 g a.iIha )of 
the herbicide did not differ significantly from 35g a.i.lha. 

• The farmer participatory evaluation ofthe IITAJILRIIICRISAT improved crop-livestock 
system was very successful and the number of participating farmers was increased from 
about 50 in 2001 to 160 farmers in 2002 in Nigeria, using the special project support 
from DANIDA and Gatsby. Also, the project will now cover Burkina Faso, Ghana, Mali, 
Niger, and Nigeria from 2003. A series of stakeholders' meetings were held to develop 
the work plans and field days were held to show the trials to farmers, policymakers, 
scientists, NGOs, and extension workers. 

• The farmer-to-farmer diffusion of improved cowpea variety IT90K-277-2, which started 
in Kano State (Nigeria) in1997 through GTZ assistance, covered 140 primary farmers 
and 27 375 secondary farmers in 2002 who together produced a total of 578 065 kg of 
seed. This project will be extended to other states in 2003 through a special grant from 
USAID. 

• The project made a significant contribution in training and capacity building ofNARS. 
Over 60 PhD and MSc students conducted their thesis research in 2002 under the 
supervision of Project F scientists. 
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