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Preface 

The RCMP Research monograph series is designed to widely 

disseminate results of research on resource and crop management 

problems of small holder farmers in sub-saharan Africa including 

socio-economic and policy related issues and to contribute to 

improvement of scientific knowledge of improved agricultural 

principles and policies and the effect they have on the sustainability 

of small scale food production systems. The monographs summarize 

the results of studies by liT A researchers and their collaborators and 

are generally more substantial in content than journal articles. 

RCMP research monographs are aimed at scientists and 

researchers with National Agricultural Research Systems of Africa, 

and the international research community, policy makers, donors 

and international development agencies. • 

Individuals and institutions in Africa may receive single copies 

free of charge by writing to: 

The Director 
Resource and Crop Management Program 
International Institute of Tropical Agriculture 
PMB 5320 
Ibadan 
Nigeria 



I. INTRODUCTION AND METHODOLOGICAL ISSUES 

Introduction 

Using the International Institute of Tropical Agriculture (UTA) 
definition of a staple food as one that accounts for more than two 
hundred calories per day in the diet of an individual, cassava 
(Manihot esculenta Crantz) is the second most important staple food 
in sub-Saharan Africa (SSA) (UTA 1988). About 160 million people, or 
40% of the population of SSA, consume cassava as a staple food. Only 
maize (Zea mays) which is consumed by about 200 million people, or 
50% of the population of SSA, is a more important staple food than 
cassava. West Africa produces about a third of all the cassava in 
SSA. A third is produced in Central Africa while East and Southern 
Africa together account for the rest of the output. Zaire and Nigeria 
are the continent's leading producers of cassava with Nigeria 
accounting for about 23% of total output (Figure I). About 75% of the 
cassava in West Africa is grown in the forest and moist savanna 
zones. The major soil types found in these zones are acidic Ultisols, 
Oxisols and the less acidic-Alfisols (Kang and Juo 1986; Lawson et al. 
1981; Lawson 1986). 

Objectives of the study • 

This study, the first among a series of impact studies planned 
to be conducted at selected sites in cassava growing areas of SSA by 
the Cassava Based Systems Working Group (CBSG) of the Resource 
and Crop Management Program (RCMP) of IITA, has as its major 
objective the development and testing of a methodology that would 
allow: 

l. Determination of the extent of adoption of improved cassava 
varieties in the specific location. 

2. Measurement of yields of traditional and improved varieties 
obtained by small-scale farmers. 

3. Identification of factors that may be impeding the realization 
of the yield potential of improved cassava varieties adopted by 
small-scale farmers. 
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Figure'. CoSSOVIl production in Africa, 1984 (/ITA 1988). 
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4. Identification of any potentially undesirable or adverse effects 
of the expansion of cassava production in the area. 

5. Identification of issues and problems that need to be addressed 
by research institutions in order to ensure the full realization 
of the potential of improved cassava varieties in improving the 
economic well-being of people in cassava-growing regions of 
SSA. 

Methodology 

The methodology used in this study involved site selection, 
description of the physical characteristics and cropping patterns of 
the selected area, study of the history of the spread of improved 
varieties into the area, determination of the relative importance of 
improved and local cassava varieties in the farming systems, 
measurement of the yields of local and improved varieties, as well as 
calculation of economic returns from the adoption of the improved 
cassava varieties by the farmers. 

Ohosu area in Ovia Local Government Area (LGA) of Bendel 
State was selected using knowledgeable informants and s.econdary 
information. Cassava is a staple food in the area and the 
agroecological conditions are representative of cassava growing areas 
of West and Central Africa. In addition, improved as well as 
traditional varieties of cassava are grown in the area. 

In order to describe the physical environment of the area, 
information on rainfall patterns, vegetation, relative humidity and 
sunshine hours, soil conditions, etc. were compiled and evaluated. To 
confirm existing data, soil samples from the fields of a representative 
group of farmers were collected and analyzed for chemical and 
physical characteristics. 

The predominant cropping patterns were determined and 
described by a team comprising an agronomist and an economist. 
Visits to the areas and interviews with farmers aimed at obtaining 
information on cropping patterns, farm operations and practices, use 
of improved tools, other inputs, such as fertilizers and chemicals, 
incidence of diseases and pests, etc. were undertaken by the 
researchers. 
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The history and spread of the improved vanetIes in the area 
was determined by group interviews with knowledgeable informants 
in the village, as welI as study of the records of research and 
extension agencies in the area. 

The areas planted to cassava by the surveyed farmers were 
measured with tape and compass. In addition, yields and plant 
population densities of cassava of different ages were measured on 
sample plots 40m2 in area. The direct measurement of crop area 
and the use of plots to determine yield was necessary because 
experience has shown that information on output and yield provided 
by farmers who keep no records are notoriously inaccurate, 
especially when given in European units of measure with which they 
are usually unfamiliar (Spencer 1973). Accurate information on area 
and yield is essential for the estimation of productivity and income 
derived from the adoption of improved varieties 

Separate questionnaires were used for group and individual 
farmer interviews. The group interview questionnaire covered 
information that was not e·xpected to vary from farmer to farmer, 
e.g. information on rural infrastructure, major crops grown, major 
cassava production constraints, farmland availability, cropping 
patterns, and agricultural extension activities. The individual farmer 
questionnaire covered information on household size and 
cOmpOSitIOn, cassava varieties grown, source of farm labor, farm 
expenditure, disposal of farm products, livestock and tree crop 
enterprises, food consumption patterns, and nutrition status of 
household members. 

Information on the distribution of planting material was 
collected from Shell Petroleum Company of Nigeria Limited (Shell) in 
Warri, Bendel State Ministry of Agriculture and Bendel State 
Agricultural Development Project, Benin City. Weather data was 
obtained from the meteorology station of the Nigerian Institute for 
Oil Palm Research (NIFOR), Benin City, about 60 km east of Ohosu. 
Price information was obtained from Bendel State Ministry of 
Finance and Economic Development in Benin City. 

Area of study 

A number of areas in the cassava belt of Nigeria were 
considered as potential study sites (Table I). Ohosu area in Ovia LGA 
of Bendel State of Nill:eria was chosen on the basis of the imoortance 
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of the UTA mandate crops, its representativeness of the UTA 
mandate region ecologically, and on the basis of its proximity to UTA 
headquarters in Ibadan. Preliminary investigations indicated that 
cassava production and processing were the predominant farming 
activities and that UTA improved cassava varieties were widely 
grown. Being in the humid ecological zone with mean annual rainfall 
nearly 2000mm and the soil type being an acid Ultisol, the ecology of 
Ohosu area is typical of the overall ecology of UTA's mandate region. 

Table I. Some characteristics of various locations considered 
during the selection of a study site 

Factor 

Soil type 

Akure 
area 

. Ultisol 

Annual rainfall 2000 
(mm) 

Tree crops 
grown 

Food crops 
grown 

rubberl 
oil palm 

cassava. 
plantain, 
green 
maize, 
yam, 
cocoyam 

Road travel time 3-4 
from lIT A Ibadan, 
(h) 

Ohosu 
area 

U1tisol 

1950 

rubber 

cassava, 
green 
maize, 

plantain 

3-4 

Sapele 
area 

U1tisol/Oxisol 

2400 

oil palm 

yam, 
cassava, 
green 
maize 

4-5 

Owerri 
area 

Ultisol/Alfisol 

2100 

cocoa/oil palm 

cassava, 
green maize, 
plantain, 

• yam, 
cocoyam 

7-8 

A large number of farmers in the Ohosu area are recent 
immigrants, mainly Isoko and Urhobb people from Isoko, UgheUi and 
Ethiope LGAs of Bendel State (Figure 2). Farmers return to their 
homelands seasonally and for major social events such as festivals 
and funerals. Three communities, namely Ohosu, Igbogui and 
Igwugun were selected. In each selected community, 15 farmers 
were chosen at random from a list of farmers compiled by the 
community head. 
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II. PHYSICAL CHARACTERISTICS OF OHOSU AREA 

Natural vegetation 

The Ohosu area is within the tropical rainforest, characterized 
by tall evergreen trees with dense undergrowth. The evergreen 
trees, 30-S0m 

tall, form the uppermost layer in a multistory 
vegetative setting. The middle layer is about 

IS-30m tall and the 
lower layer about S-IOm, while shrubs dominate in layers below Sm. 
Important food crops grown are cassava (Manihot esculenta), yam 
(Dioscorea spp.), maize (Zea mays) and melon (Colocythis vulgaris 
and Cucumeropsis spp). Tree crops include cocoa (Theobroma cacao), 
rubber (Hevea braziliensis), and oil palm (Elaeis guineensis). 
Lumbering of forest timber including Iroko (Chlorophora exelsa) is 
also an important economic activity. Plantains and bananas (M usa 
spp) are also very important. 

Other economic tree crops found in the area are kolanut (CoLa 
nitida), star apple (Chrysopnyllum ajricanum), velvet tamarind 
(Dalium guineense), mango (Mangifera indica), guava(Psidium 
guajava), raphia palm(Raphia spp), oil bean (Pentaclethra 
macrophyllum) , silk cotton tree(Ceiba pentandra), among others . 

• 
Rainfall pattern 

Based on 43 years' data from NIFOR in Benin City, 
rainfall was in the IISO-2200mm range, with a mean of 1914mm 
per year. In about 20 of the 43 years, rainfall was above 2000 mm 
per year but in no year was it below 1147mm. Typically, although 
rai.nfall distribution has a trough in August (Figure 3), crops have 
adequate rainfall during the period between the two peaks. There 
are only three dry months when evapotranspiration (ET) is greater 
than rainfall. 

The probability of having less than 100mm of rainfall in March 
is 60% (Figure 4). This falls to about 20% in April and to zero in May. 
Cutoff of rainfall occurs in November, with above 80% probability of 
having less than SOmm of rainfall in that month. This contrasts with 
only 10% probability of having less than 50 mm in the first decade, 
and about 30% in the second and 40% in the third decades of October. 
This implies that planting of crops is possible from the second decade 
of March but would be less risky from the second decade of April. 
Planting should be timed to ensure physiological maturity by the 
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third decade of October and crop harvest between the second decade 
of November and first decade of December. 

Relative humidity and sunshine hours 

Quality of crops, especially grains and processed cassava is 
affected by humidity which in turn is moderated by insolation. In 
none of the wet months is relative humidly less than 80% at 1000hrs 
GMT (Figure 5). During the drier months, the relative humidity In 

the midmorning hour declines to a low of 50% in February. 

The months of long sunshine hours are July, August and 
September, which are also the wettest months. About 45% of the 
annual rainfall falls during those months. The congruence of long 
sunshine hours with period of high moisture can produce high crop 
yields provided light intensity is also high. Long duration crops 
requiring dry conditions at harvest, such as soybean and pigeonpea, 
can thus be planted as late as the first week of July. 

The soil 

The Ohosu area is within the "Acid Sands" belt which, according 
to Vine (1956), is described as having loose, brownish topsoil over a 
great depth of featureless, non mottled, nongravelly, porous subsoil in 
which coarse sand is the predominant fraction and the clay content is 
up to about 35%. Vine recognized two zones in which Acid Sands 
occur, denoted as A(l) and B, with the following characteristics: 

Zone A(l): Moderately to strongly leached latosols, of low to 
medium humus content, predominantly pale brownish to reddish 
brown and red in color; and rainfall approximately 1500-2500mm 
per annum in hot lowlands. 

Zone B: Excessively leached acid latosols, yellowish brown to 
brown in color; of low to medium humus content; and rainfall 
approximately 2200 to over 5000mm per annum in hot lowlands. 

Of a lower order than the zones are fascs. Four fases, namely 
Benin, Maku and Calabar (Vine\ 1956) and Agege (Moss 1957), are 
currently recognized within the ACId Sands by pedologists. 
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Soils in the Ohosu area belong to (1) Benin Fasc which 
comprises deep, porous non mottled and nonconcretionary red soils 
(sands and sandy clays) which are moderately acid in uncultivated 
forest land with strongly acid subsoil deficient in plant nutrients; 
derived from unconsolidated grits and sandstones containing clay 
beds in varying proportions, and (2) Alagbe series, with very clayey 
sand to moderately sandy clay (depth 35-70cm) and sandy clay 
(depth > 90cm). Though typically moderate in acidity, occasional 
high pH values may be observed, frequently related to differences in 
forest species or to differences in previous cropping and fallowing 
history (Vine 1956). 

Typical Acid Sands (Alagbe series) characteristics are shown in 
Table 2. The topsoil is moderately acid while the subsoil is definitely 
acid. Vine (1956) described the rocks underlying the Acid Sands as 
mainly beds of unconsolidated cross-bedded and false-beddedm 
coarse-textured sandstone interbedded with layers of fine-textured 
clay and lignite in some areas of eocene, post-middle eocene and 
cretaceous age. These soils, which in the Benin formation are 
mainly of coastal plain sands, support dense growth of He v e a 
brasiliensis, Cola cordifolia, Cola nitida, and Diallum guinense. Food 
crops include cassava interplanted with maize, yarns and plantain, 
plus a range of local vegetables. Pineapples are also jmportant. 

Analyses of soil samples (topsoil, 0-15cm) from 19 fielc;ls of 
small farmers (Table 3) show that they are not acidic. Organic 
carbon of 2.29% is about twice that obtained by Ojanuga et al. (1981) 
but only 28% higher than the level reported by Vine (1956). The 
relatively high levels of K, Mg and Ca are presumed to be related to 
the high level of organic matter derived fIOm recently cleared forest 
reserve which constitutes much of the Ohosu fields now under 

I cassava. 

Rural infrastructure 

Every village surveyed in the Ohosu area has a water supply 
from a stream, a secondary school, and a private or public health 

! facility (an outpatient clinic or a maternity horne). The maximum 
distance to a hospital is 30km; to an agricultural extension agent, 
16km; to a tarred road, 5km; and to the main five-day market, 
30km. Gari traders corne from as far as Lagos, about 300km 
southwest, to buy in this market. 
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Table 2. Typical acid sand characteristics (Benin formation. 
1829mm rainfall) 

(a) Some physical characteristics 

Horizon Depth Particle-size analysis 

Sand Silt 
> 2mm 50-2um 

(cm) (%) (%) 

AP 0-25 78 10 
A3 25-51 56 8 
B21t 51-79 50 6 
B22Jt 79-109 48 6 
B23t 109-167 48 6 
B24t 167-184 44 8 

(b) Some chemical characteristics 

Depth Org. C pH Exchangeable cations CEC 
Ca Mg K Na H 

(cm) (%) ----------(mefl OOg soil) ----------

0-25 1.51 6.0 2.4 2.0 0.12 0.14 1.9 6.6 
25- 51 0.73 5.4 1.1 1.3 0.13 0.06 3.8 6.5 
51- 79 0.63 5.4 0.9 0.8 0.12 0.03 4.8 6.9 
79-109 0.46 5.2 0.8 0.8 0.12 0.04 4.8 6.9 

109-167 0.35 5.2 0.9 0.6 0.10 0.03 3.7 5.4 
167-184 0.29 5.3 1.0 0.6 0.13 0.05 3.5 5.3 

Source: Ojanuga, A.G., G. Lakwa and F.O. Akamigbo (1981) 

Clay 
< 2um 
(%) 

12 
36 
44 

46 
46 
48 

Base 
sat. 
(%) 

7 1 
40 
30 
27 
30 
34 
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Table 3. Chemical characteristics of 0-15cm soil layer from 19 
fields in Ohosu area, 1987 

Characteristics Mean SE(+) 

pH 6.8 0.66 
Organic carbon (%) 2.29 0.72 
Bray-l P (ppm) 12 8.0 
Exch. Ca (me.IOOg) 13.27 1.86 
n Mg (n) 2.00 1.27 
n Mn (n) 0.0042 0.00084 
n K ( .. ) 0.50 0.242 
n Na ( n ) 0.11 0.0017 
Total acidity ( n ) 0.14 0.047 
rn:; 16.03 2.25 

Source: Field survey. 

m. THE CROPPING SYSTEM 

The cropping patterns 
. 

Multiple cropping and land fallow are the main features of. the 
cropping system in the Ohosu area. There are three major 
intercropping associations which are described below. 

Cassava intercropped with maize and vegetables 

There are three variants of this pattern (Fig. 6). In the first, 
cassava and full season maize are intercropped with okra, melons 
and leafy vegetables on a field recently cleared from forest. The 
maize is harvested between October and November and the cassava 
between November and December of the following year. The cycle is 
repeated in the third and fourth years. Thus two or three crops of 
cassava and maize are grown before the land is fallowed for about 
three years. 

In the second and third variants, which occur where fallow 
land is domianted by Chromelina odorata, a crop of early maize 
intercropped with vegetables may be harvested before full season 
caSS{lva is planted, or late maize could be interplant~d with late 
cassava. Usually the crop of cassava is taken before the land is 
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fallowed for two to five years. Yams (Dioscorea and D. alata) are 
sometimes grown in distinct patches within the cassava + maize 
fields. 

Patch intercropping with plantains 

The most important non woody perennial intercropped with 
cassava in the Ohosu area is plantain (Musa sp). It is usually grown 
in patches within cassava fields. The plantain forms thick groves 
within the patches. Land area occupied by cassava in this patch 
intercropping pattern is usually larger than that occupied by plantain 
patches. The cassava may be interplanted with maize and/or 
vegetables as described above. 

lntercropping with trees 

In the early stages of cocoa establishment, interspaces are 
usually planted with cassava, maize, cocoyams, and sometimes yams. 
Farmers reported that they could crop in new cocoa plantations for 
about two years before the canopy closes. More permanent 
intercropping also takes place with oilpalm and kolanut. In such 
cases tree crop densities are low, sometimes only 10-50 trees/ha. 
The food crops are grown in multistory association .with the trees. 
Two years of food cropping followed by two to four years fallow are 
commonly reported. 

Farm operations 

In 1987, the popUlation density of Ovia LGA was estimated at 
40 persons per square kilometer compared with the Bendel State 
average of 140 persons per square kilometer'! Consequently, farm 
land is relatively abundant in the Ohosu area. The Ohosu area as a 
whole was a forest reserve until the early 1970s when farmers from 
the Delta LGAs of mainly. Bendel State, displaced as a consequence of 
petroleum exploration, and Nigerian refugees from Equatorial Guinea 
were resettled there. 

IBendel State Ministry of Finance and Economic Development, 1987. 
The estimate was based on the 1963 census, the latest officially 
accepted census in Nigeria. 
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Land clearing is done from. December through March (Fig. 7) 
usually using simple hand tools. Trees are felled by farmers 
themselves or by. contract labor sometimes using power saws when 
heavy forest is being cleared. The vegetation is allowed to dry and is 
then set on fire. Stacking or removal· of wood trunks is done by 
manual labor and is labor intensive. 

Cassava planting is almost continuous from March to mid
September but peaks during April to May. Early season maize, 
melon and yams are normally planted between March and May. 
Farmers plant the maize in spite of a high risk of failure arising from 
the high probability of low rainfall in March (Fig. 4), because of the 
opportUnities for high price premiums from early maize. harvests. 
Late (second season) maize is planted in August to September. 

All the crops are' planted virtually without primary tillage, and 
without the use of herbicides, resulting in serious weed problems 
later in the season. Ninety-five percent of the farmers identified 

. weeding as their most labor, intensive farm, operation. It was done 
entirely with handhoe or cutlass. The fiumers claim 'that higher 
cassava root yield is possible, in tilled, ridged or mounded fields. All 
the farmers indicated that they would till and ridge or mound their 
fields, if more labor or tractor power, were available. • 

Cassava cuttings, 20-30cm long, are usually selected' from 
mature, lignified stems. Occasionally, green immature cuttings are 
selected in which case they are longer, approaching 40~50cm. The 
cuttings are· usually planted at a 30° angle with up· to two-thirds 
buried, although the short ones may be buried completely in the soil. 
Farmers select"planting materials for "the required size .and age with 
little attention to sanitation.;· ·f . 

. . , 
:,:.r. 

No specific row arrangements~ were observed. :Cassava to 
cassava spacing ranged from 0.5m to 15m. Populations observed 
were below the 10,000 plants/ha (1m x 1m) recommended for cassava. 
Mean plant populations from 36 yield plots harvested from 18 fields 
showed that populations were only 67% of recommended rates for 
improved varieties and 74% for local varieties. 

Cassava harvesting is continuous throughout the year. but 
peaks between November and March. Gari and starch are the only 
processed food products made from cassava in the Ohosu area. 
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Cassava leaf is not eaten and cassava' is not processed inte)' animal 
feed products. Starch is extracted in the prace'ss of gari making but 
removal of the starch reduces the gari quality_ Since gari and not 
starch 'is the main 'commerCial product, only' just enough starch to 
meet household consumption 'needs is produced by farmers. 

"Peeling of harvested tubers; in preparation for ,processing into 
gari is' done with knives and,' small cutlasses.'· 'Peeled tubers are 
grated on a custom basis using motorized mills.' After fermentation 
and pressing, the dehydrated mash is fried over an open' fire in a 
metal pan with a wooden stirrer. All processing operations are done 
almost exclusively by- women and children. . 

The busiest period' for' Ohosu farmers is betwee'n March and 
May at· whiCh;, tillie, they clear the land, plant cassava and its 
associated crops,' weed, early-planted maize + cassava, harvest and 
process not only cassava but also oilpalm fruit. The slack period' is 
between June and October when the major operation is second 
weeding:: Some harvesting and ~iocessing of 'cassava continue during 
this period (Fig. 7). 

Effect' of farm practices on 'the soil 

The no-tillage practice of the farmers limits soil loss 'by erosion 
(Lal et al. 1983). Plantain patches and protected trees" within the 
fields are also effective erosion 'checks. I The trees, iiowever, cast a lot 
of shade in many of the fields reducing available insolation with 
adverse consequences on' cassava yield,' The dominant'; intercropping 
patterns with' crops' of 'differerlt growth durations 'also ensures, that 
the 'soil is' 'continuously cover~d by vegetation" during any given year. 
These practices contribute to' soil conservation (Lal 1976;' Lal etal~ 
1983). '; Fallow periods, which may be up to five years; are sh'ortened 
to two years' in ' fields 'nearer residential'quarter~. No inorgaIli~ 
fertilizers are' applied. 'Organic matter derived from' weeds, mainly 
Chromolina odorata, is the main mulching materiaL' " , ", .,. ' 

. r "1; . -.. /' 

Pests' and diseases 
" 

Diseases observed on cassava fields are cassava mosaic disease 
. • r _ ~ , . t· . 'i " 

(CMV), cassava' bacterial blight (CBB), and cassava anthracnose (CA). 
CMV is a virus disease transmitted by the whitefly, Bemisia tabacc;'i; 
Yield loss can be high, iangingfroin' 30-50%' for leaf (TerrY and 'Hahn 
1981) to 20-90% for root (Hahn et al. 1979). CBB and CA are not 
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important problems in Ohosu since most of the fields are planted 
with improved disease-resistant cultivars. 

The most important pest obs«rved, particularly on local 
varieties, was the cassava mealybug (eM), Phenacoccus manihoti 
Matt-Ferl. Without CM, local cassava varieties are said by the 
farmers to produce "acceptable" yields. CM has been reported to 
cause yield reduction ranging from 40 to 85% (Nwanze et al. 1978; 
Ezumah and Knight 1978). The devastation caused by the CM around 
1982 reduced yields so much in the area that cassava as a crop was 
threatened. With the introduction of biological control measures 
(Herren et al. 1986) and perhaps with the effectiveness of local 
enemies of the CM (Akinlosotu 1985) yield reduction caused by the 
CM may now be much lower than reported in 1976. The green 
spider mite, Mononychellus tanajoa, was also observed. However, 
this was not as important as the CM and appeared to caus" little 
damage. 

Cowpea was once grown by farmers in Ohosu, but is no longer 
grown because of insect pests. Second season maize is usually 
severely attacked by stem borers which are more serious than 
uncertainties of weather. Ninety percent of 85 surveyed farmers 
reported that they would grow more of these crops if these problems 
were solved. 

Factors affecting cassava yield at cropping systems level 

Any management practice which directly or indirectly results 
in declining soil fertility would also reduce cassava yield (Fig. 8). In 
the Ohosu area, unimproved cassava varieties prone to infestation by 
pests or infection by diseases produce low root yields. Low quality 
cassava cuttings which establish poorly are often used as planting 
materials. Cultural practices observed that adversely affect yields 
include shortening of fallow periods and nonapplication of fertilizers. 
These practices also contribute directly to declining soil fertility. 
Poor weeding, late planting, suboptimal cassava populations, shading 
by trees and "heaping" of weeds are practices which also contribute 
to low yields. 

Although no-tillage was identified by farmers themselves as a 
yield constraining practice, the potential benefits of tillage for weed 
control and cassava root development, especially in the sloping 
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terrain and toposequences commonly observed in Ohosu area, needs 
to be carefully evaluated. 

Tree shade has adverse effects on cassava root yields although 
the trees themselves are of economic importance. Therefore 
intensified cropping in tree + cassava associations requires special 
studies in which the spatial arrangements of trees are 
adjusted to accommodate cassava over a longer time before it is 
shaded by the trees. Such spatial arrangements include the "avenue" 
and "hollow" placements suggested by Onwubuya et al. (1981). 

Under the constraints indicated in Fig. 8, improved cassava 
varieties, now widely grown in some parts of Ohosu, may not attain 
their optimum yield potential. Therefore research aimed at 
developing appropriate soil fertility and yield improvement _practices 
needs to be emphasized. 

IV. PERFORMANCE OF IMPROVED CASSAVA VARIETIES 

Spread of improved varieties 

Improved cassava vanetIes identified in the Ohosu area are 
TMS 30572 or Ogoja, Agric, NIFOR, TMS 30211, and TMS 3D555. The 
TMS varieties are from IITA. The level of adoption (proportion of 
fields growing improved varieties) is estimated at over 80% in Ohosu. 

In the early 1970s, IITA, the Shell-BP Company of Nigeria 
Limited (Shell), the Federal Department of Agricultural Research, and 
Bendel State Ministry of Agriculture began cooperative efforts at 
cassava selection and breeding for resistarice against eBB and for 
high yield (IITA 1976; Ohunyon, undated). In 1976, Shell started a 
cassava multiplication program at Agbarho in UgheUi LOA of Bendel 
State, based on 66 varieties (Ohunyon undated) selected or bred 
earlier through the cooperative effort. In 1977, Shell started 
distribution of the planting materials directly to farmers. 

One hectare of cassava can provide planting materials for up to 
five hectares. Even if we assume only a 20% multiplier effect, the 
amount distributed to farmers. to date by Shell would be adequate to 
plant the entire surface area of Bendel State at least twice over. 
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Yield attributes of improved varieties 

Yields were determined from 40m2 sample plots in fields 
where cassava was planted as the first crop after two years of 
Chromellina odorata fallow and as the second crop after clearing of 
secondary woody forest (7-20m high). Relevant average yield 
components are given in Table 4 for 12-month-old cassava. 

The mean fresh tuber yield of the improved varieties for the 
18 fields of the farmers was 19.6 t/ha with a range of 11.5-26.3 
t/ha. This average yield compares very favorably with that obtained 
by lIT A in its researcher-managed trials in three locations in the 
humid zones of Nigeria between 1983 and 1985 (Table 5). This 
indicates that farmers in Ohosu are fully exploiting the yield 
potential of the improved varieties when no fertilizers are used. 

The improved varieties yielded 75% higher than local varieties 
(Table 4). This difference is statistically significant at the 1% level 
using the two-tailed 't' test. Since number of plants/ha, shoot fresh 
weightlha, and number of tuberslha are not significantly different 
between the improved and the local varieties, the difference in root 
yield is attributed to higher bulking capacity by the improved 
varieties (Hahn et al. 1979). This is reflected in higher average tuber 
weight (by 38%), higher harvest index (by 29%), higher total biomass 
(by 32%), and higher average root weight/plant (by 10"%). 

Tuber yield from each of the improved and local varieties were 
regressed with average yield of the two (e) for each of the eighteen 
fie~ using---th0-- model of Eberhart and Russell (1966) and 
Hilderbrand (1984). The environmental index, e, represents the 
effects of farmer management skill and soil and climatic variables on 
performance of tec!mology aL farm level. .. An imp-rovea- cassava 
variety,--Cor example. poorly managed might yield less than a local 
v3.l'iety; although it might still out yield the local variety under 
improved management.· Both the observed yield distribution 
frequencies -(Fig. 9)atrdihe regression analysis (Fig. 10) confirm the 
superiority of the improved cassava varieties over local varieties at 
all levels of farmer·- management. The nonconvergence of the slopes 
is an indication that the improved varieties have higher potential for 
tuber yield and may consistently out yield the local varieties no 
matter how adverse the environment and the level of farmer 
management. 
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Table 4. Yield components for 12-month-old 
varieties of cassava from 18 fields 
Ohosu area, Bendel State, Nigeria, 

Yield component Improved 
varieties 

Fresh tuber yield (tlha) 19.6 
Number' of plants/ha ('000) 7.0 
Shoot fresh weight (tlha) - -21.9 
Number: of tubers/ha ('000) 26.0 
Average, tuber weight (kg) 0.77 . 
Harvest indexa 0.49' 
Total biomass (tlha) 41.0 
Average total tuber 
weight/plant (kg) 2.94 

"">'''i 
~, ",' 

i,; ... , _ ....... ~, 

Source: Field survey. 1I'f:, 

improved and local 
of farmers in the 

1987 

Local Standard 
varieties error(±.) 

11.2 3.59 
7.8 1.49 

. -19.3 B.09 
27.8,-' 8.63 

" , . 
o 56~''''''' 0.18 

"0:38 ~~ 0.06 
31.2 11.35 

1.46 0.64 

, .. ,,' 
aproportion of tuber weight as percentage of total 'biomass. 

,two ~\' ~~~:i ~~ - I ; 

Table 5. ; Results of, lIT A.. cassava' variety n·MS 30572) trials at 
three, loctions .in Nigeria," 1983-1985 ' 

~. " ,; ~~.. ~~ ~ . 

~',.~~ Fresh, tuber 'yield, at 12'monilis , 

Location 
1983 , 1984 . , - ~ . - : 1985 ' Mean 
(t/ha) (t/h a) (t/h a) (t/h a) 

IIT A station 22.4 29.9 19.1 23.8 

Onne 23.4: ':, 24.5 I' ,., 15.5 21:0 

Warri 17.3 16.1 13.5 15.7 

Mean 21.0 23.5 16.0 20.2 
" 

Source: IIT A (1986). 

Since most Ohosu farmers usually harvest some of their 
cassava around 18 months, yield samples were also taken from older 
cassava fields. Fig. 11 shows that the older the cassava is harvested, 
the less the difference in yield between the improved and the local 
varieties. The percentage difference in yield declined from 77% at 9 
months to 75%, 56% and 32% for cassava harvested at 12, 16 and 18 
months, respectively. However, since few samples were available for 
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comparisons at all ages except 12 months, these observations should 
be . treated with caution. 

Nutritional effects of cassava consumption 

The nutritional status of the children in the households of the 
farmers surveyed was assessed, based on infant « 5 years) mortality 
rates and on incidence of kwashiorkor symptoms in the children. 
Similar observations were also made in the Ika area for comparative 
purposes. Symptoms indicating kwashiorkor were bleaching of hair, 
swelling of legs and protruding of the belly (Latham 1979). 

Among the surveyed households in Ohosu area, infant 
mortallty was estimated at 22% of the total. sample. It occurred in 
65% of the households. In comparison, among the households in Ika 
area, infant mortality was estimated at 9%, and it occurred in only 
16% of the households. 

Kwashiorkor symptoms were observed in 85% of the children 
under five years of age in the households surveyed in Ohosu area. In 
many of the cases the symptoms of the kwashiorkor observed had 
reached advanced stages, showing oedema of the legs and face and 
dermatosis of the thighs, arms. and back. One such severe case 
resulted in death two weeks after the research team's initial visits in 
February. Kwashiorkor symptoms were not observed at all in Ika 

• area. 

The staple food items in the three meals (breakfast, lunch and 
supper) taken by all the survey~d. households in the 24 hours prior 
to interview were ascertained. There wez:e--.1;U such meals in the 45 
surveyed households in Oh9SU area and 135 in 45 households visited 
in Ika area. Three households in Ohosu area skipped lunch and one 
skipped breakfast. The survey was carried out during the week 
days, Monday to Friday,· in February. 

In Ohosu. area, the staple item was cassava in 70%, yam in 20% 
and plantain and cowpea in 10% of the meals. Most of the breakfast 
cassawa meals were pure cassava starch taken with palm fruit soup. 
In Ika area,the staple item was yam in 69%, cassava in 16%, and rice 
and pllpltain in 15% of the meals .. 

AH. the households observed in both areas 
included vegetables, fish. and palm oil in the meals. 

claimed .. to have 
The quantities of 
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the nonstaple items included was an important factor that could not 
be ascertained within the time available for the study. The two 
areas have similar rainfall patterns and hence vegetables would be 
equally scarce in the period of observation. 

In a return visit made in April, it was observed that the 
symptoms of kwashiorkor observed in the Ohosu children had 
virtually disappeared. February was the peak of the dry season (Fig. 
3) and peak of harvesting and processing for cassava and harvesting 
for yam (Fig. 7). Vegetables were scarce. By April the rains had set 
In and vegetables had appeared in the fields. 

The results of this study suggest that infant mortality rates and 
incidence of kwashiorkor in children may be higher among 
predominantly cassava eating people (Ohosu area) than among 
predominantly yam eating people (Ika area), especially during the 
dry season when vegetables are in low supply and women are very 
busy with cassava harvesting and processing. 

Costs of production 

The major cost of acqulSluon of farm land by Ohosu farmers is 
that of clearing the original forest. Farm land in the forest reserve is 
acquired by farmers through allocation by the Ovia Local 
Government at no charge. The allocation is on a 10J}g-term 'basis. 
None of the surveyed farmers had ever relinquished any farm land 
allocated in the forest reserve by the local government. Farmland is 
therefore assumed to have no opportunity cost outside cassava 
production, and is not costed in this analysis. 

The-fields cultivated in 1986 by a sample of 21 randomly 
selected farmers were measured using compass, ranging poles and 
measuring tapes. There was an average of 0.82ha of cassava 
cultivated per farmer with a range from 0.50 to 1.00ha. This area 
was divided on average into two fields per farmer. On average, 97% 
of the crop area in Ohosu was planted with cassava and only 3% with 
yam as the main crop. 

Labor input data was not collected in this survey, so secondary 
data reported by Knipscheer (1980) are used in the analysis. He 
reported a mean total labor requirement of 168 man-days/ha for 
production of cassava when no fertilizer is used. We assumed this to 
be for production using improved varieties and calculated labor 
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requirements for production using local vanettes (llS man-days) by 
adjusting harvesting labor dow.nward in proportion to the differences 
in yield Ohosu farmers obtained between improved and local 
varieties. Similarly, labor requirements for processing raw tubers 
into gari were estimated at 108 woman-days/ha for improved, and 
62 woman-days/ha for local varieties. These are based on farmers' 
estimates that a 2-tonne tractor. trailer load of fresh! tubers yields 
about eight SOkg bags of gari, i.e. a conversion factor of 0.2. 

Farmers reported that they spent an average of 400 naira 
(equivalent to about eighty US dollars) on hired labor for cassava 
production in 1986. Since wage rates were about 6 naira/man-day, 
about 67 man-days of labor was hired per farmer. Most of the hired 
labor was, however, employed by farmers with above average farm 
size. 

Family size in Ohosu area is large, , with an average of 3.6 
wives and 10 children, of whom five, mostly above school age, have 
left home. The farmer and his wives work full time on the farm. 
School-age children help out when not in school. The people of Ohosu 
area attend market six days a month (once every five days) and, as 
Christians, they go to church four days per month. Broadly. speaking, 
therefore, they have about 20 days a month per adult potentially 
available for farm work. 

During the busy period (March to April), the average farmer 
who cultivates 0.82ha of cassava needs 33 man-days for land ~ 
preparation and 11 man-days for planting. They also need 
significant amounts of labor for weeding,. harvesting and processing. 
In addition to time requirements for necess!lfY social activities, they 
also engage in activities such as oilpalm fruit harvesting and 
processing and lumber work. They 'are therefore likely to face labor. 
bottlenecks during the busy season. The extent to which they can 
expand cassava production therefore depends on i their ability to 
hire labor. 

The farmers reported an' average expenditure 0(·95 naira/year_ 
on purchase of farm. tools, mainly cutlasses, ,sharpeners. and 
handhoes. Most of the farm tools are replaced yearly. 

The average distance between the farmers' homesteads and 
cassava fields is about lkm ani:! the maximum distance is 3km. . The 
farmers and their families get to the cassava fields on foot, by 
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bicycle, and in a few cases by motorcycles owned by them. They 
transport small amounts of farm produce, including cassava tubers, 
back from the fields to their homesteads by the same means. 
Relatively large amounts of cassava tubers are transported from 
fields to gari mills in hired 2-tonne tractor trailers. Small amounts of 
gari are head-loaded to the markets or transported by bicycles or 
motorcycles, while larger quantities are transported by buses or 
lorries. 

The transport cost used in this analysis is based on an average 
charge of 20 naira per 2-tonne tractor trailer load of tubers from the 
field to the gari mill and on an average' charge of 8 naira for 
transporting the resulting 400kg gari from the, mill to the market. 
Other cost items for processing are fuel wood for frying and sacks for 
bagging. 

Total cost for producing gari (Table 6) is about 55% higher per 
hectare and 10% lower per tonne for production of improved 
varieties, as compared with local varieties. Higher cost per hectare 
for improved varieties is a result of higher harvesting' and processing 
costs for the higher yield while lower cost per tonne is because fixed 
costs such as cost of tools and all labor except that used for 
harvesting I and processing, are spread over a greater output. 

R evenueestima res • 

--- The price of gari used in the analysis is 700 naira/t, the mean 
obtained by farmers' in 1986. The resulting net revenue per tonne 
of gari is higher by about 75% for production with improved 
varieties as compared with local varieties. 'The average farmer who 
cultivated 0.82ha' .wouldtherefore have earned· a gross margin of 
1,332 naira/t if he produced with cimproved varieties or 556, naira/t 
with local varieties. Gross margin was ,estimated as gross revenue 
less value 'of purchased inputs. 

The revenue estimates are based on the same tuber to gari 
-CORversmfiratio for, both the improved and the local varieties. The 
surveyed farmers" reported . no· difference between local' and 
improved varieties in the quality or in. the quantity of gari pwduced' 
per unit weight of tuber. 

, , 
.. - . 



Table 6. Costs and returns 
and local varieties 
unless otherwise 

Item 
varieties 
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for gari production using improved 
in Ohosu area, 1986f87 season (N/ha 

stated) 

Improved 
varieties 

Local 

Production labour (man days) 1008 690 
Processing labour (woman days) 432 249 
Farm tools 117 96 
Transport to mill 195 112 
Milling charge 95 112 
Fuel wood 98 56 
Bagging 23 13 
Transport to market 78 45 

Total cost 2,146 1,373 
Gross revenue 2,744 1,568 
Net revenue 598 195 
Gross margin 1,624 678 

Total cost/tonne 547 613 
Net revenue/tonne 152 87 

Source: Field survey. 

The revenue estimates however depend on the reliability of 
labor data since labor costs constitute -----nearly 70% of total costs. 
Labor data are based on secondary information from other locations. 
Furthermore, the revenue estimates are based on tubers harvested
at 12 months. We have already stated that farmers sometimes 
harvest older cassava. U sing our survey data, yields of gari would 
be 4.83t/ha for improved and 3.22 t/ha for local varieties for 18-
months-old cassava. In addition some of the cassava is harvested, 
processed and marketed at periods when prices are higher than the 
average used above. As for most food products, the price of gari 
exhibits seasonal variability reflecting variations in the availability 
of close substitutes and in availability of harvesting and processing 
labor (Fig. 12). Gari prices usually reach their peak in June during 
the period of scarcity of other starchy staples such as yams and 
plantains. At that time women are also busy with the weeding of the 
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fields. In 1986, the June price of gari was 860 naira/t compared 
with the average for the year of 700 naira/t 

Gari prices also exhibit strong cyclical variability (Fig. 13) in 
response to supply of cassava and close substitutes. The high peak of 
the real price of gari during 1970-73 reflects scarcity of cassava and 
close substitutes resulting from bad weather experienced during the 
early 1970s. Similarly, the high peak during 1980-84 also reflects 
shortages resulting partly from bad weather but mainly from wide 
incidence of cassava mealybug in the period. 

Therefore: the difference in cost and revenue estimates for 
production between . improved and local varieties depends on 
differences between the two varieties in tuber to gari conversion 
ratio and in actual labor input, on age at harvest, month of the year 
marketing was done, and on overall gari price level in the year. 

Sensitivity tests show that net revenue would be more than 
double if gari were sold mainly in June and tubers were harvested at 
18 months (Table 7). Furthermore, delaying cassava harvesting to 
18 months, a common farmer practice, results not only in higher net 
revenues but also in narrowing of the net revenue gap between the 
two production techniques from 75% to 45 or 20% depending on sale 
price. 

Relative riskiness of production with improved and local 
varieties 

Data in Table 7 suggests that revenue from gari production 
varies, depending on age at harvest and month of sale. Risk analysis 
using the Monte Carlo technique (MSU 1971) was employed to 
compare the probability distribution of the revenues from 
production with improved and local varieties. The technique 
involves selection of the variables to which the revenues are most 
sensitive and assigning probabilities to the values of each selected 
variable. The effects of simultaneous changes in the values of cost 
and revenue variables. were determined. 

Net revenue appears to be most sensitive to changes , 
cost, gari price and yield. The 
variables required to bring 
comparatively low (Table 8). 

amount of change in each 
net revenues down to 

In labor 
of those 
zero is 
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Table 7. Net revenue (NIt) under alternative harvesting ages 
and marketi.ng periods for cassava production in the 
Ohosu area 

Alternatives Improved Local 
varieties varieties 

Harvest at 12 months, sell at mean 1986 price 152 87 
Harvest at 12 months, sell at June 1986 price 313 247 
Harvest at 18 months, sell at mean 1986 price 181 125 
Harvest at 18 months, sell at June 1986 price 341 285 

Table 8. Percentage changes in cost items that would 
individually reduce net revenue to zero for cultivation 
with improved and local cassava varieties 

Percentage change 
Item Improved Local 

varieties varieties 

Cost items 
Labour use +47 +8 
Wage rate +47 +8 
Farm tools +142 +33 
Transportation +61 +25 
Fuelwood +169 +70 
Bagging cost +722 +300 
Milling change +85 +35 

Revenue items 
Tuber yield -51 -28 
Gari price -23 -5 

The effect of changes in wage rates on revenue is assumed to 
be dependent on past inflation trends, official minimum wage rates, 
and OIl farm wage rates, as reported by the farmers. Inflation was 
10% in 1963, 72% in 1975 and 120% in 1981. The official minimum 
wage rate was 12 naira per month in 1967, 64 naira in 1973, 100 
naira in 1974, and 125 naira in 1981. Ohosu farmers reported 
paying 4 naira/man-day for farm labor in 1979, 5 naira in 1983, and 
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6 naira in 1985. Effect of gari price charrges on the revenue is also 
assumed to depend on inflation. 

lIT A data suggests that cassava yield is positively correlated 
with annual rainfall, and negatively correlated with pest incidence, 
especially CMV, and particularly for local varieties (UTA, 1984, 
1985). In this analysis various levels of yield associated with 
different amounts of rainfall are determined using the above data. 
Since improved varieties exhibit some resistance, only local cassava 
varieties are assumed susceptible to the pests. 

The probal'>ility distribution of net revenues per ton for 
production with both the improved and the local varieties is 
positively skewed suggesting that under production with either the 
probabilities are higher for positive than for negative net revenue 
(Fig. 14). However, the probability for positive net revenues is 
higher under production with improved (75%) than with local (54%) 
varieties. In addition, production with improved varieties has, 
relative to local varieties, low probabilities of high. negative net 
revenues and high probabilities of high positive net revenues. This 
is because of lower yields under production with local than with 
improved varIeties and the additional negative effects of possible 
incidence of pests. 

The probability distributions of gross margins (Fig. 14) show 
that the probability of negative gross margin is zero under 
production _ with improved varieties and very low under production 
with local varieties. 

~ -.-

." r·' 
The probability distributions of both net revenues and gross 

margins have both positive and negative peaks. The positive peaks 
result mainly from high probabilities ·and strong effects oC price 
increases; while the negative peaks result mainly from effects of 
wage changes which ·are entirely negative and from· strong effects of 
price declines. Variabilities in cassava production income in the area 
would more likely arise from market than from biological factors. 
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v. CONCLUSIONS AND AREAS FOR FURTHER RESEARCH 

Conclusions 

The improved cassava varieties appear to have fitted very 
easily into farmers' existing cropping systems. Farmers were able to 
interplant the improved varieties with maize, melon and other crops, 
as they do with the local varieties. The use of the improved varieties 
has not induced any change in the cropping sequences in the Ohosu 
area. Also the improved cassava varieties performed better than 
the local varieties in terms of tuber yield, gari yield, cost reduction, 
and revenue generation. Furthermore, production with the improved 
varieties appears less sensitive to risks associated with variability in 
weather, pests and diseases, wage rates, and gari prices. Because of 
these advantages, and the fact that cassava production is the primary 
commercial activity of the Ohosu farmers, who are aware of the 
potential values of the improved varieties from their homeland 
expenences, the improved varieties have been widely adopted in the 
Ohosu area. 

The improved varieties appear to be attaInIng their yield 
potentials in the farmers' fields in spite of the mixed crop practice 
with consequent suboptimal plant density, low insolation due to 
shading, weed infestation and low soil fertility problems. • 

Family labor availability may be a major constraint to 
expansion in the production of cassava. Labor is the major item of 
cost because all production and all processing operations, except 
milling, are performed manually. There may be a potential for 
further cost reduction In mechanization of more processing 
operations. 

Returns for cassava production estimated in this study are low 
because both current market and real prices of gad declined in 1986 
compared to the early 1970s and early 1980s. However, producers 
incomes were partly protected by their adoption of improved 
varieties, which exhibit many of the desirable characteristics 
indicated by Spencer (1986) as required for adoption of new 
technology by small farmers in sub-Saharan Africa. 
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Areas for further research 

This study lumped all local vanelies into one category and all 
improved varieties into another. Ai'so, yields were estimated mainly 
at 12 months because' of sample size limitations. We, also assumed 
one tuber to gari conversion factor for all varieties. A more objective 
assessment of tuber yield and dry matter content' should be 
disaggregated by variety and by age. Such an assessment should be 
based on farmer-managed on-farm research trials to avoid the 
sample size limitations. There is also a need to assess the potential 
gain from other improved varieties, which are, not yet available to 
Ohosu farmers. ' ' 

Ohosu farmers mentioned declining soil fertility as a major 
limiting factor in cassava production. As forest lands' are cleared and 
repeatedly cultivated without the use of chemical fertilizers, yields 
are expected to dt~cline due to declining soil' fertility. The potential of 
soil management techniques such as alley cropping 'In'' maintaining 
soil fertility in the cassava-based cropping system in the Ohosu area 
needs to be investigated. 

Estimates of marketing margins from cassava products at the 
producer, processor, transporter, whoieseller and retailer levels are 
necessary to complement this study, which has provided estimates of 
returns to cassava production !it the farm level. Know~edge of 
benefits at other levels, will help predict the potential income 
redistribution effects of improved' technologies, and' help determine 
whether farmers would have the necessary incentives to adopt the 
new technologies. 

A nutrition study is also necessary to determine the extent' and 
seasonal nature of the nutrition problem associated with cassava 
consumption. Introduction into the farming system of grain legumes, 
which would be available, for consumption in the dry season when 
vegetables are, not available may help alleviate :seasonal nutrition 
problems. The "possibilities of reintroducing cowpea and introducing 
soybean into the cropping systems' in the area' should be studied. 

Weed control using methods which minimize the use of 
purchased inputs is an important problem which requires attention. 
Incomes could be increased by introduction of early maturing maize 
varieties' into the system. Farmers would be able to reap the 
benefits of high green maize prices at the start of the season, while 
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stem borer resistant late full season maize could continue to be 
planted for grain production. 

Determination of the factors of adoption of UTA's cassava 
varieties on a wider scale is another important area for further 
research. The subject is treated only casually here because it was 
not the major objective of this study. 
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