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Executive Summary 

Cassava was planted widely for sale; although tree crop production was the main source of 
cash income in the cassava-producing area, among food crops, cassava production was a 
source of cash income for the largest number of households. Cassava was the most important 
crop in the area studied, both in land area and farmers' ranking of the crops. Rice was second 
to cassava; maize, plantain, and yam were also important. Cassava land area expansion was 
reported in most villages in response to an increasing population of immigrants who worked in 
cocoa and coffee plantations. The villages which did not report the increasing trend were 
mainly around market centers where people had access to imported food and in areas where 
attieke, a convenient cassava food product, was made by manual methods which were very 
labor-intensive. 

The food crop production practices were heavily influenced by tree crop growing. About 
80% of the representative villages intercropped food crops with cocoa or coffee in one or 
more of their rotation systems; all food crops were involved in this practice. While tree/food 
crop systems were entirely continuous cultivation of food crops, food crop systems were 20% 
continuous cultivation with crop rotation and 80% fallow rotation. Fallow rotation was dominant 
because population densities were low and climate was mostly humid. 

There was turnover in cassava cultivars grown by farmers, who continually introduced new 
cassava cultivars with desired attributes into their cropping systems. Such cultivars were not 
necessarily improved varieties but were often local and varied with villages and regions. As 
they introduced new cultivars, farmers often abandoned existing cultivars that might not possess 
desired attributes. The farmers were selecting the cultivars for high root yield, low cyanogen 
level, large canopy for weed control, and good processing qualities. 

Although population pressure on land was low in the country in comparison with the other 
countries in the COSCA study, cassava root yield was below average. The cassava stand 
density which influenced the root yield positively and significantly was also below the average 
for other countries. Intensified land-use practices which also influenced the root yield positively 
and significantly were not adopted because population pressure on land was low. Purchased 
inputs including high yielding varieties were not adopted even though aocess to market conditions 
was better than average because the availability of imported rice around the market centers 
discouraged private investment in the use of the purchased inputs. In addition, most of the 
survey sites were in the humid zone where the root yield was low relative to the subhumid 
zone in other countries; and most of the cassava fields were planted with sweet cassava 
cultivars which were harvested early \vith low yields. The local cultivars were susceptible to the 
major cassava plant pests/diseases. The majority of cassava producers relied mainly on crop 
rotation, fallow management, and cultivar selection from among the available landraces to control 
the problems. 

Cassava was commonly processed although more than 90% of the production was of the 
sweet cassava types. Processing labor-saving technology was available, but was not widely 
adopted. Similarly, the technique for making a convenient cassava food product was known 
but the product (attieke) was not widely produced, especially around market centers. Imported 
rice had an adverse influence on the demand for this product. The consequence was that the 
availability of the improved processing technologies did not produce the same result as in 
neighboring West African countries, Nigeria and Ghana, namely, an increasing trend in cassava 
land area. 
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I. Introduction 

In 1988, the Rockefeller Foundation made funds available to the International Institute of Tropical 
Agriculture (UTA) to collect authoritative information on cassava production systerns, processing 
methods, market prospects, and consumption patterns in Afiica This information is needed to improve 
the relevance of research on cassava by national and international agriculturaI research centers, in order 
to realize the potential of cassava for increasing food supply and incomes of the people of Afiica 

Cote d'Ivoire, Ghana, Nigeria, Tanzania, Uganda, and Zaire (Democratic Republic of Congo) 
were selected, as the leading cassava-producing countries of Africa, for the purpose of collecting 
the data. These countries also provide wide variability in climatic, demographic, and market 
pressures that have been hypothesized (Carter and Jones 1989; Stoorvogel and Fresco 1991) as 
determinants of cassava production. Burundi, Kenya, Malawi, and Zambia later began to collaborate 
with alternative funding. 

Cassava contributed 10% of the average daily dietary energy intake per person in Cote d'Ivoire, 
the fourth largest contributor after rice (20%), yam (17%), and maize (15%)(FAO 1970). 

Three continents produce cassava in large amounts; they are Africa, Asia, and Latin America. 
African production accounts for more thiIn 50% of world production; Asia and Latin America share 
less than 50% with the rest of the world. African production is virtually entirely used as food for 
humans within the domestic sector; Asian and Latin American production is mainly used as raw 
material for industries, as feed for livestock, or for export (Quin et al. 1995). But while food 
supplies per person are increasing in Asia and Latin America, they are declining in Africa (fig. 
I-I). Why does this situation exist? Cassava is easy to produce in comparison with grains or 
legumes because, relative to those other commodities, it tolerates poor soil and pests/diseases and 
the carbohydrate yield is high per unit of input. If research on cassava is made more effective, 
perhaps cassava can be used to close the African food gap. 

Index (1961-1965 = 100) 
130" -------------------------------------, 

Asia 
120 

110 

1001 ~/ '--=="'0, - .. ' 
~ \ 

90 / 
Sub-Saharan Africa 

80 

aT I I I I I I I I ) I I I I I I I I! I 

1961-65 '66 '68 '70 '72 74 '76 '7it '80 '82 '84 '86 
Average 

Fig. I-I. Trends in per capita food production in Asia, Latin America, and sub-Saharan Africa, 
1961-65 average and 1965-1986 

Source: Asurning-Brempong and Flinn (I 990) 
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Method of the Study 

The cassava information collection effort which eventually became known as the Collaborative 
Study of Cassava in Africa (COSCA) is executed by a multinational, multi-institutional, and 
multidisciplinary team. Each collaborating counhy has a multidisciplinary team of four senior
level scientists from different national agencies within the counhy, consisting of a breeder, an 
agronomist, a plant protectionist, an economist, and/or a statistician, where available. The 
collaborating international agencies are the International Institute of Tropical Agriculture (lIT A), 
Centro Intemacional de Agricultura Tropical (ClAT), Natural Resources Institute (NRI), Uppsala 
University, and the Rockefeller Foundation. 

COSCA is being executed in three phases as follows: 

Phase I involves a broad characterization of the following: 
I. Environment (physical, social, economic) 
2. Production 
3. Processing 
4. Marlceting 
5. Consumption 

Phase II deals with cassava production details such as: 
1. Yield 
2. Land area 
3. Utilization (saie/llOme use, processed/fresh use) 
4. Input/output 
5. Production practices 

Phase III involves detailed studies on postharvest issues: 
1. Processing 

Characterization of techniques 
Product quality assessment (nutritional, toxicity, and quality assessment) 

2. Marlceting 
3. Consumptionldemand 

Phase IV covers urban utilization of cassava: 
I. Marlceting 
2. Consumptionldemand 

Phases I, II, and III data collection surveys have been completed in Cote d'Ivoire, Ghana, Nigeria, 
Tanzania, and Uganda; Phases I and II have been carried out in Congo (DR), while only Phase 
I has been conducted in Burundi, Kenya, Malawi, and Zambia. This is a report of Phases I and 
II surveys. 

1. Site and sample selection 

Climate, human population density, and market infrastructure formed the bases for sampling. 
Following Carter and Jones (1989), four basic climatic zones were defined from temperature and 
duration of dry periods within the growing season (table I-I). Information available on all-weather 
roads, railways, and navigable rivers derived from Michelin travel maps was used to divide a 
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market-access infrastructure map of Africa into good and poor zones according to the density of 
the roads, railways, or navigable waterways. Human population data from the United States Census 
Bureau were used to divide a population map of Africa into high demographic-pressure zones with 
50 or more persons per km', and low, if less. 

Table I-I. DefInition of climatic zones 

Climatic zone 

Lowland humid 
Highland humid 
Subhumid 
Nonhumid 

Temperature ("C) 

Daily mean 

<22 
<22 
>22 
>22 

Range 

< 10 
< 10 
> 10 
> 10 

Duration of dry season 
(months) 

<4 
<4 
4--{) 

7-9 

The three maps of climaie, human popUlation density, and market access infrastructure were 
overlaid to create zones with homogeneous conditions of climate, demographic pressure, and 
market access. Each climate/population density/market access zone with less than 10 000 ha of 
cassava in each country was excluded. The remaining areas were divided into grids of cells 12' 
latitude by 12' longitude to fonn the sample frame for site selection. A certain number of the 
grid cells distributed among the climate/population density/mruket access zones in proportion to 
the zone size was selected in each country, depending on the size of the country, by a random 
method. The total for the ten countries is 460 including 40 for COte d'lvoire (table 1-2). One 
village was selected, by a random method, within each of the grid cells; the location of the 
villages in Cote d'lvoire is shown by their identification numbers in fig. 1-2 and listed by survey 
number, identification number, name, and coordinates in table 1-3. In each selected village a 
list of farm households was compiled and grouped into large, medium, and small farm-holder 
units with the assistance of key village infonnants. Farm units which cultivated 10 ha or more 
of all crops were excluded. One farm unit was selected from each stratum. 

Table 1-2. Number of survey units by couatry 

Couatry No. of villages No. of households No. of fIelds 

Phase I Phase II Phase III Phase II 

Buruodi 39 
Congo (DR) 71 108 264 
Cote d'Ivoire 40 120 222 un 
Ghana 30 ~ 180 'N7 
Kenya 34 
Malawi 61 
Nigeria 65 195 359 975 
Tanzania 39 131 252 543 
Uganda 37 120 240 359 
Zambia 38 
Total 460 764 1253 2704 
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2. Data collection 

Leaders in cassava research in the national agricultural research systems in each country administered 
survey questionnaires to local farmers and took various measurements. They were knowledgeable 
in the cassava production systems of their respective countries and hence well qualified to collect 
the information. 

A rapid rural appraisal technique was employed to collect village-level information in the Phase 
I survey. Farmer groups consisting of men and women with a wide range in age were constituted 
and interviewed in each village. Structured questionnaires were used to collect qualitative information. 
Phase II survey was carried out at field level. Phase III survey was at the levels of households, 
processing units, and marketing units. Relevant male and female members of the households, 
processing units, and marketing units were interviewed with structured questionnaires. 

10 
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Fig. \-2. Survey sites by village identification numbers 

Table 1-3. Survey sites by coordinates 

Survey Village identification Village name Latitude Longitude 
no. no. 

101 Sahuye 5.7167 -4.5167 
102 2 Boussoue 5.7833 -4.7000 
103 3 Brofodoume 5.5167 -3.9167 
104 4 N'koupe 6.0833 -3.9333 
105 5 Akou.lao 6.7667 -3.5500 
106 6 Aprompron 6.3000 -3.3333 
107 7 Akacomoekro 6.2000 -3.3667 
108 8 Ano 5.8333 -4.3833 
109 9 Ofolidie 7.0667 -3.7500 
110 10 Allakro 5.3000 -2.9000 
III 11 Angou.koukro 6.7167 -4.8500 
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Table 1-3. contmued 

Survey Village identification Village name Latitude Longitude 
number no. 

112 12 Sandiebounga 6.3167 -4.6833 
113 13 Tchekou-Carrefour 6.3500 -4.3500 
114 14 Kornambo 6.6500 -4.5167 
115 15 Koudieblekro 6.9333 -4.3167 
116 16 N'gattakro 58000 -4.2000 
117 17 Lalasso 7.3167 -3.7167 
118 18 Adikankro 7.5333 -3.9000 
119 19 Zozo Oliziriboue 5.8000 -5.6000 
120 20 Ekradon 5.3167 -5.2333 
121 21 Godesso 55833 -4.9500 
122 22 Gahougnagbolilie 5.8833 -5.9167 
123 23 Kripoko 5.7167 -5.8667 
124 24 Digbouho 65000 -5.6833 
125 25 Zahibo 6.9833 4l.6667 
126 26 Bebouo-Sibouo 6.8167 4l.2500 
127 27 Kangreta 6.7833 4l.05OO 
128 28 Delroya 6.6833 4l.8333 
129 29 Medibli 6.5000 -KlOOO 
130 30 Blole 7.3000 -75167 
131 31 Yepleu 7.7167 -7.8167 
132 32 Douole 7.7667 -7.4333 
133 33 Takra-Adiekro 7.8833 -5.3833 
134 34 Sougban 7.7167 -4.7167 
135 35 Kpato 7.3333 -5.3333 
136 36 Saoua 75500 -4.7333 
137 37 Okromodou 5.3500 -5.6667 
138 38 Dogbo 5.0667 -7.0667 
139 39 Meneke 45167 -7.3000 
140 40 Gnity 5.1000 4l.5167 

3. Data analyses 

The data are at different levels of aggregation, the village community, the household unit, and the 
individual fields. The village data are at the highest level of aggregation while the data on the 
individual fields are at the lowest level of disaggregation. The lower order variables, when used to 
explain a high order variable, are aggregated upwards; the aggregate value used, the mean, mode, 
or the maximum value, varied depending on what is the most appropriate for the variable being 
explained. But when a high order variable is used to explain a lower order variable, because of the 
absence of appropriate disaggregation methods, the same value of the explanatory variable is 
matched with each value of the lower order dependent variable under it This may introduce bias 
in the estimated parameter although the nature of the bias is not clear. 
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II. Specific Methodological Issues 

Assessment of root yield 

Yield estimation was made for fields which were 9 months old or more, except when the 
farmer harvested at less than that age. The estimation was based on a representative sample 
plot of 40 m', except when the field was too small, in which case a 20 m' plot was used. 
There were one or two plots per field depending on the size and heterogeneity of the field in 
terms of soil quality and toposequence. Cassava stands within the sample plot were separated 
by genotype, counted, and then harvested. Both the roots and the tops were weighed separately 
and the roots counted, again by genotype. 

1. Root yield measurement problems of cassava 

Cassava root yield depends on a wide range of factors, some of which are peculiar to cassava 
because of its flexibility with respect to planting and harvesting dates. Some of the factors are 
flexible planting date, flexible age at harvest, intercropping, varying root sizes from the same plant, 
and piecemeal harvesting. These occur in addition to environmental, cassava varietal, demographic 
pressure, and market demand factors. Any yield comparisons through field surveys which do not 
consider such factors run the risk of being subjective and therefore misleading (Fresco 1986). 
These factors are discussed below. 

Environmental factors. To explain cassava root yield, detailed weather information up to field 
level is useful. However, the only weather information available is the broad classification of climatic 
zones which was used in the sampling design. Likewise, detailed information on soil including 
pedology will be needed at the field level to adequately explain yield. The FAO-UNESCO 
(UNESCO 1974) and the USDA (1978) soil classifications are both too broad to explain 
variations in cassava yield. 

Varietal characters of cassava. Certain morphological characters may be determinants of yield. 
Jones indicated that bitter' varieties of cassava were much more common than sweet almost 
everywhere in the Congo region, although sweet varieties had been introduced and their propaga
tion had been encouraged by the French and the Belgians. Vvnether the bitter cassava predominates 
because of its high yield remains uncertain (Jones 1959). Hahn indicates that nonbranching cassava 
types are prone to lodging, exposing the roots to damage and thereby reducing yield (S.K. Hahn, 
personal commwrication 1993). 

A cassava plant produces a number of roots which vary in size and shape depending on 
genotype and environment (Fresco 1986). Size and shape of the root could affect processing cost; 
peeling is generally a labor-intensive operation, therefore tiny or irregularly shaped roots which are 
expensive to peel and which may also result in considerable waste, may be discarded by the 
farmers. However, alternative processing techniques, such as soaking the tiny, irregularly shaped 
roots in water before peeling makes the removal of the skin easier and quicker. This might be a 
more practical approach for processing such unusually shaped roots. In any case, whether or not 
farmers utilize tiny or irregularly shaped roots would depend on the time available to them, on their 
food needs, and on the numerous alternative uses of cassava, such as feed for animals or food for 

ICassava genotypes which fanners eat as a vegetable, boiled, or roasted in open fire without prior transformation 
are called sweet types. Cassava genotypes which if eaten raw or even boiled or roasted without prior processing are 
harmful to humans or animals are called bitter types. 
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the household. These factors are not easy to detennine or compare. Consequently, it is rather 
difficult to detennine the size or shape of cassava roots which fanners across sub-Saharan Africa 
will discard. Therefore, all storage roots which could be picked, irrespective of size or shape, were 
included in the yield measurement. 

Agronomic practices. Cassava is generally grown under intercrop conditions, which could lead 
to great variations in plant density and also to shading, both of which affect yield. Tbis situation 
is not limited to cassava, as almost all arable crops cultivated in the country are intercropped, 
although to varying degrees. 

Cassava planting dates range over several months from the beginning to the end of the rainy 
season, because it is drought tolerant relative to virtually all other arable crops. A field of 
cassava is rarely harvested at one time; harvesting is generally spread over a period of one 
month or more. In this respect, the fanners may not harvest a field systematically from one 
corner to the other. Rather, they may target harvesting to particular stands, depending on 
variety, size, and location in different parts of a field. 

Fanners also frequently milk their cassava plants; that is, they harvest some but not all the 
roots of a plant and come back later, sometimes after several weeks or even months, to 
harvest the remaining roots. This is more common where fanners grow sweet types which they 
use without processing. Such fanners store their subsistence/daily needs in the field and take 
as many roots as are needed, which could be less than one plant at a time. Fields where 
harvesting was targeted to specific plants in different parts of the field, as well as others where 
cassava plants were milked, were avoided at the yield measurement stage. 

Market and demographic conditions. As cassava allows for great flexibility in harvesting 
time, harvesting is often deferred to when the need arises or to a convenient time. Although 
in Tanzania the mature cassava fields in which yields were measured ranged from 6 to 18 
months in age after planting, in some of the other countries studied there were fields which had 
been planted 40 months before. Within this period, the bulking of the roots continues up to 
a pcint after which deterioration takes over (Jones 1959). Hence, yield varies with age, 
increasing up to a point, after which it declines. In a situation where there are food shortages, 
such as may be caused by drought, or war, cassava may be harvested early, before it attains 
maximum bulking. The farmers' decision to delay harvesting may be based on poor market 
conditions, or high costs of labor for harvesting and processing. Conversely, a fanner may 
harvest a field early if market conditions are attractive and labor for harvesting and processing 
is available. In other words, cassava yield is often a function of the general food supply 
situation, fann labor supply situation, and overall market conditions. 

2. Root yield measurement advantages of cassava 

Cassava yield measurement is not seriously influenced by yield variability from one year to 
another which is caused by short-term climatic changes. Measurement in any single year would, 
to a large extent, correctly reflect the yield of the crop. As a crop of more than one-year 
growth cycle, cassava fields planted in di fferent years are simultaneously available at any time. 

Cassava does not have a fixed harvest season, or harvest period. Yield measurements can 
be conveniently taken over a wide area, spreading the activity over time. This can be very 
important in sub-Saharan Afiica where extremely difficult travel conditions exist. 

Although some perennial crops such as Musa spp. yield all year round, they have peak 
periods, particularly in areas which have marked rainy and dry seasons, such as is the case 
in most parts of sub-Saharan Afiica. For such crops, representative yield detennination for a 
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location would require measurements at different times of the year. Representative yields for 
cassava can be obtained with one measurement in any month of the year. In this respect, yield 
measurement for cassava is more convenient than for most other crops. 

Assessment of trends in cassava land area 

Trends in cassava land area are discussed in relative terms; the concept is based on qualitative 
information that was derived from farmer group responses to the questions: What have been 
the trends (increasing, no change, or decreasing) in cassava production in the last 20 years? 
Why? What is being replaced by cassava or what is replacing cassava? The last question 
assumes that the increase in cassava production, if any, is due to increasing land area under 
cassava. 

Cassava land area can be expanded through land-use extensification, when land that was 
not previously included in the rotation is brought into cultivation (Fresco 1993). Cassava land 
area can also be expanded through land-use intensification, if fields already in the rotation are 
cultivated more frequently by either an increase in the number of consecutive cropping years 
while maintaining present fallow periods, or by including cassava in intercrops previously not so 
intercropped. 

Assessment of fallow systems 

The farmer groups interviewed in each village were asked to describe the three most common 
systems of arable crop production including crops grown, number of crop cycles before fallow, 
if any, duration of each crop cycle, duration of the fallow, etc. These are systems of intercropping, 
crop rotation, fallow rotation, and other aspects of crop management practices, planting and 
harvesting dates, growing period, for the various crops. A crop cycle was the cultivation of the 
same set of crops for a crop season or more without a change in the crop combination. 

Greenland (1974) classified fallow systems into three: shifting cultivation (long fallow), 
recurrent cultivation (short fallow), and continuous cultivation (no fallow). For COSCA pur
poses, long fallow is considered to be less than 10 years of continuous cultivation followed by 
10 or more years of fallow; only few cases of this were observed. For short fallow, the limits 
are less than 10 years of continuous cultivation combined with less than 10 years of fallow 
between crops. Continuous cultivation involves at least 10 years of continuous cropping with 
less than one year of fallow between crops. Okigbo (1984) stated that in areas of low 
population density where long periods of fallow were adopted, there was no guarantee that the 
farmer returned to the original farmed area in a definite period of time. Where population 
press ure was high, fallow periods were drastically reduced and farmers returned to the same 
piece ofland after less than 10 years of fallow, leading to what was sometimes designated as 
land rotation. Most of the farmer groups interviewed considered that most fields would recover 
their fertility in less than 10 years of fallow. 

Field area measurement and methodological issues in cassava field area determination 

Field area was determined by measurement with tape, compass, and ranging poles. As explained 
earlier, in comparison with most of the other staple crops, cassava is flexible with respect to 
planting and harvesting dates and very suitable for intercropping. The practice of intercropping 
creates an error of bias in the analysis of importance, in terms of land area, of a crop such 
as cassava which is frequently intercropped. The value of a unit field area of such crop will 
vary according to whether it is the major or the minor crop. This follows from the practices 
usually adopted by farmers to reduce stand density which have implications for crop yields. 
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The model of equation I does not assign any value to a crop when it is not the main crop, i.e., 
sole crop or the major crop in an intercrop. The model, therefore, underestimates the relative 
importance of a crop which is frequently grown as a minor crop in intercrops. 

2. Relative importance based on main plus minor fields 

The relative importance of a crop i based on its main plus minor field area is estimated as follows: 

"" "N L FLDAREAn' CROPN;n ,,' L FLDAREA' CROPN. 
LAMINO. ~ 100' ( noD N )(L (n-D n m))-l .... (eq 2) 

, L FLDAREA ,= 1 LN FLDAREA ' 
n=Q n n=O n 

where: 
n = a field belonging to representative farmers 
N = total number of fields of all crops owned by representative farmers 
FLDAREA = area in ha offield n 

n 

CROPN;n = I if crop is in field n either as the main or as a minor crop, 0 otherwise 

The model of equation 2 assigns equal weights to crops in a field irrespective of whether they 
are major or minor. The model, therefore, tends to overestimate the relative importance of crops 
which are intercropped at high frequencies. A summation of field area across crops will entail 
double counting when both the main and minor crops are counted. In relative terms, this sums to 
more than 100%. The model of equation 2 standardizes the relative importance so that it sums to 
100% across crops considered. 

3. Shortcomings of relative importance estimates based on field area 

Both models of equations I and 2 assign the same values to a crop per unit field area without regard 
to the soil fertility level or to the location of the field. However, crops art: cultivated on fields of 
different levels of soil fertility depending on the importance, to the farmer, of the crops. A high value 
crop such as yarn is planted in high soil fertility fields in yam-growing areas. Similarly, high value 
crops such as Musa spp. are often cultivated in fields closer to residential compounds where soil 
fertility is enhanced with compound manure and where security against pilfering is relatively high. 

Only arable fields cultivated in the current year are considered in the above models. However, 
some of the crops, particularly the Musa spp., are grown in arable fields under fallow, outside the 
arable fields such as in home gardens, in tree crop fields as nurse plants, etc. The models of 
equations I and 2 will underestimate the relative importance of the staple crops such as the Musa 
spp. which are widely grown outside arable fields. 

4. Relative importance estimation on farmers' ordinal crop rank basis 

The farmer groups interviewed in the village level survey phase of the COSCA study were asked 
to rank the first three most important intercrops and within each intercrop to rank the five most 
important crops in descending· order of importance. They were also asked the reason for the most 
important crop in the most important crop mixture. The group members were free to hold council 
among themselves before responding to the question. To concretize the ranking process, specimens, 
such as roots, tubers, seeds, leaves, or even whole plant§, were used to represent crops cultivated 
in the village. The group first organized the specimens by intercrop by putting the specimens of 
crops grown in one mixture in a separate bag. The group then ranked the bags of specimens in 
descending order of importance of the intercrop they represent. Beginning with the bag which 
represents the most important intercrop, the group ranked the specimens in each bag in descending 
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were often grown in the same field. Each landrace was assessed in all the representative fields 
in which it was observed. Nine landraces were assessed in a village except where fewer than 
nine were available. The number of plants scored per landrace varied depending on the 
judgement of the experienced national scientist investigators involved. The modal score for each 
problem was then assigned for each landrace. Although attacks of each pest/disease are mostly 
seasonal, symptom severity can be scored objectively in a single visit since the symptoms 
usually persist after an attack. Incidence data for each landrace are calculated as the number 
of affected plants expressed as a percentage of the total number of plants sampled. The 
symptom severity score is the mean for all affected plants, i.e., those with a symptom severity 
of at least one. 

Classification of cassava cultivars 

While in the cassava field, eight morphological characters of available cassava landraces which 
were identified by local names at the farmer group interview meeting were assessed (cultivars 
or genotypes). The characters were bitter/sweet, branching, pubescence status, leaf shape, 
color of young shoots, petiole color, inner skin color of roots, and color of root flesh. 

The conventional concept of sweet cultivars is adopted as those which farmers eat without 
processing, and of bitter, as those which farmers regard as dangerous to humans and animals 
if eaten without processing. This classification has nothing to do with taste or sugar content, 
nor with the cyanogen content. The classification of the cultivars as bitter or sweet was made 
by the farmers and not by the investigators. 

The branching habit refers to the height from the ground base to the forking point at which 
the first branch occurs. The height of the cassava plant varies not only genetically but also with 
environmental conditions such as altitude, temperature, insolation, soil fertility, lodging, 
socioeconomic conditions such as whether leaves are harvested or not. Therefore branching 
height is standardized in relative terms. A cassava plant is considered low branching if the first 
branch occurs at a point below a third of the total height and medium branching if the point 
of first branching is between the first third to two-thirds of the plant height, and high branching 
if the point of first branching is above two-thirds of the total height of the plant. Branching 
height was determined on mature plants only; branching height was not determined on plants 
from which leaves were harvested. 

Leaf shape is either broad or narrow. Pubescence refers to the presence of hairiness in the 
growing tip of the plant; its presence was determined with the aid of a magnifYing lens. All 
color characters were assessed with the aid of a color chart; the young shoot is either green 
or purple, the petiole is red or green, the inner skin of the root is white, cream, or red, and 
the root flesh is white, cream, or yellow. The petiole connects the leaf to the stem; the color 
is considered red if it has any red spot. 

ClassifYing genotypes using one morphological character at a time is not very useful for 
varietal identification purposes since a variety cannot be distinguished by just one trait. However, 
classifYing genotypes using more than one character simultaneously immediately creates problems 
because cassava is open-pollinated, and when seeds drop and germinate farmers often retain 
the resulting plants and collect planting materials from them (Fresco 1986). Genotype by 
environment (G x E) interaction is a major problem in cassava variety identification, as there 
is often a wide range of indeterminate varieties in the field. Morphological characters such as 
branching height, leaf size or shape, color traits, and cyanogen level in the same variety vary 
with climate, soil, and altitude. 
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To say that the number of morphologically distinct varieties of cassava in Africa is very high 
(Fresco 1986) or that African farmers cultivate cassava from a large variety of unknown 
different clones (Jones 1959) is, perhaps, an understatement. The situation is similar to the 
distinction between bitter and sweet varieties which rests upon the content of prussic acid. The 
different varieties show such a continuum of gradation in prussic acid content from nonpoisonous 
to very poisonous as to make a botanical classification impossible (Jones 1959). The cassava 
plant shows a similar continuum of gradation in morphological characters. 

Principal component analysis was carried out following the method originated by Pearson 
(1901) and later developed by Hotelling (1933) to group the cultivars identified in the repre
sentative villages into clusterS with uniform characteristics of bitter/sweet, branching habit, pu
bescence, leaf shape, color of young shoots, petiole color, inner skin color, and color of root 
flesh. Any cultivar for which any of the eight morphological characteristics was absent or 
indeterminate was excluded from the analysis. 

Asse~sment of market access conditions 

Farmers' access to market is defined to include ease of access to market centers and to the 
services of cassava marketing middlemen which would link the farmers to sources of demand 
for farm products and supply of farm inputs (Nweke 1996b). 

The market access information as based on road maps was collected at different times and 
varied widely in veracity. It was therefore considered essential to collect information during the 
survey that would permit a more objective assessment of market access infrastructure. Accord
ingly, the fanners interviewed in Phase I were asked to indicate the main market used to sell 
their cassava products, the proximity of the market in kilometers, and the means of access. 
This was by motor vehicle, foot, or other means including use of bicycles, animals, or boats. 
Proximity to market is grouped into categories above or below 10 km based on a SUbjective 
estimate of the distance a farmer can walk in a day with a head load of cassava products. 

Farmers in 59% of the villages attended markets on foot over distances no more than 10 
km. Since the 10 km cut-off point is more or less arbitrary, it is uncertain how many of these 
villages have good or poor market access infrastructure. Three percent of the villages faIl into 
the "others" category and it is not easy to determine whether or not this group of villages has 
good or poor market access infrastructure. Respondents in 28% of the villages stated that they 
went to market by motor vehicle, indicating good access. In 10% of the villages it was 
reported that they went to markets on foot over distances exceeding 10 km indicating poor 
access. Vehicle means indicates easy access because the fanners can reach buyers in distant 
markets more easily by vehicle than on foot. 

Fanners in 52% of the villages reported that they sold cassava mostly through middlemen, 
traders or processors; in 48% they sold directly to consumers. Sale through middlemen indicates 
relatively easy access to market because fanners can reach consumers in distant markets 
through the middlemen. 
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Table III -2. Field area (ha) per household by crop 

Crop' Mean Mininunn Maximwn Standard No. of 
deviation households 

Cassava 0.49 0 621 0.83 117 
Yam 0.07 0 0.89 0.19 117 
Plantain 0.10 0 2.81 036 117 
Maize 0.12 0 2.55 0.34 117 
Rice 039 0 4.71 0.81 117 
Others 0.10 0 3.00 035 117 
All 128 0.07 723 1.17 117 

Note 
*fields in which a crop was minor in an intercrop were counted 

Table III-3. Number of fields per household by crop 

Crop Mean Mininunn Maximum Standard No. of 
deviation households 

Cassava 1.58 3 0.68 29 
Yam 220 4 0.79 10 
Plantain 1.67 2 0.49 12 
Maize 2.64 5 1.08 14 
Rice 3.15 1 6 1.63 13 
Others 229 1 5 0.99 35 
All 2.19 1 6 1.08 120 

Note 
*fields in which a crop was minor in an intercrop were not counted 

Economic activities 

Cocoa was grown in 80% of the representative villages by 30% of the farmers, coffee was grown 
in 95% of the villages by 45% of the fanners, and oilpaJm was grown in 55% of the villages by 
35% of'the farmers. Similarly, cattle were kept in 30% of the villages by 50% of the households, 
and sheep and goats were kept in 95% of the villages by 80% of the households. 

Several of the households had members engaged in different types of nonfarm economic 
activities. For example, about 5% ofthe households had members engaged in the sale of unskilled 
labor for wage in certain nonfann activities, in off-fann fann product processing, in the extraction 
of forest products, and in traditional medical practices. About 10"10 of the households had members 
engaged in various crafts and in nonfann wage employment and members in about 15% of the 
households were in different fOnTIS of small businesses in the surveyed villages. 

Rotation systems 

The fallow/rotation systems were continuous cultivation without crop rotation, continuous cultivation 
with crop rotation, short fallow without crop rotation, short fallow with crop rotation, long fallow 
without crop rotation, and long fallow with crop rotation. The combined data for the COSCA 
countries show that the fallow/rotation systems varied widely both within and across village sites 
depending on population, market, and pest/disease pressures, climatic zone, main crop, whether 
cattle were kept and how they were kept, soil physical characteristics and nutrient status, and on 
whether tree crops were also grown in the village. In Cote d'Ivoire, the population density was 
generally low, the climatic zone was mostly humid, and the range of food crops grown was narrow, 
consisting of rice, yam, cassava, maize, and plantain. 
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Tree/food crop systems 

The fallow rotation practices were heavily influenced by the growing of tree crops. About 80% 
of the representative villages intercropped food crops with cocoa or coffee in one or more of 
the maximum of three fallow/rotation systems described at the village level; all food crops were 
involved in this practice. The exceptional cases of villages which did not intercrop tree and 
food crops in any of their systems are illustrated in appendix charts 101, 103, 117, 133, and 
134. All, 100%, of the tree/food crop systems were in continuous cultivation as food crops. 
Although crop rotation was not commonly practiced, relay cropping was commonly practiced; 
some of the examples are described in appendix charts 110 sys I, III sys I, 114 sys 1, 116 
sys I, 128 sys I, 132 sys I, 138 sys 2, etc. Plantain was widely intercropped in the tree/ 
food crop systems. 

Food crop systems 

While tree/food crop systems were entirely in continuous cultivation of the food crops, food 
cr,?p systems were 20% continuous cultivation with crop rotation and 80% fallow rotation, 
about 75% short fallow and about 5% long fallow (table III-5). Fallow rotation was so 
widespread because population densities were low and the climate was mostly humid. Continuous 
cultivation was most common with rice systems; it was also practiced with yam and maize. In 
other countries of the COSCA study, yam was not frequently grown under continuous cultivation 
but mostly under short fallow. In Cote d'Ivoire, yam was also frequently grown under long 
fallow. The types of yam that were frequently grown under continuous cultivation or under long 
fallow rotation systems in Cote d'Ivoire were not ascertained. Both crop rotation and relay 
cropping were commonly practiced. Plantain was also widely intercropped in the food crop 
system. 

Table 1I1-5. Percentage distribution of village fallow/rotation systems by major crop 

Rotation system Cassava Yam Maize Rice Average 

Number of systems 25 14 5 20 ~ 

............... .............. .............. ............ % .............. . ....................... . ............. 
Continuous cultivation: 

with crop rotation 0 21 20 40 18 

Short fallow: 
without crop rotation 12 14 40 45 48 

with crop rotation 28 36 40 15 28 

Long fallow: 
with crop rotation 0 29 0 0 6 

Total 100 100 100 100 100 

Food crop systems were dominated by short fallow because the climate was mostly humid 
and cattle were free grazed in some places (table III-6). However, continuous cultivation was 
driven by intercropping food crops with tree crops and by rice cultivation around market 
centers (table III-7). 

22 COSCA Working Paper No. 23 

• 



L 

Table III-6. Percentage distribution of village fallow/rotation systems by zones of cattle-keeping methods 

System Cattle not kept Cattle restricted Cattle free grazed 

Number of systems 68 9 12 
............................ ................ % ................................. 

Continuous cultivation: 
with crop rotation 15 22 8 

Short fallow: 
without crop rotation 51 78 59 

with crop rotation 1] 0 33 

Long fallow: 
with crop rotation 7 0 0 

Total 100 100 100 

Table III-7. Percentage distribution of village fallow/rotation systems by market access zones 

System 

Number of systems 

Continuous cultivation: 
with crop rotation 

Short fallow: 
without crop rotation 

with crop rotation 

Long fallow: 
with crop rotation 

Total 

Foot, 10 km 
or less 

38 

Motor vehicle, 
any distance 

18 

Foot, 
above 10 km 

5 
..................................... , ............... % ................................. . 

26 

50 
16 

8 

100 

6 

39 
44 

II 

100 

o 

o 
100 

o 
100 

Plant pests/diseases problems and fallow/rotation systems 

It is not possible to determine, based on Cote d'Ivoire data, the impact of the fallow systems 
on the control of cassava plant pests and diseases because of limited degrees of freedom. The 
combined data for the COSCA countries show that the incidence of CMB, ACMD, and CBB 
was highest and the incidence of CGM was lowest under the short fallow system (table 
III-8). The symptom severity scores for CMB ranged from 1.67 to 1.90 and did not differ 
statistically among the various fallow systems. The severity of CGM was higher in the short 
fallow than in the other fallow systems. The difference in symptom severity scores was not, 
however, significant between short and long fallow systems. The severities of ACMD and 
eBB decreased significantly from long fallow through short fallow to continuous cultivation 
systems. The reasons for these correlations are not clear. One possibility is that farmers 
may be able to cultivate continuously where pest and disease pressures are low but need 
to alternate cropping and fallow periods to break the pest/disease cycles where the pressures 
are high. 
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Table III-8. Incidence and symptom severity scores (1-4 scale) of four major cassava plant pests/diseases 
assessed by fallow systems (10 COSCA study countries) 

PestJdisease/a No. of Landraces 
fallow system landraces affected 

affected (%) 

CMB: 
continuous cultivation (CC) 148 8 
short fallow (SF) 70 10 
long fallow (LF) 14 8 

CGM: 
continuous cultivation (CC) S54 21 
short fallow (SF) 173 24 
long fallow (LF) 4S 27 

ACMD: 
continuous cultivation (CC) 474 25 
short fallow (SF) 294 41 
long fallow (LF) 54 32 

CBB: 
continuous cultivation (CC) 145 8 
short fallow (SF) 174 24 
long fallow (LF) 21 13 

Notes 
**'P::s 0.01; "P ~ P > 0.01; and'P 0.10 ~ P > 0.05 
'eMB ~ Cassava mealybug; CGM ~ Cassava green mite 

Mean 
severity 

score 

1.67 
1.90 
1.85 

1.62 
1.94 
1.82 

1.86 
2.02 
2.41 

1.45 
1.48 
200 

Probability level of 
significance of difference 

CC and SF CC and LF SF and LF 

• 
• 

••• • 
••• 

• 

•• ••• 
•• ••• 

••• • •• 

••• 
••• 

••• • •• 

ACMD ~ African cassava mosaic disease; CBB ~ Cassava bacterial blight 

There was no significant difference in either the incidence or in the symptom severity score 
of ACMD between areas where cassava was grown in rotation and where it was not grown 
in rotation with other crops based on data from Cote d'Ivoire. However, combined data for 
the COSCA countries show that the incidence of CBB, CMB, and ACMD were lower when 
cassava was grown in rotation than when it was not; the symptom severity scores of ACMD 
and CGM were significantly lower when cassava was grown in rotation with other crops 
compared with continuous cultivation of cassava. Kesiwani (1987) states that crop rotation is 
one of the classical methods of plant disease management and perhaps the most cost-effective. 
The symptom severity scores of CMB and CBB were also lower under rotation systems, 
although the differences were not statistically significant. 

The rotation system practiced was influenced by the severity of the cassava diseases. The 
relative frequency of cassava cultivation under continuous cultivation declined as the symptom 
severity scores of ACMD and CBB increased (tables III-9 and III-IO). As the severities of 
the problems increased, cassava cultivation under short fallow rotation with multiple sets of 
crops declined while cultivation in rotation with only fallow increased. As the pressure of 
diseases increased, farmers replaced sets of crops with fallow in the rotation in cassava short 
fallow systems. There were no clear trends between rotation systems and the symptom severity 
scores of the two pests assessed. The situation in the case of CMB could be due to low 
incidence; the problem was being brought under control by the time the COSCA information 
was collected. 
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Table 111-9. Percentage distribution of village fallow/rotation systems by severity score (0-4) for ACMD 
(6 countries") 

F allow/rotation system Score ~ 0 Score ~ I Score ~ 2 Score> 2 Overall 

Number of systems 31 42 70 79 222 

..... , ........................... % ......................................... 

Continuous cultivation: 38 31 12 9 18 
without crop rotation 3 7 2 0 2 

with crop rotation 35 24 II 9 16 

Short fallow: 62 (f) 82 86 78 
without crop rotation 20 36 29 15 24 

with crop rotation 42 33 53 71 54 

Long fallow 0 0 6 5 4 

Total 100 100 100 100 100 

Note 
'Cote d'Ivoire, Ghana, Nigeria, Tanzania, Uganda, and DR Congo 

Table III-lO. Percentage distribution of village fallow/rotation systems by severity score (0-4) for CBB 
(6 countries') 

Fallow/rotation system Score ~ 0 Score ~ 1 Score ~ 2 Score> 2 Overall 
• 

Number of systems 103 72 26 21 222 

.............. .................... % .................................................. 

Continuous cultivation: 24 14 15 10 18 
without crop rotation 3 3 0 0 2 

with crop rotation 21 11 15 10 16 

Short fallow: 73 82 77 'Xl 78 
without crop rotation 20 35 23 9 24 

with crop rotation 53 47 54 81 54 

Long fallow 3 4 8 0 4 

Total 100 100 100 100 100 

Note 
"Cote d'lvoire, Ghana, Nigeria, Tanzania, Uganda, and DR Congo 

Since COSCA infonnation was collected following the methods of social sciences, the 
observed correlations between the rotation systems and the symptom severity scores of the 
diseases should not be considered cause-or-effect relationships but hypotheses which are subject 
to test using more appropriate scientific methods_ 

Crop sequence in relation to fallow 

The position of a crop in relation to fallow, before or after, in a rotation cycle can provide 
an insight into the crops' tolerance of the problems which drive farmers to leave a field to 
fallow. The issue is not relevant to continuous cultivation systems because there is no fallow 
in the rotation cycle. The issue is not also relevant to fallow rotations with a single set of crops 
since in such cases the same set of crops come before and after fallow. The issue is, therefore, 
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relevant only to systems of two sets of crops rotated one after the other followed by fallow 
in a three course rotation and three sets of crops rotated one after another followed by fallow 
in a four course rotation. These systems were not common practices in the country; the few 
cases of cassava or cocoyam grown under those systems were all before fallow (table III-II). 
These are described in appendix charts 102 sys 2, 135 sys 3, 136 sys 1, and 139 sys 1. 
The few cases of yam were all after fallow; maize was grown mostly before fallow while rice 
was grown mostly after fallow. 

Table m·11. Percentage distribution of systems of short fallow rotation with multiple sets of crops by 
crop-fallow sequence by crop 

Crop No. of Percentage 
systems 

Before fallow After fallow Total 

Cassava 8 100 0 100 
Yam 6 0 100 100 
Cocoyam 2 100 0 100 
Maize 3 67 33 100 
Rice 4 25 75 100 

Combined data for the COSCA study countries show that, on an average basis, casssava 
and maize were each grown approximately 50% of the times before and after fallow. As 
cassava is relatively more tolerant of poor soil and pest disease problems, and as most existing 
landraces do not attain maximum root yield before 24 months after planting, farmers would use 
the crop to'close a rotation cycle, i.e., plant it just before fallow. However, cassava performs 
better under favorable soil, pest, and disease conditions; sometimes farmers find it necessary 
to use the crop to open a rotation cycle. The crop was grown significantly more frequently 
after than before fallow under severe conditions of the arthropod pests CMB and CGM and 
major diseases ACMD and CBB (III-12 to III-IS). The general trend was that the relative 
frequency of cassava cultivation before fallow declined, while cultivation after fallow increased 
as the severity of each of those problems increased. In good market access areas, where 
farmers harvest cassava earlier than necessary for maximum root yield in response to market 
demand, cassava was used to open rather than to close a rotation cycle (III-l 6). Cassava was 
not used to close the cycle where cattle were kept as often as where the animals were not 
kept. Under free grazing conditions farmers would not be able to keep cassava in fallow fields. 

Table III-12. Percentage distribution of systems of short fallow rotation with multiple sets of crops by 
crop·fallow sequence by symptom severity score (0-4 scale) for C~!B <all 10 countries) 

Symptom severity score No. of Percentage 
(0-4 scale) systems 

Before fallow After fallow Total 

0 71 54 46 100 
8 50 50 100 

2 7 57 43 100 
3 or 4 3 33 67 100 
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IV. Intercropping, Plant Density, and Harvest Age 

Intercropping 

Multiple crops were produced in multiple fields by each fann household. Cassava, yam, cocoyam, 
plantain, maize, and rice were among staple crops frequently observed. 

1. Frequency of intercropping 

The crops were sometimes grown as sole crops and sometimes as intercrops in mixed culture; 
when crops were grown in mixed culture, farmers distinguished, based on their production 
objectives such as food security, income generation, etc., which was the major and which was 
the minor crop in the mixture. On average for all the crops, about 30% of the fields were sole 
cropped and 70% were intercropped. Cassava was grown sole or as the major in an intercrop 
more frequently than the average for other crops (table IV-I). Cocoyam was not grown as 
a sole crop. Maize and plantain were grown more frequently as the minor crops than as sole 
crops or as the major crops in intercrops. The most common intercrops with cassava were 
maize, rice, plantain, and yam in descending order of frequency. These situations are evident 
in the appendix charts. A field was designated for a crop if that crop was grown sole or as 
the major in an intercrop. 

Table IV-I. Percentage distribution of crop fields by cropping pattern 

Crop No. of Percentage 
fields' 

Sole Major Minor Total 

Cassava 110 55 25 20 100 
Yam 26 19 65 16 100 
Cocoyam 21 0 67 33 100 
Plantain 52 17 27 56 100 
Maize 71 IS 13 72 100 
Rice 42 31 67 2 100 
All 306 32 " •• 100 

Note 
'there is multiple counting of intercropped fields 
"intercropped 68% 

2. Intercropping and cassava plant pests/disease control 

Combined data for the COSCA study countries show that the incidences of the four major 
cassava plant pests/diseases were higher for intercrops than for sole crops (table IV-2). The 
symptom severity scores for CMB and ACMD were both higher under intercrop than under 
sole crop (table IV -3). There was, however, no significant difference between sole cropping 
and intercropping patterns in the symptom severity score of any of the four problems; a fact 
which may be associated with differences in rates of growth and leaf production. Toko (1992) 
did not observe statistical differences in the population densities of CGM between cassava! 
maize intercrop and a cassava sole crop. He concluded that maize harvested 3-4 months 
before the increase of CGM in the dry season had no residual effect on subsequent CGM 
densities in a comparison of formerly intercropped and monocropped plots. Maize was the 
most common intercrop for cassava in the survey. Some of the other common intercrops 
grown with cassava were of short duration. 
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Table IV-2. Incidences of four major cassava plant pests/diseases by fanning practices 

Farming practices Landraces Landraces aflected (%) 
assessed 

CMB CGM ACMD CBS 

Cropping pattern: I 
intercropped 1870 \0 31 34 15 

sole cropped 726 5 18 19 8 

Crop rotation: 1 

practiced 1287 8 29 25 11 
not practiced 1041 9 29 38 15 

Bush burning:' 
practiced 1195 7 18 38 14 

not practiced 294 9 16 21 19 

Notes 
'All 10 COSCA countries in Phase I 
'Congo (DR), Cote d'Ivoire, Ghana, Nigeria, Tanzania, and Uganda 

Table IV-3. Symptom severity scores of four major cassava plant pests/diseases by fanning practices 

Fanning practices CMB aM 

:"< Mean T-test N Mean T-test 

Cropping pattern:' 
intercropped 187 180 -1.846 584 1.73 -3.838 
sole cropped 39 151 (P ~ 0.066) 133 1.45 (P< 0.001) 

Crop rotation: 1 

practiced 100 170 0.9102 379 1.58 4.2044 
not practiced 98 182 (P ~ 0.363) 295 1.82 (P< 0.001) 

Bush burning:' 
practiced 80 1.75 3.2760 217 1.63 -4.4623 

not practiced 25 1.24 (P ~ 0.002) 135 IJ2 (P < 0.001) 

Table IV-3. continued 

Fanning practices CMB CGM 

K Mean T-test N Mean T-test 

Cropping pattern:' 
intercropped 635 2.01 -2.2245 272 150 03856 

sole cropped 139 1.81 (P~0.026) 59 151 (P ~ 0.700) 
Crop rotation:! 

practiced 319 1.88 3.0869 134 149 1.0995 
not practiced 393 2.10 (P~ 0.002) 166 1.59 (P ~ 0.282) 

Bush burning:' 
practiced 439 2.01 -4.7676 170 1.47 3.0969 

not practiced 62 1.42 (P < 0.001) 57 1.40 (P~ 0.002) 

Kotes 
K ~ number of landraces affected 
'All 10 COSCA countries in Phase I 
'Congo (DR), Cote d']voire, Ghana, Nigeria, Tanzama, and Cganda 
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3. Reasons for intercropping 

There are reasons for intercropping cassava other than the attempts to alleviate the problems 
of the four main cassava pests/diseases. Nearly 50% of 124 smallholder farm households 
studied by Norman (1974) gave the need for high aggregate output as their reason for 
intercropping, whereas 26% cited shortage of land, 14% security, and 3% shortage of labor. 
Intercropping practices are complex and generalizations cannot be made on their effects on 
pests, diseases, or weeds. Crop combinations should be selected mainly for their productivity, 
reliability, and overall suitability to the farmer's needs. Any beneficial effect on pest or disease 
control can be regarded as a bonus (Natarajan 1987). More research is needed on the effects 
of intercropping on pests and diseases to establish the possible benefits of intercropping (Kesiwani 
1987). Gold (1994) provides an insight on the biology of intercropping. Lagemann (1977) 
observed that as pressure on farmland increased, farmers compensated for land scarcity by 
intensifying intercropping and devoting more energy to household gardens. The latter is 
characterized by dense planting of a great variety of crops. However, the combined data show 
that the frequency of intercropping cassava was lower in high population density zones than in 
low density zones; the frequency was also lower in good market access zones than in poor 
market access zones. It will be shown below that in the zone of high population density and 
good market access, the high cassava plant density compensated for the low frequency of 
intercropping. 

Cassava plant density 

The mean cassava plant density was 6700 standsiha and the range was 750 to 16 750 stands/ 
ha The mean was below the average of about 8000 standslha for the COSCA study countries 
combined (fig. IV-I). It has been reported that climate, altitude, soil fertility status, and 
morphological characters of the cassava plant as well as intercropping influence the cassava 
plant density (Onwueme 1978; Fresco 1986; Ambe et al. 1992). 

12000~-----------------------------------------. 

ate d'Ivoire Ghana Nigeria Tanzania UlI"nda 

Fig. IV -1. Mean cassava plant density by country 

The combined data for the COSCA study countries show that the plant density is lower 
both where the seedbed type is mound and where it is flat than where the seedbed is ridge. 
M. Akoroda (personal communication, 1993) reports that in the highland areas of Adamaoua 
Province in Cameroon, not affected by flooding, cassava plant density was observed to be 
higher by a factor of 3:2 in fields where cassava was planted on long continuous ridges than 
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on the flat. R. Kapinga (personal communication, 1993) reports similar observations in the 
Kgera region of Tanzania. Fanners who rarely set distances between plants with caliberated 
instruments such as tapes have a better sense of spacing on continuous ridges than on the flat. 
In intercropped fields, the position of each component crop is predetermined for the top or 
the shoulder of the ridges; on the flat where the positions are not so predetermined, the 
temptation is to allow more space for secondary crops. Relative to planting on the flat, planting 
on ridges involves extra capital investment not only in labor but also in soil fertility management 
practices. In Adamaoua, the ridges are constructed by assembling and covering vegetative 
materials with top soil. Farmers would try to maximize returns from the extra investments by 
planting at higher densities. 

The type of seedbed is frequently a reflection of the physical characters of the soil in the area. 
If the soil is shallow or has a high level of clay content or if the water table is high, farmers often 
plant on large heaps (mounds) to enhance drainage and soil aeration. If on the other hand, the soil 
is deep, sandy, and the water table is low enough, farmers plant on the flat. 

Cassava plant density was higher where nonbranching cassava genotypes are cultivated than 
where branching genotypes are planted. Plant density is also higher when narrow-leaved cassava 
genotypes are cultivated rather than broad-leaved genotypes. Village market access had a 
significant relationship with cassava plant density; the cassava plant density was higher in areas 
where farmers had motor vehicle access to market than where they had only foot access to 
markets (table IV-4). 

Table IV -4. Mean cassava plant density by market access zone 

Zone Mean Minimum Maximum Standard No. of 
deviation fields 

Market access: 
vehicle, any distance 8293 lCOO 16750 3276 34 
foot, 10 Ian or less 5337 1500 12000 3003 42 
foot, above 10 km 6295 2COO 11500 3173 11 

Cassava plant age at harvest 

Cassava, unlike most other arable crops, does not have a precise maturity age. Some early bulking 
varieties form edible roots at 6 months after planting and they may be harvested then; if not 
harvested, the edible roots continue to bulk, in some cases for up to 24 months after planting 
beyond which period deterioration may set in, depending on variety, environmental condition, etc. 
(Jones 1959). 

Cassava was harvested at an average of about II months after planting and the range was 
6-39 months after planting; more than 90% of the representative villages reported that the normal 
age at which their cassava was harvested was 12 months after planting or earlier; this is evident 
in the appendix charts. The mean age was low in Cote d'Ivoire in comparison with other COSCA 
study countries (fig. IV-2). 

It has been pointed out that in a situation of food shortages such as may be caused by drought 
or war, cassava may be harvested early, before it attains maximum bulking. On the other hand, the 
farmers' decision to delay harvesting may be based on poor market conditions, or the high cost 
oflabor for harvesting and processing. Conversely, a farmer may harvest a field early if market 
conditions are attractive and labor for harvesting and processing is available. Among villages which 
had motor vehicle access to market, virtually all cassava fields (95%) were harvested at 12 months 
after planting or earlier; in contrast, among villages with foot access to market centers, less than 
50% of the cassava fields were harvested at 12 months after planting or earlier. 
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Fig. IV -2. Mean age of cassava fields at harvest in months after planting by country 
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Sweet varieties 

~-.-- Bitter varieties 
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Fig.IV-3. Percentage distribution of mature Cassaya field area by age of the cassava by bitter/sweet 
genotypes (all 6 COSCA study countries) 

In addition, the type of cassava, bitter or sweet, influences the age at which it is harvested. 
The percentage distribution of areas of unharvested mature sweet and bitter genotypes, based on 
combined data for the COSCA study countries, showed that on an average basis, farmers harvested 
sweet cassava genotypes earlier than bitter genotypes (fig. N-3). The view of most farmers in the 
COSCA study countries who planted both the bitter and the sweet cassava types was that the bitter 
t)pes stored longer in the field than the sweet types. Most of such farmers, however, also opined that 
sweet types bulked faster than the bitter types. As much as 65% of the yield sample fields which were 
taken randomly in Cote d'Ivoire were planted with only the sweet cassava types, another 30"10 were 
planted with both bitter and sweet cassava, and only 5% were planted with only bitter cassava types. 
Farmers who use cassava roots in the fresh form harvest earlier than others who use the cassava roots 
in a processed form because, as Jones (\959) observed, although many genotypes would continue to 
grow for up to 48 months, as the roots grow older they become fibrous and therefore harder to prepare 
for consumption. It will be shown later that nearly 40% of the representative villages in Cote d'Ivoire 
reported that they used cassava roots mostly in the fresh form, i.e., without preprocessing. 
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v. Relative Importance of Cassava in Producing Areas 

The relative importance estimates for the different crops did not differ significantly with method 
of estimation except in the case of cassava for which the estimate based on main and minor 
crops was highest while the estimate based on farmers' ranking was lowest (table V-I). In the 
area studied, cassava was the most important of all the arable crops, irrespective of the 
method of estimation of relative importance; rice came second after cassava. Maize and plantain 
were also relatively important. The farmers ranked cassava lower in importance than suggested 
by the land area allocated; however, they ranked yam and plantain higher than suggested by 
the land area allocated. 

Table V -I. Means of village level estimates of relative importance of crops 

Staple Relative importance estimates 

Main fields Main and Farmers' 
only minor crops crop ranks 

<a) (b) (c) 

N' %2 N' %2 N' %2 

Cassava 31 TI 34 34 32 24 
VIIII 14 6 16 6 29 18 
Cocoyam 7 8 10 6 22 6 
Plantain 15 8 27 II 31 19 
Maize 16 9 31 22 26 12 
Rice 17 31 18 19 21 19 
Beanslpeas 1 6 2 5 2 
Total 100 100 100 

Note 
'Number of villages on which the means are based 
'Weighted by number of villages 
"'Significant at 1 % probability level 
"Significant at 5% probability level 
-Not significaot at 5% probability level 

Probability levels of 
significaoce of differences 

a and b aandc bandc 

•• 
•• 

••• • •• •• 

** ••• 
*** *** 

The distribution of the survey villages by the crop with the largest land area is shown in 
fig. V -I. The relative importance estimates are not representative of the whole country, since 
the sample design was focused on cassava-growing areas. For the whole country, the relative 
importance of cassava is probably overestimated. The relative importance of other crops which 
do not share the same ecologies with cassava are likely to be underestimated. For a crop 
grown more frequently as the main crop (sole or major in intercrop) such as cassava, yam, 
or rice, the relative importance estimate is higher if it is based on the main field area than if 
based on the main plus minor field area The relative importance of such a crop is overestimated 
as main field area only and underestimated as main plus minor field area. On the other hand, 
for a crop grown more frequently as the minor in an intercrop than as a main crop, the relative 
importance estimate is higher if based on the main field area only. The relative importance of 
such a crop is overestimated as main plus minor field area and underestimated as main field 
area only. 
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Fig. V -I. Distribution of representative villages by crop with largest field area 

Climatic zone 

Although the combined data for the COSCA countries show that the relative importance of 
cassava declined from the hwnid through the subhwnid to the nonhwnid zone, the situation was 
reversed in Cote d'Ivoire; the relative importance of cassava increased from the humid zone 
through the subhwnid zone to the nonhwnid zone (table V-2). This was due to the importance 
of tree crops and rice in the humid zone in Cote d'Ivoire. 

Table V-2. Relative importance (field area) of staple crops by climatic zone 

Crop Main crop only Main and minor crop Farmers' ranking 

Humid SH NH Humid SH NH Humid SH NH 

Sample size (ha) 88.9 203 8.6 147.6 31.8 17.6 22 7 3 
......................... ............... , ........................... % ................................................................ , ... 

Cassava 24 44 65 19 37 40 25 27 23 
Vim 5 27 4 I 13 12 26 54 
Cocoyam 9 9 0 8 10 I 7 6 4 
Plantain 9 12 6 15 16 7 17 17 7 
Maize 13 5 2 30 15 27 12 15 12 
Rice 40 29 0 24 18 0 26 7 0 
Beans/peas 0 0 0 0 3 12 2 0 

Total 100 100 100 100 100 100 100 100 100 

Note 
SH ~ subhurnid, NH ~ nonhumid 
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Table V-4. Relative importance (field area) of staple crops by market access zone 

Crop Main crop only Main and minor crop Farmers' ranking 

Vehicle, any Foot, 10 km Foot, above Vehicle, any Foot, 10 km Foot, above Vehicle, any Foot, 10 km Foot, above 
distance or less IOkm distance or less IOkm distance or less IOkm 

Sample size 20.0 57.2 10,2 34.5 92,6 21.2 7 14 3 
.................................................................................................................... % .............................................................................................................. " .... 

Cassava 
Yam 
Cocoyam 
Plantain 
Maize 
Rice 
Beans/peas 
Total 

62 
9 
8 
4 
4 

12 

100 

14 
4 
3 

11 
14 
54 

1 
100 

29 42 
19 6 
0 8 
8 12 
5 23 

39 7 
0 2 

100 100 

12 17 25 16 16 
4 9 30 13 38 
6 0 5 7 4 

11 7 17 16 28 
34 36 11 10 7 
33 22 8 37 7 
0 10 4 0 

100 100 100 100 100 





Prospects for increased production 

About 90% of the representative villages reported an increasing trend in cassava land area in the 
previous 20 years, 5% reported no change, and another 5% reported a declining trend. FAO data 
also indicated an increasing trend in cassava land area during the same period. On an annual 
average basis, cassava land area was more than 120% higher in 1985-89 than in 1965--69. 
PopUlation growth mainly via immigration, market demand, high food yield, famine and hunger, 
drought, usability in a wide range of forms, declining soil fertility, poor access to market, land 
shortage, and pest and disease problems of other crops were variously cited as the reasons for the 
increasing trend. Cassava was reported to be replacing fallow, cocoyam, yam, sweetpotato, rice, 
tree crops, and plantain. Among the few representative villages which reported a declining trend, 
the reason cited was cassava plant pests/disease; tree crops were reported to be taking the place 
of cassava in the cropping system. However, all but one ofthe villages which did not report the 
increasing trend in the cassava land area were in a yam-based cropping system area; the lone 
exception was, however, in a tree crop-based system area. The increasing trend in the cassava land 
area was reported in virtually all the villages in the tree crop-based system areas (table V-8). There 
were nl!IDerous immigrants from several West African countries who work as laborers in cocoa and 
coffee plantations in Cote d'Ivoire. 

Table V-8. Percentage distribution of representative villages by most important crop by cassava land area 
trend 

Most important No. of Percentage 
crop villages 

Increasing No change Decreasing Total 

Cassava 2 100 0 0 100 
Yom 7 72 14 14 100 
Rice 6 100 0 0 100 
Tree 24 96 0 4 100 

The few villages which did not report an increasing cassava land area were all in the humid zone 
(table V -9). It will be shown later that the problem of ACMD was highest in the humid zone. There 
was a negative relationship between the problem and the frequency of the villages which reported 
an increasing trend in the cassava land area. 

Table V-9. Percentage distribution of representative villages by climatic zone and incidence of ACMD by 
cassava land area trend 

Climatic zone/incidence of ACMD No. of Percentage 
villages 

Increasing No change Decreasing Total 

Climatic zone: 
hwnid 27 g:) 4 7 100 

subhumid 8 100 0 0 100 
nonhumid 3 100 0 0 100 

Incidence of ACMD: 
observed 37 g:) 8 3 100 

not observed 2 100 0 0 100 
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Ease of access to market influenced the cassava land area expansion positively in other 
COSCA study countries. This was due to an increase in the market demand associated with 
improved market access; a market link road expanded market demand because farmers could 
reach more consumers. The few villages which did not report an increase in the cassava land 
area in Cote d'Ivoire were, however, all located around market centers (table V -10); market 
demand for cassava was restricted in such areas because of the ease of consumer access to 
imported food. 

Table V-to. Percentage distribution of representative vmages by cassava land area trend by market access, 
main cassava buyers, and main cassava product zones 

Zone No. of Percentage 
villages 

Jncreasing r..;o change Decreasing Total 

Market: 
motor vehicle 8 100 0 0 100 

to km or less l7 88 6 6 100 

nonmotor vehicle I 100 0 0 100 

foot, above 10 km 3 100 0 0 100 

Buyers: 
middlemen 16 100 0 0 100 
consumers 15 00 20 0 100 

Product: 
fresh roots 15 93 7 0 100 

steamed granules 16 81 13 6 100 

others 8 88 0 12 100 

The combined data further show that almost all the villages which had access to mechanized 
cassava grating technology or which processed cassava into convenient cassava food products 
reported an expanding cassava land area. Farmers could expand cassava land area under 
conditions of difficult access to market centers provided improved processing technologies were 
available. The improved processing technologies improved product quality, reduced bulk, and 
extended shelf life, and made it possible for quality cassava products to be transported at 
reduced costs over poor roads to distant urban market centers. In addition, the improved 
processing technologies were labor-saving; processing cassava into certain products was very 
labor-intensive. The relative number of villages which reported the increasing trend in cassava 
land area was lowest among villages which made attieke. Allieke is a convenient cassava food 
product because it is available in a ready-to-serve form; it is attractive to urban consumers and 
hence it has a wide market potential. It is, however, labor-intensive to make; although mechanical 
pressers were widely available for expressing effluent, grating and other steps in making the 
product were manually carried out in nearly all the villages surveyed. 
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Inner root skin color. Reddish inner skin cultivars made up close to 70% of all cultivars, white 
inner skin more than 15%, and cream inner skin made up about 15%. Cream inner skin types were 
more common and reddish types least common in the nonhumid zone than anywhere else. 

Color of root flesh. Only a few (about 5%) of the cultivars were classified as yellow root flesh 
type, most (over 80%) were classified as white root flesh type. Yellow root flesh type was not 
observed in the nonhumid zone. 

Clusters of genotypes by uniform morphological characters 

Principal component analysis, carried out on 73 out of the 107 cultivars for which adequate 
morphological information was available, shows that 33 clusters emerged from these 73 cultivars 
(table VI-I). All the cultivars that fell into each cluster had the same traits with respect to sweetness! 
bitterness, branching, pubescence, leaf shape, color of young shoots, petiole color, color of the 
inner root skin, and color of the root flesh (table VI-2). Each of those clusters may not, however, 
represent a unique variety. One reason is that while some of the causes of indeterminate 
morphological character could have been due to error in the assessment, some result from new 
varieties created as crosses from open pollination in farmers' fields. The next reason is that there 
are some important morphological characters which were not included in the analysis. These include 
stem color and color of the outer skin of the root as well as the length of the root neck. The 
magnitude of the number of clusters suggests the existence of considerable diversity in existing 
varieties. The wide range oflocations where the cultivars in each cluster are cultivated confirms 
inter-\~llage transfers of materials; many of the clusters have cultivars grown in different villages. The 
wide diversity of the varieties also reflects the existence of cultivars created as crosses resulting from 
open pollination, especially since the farmers protect the resulting plants and derive planting 
materials from them. 

Table VI·I. Numbers of clusters of cassava cultivars with similar morphological characteristics per representative 
village by bitter/sweet type and climatic zones 

Zone/group No. of No. of \';0. of 
clusters villages' clusters/village 

AU cases 33 35 0.94 

Bitter/sweet: 
bitter 7 7 l.OO 
sweet 26 35 0.74 
Total 33 42 

Climatic zones: 
lowland humid 26 26 

subhumid 8 5 
nonhumid 8 3 

Total 42 34 

Note 
'The total number of villages for all the climatic zones is less than the overall number of villages because the 
type is not specified for some of the villages 

Separate cluster analyses for bitter and sweet cultivars confirm that genetic diversity is higher 
among sweet cultivars than among bitter cultivars. Out ofthe 33 clusters, 26 were classified as 
sweet and 7 as bitter. The total number of villages for both groupings is higher than the overall total 
number of villages, because in certain cases both types were grown in the same villages. 
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Table VI-2 continued 

SNO. bitswt shaplv colpt 

1 ::I Sweet Broad Red 

14 Sweet Hroad Ureen 

15 Sweet Broad Red 

16 
17 
18 
19 

20 
21 

22 
23 
24 

25 
26 
27 
28 
29 
30 

31 
32 

Sweet 
Bitter 
Sweet 
Sweet 

Sweet 
Sweet 

Sweet 
Bitter 
Ritter 

Ritter 
Sweet 
Bitter 
Sweet 
Sweet 
Sweet 

Sweet 
Sweet 

Broad Green 
Narrow Red 
Broad Red 
Broad Red 

Narrow Red 
Broad Red 

Narrow Red 
Broad Red 
Broad 

Broad 
Broad 
Narrow 
Broad 
Broad 
Broad 

Broad 
Broad 

Red 

Red 
Green 
Red 
Red 
Green 
Green 

Red 
Red 

Notes on page 47 

braht 

Branch 

Branch 

Branch 

Branch 
No-hra 
No-bra 
Branch 

Branch 
Branch 

No-bra 
Branch 
Branch 

Branch 
Branch 
Branch 
Branch 
Branch 
No-bra 

Branch 
Branch 

colsh pubes 

Green None 

Purple None 

Purple None 

Green None 
Purple None 
Purple None 
Purple None 

Purple None 
Green None 

Purple 
Purple 
Purple 

None 
None 
None 

None 
None 
None 
None 

colirt 

Reddish 

Reddish 

White 

Reddish 
Cream 
White 
Reddish 

Cream 
Reddish 

White 
White 
Cream 

Cream 
Cream 
Cream 
White 

Green 
Green 
Purple 
Purple 
Green 
Green 

Positive White 

Purple 
Green 

None 

None 
None 

Cream 

Cream 
Cream 

coll"rt 

Yellow 

White 

White 

Cream 
White 
White 
White 

White 
Cream 

CreClm 
Cream 
White 

Cream 
Cream 
Cream 
Cream 
White 
Cream 

White 
Cream 

locname 

Beol'e Bouna 
Bedebomom 
XI 
Ngraangba 
Abodjo 
Tubre 
Tetosokro 
Ilonoua 
Thcolothe 
Atamaov 
Tambou 
Nizebo 
Bedeteou 
Kadioubonoua 
Bedete 
Kaole 
Dounoua 
Bonova 
Bonova Rouge 
Bononua Rouge 
20g10 
Kokosoclo 
Bonova I 
Bononua 
Kueko 
Koke. 
Bonoua 
Bononua Rouge 
Manioc Jaune 
Yace 
Boofie 
Tinana 
Wodo 
C.r:hi 
Ghanab 
Tielekro 
Koudouka 
Agbahon 
Akana 
Akomu 
Bonouo 
Attpte 

villname 

Aprompron 
Akacomoekro 
Allakro 
Lalasso 
N'koupe 
Aprompron 
Zozo Ohzinboue 
Detroya 
Ekradon 
Akacomoekro 
N'koupe 
Aprompron 
Ano 
Ano 
Ofolidie 
OfolidlC 
Allakro 
Angouakoukro 
Sandiebounga 
Adikankru 
Sougban 
Okromodou 
Meneke 
Gnity 
Gahougnagbolilie 
Ekradon 
Kripoko 
Rehouo-sibouo 
Boussoue 
Brofodoume 
Rrofodoume 
Okromodou 
Okromodou 
Kripoko 
Gahougnagbolilie 
Kpato 
Kripoko 
Saoua 
Rrofodoume 
Brofodoume 
Brofodoume 
Gahougnagboli1ie 

climate 

Humid 
Humid 
Humid 
Humid 
Humid 
Humid 
Subhumid 
Humid 
Humid 
Humid 
Humid 
Humid 
Subhumid 
Subhumid 
Humid 
Humid 
Humid 
Subhumid 
Subhumid 
Humid 
Nonhumld 
Humid 
Humid 
Ilumid 
Humid 
Humid 
Subhumid 
Humid 
Humid 
Humid 
Humid 
Humid 
Humid 
Subhumid 
Humid 
Nonhumid 
Subhumid 
Nonhumid 
Humid 
Humid 
Humid 
Humid 

altitude 

I_ow 
Low 
Low 
Luw 
Low 
Low 
J.ow 
Low 
Low 
Low 
Low 
Low 
Low 
Low 
Low 
Low 
Low 
Low 
Low 
Low 
Low 
Luw 
Low 
Low 
Luw 
Low 
I,ow 
Low 
Low 
Low 
Low 
Low 
Low 
Low 
Low 
Low 
Low 
Low 
Low 
Low 
Low 
Low 

gfirst 

NA 
NA 
NA 
1939 
1984 
NA 
1984 
1968 
19R I 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
1974 
NA 
1986 
1977 
NA 
1960 
NA 
NA 
1988 
1980 
1971 
NA 
NA 
1970 
1970 
1960 
1980 
NA 
1984 
NA 
1979 
NA 
1970 
1970 
1970 
1984 

ebulk 

N 
Y 
N 
N 
Y 
N 
Y 
Y 
Y 
Y 
Y 
N 
Y 
Y 
Y 
Y 
Y 
N 
Y 
Y 
N 
Y 
Y 
Y 
Y 
Y 
Y 
N 
N 
Y 
Y 
Y 
Y 
Y 
Y 
N 
Y 
Y 
Y 
Y 
Y 
Y 

hYleld from 

NA NA 
N NA 
NA NA 
N Oeount 
Y NA 
NA NA 
Y Fvill 
Y Ftown 
y Oeount 
N NA 
Y NA 
NA NA 
N Ftown 
Y NA 
N NA 
Y Ftown 
Y Ftown 
Y Flown 
N Ftown 
N Ftown 
Y NA 
N NA 
N NA 
Y NA 
Y Ftown 
Y NA 
Y NA 
NA 
NA 
Y 
N 
Y 
Y 
Y 
Y 
NA 
Y 
N 
N 
N 
N 
Y 

NA 
NA 
Nvill 
Nvill 

NA 
NA 
NA 
Ftown 
NA 
NA 
NA 
Nvill 
Nvill 
Nvill 
Hawn 

cont'd 
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Although the number of clusters per village was higher for the bitter cultivars than for the 
sweet, the sweet cultivars were more widespread as they were cultivated in many more 
villages. While about 70% of the representative villages cultivated only the sweet cultivars, 
about 30% cultivated both the bitter and the sweet cultivars; none cultivated only the bitter 
cultivars~C~ars which were not classified into clusters because of incomplete morphological 
information are listed in table VI -3. 

Rate and method of cultivar selection by farmers 

There was a turnover in the cassava cultivars grown by farmers who continually introduced 
new cassava cultivars with desired attributes into their cropping system. Such cultivars were not 
necessarily improved varieties but were often local and varied with villages and regions. Hence, 
such genotypes may not be unique across villages. As they introduced new cultivars, farmers 
often abandoned the existing cultivars that may not possess desired attributes. The farmers 
therefore seemed keen to replace existing cassava cultivars with new ones which possessed 
more advantageous attributes. Farmers sourced their cassava planting materials mainly from 
other villages and towns. Some cultivars were also reported to have been introduced from 
other countries. Cultivars were brought in by traders, migrant farmers, or development agencies, 
and church organizations. 

Farmers in group meetings during the Phase I survey were able to recall 37 different 
cultivars abandoned (table VI-4) in the representative villages and to trace the years when 28 
of them were abandoned. Similarly the .farmers were able to trace the years of introduction of 
49 of the \07 currently grown cultivars (fig. VI-I). This infOimation may not be exact because 
the numbers of the cultivars introduced or abandoned cluster around decade ends. This would 
suggest that there must be some memory lapses, as the information was based on memory and 
not on written records. The recall period, however, spans different generations of people, since 
the composition of the village groups from which the information was elicited involved people 
of different age groups. The overall trend appears consistent with historical experience. The 
mean numbers introduced or abandoned per period of time were relatively low until the 1931-
1940 decade from which time they began to increase rapidly. 

~,-----------------------------------------, 

20 

5 

• No. introducro 

~ No. abandoned 

22 

1901-19101911-1920 1921-19301931-19401941-19501951-1960 1961-1970 1971-1980 
Year 

Fig. VI-I. ~umber of cassava genotypes introduced and abandoned in the representative villages 
in I O-year intervals, 1901 to 1980 
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Table VI-3 continued 

Q SNO. bitswt shaplv colpt braht colsh pubes colirt calfn locname villname climate altitude gfirst cbulk hyield from 

~ 17 Sweet Broad Branch None Reddish White Gobebro blanc Digbouho Humid Low NA N NA NA 

t- 18 Sweet None Batekofi Aprompron Humid Low NA N NA NA 
19 Sweet Broad Red Branch None Reddish White AssQvamble Ekradon Humid Low NA Y Y Nvill 

." Banova Digbouho Humid Lo,", NA Y Y Ftown 
.g Bononua Sebollc-sibollO Humid Low 1980 Y Y Fvill 
~ Manioc blanc Kangreta Humid Low NA Y N NA 
~ Bonoua Kangreta Humid Low 1940 Y Y Fvill 

'" 20 Broad Branch Green None Reddish Cream Bonoua blanc Komambo Subhumid Low 1984 N Y Fvill ... 21 Sweet Broad Branch Purple None Reddish White NA Angouakoukro Subhumid Low NA N N NA 
22 Bitter Broad Red None Cream White Manioc Godesso Humid Low NA N N Nvill 
23 Broad Red Branch Purple None White Benova Zahibo Humid Low 1972 Y Y Ftown 
24 Bitter Broad Red Branch None Cream White Adjo Ekradon Humid I,ow NA N Y NA 
25 Bitter Broad Red Branch None Reddish Cream Kolaka Gahougnagbolilie Humid Low 1984 Y Y Ftown 
26 Sweet Broad Red Branch Purple None White Bonoua Brofodoume Humid Low 1945 Y N Fvill 
27 Sweet Broad Red Branch None White Cream Bonoua rouge Blole Humid Low 1983 Y N Fvill 
28 Sweet Broad Red Green None Cream Bovanga Brofodoume Humid Low NA Y N NA 
29 3road Red Branch Purple None Cream White Dabuu Kripoko Subhumid Low 1979 Y Y NA 
30 Sweet Broad Red Branch None Reddish Cream NA Allakro Humid 'Low NA N NA NA 
31 Rmad Red Branch Purple None Reddish Cream Bonoua Komambo Subhumid Low 1984 N Y Fvill 
32 Sweet Narrow - Branch Positive Reddish White Yolabou Kangreta Humid Low NA Y N NA 
Notes 
as in table VII·2 

I 





Table VI-4 continued 

SurvnOI Villno V1Ilname 

136 36 Saoua 
137 37 Okromodou 
138 38 Dogbo 
139 39 Meneke 
14() 40 Gnity 

Notes 
Survno 1 = survey number of village 
Villno = village identification number 
Villname = village name 
Varyl = first landrace abandoned 
Bitswtl = whether Varyl is bitter or sweet cassava 
Yearl ~yearVaryl abandoned 
Reas I = reason Vary I abandoned 
Vary2 = second landrace abandoned 
Year2 = year Vary2 abandoned 

Vary 1 Bitswtl Yearl Reasl 

Agbahouphoue Sweet 1989 Yield 
Akangba Sweet 1958 NA 
NA NA NA NA 
Djogble Bitter 1979 NA 
NA NA NA NA 

Reas2 = reason Vary2 abandoned 
Bitswt2 = whether Vary2 is bitter or sweet cassava 
yield ~ low root yield 
process = poor processing qualities 
weed = weed susceptible 
cyanogen = high cyanogen content 
branching ~ unsuitable branching habit 
NA ~ not available 

Vary2 

NA 
Kina 
NA 
NA 
NA 

Bitswt2 

NA 
Sweet 
NA 
NA 
NA 

Year2 Reas2 

NA NA 
1958 NA 
NA NA 
NA NA 
NA NA 





VII. Farmer-desired Attributes of Cassava CuItivars 

The relative frequencies of reasons for abandoning cultivation of the 37 cassava cultivars in the 
representative villages are presented in fig. VII-I in decreasing order of the frequencies. The 
figure shows, for example, that the cultivation of 27% of the cultivars was abandoned because 
of low root yield. The implication is that in the villages where the cultivation of these cultivars 
was abandoned, the farmers were selecting for high root yield; similarly they were selecting for 
low HeN potential, weed suppression, good processing qualities, certain branching character
istics, and so on in areas where the cultivation of cultivars were abandoned because of related 
reasons. 
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Fig. VII-I. Percentage distribution of abandoned cassava cultivars by the reasons why 
they were abandoned 

Root yield 

Level of root yield was an important consideration in the selection of cassava genotypes 
because it determined the production oost per unit of output. It was a less important consideration 
to fanners who were close to market centers (table VII-I) because, compared with fanners 
further away from the market centers, they were more concerned with rice than with cassava 
production for sale. Level of root yield was, however, an important consideration to farmers 
who made attieke, a granulated processed cassava product which had a high market value. 
Level of root yield was also a more important consideration outside the humid zone than within 
the humid zone (table VII -2) suggesting that perhaps root yield may be environmentally 
determined. Only sweet cassava genotypes were abandoned because of low root yield; farmers 
classified relatively more bitter genotypes than sweet genotypes as high yielding. Root yield will 
be discussed in greater detail in a later chapter. 
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Postharvest scientists at IITA maintain that the development of mechanized technology to 
reduce the labor required and wastage is constrained by the physical characteristics of the 
cassava roots, which vary in shape depending on variety, growing environment, and age. The 
roots also lack uniformity in size; from the same plant there could be roots of different sizes. 
A high yield is not only in terms of the number of roots per plant but also in terms of root 
size, the larger the better. However, efficient mechanization of peeling and grinding or grating 
may depend on developing an optimum root size. 

The postharvest scientists also maintain that the physical characteristics of the skins of the 
roots could influence the peeling labor as well as the amount of the product lost at the peeling 
stage. For example, skin which can be rolled or rubbed off will reduce product waste and 
require less labor than skin which has to be slashed off. A rubber knife has been designed 
whch can be used to scrape the skin off cassava roots depending on their thickness and 
adherence to the root flesh. However, the skin of the majority of ex isting cassava genotypes 
can only be peeled by slashing it off the flesh of the root with a sharp knife. 

The postharvest scientists at IIT A also maintain that the processing costs of certain cassava 
products, namely, flours, dried chips, etc., could be significantly reduced if genotypes could be 
developed which contain less moisture. The higher the moisture content, the higher the drying 
cost and the lower the quality of the end product. The problem of high moisture content at 
the processing stage may not, however, be relevant to cassava products such as granules, 
pastes, and even some chips which are made using techniques which involve water expressing. 

These hypotheses of the postharvest scientists indicate that there could be breeding oppor
tunities in postharvest issues in cassava. Breeding can contribute to reducing processing costs 
which arise from high labor needs and from postharvest handling losses, and towards the 
improvement of product quality at the processing stage. 
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VIII. Pest and Disease Problems 

Introduction 

Smallholders do not usually attempt to control the pest/disease problems of cassava with 
pesticides because of limited access to such chemicals and because cassava has low value per 
unit weight. Yet, as has been pointed out, the area of cassava grown continues to increase in 
most villages which suggests that certain production practices make at least some contribution 
to cassava plant protection. This section aims to assess the incidence and severities of key 
pests and diseases in relation to farm level conditions, practices, and market circumstances. The 
emphasis is on two pests, CMB and CGM, and two diseases, ACMD and CBB, because of 
their economic significance. 

The premise is that farmers manipulate cultural practices rather than use pesticides to achieve 
at least a partial control of pests and diseases. No attempt is made to test this hypothesis in 
a biologically scientific sense. The information was obtained using mostly social science survey 
methodologies and not controlled experiments or repeated field visits. Consequently, it is not 
appropriate to consider the correlations established between the farmers' practices or their 
socioeconomic circumstances and any of the pest/disease problems as cause-and-effect 
relationships. The results presented should, therefore, serve as hypotheses to guide further 
research which will lead eventually to scientific explanations. 

There are interactions among the various pests/diseases of cassava and the biological 
environment (F abres et al. 1994) and hence the need for an holistic approach to the complex. 
This is consistent with the views of Kesiwani (1987), who states that multiple infections by 
different pathogens and interactions between them are very common with tropical crops and 
complicate diagnosis, estimation of crop losses due to disease, and control procedures. 

Spread, incidence and severity of the problems 

ACMD was the most widespread and had the highest incidence of all four problems (table 
VIII-I). CBB was next to ACMD in spread and in incidence; its symptoms were observed 
in 85% of the representative villages. CMB was the least widespread. It was observed in 5% 
of the representative villages; it also had the lowest incidence. ACMD has been known since 
1894 and it has been studied since the 1930s (Hahn and Keyser 1985; Thresh et al. 1994). 
Hahn et al. (1981) reported that ACMD was the most widespread disease of cassava in 
tropical Africa and India and it was regarded as the most important vector-borne disease of 
any African food crop in a recent economic assessment (Geddes 1990). However, CGM as 
well as CMB and eBB have a very different history as they are recent introductions and were 
first reported in Africa only about 20 years ago (Nyiira 1975; Hahn et al. 1981; Yaninek 
1994). CMB symptoms were observed in only 5% of the villages. The representative villages 
by symptom severity scores of the problems are shown in figs. VIII-l to VIII-4. 

Table VIII-I. Spread and incidence of four major cassava pests/diseases by climatic zone 

Climatic zone No. assessed Villages (landraces) affected (%) 

Villages LanEiraces CMB CX3M ACMD CBB 

Humid 28 187 4(1) 7(2) 96(41) 21(4) 
Subhumid 8 55 12(7) 12(7) 88(40) 12(2) 
:-Ionhumid 3 22 0(0) 0(0) 100(50) 33(14) 

All zones 39 271 5(2) 8(3) 95(42) 21(5) 
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Fig. VIII-3. Representative villages by maximum symptom severity score (0-4 scale) of African 
cassava mosaic disease (ACMD) 
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Fig. VIII-4. Representative villages by maximum symptom severity score (0-4 scale) of cassava 
bacterial blight (CBB) 
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The combined data further show that the incidences of all the pest/disease problems were 
lower in villages which used hired labor than in those which did not. The statistical relationships 
between the use of hired labor and the symptom severities of the various pests/diseases were 
similar to the relationships between the use of chemical fertilizers and symptom severity. Severity 
scores of ACMD, CGM, and CBB were statistically lower in the villages where hired labor 
was used than elsewhere. The main difference was that the probability levels of significance 
were lower for the relationships of the pests/diseases with the use of hired labor than with the 
use of chemical fertilizers. 

3. Selection of planting material 

Cassava is propagated vegetatively and the use of planting material derived from pest-infested 
or pathogen-infected plants is a common way of spreading many of the pests/pathogens of the 
crop (Rossel et al. 1994). Hence, the selection and use of planting materials derived solely 
from healthy plants can reduce their incidence and severity. The farmers' sources of planting 
materials were mainly their own production fields or neighbors and sometimes cassava marketing 
middlemen. The farmers selected cuttings for cleanliness to only a limited degree. When they 
had alternative sources they would derive cuttings from plants not older than 12 months and 
they would use freshly cut materials. They would not use stems which carried lesions or 
cankers but did not always discard stems affected by pests/diseases. 

4. Selection of cultivars 

However, farmers did select cultivars for resistance against pests/diseases and would abandon 
cultivars that were very susceptible to any of these. It has been explail).ed above that there was 
a turnover in cassava landraces; farmers were continually introducing new landraces with desired 
attributes into their cropping systems. Such landraces were not necessarily improved varieties, 
but were often local and varied with villages, regions, and countries. As new landraces were 
introduced, the farmers often abandoned existing ones that may not possess the desired attributes. 
The main sources of new cassava planting materials for a village were neighboring villages and 
towns. Some material was also reported to have been introduced from other countries. Such 
material was brought by traders, migrant farmers, development agencies, and churches or 
other nongovernmental organizations. 

The relatively low ranking of pests/diseases as a reason for abandoning the cultivation of 
cassava landraces could be due to cassava's relative tolerance (Fresco 1993) and the lack of 
serious pests/diseases other than ACMD as problems until recent decades. Moreover, the data 
on the turnover in cassava genotypes were collected after IITA's large-scale biological control 
project had been mounted against CMB. The ordinal ranking of the reasons is not entirely 
objective because most of the undesirable attributes of cassava are interrelated and not 
independent. For example, the susceptibility of cassava to pests/diseases is closely linked to 
low yield (Akinlosotu 1985). 

There could be some relationship between the turnover in cassava landraces and the history 
of cassava pest/disease outbreaks in Africa. As noted earlier, the mean number of landraces 
introduced or abandoned per period of time was relatively low until the 1930s and 1940s, 
when the numbers begans to increase rapidly. It was mentioned above that Jones (1959) 
reported that agricultural stations in several of the colonial countries including Ghana, Nigeria, 
Madagascar, and Tanzania attempted to develop improved cassava varieties by selection and 
breeding. The programmes were largely in response to the occurrence and rapid spread of 
ACMD in the 1930s, when it was reported from a number of localities extending along the 
coast of West Africa and eventually over most of the cassava area. 
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X. Processing Technology 

Processing is important for the marketing of cassava. In their fresh fonn, cassava roots are bulky 
and perishable; processing reduces the bulk and extends shelf-life and therefore reduces transportation 
cost. Fresh cassava roots have a low value per unit weight; processing adds value and extends the 
market, especially to urban consumers. In addition, fresh roots of some cassava cultivars contain 
cyanogens which are reduced or eliminated through processing. 

Processing steps 

Cassava processing involves a combination of activities which are perfonned in stages. Such 
activities are peeling; chipping, milling, slicing, or grating; dehydration by pressing, decanting, 
drying in the sun or over a hearth, or frying; fennenting by soaking in water or by heaping; 
sedimentation; sieving; and cooking, boiling, or steaming. The number of steps required and the 
sequence vary with the products being made. The sequence of activities also generates a wide 
range of intermediate products which can either be sold or stored until the need arises. Hence, 
it is not always easy to distinguish between intennediate and end products of processed 
cassava. In addition, some of the processed products are ready to eat without further cooking, 
while others require some extra preparation. The following analysis is based on end products, 
those which enter the marketing system. This will include some intermediate products, such as 
cassava chips. Following Nweke (\994b) the major products and the steps involved in producing 
them are shown in fig. X-I and discussed on page 74. 
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Table X-2 continued 

SurvnOI Villno Villname Locname Category Ferm Vary Gen 

139 39 Meneke Gari Granules Y S NA 
Gari Granules N S F 
Foutou Fresh roots N S F 

140 40 Gnity Placali Pastes N S NA 
Placali Pastes Y S F 
Attieke Granules Y B F 

Notes 
The products afe li'>ted within village in decreasing order of importance in terms of quantity produced 
SurvnO 1 = survey number 
VilIno = village identifK:ation number 
Villname = village name 
Locname = local name 
Category ~ general name 
Fenn = whether processing method involved fennentation 
y ~ yes, N ~ no 
Vary ~ type of cassava most suitable for making the product 
B ~ bitter, S ~ sweet 
Gen ~ gender that performs most of the processing tasks 

Na = information not available, F = female, M = male 

Level of cassava processing 

An average of about 45% of the total cassava produced in the representative villages was 
transformed into the various processed products while the remainder, about 55%, was used in 
the fresh form. This was the case even though, as already pointed out, 88% of the cassava 
fields were planted with only sweet cassava, 2% with sweet and bitter types, and 10% of the 
fields were planted with only bitter cassava types. The level of processing was high even 
though production was mostly of the sweet type because the consumption of cassava in its 
unprocessed form is limited by the extreme perishability of the roots which begin to deteriorate 
within 24 hours after harvesting. With the present facilities for storage and transport, it is 
difficult to market fresh cassava at any distance from the place where it is grown. Processed 
cassava, on the other hand, is less bulky to transport and by far less perishable than fresh 
roots. Perhaps for this reason, cassava is usually eaten in processed forms (Berry 1993). Most 
(55%) of farmers who cultivate both the bitter and the sweet genotypes in the COSCA study 
countries reported that the bitter genotypes were preferred for processing. 

The combined data further showed that there was a negative correlation between the proportion 
processed and the various market factors. For example, the proportion processed was lower 
among villages located around market centers than in others located further away from market 
centers. Farmers in remote areas market most of their cassava in processed forms. The 
proportion processed was significantly higher in fields planted for sale than in fields planted for 
home use. Fresh roots which are bulky and which have a short shelf-life are expensive to market. 
In Cote d']voire, market access conditions did not influence the proportion of cassava processed 
(table X-3), an indication that there was little market incentive for cassava processing because 
of easy access to imported food, especially rice around market centers. 

Berry argues that to assess cassava's potential for increasing food production and food 
security in semiarid areas, it is important to know how far the advantages of cassava's tolerance 
of drought, poor soil, and irregular labor inputs may be outweighed by the fact that processing 
is dependent on the availability of water; that the importance of water for processing is 
potentially a serious constraint for increased reliance on cassava both as a source of local food 
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security in times of drought, and as a source of steady real income for rural households. In 
areas where water is available for only a few months out of the year, the possibility of relying 
on piecemeal harvesting and processing of cassava to even out a seasonal variation in income 
and food supply may be significantly reduced. Hence, apart from ecological constraints on 
increasing production, developing cassava as a source of food security in semiarid and/or 
drought-prone areas may depend in part on people's willingness to grow and consume fresh 
roots of cassava varieties which are low in cyanogens (Berry 1993). 

Table X-3. Percentage of cassava processed by climatic zones, number of people buying fuelwood, and 
distance to market 

Zone Mean Minimum Maximum Standard No. of 
deviation households 

._-_ .. 
Climatic zone: 

hwnid 41 0 100 25 31 
subhumld and nonbumid 53 30 80 28 7 

No. of people buying fuelwoad: 
none or few 41 0 80 23 28 

many or most 49 10 100 30 \0 

Distance to market: 
10 km or less 43 0 80 25 15 

all others 41 20 70 22 9 

However, while water availability may determine the type of cassava product made, it did 
not affect the quantity of cassava processed; therefore, it is not likely that the importance of 
water for processing is a serious constraint for increased reliance on cassava as a source of 
steady real income for rural households even in areas of low rainfall or in periods of drought 
without having to grow cassava varieties which are low in cyanogens. But it is likely that the 
importance of water for processing could be a serious constraint for increased reliance on 
cassava as a source of local food security in times of drought especially in the drought-prone 
dry climates which produce bitter cassava. It is possible that shortage of water could compel 
processors in such areas to make chips and flour, their major product, from bitter cassava, 
with the technique of sun-drying with insufficient soaking or without soaking at all. This technique 
which is usually adopted for processing sweet cassava if adopted for processing bitter cassava 
would result in products which contain considerable amounts of cyanogens (Hahn 1989). 

The method of direct sun-drying of cassava roots after peeling without adequate soaking has 
a little significance in reducing the cyanogens. This is because the root tissue is not effectively 
disintegrated, giving no chance for the enzyme linamarase to act on the cyanogenic glucoside 
to liberate hydrogen cyanide (Bokanga 1992). The roots which are split into smaller pieces 
before sun-drying have an increased surface area which exposes more tissue of the roots thus 
enhancing the action of linamarase enzymes. 

The proportion processed was higher where many or most people bought fuelwood and hence 
where fuel wood was scarce than where none purchased fuelwood and hence fuelwood was not 
scarce. Hence, the level of cassava processing did not also depend on fuelwood availability. 
Availability or scarcity 0 f water or fuelwood, which in some places detennines the type of cassava 
product made, did not determine how much cassava was processed. This is because cassava 
processing is flexible; it is easily adapted to take advantage of locally available resources. 

These analyses show that water or fuelwood scarcity is not a constraint to the level of cassava 
processing; level of processing and type of product made were both adversely affected by the 
lack of market incentive resulting from easy access to imported rice around market centers. 
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The proportion of cassava fields planted for sale was higher among villages which sold 
mainly to the middlemen than among others which sold directly to conswners. In other words, 
the proportion marketed increased as the participation of middlemen in the marketing process 
increased. The participation of middlemen discouraged diversification away from cassava 
production as the market access infrastructure got better. 

Marketing channel 

The farmers sold cassava in the field before harvest; they sold cassava roots after harvest in 
the rura1 markets, in the urban markets, and also at their homes. About 15% of the representative 
villages sold cassava in the field before harvest and 85% sold cassava roots after harvest, 10% 
at home, 65% in the rural market, and 10% in the urban market as their most frequent points 
of sale (fig. XI-I). Sale of cassava in the field before harvest saved the farmer not only the 
.harvesting labor but also a range of marketing functions such as transportation, processing, 
storage, retailing, and a host of market risks and uncertainties. 

Sale of cassava in the field befort; harvest was higher among villages that used cassava 
mainly in the form of fresh roots than in any of the processed forms. Since cassava roots have 
a short shelf-life, those who use fresh roots and wish to buy more than they require for a day 
or two must buy in the field before harvest where it can be stored. 

The farmers made the sales to the middlemen, traders, and processors, and directly to 
conswners at each of these points of sale. About 25% of the representative villages sold to 
traders, 25% to processors, and 50% sold directly to conswners as their most frequent buyers. 
Berry (1993) observes that commercial cassava production in Nigeria entailed changes in 
contractual arrangements and market structures. People who plant cassava as a commercial 
investment often sell the crop in the ground. after a few months, to buyers who asswne the 
risks and costs of managing the farm until harvest time as well as of harvesting and marketing 
the tubers. The middlemen were widespread, being available in more than 50% of the villages 
surveyed. 

Level of farm households' cash income 

In 1992, mean cash income at current prices per household was about 288000 FCFA. At 
an average monthly exchange rate of 266 FCF A to a dollar in the same year, and the average 
of 9 persons per household, the mean cash income per person was equivalent to US $114 
which amounted to 25% of agricultura1 GDP per capita in the same year. It was shown above 
that about 50% of cassava fields were planted for sale and that the proportions of other crops 
planted for sale were likely to be lower. Therefore, farm cash income per person was likely 
to be substantially lower than the agricultural GDP per person. The cash income of the 
representative farmers in Cote d'Ivoire was dominated by earnings from tree crops which 
constituted 76% of the mean cash income per household surveyed. The tree crops were mainly 
cocoa, coffee, oil palm, kola nut, rubber, and coconut. Food crops contributed only 15% of 
the household cash income. Nonfarm activities included craftsmanship, trading, wage employ
ment, unskilled nonfarm labor, farm product processing, off-farm forest products extraction such 
as palm wine tapping, hunting and lwnbering, and traditional medical practices. These activities 
did not constitute major sources of cash income (just 1%) among the representative house
holds. Livestock, including chicken, sheep, pigs, goats, and to a small degree cattle, contributed 
just 3% of the households' cash income. Therefore, in the cassava-producing areas, tree crop 
production was the major .source of cash income for the smallholder households. 
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Fallow Systems Charts 

Notes 

Appendix 

Village level information which may drive the systems is presented as descriptive data at the village level. This 
includes pests/disease symptom severity scores which were determined at the village level: 

CMB = Cassava mealybug 
CGM = Cassava green mite 
ACMD = African cassava mosaic virus disease 
CBB = Cassava bacterial blight' 

The score is on a scale of zero for no symptom to 4 for the most severe symptoms. 

Systems data are plotted; months and years, are presented along the horizontal axis beginning with 
January (J for January) of Year I as Jil to December (not indicated) up to December of Year 20; the last J/O 
refers to Japuary of Year 20. 

The systems are standardized at a 20--year period to accommodate the longest rotation cycle described 
in any representative village; short rotation cycles are repeated several times within the 20-year period. 

Crops are listed in boxes; a set of crops consists of boxes which touch one another vertically, The boxes 
are positioned in a decreasing order of the importance of the crops in the set, as ranked by the farmers, 

Each box covers the growth cycle, beginning with peak planting month for the crop and ending with 
peak harvesting month, 

Relevant .system information which could not be plotted is listed for each system as descriptive data, 
Crop calendar, although plotted in the charts, is also presented as descriptIve data to facilitate the reading of 
the charts, 

However, the calendar information could only be listed for the first set of crops in each system because 
of space limitation. 

Other abreviations 
MZ = Maize 
SP = Sweetpotato 
BP = Beans/peas 
SM = Sorghum/millet 
C01T = Cotton 
SES = Sesame 
CASS = Cassava 
S ,FL = Sunflower 
CALA = Calabash 
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Chart 26. Crop production systems in MEDIBLJ village 

Descriptive data 

------VILLAGE---------------
Name = MEDIBLI Identification number:; 29 
Lon. = 8.1000 degrees Lat. = 6.5000 degrees 

Altitude = 295 meters 

Total annual rainfall = 2007 millimeters 
Growing season: beginning = March; length = 10 months 

mean temp = 26.1 deg. cent.; temp. range = 12.8 deg. cent. 
Climatic zone = Humid 

Population density = 24 personslsq km. 
Distance to nearest city = 10 kilometers 
Main market: distance = Nt A; access means = foot/head 
Main cassava buyer = Nl A 

eMB symptom severity score = 0; CGM symptom severity score = 1 
ACMD symptom severity score = 0; CBB symptom severity score = a 

Cattle kept in village? Yes; Method = free range 
Sheepfgoats kept in village? Yes; Method = free range 
Coffee grown in village? Yes 
Cocoa grown in village? Yes 
Oil palm grown in village? No 

Mean cassava root yield in village == 0 tons per hectare. 
Mean field area (all erops)/household = 0.61 hectares; 
Mean household size == 4.13, number of households = 7 

Mean soil properties (No. of samples =6) 

number of fields = 2' 

129 

Depth = ()-20 em 
Avail P = NA Ca++ = NA 
K+ = NA Mn++ = NA 
Mg- = NA Total N = NA 

Avail P = 0.7 
K'=O.I 
Mg~= 0.9 
K:S ratio = 9 

Depth = 20-40 em 
Ca++= 2 
Mn++ = 0.1 
Total N = 0 

K:S ratio = NA Mg:K ratio = NA 
Mn:P ratio = NA N:P ratio = NA 
N:S ratio = NA Org. C = NA 
Org. matt = NA pH = NA 
Sand = NA Silt = NA 
S:P ratio = NA TEB = NA 
Total S = NA BS = NA 
Ca:Mg ratio = NA Ca:S ratio = NA 
Clay = NA CoN ratio = NA 
Na' = NA ECEC = NA 
EPP = NA ESP = NA 
TEA=NA 

Mn:P ratio = 0.1429 
N:S ratio = NA 
Org. matt = I.4B 7 
Sand=52 
S:P ratio = NA 
Total S = NA 
Ca:Mg ratlo = 2.2222 
Clay = 40 
Na' = 0.3 
EPP = 2.3256 
TEA = I 

-----------SYSTEM2----------------------
Land [ann = Nt A; land location = nonresidential area 
Fallow period = 7 years; vegetation at the end of fallow = plain land 
Seedbed type = flat (no tillage) 
1 st crop = rice; peak planting month = March; age at harvest = 5 months 

-----------SYSTEM3-----------------------
Land fonn = dry plain; land location = nonresidential area 
Fallow period = 1 year; vegetation at the end of fallow = treesJshrubs 
Seedbed type = flat (no tillage) 
I st crop = cassava; peak planting month = April; age at harvest = 12 months 
2nd crop = rice; peak planting month =March; age at harvest = 5 months 

Coffee-based systems are not indicated 
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Mg:K ratio = 9 
N:P ratier= 0 
Org. C=0.82 
pH = 4.5 
Silt = 8 
TEB = 3.3 
BS = 76.7442 
Ca:S ratio = NA 
C:N ratio = NA 
ECEC=4.3 
ESP=6.9767 
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Chart 30. Crop production systems in TAKRA-ADlEKRO village 

Descriptive data 

------VILLAGE--------------
Name ~ TAKRA-ADlEKRO ldentificahon number ~ 33 Altitude = 255 meters 
Lon. ~ 5.3800 degrees Lat. ~ 7.8833 degrees 

Total annual rainfall = 1224 millimeters 
Growing season: 'beginning = April; length = 8 months 

mean temp = 27 deg. cent.; temp. range = 10.6 deg. cent. 
Climatic zone = l'';A 

Population density = 12 persons/sq km. 
Distance to nearest city = 12 kilometers 
Main market: distance = 12 kilometers; access J.1lcans = foot/head 
\!lain cassava buyer == trader 

CMB symptom severity score = 0; CGM symptom severity score = 3 
ACMD symptom severity score = 0; eBB symptom severity score = 2 

Cattle kept in village? ~o 

Sheep/goats kept in village? Yes; Method = free range 
Coffee grown in village? Yes 
Cocoa grow'n in village? No 
Oil palm grown lfl village') Yes 

Mean cassava root yield in village = NA, number of fields = 0; 
Mean field area (all crops}/household = 0.48 hectares; 
Mean household size = 2.5, number of households = 4 

Mean soil properties 
NA 

-----------SYSTEMI-----------------------
Land form = dry plain; land location = nonresidential area 
Fallow penod = 3 years; vegetatlOn at the end of fallow = trees/shrubs 
Seedbed type ~ heaps 
1st crop = yams; peak planting month = April; age at harvest = 7 months 
2nd crop = plan.; peak planting month =April; age at harvest = 12 months 
3rd crop = cassava; peak planting month = June; age at harvest = 12 months 

------ SYSTEM 2-----------
Land fonn = dry plain, land location = nonresidential area 
Fallow period = 3 years; vegetation at the end of fallow = N/A 
Seedbed type ~ nat (no tillage) 
I st crop = rice, peak planting month = July; age at harvest = 4 months 
2nd crop = cassava, peak planting month =July; age at harvest = 12 months 
3rd crop = plan.; peak planting month = July; age at harvest = 12 months 

\54 COSCA Wurking Paper No. 23 
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Chart 33. Crop production systems in KOMAMBO village 

Descriptive data 

VILLAGE -------------- 136 
Name~ SAOUA Identification number 00= 3(i A I titude = 2 [0 meters 
Lon. = 4.7300 degrees Ln. = 7.55t10 degrees 

Total annual ramfall = 1219 millllllC'tcrs 
Growing season. beginning April. length =- 8 months 

mean temp = 27.4 dcg. cent.; temp. ri.lnge == 10.4 deg cent. 
Climatic zone = Nonhumid 

Population density = 24 persons/sq km. 
Distance to nearest city = 50 kilometers 
Main market: distance = N/A; access means = motor vehicle 
Main cassava buyer = consumer 

eMB symptom severity score = 0; CG M symptom severity score = 2 
ACMD symptom severity score = 0; eBB symptom severity score = 0 

Cattle kept in village'! No 
Sheeplgoats kept in vIllage? Ycs~ Method = free range 
Coffee grown in yiilage? Yes 
Cocoa grown in village? No 
Od PJlm grown in village? Yes 

MeJ.n cassava root YIeld in village = 4.5 tons per hectare, 
\1ean field area (all crops)/household = 0.51 hectares; 
Mean household size = NA, number of households ='NA 

Mean soil properties (No. of samples =12) 
Depth ~ 0-20 em 

Avail P~3.9167 
K' ~ 0.2333 
Mg- ~ U5 
K,S ratio ~ 65.0 126 
Mn:P ratio ~ 0.1898 
N,S ratio ~ 62.8235 
Org. matt ~ 2.3648 
Sand~58.1667 

S:Pratio~O.OOI7 

Total S ~ 0.0104 
Ca:Mg ratIo ~ 3.1084 
Clay ~ 17.1667 
Na'" 0.3 
EPP ~ 3.1962 
TEA ~ 0.3 

Ca" ~ 5.05 
Mn" ~ 0.6167 
Total N ~ 0.1307 
Mg,K ratio ~ 8.3611 
N:P ratio ~ 0.0405 
Org.C~ 1.3717 
pH ~ 6.25 
Silt" 24.6667 
TEB ~ 7.1333 
BS ~ 91.6667 
Ca,S ratio ~ 603.0151 
CN ratio ~ 10.2333 
ECEC ~ 7.4333 
ESP ~ 5.0075 

number of fields = 1; 

Depth ~ 20-40 em 
Avail P ~ 13.4333 Ca- ~ 1.6667 
K' ~ 0.0917 Mn" ~ 0.44 
Mg" ~ 0.7833 Total N ~ 0.0835 
K,S ratio" 11.4444 Mg:K ratio" 11.4444 
Mn:P ratio = 0.541 N:P ratio·= 0.0412 
NcS ratio ~ 36.365 Org. C ~ 0.7367 
Org. matt ~ 1.27 pH ~ 5.4333 
Sand" 64.6667 Silt~ 19.3333 
S P ratio ~ 0.0029 TEB ~ 2.825 
Total S ~ 00262 BS ~ 74.7393 
Ca:Mg ratio ~ 1.9393 C"S ratio ~ 1486.6657 
Clay ~ 16.1667 C N ratio ~ 8.6333 
Na' ~ 0.2833 ECEC ~ 3.725 
EPP ~ 2.8312 ESP ~ 8.8268 
TEA ~ 0.9 

------SYSTEM I -----------
Land fonn = dry plain; land location = nonresidential area 
Fallow period = 10 years; vegetation at the end of fallow = grass/trees/shrubs 
Seedbed type = heaps 
I st crop = yams; peak planting month = April; age at harvest = 8 months 
2nd crop = cassava; peak planting month =April; age at harvest = 3 months 
3rd crop = plan.; peak planting month = April; age at harvest = 12 months 

Coffee-based systems arc not indicated 

160 COSCA WMking Paper No. 23 
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Chart 34. Crop production systems in OKROMODOU yillage 

DescriptiYe data 

------yILLAGE-------_______ _ 
Name = OKROMODOU Identification number = 37 Altitude = 120 meters 
Lon. =; 5.6700 degrees Lat. = 5.3500 degrees 

Total annual rainfall = 1555 millimeters 
Growing season: beginning = March; length = 10 months 

mean temp = 26.2 deg. cent.; temp. range = 7.2 deg. cent. 
Climatic zone"" Humid 

Population density = 12 persons/sq km 
Distance to nearest citv '" 55 kilometers 
Mam market: distanc~ = 1\JA; access means = footlhead 
Main cassava buyer = trader 

CMB symptom severity score =; I; CGM symptom severity score"" 1 
ACMD symptom seventy score = 0; eBB symptom severity score = 0 

Cattle kept in village? 1\0 
Sheep/goats kept in village? Yes; Method =; free range 
Coffee grown in vlllage? No 
Cocoa grown in village? Yes 
Oil palm grown in village'? 1\0 

Mean cassava root yield in village"" 20 tons per hCCIJl"e. 
Mean field area (all crops)lhousehold =; 0.28 hcctJTCS; 
Mean household size = 2.5, number of houscho Ids =; 4 

Mean soil properties (No. ofsamplcs =CI) 

nUlllbl'[' of fields - ,. 

137 

Depth = 0-20 em Depth:: 20-40 cm 
AvailP=2.9167 Ca"= 1.9667 
K' = 0.Q25 Mn" = 0.9333 
\1g- = 1.0833 Total I> = 0.0545 
K:S rabo= 0.3597 Mg:K rat.o = 85.8333 
Mn:P ratio = 0.3321 N:P ratio = 0.0186 
N:S rabo = 18345 Org. C = 04267 
Org matt = 0.7356 pH = 5.85 
Sand = 74.8333 Silt = 13.6667 
S:P ratio = 0.0099 TEB = 3.2917 
Total S = 0.0278 BS = 87.4119 
Ca:Mg ratio = 1.7556 Ca:S ratio = 57.554 
Clay = 11.5 CN ratio = 7.5833 
Na' = 0.2167 ECEC = 3.7083 
EPP = 0.5442 ESP~5.9124 

TEA = 0.4167 

Avail P = :"JA 
K'= NA 
Mg" = NA 
K:S ratio = NA 
Mn:P r~tio = NA 
N:S ratio = NA 
Olg. mJtt =; f'A 
S~lI1d - NA 
S"P r;.)llo = NA 
TeolJi S = "JA 
Ci.l:Mg ratio = NA 
Citiy .0 NA 
Na' ~ NA 
EPP = NA 
TEA = NA 

------- SYSTEM 1------------
Land fonn = middle slope; land location = nonresidential Jre;] 
Fallow period < 1 year; vegetation at the end of fallow = N/A 
Seedbed type = flat (no tillage) 
1 st crop = rice; peak planting month = March; age at harvest == 3 months 
2nd crop = plan.; peak planting month =March; age at harvest'" 12 months 

-----------SYSTEM2-----------------------
Land form = mixture of upland and lowland; land location = reSidential area 
Fallow period = 3 years, vegetation at the cnd of fallow = grassitrees/shrubs 
Seedbed type = flat (no tillage) 
1 st crop = cassava; peak planting month == March; age at harvest = 12 months 

------- SYSTE\1 J --------------
Land form:= dry plain: land location = nonresidential area 
Fallow period < 1 year; vegetation at the end offallow = N/A 
Seedbed type =; flat (no tillage) 
1st crop = cocoa; peak planting month = May; age at harvest == 48 months 
2nd crop =; yams, peak planting month =March; age al harvest =; 9 months 
3rd crop = eocoyams; peak planting month = March; age at harvest == 12 months 
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Ca- = NA 
Mn- = NA 
Total N = NA 
Mg:K ratio = NA 
N:P ratio = NA 
Org. C = NA 
pH = NA 
Silt = NA 
TEB = NA 
BS= NA 
Ca: S ratio = NA 
C1\ ratio = NA 
ECEC = NA 
ESP = NA 
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Chart 37. Crop production systems in G~ITY village 

Descriptive data 
------VILLAGE----------------
Name = GNITY Identification number = 40 Altitude = 50 meters 
Lon. = 6.5200 degrees Lat. = 5.1000 degrees 

Total annual rainfall = 1640 millimeters 
Growing season: beginning = April; length = 9 months 

mean temp = 24.6 deg. cent.: temp. range = 6.7 deg. cent. 
Climatic zone = Humid 

Population density = 12 persons/sq km. 
Dis.tance to nearest city = 50 kilometers 
Main market: distance == N/A; access means = foot/head 
Main cassava buyer = trader 

CMB symptom severity score = 0; CGM symptom severity score = 2 
ACMD symptom seventy score = 0; CBB symptom severity score = 0 

Cattle kept 10 village,) No 
Sheep/goats kept in village? Yes; Method = free range 
Coffee grown In village" Yes 
Cocoa grown in village? Yes 
Oil palm grown in village? No 

Mean cassava root yield in village = NA, number of fields = 0; 
Mean field area (all crops)lhousehold = 0.47 hectares; 
Mean household size = 5,58, n umber of households = 10 

Mean SOli properties (No. of samples =9) 

140 

Depth = ()-20 em Depth = 20-40 em 
Avail P = 5.825 Ca- = 1.9 
K'=0.135 Mn-=O.I 
Mg- = 1.025 Total N = 0.099 
K:S ratio = 7.9428 Mg:K ratio = 13.25 
Mn:P ratio = 0.0218 N:P ratio = 0.0199 
N:S ratio = 8.9704 Org. C = 1.175 
Org. matt = 2.0257 pH = 5.75 
Sand=77 Silt= 10 
S:P ratio = 0.0023 TEB = 3.285 
Total S = 0.0108 BS = 82.7303 
Ca:Mgratio= 1.9591 Ca:S ratio = 171.3721 
Clay = 13.25 C:N ratio = 12.85 
Na' = 0.225 ECEC = 3.885 
EPP = 3.4749 ESP = 5.7569 
TEA = 0.6 

Avail P = 5.5 
K-=0.166 
Mg- = 0.72 
K:S ratio = 4.8 
Mn:P ratio = 0.0547 
NS ratio = 4.3104 
Org. matt = 0.8792 
Sand = 76.8 
S: P ratio = 0.0039 
Total S = 0.0242 
Ca:Mg ratio = 2.06 
Clay = 15.4 
Na' = 0.36 
EPP = 5.1096 
TEA = 0.8 

------------SYSTEM 1--------------------------
Land form = upper slope/upland; land location = nonresidential area 
Fallow period < 1 year; vegetation at the end of fallow = J\"/A 
Seedbed type = flat (no ttIlage) 
1 st crop = cocoa, peak planting month = May, age at harvest = 48 months 
2nd crop = yams; peak planting month =April; age at harvest = 9 months 
3rd crop = cocoyams; peak planting month = Apnl; age at harvest = 12 months 
4th crop = plan.; peak planting month = April; age at harvest = 12 months 

------------SYSTEM3------------------------
Land form = middle slope; land locatIOn = nonresidential area 
Fallow period = 2 years: vegetation at the end of fallow = grass/trees/shrubs 
Seedbed type = flat (no tillage) 
1st crop = maIze; peak planting month = April; age at harvest = 3 months 
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Ca-= 1.18 
Mn- = 0.188 
Total N = 0.0706 
Mg:K ratio = 4.8 
N:P ratio = 0.0193 
Org. C = 0.51 
pH = 5.54 
Silt = 8 
TEB = 2.426 
BS = 72.0175 
Ca:S ratio = 116.5937 
C:J-; ratio = 6.66 
ECEC = 3.226 
ESP= 11.3167 
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Although tree crop production was the main source of household cash income, cassava was 
the most important food crop, generating cash income for more households than any other food 
crop in the cassava-producing area. Cassava was the most important crop in terms of land 
area as well as in farmers' ranking of the crops; rice was next to cassava. Cassava land area 
was expanding in most places in response to an increasing popUlation of immigrant tree crop 
workers. It was not, however, increasing around market centers where imported rice was easily 
available. Farmers were selecting local cassava cultivars for high root yield, low cyanogen level, 
large canopy for weed control , and for good processing qualities. Root yield was low in 
comparison with other COWltries because the cultivars were susceptible to major cassava plant 
pests/diseases. Intensified land-use practices such as purchased inputs were not adopted because 
of a low demand for cassava products arising from competition from imported rice. Cassava 
was commonly processed even though production was mostly with sweet cultivar types. Available 
improved processing technologies were not widely adopted because of the limited demand for 
cassava products. 




