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I 
Introduction 

Problem statement 
It is well recognized that farming practices for smallholder farmers are complex because 
of differences in the scope of expectations from family members in the endowment of 
resources. in dle management of the system. and in the type of oUlputs (and externalities) 
generaJed (Chambers et aI. 1989). Such complex systems at microlevel develop wide 
heterogeneous environments at macrolevel when a larger geographic area becomes the 
focus of the analysis. Additional factors that are common to smallholders. such as 
climate. vegetation. infrasb'Uctures. and policy reinforce the heterogeneity of environ­
ments and make it more difficult to develop technologies ahat can accommodate the 
specific conditions of each farming system. 

It is also important to recall that all fanning practices are subject to adjustment. 
change. and evolution (Tripp 1991). Historical studies have shown evidence that peasant 
farmers are nOl bound by tradition to follow an unchanging set of practices over time. 
Farmers respond to changing economic conditions (Boserup 1965; Askari and Cummings 
1976; Janvry and Dethier 1985), to the availability of new IeChnology (Smith et aI. 1994), 
to pressure from biotic constraints (Weber et aI. in press) and changing physical 
conditions such as drought (Prudencio 1986). As a result of that dynamic prQCcss, 
heterogeneity over time is added to heterogeneity over space. The challenge for the 
IeChnology developers is 10 achieve a high rate of return on research in heterogeneous 
envirorunents. 

It is now well accepted abat differences in adoption rates can often be explained by 
the natural and socioeconomic conditions of particular fanning systems rather than by the 
psychological traits of individual farmers and that more emphasis should be placed on 
identifying appropriate client groups for research before the research program is under 
way (Shaner 1984). Anoaber challenge faced by technology developers is to maximize 
the impact of the on-abe shelr technologies for problem solving. Here abe task is to target 
existing prototype technologies to appropriate areas for site-specific adaptation and 
extension purposes. 

Research objectives 
This swdy aims to identify and describe on a broad basis the principal agricultural systems 
of abe lowland humid and subhwnid parts or the Central African zone. Characterization 
is done by combining natural and dynamic socioeconomic factors that are responsible for 
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systems' evolution. By characterizing the current situation and the inherem dynamics of 
systems, the study is expected to captwe heterogeneity over space and time. The results 
can then be used to provide feedback for strategic development and technology Largeting. 
and also for site selection for on-farm testing. 

Limitations of the study 
This study is an overview of the dynamics of agricultural systems conducted at the 
regional level. Infonnation analyzed is of a more qualitative than quantitative nature and 
the result was not planned to provide insights into inpul/output coefficients which occur 
during the process of agricultural production. The macrolevel or country-level study is 
the fllst in a process of characterization that is planned in three phases (figure 1). It is 
expected that the next two phases which are at meso- /village-Ievel and micro-/ detailed 
on-farm level studies will provide more detailed and quantitative information. 

The main sources of data were literature reviews and interviews with national 
scientists. Consequently, the accuracy of the results will depend upon the quality and 
scope of these data. However. any inaccuracy in the information at the macrolevel of 
characterization is expected to be gradually reduced by the subsequent levels. 

2 



L
E

V
E

L
 

~
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

SP
A

C
E

 

M
A

C
R

O
 

B
io

pb
 .

ic
aI

 a
nd

 lO
C

:io
cc

of
to

m
Ie

 
~
 cIa

Ia
: G

ov
C

ll
ll

1l
C

aI
 p

ol
ic

y 

O
ve

rv
ie

w
 

"f
A

S
 

M
E

S
O

 
V

D
. 

gr
ou

p 
in

te
rV

le
W

l:
 

d
~
D
C
A
S
 
~
 _

_
_

_
 ~
 

M
IC

R
O

 

N
oc

" 
A

S
; 

PO
E

, 
PO

I, 
M

O
E,

 
M

O
l,

 

op
ie

ul
nm

d 
~
~
 

pO
pu

1a
n-

df
t .

..
..

 C
Ip

U
lI

io
m

 I
y

 ..
..

 m
 

po
j>

uJ
.n

o.
dr

i ..
..

. l
nt

ie
ns

irJ
C

.a
lio

n 
sy

""
rn

 
iM

1t
e1

.d
rl

ve
n 
e
x
~
i
o
n
 o

,.
 ...

 m
 

nw
U

l-
dr

iv
en

 i
I
I
~
 s

y,
"'

m
 

W
es

l A
fr

ic
a 

-
I 

F
ig

ur
e 

1.
 

C
ha

ra
ct

er
iz

at
io

n 
o

f a
g

rl
cu

lt
u

ra
l.

ys
ta

m
s:

 h
ie

ra
rc

hy
 o

f t
he

 r
es

ea
rc

h 

S
U

J-
""

at
io

na
l 

N
at

io
na

l 

R
eg

io
na

l 

V
ill

ag
e 

fa
nn

in
g 

H
ou

sc
ll

al
d 

C
ro

pp
in

g,
 L

iv
C

llo
ck

 

V
eg

et
at

io
n,

 S
oi

l, 
A

ni
m

al
. 



II 
Methodology 

Study area 
Subhwnid and humid parts of five countries in Central Africa constitute the study area 
(map 1). These include areas <1200 m above sea level and with a precipitation equivalent 
to or above 150 days of the length of growing period. The five countries covered are 
Cameroon, Central African Republic, Congo, Gabon. and Zaire. Similar areas of Angola. 
Chad, and Sudan were not considered because of civil strife at the period of the study. 
Rwanda and Burundi. also Central Africa COlDltrieS. were not included because the areas 
of interest COVel' less than 10% of these countries. 

Data collection 
Data were coUected both from literatw-e reviews and interviews with key informants from 
national institutions. Only recent stuWes published within the five-year period before 
1992 were considered from literature reviews. Otherwise (where data were old or 
nonexistent) national key informants were sought to provide up-to-date infonnation. 
Policy-decision makers in agriCUlture. agricultural research scientists. extension officers, 
leaders of agriCUltural development projects including nongovanmental organizations 
were interviewed to provide information on components of the fanning systems. Infor­
mation was also provided on the socioeconomic conditions of fanning and on the general 
environment of agriculture (Physical factors, policy. infrastructures). An ad hoc checklist 
was developed on to which collected information was recorded. National key infonnants 
were requested to draw on a local map the boundaries of the farming systems based on 
the predominant rural activities. Map data were drawn for other variables such as 
population density, vegetation, soils, ethnic groups, and so on. These data were jointly 
collected with the national coordinator nominated by the national research institution for 
each participating country. The duration of data collection varied from two 10 four weeks 
depending on the size and constraints specific to each country. Often the national 
coordinator continued data collection beyond the two-to-four week period to fall the gap 
where information was still missing. 

Data analysis 
1be collected data and the maps were then entered into a geographical information system 
(GIS) for analysis. Complementary GIS packages such as Idrisi and Atlas draw were used 
to create more data files from digitized maps. Resource Information System (RIS) was 
the main GIS package for analysis. It was used to run spatial analysis by overlaying 
single variable or multiple variable maps to create new image files. The typical output 
from such an analysis is the delineation of areas with similar characteristics and the 
calculation of the proportion covered by each delineated area. This allows priorities to 
be set across areas identified as similar. 
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III 
Characterization of Agricultural Systems 

Attributes of agricultural systems 

Biophysical reSOlU'Ct base 

Main characteristics of the resource base in the Central African zone are abe dominance 
of wooded area (either forested or in transition), wet and bimodal seasons, and abWldant 
virgin land (table 1). These results are supported by findings from the World Bank (1994) 
which estimated that natural forest covers 242 million ha or 60% of the study area. 
Guinea savannas are virtually nonexistent except for a few small areas localed in the 
northern parts of both Cameroon and the Central African Republic. Rainfall pattern is 
bimodal and the two rainy seasons alternate at opposite sides of the equator. Rains are 
intense and reach a peak as high as 4,000 rom/year in the coastal area of the Guinea gulf. 
However, dry areas also exist in the upper north of the Guinea savannas where the rainfall 
pattern is monomodal. 

Table 1. Characterization ofthe resource base ofthe farming systems In Centr-al Africa 

AFZ Tolalarea Areas with good soil fertility Areas with available 
uncultivated arable land 

mba % mha % mha % 

NOS 5.2 1.6 2.3 3.1 3.7 1.2 
% 100 44.2 71.2 

SGS 20.9 6.5 2.6 3.5 19.3 6.1 
% 100 12.4 92.3 

DS 67.8 20.9 15.1 20.2 67.5 21.2 
% 100 22.3 99.6 

MAS 30.2 9.3 12.2 16.3 28.5 8.9 
% 100 40.4 94.4 

HF 200 61.7 42.5 56.9 199.0 62.6 
% 100 21.3 99.5 

Total 324.1 100 74.7 100 318.0 100 
% 100 23.1 98.1 

Notes 
Consider both column and row percentages, but onll colunm percen~es add up to 100% 
AEZ = agroecol~ical zone M S = midalti e savanna 
NGS = northern uinea savanna HF = humid forest 
SGS = southern Guinea savanna mha = millionha 
DS = derived savanna 
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Major soil groups in the study area are as follows: Ferralsols (62%), Nitosols (12%), 
Gleysols (5%), Cambisols (3%), Acrisols (2%), and Luvisols (2%) following the FAD 
classification system (FAD 1978). Map 2 sbows the location of the major soil groups in 
Central Africa. Relative soil fertility for crops is low: only 23.1 % of the study area is of 
good fertility (i.e., soil sUitable for the crop that demands least soil nutrient, in this case 
cassava), but differences have been noticed among agroecological zones (table 1). 
Uncultivated arable land is abundant (98% of the study area) as a result of the low 
population density, approximately 14 persons/km2 (World Bank 1994). 

The level of agricultural production and its consttaints depend entirely (or almost 
entirely) on the biophysical resource base. But the severity of generated constraints and, 
therefore, the required technologies to alleviate these constraints are determined by 
socioeconomic factors. 

Driving forces for agricultural intensification 
Smallholder farmers gencrally increase their production for the purposes of feeding the 
family, ever-expanding in size, or to respond to market incentives, or for both reasons. 
These two main objectives have led social scientists to hypothesize that there are two 
main driving forees for agricultural intensification: the increase in population density 
(Boserup 1965) and the improvement in market opportunities (Binswanger and Mcintire 
1987). Smith (1992) added that the agricultuml intensification induced by the two driving 
forces leads to different types of reSOllfce use and degradation and that different 
technologies are needed to alleviate related constraints. This present study applies the last 
hypothesis of Smith (1992) to characterize the dynamics of evolving production systems. 

Intensification driven by population density alone gives way to population-driven 
systems which rely mainly on internal natural resources to stop resource degradation and 
to improve soil fertility. Intensification driven by market opportunities develops market­
driven systems which have more technological options, based both on internal and 
external resources, to sustain the production system. Within population-driven and 
markel-driven categories an expansion and an intensification phase arc distinguished. 
given the intensity of land use (Manyong et aI. in press). Thrcc criteria are used to 
distinguish popUlation-driven from market-driven systems and their associated phase of 
intensification: access to wholesale markets, the presence of a major cash crop for 
sustained production, and the land-use intensity. 

Access 10 wholesale markets 
If transport infrastructllfe (roads, railways, navigable rivers) for all or many villages 
within an identified farming system area is usable throughout the year, the rural area is 
considered 10 have good access to markets. A road density of 30 km/lOO km2 suggested 
by Fresco (J 988) as a criterion for an area with good access to markets was not applicable 
because details about lengths of roads, railways, and navigable rivers were not available 
at the village level. 

Good access to markets is a precondition for a market-driven system because 
it reduces the marketing margins, thus increasing the output/input price ratio and 
the profitability of the system as well. Results of the analysis indicate that only about 
27% of the study area was assessed as having good access to wholesale markets. 
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III 
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c:( 

50 

NGS SGS os MAS HF 
Agroecologlcal zone 

[ 0 Good access m Cash crop 

Figure 2a. AgrlcuHural driving forces In Central Africa: access and cash crop 

Rural areas were more accessible in subhumid than in humid areas (figure 2a). These 
results are different from those of the west African zone where areas with good access to 
markets constitute as much as 60.4% of the study area and where the access was beuer 
in the humid zone than in the subhumid (Manyong et aI. in press). The quality of road 
infrastructure is a major constraint in the Central African zone: paved roads represent only 
170 km/millioo people or 0.2 km/km2 (calculated from World Bank 1994) while the 
paved road density in Nigeria was 8.3 km/km2 in 1985 (Gaviria et aI. 1989). It should 
be noted that part of the midaltitude savannas was assessed as having good access because 
road infrastructure is not a major constraint to caule rearing. the predominant rural activity 
of the area. Map 3 shows the distribution of the study area according to this factor in 
Central Africa. 
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Major profuable cash crop for sus/ained production 
nata collection was limited to the assessment of the five most impoMnt rural activities 
(crops or livestock or fishing). In this study, a major profitable cash crop refers to any 
of the most important rural activities and was defined in a stepwise analytical approach 
using the following characteristics: 
I. It should be one of the two crops ranked by key informants as "top crops" of the 
farming system. 
2. The crop should have a comparative advantage in the area among other feasible options 
(suitable ecology, availability of improved technology). FAD (1978) has provided 
suitability maps for most of the crops grown in Central Africa. 
3. The crop should be marketed with substantial returns to the farmers (not only to the 
middlemen or the consumers). 
4. The proceeds should be reinvested in agriculture (not in lfade, for instance) to maintain 
or improve the long-term productivity of the system. External inputs such as hired labor 
and the application of recommended doses of fertilizer (or veterinary requirements in the 
case of livestock) were considered to be a reinvesunent in agriculture. 

Results from the analysis indicate that about 9% of the study area was assessed as 
having a major profitable cash crop for sustained production. The percentage is slightly 
higher in the savannas because of caule rearing and coUon growing but almost nil in the 
humid forest (figure 2a). Cash crop production in the forest has been declining in the 
Central African subregion during the last two decades. For instance, in Zaire, production 
indices for major cash crops (coffee, rubber, oil palm) showed a continuous dcclining 
trend between 1970 and 1990. In small areas where a positive trend was observed, poor 
road infrastructure increased the marketing margins that wiped out the liule amount 
gained by farmers. However, a continuous growth was noticed in food crop production 
such as cassava, maize, rice because of the increases in population density (Rcpublique 
du Zaire 1991). Map 4 shows the area having one major cash crop for sustained 
production. 

Land-use intensity 
This factor is used to distinguish the expansion and intensification phases and stages 
within the intensification phase of the agricultural systems. An expansion phase 
corresponds to low land-use intensity and the intensification phase corresponds to either 
a moderate or a high land-use intensity in farming. For this study, the formula of 
Ruthenberg (1980) was used to calculate the land-use intensity for annual and semiperennial 
crops. The following thresholds were defined taking soil quality into account, since in 
poor soil land degradation starts at lower levels of land-use intensity than in good soils: 

Good soil 
Poor soil 
Phase 

Notes 

Low 

R<- 33 
R<20 
expansion 

land-use intensity 

Moderate 

R=34to66 
R=Wt050 

early stage 

R = aI(a + b)"IOO where R = Ruthenberg index in % 
a = Years of cultivation, and b = Years of fallowing 

intensification 

High 

R>66 
R> 50 

late stage 
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Figure 2b. Agricultural driving forces In Central AfrIca: land-use Intensity 

Results indicated that 59.9% of the study area was in an intensification phase, while 
40.1 % was in an expansion phase. The breakdown showed moderate land use to be 
predominant in all the agroecological wnes (figure 2b). While low land-use intensity was 
expected, the high percentage of areas with moderate and high intensity of land use in a 
land-abundant area was somewhat surprising. The reason, key informants explained, for 
this Wlexpected situation was both the high cost of clearing the thickly wooded land and 
the scarcity of labor in the forests of the Central African 20ne. The latter is caused by 
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both low population density and ouunigration of young manpower from rural areas to 
urban centers. [n a country such as Gabon where policy-decision makers are very 
concerned aboulthe OUlPligraLion of youths from rural areas. the average age of household 
heads was as high as 55 years in 1990 (Republique Gabonaise 1990). Restricted access 
to land can also induce intensive use of land in land-abundant areas. Kembola and 
Manyong (1989) reported that the appropriation of large areas by big companies and the 
presence of a protected game reserve in the low-populated Mayumbe forest of Western 
Zaire were responsible for the intensification of land use and related degradation of 
natural resources by small-scale fanning. Map 5 shows areas of different land-use 
intensity for the Central African zone. 

Implications lor research 
1. Characterization of the biophysical resource base has indicated that the Central African 
zone has great biodiversity and therefore potential for conservation. Given the facts that 
about 70% of the population live in rural areas, the average population density is 14 
persons/km2. the average household size is 6, and a household cultivates on average 1.5 
halyear. only about 2.5% of the study area is being cultivated. This leaves most of the 
forest zone free for the development and implementation of conservation projects. 

2. Infrastructure of poor quality constitutes a major constraint to the expansion of 
cultivated land and to the adoption of improved technologies from research centers 
(national or international). Even in areas with good access to markets, adoption has not 
been substantial: only 32% of the potential offered by good access to market was valued 
as a profitable economic activity for sustainable agriculture (table 2). The percentage was 
highest in Lhe northern Guinea savanna (100%) and lowest in the humid forest (8%). 
Farmers ' activities which have contributed to achieving these potentials are growing 
cotton (Guinea savannas); rearing cattle; growing vegetables and cassava (derived 
savannas); rearing callie (midaltitude savannas). and growing coffee and cassava (humid 
forest). 

Research priority is on post-harvest technologies for cassava, the main crop of the 
subregion. Improved cassava germ plasm, adapted to socioeconomic conditions of the 
farmers, also needs to be introduced into the area. Plantain and banana are well adapted 
to the forest zone. However, lines are required that are resistant 10 diseases such as black 
sigatoka, prevalent in the Central African zone (liT A 1993). 

3. Intensification of land use in a fragile environment (heavy rains, poor soils) leads to 
resource degradation once the natural climax vegetation is not allowed to re-establish. 
This degradation is likely to happen in the fields close to the homestead and in those along 
accessible roads. The development of sustainable home-garden systems in the forest 
margins should be a priority in a forested zone. 
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Table 2. Use of producllon potential offered by good Infrastructure 

AEZ Areas with good access 
% 

(1) (2)" 

NGS 26.9 
SGS 32.5 
DS 36.9 
MAS 45.1 
HF 21.1 
Total 27.4 

Notes 
NGS. SGS. DS. MAS. HF: see table 1 
a : percentage of (1) 

Agricultural systems 

Types 

Areas with major cash crop Achieved potential 

% % 

(3)" (4 = 3:2) 

26.9 100 
26.8 82.5 
14.0 37.9 
30.3 67.2 

1.6 7.6 
8.7 31.8 

An agricultural system. as defined in this monograph, is a collection of fanning systems 
in which changes in production processes arc determined by the interactions of different 
degrees of the three criteria already mentioned, namely access to markets, presence of a 
major cash crop, and intensity of land use. As a result of an evolutionary process caused 
by the dynamiCS of the interactive factors, systems move along a continuum, but for 
analytical purposes, two basic types of agricultural systems and two phases for each type 
arc distinguished: market·driven and population·driven types and the expansion and 
intensification phases. The Central African region is a typical population-driven region 
with about 92% of the total land area represented as a population-driven agricultural 
system and 8% as a market-driven agricultural system (figure 3). Analysis by phase 
indicates that the population-driven intensification phase ranks first (53.3% of IOtal land 
area), population-<lriven expansion phase ranks second (39%); the market-driven intensi­
fication phase ranks third (5.5%); and the market-driven expansion phase comes fourth 
and last with 2.2% of the total land area (figure 4). 

Ranking by agroecological zones (table 3) shows almost all the zones 10 be in popula­
tion-driven intensification and population·driven expansion phases. Only the southern 
Guinea savanna has market-driven intensification as an important phase. Such an 
intensification phase at the farmer level in a low-populated environment has been 
explained by the shortage of labor 10 effect continual clearing of new areas of densely 
wooded forest for farming purposes. The farmers would rather choose 10 cultivate the 
same fields continuously until the opportunity cost of labor for fanning the fields becomes 
higher than the opportunity cost of labor in opening up new land. The market-<lriven 
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NGS SGS os MAS HF 

Agroecological zone 

Figure 3. Agricultural systems In Central Africa 

systems in Central Africa are more equaUy distributed between the southern Guinea 
savanna, the derived savanna, and the midaltitude savanna. The expansion phase in the 
market-driven palb occupies vel;)' small areas for aU the agroecological zones just as it did 
in the west African zone (Manyong et at. in press). Therefore. very low levels of land. 
use intensity are an unusl}al management practice for market-driven systems. Map 6 
shows areas under different paths of intensification. 
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Figure 4. Phases of agricultural systems In Central Africa 

Agricultural systems and land availability 
New arable land is still available in 98% (316 million ha) of this region (total area 324 
million hal (table 4). Of these 316 million ha, 296.6 million ha (91.5% of the region) arc 
in population-driven systems representing 99% of the total population-driven areas. On 
the other hand, the remainder of the 316 million ha (6.1 % of the region) is in the market­
driven systems. This percentage (6.1%) represents 19.7 million ha or 78% of the total 
market-driven areas. The fact that the proportion is lower in market-drivcn areas than in 
population-driven areas is an indication that land frontiers, i.e., when no more virgin land 
is available, are reached much more quickly in market-driven systcms. This is likely to 
increase the opportunity cost of land that could justify the development of both private 
ownership of land and a land market common in market-driven areas. HowcverA when 
the same proportional analysis was run for the land-use intensity aspect by combining 
land-use intensity (figw-e 2b) with land availability (table 4), it shows that new arabic land 
is still available in all areas where the land-use intensity is low, in 97% of areas where 
it is moderate, and in 65% where it is high. This indicates among other things, that land­
use intensity is not always dependent on land availability evcn in land-abundant regions 
such as the Central African subzone. 

Agricultural systems and soil fertility 
The soils of the African continent are generally acidic and poor. In Central Africa good 
soils were found only in about 23% of the total land area (table I). The bulk of market­
driven areas (18.9 million ha or 75%) is conccnlratcd in areas of poor soils while areas 
with population-driven systems on good soils cover 67.5 million ha or 21 % of the total 
land area. These results buttress the fact that soil fertility is not a detcnninant but rather 
a modifier in the evolutionary pathway of intensification. 

18 



Table 3. Ranking of agricultural systems phases In Central Africa 

Rank Nas sas OS MAS HF 

AS % AS % AS % AS % AS % 

1 PDICE) 36.5 PDI(E) 61.4 PDI(E) 54.7 PDI(E) 48.0 PDI(E) 51.8 
2 PDE 36.5 MDI(E) 23.7 PDE 29.7 PDE 24.9 PDE 47.0 
3 MDI(E) 15.4 PDE 12.0 MDI(E) 11.1 MDE 18.5 PDI(L) 0.6 
4 MDI(L) 11.5 MDE 1.9 MDE 2.2 MDI(E) 8.5 MDlCE) 0.5 
5 PDI(L) 0 MDI(L) 1.0 PDI(L) 1.9 PDI(L) 0 MDI(L) 0.1 
6 MDE 0 PDI(L) 0 MDI(L) 0.3 MDI(L) 0 MDE 0 

Notes 
Consider only column percentage and for each agroecological zone, ranks 1 to 6 add up to 100% 
POE : population-driven expansion s~stem 
PDI(E) : population-driven early intensification system 
PDI(l) : population-driven late intensification system 
MDE : market-{jriven expansion system 
MOl (E) : market-{jriven early intensification system 
MDI (l) : market-{jriven late intensification system 
AS : agricultural system 
NOS, sas, OS, MAS, and HF: see table 1 

Table 4. Virgin land availability by land-use intensity of agrlcu Itural systems In Central 
AfrIca (% of area) 

Areas with Land-use intensity 

Low Moderate Ht~h (1) (2) 

MD 2.2 3.9 0 
PD 38.8 51.9 0.8 
TotaJ 41.0 55.8 0.8 

Notes 
a (4) = (1+2+3) (Central Africa = 100%) 
MD: market-driven system 

PD: population-driven system 

Distribution of agricultural systems per country 

Total land 

(4f 

6.1 
91.5 
97.6 

Results of an analysis of the distribution of agricultural systems by country show that in 
the market-driven areas of Central Africa. the Central African Republic occupies 54%, 
Cameroon 34%, and Zaire 12%. Agricultural intensification is mainly driven by popula­
tion forces in Congo and Gabon (table 5). The results further show Zaire has 56% of the 
population·dri ven area, the Central African Republic has 15%, Congo has 11 %, Cameroon 
has 10%, and Gabon has 8%. The market-driven versus population-driven efficiency ratio 
for each country is calculated by relating the percentage of market-driven and population­
driven systems to the relative area of the country in the region. This ratio measures the 
relative importance of each country within a given pathway of intensification. 
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Table 5. Agricultural systems by country 

Country Study area MD PO MDrano PO ratio 
% % % % % 

(If (2f (3f 4=(2):(1) Rank (5~(3):(1) Rank 

CAR 17.1 54.0 14.6 305.0 1 82.5 5 
Cameroon 12.0 33.6 to.2 280.0 2 85.0 4 

The Congo 10.3 0.0 11.2 0.0 5 108.7 1 
Gabon 7.5 0.0 S.l 0.0 4 108.0 2 
Zaire 52.5 12.4 55.9 23.6 3 106.5 3 
Central Africa 100 100 100 100 100 

Notes 
a Consider only column % (Central Africa = 100%) 
MD, PD: see table 4 

Ranking the efficiency ratings aptly demonstrates how each country will effectively 
utilize the resources made available by the prevailing conditions. In market-driven area, 
parts of the Central African Republic, Cameroon, and Zaire will utilize most efficiently 
any technology oriented towards a market-driven system and based on purchased external 
inputs. Likewise in population-driven areas, parts of Congo. Gabon, and Zaire will better 
utilize any technology oriented towards a population-driven system, i.e., low external 
input technology (figure 5). This information is vital for priority selting in research 
planning and management for effectively channelling resources to areas where the 
greatest advantage will be derived. However, since no condition is permanent or static. 
changes in the status of the driving forces or the prevailing conditions could change a 
population-driven system to a market-driven and vice versa. 

Trends in agricultural systems 

Potential marlcel-driven systems 
Some areas that are popu1ation-driven could be transformed into marleet-driven environ­
ments if the existing conditions for population-driven areas were to change. We define 
them as potential market-driven systems. The foUowing are some of the factors that have 
the potential to convert population·driven into markel-driven systems in Central Africa 
(table 6). 

1. Good access, but no major cash crop (PMKTl). The introduction of a cash crop or 
any technology that gives the environment a comparative advantage readily transforms the 
environment from a population-driven into a market-driven pathway. This category is 
represented by about 19% of the total area of Central Africa. The breakdown by 
agroecological zone shows that the southern Guinea savanna has 5.1%, midaltitude 
savanna 11 .6%, humid forest 20.6%. and derived savanna 23.1%. Research should focus 
on these areas, as on described on page 23. 
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Figure 5. Market vs population driven ratio (%) by country In Central Africa 

Table 6. Trends In the agrlcuHural systems of Central Africa (% of agroecologlcal zone) 

NOS SGS DS MAS HF Total 

PMKTl 0 5.7 23.1 11.6 20.6 19.0 
PMKT2 1.9 0 0.1 1.7 1.0 0.8 
PMKTI 0 1.9 21.4 8.3 14.3 14.2 
PSMKT 26.9 21.1 8.9 1.0 0.2 3.9 

Notes 
PMKT means Potential market-driven system 
PSMKT means Pseudo market-driven system 
NGS, sas, DS, MAS, and HF: see table 1 
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o in the southern Guinea savanna: maize - improved open-poUinaled varieties will be 
suitable for this zone. 
o in the midaltitude savanna: maize - improved varieties should be introduced with 
beuer nitrogen-use efficiency; preferably an open-pollinated variety conditioned 10 
midaltitude environments. 
o in the humid forest: cassava - high-yielding varieties (TMS 30572 etc.) should be 
introduced; post-harvest technologies on processing and slOrage should be improved; 
plantain/banana - high-yielding varieties resistant 10 black sigatoka should be intro­
duced Also post-harvest technologies on processing, storage and utilization should be 
improved. 
o in the derived savanna: cassava is the key crop as in the humid foreSL 

2. Major cash crop but poor access_ This condition is common in areas growing 
traditional tree cash crops. In these areas multinationals construct roads just 10 facilitate 
the production and marketing of tree crops. In the past ten years, however, the roads have 
greatly deteriorated but farmers continue 10 grow the tree cash crops. These systems 
would shift 10 a market-driven path if access improved They represent about I % of 
Central Africa with proportions as follows: northern Guinea savanna (1-9%), midaltitude 
savanna (1.7%), and humid forest (1%). 

3. Higb off-rarm casb in population-driven systems. These are population-driven 
systems where larger proportions of income come from nonfarming activities (trading, 
nonfarm salaries, traditional diamond or gold mining, etc.) The systems are population­
driven because cash is not reinvested in agriculture because of low profitability. If a good 
technology were available, farmers would be willing 10 reinvest in agriculture. In Central 
Africa about 46 million ba or 14% of the IOtal land area falls inlO this category. Derived 
savannas have the greatest share (21 %), followed by the humid forest (14%), midaltitude 
(2.5%), and southern Guinea savanna (1.9%). 

Pseudo-market-driven systems 
All market-driven systems are potentially population-driven_ If the conditions predispos­
ing them 10 be market-driven should disappear, they would simply tum to population­
driven systems. However, a pseudo-market-driven system in this monograph is defined 
as a system in which government poliCies act as a modifier in creating and sustaining the 
system. The cotton-based systems of parts of Zaire and the Central African Republic are 
examples of such a policy-induced market system. Another example is the cassava/ 
vegetable-based system in the Central African Republic where heavy support from French 
nongovernmental organizations provide farmers with subsidies 10 produce vegetables and 
assist them in seUing agricultural products. This situation has resulled inlO a dual system 
at farmers' level: vegetables are grown with practices typical of market-driven systems 
while other food crops, including cassava, are grown with practices typical of population­
driven systems. 

The areas mostly affecled are the Guinea savannas of Central Africa (northern Guinea 
savanna 27% and southern Guinea savanna 21 %). 
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IV 

Characterization of IITA Mandate Crops 

Distribution orthe mandate crops 
The fanning systems in Central Africa are made up of several crop combinations common 
to the whole of Africa. Among other reasons this practice is to reduce the risk of crop 
failures. Many authors (Steiner 1982; Okigbo 1986; Makinde and Manyong 1994) have 
recognized the diversity and complexity of crop enterprises in African fanning systems. 
But while fanners grow so many crop combinations, only a few could be predominant (or 
considered a major crop). For instance, Makinde and Manyong (1994) showed that 19 
types of crops were grown in the northern Guinea savanna of Nigeria, but only four crops 
covered about 81% of the cultivated area. That is the reason why, in the macrolevel 
study, the assessment was limited to the top five crops grown by smallholder fanners. 
The first two of the five crops are regarded as major while the last three are minor. lIT A's 
mandate crops in Central Africa are distributed across the region in varying proportions 
and combinations (table 7). Cassava is cultivated as one of the top five crops of the 
fanning systems in 307.6 million ha or 95% of the study area, followed by maize (245.4 
million ha or 76%), plantain)banana (142 million ha or 44%), yarn (58.3 miUion ha or 
18%), and cowpea (13.1 million ha or 4%). Soybean is not yet established as an 
important crop in the region according to the above definition though present at a lower 
level in savanna areas. There are also differences in the distribution of crops across the 
agroecologicaI~ zones. Cassava is important in all the agroecological zones but more is 
grown in the derived savanna and humid forest. Plantain and banana are dominant in the 
humid forest, and maize in the midaltitude and derived savannas. Cowpea is mainly 
growat1n the nOrthern Guinea savanna and yarn is mainly in the humid zone. While 
cassava and pIaittain/banana were assessed in this study as major crops, maize, yarn, and 
co,..pea were seen to be grown mainly as minor crops according to our defmition (figure 
6)." Table 8 shows the importance of the mandate activities of other International 
Researc.h Centers within UTA's mandate area. Cattle (ILRI's main research activity) are 
important mainly in the savarmas especially the midaltitude savannas; sorghum (ICRISA T's 
main activity) is important only in northern and southern Guinea savannas, while rice 
(WARDA's maul activity) is predominant in the humid forest, midaltitude, and derived 
savannas. The geographic location of UTA's mandate crops appears in maps 7 to 11. 
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Table 7. IITA mandate crops as one ofthe five main crops In farming systems in Central 
Africa by agloecologieal zone 

AEZ IITA area Cassava Plantain/Banana Maize Yam Cowpea Soybean 
mha % % % % % % 

(1) (2:f (3f (4:f (5f (6f {7:f 

NGS 5.2 44.2 21.2 61.5 ll.S 51.9 0 
SGS 20.9 76.1 9.6 71.8 7.8 6.2 0 
DS 67.8 95.6 25.8 89.4 11.1 6.1 0 
MAS 30.2 89.7 18.9 90.7 5.3 11.6 0 
HF 200 98.8 57.8 69.9 23.5 0.8 0 
Tolal 324.1 94.9 43.8 75.7 18.0 4.0 0 

Notes 
a Consider only column percentages (Col (1) = 100%). The crops have an equaJ chance of appearing 
once in the system, therefore the total row percentage by agroecological zone is more than 100 
(2) ... (7) as percentage of (I) 
AEZ, NGS, SGS, DS, MAS, and HF and m ha: see table 1 

Table 8. Ma ndate activities for other International agricultural research centers as ona 
of the main enterprises In the farming systems In Central Africa 

AEZ IITA area Canle Sorghum Rice 

mba % mba % mba % mba % 

NGS 5.2 1.6 2.5 6.4 3.1 24.0 0 0 
SGS 20.9 6.5 7.4 18.8 5.4 41.9 0 0 
DS 67.8 20.9 12.9 32.7 1.6 12.4 1.2 2.3 
MAS 30.2 9.3 U ·7 29.7 2.8 21.7 4.3 8.2 
HF 200 61.7 4.9 12.4 0 0 46.9 89.5 
Total 324.1 100 39.4 100 12.9 100 52.4 100 

Notes 
Column lSIcentages add up to 100% fal each activity 
AEZ, N S, SOS, DS, MAS, HF and m ha: see table 1 

Man,date crops in agricultural systems 
Population-driven systems were found to be predominant in Central Africa because of 
poor access. An analysis of IITA"'s mandate crops according to path of intensification is 
set out in table 9. This shows that 93% of cassava is grown in population-driven areas 
and 7% in market-driven areas. Within the market-driven areas. cassava is grown mainly 
in the southern Guinea and midaltitude savannas (31 %). Plantain and banana are grown 
(100%) in population-driven areas. The figures for maize are 91% in population-driven 
areas and 9% in market-driven areas and confirm the trend whereby maize is gradually 
taking over the savannas from sorghum. Within the market-driven path. maize is 
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import'Ult mainly in northern Guinea savanna (45%). southern Guinea savanna (37%) and 
midaltitude savanna (21 %). Cowpea is important in market-driven areas where it benefits 
from market infrastructures for coltOn growing. The results indicate 35% is grown in 
market-driven areas and 65% in population-driven areas. 1be data show that 95% of yam 
is grown in population~ven areas and only 5% in market-driven areas. Within market­
driven areas. yam is important in the midaltitude savanna (100%) and southern Guinea 
savanna (69%) because of the presence of both a cattle-rearing area and the market-driven 
cassava/vegetable-based system. 

~ 
II 
III 

< 

OS MAS HF 

Agroecological zone 

NOS $OS OS MAS HF 

AgroecologicaJ zone 

Figure 6a. Importance of cassava and plantaJnlbanana by agroecologJcaJ zone 
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These results have implications when research priorities for crops are defined. Crops 
grown in population·driven areas depend for their sustainability on natural resources 
(family labor, natural soil fertility, fallows to control pests), therefore research should be 
directed towards the development of technologies that economize these resources. In 
market-driven areas, fanners are able to purchase additional external inputs, such as hired 
labor and fertilizer. Because extra cash is generated, research efforts should be geared 
towards technologies that make efficient use of these external inputs. There are thus 
established indications that pressure on natural resources is lower in market-driven areas 
than population-driven areas. 

NGS SGS DS 

Agroecological zone 

NGS SGS os 
Agroecological zone 

Figure 6b. Importance of maize and yam by agroecologlcal zone 
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Table 9. liT A mandate crops as one of the top five crops by agricultural systems In 
Central Africa (% of area) 

Maize Cassava Yam Plantain/Banana Cowpea 

MD PD MD PD MD PD MD PD MD PD 

NGS 45.2 54.8 100 100 100 53.8 46.2 
SGS 37.1 62.9 31.9 68.7 68.7 31.3 100 33.3 66.7 
DS 13.2 86.8 14.0 1.3 1.3 98.7 100 37.5 62.5 
MAS 20.5 79.5 30.7 100 100 100 19.4 80.6 
HF 0.6 99.4 0.5 100 100 33.3 66.7 
UTA" 8.6 91.4 7.4 4.6 92.6 95.4 100 35.5 64.5 

Notes 
Consider only figures in arow for each cropand for each agroecologicall.One. Population-driven(PD) 
and market-<iriven (MD) percentages add up to 100 
NOS. SOS, DS. MAS, and HF: see table I 
a = llT A mandate area 

Table 10. Dynamics of the mandate crops In Central Africa (% of agroecologlcal zone) 

Maize Cassava Yam Plantain/Banana 

E D E D E D E D 

NGS 59.6 0 7.7 0 0 0 1I.5 0 
SGS 8.1 0 57.9 3.8 5.3 0 2.4 3.8 
DS 27.1 10.8 42.5 0 0.2 0 5.8 0 
MAS 49.7 0 50.9 0 5.3 0 0 0 
HF 35.9 0.9 29.5 0.1 2.1 0.1 7.8 0.1 
UTA· 33.9 2.8 35.7 OJ 2.2 0.3 6.3 0.3 

Notes 
E = Expanding D = Declining a = lIT A mandate area 

Dynamics of the mandate crops 
Apan from the areas where the mandate crops are among the five main crops grown, there 
are also areas where these crops are either expanding in imponance or declining (table 
10). Cassava is expanding more than it is declining in all the agroecological zones. 
Plantain and banana are expanding in all the zones where the crops are produced, except 
in the southern Guinea savanna. Maize is expanding in all the agroeco1ogical zones but 
faster in the northern Guinea savanna where extension agents place more and more 
emphasis on couon/maize rotation and early-maturing varieties. Most of these crops are 
expanding largely because they are taking over from traditional crops such as sorghum, 
coffee, cocoa, and couon as food and cash crops. Cassava, in particular, is emerging as 
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the regional super-crop. fIrst because it has a dual-pll1JlOSC role as a cash and food crop, 
and secondly because tree cash crops are declining within the zone. Yarn is expancl;ng, 
albeit slowly. because virgin WlCultivated land is abundant. However. the expansion of 
yarn is limited by its high labor requirements. Cowpea and soybean did not show any 
sharp trend worth mentioning. 

Implications for research 
The research focus on cassava should be concentrated in the southern Guinea, derived, 
and midaltitude savannas. The zones are highly suitable for cassava production (FAD 
1978). Given the fact that cassava is also expanding in the forest margins of the humid 
zone that is marginally suitable for the crop. adapted germplasm is required for cassava 
to contribute substantially both to productivity and sustainability in the Central African 
zone. 

Plantain and banana. Once the black sigatoka problem is removed, plantain and banana 
can become a major food and cash crops complementary to cassava in the humid zone. 
Research should focus on processing to enhance storability. 

Maize. Research should focus on increasing the yields for maize to play the dual role of 
a new food and cash crop more effectively in the market-driven areas of the northern 
Guinea savanna. 

Yam. Research efforts should be directed to conserving soil fertility and saving labor on 
which yarn production basically depends. Yarn is fIrst and foremost a food crop with 
traditional values. Its ownership and consumption have always been status symbols in 
most African societies where a higher value is usually anached to its quality rather than 
its quantity. 

Soybean. Soybean is relatively new in the Central African subregion. It has only 
recently started to become established in parts of Zaire. Almost all production is 
consumed by humans. Soybean has a great potential both as a food and cash crop in the 
Guinea savannas that needs to be exploited. From their analysis of the production and 
utilization of soybean in Zaire and Nigeria. Shannon and Mwamba (1994) have identifIed 
five elements for the expansion of soybean in sub-Saharan Africa: (I) locally adapted 
foods in which soybean does not displace traditional legumes. (2) promotion of soybean. 
(3) diffusion, (4) technological breakthroughs. and (5) response t.o local markets. 
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v 
Characterization of the Cropping Systems 

The study area of five countries contains about 80 different fanning systems (on the basis 
of a vector of 37 variables) consisting mainly of crop enterprises. Caule are important 
in the Adamoua plateau of Cameroon and in the Central African Republic. Oilier 
important income-generating activities that are nonfarm are fishing. trading. traditional 
mining, and salaried work. Fishing is common in the coastal areas of Cameroon. Gabon. 
and along the river banks in the Congo. Central African Republic. and Z:Ure. Traditional 
mining is a major income-earner in parts of the Central African Republic and Zaire, while 
trading and salaried work are the main activities around big centers allover the five 
countries. From the maze of about 80 fanning systems. a few predominant systems can 
be discerned based on the leader crop/activity of such systems. Hence, there is the 
cassava-based system, plantainlbanana-based system, caule-based system. and so on. The 
representations of the geographical areas of the crop/livestock-based systems in Central 
Africa are shown on map 12 (the details for each country appear in the annex 1-5). The 
proportions or percentages occupied by each crop or livestock-based system are described 
in table 11. 

Table 11. Characterization of the crop- and livestock-based systems In Central Africa 
(% of area) 

System based Area covered)" Agricultural systemf 

MD 

Maize 5.4 10.5 
Sorghum 2.4 0 
Millet 0.7 0 
Cotton 5.8 27.8 
Rice 9.9 0 
Yam 0.7 0 
Cassava 49.8 35.1 
Coffee 10.1 0 
Cocoa 0.5 0 
Cattle 2.0 26.6 
Plantain/Banana 10.5 0 
Gathering from the bush 2.2 0 
Total 100 100 

Notes 
a Consider only figures in a column (fotal for each colunm = 100%) 
PD = population-driven system 
MD = market-driven system 

PD 

4.4 
1.9 
0.8 
4.7 

10.8 
0.1 

51.3 
11.1 
0.5 
0 

11.4 
2.4 

100 
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The most important systems are cassava-based (49.8%); plantain/banana-based (10.5%); 
coffee-based (10.1%); rice-based (9.9%); cotton-based (5.8%); maize-based (5.4%); 
sorghwn-based (2.4%); and cattle-based (2%). This approach, to characterize a farming 
system on the basis of a single crop (or activity), was adopted for simplicity. Indeed, 
cropping systems are often complex in tropicaJ agriculture: sorghum is always associated 
with maize and cOUon in the same growing areas in the Guinea savannas just as plantain 
and banana, cassava, and coffee are associated in the humid forest. 

Analysis by agricultural system shows cassava/vegetable-based and cassava/cocoa­
based systems to be the most important (35.1 %) in the market-driven path. followed by 
cotton-based (21.8%); cattle-based (26.6%); and maize-based (10.5%). In the popula­
tion-driven path, the cassava-based system remains the most important system (51.3%), 
fonowed a1 a distance by plantain/banana-based (11.4 %); coffee-based (11.1 %); and rice­
based (10.8%). Table 11 also shows a smaller number of systems in the market-driven 
path than in the population-driven path. This is an indication that there is Jess variability 
and hence less heterogeneity in market-driven than in population-driven environments. 
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VI 
Characterization of the Constraints 

Farming constraints 
Key infonnants from national institutions were asked to list the five most important 
constraints faced by smallholders in each of the 80 farming systems. A list of 34 types 
of constraint was compiled, grouped in classes and subclasses as follows: 

Class 1: 
Subclass 1.1: 

Subclass 1.2: 

Class 2: 
Subclass 2.1: 

Subclass 2.2: 

Subclass 2.3: 

Class 3: 
Subclass 3.1: 

Market-related constraints 
Infrastructure-related constraints 
1. poor ~ss of rural areas to markets 
2. poor infrastructure for storage 
3. lack of inputs 

Economics-related conslIaints 
4. low price of agricultural products 
5. low demand for agricultural products 
6. high cost of inputs 
7. no capital 

Resource-related constraints 
Soil-related constraints 
8. soil fertility (acidity, N-deficiency, P-deficiency) 
9. erosion 

10. overgrazing 
Climate-related constraints 
11. drought 
12. heavy rains (lack of water control) 
13. extreme humidity 
Vegetation-related constraints 
14. weeds 
15. deforestation 

Culture·related constraints 
Population-related constraints 
16. land tenure 
17. high population densily 
18. scarcity of labor 
19. tradition 
20. low population density 
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Subclass 3.2: 

Class 4: 

Class 5: 
Subclass 5.1: 

Subclass 5.2: 

Class 6: 

Management-related problems 
21. old plantations 
22. low productivity 
23. poor management 

Agricultural policy-related constraints 
24. no extension service 
25. inefficient extension service 

Technology-related constraints 
Variety-related constraints 
26. lack of improved varieties 
27. seeds of poor quality 
28. inappropriate varieties 
Tool-related constraints 
29. elementary farm tools 
30. lack of mechanization 

Pest-related constraints 
31. crop diseases 
32. crop insects 
33. birds 
34. roaming livestock 

Results from the analysis of the 80 farming systems of the Central African zone 
showed that important farming constraints are market-related, technology-related, and 
resource-related (figure 7). Details on the subclasses of constraints give the results,listed 
on page 40. 

'"hnolo8V r.I.t.d (le.l~ 

Polloy .. ,.,.. (7"")T_ )--Market ral."d (49.1". 

Re.ource ral • .,d (10.1""-

Figure 7. Characterization of farming constraints In Central Africa 
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• Mart.et constIaints: constraints related to infrastructw"es are predominant (89.4%) and 
the others are relaled to economics. These figures reinforce the results on poor accessi­
bility analyzed earlier in this monograph. 

• Resource-related constraints: climatic constraints are predominant (51.6%) because of 
heavy rains in the vicinity of the equator. Extreme humidity also makes it difficult to 
store agricultural products safely because of poor storage infrastructure. Constraints 
related to soils (42%) and vegetation (6.4%) rank second and third. Soil fertility is the 
most important (94.7%) in subclass 2.1. 

• Culture-related constraints: population-related problems represent the main proportion 
of the class (81.9%) and the remaining problems (10.1%) are management-related. 
Scarcity of labor (73.6% of the population-related problems) has been already mentioned 
earlier in this monograph as a major constraint to the expansion of farming activities in 
forested areas. 

• Technology constraints: lack of improVed varieties or appropriate technologies is the 
most important technology-related problem (67%) of the sub-region. For the cassava­
based systems. the Collaborative Study of Cassava in Africa (UTA 1991) identified 
invesunent in research. multiplication, and distribution of planting materials as factors 
limiting the development of the use of improved cassava varieties in five out of six 
African countries in their study. Available improved germplasm developed for gari 
production often does not meet the Central African consumers' requirements for cassava 
(Dr Nronge, Gabon: personal communication). Tools used in fanning constitute another 
group of technology-related problems (33%). Tools (axes. cutlasses, and hoes) are elemen­
tary and the mechanization of agriculture is difficult without credit mechanisms in favor 
of smallholders in this harsh environment (dense forest. scarcity of labor). 

The breakdown by agricultural systems reveals tremendous differences in the distri­
bution of farming constraints (figure 8). 

• The frequency of constraints indicates that only 11 out of 34 types are present in 
market-driven areas while 27 out of 34 types were identified in population-driven areas. 

• Constraints in the market-driven pathway cover an area as small as 6.2% against 93.8% 
in the population-driven pathway. 

• The nature of constraints is also different: constraints related to technology, extension 
services, and culture are of less importance in market-driven area. Of the market-related 
constraints, those related to infrastructure (Le., bad roads. poor storage, lack of inputs) are 
the most important in population-driven areas while constraints related to economics (low 
demand and low prices for agricultural products) predominate in market-driven areas. 

The above results clearly show that the two paths of agricultural intensification lead 
to different types of constraints and that there are proportionately fewer farming con­
straints in market-driven areas than in population-driven areas. 
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Figure 8. Characterlzellon of farming constraints In Central Alrlca 

Biotic constraints for the mandate crops 

6 

Pest-related constraints were assessed 10 be important in farming (figure 8). Biotic 
constraints in farming include both pests and weeds in fields and pests in storage. This 
analysis restricts itself 10 field diseases. insects, and weeds. Four ratings were used 10 
reflect die incidence of the biotic constraints on crop as follows: very severe, severe, 
moderate, and not mentioned. Only die first two ratings were considered in subsequent 
analysis because dley were hypodlesized 10 be of economic importance on die productiv­
ity of die crops. Results given below are tentative and need 10 be validated. The 
information was not always available or was of poor quality because informants lacked 
the required expertise on field insects and diseases. 
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Biotic constraints on cassav" 
Data on field constraints for cassava were collected in all the five countries of the Central 
African zone for cassava mosaic virus; in four countries for cassava mealybug (Cameroon, 
Central African Republic, the Congo, and Zaire) and for cassava bacterial blight (Cameroon, 
the Congo, Gabon, and Zaire) and in three countries for cassava green mite (Cameroon, 
the Congo, and Zaire). Other constraints mentioned for cassava were root rot, /mperara 
cylindrica (speargrass), ChromolaefUJ odiJrara, and Zonoeerus variegatus. 

Cassava mosaic virus is the most important biotic constraint for the crop in the 
subregion (table 12). The disease increases from the savannas towards the humid forest 
zone. Cassava mealybug, cassava bacterial blight, and cassava green mite have spread 
through the humid zones but are less important than cassava mosaic virus. Other factors, 
such as the management of the system, population density, and relative soil fertility, show 
little effect on the intensity of the constraints (table 13). Indeed,through the entire region, 
the distribution of the biotic constraints by socioeconomic factors (table 13) is close to 
that of land-use intensity (figure 2b) or soil fertility status (table I), or agricultural systems 
(figure 4). These findings suggest that appropriate control measures would require 
farmer-neutral adoption technologies, i.e., technologies that do not require farmers 10 take 
any direct action for Lhe adoption, such as biological control and resistant varieties. 

Table 12. Areas with severe to very severe biotic constraints on cassava by 
agroecologlcal zone In Central Africa (Of. of area) 

AEZ CMV CM 
n=5 n=4 

NGS 17.3 0 
SGS 36.8 27.3 
DS 60.6 29.1 
MAS 64.9 27.5 
HF 68.3 23.1 
Central Africa 63.5 24.6 

Notes 
n = number of countries covered for the analysis 
CMV = cassava mosaic virus 
CM = cassava mealybug 
CBB cassava bacterial blight 
CGM = cassava green mite 
AEZ. NGS. SGS, DS. MAS, and HF: see table 1 

Biotic constraints on maize 

CBB 
n=4 

19.2 
7.6 

24.6 
33.1 
30.4 
27.8 

CGM 
0=3 

o 
o 

18.6 
22.2 
6.9 

10.2 

Five field constraints for maize were surveyed as virulent: Striga hermon/hiea, streak 
virus, stemborers, downy mildew, and speargrass. Data were available from four 
countries for both Striga and stemborers (Cameroon, the Congo, Gabon, and Zaire), from 
two countries for streak virus (Cameroon and Zaire) and for speargrass (the Congo and 
Zaire), and from one country for downy mildew (Zaire), 
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Table 13. EHectsofthesocl08conomicandaolifertilltyfactoraonthebioUcconstrainta 
on cassava In Central Africa ('Yo of Infested are.s) 

FIICIOr COM CMV CM CBB 

Intensification path 
MMket-driven 19.8 10.0 ll.5 7.1 
Population-driven 80.2 90.0 88.5 92.9 

Population density 
Low (0-50) 100 99.8 99.7 100 
Medium (50-100) 0 0 0 0 
High (>100) 0 0.2 0.3 0 

Relative soil fertility 
Slatus: poor 74.2 80.9 61.1 87.5 

good 25.8 19.1 38.1 12.5 

Land-use intensity 
Low «34%) 30.6 41.6 44.1 49.0 
Moderate (~%) 69.4 57.5 54.3 49.4 
High (>66%) 0 0.9 1.6 1.6 

Nolo 
COM. CMV. CM and CBB: see table 12 

Table 14. Areas with severe to very severe field constraints on maize by agroecologlcal 
zone In Central Africa (% of area) 

AEZ Striga Streak virus Stemborers Speargrass Downy mildew 
n=4 n=2 n=4 n=2 n=l 

NGS 51.9 7.7 0 0 0 
SGS 6.2 1.0 4.3 0 0 
DS 9.9 18.3 25.7 32.6 10.2 
MAS 22.2 31.1 26.2 38.4 13.2 
HF 0 28.8 11.1 26.2 3.8 
Central Africa 5.2 24.7 14.9 26.6 5.7 

Nolo. 
n = number of countries covered for the analysis 
AEZ, NOS. SOS, DS. MAS, HF: see Iable I 

ResuilS extrapolated to the entire region (lable 14) indicaled that speargrass is the 
most deslructive problem followed by streak. virus and stem borers. Analysis by 
agroecological wne shows that Slriga is predominant in the Guinea and midaltitude 
savannas, while the other constrainlS prevail in subhumid and hwnid zones. The humid 
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zone is not naturally suitable for maize (FAO 1978) and improved resistant materials are 
needed if maize is to play its role as a crop for the hunger gap. Socioeconomic factors, 
such as type of agricultural intensification. population density. and land-use intensity. 
have various effects on the intensity of maize constraints (table 15). Systems in the 
markel-driven path of intensification face less Striga incidence than those in the popula­
tion-driven path. Siriga is a main constraint in low-populated zones where scarcity of 
labor often impedes farmers from tending their crops better. Siriga is also predominant 
when fanow periods are not long enough to allow natural vegetation to re-establish. But 
the status of soil quality does not show differences between good and poor soils since 
Siriga-infested areas are equally distributed on both types of soil. The above results 
suggest that Striga is probably a constraint induced by sociocultural factors and the 
climate. The same conclusions can be highlighted for the other maize constraints except 
thai infestation was found to be more severe in poor soils than in good soils. 

Table 15. Effect of lhe socioeconomic factors on the distribution of maize constraints 
In Central Africa (% of Infested areas) 

Factor Slriga 

Intensification path 
Market-driven 35.3 
Population-driven 64.7 

Population density 
Low (0-50) 
Medium (50-100) 
High (>100) 

Relative soil fertility 
status: Poor 54.7 

Good 45.3 

Land-use intensity 
Low «34%) 38.2 
Moderate (34-66%) 56.S 
High (>66%) 5.3 

Biotic constraints on plantainlbanalUJ 

Sueak virus Stemborers 

14.5 16 
85.4 84 

99.6 99.4 
0 0 
0.4 0.6 

76.8 72.6 
23.2 27.4 

43.9 23.8 
56.1 76.2 
0 0 

Speaygrass Downy mildew 

4.5 21.7 
95.5 78.3 

99.8 100 
0 0 
0.2 0 

75.3 73 
24.7 27 

15.2 11.9 
84.7 88.1 

0.1 0 

Data were collected in four countries out of five in the study area, namely: Cameroon, 
Congo, Gabon, and Zaire. Black sigaloka was found to be a serious constraint in the 
humid zone. An area as large as 82.4 million ha is severely to very severely infested by 
black sigatolca out of 192.8 million ha in which plantain and banana were found to be 
grown. The breakdown by agroecological zone is as follows: 6.2 million ha out of 46.4 
million ha in the derived savanna; 2.6 million ha out of 8.3 million ha in the Guinea 
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Table 16. Areas with severe to very severe Ileid constraints on yam (nematode) and 
plantalnlbanana (black slgatoka) by agroecologlcal zone In Centra' Africa 
(Of. of area) 

AEZ 

NGS 
SGS 
DS 
MAS 
HF 
Central Africa 

Notes 

Black sigaloka 
(plantain/banana) 

n=4 

22.9 
42.8 
13.4 
1.8 

42.7 
33.9 

n = number of countries covered for the analysis 
AEZ, NGS, SGS, OS, MAS, and HF = see table 1 

NemalDde 
(yam) 

n=l 

0.0 
0.0 
6.0 
2.0 

12.9 
7.9 

savannas, and 0.4 million ha out of 22.6 million ha in the midaltitude savanna (table (6). 
Results also indicated that infested areas are concentrated in low-populated areas, in 
population-driven areas, and in environments with poor soils. These fmdings suppon a 
research policy towards the development of technologies with low external input, such as 
resistant varieties against black sigatoka. 

Biotic constraints on oth er llT A tIUlndate crops 
Cowpea: field insects are the most important. ]n Zaire where information was available, 
infested areas in which cowpea is grown were as large as 31.9 million ha or 18.6% of the 
study area in the country. Low yields (100 - 300 kglha) in fanners' fields were attributed 
mainly to insect attacks in the extreme northwestern region (Gemena region) in the 
western region (Cataractes region), and in the center-south (Kasai region) of Zaire 
(Republique du Zaire 1987). Striga gesnerioides was mentioned as severely infecting the 
cowpea fields in the Kasai region within an area as large as 13.2 million ha or 7.7% of 
the study area of Zaire. 

Yam: from Cameroon. severe nematode infestation on yam was mentioned in 2.2 million 
ha or 5.3% of the humid and subhumid parts of the country. The same relationships to 
the socioeconomic conditions (intensification path, population density) and to soil fenility 
status were observed as for the other mandate crops. 

Implications for research 
Both physical factors (soils, climate) and socioeconomic factors (market opportunities, 
population density, land-use intensity) have shown great effects on the biotic constraints. 
While ecological conditions determine the nature of the biotic constraints. soil status and 
socioeconomic conditions detennine the severity of attaoo, thus the economic incidence 
of the constraints on the sustainability of the production system. It is important to 
consider these conditions when targeting improved technologies. 

45 



VII 
Targeting of Technologies to Agricultural Systems 

Matching the characteristics of agricultural systems with the technology requirements 
allows technologies to be targeted to the most suitable environments for adoption. 
Resource endowment of the agricultural systems for the basic facLOrs of production are 
given in table 17. Systems in the expansion phase (low intensity of land use) are 
characterized by the abundance of land but the endowment in variable factors (labor and 
capital) is either scarce or moderate (as compare to those in the intensification phase). 
Systems in the population path lack capital as compared to those in the market path. So 
targeting of technologies requires consideration to be taken into the nature of the 
technology as well. 

Table 17. Resource endowment of the agricultural systems In Central Africa 

System Population-driven Market-driven 

Land-use intensily Low Moderate High Low Moderate High 
Areas(%) 39.0 52.5 0.8 2.2 5.1 0.4 

Resource endowment 
Land A M S A M S 
Laborlland S SIM MiA S/M MIA MIA 
Working capital/labor S S S M MIS MIS 
Fixed capitaL' labor S S S M MIS MiS 

Note 
S = scarce M = moderate A= abundant 

Farmer-neuual adoption technologies are suitable for all the systems in Central Africa 
but they are particularly indicated for the population-driven areas (92% of the study area). 
Technologies chat require the fanners ' involvement for successful adoption need to be 
targeted on the basis of their complexity. Single component technologies, such as 
resistant materials or high-yielding varieties that fit into existing systems, are potentially 
easier to adopt than complex technologies that create a new system at the farmers' level. 
The socioeconomic conditions of Cenual African fanners, as described earlier, appeal to 
the single components such as resistant materials and postharvest technologies. 
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Table 18. Mode of Introduction of legumes (herbaceous and shrubs) Into agricultural 
systems In Central Africa 

System Popul81ion-driven Market-driven 

Land-use intensity Low Moderate Hif Low Moderate High 
Areas (%) 39.0 52.5 O. 2.2 5.1 0.4 

Mode of introduction 
Rotation (fallow) NS NS S NS S NS 
Relay cropping NS S S S S S 
Multiple cropping S S NS NS NS NS 
Alley cropping NS NS S NS S S 

Note 
NS = not suitable S = suilable 

High-yielding germplasm of crops that multiply vegetatively are suitable for Central 
Africa. provided that postharvest technologies are developed. Improved gennplasrn of 
crops that require continuous renewal of seed should be rargeled to the market-driven area 
of the Guinea savannas. Complex technologies such as alley fanning need careful thought 
prior to their introduction in the Central African zone. The forest zone is not appropriate 
for alley fanning. But other agroforestry technologies. such as economic trees producing 
fruilS, medicinal, and ratan products, might be accommodated in the forest margins. 
Herbaceous legumes may also play a positive role in the forest margins but their mode 
of introduction determines the adoption (table 18). Hence, the relay cropping mode is 
suitable where the iabor/land ratio is moderate-~abundanl. while the multiple cropping 
mode should be ideal in the popuiation-driven system. Alley cropping should perform 
weU in the late intensification phase in the subhumid areas. 
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VIII 
Conclusion and Recommendations 

Subhwnid and hwnid regions of Central Africa cover an area twice as large as that of west 
Africa. Population density is low and virgin land is still abundant, thus offering 
opportunities for both biodiversity and conservation programs. Where land is being 
cultivated. the characterization of fanning systems has resulted in as many as 80 types on 
the basis of a multivector of 37 variables. If only one predominant rural activity is 
considered. Central Africa is mainly a root and tuber-based system. 

Analysis on the dynamics of systems has shown that most of the study area (92%) 
follows a population-driven pathway of intensification because of poor market opportu­
nities. Differences have been noticed among agroecological zones and countries because 
market-driven areas are prevalent in the savannas. 

Although the intensity of land use is still low-to-moderate, there is evidence that 
forest margins are experiencing serious resource degradation which needs increasing 
auention to sllstain the productivity of the home gardens. Complex technologies that 
result in new systems at farmers' level such as herbaceous legumes are needed in the 
forest margins but both the type of technology and its mode of introduction are crucial 
to the success of adoption. Elsewhere. the research strategy should be oriented towards 
the development of single component technologies, preferably the small-scale farmer­
neutral adoption ones such as classical biological control or resistant materials technology. 
But a big breakthrough would not be achieved without improving the market infrastruc­
ture of the subregion. This is supported by the results which showed that systems in 
favorable market environments are less heterogeneous and face fewer constraints. hence 
they are probably easier to manage. Here policy~decision makers have to playa major 
part in solving the problem. This is a precondition if products from agricultural research 
are 10 make a substantial contribution to the improvement of smallholders' welfare in 
Central Africa. 
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About IITA 

The goal of the lntemational1nstitute of Tropical Agriculture (lITA) is to increase the 
productivity of key food crops and to develop sustainable agricultural systems that can 
replace bush fallow, or slash-and-bum, cultivation in the humid and subhumid tropics. Crop 
improvement programs focus on cassava. maize, plantain and banana. cowpea, soybean. 
and yam. Research fmdings are shared through international cooperation programs, which 
include training, information, and germplasm exchange activities. 

lIT A was founded in 1967. 'the Federal Government of Nigeria provided a land grant of 
1,000 hectares at Ibadan, for a headquarters and experimental fann site, and the Rockefeller 
and Ford foundations provided fanancial support. lIT A is governed by an international 
Board of Trus\eeS. The staff includes around 180 scientislS and professionals from aboul40 
counuies. who work at the Jbadan campus and at selected locations in many counuies of 
sub-Saharan Africa. 

lIT A is one of the nonprofit.. international agricultural research centers currently supponed 
by the Consultative Group on International Agricultural Research (CGIAR). Established in 
1971. CG lAR is an association of aboul50 countries. international and regional organizations, 
and private foundations. The World Bank, the Food and Agriculture Organization of the 
United Nations (FAO). and the United Nations Development Programme (UNDP) are 
cosponsors of this effort. 


