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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 FAQ
classification system (FAO 1978). Map 2 shows 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/km? (Workd Bank 1994).

The level of agricultural production and its constraints 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 delermined 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 1o respond to market incenlives, or for both reasons.
These two main abjectives have led social scientists to hypothesize that there are 1wo
main driving forces for agricultural intensification: the increase in population density
(Boserup 1965) and the improvement in market opportunitics {Binswangcer and Mclntire
1987). Smith (1992) added that the agricultural intensification induced by the two driving
forces leads to different types of resowrce use and degradation and that different
technologies are needed 1o alleviate related constraints. This present study applies the last
hypothesis of Smith {(1992) to characterize the dynamics of evolving production systcms.
Intcnsification driven by population density alonc gives way o population-driven
systems which rely mainly on intemal natural resources Lo 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 intecmal and
external resources, 0 sustain the production system. Within population-driven and
markel-driven categories an cxpansion and an intensification phase are distinguished,
given the imensity of land use (Manyong ¢t al. in press). Three criteria are used to
distinguish population-driven from market-driven systems and their associated phase of
mnlensification: access to wholesale markets, the presence of a major cash crop for
sustained production, and the land-use iniensity.

Access 1o wholesale markets

If wansport infrastructure (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/100 km? suggested
by Fresco (1988) as a criterion for an arca wilh good access 10 markels 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 outputfinput price ratio and
the profitability of the system as well. Results of the analysis indicate that only about
27% of the study area was assesscd as having good access to wholesale markets,
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Figure 2a. Agricultural 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 better
in the humid zone than in the subhumid (Manyong et al. in press). The quality of road
infrastructure is a major constraint in the Central African zone: paved roads represent only
170 km/million people or 0.2 km/km? (calculated from World Bank 1994) while the
paved road density in Nigeria was 8.3 km/km? in 1985 (Gaviria et al. 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 cattle rearing, the predominant rural activity
of the area. Map 3 shows the distribution of the study area according to this factor in
Central Africa.






Major profitable cash crop for sustained production

Data collection was limited to the assessment of the five most imponant rural activitics
{crops or livestock or fishing). In this study, a major profitable cash crop refers 1o any
of the most important rural activitics and was defined in a stepwise analytical approach
using the following characteristics:

1. It should be one of the two crops rarked by key informants as “top crops™ of the
farming system.

2, The crop should have a comparative advantage in the arca among other feasible options
(suitable ecology, availability of improved technology). FAQO (1978) has provided
suitability maps for most of the crops grown in Central Africa.

3. The crop should be marketed with subsiantial returns to the farmers (not only to the
middlemen or the consumers).

4. The proceeds should be reinvested in agriculture (not in trade, for instance) 10 maintain
or improve the long-term productivity of the system. External inputs such as hired labor
and the application of recommended doses of fentilizer (or veterinary requircments in the
case of livestock) were considered to be a reinvestment in agriculture.

Results from the analysis indicate that aboul 9% of the study arca was asscssed as
having a major profitable cash crop for sustained production. The percentage is slightly
higher in the savannas because of caule rearing and cotton 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 declining
trend between 1970 and 1990. In small arcas where a positive trend was observed, poor
road infrastructure increased the marketing margins that wiped out the little 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 (République
du Zaire 1991). Map 4 shows the area having one major cash crop for sustaincd
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 o 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:

Land-use intensity

Low Moderate High
Good soil R<=133 R =34 1066 R> 66
Poor soil R<20 R=201050 R>50
Phase expansion intensification
early stage late stage

Notes
R = a/{a + b)*100 where R = Ruthenberg index in %
a = Years of cultivation, and b = Years of fallowing
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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 moderale land use 10 be
predominant in all the agroecological zones (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 unexpected situation was both the high cost of clearing the thickly wooded land and
the scarcity of labor in the forests of the Central African zone. The latter is caused by
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Table 2. Usse of production potentlal offered by good infrastructure

AEZ Areas with good access Areas with major cash crop Achieved potential
% L g,

8y @° ar (4 =3:2)

NGS 269 269 100

5GS 325 26.8 825

DS 369 14.0 379

MAS 45.1 303 67.2

HF 211 1.6 7.6

Total 274 8.7 318

Notes

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

Agricultural systems

Types

An agricultural system, as defined in this monograph, is a collection of farming syslems
in which changes in production processes are determined by the interactions of dilferent
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 cxpansion and
intensification phascs. The Central African region is a typical population-driven region
with about 92% of the wital 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
arca), population-driven 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 southem
Guinea savanna has market-driven intengification 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 to effect continual clearing of new areas of densely
wooded forest for farming purposes. The farmers would rather choose to cultivate the
same fields continuously until the opportunity cost of labor for farming the fields becomes
higher than the apporiunity cost of labor in opening up new land. The market-driven

16
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¢ in the southern Guineca savanna: maize — improved open-pollinated varieties will be
suitable for this zone.

e in the midaltitude savanna: maize — improved varieties should be introduced with
better nitrogen-use efficiency, preferably an open-pollinated variety conditioned ©
midaltitude environments.

e in the humid forest cassava — high-yielding varieties (TMS 30572 eic.) should be
introduced; post-harvest technologies on processing and storage should be improved;
plantain/banana — high-yielding varicties resistant to black sigatoka should be intro-
duced. Also post-harvest technologies on processing, storage and utilization should be
improved.

= in the derived savanna; cassava is the key crop as in the humid forest.

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 to facilitate
the producticn and marketing of tree crops. In the past ten years, however, the roads have
greatly deteriorated but farmers continue to grow the tee cash crops. These sysiems
would shift to a market-driven path if access improved. They represent about 1% of
Central Africa with proportions as follows: northem Guinea savanna (1.9%), midaltityde
savanna (1.7%), and humid forest (1%).

3. High off-farm cash in population-driven systems. Thes¢ 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 to reinvest in agriculure. In Central
Africa about 46 million ha or 14% of the total land area falls into this category. Derived
savannas have the grealest share (21%), followed by the humid forest (14%), midaltitude
(2.5%), and southern Guinca savanna (1.9%).

Pseudo-market-driven systems
All market-driven systems are potentially population-driven. If the conditions predispos-
ing them to be market-driven should disappear, they would simply turn to population-
driven systems. However, a pscudo-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 to produce vegetables and
assist them in selling agricultural products. This situation has resulted into 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 affected 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 of the mandate crops

The farming 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 farming sysiems.
But while farmers 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 farmers.
The first two of the five crops are regarded as major while the last three are minor. IITA’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
farming 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%), yam (58.3 million 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
agroecological 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
grownﬁi_n the northern Guinea savanna and yam is mainly in the humid zone. While
cassava and pldntain/banana were assessed in this study as major crops, maize, yam, and
cowpea were seen 1o be grown mainly as minor crops according to cur definition (figure
6).” Table 8 shows the importance of the mandate activities of other Intemational
Research Centers within IITA’s mandate area. Cattle (ILRI's main research activity) are
important mainly in the savannas especially the midaltitude savannas; sorghum (ICRISAT’s
main activity) is lmponam only in northem and southem Guinea savannas, while rice
(WARDA's main activity) is predominant in the humid forest, midaltitude, and derived
savannas. The geographic location of IITA’s mandate crops appears in maps 7 to 11,
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Table 9. UTA mandate crops as one of the top five craps by agricuitural systems in
Central Africa (% of area)

Maize Cassava Yam Plantain/Banana Cowpea

MD PD MD PD MD PD MD PD MD PD

NGS 452 548 - 100 - 100 - 100 538 462
§GS 371 629 319 687 687 313 - 100 333 667
DS 132 868 140 1.3 13 987 - 100 375 6235

MAS 205 795 307 100 100 - - 100 194 806
HF 06 934 05 - - 100 - 100 333 667
IITA? 86 914 74 46 926 954 - 100 355 645

Notes

Consider only figures in arow for each crop and for each agroecological zone. Population-driven (PD)
and market-driven (MD) percentages add up to 100

NGS, SGS, DS, MAS, and HF: see table 1

a = [ITA mandate area

Table 10. Dynamics of the mandate crops in Central Africa (% of agroecological zone)

Maize Cassava Yam Plantain/Banana
E D E D E D E D
NGS 59.6 0 7.7 0 0 )] 115 0
SGS 8.1 0 579 38 53 0 24 38
DS 271 10.8 42.5 0 0.2 0 58 0
MAS 497 0 509 0 53 0 L} 0
HF 359 0.9 29.5 0.1 2.1 0.1 78 0.1
IITAS 339 28 357 023 22 03 6.3 0.3

Notes
E = Expanding D = Declining a = [ITA mandate area

Dynamics of the mandate crops

Apart from the areas where the mandate crops are among the five main crops grown, there
are also arcas where these crops are either expanding in importance 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 ail the agroecological zones but
faster in the northern Guinea savanna where extension agents place more and more
emphasis on cotion/maize rotation and early-maturing varicties. Most of these crops are
expanding largely because they are taking over from traditional crops such as sorghum,
coffee, cocoa, and cotton 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-purpose role as a cash and food crop,
and secondly because tree cash crops are declining within the zone. Yam is expanding,
albeit slowly, because virgin uncultivated land is abundant. However, the expansion of
yam is limited by its high labor requirements. Cowpea and soybean did not show any
sharp trend worth mentioning.

Implications for research

The rescarch focus on cassava should be concentrated in the southern Guinea, derived,
and midaltitude savannas. The zones are highly suitable for cassava production (FAQ
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
o 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. Resecarch efforts should be directed to conserving soil fertility and saving labor on
which yam production basically depends. Yam 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 attached to its quality rather than
its quantity.

Soybean. Soybean is relatively new in the Central African subregion. It has only
recently started 10 become established in parnts of Zaire. Almaost 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: (1) locally adapied
foods in which soybean does not displace waditional legumes, (2) promotion of soybean,
(3) diffusion, (4} echnological breakthroughs, and (5) response to local markets.
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Subclass 3.2: Management-related problems
21. old plantations
22, low productivity
23. poor management

Class 4: Agricultural policy-related constraints
24. no extension service
35. inefficient extension service

Class 5; Technology-related constraints
Subclass 5.1: Variety-related constraints

26. lack of improved varieties

27. sceds of poor quality

28. inappropriate varieties
Subclass 5.2: Tool-related constraints

29, elementary farm tools

30. lack of mechanization

Class 6: 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.

No data (0.5%)

Technology related {18.1%)

Policy related (7.3%) Market related (49.1%)

gt
-1
HH

Resource related {10.1%)

Pest related (7.3%) L
Sociologlcal related (7.7%)

Figure 7. Characterization of farming consiraints in Central Africa
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4, Agrioullural palloy related 5. Technology related 8. Pest related

Figure 8. Characterization of farming constraints In Central Africa

Biotic constraints for the mandate crops

Pest-related constraints were assessed to 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 to field discases, insects, and weeds. Four ratings were used to
reflect the incidence of the biotic constraints on crop as follows: very severe, severe,
moderate, and not mentioned. Only the first two ratings were considered in subsequent
analysis because they were hypothesized to be of economic importance on the productiv-
ity of the crops. Results given below are tentative and need to be validated. The
information was not always available or was of poor quality because informants lacked
the required expertise on field insects and discases.
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Table 13. Effects ofthe sociceconomicand soll fertility factors on the biotic constraints
on cassava In Central Africa {% of Infested areas)

Factor CGM CMY M CBB
Intensification path
Market-driven 19.8 10.0 11.5 7.1
Population-driven 802 90.0 83.5 929
Population density
Low (0-50) 100 99.8 99.7 100
Medium (50-100) 0 0 0 0
High (>100) 0 02 0.3 0
Relative soil fertility
status: poor 742 80.9 61.1 87.5
good 258 19.1 38.1 12.5
Land-use intensity
Low (<34%) 30.6 41.6 44.1 490
Moderate (34-66%) 69.4 57.5 543 494
High (>66%) 0 09 16 1.6
Note

CGM, CMV, CM and CBB: see table 12

Table 14. Areas with savereto very severs field constraints onmaize by agroecological
zone in Central Africa (% of area)

AEZ Striga Streak virus Stemborers Speargrass  Downy mildew
n=4 n=2 n=4 n=2 n=1

NGS 519 1.7 0 0 0

SGS 6.2 1.0 4.3 0 0

DS 99 18.3 25.7 326 10.2

MAS 222 311 26.2 384 132

HF 0 28.8 111 26.2 38

Central Africa 5.2 247 14.9 26.6 3.7

Notes

n = number of countries cavered for the analysis
AEZ, NGS, 5GS, DS, MAS, HF: see lable 1

Results extrapolated 1o the entire region (table I4) indicated that speargrass is the
most destructive problem followed by streak virus and siemborers. Analysis by
agroecological zone shows that Striga is predominant in the Guinea and midaltitude
savannas, while the other constraints prevail in subhumid and humid zones. The humid
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