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Abstract

In late 1998, FAO launched a Technical Co-operation Project to assist the government of the Ivory
Coast in rural development by promoting agricultural production as the main source of economic growth, and by
improving the management of natural resources. The sustainable development of the humid-savannah region and
western highlands is being allotted primary consideration. The goal of the project is to replace traditional shifting
cultivation with more-sustainable production systems. This paper describes the origins and scope of the problem
and the research strategies being considered and employed. The project will be executed in three phases:
constraint analysis and formulation of a pilot project, execution of the pilot project (1999-2003), and long-term
extension (15 years) from 2004, based on the data generated in the pilot phase.

1. INTRODUCTION

At the request of the government of the Ivory Coast, FAO launched, in late 1998, a Technical
Cooperation Project (TCP/IVC/7821) titled "Restauration de la fertilite des sols et amelioration des
systemes de culture pour le developpement durable de la zone de savanes humides et de la region
semi-montagneuse de l'Ouest." The project aims to assist the government of the Ivory Coast in
implementing its Rural Development Strategy, which focuses on: (i) reducing existing regional
disparities, (ii) promoting agricultural production as the main source of economic growth, and (iii)
improving the management of natural resources in the country. In this context, the sustainable
development of the humid savannahs and western highlands are of prime importance. To facilitate the
achievement of this development goal, the government has created a High Commission for each of the
two zones.

2. GENERAL INFORMATION

2.1. Importance of the problem

The savannah zone in the Ivory Coast comprises some 3.3 Mha of cultivated land (from a total
area of 16 Mha) with a population of 2.1 million (80% rural). The western highlands cover 39,400 km2

and has 1.5 million inhabitants. Socio-economic and agro-ecological factors that, over the last three
decades, have resulted in serious degradation of the soil and low agricultural productivity, are as
follows.

2.1.1. Traditional agricultural production systems

Generally, farmers in the Ivory Coast practise shifting cultivation, using annual fires to clear
the bush. This traditional practice was economically and ecologically viable when land was abundant
and the human population smaller, and bush-fallow periods lasted 15 years or more. Under increasing
population pressure and scarcity of land, fallow periods are shorter, causing serious degradation of the
natural resource base, stagnant or declining crop yields, food and nutritional problems and increasing
poverty. The critical feature of this land-use practice is that nutrient outflows exceed inflows and lead
to soil mining. Estimates for thirty-eight countries in sub-Saharan Africa (SSA) suggest that annual
losses of macro-nutrients per hectare during the 1980s were 22 kg of N, 2.5 kg of P, and 15 kg of K.

• International Atomic Energy Agency.
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Long-term soil mining leads to loss of soil organic matter (SOM) with subsequent declines in
nutrient-holding capacity, soil macro-structure, water-holding capacity and infiltration. For example,
cultivation with low-input methods (no fertiliser) in the humid savannah zone of SSA can induce a
30% loss of SOM after 12 years, and 66% after 46 years, with rice yields declining from 1 ton/ha to
300 kg/ha. Crop residues, returned to the soil as practised under the present short-fallow system, are
not sufficient to offset these losses. The challenge is to halt soil mining and restore fertility before
yields become so low that cropping activities are abandoned.

2.1.2. Climate change

Decreasing rainfall in West Africa has resulted in annual-deficit increases from 150 mm in the
1960s to 400 mm in the 80s. Although it is not yet clear if this trend will continue, the rainfall deficit
has significantly contributed to ongoing migration of human population and animals from the Sahel to
the Ivory Coast and, within the country, from the savannahs towards the southern forest zones, and has
led to changes in cropping patterns.

2.2. Agro-ecozones

The savannah in the Ivory Coast covers about two thirds of the national territory with some 3.3
Mha of cultivated land. The region has the following specific agro-ecozones:

(1) In the north, with unimodal rainfall pattern (<1200-1500 mm/yr ), are three types of
savannahs:
- North-eastern savannah (Bouna-Boundoukou-Tanda), semi-arid:

millet
sorghum and yam to the south
cotton becoming an important cash crop
livestock common;

- Northern savannah (Boundiali-Korhogo-Ferke), sub-humid:
cotton/maize predominant, however, with increasing rainfall deficit, maize is being
replaced by sorghum and millet
yam
rice
fruit trees, mango, citrus, cashew, showing promise
animal traction common, often related to cotton cultivation;

- North-western savannah (Odienne), humid and undulating relief:
cotton, main cash crop, losing importance due to unfavourable financial returns
rice and maize are the main food crops.

(2) Central humid savannah (Savane Centre-Sud) with bimodal rainfall pattern (1200-1500
mm/yr), comprises the area around Bouafle, Bouake, Seguela, Katiola, Dabakala, bordering on
the forest/transition zone to the south and in its northern part there is a second growing period
with precarious rainfall:
- Main production systems:

yam and cassava major food crops
rice
horticulture and aquaculture in the lowlands
potential for agro-forestry, fruit trees, and improved small-scale irrigation;

(3) Western highlands around Man and Touba, comprising 900 000 ha under unimodal rainfall
(1500-2000 mm/yr). Humid-forest, mountain-forest and humid and sub-humid savannah
zones meet:
- Due to merging agro-ecozones there is a mix of production systems:

cassava, maize and rice generally, the main food crops
cocoa, coffee and hevea are important cash crops.
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3. CONSTRAINTS AND POTENTIAL OF THE SAVANNAH

The major agricultural problem that farmers face in the savannah zone is weeds. The length of
the cultivation cycle in the shifting-cultivation system is largely determined by the degree of weed
infestation, which, in turn, is dependent on the fertility of the soil. Soil fertility decreases rapidly after
the fallow period through cultivation of nutrient-demanding crops such as rice, maize and cotton, often
with no or very little fertiliser application. As a consequence, crop productivity decreases sharply due
to rapid depletion of soil nutrients and increasing weed infestation.

Technical options presented below have been developed to a great extent by the research
system within the Ivory Coast, but also in other countries of West Africa under similar agro-ecological
conditions. According to their main impact, they have been presented at three levels: farmers' fields,
farm, and community.

3.1. Constraints

3.1.1. Annual bush fires

As a labour-saving practice, most farmers use fire to clear the bush after the fallow period, and
also to prepare fields for planting. This practice leads to loss of all the N in the biomass, two thirds of
the K and one third of the P. Mineralisation of organic matter contributes to degradation of the soil
structure and loss of water-retaining capacity.

3.1.2. Fallow

Leaving previously planted fields to return to bush fallow is the most important soil-fertility-
restoring management technique used by farmers. During the past two to three decades, the fallow
period has generally been reduced, from about 15 to as little as 2 years due to increasing population
pressures and concomitant scarcity of land.

3.1.3. Soils

Generally, soils in the savannah are "sols ferralitiques," typically of low cation exchange
capacity (CEC) and deficient in P. Cropping, coupled with N fertiliser application only, reduces soil
pH (acidification), soil organic matter, and extractable cations.

3.1.4. Livestock

Although the savannah zone supports about 1 million head of cattle and 2 million small
ruminants, the integration of livestock into cropping activities is weak; manure is only marginally used
as fertiliser. It is estimated that 0.5 Mt/yr farmyard manure is produced, sufficient for about
100 000 ha of crops, equivalent to half the area under cotton.

3.1.5. Unbalanced cropping systems

In most crop rotations, legumes play a marginal role, therefore, contributing little to the N-
economy of the soil. Major crops such as yam, often grown at the beginning of the cropping cycle
after the fallow, use much of the reserves of P and K in the soil, and leaving little for subsequent
crops. Since farmers apply virtually no fertiliser to food crops, with decreasing fallow periods, or even
no fallow at all (in the north), such mining of nutrients leads to serious soil degradation and yields may
become so low that cropping activities are abandoned.
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3.1.6. Agro-economic constraints

Cotton is the only major export crop of the savannah zone; the other important cash crops,
cocoa, coffee, hevea, pineapple, etc., are concentrated in the southern forest zone. This has specific
disadvantages for the savannah zone:

- Following the devaluation of the FCFA in 1994, the price of food crops increased, but less
than did the prices of export crops and of imported inputs. This has led to generally lower farm
incomes, lower profitability from imported inputs and growing economic disparity between
the savannahs and the forest zone,

- Since a major part of the food crops of the savannahs is home-consumed, the monetary base of
the rural economy is weaker than in the forest zone, resulting in a disincentive to use
expensive inputs, especially taking into account the lack of seasonal credits for food crops,

- The development of the savannah zone is strongly dependent on cotton, the major cash crop,
which has an uncertain future:

being an input-intensive crop, it has benefited less than the export crops of the forest zone
from the FCFA-devaluation
as a result, income from cotton is not particularly attractive to fanners, causing a general
decline in production
CIDT is the only cotton company in the country that provides all necessary services to
farmers from land preparation to processing; however, its pending privatisation creates
some uncertainty with regard to fanner extension and fanner groups;

- Long distances to the main coastal consumer markets and export outlets, in and around
Abidjan, are a major constraint, particularly with respect to perishable horticultural products,
fruits, and roots and tubers,

- The input distribution and marketing network for general food crops are very underdeveloped,
- Modern farms with high value-added enterprises are concentrated mainly in the forest zone,
- Rural credit is a serious constraint, although not specific to the savannahs.

3.1.7. Socio-economic potential

Cotton production and processing, despite current weaknesses, are important assets for the
region because of their capacity to develop and structure the rural economy, due mainly to the
following factors:

- Provision of medium-term credit through CIDT for animal traction (about 90 000 animals on
180 000 ha),

- Creation of Farmer Groups and Unions, which constitute a potential basis for taking over
certain tasks (input provision, credit, and marketing services) beyond narrow cotton
production.

The region has an infrastructure of roads and feeder roads that is much better developed than
in similar cotton-growing areas of neighbouring countries.

The unimodal rainfall pattern, with a marked dry season that is needed by some crops with
high market potential (tree fruits, horticultural crops, groundnuts, etc.), is clearly advantageous over
the more humid forest zone.

4. THE PROJECT

The primary goal of the project is to replace traditional shifting cultivation in the humid
savannahs of the country by economically, ecologically and socially more-sustainable production
systems. In order to achieve this development objective, the project focuses on the following main
issues:
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- Restoration of soil fertility through improved management of land and crops and more-
efficient use of mineral and organic fertilisers,

- Crop diversification through more-efficient use of water resources using irrigation,
- Introduction of new cropping systems that have been successfully tested in countries with

similar agro-ecological conditions,
- Adapting traditional land tenure to the market economy,
- Involving the private sector in all aspects of regional development, assisted by Government

through the creation of a favourable environment.

The strategic framework of the project responds to the following needs:
- To take into account all aspects of soil-fertility restoration including areas concerned, cost of

fertility restoration, and economic profitability and sustainability,
- To test all fertility-improving measures at the farm level in representative agro-ecozones of the

humid and sub-humid savannahs before their extension at large,
- To identify major macro-economic constraints (e.g. marketing) that impede sustainable

agricultural development in the savannah region.

The project will be executed in three phases: constraint analysis and formulation of a pilot
project financed by FAO, execution of the pilot project (1999-2003) that will include a mid-term
evaluation, and a long-term extension (15 years) starting in 2004 based on successful results of the
pilot phase. The current diagnostic phase is expected to produce the following results:

- Methodological guidelines for the identification of constraints and test zones (agro-ecological
zones and their fertility criteria) and the formulation of technological options for the
improvement of soil and crop productivity,

- A document for a bankable pilot project,
- A regional development-program proposal with a particular focus on institutional support and

crops with agro-industrial development potential (e.g. maize, soybean and groundnuts).

4.1. Available technologies

Available technologies, presented below, have been identified. They are designed to solve
major technical production constraints, and have been derived from research and development work
carried out in the Ivory Coast and similar agro-ecozones in West Africa. Most have not yet been
adopted by farmers on a large scale and still need to be validated under, and adapted to, fanner
conditions. They are grouped according to the level of intervention: farmer's field, farm, or
community (watershed, irrigation perimeter, and village communal land).

4.1.1. Technology options at farmer's-field level

4.1.1.1. Weed control

Noxious weeds (Imperata, Rotboellia, etc.) are a general problem in the savannah for most
crops, and can be controlled through animal traction, herbicides and/or cover crops. Cover crops such
as Pueraria, and Mucuna have proven to be a low-cost technology to effectively suppress weeds in
cropping systems, e.g. maize/pueraria, maize/mucuna and cotton/mucuna.

4.1.1.2. Fertilizer application

In the cotton-growing zone (northern savannah) where the utility of fertilisers is recognized,
low to medium applications that are economically feasible for smallholders could be tested for cotton,
upland and irrigated rice, maize and yam.

Application of phosphate rock is an option to improve the P-status of the generally P-deficient
savannah soils.
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4.1.1.3 Lowland rice

The specific problems of lowland rice are yellow mottle virus and iron toxicity. Rice varieties
with resistance to the virus and to iron toxicity are available and need to be provided to farmers.

4.1.1.4. Urban and peri-urban horticulture

Dry-season urban and peri-urban horticulture suffers from problems related to the infestation
of soils with nematodes and bacteria (e.g. Pseudomonas) and from unbalanced fertilisation. Improved
crop rotations and nematicides together with balanced fertilisation can improve the situation.

4.1.2. Technology options at farm level

4.1.2.1. Livestock/agriculture integration

In the livestock zone (northern savannah) improved farmyard manure production and use is
possible by a) stabling and/or fencing for overnight containment of livestock, b) mixing manure with
NPK or SP and dissemination of licking stones.

4.1.2.2. Improved fallow

Reduction of the fallow period results in lower soil fertility and proliferation of noxious
weeds, and requires also that farmers manage the fallow. Short improved fallow periods of 2 to 5 years
under legume crops can improve the fertility status of savannah soils:

- Tree legumes {Acacia auriculiformis in the north and north central and Acacia mangium in the
forest transition zone,

- Herbaceous legumes (Pueraria phaseolides, Mucuna utilis, Crotalaria anagyroides),

- forage legumes (Stylosanthes spp. with grain crops, Cajanus cajan pure stand).

4.1.2.3. Improved crop rotations

Increased cultivation of grain legumes, such as groundnut and niebe, is needed.

4.1.2.4. Perennial crops

Perennial crops, e.g. hevea and coffee, can improve soil productivity. In the central savannah,
coffee is usually intercropped during the first 3 to 4 years. Other options are the association of coffee
with Glyricidia sepium for shade, and interplanting of hevea and coffee. In the humid savannah,
cashew, mango and teak hold promise as commercial tree crops. Oil palm is being introduced in the
humid west and central zones.

4.1.3. Technology options at community level

Implementation of technical solutions that address constraints at the community level (bush
fire, irrigation, and livestock grazing), requires collective and co-ordinated action and management of
the village community.

4.1.3.1. Erosion control

Water-erosion control is essential in the densely populated areas of the savannah. This can be
achieved through construction of simple contour bunds, and stone lines that can be strengthened with
perennial crops, such as coffee and banana.

116



4.1.3.2. Small-scale irrigation in lowlands

Iron toxicity can be controlled through the construction of up-stream drainage canals that are
stabilised and utilised by perennial fruit crops, such as banana and mango.

4.1.3.3. Control against livestock and bush fire

Farmers need to protect their fields against bush fire and livestock incursion, particularly when
they are establishing improved fallow or horticultural and perennial crops. This can be achieved by
constructing "productive" live fences, such as cashew, citronnier, and Gmelina. These need to be
protected for the first 5 years until they are resistant to bush fire.

4.1.3.4. Traditional tree cropping

In the northern savannah zone, indigenous trees such as karite and nere play an important role
as food crops, and Faidherbia albida as fodder for livestock. Increased planting, protection, and
marketing of products of these traditional species need to be supported.
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