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I. INTRODUCTION 

Senegal has a rich tradition of agricultural research, spanning over sixty years. During this 

period, the research strategy has evolved in response to both political changes--dating back to the 

colonial period--and the introduction of new methodologies from abroad. This paper briefly reviews 

the history of agricultural research in Senegal and describes the evolution of the current farming 

systems research (FSR) program, with emphasis on lessons learned that have implications for other 

researchers conducting farming systems research in national research programs in developing 

countries. 

1.1 Adaptive Research in Senegal 

From the turn of the century until the mid-1970s, agricultural research in Senegal and 

throughout Francophone West Africa was implemented under the auspices of the  French overseas 

research institutes--most notably IRAT (crops research), IEMVT (livestock), I R H O  (oil plant), 

IRCT (cotton) and ORSTOM (overseas scientific and technical research). 

In 1975, the Government of Senegal (GOS) established the Senegalese Agricultural Research 

Institute (ISRA) as  part of its policy to nationalize agricultural research. Under ISRA, crops 

research was concentrated at the Centre National de Recherches Agricoles (CNRA) at Bambey and 

carried out through a network of regional stations. This research focused on variety improvement 

and plant protection. Animal production and veterinary research was carried out at the Labomtoire 

National d 'Elevage et de Recherches Vtttrinaires (LNERV) in Dakar and at  two substations (Dahra 

and Kolda). 

Since Senegal served as the headquarters for agricultural research in Francophone West 

Africa until the 1960s, today the country has one of the most extensive research infrastructures in 

Sahelian Africa (Bingen and Faye, 1987). Since 1975, ISRA has conducted extensive research on 

groundnuts, cereals, cotton, cowpeas and soybean at CNRA/Bambey and has generated many 

research results relevant for improving agriculture in the Sudano-Sahelian zone. 

In spite of these successes, in the 1960s many observers pointed out several weaknesses in 

the research system. For example, crops research had few links with extension and was 

concentrated on stations, with little research conducted at the farm level. Similarly, livestock 

research, which focused on veterinary research and breed improvement, neglected the production 

constraints faced by pastoralists (World Bank, 1981). 



In response to these criticisms, in the early 1960s ISRA established outreach (off-station) 

sites called PointdXppui et d'Expkrimentation Multilocale (PAPEM) where researchers implemented 

multi-locational experiments on soil fertility, crop rotations and variety evaluation (Bingen and Faye, 

1987). A major objective of PAPEM was to develop simple extension themes--mainly on 

fertilization and improved varieties (millet, sorghum, groundnuts)--that collaborating farmers could 

verlfy in their own fields; and which would serve both demonstration and training purposes. 

In the late 1960s, ISRA realized that (1) farmers were not widely adopting research results, 

despite the contacts and opportunities provided through PAPEM, (2) it was possible to develop 

coherent extension packages and improved cropping systems models from many available research 

results, and (3) it was necessary to conduct on-farm adaptive research on a wide enough scale to 

take into account differences in farmers' socio-economic constraints. 

In response to these realizations, ISRA initiated the Unitks Expirimentales (UE) project in 

1969 to assess the relevancy to farmers of technologies developed on research stations. At the time, 

this project represented a unique attempt in West Africa to apply a systems approach, with a farm- 

level focus, to agricultural research (Gilbert er al., 1980; Norman et al., 1981). 

The UE project generated considerable knowledge about the technical and economic 

feasibility of intensifying agriculture and the process of transferring technology from research 

stations to farmers1 (Faye, 1978; Benoit-Cattin, 1982). Researchers and extension personnel also 

gained a better understanding of the structure and the functioning of the farm family. However, 

following a major review the UE project was terminated in 1981, due to its high cost (Norman et 

al., 1981). 

In 1981, the World Bank-funded Agricultural Research Project (ARP) was initiated to 

decentralize agricultural research at I S M ,  develop interdisciplinary programs to address commodity 

improvement constraints, and implement production systems researchZ (PSR) in the country's 

major ago-ecological zones (Figure 1). Under the umbrella of the ARP, USAID/Dakar 

Details of the scientific output from the UE project can be found in ISRA publications, 
including ISRA/CNRA- Bambey (1977), Faye (1978) and Benoit-Cattin (1982). 

Production systems research is a literal translation of the French concept, Recherches sur les 
Systkmes de Production, which has a different connotation than the English term, farming systems 
research. The latter is roughly equivalent to the French concept, Recherches sur les Systkmes 
d'Exploitation, focusing on the farm as the unit of production. To conform with the terminology in 
vogue in Senegal, this paper uses production systems research as equivalent to farming systems 
research. 



subcontracted Michigan State University (MSU) to assist ISR4 in implementing the Senegal 

Agricultural Research and Planning Project (SARPP)--designed to organize and carry out PSR, as 

well as macroeconomic research (Eicher, 1982). As part of the reorganization, ISR4 established 

the Production Systems ~ e ~ a r t m e n t ~  in 1982. This department was responsible for establishing 

five PSR teams (one in each ago-ecological zone) and managing several research support programs 

(Bioclimatology, Weed Control, Post-Harvest Technology and Soil Fertility). By 1986 the 

department had three operating PSR teams, stationed at Djibelor (Lower Casamance), Kaolack 

(Peanut Basin) and St Louis (Fleuve region), and an interdisciplinary Central Analysis Group 

(GCAS) based in Dakar. Members of the MSU technical assistance staff joined the PSR teams in 

the Lower Casamance in 1982 and the Fleuve region in 1983. 

12 Objectives 

National research systems throughout the developing world attempt to develop appropriate 

strategies to increase agricultural productivity. The objective of this paper is to share Senegal's 

considerable experience in conducting farming systems research; and contribute to the growing body 

of methodological literature on FSR and technology evaluation in West Africa. To achieve these 

objectives, this paper documents the farming systems research conducted over the 1982-86 period, 

by (1) chronicling the "Djibelor Experience", including the methodology used by the PSR team, (2) 

summarizing the empirical findings for the Lower Casamance, in order to make them available in 

one place, and (3) discussing major problems in program implementation and their policy 

implications. 

11. THE LOWER CASAMANCE REGION: THE SETTING IN 1982 

The study area is the maritime (Western) zone of the Casamance region, lying between the 

Gambia and Guinea-Bissau (Figure z ) ~ .  The total population is 362,000, of whom more than 70% 

live in rural areas (Harza, 1984). The major ethnic groups are the Diola (85%) and the Manding 

(6%). Although numerically fewer, the Manding historically have had a strong cultural and religious 

influence north of the Casamance River. 

3 ~ n  1986, the name was changed to Department of Agrarian Systems Research and Agricultural 
Economics to reflect the focus on agrarian systems (beyond the farm level) and the inclusion of 
macro-economic research. 

4 ~ n  1984, the Casamance was split into two separate administrative regions: the Ziguinchor 
region (Lower Casamance) and the Kolda region (Middle and Upper Casamance). 



Low-lying inundatable valleys dominate the landscape of the Lower Casamance (Table 1). 

An estimated 28% of the total area (734,200 ha) is cultivated, located along a typical toposequence 

(Figure 3), ranging from sandy ferrallitic upland soils to mangrove swamp, where lowland rice is 

transplanted. Between these two extremes are small inland depressions (talwegs), where 

accumulations of clay. organic matter and water permit freshwater rice cultivation (Posner et al., 

1983). The Casamance River is a tidal estuary whose highly saline waters have to be diverted from 

farmers' fields, rather than used for irrigation. 

As a result of several continuous years of drought, the rainy season has been reduced from 

five and one-half to four months. Rainfall data for Ziguinchor (Figure 4) shows that total rainfall 

for the region declined by 25% from its long-term average of 1000-1100 mm in the early 1980s. 

Total cereal production in the Lower Casamance region was relatively constant between 

1970 and 1983. However, production of rice, the primary staple food, declined drastically from a 

ten-year average of 31,000 mt to 6,300 mt in 1983. With population increasing, rice imports rose 

from 2,000-3,000 mt in 1962 to nearly 30,000 mt in 1983 (Jolly, Kamuanga et aL, 1988). 

In response to the region's prolonged drought, the Projet Intkgrk pour le Dkveloppement 

Agn'cole de la Casamunce (P1DAC)--an extension branch of the regional development agency, Sociktk 

de Mise en Valeur de la Casamunce (S0MIVAC)--began to promote direct seeding of rice and 

planting maize as a field crop rather than as only a compound crop. The objective was to increase 

the availability of cereals for farmers by capitalizing on the shorter growing season. Other themes 

extended by PIDAC personnel in the early 1980s included flat cultivation of upland crops and 

animal traction to increase family labor productivity. 

During the 1970s, most farmers acquired farm equipment and fertilizer through the GOS's 

credit program (Programme Agricole). When it was discontinued in 1979, many farmers stopped 

using fertilizer due to a lack of cash for purchasing inputs. Those with animal traction confronted 

serious difficulties in maintaining their equipment and purchasing spare parts. 

The ISRA station at Djibelor (five kilometers west of Ziguinchor) was established in 1967 

to conduct research on aquatic rice, as a complement to research on groundnut and upland food 

crops that had been conducted at the Sefa station in the Middle Casamance since 1947. In 

addition, the Djibelor and Sefa stations managed a network of PAPEM set up by IRAT in 1962, 

and located in the villages of Enampore, Maniora I1 and Diana Ba. Other research activities 

already being carried out as the PSR work began included multi-locational trials run from either 

CNRA/Bambey or other ISRA stations, and forestry research managed by a station at Djibelor. 



However, rice research has remained the main activity at Djibelor, with several subprograms 

in soil fertility and plant breeding (since 1967); agricultural mechanization and cultural practices for 

aquatic rice (1970-1976); entomology (1970); phytopathology and weed control (1981) (Posner, 

1988). Available rice technology included high-yielding varieties developed under shallow-flood and 

phreatic5 conditions (DJ12-5 19, IRAT 112, IRAT 113, IKP and 144B/9), and other cultivars (Rok 

5, DJ-684) which exhibited a high potential under deeper flood conditions (Sall, Kamuanga and 

Posner, 1983; Posner, 1988). 

Traditionally, rice in the Lower Casamance is grown in low-lying inundated plains, a large 

portion of which are influenced by river tides originating from the Atlantic Ocean. These areas can 

be cultivated only after heavy August rains have leached accumulated salts. Declining rainfall in 

the last two decades has made the mangrove swamps unsuitable for rice. None of the available 

improved varieties performed well under saline soil conditions. 

With no research on upland food crops being conducted at Djibelor, the available packages 

for maize, sorghum, millet and groundnuts appropriate for the Middle Casamance ecology were 

those developed at the Sefa station. These packages were promoted by PIDAC and accepted in 

those villages with cropping systems similar to the Middle Casamance. On this basis, 

PIDACISOMIVAC had classified villages as open or closed to progress--depending on the rate of 

adoption of the major themes. 

111. PROGRAM IMPLEMENTATION STRATEGY 

The PSR program at Djibelor evolved in two main phases. During the first phase (1982-83) 

the PSR team conducted exploratory surveys, delineated the region into farming systems zones, 

defined research themes and implemented on-farm exploratory trials. The second phase (1983-86) 

included a combination of testinglscreening and testinglpre-extension activities involving on-farm 

and on-station agronomic trials, verification and problem-focused socio-economic surveys. The 

methodological instruments, objectives and expected output from each subphase are presented in 

'The fields are saturated due to capillary action. 
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Table 2. An internal review of the program, initiated in 1985, guided the implementation of the 

third and on-going phase which began during the 1986-87 agricultural season6. 

3.1 Exploratory Surveys (February-June 1982) 

The PSR team initiated the exploratory surveys by visiting 35 of the approximately 330 

villages in the Lower Casamance-the PIDAC mandate region. I S M  and SOMIVAC authorities 

agreed to restrict research activities to this region in order to strengthen ties and interaction with 

PIDAC and to increase cost-effectiveness. Past research results and socio-economic studies were 

also reviewed during this period. 

Informal discussions with farmers and extension personnel concentrated on the need to 

understand and characterize various farming systems in the region and to identify major constraints 

to increasing farm production. Visits with farmers often involved walking to their fields in order 

to understand how they organized and managed the village landscape. Interviews were also 

conducted with key informants with a variety of backgrounds and rural experiences. Often, one or 

two thematic researchers were invited to participate in the interviews, if it was expected that an 

interdisciplinary technical problem would be discussed. Most field trips lasted three to four hours, 

which included one to one and one-half hours of actual interviews with farmers--thus, permitting 

the team to visit two villages per day. Although the discussions were informal a guideline was 

prepared prior to each visit, as suggested by Collinson (1982). Field notes were prepared for 

discussion and later consolidated as short reports that emphasized both farmers' constraints and 

their perceived alternative solutions7. The information collected during this phase--and from 

secondary sources--confirmed that I S M  had conducted very little applied research, especially with 

regard to upland food crops. 

3 2  Characterizing Farming Systems 

The ago-ecological and socio-cultural heterogeneity of the Lower Casamance was a major 

"discovery" of the exploratory and informal survey phase of the program. Due to this variation, the 

'The program has since undergone yet another major review, which resulted in curtailing 
activities to accommodate budget cuts. Since June 1986, the PSR team has focused on collaborative 
work with farmers' groups, led by non-governmental organizations. This approach is viewed as a 
cost-effective means of advancing the improved technologies tested over the 1982-86 period to the 
pre-extension phase. The current phase (1986 to present) awaits evaluation. 

' B ~  the end of June 1982, some 30 field reports of 2-3 pages had been written by each team 
member. Initially, these documents proved very valuable in formulating research hypotheses; and 
later in defining research themes. 



research team decided it was important to subdivide the region into more homogeneous agricultural 

subzones. 

The zoning work combined several approaches in order to adapt to local conditions. First, 

a rapid appraisal--the Sondeo (see Hilderbrand, 1981)--was initiated to identify major farming 

systems and assess technology needs prior to agricultural research. Second, the PSR team sought 

appropriate ways to regroup natural and administrative boundaries into "agricultural situations" 

(Situatiom Agn'coles). This concept is more encompassing than recommendation domain, which is 

used to identlfy target groups of farmers in similar circumstances (Byerlee, Collinson et al., 1980; 

Harrington and Tripp, 1982)~. 

Third, in delineating zones, dynamic criteria concerning farmers' management of their 

environment were given precedence over more passive criteria such as morphopedology, or agro- 

climatology. The three major criteria were gender division of labor, the importance of animal 

traction in land preparation and the importance of aquatic rice in the cropping system. They are 

explained in detail below. The five agricultural zones are depicted in Figure 5, and their 

characteristics given in Table 3. 

According to the first criterion, gender division of labor, the Lower Casamance was divided 

into two areas: the prototypical (original) Diola system in which men prepare the land while women 

plant, weed and harvest (Zones I, 11, and V), and the Manding system practiced in the northeast 

in which the roles of men and women are separated by crop--with women cultivating rice and men 

cultivating upland crops, groundnuts as a cash crop and coarse cereals for home consumption 

(Zones I11 and IV). 

The use of animal traction in land preparation resulted in a further characterization of the 

Diola/Manding divide. North shore villages close to the Gambia and Middle Casamance had used 

animal traction for years (Zones IV and V). Adoption of trained oxen, a moldboard plow and 

occasionally a seeder made it possible for these farmers to cultivate twice the amount of land as 

those without animal traction south of the Casamance River. 

'1n the Francophone research-development terminology, a situation ogricole represents a set of 
spatial units with comparable agro-ecological potential and confronting similar constraints, for 
which a unique development strategy could be designed (ISRA/Dkpaertement Syst2mes et Tramfeert 
de Technologies, 1984). In this context, we believe that the notion of a recommendation domain is 
a subset of situation agricole. From each domain, a sample of farmers can be drawn to conduct 
experiments under conditions representative of their farms in order to develop technologies 
applicable to the entire group. 



The third criterion was the role of aquatic rice in the cropping system. The gradual rising 

of the landscape as one moves from the southwest to the northeast is associated with a decreasing 

rainfall gradient (1300 mm to 800 mm). This favors a greater emphasis on upland crops in Zones 

11, 111, IV and V. The effect of this transition on the cropping calendar is quite marked. In the 

northeast (Zone IV) major agricultural activities take place in June/July when farmers plant maize, 

groundnuts, millet and direct-seeded rice. In contrast, peak labor demand in the southwest (Zone 

I) does not occur until late August or early September when farmers plow and transplant rice. 

Traditional Diola villages, such as Seleky in the south, plant no upland crops at all. 

3 3  Defining Research Themes 

Although the Lower Casamance was divided into five agricultural situations, or zones, four 

unifying agronomic themes were identified and used to define the PSR program's research strategy. 

Each theme focused on opportunities to alleviate observed constraints in helping farmers adapt to 

a drought-prone environment. 

The first theme was intensification of ~roduction on good lands. This refers to increasing 

rice yields in low-lying inland valleys and maize yields in compound fields. The inland valleys 

accumulate more water than the sandy uplands and are sufficiently upstream so that salt 

encroachment from the mangrove swamps is not a problem. For maize, the high level of organic 

matter from kitchen refuse near compounds made intensification easier to propose. In both cases, 

improved seeds and fertilizer were to be used. 

The second theme was diversification of the crop~ing svstem by introducing late-seeded 

crops (sweet potatoes, cowpeas, sorghum) that would not compete for family labor during the peak 

growing season. Increasing the options for late planting was emphasized-given the absence of 

mechanization, the changing rainfall patterns and the expectation that these crops would serve as 

catch-crop alternatives should the first seedings fail. 

The third research theme was rehabilitation of abandoned land (Zones I, 11, IV, and V). 

Farmers had abandoned higher rice fields near the villages--normally fed partially from underground 

water--due to falling water tables. Also, salt intrusion made low-lying, potentially fertile rice lands 

no longer suitable for cultivation. The fourth theme involved harvest in^ residual moisture by 

planting a relay crop such as sweet potatoes (Zone 111). This was envisaged as an option for 

farmers who cultivated short cycle rice varieties. 



3.4 Chronology and Activity Highlights 

This study reports on PSR activities that were implemented during the period, 1982 through 

1986. 

3.4.1 Site Selection and Sampling 

By June 1982, two villages had been selected in each zone to capture intrazone variability. 

All ten villages chosen (Figure 5) were located within 120 km of the Djibelor station to minimize 

supervision costs. The factors and village characteristics that influenced the selection process are 
9 reviewed below for each zone : 

Zone I (Oussouve): 

o Boukitingo village represented the traditional Kasa-Diola production system, which 

emphasized on aquatic rice cultivation. 

o Loudia-Ouoloff village had limited access to good low-lying rice land, motivating farmers 

(Ouoloff migrants) to vigorously reclaim upland fields. This gave the PSR team an 

opportunity to experiment with improved upland practices in a zone where, traditionally, 

transplanted rice was the mainstay. 

Zone I1 (Blouf): 

o ~ a n ~ a ~ o u l a k ' O  represented the traditional Blouf-Diola country. 

o Mahamouda, south of the River, was an example of the transition toward a "plateau" 

cropping system. 

Zone I11 (Niapis): 

o Households in the villages of Maoua and Boulom had similar Manding-type social 

organization of production, but represented two different experiments in terms of contacts 

with extension services. 

Zone IV (Sindian-Kalounaves): 

o Households in Boulandor and Medieg both used animal traction and represented typical 

Manding production systems. Although only 30 km apart, the two villages had marked 

differences in soil composition and fertility. 

9The traditional name given to each zone is shown in parentheses. 

' h e  site was later abandoned due to a lack of plateau land. 
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Zone V (Fomv-Combo): - .  

o Bandjikaki and Tendimane were located at two extreme positions in the zone characterized 

by Diola-type organization of production and wide use of animal traction. However, since 

animal traction was not very common in Tendimane, this site was reassigned to Zone I1 and 

replaced with the village of Sue1 in 1983. 

A list of compounds in each village was updated in June 1982 and used as a sampling frame. 

A random sample of 10-15 compounds was drawn without prior stratification. This approach was 

justified by the time constraint and the preliminary nature of the data to be collected during the 

first season, but was later criticized by colleagues who favored a stratified or purposive samplell. 

Table 4 shows the relationship between the population and sample size in each village. The team 

visited each site every two weeks to supervise surveys and trials, discuss the objectives and expected 

results of the trials with farmers and obtain feedback. 

3.42 Fieldwork 

During the 1982-86 period, many different activities took place as a result of the research 

findings of previous years and the widening scope of the research agenda following expansion and 

changes in the PSR team's composition12. The highlights of each year are given in the following 

sections and in Table 2. 

3.4.2.1 1982 Season 

After completing the exploratory surveys and the delineation of the region into zones, two 

major activities took place in the summer of 1982. First, a verification survey was conducted in 

order to obtain quantitative data about farmers' cultural practices and constraints by crop and field 

operation. Secondly, exploratory (orientation) on-farm trials were initiated with participation by 

farmers. The master sample included 125 compounds made up of 235 independent households 

(farms) who cultivated 1300 plots. Data collection was organized at the plot level. 

' l ~ o r  example, the animal scientist justified purposive sampling on the grounds that it permitted 
inclusion of farmers with large herds of cattle. These farmers might otherwise have been considered 
to be outliers. 

12The initial PSR team included two expatriates (an agronomist, PhD, under the SECID Lower 
Casamance Project, an economist, PhD, under the MSU/USAID project), and a Senegalese 
agricultural economist (Ms). A sociologist (Ms equivalent) joined the team in 1983, followed by an 
animal scientist and an agricultural engineer (Ms). A counterpart was assigned to the senior 
agronomist in 1983. By June 1986, the team included seven scientists representing five disciplines. 



A major finding of the 1982 survey--contrary to the conventional view that lowland rice was 

the dominant crop--was that upland (rainfed) cropping across the region accounted for 50-85% of 

the total cultivated land per farm. These results greatly influenced the research design in 

subsequent years. 

3.4.2.2 1983 and 1984 Seasons 

The importance of upland crops confirmed the need for more research on groundnuts and 

maize (intensification theme) and also justified the attempt to introduce sorghum and cowpeas as 

late-planted crops (diversification theme). Identification of weeding as a major labor bottleneck led 

the PSR team to envisage cultivation experiments for upland crops and herbicide trials for direct- 

seeded rice fields. 

The composition and type of experiments changed as the number of on-farm trials increased 

from 72 in 1982 to 114 in 1984. On the basis of results from the 1982 exploratory trials, more 

verification trials were conducted--including an increased number of large-scale experiments (essais 

en vmie gmndeur). By the end of the 1984 season, eight crops were being tested. Rice (upland, 

phreatic and aquatic) accounted for 37% of the trials, sorghum (19%), sweet potatoes (17%), 

cowpeas (15%), maize (lo%), groundnuts (7%), cassava (3%)' and millet (2%). The majority of 

the experiments were variety tests (62%), followed by fertilizer trials (20%), and weed control and 

other treatments (18%). The emphasis on upland crops was reflected in the distribution of 

experiments along the toposequence with 55% on strictly rainfed crops; 29% on phreatic rice and 

15% on aquatic rice. Twenty-five percent of the experiments were conducted in the controlled 

environment of the Djibelor station to generate referral results. 

In planning the second and third year research program, the team decided to separate 

agronomic and socio-economic surveys and reduce the master sample to 80 compounds, 147 farms 

and 1100 plots. This was done primarily to facilitate greater field supervision and monitoring of 

data collection on farmers' agricultural practices. Using weekly recall methods, on-farm resource 

monitoring was conducted on a subsample of 30 purposively-selected farms in the five zones. 

In addition, problem-focused studies were conducted. For example, income differences 

between animal traction farmers north of the Casamance River and hoe (cajendo, daba, donbnton) 

farmers in the south led to further inquiries about the potential benefits of animal traction. The 

contribution of off-farm activities to family incomes was also assessed in 1983 and 1984. 

Sociological studies were initiated in 1983-84 to improve the team's understanding of how 

the farmer and his family function as a complex production and consumption unit. Greater 



knowledge of the social organization of production among various Diola groups was also judged 

important for explaining the adoption or non- adoption of proposed improved technologies. In 

response to new program objectives livestock system research was initiated in 1984, further widening 

the team's scope of activities. This subprogram began with exploratory surveys which resulted in 

the elaboration of an operational typology of livestock systems in the Lower Casamance. 

3.4.2.3 1985 and 1986 Seasons 

The main feature of this period was the team's implementation of an internal review of the 

PSR program, actually in progress since November 1984. The review, which benefited from 

colleagues' input and outside consulting missions, assessed the adequacy of the existing data base, 

the need for additional data collection and ways to improve research links with both on-station 

programs and the PIDAC (Kamuanga, 1986). Zoning and sampling procedures were reexamined 

with regard to their efficacy in testing improved technologies. Subsequently, the number of research 

sites was reduced from ten to nine, the master sample from 147 to 135 farms and detailed 

input/output studies were halted. Activities at each site were reoriented to focus on testing selected 

interventions in order to develop recommendations. In fact, as shown in Table 5, each retained site 

represented a combination of the principal characteristics of the two major farming systems (Diola 

vs. Manding) and the availability of suitable low-lying land and plateau fields. 

On-farm surveys were reoriented to include evaluation of prototype technology and farmers' 

attitudes toward these improved practices. Researcher-managed trials were drastically reduced. 

Those technologies which proved successful were moved into pre-extension trials with an increased 

number of replications (4 to 5), sometimes involving the extension agents (ISRA, 1986). 

Livestock production system studies continued with in-depth investigations of village-level 

herd and rangeland management practices. The village itself became a subject of investigation, 

instead of simply an aggregation level for data analysis. Village institutions were examined as a 

vehicle for adopting improved technologies. Finally, the team initiated studies to evaluate the 

returns to infrastructural investments in small anti-salt dams, which were being promoted by 

SOMIVAC/PIDAC in selected villages. 

W .  RESULTS OF TECHNOLOGY EVALUATION AND SOCIO-ECONOMIC STUDIES 

The research identified several major farm-level constraints in the Lower Casamance. Due 

to continuing drought, farmers had lost access to many traditional rice fields (to salt intrusion or 

drought stress). The gradual shift to direct-seeded rice on remaining fields created new problems 



for variety selection, weed control, fertility management and family labor allocation. To compensate 

for lost paddy production, fanners put greater emphasis on upland cereals (maize, millet) and cash 

crops (peanuts). Here, problems of soil fertility, diversification of crops and mechanization were 

key constraints. Findings from the field trials and socio-economic studies are summarized below. 

4.1 Rainfall ~ n a l ~ r i s l ~  

A clear picture of the variability of rainfall during the 1982-86 period is given in Figure 6, 

which compares two representative sites--Boulandor, north of the Casamance River (Zone IV) and 

Loudia-Ouoloff in the southwest (Zone I). 

Total annual rainfall varied enormously at Boulandor--between 580 mm in 1983 and 1048 

in 1985. Interannual variation at Loudia-Ouoloff was less marked, with precipitation above 1000 

mm in four out of the five years. However, between 1982 and 1985 rainfall at both sites was below 

the long term regional average. The 1983 season was particularly dry, resulting in the failure of the 

rice crop in most villages. By contrast, although rains in 1984 began very well across the region-- 

encouraging fanners to plant rice--drought in August reduced yields of both upland and inundated 

crops. 

In summary, rainfall was variable throughout the study area; and below the historical 

average, which had ensured successful and stable crop production in the past. South of the 

Casamance River, where aquatic rice is the agricultural mainstay, heavy rainfall is needed in 

September and October to ensure proper inundation of low-lying plains. To the north where upland 

cropping systems predominate, rains must begin promptly in June, without dry spells so that 

groundnuts, cereals and direct-seeded rice will produce good harvests. 

4 2  Results of Experiments 

Research focused on developing technologies that would enable farmers to intensify 

production (increase yields), diversify their cropping pattern, rehabilitate abandoned land, and 

harvest residual moisture (Table 6). 

13~eta i led  analysis and interpretation of the evolution of rainfall over the 1982-1986 period are 
found in Posner, Kamuanga and Lo (1991): "Lowland Cropping Systems in the Lower Casamance 
of Senegal: Results of Four Years of Agronomic Research (1982-1985)'' MSU International 
Development Paper No. 30. Department of Agricultural Economics, Michigan State University, 
East Lansing. 



42.1 Intensifying Production on Fertile Lands 

The fertile land category includes (1) newly cleared bush fallow, (2) compound fields and 

land near villages that receive animal manure, and (3) humid, low-lying rice zones where salt 

intrusion was not a problem. The intensification theme primarily refers to increasing yields of 

maize, groundnuts and phreatic rice--especially north of the Casamance River (Zones IV and V). 

About 7% of the total cultivated land in the region was planted to maize. Fertilizer trials 

indicated that in compound fields yields of 1.5 to 3.0 mtlha were possible, although on poorer 

outlying fields the range was 0.5 to 1.5 mt/ha. Field trials indicated that heavily cultivated, low 

organic matter, acidic soils responded poorly to chemical fertilizer. Mechanized weeding of maize 

was also studied. Flat-plowing followed by combined ridging-weeding with a moldboard plow was 

three times as fast as initial ridge-plowing followed by hand planting and weeding. In Boulandor, 

this technique was adopted once farmers overcame their initial reluctance to use oxen in standing 

corn. 

For groundnuts (about 55% of total cultivated area), fertilizer trials showed adequate returns 

in 1983 and 1985, but in 1984 aphid attacks markedly reduced yields14. The overall results of the 

on-farm trials indicated that application of 150 kg/ha of 8:18:27 increased yields by 57%--from 1,120 

kg/ha to 1,760 kglha. 

Weed control trials for maize and upland rice indicated the importance of weeding 

frequency on yield. Researcher-managed trials at Djibelor indicated that weeding at 2, 4 and 6 

weeks after line seeding reduced the labor requirement to 23 person-dayslha--compared to the 39 

person-days required for farmers' usual practice of a single weeding 6 weeks after planting. 

Average labor productivity, as measured by the ratio of output to total weeding labor (a limiting 

factor), was highest (180 kg of paddy per person-day) for multiple weeding (Lo, 1984). 

Rice is the most important food crop in the Lower Casamance. The intensification theme 

focused on phreatic rice (10% of cultivated area) since the team felt that the topographic position 

somewhat mitigated the effects of low rainfall. Variety tests were conducted and fertilizer 

application and weed control practices were investigated in order to increase rice yields. Improved 

varieties suited to phreatic conditions (DJ 12-519, IRAT 133, IRAT 112 and 144B/9) were 

compared to local varieties at several sites in large-scale (500 m2) farmer-managed trials. These 

''The following regression equations of yield (y= kglha groundnuts) on fertilizer (x= kglha 
NPK, 8:18:27) were estimated: 1983 : y = 1129 + 5.2 x r = 0.61* n = 15; 
1984 : y = 1095 t 2.9 x r = 0.43** n = 42; 1985 : y = 1353 t 5.5 x r = 0.59 * n = 9 



varieties were well-adapted to local conditions (in terms of height, growing cycle, type of panicle) 

under low levels of management and performed as well as, or better, than local varieties-as shown 

in Table 7 (Posner et aL, 1991). At higher input levels, DJ 12-519, yielded 2.2 mt/ha, compared to 

1.6 mt/ha without fertilizer and using farmers' practices. Because of location-specific problems for 

rice under aquatic conditions (iron toxicity, salt, moisture stress), no improved cultivar outyielded 

local varieties. However, under good conditions, improved varieties such as Rok 5 and DJ-684 

sustained yields of 1.9 to 2.3 mt/ha over many years (Table 7). 

The response of phreatic rice to fertilizer largely depends on the texture and initial acidity 

status of fields under cultivation. On the better rice fields (pH > 4.5, heavier textured) the benefit- 

cost ratio of applying 200 kg/ha 8:18:27 and 150 kg/ha urea was 3.5 in 14 out of 26 tests. The 

experiments pointed out the need to classlfy rice fields according to their fertilizer response 

aptitudes prior to conducting optimal-dose experiments, in order to generate recommendations 

appropriate to each type of field. 

To evaluate weed control options for phreatic rice, two types of on-farm experiments were 

conducted. The first, in which herbicide (Ronstar 250 CE) was applied with a backpack sprayer, 

proved to be popular with women since it reduced their weeding time on treated plots to one-third 

that of non-treated plots. The benefit-cost ratio was estimated at 1.9 across all 26 tests. Herbicide 

use was highly profitable (benefit-cost ratio >2) in half the tests. These were sites that had been 

flat-plowed, planted to short-stature varieties on heavier soils, and were late-weeded due to labor 

shortages. Generally, to pay for the herbicide (14,000 C F A / ~ ~ " ) ,  women had to either realize 

a 20% yield increase from timely weeding or use time-savings to expand their rice holdings. 

The second weeding experiment entailed using an ox-drawn groundnut seeder to row plant 

rice. This permitted subsequent hoe-weeding, rather than hand-pulling of weeds--which was the only 

possible technique when rice seed is broadcast. This technique was widely adopted in Boulandor, 

where many farmers owned oxen-drawn seeders. A third approach involved using a two-row, hand- 

pulled Casamance seeder (Fall, 1987). Preliminary results indicate labor time savings of about 30%. 

4 2 2  Diversifying Production 

The diversification experiments were oriented toward late- seeded crops that would permit 

farmers to increase cropping intensity--and use their land, equipment and time more efficiently. 

151 US$ at 350 CFA. 



In the north, experiments included short-cycle, improved cowpeas and sorghum varieties, while 

cowpeas and sweet potatoes were the target crops south of the River. 

Over three years (1983-85), the sorghum varieties V6 and V2 planted in mid-August 

averaged 950 kg/ha of grain--three times higher than the average yield of 315 kg/ha for local 

varieties. Late-seeded sorghum raised a great deal of interest among participating farmers, who 

began to appreciate it as a catch-crop. Cowpeas, less known to northern farmers, were a riskier 

proposition because of their susceptibility to aphid attacks. Yields were often below 300 kg/ha. 

Variety trials (without fertilizer) were conducted at eight sites involving six varieties. Large-scale, 

on-farm trials (with the participation of nine farmers) indicated that the improved variety 58-57, 

sown between August 15th and September lst, produced an average yield of 775 kg/ha--compared 

to 248 kg/ha for local varieties. 

In the south, relay croppingwas intended to reduce the risk of crop failure under conditions 

of low rainfall when lowland rice fields are not sufficiently inundated. Over the 1982-85 period, 

cowpea variety 58-57 significantly outyielded local varieties (496 kg/ha vs. 103 kg/ha). Large-scale 

sweet potato trials showed that the improved variety N'Dargu, planted between August 15th and 

September 15th on plateau fields, maintained an average yield of 5 mt/ha--compared to 1.9 mt/ha 

for the local variety. 

4 2 3  Rehabilitating Abandoned Land 

This research theme addressed two situations. First, emphasis was placed on sandy fields 

well above the high tide mark that farmers had abandoned because of drought susceptibility. The 

second emphasis was on sites located on the flood plain where annual resalinization that occurred 

during the dry season was rarely leached free of salts--to permit transplanting of rice--in the wet 

season. An estimated 113 to 213 of previously inundatable rice lands had been lost to various 

causes (Sall, Kamuanga and Posner, 1983). 

On-farm trials revealed that maize, sorghum and sweet potatoes could be grown with some 

success on the abandoned upper rice fields--which were generally sandy and low in organic matter. 

Whereas rice yields ranged between 0.8-1.2 mt/ha, maize yields approached 2 mt/ha and sweet 

potatoes 6 mt/ha. In contrast, sorghum yielded only 1 mt/ha because of heavy losses due to bird 

attacks. In addition to their higher yield potential, these new crops were more competitive against 

weeds and more drought tolerant than rice. 

On the lowest rice fields, much of the research was conducted at the Djibelor station in 

collaboration with the watershed management team. The objective was to enhance the leaching of 



salt through use of drains, different plowing techniques and anti-salt dams. The rehabilitation 

theme was transferred to the watershed management (Bolong) program in 1984. It has had 

relatively little success since farmers continued to hope that a return to normal rainfall would once 

again flood the abandoned rice fields (Barry and Posner, 1987). 

42.4 Harvesting Residual Moisture 

In certain rice fields, the soil remains moist after harvest due to upward capillary movement 

from the water table and heavy dew in November. Farmers preferred fields in the vicinity of urban 

centers (Bignona, Ziguinchor, Oussouye) since they could sell their produce during the long dry 

seasons. 

By planting a sweet potato crop after rice on this residual moisture, farmers could increase 

cropping intensity. Twenty-seven on-farm tests with sweet potatoes were conducted between 1983 

and 1985 using the improved variety N'Dargu and the local white skin variety "Chinesen which was 

preferred by farmers. The results shown in Table 8 indicate that yields of 2.5 to 5 mt/ha were 

common. Although these were lower than yields obtained at the Djibelor station, the gross returns 

(cash) earned by farmers were significant, ranging from 8,000 to 12,000 CFA on 500 m2 plots. 

These plots received no fertilizer and were not weeded. Fertilizer trials (100 kg/ha 8:18:27; 75 

kg/ha urea) at the station indicated that on well watered fields, yields of up to 8.5 mt/ha were 

possible. This theme has been the most successful to-date as many farmers wanted to plant sweet 
16 potatoes following their rice crop . 

43. Results of Socio-Economic Studies 

Various socio-economic surveys were conducted to (1) better understand the objectives and 

constraints facing the farm family, as well as the dynamics of the farming system, and (2) study the 

factors likely to affect wide-scale adoption of proposed improved technologies. A detailed list of 

the studies implemented between 1982 and 1986 is provided in Table 9. The major findings and 

implications are discussed in the following sections. 

43.1 The Social Organization of Production 

There exist significant differences in the social organization of production and land tenure 

systems in the Lower Casamance, which have important implications for technology adoption. 

South of the Casamance River (Zone I), the Kasa-Diola live in households (butong) composed of 

conjugal units with autonomy in economic matters. Villages are organized in groups of individual 

1 6 ~ ~ ~ ~ ~  has successfully promoted this technology since 1986. 
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residential units (el@. Households follow an intensive aquatic rice production system with a 

marked division of labor by task--the heavy work of dike building and ridging is done by men, while 

women transplant and harvest rice. Land is nominally owned by patrifilial groups (Linares, 1981; 

Diouf, 1984), but usufruct rights to land lie with the conjugal unit under the direct responsibility of 

the head of the compound. Women, as a rule, do not own land. However, there are indications 

that the roles of men and women are reversing in the villages where direct-seeded rice has been 

adopted (Maoua, Boulom, Boulandor). 

Northeast of the River, the Diola of Sindian-Kalounayes (Zone IV) have adopted many 

aspects of their Manding neighbors' culture, including the Islamic religion. Division of labor in 

agriculture is by crop along the toposequence. In the lowlands, women grow rice for subsistence; 

on upland fields men produce groundnuts for cash and coarse cereals for home consumption. 

Residential units are large; and are often comprised of polygamous households--which are all 

responsible to the head of the compound who allocates land use. Rice land is owned by patrilineal 

groups, but unlike in the south, resident female agnates can gain access to rice land through the 

lending of land by close relatives (Linares, 1981). 

Female access to rice land and the existing division of labor in Zones I11 and IV have 

facilitated the adoption of both direct and row seeded rice. However, this has slowed intensification 

of production (use of animal traction, improved see,ds and fertilizer) as men give priority to upland 

fields at the beginning of the season and women do not have access to seasonal credit (Posner et 

al, 1988). 

The social organization of production of the Diola in Fogny-Combo to the northwest (Zone 

V) is an intermediate case between the first two types. As in the southwest, division of labor 

between men and women is by task. Residential units are large and have the same internal 

structure as in Zone IV. However, the majority of households within the compound are 

economically independent (Diouf, 1984). In addition to providing a better understanding of the 

implications for adoption of improved technologies by men and women, the study of social 

organization also sought to clarify the concept of a farm. This helped relate farm characteristics 

(sizes, labor stock and use, incomes, etc) to their real context in each zone. 

4 3 2  Labor Profile on Farms 

As shown in Figure 7, labor peaks vary as one moves from the southwest (Oussouye, Zone 

I) to the northeast (Sindian-Kalounayes, Zone IV). These seasonal labor bottlenecks are not only 



a function of the rainfall distribution, but are also partially determined by existing cropping patterns 

and the type of technology employed. 

Farmers in Oussouye primarily devote their labor to transplanted rice and groundnuts. Peak 

labor demand is determined by the timing and amount of weeding required by groundnuts in 

August, as well as ridging and transplanting of rice from late August through September. In 

Sindian-Kalounayes, maize, millet, sorghum and phreatic rice are cultivated in addition to 

groundnuts and, to a lesser extent, aquatic rice. This represents the most labor-demanding cropping 

system in the Lower Casamance (Table 10). Land preparation and planting (direct-seeding rice in 

the lowlands and plowing upland crops) cause labor bottlenecks, primarily because the timing of 

these operations is increasingly critical as the growing season becomes shorter as one moves 

northeast. Although a narrower range of crops are cultivated in Zone V (Fogny-Combo) than in 

Zone IV, land preparation, planting, and weeding of upland crops (rice and groundnuts in 

particular) create bottlenecks in June/July and September, respectively. Labor profiles in Zones 

I1 and 111 are similar to those of Zones I and IV, respectively. 

Depending on the type of technology introduced, the following labor bottlenecks are likely 

to arise. First, the adoption of land-saving technology (improved seeds, fertilizer) in Zones IV and 

V--where animal traction is already used--will shift the labor bottleneck to the time of harvesting. 

Second, changes in land preparation from hand-plowing to animal traction (labor-saving technology) 

in Zone I, but retaining other traditional techniques, will shift the labor bottleneck to weeding. 

Third, although a combination of animal traction (with ridging, planting and weeding equipment) 

and improved seeds and fertilizer will ease the weeding bottleneck, it may accentuate the harvesting 

bottleneck. This will create the need to improve post-harvest technology, particularly access to 

transportation (Norman et aL, 1982). 

Time allocation between men and women (Table 10) is about equally split in Oussouye 

(Zone I), but heavily biased toward men (64% vs. 34%) in Sindian-Kalounayes (Zone IV). Any 

technology likely to alter the time allocation by sex will have significant repercussions on crop 

output, particularly in Zone IV. 

4 3 3  Farm Incomes, Food Grain Balances and Animal Traction Use in Lower Casamance 

Differences in farm income are significant between the north and south in the Lower 

Casamance (Table 11). These differences are primarily attributable to levels of resource 

endowments. For example, farms are relatively large in Sindian-Kalounayes (Zone IV) and Fogny- 

Combo (Zone V) because production is organized at the compound level--thus, making it possible 



to mobilize a much larger work force than in southwestern zones. In addition, animal traction (oxen 

and moldboard plows) permits farmers to cultivate both larger and more numerous upland fields. 

In contrast, the majority of farms in Oussouye (Zone I) are organized as nuclear families, which 

limits manpower availability. Use of traditional manual land preparation techniques also restricts 

the amount of land farm families can cultivate. Therefore, farms in the Lower Casamance should 

only be compared on the basis of labor productivity and net incomes per hectare--as shown in Table 

11, which compares a dry (1983) and a rainy year (1984). Generally, all income parameters are 

higher in Zones 111, IV and V than in Zone I. Labor productivity ranges from 281 CFA/man-day 

in Oussouye (1983) to as high as 653 CFA/man-day in Fogny-Combo (1983). 

As a direct consequence of the recent drought in the Lower Casamance, households have 

experienced severe food grain deficits, contrary to the popular view of the region as the grain basket 

of Senegal. Measured against the FA0 standard of 250 kg/per capita/year, grain balances were 

evaluated in the ten villages monitored by the PSR team between 1982 and 1984. Analysis of the 

survey data indicated that seven of the ten villages in 1982, all 10 villages in 1983 (dry year) and 

eight of the ten villages in 1984 experienced cereal deficits at the farm level (Table 12). 

Furthermore, the average Lower Casamance farmer was a net buyer, rather than a seller of grain 

(Jolly, Kamuanga et aL, 1988). 

In villages north of the Casamance River (Zone IV and V) where farmers plant large areas 

to upland crops and have long used animal traction, farm incomes were highest and food grain 

deficits lowest. On the other hand, farmers in Oussouye (Zone I) to the southwest, who plant 

aquatic rice (to the virtual exception of any other crop), earned the lowest incomes and faced the 

most severe cereals deficits. 

Although no in-depth studies were conducted on animal traction, a cross-section comparison 

of users and non-users in two northern villages showed moderate labor productivity gains by users 

(Table 13). Cash flow analysis for a sample of users and non-users of animal traction in the same 

villages indicated positive balances of 93,503 and 65,533 CFA per average farm, respectively, for the 

two categories (Ndiame, 1986; 1987). 

Compared to the Sine Saloum region, animal traction in the Lower Casamance is still in its 

infancy, with only 17% of farmers owning at least one plowing ox. This distribution is, however, 

skewed toward the northeast (Zone IV) where more than 60% of the farmers owned oxen and 

equipment (Fall, 1985). Even within this group, effective traction capacity (measured by the number 

of traction units, 1 N = 2 oxen) is still comparatively low. Data indicated that only 6.7% of the 



oxen users in Zone IV had more than 1.5 TU (Sonko, 1985; 1988). As shown in many studies in 

West Africa, animal traction is a moderately promising means of improving farm productivity 

(Barret et aL, 1982). To reap its full benefits, the traction package (including fertilizer and 

improved seeds) must be tailored to meet local farmers' socio-economic conditions. In the Lower 

Casamance, lack of credit for purchasing oxen and associated equipment has seriously hampered 

the expansion of animal traction since the national credit program (Progumme Agricole) was 

terminated in 1979. 

V. PROGRAM IMPACT, KEY IMPLEMENTATION ISSUES AND IMPLICATIONS 

The PSR team interacted with three groups of clients (1) low income farmers, in particular 

those who collaborated in the experiments, (2) the extension agency--PIDAC, and (3) on-station 

ISRA researchers at Djibelor. While the program made many positive contributions, the team 

encountered several methodology and implementation problems in conducting the PSR program. 

This section reflects on this experience and draws appropriate lessons for the future. 

5.1 Contributions of the Djibelor PSR Program 

Over the five year period, the team consistently pursued an interactive approach with 

collaborating farmers. This strategy emphasized adapting improved technologies to farmers' 

circumstances, while exploiting the system's built-in flexibilities and opportunities to increase 

production and reduce costs (Posner et al., 1985). The most visible achievement of this approach 

was the acceptance and adoption of specific technology components by some farmers--as a direct 

result of their interaction with the PSR team and field assistants. 

o The majority of farmers in Boulandor (Zone IV) began to use mechanical rice seeders for 

direct seeding of phreatic rice (riz de nappe). This operation permitted timely plowing of 

upland crops by men, freeing time for them to help women in the rice fields. 

o After overcoming their initial reluctance to employ oxen in the standing crop, some 

collaborating farmers in Medieg (Zone IV) adopted the oxen-drawn moldboard plow for 

weeding-ridging their maize. 

o Some of the collaborating farmers in Loudia-Ouoloff (Zone I), Maoua (Zone 111) and 

Boulandor (Zone IV) adopted relay cropping of maize/cowpeas and ricelsweet potatoes--as 

recommended by the PSR team and later extended by PIDAC in 1986. 



o Due to the success of the farmer-managed herbicide trials on rice at Maoua, in 1985, 

members of the women's cooperative agreed to purchase for cash the herbicide that PIDAC 

has normally supplied through credit. 

The PSR's redefining of the zonal classification of the Lower Casamance contributed to 

increasing the impact of research and extension. There had been previous attempts to delineate 

the region into homogeneous zones (Kamuanga et aL, 1989). For example, SOMIVAC had defined 

its intervention zones using criteria most relevant to regional development planning, especially with 

regard to watershed management. The merit of the PSR's zonal classification was that zones were 

identified as having different potentials and opportunities for research and extension themes--based 

on knowledge of local production systems. SOMIVAC's later acceptance of the PSR zones 

represented an important step towards closing the research-extension gap in the Casamance (Bingen 

and Faye, 1987). It also reflected the importance SOMIVAC had begun to give incorporation of 

socio-economic criteria in its planning. Furthermore, the PSR team was instrumental in 

implementing the ISRA/SOMIVAC research-extension protocol17. 

The PSR team contributed to legitimizing interdisciplinary research by working closely with 

thematic researchers, first during the exploratory phase in 1982 and throughout the project's life. 

Many factors contributed to this success. First, the team actively initiated open discussions which 

cleared misperceptions held by on-station researchers about the objectives and methodology of PSR. 

Second, clarification of the role that the PSR program could play in the diffusion of 

improved varieties helped reinforce interaction between programs (Posner et aL, 1990). In fact, the 

PSR network of ten villages across the Lower Casamance were used as pre-extension sites for rice 

varieties that proved successful in breeder's plots and in multi-locational trials. Rice researchers 

found the PSR program offered an opportunity to leave the PAPEM for farmers' fields, thus 

extending the variety evaluation process to its last stage in the station-PAPEM-pre-extension site 

continuum (kvaluation syst2me). 

Third, thematic researchers agreed to devote some of their time to the problems raised by 

the PSR team, thereby increasing the impact of adaptive research. For example, the weed control 

specialist moved from his initial single-focused concern with chemical control of weeds which affect 

rice to a broad based examination of how the different land preparation techniques practiced by 

17see Bingen and Faye (1987) for a detailed discussion of issues in the implementation of the 
ISRA/SOMIVAC protocol of agreement. 



farmers can control weed growth more effectively and less expensively. The plant protection 

program also broadened its scope to include crops other than rice, such as cassava and vegetables. 

The rice entomology program was deemphasized after region-wide survey results indicated 

that insect damage to rice was below economic threshold levels. Traditionally, priority in rice 

improvement had been given to selecting high-yielding cultivars that performed well under high 

management. In response to the findings of the PSR program, breeders gave increased attention 

to developing low-input (i.e. fertilizer) rice varieties. This indicated a recognition of the necessity 

to minimize farmers' risks (Kamuanga, 1986). In addition to their impact on rice research, the 

team's efforts also contributed to the establishment of the Bolong (watershed management) program 

within the PSR Department ( ISM, 1984). 

Finally, the most notable impact of the PSR program was its contribution to highlighting the 

importance of rainfed, upland crops in Lower Casamance production systems (50-85% of cropped 

area per farm), showing that rice was only a component of the overall system. This sparked 

subsequent collaboration with the CNRA/Bambey commodity programs (maize, millet, sorghum, 

groundnuts and vegetables), and motivated several Bambey researchers to initiate collaborative 

research at Djibelor. The station itself changed its name from the Center for Rice Research (CRR) 

to the Center for Agricultural Research (CRA) in 1984 in recognition of the important refocusing 

of research activities from rice to upland crops and livestock. Accompanying this name change was 

acquisition of a 40 ha upland site near Djibelor for research on rainfed crops. 

5 2  Key Issues in the Implementation of PSR in the Lower Casamance 

The Djibelor PSR experience provides several lessons that are relevant to researchers 

implementing on-farm research in national research programs in other developing countries. 

52.1 On-Farm Research: The PSR Approach and the Franco-Senegalese Tradition 

The concern with conducting research in the rural setting has been a key element in 

Senegal's research strategy for over 20 years (Bingen and Faye, 1987). ISRA's launching of the UE 

project (1969-1981) marked an important initial phase in the evolution of agricultural research in 

Senegal. The UE approach represented a slightly modified version of the transfer of technology 

or diffusion model (Chambers and Ghildyal, 1985) that is based on the premise that improved 

technology bears the imprint of the research station conditions in which it is generated. If 

transferred to a local agricultural system where conditions are different, it "stirs" the environment 

to allow researchers to assess the parameters which govern the direction and the pace of possible 

change (Reboul, 1972; Faye, 1978). 



The Djibelor PSR methodology, on the other hand, was adapted from the approach 

promoted primarily by some of the International Agricultural Research Centers (IARC), most 

notably CIMMYT, IRRI and CIP (the so-called Anglophone School) (IARC, 1987). This model 

asserts that research should begin with an understanding of local farming systems and constraints 

in order to deve1.0~ production technologies that are adapted to the conditions and needs of 

farmers. Research stations have only a referral and consulting role in this process (Byerlee, 

Collinson et al, 1980; Chambers and Ghildyal, 1985). 

This shift in the research approach brought criticisms from thematic researchers on two 

main points. First, the informal survey phase--which represented a fundamental change in 

orientation from the UE diffusion model--was regarded with "raised eyebrows" by many within 

ISRA and criticized as an attempt by the PSR team to "rediscover the wheel" in a country with 

nearly 50 years of research results. However, the team believes that the success of the program was 

largely due to the role of and method by which exploratory surveys were conducted, since research 

priorities identified in early 1982 gave consistency and substance to the program throughout its 

duration. 

Second, farmer-managed trials in the first year were initially considered to lack scientific 

rigor, mainly because the rationale underlying the design and implementation of on-farm trials was 

not well understood by on-station researchers. It took several years to demonstrate that testing at 

the farm level provided a realistic environment for evaluating the potential suitability of proposed 

improved technologies and techniques, and, thus, increased the probability of farmers' adoption 

(Zandstra, 1979). 

To counterbalance the perceived "Anglophone" approach being implemented at Djibelor, the 

Department's Central Analysis Group (GCAS) influenced the research design and conduct of the 

PSR teams at Kaolack (Peanut Basin) and St. Louis (Fleuve region). Emphasis was placed on 

conservation of ecosystems, the trajectory of farmers, use of surveys and cluster analysis. 

This long term view, which called for research to focus on the landscape, village and small 

region (rather than the farm) as appropriate levels of investigations, was logically defensible (Faye 

and Bingen, 1989). However, acceptance of this view would have overwhelmed the Djibelor team's 

limited resources and expertise, because it implied implementing a new and large-scale research 

methodology. Moreover, the CGAS never seriously considered the challenge that the PSR team 

would face in synthesizing the results of the various studies (to be undertaken at different levels of 

observation) into a meaningful whole suitable for policy recommendation. 



5 2 2  Farmer-Managed Trials, Replications and Timing of Surveys 

Both researcher-managed trials (RMT) and farmer-managed trials (FMT) were conducted. 

The former involved greater management input from agronomists and were conducted at the 

Djibelor station using standard experimental designs. Indeed, 25% of all the program's trials and 

tests were RMT. FMTs, on the other hand, involved treatments that were less complex. Emphasis 

was placed on conducting trials to permit the PSR team to examine the rationale behind farmers' 

behavior and assess the suitability of the tests to their circumstances. Most tests simply compared 

local techniques with recommended practices (for instance, ridging vs. flat-plowing). The trials were 
2 generally conducted on 500-600 m plots and occasionally on larger plots (1000 m2) for 

demonstration purposes. 

A critical issue that was continuously debated between agronomists and economists 

concerned the number of replications per trialltest and the plot size. Although there was 

agreement that plot size should be large enough (>500 m2) to collect meaningful labor data, the 

number of replications had to be decided in accordance with criteria for statistical analysis. As 

Bernsten (1985) notes, the number of replications required to identify statistically significant 

differences between farmers' existing and new technology depends on the stability of the technology 

across environments and the yield increasing potential of the intervention. The team finally settled 

on two treatments per test and as many as five farmers, replicating the design in each village. 

Equally important was the question of the representativeness of collaborating farmers. The 

choice was between selecting more cooperative farmers to maximize the chance of obtaining 

accurate data and farmer insights, or a large number of farmers to ensure representativeness. The 

team decided it was necessary to use both categories of farmers, depending on the stage within the 

testing phase. Just as on-station researchers control the environment to assess the technical 

feasibility of a trial, it is appropriate to use coope'rativeness as a criterion for selecting farmer 

participants in FMTs--which are designed to assess the suitability of an intervention to farmers' 

circumstances and to learn about the pace at which change might take place. Yet later, after 

suitability is ensured (i.e. testing phase), it is necessary to diversify the sample of collaborating 

farmers to insure representativeness. 

Farming systems research, in its various manifestations, is typically described in terms of 

sequential stages (Norman, 1978; Shaner et al., 1982). In practice, these steps are iterative and 

activities associated with each phase can be undertaken simultaneously. Thus, in the Djibelor PSR 

program, verification surveys and on-farm (exploratory) trials were run concurrently during the first 



year (1982). This synthetic approach, used in PSR programs throughout West Africa (see Purdue 

University/IPIA, 1986) had the advantages of simultaneously (1) generating information on farmers' 

resource base and constraints; and knowledge of the agricultural calendar necessary to examine the 

potential contribution of proposed improved technologies in a whole farm context, and (2) allowing 

the team to move rapidly through the screening process, rejecting obviously incompatible technology 

components. 

523 Interdisciplinary Team Work: Concept and Reality 

PSR accepts the premise that a truly interdisciplinary output will emerge through the 

collaboration of many disciplines. To be successful, the team must establish a "common view" early 

in the program which permeates and guides the research effort (Rossini et aL, 1978; Flinn and 

Denning, 1982). 

Except for the senior agronomist, none of the Djibelor team members had prior 

interdisciplinary experience. Thus, several problems arose in attempting to forge a team spirit. 

Initially, the research was managed by one agronomist and two agricultural economists. For a team 

of three with only two disciplines represented, it was fairly easy to develop a "common view". 

Although many factors limited agricultural production in the Lower casamance18, the team 

agreed that increasing crop production was the key problem in the region that researchers at ISRA 

were equipped to tackle. Within two years, follo~i.ng interaction with the GCAS, the scope of the 

research was expanded in response to the need to better understand farmers' problems, including 

their social situation. Reinforcements arrived: a sociologist and counterpart agronomist in 1983, 

an agricultural engineer and animal scientist in 1984, and a second counterpart economist in 1985. 

As the team grew in size and scope it encountered the dual problems of integrating new disciplines 

into the research team and orienting the new researchers to the research approach/issues so they 

could contribute to the program. 

In order to resolve these problems, each new member was hired on probation (of up to one 

year) and required to write a confirmation thesis (mkmoire) on an issue perceived to be important 

'%'he primary constraint was the loss of nearly 213 of the arable low-lying rice land due to 
reduced rainfall. Other constraints included the lack of marketing infrastructure for domestic 
cereals, low producer prices for cereals and consumption habits. However, production constraints 
are believed to have caused much of the stagnation of agricultural production in the Lower 
Casamance. 



by senior team membersl9. Subsequent publications by new team members also addressed 

questions that were developed from the original "common view". 

Occasionally, friction and disagreement occurred among team members and at times 

between the PSR team and the Department's GCAS. First, disciplinary differences of opinion 

surfaced since each discipline had its own sampling procedures, analytical tools and philosophical 

attitudes towards research2'. Second, as the research agenda widened to include livestock 

systems, off-farm activities and farmers' organizations, the project fell into the trap of overinvesting 

in data collection--a problem that many survey-based research projects have faced (Byerlee and 

Tripp, 1981; Purdue University/IPIA, 1986). To reduce data collection, the project attempted to 

create a permanent panel of farmers for multi-year data collection (Faye, 1984; Vincent, 1984). 

This option did not work for several reasons; including the inherent difficulty of handling a large 

data file since each discipline believed that its choice of what variables to include was non- 

negotiable. Nevertheless, the Djibelor team was able to avoid some of the problems inherent in 

interdisciplinary work through constant effort such as frequently exchanging views, discussing 

research strategy and revising the program as necessary. Working in the same villages, addressing 

similar questions and learning each other's disciplinary jargon and concepts not only led to 

improved problem definition, but also helped to forge team spirit. 

Over time, each team member began to realize the limitation of his discipline in solving 

farmers' problems and appreciate the need to generate a truly interdisciplinary research output. 

Despite the problems noted above, research integration was achieved, especially in interpreting 

research results--as shown by the team report on farmers' strategies in response to drought (Posner 

et al., 1985). The Djibelor experience suggests that effective interdisciplinary research results mainly 

from longevity in the field, rather than through formal training--provided there is a willingness to 

overcome problems. 

52.4 Running PSR in Casamance: Costs and Logistics 

Few studies accurately document the cost of conducting farming systems research. 

McIntire's (1984) comparison of extensive and intensive survey costs did not include the cost of 

19AU the rnkmoires produced under the program are included in the list of references. 

'O~or example, to include farms with special characteristics, the animal scientist and the 
agricultural machinery specialist consistently favored purposive sampling over the random sampling 
favored by economists. 



running experiments. Rapid appraisal procedures for diagnosing farmers' constraints prior to 

technology development (see Collinson, 1980; 1982) have sometimes been misinterpreted as a cost 

effective way of implementing all sequences of PSR. 

Table 14 estimates the total cost of the Djibelor program, based on the 1984 season, which 

was a normal year of operation2'. Annual capital costs represented only 7% of total cost. The 

recurrent costs of the international staff (salaries and fringe benefits) represented one-half of the 

total cost of operation. Research costs per household, including both surveys and on-farm 

experiments, amounted to $1,769-compared to the $1,060 per household estimated by McIntire 

(1984) for survey research in Burkina Faso and Niger. Research expenditures of these magnitudes 

should dispel the notion that farming systems research is cheaper than earlier "transfer of 

technology" approaches or thematic research in general. When the focus goes beyond one or two 

leading crops--as with the CIMMYT approach--and complex improvements requiring simultaneous 

changes in several parts of the system are investigated, the total cost per household of conducting 

PSR may turn out to be unexpectedly expensive. 

Greater cost effectiveness can be achieved by (1) reducing the number of international staff 

in PSR projects through increased participation of national scientists, (2) increasing the size of the 

target population, and (3) sharing research expenditures with the development agency in charge of 

extension. The success of the Djibelor experience can be measured by either the number of farmer- 

managed trials which led to effective adoption of improved technologies or the number of successful 

research themes taken over and extended by PIDAC after 1986 (see Section IV). 

The Djibelor PSR program was not without administrative and logistical problems. Although 

the program received substantial on-campus support from Michigan State University that helped 

alleviate many bottlenecks (gasoline, office supplies and access to an imprest fund), administrative 

hurdles at the station often made it difficult to carry out surveys and experiments. These difficulties 

partly arose from legal structures that Limited the station director's jurisdiction and constrained the 

PSR Department's ability to control and allocate financial resources, even when funds were 

available. Procedures in the disbursement of Title 111 funds complicated matters even further. In 

some years, the program was able to spend only 40-50% of its allocated budget. Field assistants and 

contractual laborers sometimes were not paid for several months, though this was in part alleviated 

211n 1984, the PSR program was able to spend 82% of the ear-marked annual budget and the 
research staff was the largest of any year. 



by withdrawals from the MSU imprest account. In 1987 Senegal's structural adjustment program 

required ISRA to dismiss all contractual agents in the PSR program. 

53 Policy Issues 

Relevant policy issues with regard to PSR development in Senegal (i.e., research- 

development interface, conceptualization and implementation of PSR in Senegal, manpower 

development) have been discussed in some detail elsewhere (Bingen and Faye, 1987; ISM,  1984; 

Faye et al., 1986; Faye and Bingen, 1989). This section raises three issues that had a major impact 

on the Djibelor experience in order to guide future PSR development in the Casamance. 

53.1 Need for a Long Term Research Strategy Planning 

At the end of the exploratory survey phase that defined research priorities, the Djibelor 

team failed to develop a three to five year program. Instead, research activities were planned at 

the beginning of each season, building on the previous year's results which--very often--were not 

fully analyzed. Developing a three to five year research agenda, with specific yearly objectives and 

means to achieve them, would have helped the team to measure its own accomplishments against 

planned objectives. In addition, this would have ensured the gradual integration of the livestock and 

ago-forestry subprograms that were not initially envisaged in early 1982; but which, nevertheless, 

were expected to be included in the future. Research on ago-forestry began in 1983 and evolved 

into a separate program under ISRA's Center for Forestry Research (CNRF), despite the close 

proximity of the PSR and CNRF research offices in Djibelor. 

53.2 The Composition of PSR Teams 

As a corollary to the establishment of a long term research agenda from the start, the 

composition of the PSR team should have been decided taking the ago-ecological setting, the major 

problems faced by farmers and environmental constraints into account. In the case of the Lower 

Casamance, a core team comprised of an agronomist, economist, and animal scientist was necessary 

to tackle the key problems of increasing crop and animal production. To gain an in-depth 

understanding, the social dimension of these problems needed to be explored. Indeed, sociological 

studies contributed a great deal to the team's understanding of the social organization of production 

and the varying capacities of different family members to both gain access to resources and 

assimilate improved technologies. However, creation of a full-time sociologist position led to an 

imbalance in team composition in favor of social scientists. The pursuit of disciplinary investigations 

were of little relevance to the research goal as initially planned. 



By the end of 1985, with a full team of seven researchers representing five disciplines 

(agronomy, economics, sociology, animal science and agricultural mechanization), the PSR work in 

the Casamance was running the risk of being a mile long and an inch deep. 

5 3 3  Training of Counterparts 

Long and short term training of nationals was both a key component and an important 

success of the Senegal Agricultural Research and Planning Project (SARPP). By 1985, more than 

20 ISRA researchers in several fields were preparing Master's degrees at ten different U.S. 

universities. 

The Djibelor experience is instructive in that Senegalese counterparts were assigned to the 

program from its beginning. Others joined the team as they returned from training in time to be 

included in on-going program activities. The required writing of confirmation mkmoires on topical 

issues relevant to the program was an interesting example of on-the-job training. When the 

contracts of expatriates terminated, there was a competent national team ready to take over project 

activities--despite a reduction in the operations budget. 

IV. CONCLUSION 

The organization and implementation of Production Systems Research at the ISRA/Djibelor 

Center since 1982 has presented an opportunity to reinforce the linkages between on-farm and 

thematic/disciplinary research, as well as between research workers and development agents in the 

Lower Casamance. 

The research focus on farming households increased the probability of developing improved 

systems that address the constraints faced by households. At the same time, the study of the social 

organization of production identified the key interlocutors (contacts) in promoting the adoption of 

improved technologies for rice, coarse grains, and groundnuts in each agricultural zone. 

Among the major contributions of the Djibelor PSR program were (1) SOMIVAC's 

acceptance of the agricultural zones delineated by the Djibelor team as the framework within which 

development and extension themes should be conceptualized, (2) a renewed spirit of research 

relevance as a result of gradual interaction with on-station programs, and (3) a direct acceptance 

by some farmers in the Oussouye (Zone I) and Niaguis (Zone 111) zones of the team's 

recommendation to increase total production by relaying sweet potatoes on short-cycle improved 

rice varieties. As a result, links with PSR clients--the extension agency, thematic researchers at 

Djibelor and farmers--have been reinforced, thus creating the conditions for continuing research 



that is relevant to Lower Casamance farmers. The Djibelor experience also demonstrates that it 

is possible for PSR to work effectively as part of a broader research and extension system, and not 

simply as a hand-maiden of thematic and disciplinary research. 

Conducting interdisciplinary research was a major challenge for the Djibelor team. Although 

every scientist benefitted greatly from the experience, it appears that interdisciplinary maturity and 

effective research planning and implementation arose mainly through open interchange of ideas, 

mutual support and cooperation, and longevity in the field. 
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ANNEX 1 



Table 1. Land Use Distribution and Utilization in the Lower Casamance, Senegal. 

Administrative Departments (Percent of Area) 

Lower 
Topographical Casamance 
Position Land Use Bignona Ziguinchor Oussouye Province 

Forest 

Savanna 8 7 10 8 

Upland cropping 24 23 8 22 
and fallows 

(Subtotal) (62) (63) (33) (59) 

Wetland 

Arable low land 13 20 22 15 
inundated 

Mangrove 18 9 28 18 
swamps 

Surface water 7 8 17 8 

(Subtotal) (38) (37) (67) (41) 

Total land 529,500 115,300 89,400 734,200 
area (ha) 

Source: SOMIVAC, 1978; HARZA, 1984. 



T a m  2. Roducllon System Research Phases and kllvtlles. Lower Casamance. Senegal. 1982-83 Ihru 198586. 

Pulklpanlm and Cdlabordlng 
Vear/Season Phase8 and k tMh lndrurnentr ~ M / o b J . c o h  Inmlltvtbnm 

V I :  1 2 - 8 1  --MAGNOSIS 
(or-muon) 1. 3 u d l n  d erMlng fumlng p r d b  ud body d - Explordory/inFornul mu- - F m  lsvsl car.trdnb Identn*d - PSR teun, thonulk muchn 

" J ' M e  - Dm- ud extern&n plomln - SOMNAC & l d m  
- -8 ulch dsusloprrm(/ext.nrkm qpnc ln  umJdsnd . PIDAC dcldm; hmrn 

- crtier* tor ud d.llnsdbn d - Enen.lon .genCI 
- D h c ~ b n l  ulch b m d k  muchn farmlng mydem XWma 

- Indkallvs on-farm lrhh 
- Or-ddlon .grmank trldm 

- PSA team, lSRA 
- Extenmbn .0.nCI 

- Alternstlvs tahndogy polenl1.b - PSR Ieun 
..u1ud. - Fhld auW; hmrn 
- Agro-economk parmuten d hnnlng 
mydem. mn.8 d0rk.d. 
- lnfanvlbn on hmrn' prrjku - PSR team, ISRA 

Vear 2: Ie81-M 
(cropping mn8on) 5. Te.tlng/Scrsenlng lrnprand lahndogln . Indkr(lvs ud on-farm wdfbllon trldr at - Indkallvs r..ulh d lahnabgy ebaludlon - PSR Ieun ISRA 

operalbnd ub (rewucher/farmer mumgad). al f m  lsvsl. - Field lul8tanh 
- Feedback hm h m r m  - Extenmbn pemnnel 

(year around) 8. Study d Ih dynamkm d farming mydernm. - SabkgU mumy. - I n M d p d  codfkhnb for uop 
enlerprh.. dnk.d. 
- Krovrbdge d m l n  gwrning mwurw 
alloulbn; rn lgrdh ddermln~h;  lud - PSR loam, ISRA 

7. UHdock mydemr and ~ l x s t b n  rasuch tenurn up&. 
(Predi.grc&k ud d h g M k )  - Typobgy ud livedock ly.knn. 

Vaar 1: IWJS 
(cropping so-n) 8. Tsrtlng/ureenlng d m l d e d  tahndogk. . Fvmer managed Iddm. (repllcalbnm) VerfRulicn - PrmWng tahnobgln .crooned ( u d y  - PSR Ieun. ISRA 

lrhh mstudng. ull1obrw-d k. ruWln,  d - F.nnen 

PoCam In d Y  cnWq h . 1  - Extendon 
-Sueg..lbntoext.nJon.gmydAbh 

(OR-mn8on) 0. Enluallon d Iahnobgln - Or-farm vhb/ddi lbn hlf0nn.l ru-. tahn iu l  P.c*.B... 
- Knawbdg. d hnd mydem. - PSR Iem,  ISRA 

10. (Dynunkm d livedock mydernr) - Fdbrrlng up d h r d  conduct ud mumgemen( - Fvmen 

Year 4: I ~ W S  
(cropping mason) 11. Tsrtlng/pre+nlenmkm d .onw tahndoglea - Mom replkrtbn tor uhcled Iahnobgln on- - Reeanmendalbn tor k. tahndogy - PSR Teun 

f m .  propoud - FIeM auW 
- Mop(bn mumy. - R.comnmd.lbn tor upland crop being - Eaenmbn p.rwnrul 
- Sp.d.l locus a u d k  wn.ld.md 
- SI .LYU mndymb d .grmank mu- - Mdi lbnd audln propowd 

( d u a u m )  12. CrHU rrvkrr d m u c h  m u l b  to dale 

-he orhrlng d m u c h  phase8 Follow lh IrnpIenmWbn d d M I h  regudlng cropplng mydem. M o c k  systems ud .grlcu(lurd n u c h ~ i x d b n  wbpmgrnnm I n l r o d d  dnu 1- Followed Ih unw 
.eqwnu d phase8 ulch a llme 1.g. 



TaMe 3. Characlerlzallon d *qrkuHunrl Zones h the Lower -. S m a l  

USE ol mlmd Imdlon lor M 
proparallon 

Importance d a q u 8 l ~  k. va. uphnd 
cored# 

Tool uaed In m ~ u d  M prepulllon 
tor W a n d  rice 

wry luge luge undl wry undl #mdI 

M4or problemn/wnalralnl# O L - d b * ) y l n g r l c s M  0  SubstanlW bu d 1G* )ying o  Farm qulpnwnt needs o N a a d l a m n n ~  2 LW J! +a b-d { a n  
{ta!! Inlr&cm; ncr w 0 Wads Intn(.lbn kx k. qulpmant c r d  InCnnlon) 
0  Cored d&n 0  U r e d  d&n o  Uppn lopmqwnca l r n  dry o  Modem lopuls (rerllllzer and 0  Naed lor more lum 

0  lack d lmpmnd rlcs 0  No lmpmwd Iochnlqw lor l o r d  HlkIyjndrnedonup*nd equlpmenl cmdn 

wlel*. M prepudbn d upland cmp a Soil ecldiiy In ~~ d smp. 0  Mc&m Inputs nd u n d  
0  Labor shortqp 0  No lmpmwd k. vuktln M 0  sol1 fwrllllly (pleleur) 0  Lab01 shortwe 

o S M m h b o r n ~ d w l o  0l.bor.horc.g. 
mlgmtbn 

' ~ ~ n d ~ m e n m d r o m e n * r w l c o n u ~ d c r ~ m d k l a * * n d k . c u n ~ l o n ( d ~ . l o n d h b o r b ~ ~  
B I n d U w  men wrh on pWew crop and wmen cullMe IIW ( d k h  d hbor by crop). 
h r d t l b n d  Db* Id  tor ~onwructlng rldgea. 
Crndnbnsl ~ l n d i n g  tool tor p)orrlng on M M. 

. .  . BEST /,i'AliktiLE DOCL; ;r,; i , ,  



Table 4. Population Characteristics in the Production Systems Research Sample, Lower Casamance 1982 and 1985. 

Average Size of 

Total Number of: Size of the Samplec Number of Work Force (in 
Plots Man Equiv.) 

Compounds Households Farms Monitored Household/Farm 
Zone Villages People Compounds Households in Sample 1982 1985 1982 1982 

Bou kit ingo 482 83 85 10 16 15 75 4 

Mahamouda' 282 3 1 32 10 20 N A 59 4 

I I Tendimane 956 36 109 10 38 27 1 26 4 

Mangagoulakl 956 36 44 15 30 NA 199 3 

111 Boulom' 696 57 69 10 18 NA 119 6 

Maoua 246 25 27 15 24 14 127 7 

P 
o IV Boulandor 427 23 24 10 28 6 190 6 

V Bandjikaki 623 57 72 15 22 13 121 6 

Total 6096 458 683 125 23 5 135 1298 4.9 

'Mangagoulak was later dropped as it was judged to be misrepresentative of the zone; Mahamouda, Boulom and Medieg were phased out in 
1985 for cost effectiveness. 
bSuel was added to Zone V in 1983 as a replacement for Tendimane (absence of animal trauion); Seleky and Toukara were seleded in 1985 
to represent strictly upland and lowland rice cropping systems, respedively. 
T h e  relationship between household and farm was not well defined in 1982. Data was subsequently colleded for each household. 

NA indicates the village was not included in the sample when the respeaive data was collected 

Source: Production System Research Surveys. 
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Table 5. Classification of Research Sites by Production System and 
Availability of Land and Cultivation Technique, Lower Casamance 

Senegal 

Social Organization of Production 

Diola System Manding System 

Availability of Hand Animal Hand Animal 
Cultivable Land Cultivation Traction Cultivation Traction 

Low-lying rice Seleky 
land only 

Low-lying rice Tendimane Bandjikaki Maoua Boulandor 
land and plateau Loudia-01. Sue1 
fields Boukit ingo 

Plateau land 
only 

Toukara 

Corresponding 1,II V 111 IV 
zone 

Source: Production System Research Surveys. 



Table 6. On-Farm E~periments,~ Lower Casamance, Senegal, 1982-86. 

Upland (Plateau Crops) 
Phreatic (Water Table) Zone Lowlying Inland Valleys 

Crop Type of Trial (Direct Seeded Rice) (Aquatic Rice) 

Rice Tests of varietiesb adapted to rainfed Rice varietiesh for temporary flooded Yield loss profilek on rice. 
conditions (I) conditions (I) 

Cowpeas Variety evaluationC Fertilizer on phreactic rice' (I) Tests of 4 rice varieties' for flooded conditions 
Variety x date of planting (11) in (1) 
June-July in pure stand or associa- Land preparation: manual (cajendo) 
tion with groundnut or maize: in ridges versus flat plowing. Tests of abandoned rice landm from salt 
September planted in maize stubble intrusion; use of drain plowing techniques and 

Land preparation: manual versus oxen anti-salt dam (Ill) 
Fertilizer in pure stand plowing on direct-seeded rice (tests 

of rowseeder) (I). 

Maize 

Millet 

Land preparation and mechanical Tests of oxen-drawn pin-wheel rice Tests of relay cropping for sweet potatoes, 
weeding (I) animal traction weeder (I). cowpeas, maize and millet" (IV) 

Fertilizer at 112 recommended dosed ~erb ic idd  x tests on rice. 
(1). 

V a r i w  x date of planting (11) 

Plowing + mechanical weeding (I) 

Sorghum variety' x date of planting (11) and 
fertilizer. 

Groundnuts Mechanical weeding (I, II) 

- - 

*Each experiment is associated with the research theme under consideration: I = intensification of production on good land, II = diversification of the 
cropping system, Ill = rehabilitation of abandoned productive land, and IV = relay cropping and harvesting residual moisture. 
b ~ ~ a 3 4 1 ,  144 619: and IRAT 112. 
'Mougne. Ndiambour; 58-57; N66-16; trials at 8 sites, treated against thrips. Variety 58-57 in farmer-managed trials at operational scale. 
'%ariety ZMlO at 200 kg/ha 8:18:27; also non-fertilized vs 120 kg/ha urea in farmer-managed trials at operational scale. 
"Variety 8001, 8004, H746, Souna Ill, Sanio Sefa. 
'Variety V2, V3, V6, V9, V10, 51 -59. Congosane; fertilizer at 100 kg/ha urea (198285). 
Variety 69101; non-fertilized vs increasing doses 75, 150 kg/ha 8:18:27 + 200 kg/ha line. 
h l ~ ~ ~  112, IRAT 133. DJ 12-519 and IKP. 
' ~ a n u r e  versus 1 /2 and full level of recommended doses (200 kg/ha urea + 200 kg/ha 10:10:20 + 400 kg/ha of natural phosphate). 
'using Ronstar CE 250 at a cost of 3500 CFA/litre. 
'In collaboration with entomologist and pathologist. 
'IR 1529, BR 51-46-5; D J W  0, IKP. 
'"Research theme later taken over by the watershed management team (1984). 
"Short cycle varieties of maize (composite 77: 75 days), millet (IVS 5454: 75 days), cowpea (Ndiambour 65 days), sweet potatoes (Ndargu, 120 days). 



Table 7. Results of Farmer-Managed (Rice) Trials at Operational Scale,' Lower Casamance, Senegal, 1983-85. 

Number o f  Trials: Comparison with Traditional Varietf Yields (kdha) 

Y ieldingb Traditional 
Abandoned 500 W h a  Impnwed (1-1) 

Varieties Total No. (No.) (No.) Analyzed (No.) Better F4ual Mediocre Variety Variety 

Phreatic Rice 

SENICOLY - 13 2 1 - 10 7 2 i! - 2036 - 1010 

TOTAL  84 22 6 56 26 17 13 1551d 1204~ 

Aquatic Rice 

ROK 5 8 1 1 6 4 0 2 2288 1647 

SENICOLY - 9 1 0 1 i! 2 - 1136 - 1373 

TOTAL  42 6 5 3 1 14 3 14 1 3 ~ 2 ~  1288" 

'500 m2 for phreatic rice and 300 m2 for aquatic rice. 
b ~ u m b c r  o f  tests (impmved and traditional variety) with yields b c l w  the acceptable minimum o f  500 kg/ha. 
CCharacteruation of  number of  tests mnducted: Better i f  the impnwed variety outyielded the traditional by at least 2Wo. Mediocre i f  the yield o f  the i m p m d  variety is b e l w  
20%, and i f  the yield o f  the i m p m d  variety is between - 20% and + 2Wo o f  the traditional variety yield. 
d ~ e i g h t c d  average. 
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Table 8. Yields of Marketable Sweet Potatoes From On-Farm Relay Cropping Trials, Lower 
Casamance. Senegal, 1983-84 Through 1985-86. 

Maoua Loudia-Ouoloff (1) 

Trials Trans- Yield Trials Trans- Yield 
Year (No.) plan teda (kg/ha) (No.) planted' (kg/ha) 

1983-84 4 Oct. 11 2,478 4 Feb. 3 4,20 1 

1984-85 5 Oct. 22 2,559 5 Feb. 5 5,000 

9 
b b 

1985-86 
b 

Oct. 20 2,535 

'Average date of transplanting. 
"Six on-farm tests conducted at Loudia-Ouoloff' in 1985/86 season were not properly tended, 
so yield data were not available. 
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Table 9 Major Producllon Systems Research Surveys Conducled In the Lower Casamance. Senegal. 1982-1 986 

AGRICULTURAL ZONES (villagaa) 

Output and Obwwalbna 

I 

Diulp(lnea 
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Table 10. Total Labor Use by Cropping Enterprise for Representative Farms in Three 
Selected Zones, Lower Casamance, Senegal, 1983-84 and 1984-85. 

Area Time Allocation by Sex (%) 
Plantedb Laborb 

Zone' Main Crops (ha) (hours) Female Male 

I. Aquatic rice 
Upland rice 
Groundnut /cowpea 
or Groundnut/rice 

Sweet potato 
Total 

IV. Aquatic rice 
Phreatic rice 
Maize; Maize/cowpea 
Millet/sorghum 
Groundnut/millet or 

groundnut/sorghum 
Total 

V. Aquatic rice 
Phreatic rice 
Upland rice 
Groundnut or 

groundnut/millet 
maize 

Millet 
Total 

- -  - - 

"Cropping patterns and labor use in Zones I1 and I11 are similar to those of Zones I and IV, 
respectively. 
bAverage values for 1983-84 and 1984-85 seasons. 

Source: ISRA/DCpartement Systbmes, 1985a;, 1985b. 
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Table 11. Farm Budgets and lncome (FCFA)' in the Surveyed ~ r e a ~  for a Drought (1983) and a Rainy Year (1984), Lower Casamance, Senegal. 

OUSSOUYE l BLOUF ll NlAGUlS Ill SINDIAN- FOGNY-COMBO V 
KALQUNAYES IV 

Indicator 1983 1984 1983 1984 1983 1984 1983 1984 1 983 1 W c  

Farm area (ha) 

Total labor used 
(man-day ha) 

Value of 
production 

Cost of 
--I production 

Net farm income 

lncome per ha 

lncome per 
man-day 

lncome per man 
equivalent 

'US $1.00 equals 350 FCFA. 
b~verage budget for representative farms. 
'In 1984 drought was severe in this zone (Bandjikaki). 



Table 12. Cereals Availability at the Farm Level (kg/consumption unit), Lower 
Casamance, Senegal, 1982-83 Through 1984-85". 

- 

Zone Village 1982-83 1983-84 1984-85 

I. Loudia-Ouoloff 95.7 63.7 172.3 

Boukit ingo 92.1 59.6 115.6 

11. Mahamouda 30.4 14.2 33.3 

Tendimane 90.5 35.9 147.5 

111. Maoua 

Boulom 

IV. Medieg 264.9 103.1 382.1 

Boulandor 180.4 67.6 244.8 

V. Bandjikaki 183.7 168.6 40.8 

Sue1 - NA 150.3 - 116.0 

Average 143.2 88.1 144.2 

T h e  following conversion coefficients were used to calculate the number 
of consumption units per farm family: pre-schoolage children: 0.25; 5-14 years: 

0.50; and adu1ts:l.O. The surplus (deficit) was measured against the FA0 standard 
consumption rate of 250kg per capita. 

NA indicates data not available. 

Source: PSR Surveys. 



Table 13. Farm Characteristics and Budget Comparison (FCFA)" of Animal Traction 
Users and Non-Users, Northern Casamance, Senegal, 1984 

Zone IV (Sindian-KalounavexJ Zone V (Fornv-Combo) - - 

Indicator 
Animal Manual Animal Manual 
Traction Cultivation Traction Cultivation 

Average farm size (ha) 5.23 3.90 4.48 3.23 

Available manpower 7.3 5.2 5.2 4.9 
(man-equivalent) 

Total labor used 398 254 329 278 
(man-dayslfarm) 

Farm equipment: 2.1+1 NA 1.8+ 1 NA 
oxen + plow (no.) 

Value of production 326,191 156,3 14 269,483 188,886 

Total cost of 23,204 16,285 14,641 12,553 
production 

Net farm income 320,987 140,029 254,842 176,333 

Per hectare 49,423 35,905 56,884 54,592 

Per man-day 76 1 55 1 775 634 

Per man-equivalent 4 1,505 19,722 49,008 35,986 

"$US 1.00 equals 350 FCFA. 

NA indicates not applicable. 

Source: PSR Surveys. 



Table 14. Estimated Cost ($US) of On-Farm Research, Lower Casamance, Senegal, 1982- 
1986 

Item 
Present Value Over Five 

Average Annual Cost Year at 20% Discount Rate" 

C a ~ i t a l ~  

Vehicles 

Motorcycles 4,500 NA 

Office equipment 3,214 NA 

Field equipment 3,785 - NA 

Subtotal (a) 18,357 54,898 

Variable 

Opera tionsc 

Salaries, local staff and 
support 

Expatriates' recurring costsd - 120,000 

Subtotal (b) 24 1,658 

(Excluding expatriates) (121,658) (363,830) 

Total Cost (a) + (b) 260.0 15 777,60 1 

Number of households 147' 806' 

Surveyed area (ha) 436 2,1808 

Total Cost/household 1,769 965 

(Excluding expatriates) (953) (513) 

Total Costlha 596 357 

(Excluding expatriates) (321) (190) 

"Bank interests on capital averaged 20%; average exchange rate was $US 1.00 equals 350 
FCFA over the 1982-1986 period. 

bVehicles and office equipment amortized over 4 years (linear depreciations with 20% 
salvage value); motorbikes amortized over 3 years. 

'Operational costs estimated from CRA-Djibelor published accounts from 1982-85. 
Costs include consumables and casual labor. 

dSalaries and fringe benefits for expatriates estimated at 21,000,000 FCFA per scientist - year 
over 1982-86 period. 
'Average number of farm households surveyed per year (1982-86). 
Total number of households repeatedly contact.ed over 5 years i.e. 725 contacts in first 10 
villages and 71 contacts outside. 
Five times the average area monitored per yea.r. 
NA indicate not applicable. 
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Analysis,"  by E r i c  U. Crawford and A. A l l a n  Schmid, 1990, (23 pp.). $3.00 (krt o f  P r i n t  

Copy of BENCOS Template f o r  use w i t h  Lotus 1-2-3 release $2.0 and 
2.01 on double s ided double dens i t y  d i s k e t t e  S15.00 Out o f  P r i n t  

38. "Research Methods i n  t he  MSU Food Secur i ty  i n  A f r i c a  P ro jec t :  Con- 
cep tua l i z i ng  and lnplement ing Po l i cy  Relevant S t ~ l i e s , ~ ~  by Jams F. 
r e 4 ' :  t ! i rh  Michael 1. Ueber and John M. Staatz, 1590 (128 pp.). 
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1. "The P r i v a t e  Sector Connection t o   development,^@ by Carl  Liedholm, 1986 
(19 pp.). $3.00 O u t o f p r i n t  

2 * t l n f l u w i n g  the  Design o f  Market ing Systemf t o  Pranote Deve lopnn t  i n  
Th i rd  U o r l d  C o m t r i e ~ , ~ ~  by James D. Shaffer w i t h  Michael U f ! k r ,  Harold 
R i l e y  and John Staatz, 1987 (21 pp.). $3.00 O u t o f p r i n t  

3. "Famine Prevent ion i n  A f r i ca :  The Long View," by Carl  K. Eicher,  1987 
(18 pp.). $3.00 Out o f  P r i n t  

4. "Cereals Market ing in t h e  Senegal R iver  Va l l ey  (1985),18 by Michael L. 
Morr is,  1987 (126 pp.). $6.00 S 

5 .  '&The Food Secu r i t y  Equat ion i n  Southern Af r ica , "  by Mandiverha Rukmi  
and Car l  K. Eicher,  1987 (32 pp.). $3.00 O u t o f p r i n t  

6. ~~Econun ic  Analysis o f  Agronanic T r i a l s  f o r  t h e  F o r m l a t i o n  o f  Farmer 
Recomnendat ion~,~~ by E r i c  Crawford and Mulunbe Kamrenga, 1988 (41 pp.). $3.00 S 

6F. 88L1Analyse Economiques des Essais Agroncmiques Pour La Formulat ion des 
R e c m n d a t i o n s  aux Paysans,I8 par  E r i c  Crawford e t  Mulunbe Kemuanga, 
1987 (33 pp. 1. $3.00 S 

7. "Econcmic Analys is  o f  L ivestock T r ia l s , "  by E r i c  U. Crauford, 1987 
(38 pp.1. $3.00 S 

7F. "LIAnalyse Econanique des Essais zoo technique^,^^ par E r i c  Crawford, 
1987 (36 pp.). $3.00 S 

8. "A F i e l d  Study o f  F e r t i l i z e r  D i s t r i b u t i o n  and Use i n  Senegal, 1984: 
Sunnary Report," by E r i c  Crawford and V a l e r i e  Ke l l y ,  1987 (32 pp.). $3.00 S 

8F. 1aEnqu6te sur l a  D i s t r i b u t i o n  e t  l l U t i l i s a t i o n  de LIEngrais nu Shega l ,  
1984: R 6 s d  Arrelyt iqw,t l  by E r i c  Crawford end Va le r i e  Kell.y, 1988 
(43 pp). s4.00 s 

9. I8 Inprov ing Food Market ing Systems i n  Developing Countries: Experiences 
from L a t i n  America," by K e l l y  Harrison, 0onal.d Henley, Harold R i l e y  and 
James Shaffer,  1987 (135 pp.). S5.00 S 

10. bhPol icy  Relevant Research on the  Food and A g r i c u l t u r a l  System i n  
Senegal," by Mark N e m n ,  E r i c  Crauford and Jacques Faye, 1987 (30 pp.). $3.00 S 

10F. l tOr ienta t ions e t  P r o g r a m s  de Researche Macro-Econaniques sur l e  Systeme 
Agro-Al imentaire Senegalais," par Mark Neunan, E r i c  Crauford e t  Jacques 
Faye, 1987 (37 p p . ) .  $3.00 S 

11. "A F i e l d  Study o f  F e r t i l i z e r  D i s t r i b u t i o n  and Use i n  Senegal, 1984: 
F ina l  Report,#& by E r i c  Crawford, C u r t i s  J o l l y ,  Va le r i e  Ke l l y ,  P h i l i p p e  
Lanbrecht, Makhona Mbaye and Matar Gaye, 1987 (111 pp.). $6.00 S 

11F. I1Enquete sur l a  D i s t r i b u t i o n  e t  l l U t i l i s a t i o n  de l lEngrais au Senegal, 
1984: Rapport F ina l , "  par  E r i c  Crawford, C u r t i s  J o l l y ,  Va le r i e  Ke l l y ,  
P h i l i p p e  Lanbrecht, Makhona Mbaye e t  Matar Gaye, 1987 (106 pp.). $6.00 S 

12. "P r i va te  and Pub l i c  Sectors i n  Developing C o m t r y  Gra in  Markets: 
Organizat ion Issues and Options i n  Senegal,l8 by Mark D. Neunan, P. 
ALassane Sou and Ousseynou NDoye, 1987 (14 pp.). S3.00 (Xlt o f  P r i n t  

13. " A g r i c u l t u r a l  Research and Extension i n  Francophone Uest A f r i ca :  The 
Senegal Experience," by R .  James Bingen and Jacques Faye, 1987 (23 pp.). $3.00 S 

13F. "La L ia i son  Recherche-Developpement en A f r i que  de L 'Owst  Francophone: 
LIExperience du Senegal," par  R .  James Bingen e t  Jacques Faye, 1987 
(32 pp.). $3.00 S 

14. "Grain Market ing i n  Senegal's Peanut Basin: 1984/85 S i t u a t i o n  and 
I s s ~ e s , ~ '  by Mark 0. N e m n ,  1987 (16 pp.). $3.00 S 
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15. I1Tradeoffs Between Domestic and lnpor ted Cereals i n  Senegal: A 
Market ing Sys tem Perspective,ll by Mark D. Neman,, Ousseynou NDoye 
end P. Alassane Sow, 1987 (41 pp.). $3.00 S 

15F. llCereales Locales e t  Cereales Inportees eu Sedga l :  La P o l i t i q u e  
A l imenta i re  a P a r t i e r  des Systknes de Comnerciali!;etion,ll par Hark D. 
Neman, Ousseynw Ndoye e t  P. Alassane Sow, 1988 (48 pp.). $4.00 Out o f  P r i n t  

16. "An O r i e n t a t i o n  t o  Product ion Sys tem Research i n  Senegal," by R. James 
Bingen, 1987 (88 pp.). $5.00 S 

16F. "Or ien ta t i on  de l a  Recherche sur l es  Systemes de Fbroductions au Senegal,I1 
par R. James Bingen, 1987 (94 pp.). $5.00 S 

17. "A C o n t r i k r t i o n  t o  Agronunic Knowledge o f  the Lower Casemance ( B i b l i o -  
graph ica l  S y n t h e s i ~ ) , ~ ~  by J.L. Posner, 1988 (47 pl,.). $4.00 S 

17F. I ICon t r i k r t i on  8 l a  Comaissance Agrooa ique dc l a  Basse Casemance 
(Synthese Bib1 iographique),I4 par J.L. Posner, 1980 (47 pp. ). $4.00 O u t o f p r i n t  

18. l lAcquisi t ion and Use o f  A g r i c u l t u r a l  I n p r t s  i n  t he  Context o f  Senegal's 
New A g r i c u l t u r a l  Po l icy :  The Imp l i ca t i ons  of Farnlersf A t t i t u d e s  and 
Input Purchasing Behavior f o r  the Design o f  A g r i c i ~ l t u r a l  P o l i c y  end 
Research P r~g rams ,~ '  by Va le r i e  Auserehl Ke l l y ,  19EB (30 pp.). 

18F. a lAcqu is i t ion  e t  U t i l i s a t i o n  d f l n t r a n t s  Agr ico les  clans Le Context de l a  
Nouvel le P o l i t i q u e  Agr i co le  du Senegal: Imp l i ca t i ons  des A t t i t u d e s  e t  
du Comportement dfAchat d ' l n t r a n t s  des Exp lo i t an ts  pour l fELaborat ion 
dfune P o l i t i q u e  Agr i co le  e t  de Programnes de R e c h e r c h e ~ , ~ ~  par Va le r i e  
Auserehl Ke l l y ,  1988 (35 pp.). 

19. "Farmers1 Demand f o r  F e r t i l i z e r  i n  the Context o f  Senegal's New A g r i -  
c u l t u r a l  Po l icy :  A Study o f  Factors In f l uenc ing  Farmersf F e r t i l i z e r  
Purchasing Decisions,I1 by Va le r i e  Auserehl Ke l l y ,  1988 (47 pp.). 

19F. " D m n d e  dfEngra is  de La Par t  des Exp lo i t an ts  dans l es  Contexte de l a  
Nouvelle P o l i t i q w  Agr i co le  au Senegal: Une Etude des Facteurs 
In f luencant  l es  Decisions dlAchat d fEngra is  Pr ises par l es  exploit ant^,^^ 
par Va le r i e  Auserehl Ke l l y ,  1988 (58 pp.). $4.00 S 

20. 88Product ion Systemes i n  the Lower Casemance and Farmer St ra teg ies  i n  
Response t o  R a i n f a l l  Def ic i ts , I1  by J.L. Posner, H. Kamanga and S. 
S a l l ,  1988 (30 pp.). $3.00 O u t o f p r i n t  

2OF. "Les S y s t h s  de Product ion en Basse Casamance e t  l es  St ra teg ies  
P a y s a ~ e s  Face au D e f i c i t  P l ~ v i d t r i q w , ~ ~  par J.L. Posner, M. Kemuanga 
e t  S. S a l l ,  1988 (33 pp.). $3.00 O u t o f p r i n t  

21. nllnforming Food Secur i ty  Decisions i n  Af r ica :  E r w ~ i r i c a l  Ana lys is  and 
P o l i c y  Dialogue,I1 by Michael T .  Ueber, John M. Staetz, John S. Holtzman, 
E r i c  U. Crawford, and Richard H. Bernsten, 1988 (11 pp.). $3.00 M o f  P r i n t  

21F. 18Comnent Informer l es  Decisions T ra i t an t  de l a  Secur i te  A l imen ta i re  en 
Af r ique:  Analyses Empiriques e t  Dialogue P ~ l i t i q u e , ~ ~  par Michael T. 
Ueber, John H. Staatz, John S. Holtzman, E r i c  U. Crawford and Richard 
H. Bernsten, 1989 (13 pp.). $3.00 S 

22. "The Creat ion and Establishment o f  Product ion Sys tem Research i n  a 
Nat iona l  A g r i c u l t u r a l  Research I n s t i t u t e :  The Senegal Experience," 
by Jacques Faye, James Bingen, and Et ienne Landais, 1988 (25 pp.). $3.00 Out o f  P r i n t  

23. "Foreign Trade o f  A g r i c u l t u r a l  Products and l n p r t s  i n  Senegal f r a n  
1975 t o  1984," by Freder ic  Mar t i n  and A l i o m e  Dieng, 1988 (45 pp.). $4.00 Out o f  P r i n t  

23F. "Le Comnerce Ex te r i eu r  de Produ i ts  e t  d ' l n t r a n t s  Agr ico les  du Senegal 
de 1975 a 1984,11 par F r M e r i c  Mar t i n  e t  ALi-e Dieng, 1990, (45 pp.). $4.00 Out o f  P r i n t  

2L. "Regulatory Uncer ta in ty  and G o v e r m n t  Objec t ives f o r  the Organizat ion 
and Performance o f  Cereal Markets: The Case o f  Senegal,l1 by Mark D. 
Neman, P. Alassane Sow and Ousseynou Ndoye, 1988 (24 pp.). $3.00 S 
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2LF. l l Incer t i tude Reglernentaire, O b j e c t i f s  Gwvernementawt, Orgc~nisat ion e t  
Per formnces des Marches Cerea l ie rs :  Le Cas du Senegal,11 par Mark D. 
Meman, P. Alassane Sow e t  ousseynou Mdoye, 1988 (24 pp.). $3.00 3 

25F. "Etude sur  l a  Cannerc ia l i sa t i on  des Cereales dans l a  Region du Fleuve 
Senegal: M e t h ~ d o l o g i e , ~ ~  par Michael Morr is ,  1988 (48 pp.). W.00 S 

26. "The Regula t ion and Organizat ion of  Cereal Markets i n  Senegal: Report 
on the Market ing Cempaigns of 1983/86 and 1984/8SS1 by P. Alassane Sow 
and nark  D. Mewnen, 1988 (29 pp.). 53.00 S 

26F. "La Reg lawn ta t i on  e t  l lOrgan isat ion des Marches Cerea l ie rs  au SCrdgal: 
S i t u a t i o n  des C-gnes des Comncrc ia l isa t ion 1983/84 e t  19&4/85,41 par 
P. Alassane Sow e t  Mark D. N e m n ,  1988 (31 pp.). $3.00 S 

27. "Farm Level Cereal S i t u a t i o n  in  Lower Casmnce:  Results o f  a F i e l d  
Study,S1 by C.M. J o l l y ,  n. Kemrenga, S. S a l l  and J.L. Posner, 1988 
(35 pp. ). $4.00 s 

27F. l lS i tuat ion Cerea l ie re  en M i l i e u  Paysan en Basse Casamance: Resu l ta ts  
dlune Enquete de Terrain," par C.M. Jo l l y ,  M. Kanuanga, S. S a l l  e t  J.L. 
Posner, 1988, (41 pp.). S . O O  (lvt o f  P r i n t  

28F. lbBudgets de Cul ture  au S6negal,ll par Freder ic  Mar t in ,  1988, (54 pp.). S . O O  Out o f  P r i n t  

A w x e  1- -llBudgets de Cu l tu re  e t  Analyse des narges dans Le Bassin 
Arachidier,"  1988 (134 pp.). $8.00 Out o f  P r i n t  

Amexe 2--11Bdgets de Cul ture  e t  Analyse des narges au Senegal Or ien ta l  
e t  en Ca~amance,~~ 1988 (204 pp.). S1l.OO (kt o f  P r i n t  

Amexe 3 - - I1Bdge ts  de Cul ture  e t  Analyse des Marges dans La Val lee du 
Fleuve S6negal,lS 1988 (214 pp.). 511.00 (kt o f  P r i n t  

29. lSAgricul tural  Developrent and P o l i c y  i n  Senegal: Amotated B'lbl iography 
of Recent Studies, 1983-89," by E r i c  U. Crawford, R. Jsmes Bingen, 
and Malcolm Versel, 1990 (254 pages). 314.00 Cut o f  P r i n t  

30. llLouland Cropping Systems i n  the Lower Casamance o f  Senegal: Results 
o f  Four Years o f  Agronomic Research (1982-1985),11 by Joshua Posner, 
Mulunba K w a n g a ,  and Mamadou Lo (130 pages). S 8.00 Cut o f  P r i n t  

31. "Farming Systems Research i n  Southern Senegal: The D j i b e l o r  Experience 
(1982-1986)," by Mulurba K w a n g a ,  and Joshua L. Posner, 199% (57 pages). S 5.00 S 

The p r i c e  of each paper includes the cost o f  
book r a t e  postage in  the Uni ted States 
and sur face r a t e  postage overseas. Less 10% f o r  orders  o f  

10 o r  m r c  sa le  cop ies  S 

I n  order t o  rece ive the papers by a i r w i l ,  there  i s  a postage bit 
charge p e r  paper f o r  a l l  r ec ip ien ts ,  i nc lud ing  i nd i v idua ls  - Cost Quantity 
and i n s t i t u t i o n s  i n  the Th i rd  Uor ld  and a l l  USAID o f f i c i a l s .  

Da res t i c  A i r r s i l  Postage p e r  P r w r  $2.00 S 

l n t e r n a t i a r a l  A i r m i l  Postage pe r  Paoer $5.00 S 

To ta l  a t  S 


