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TECHNOLOGY ADOPTION IN 11-IE SAHELO-SUDAN: 
APPROACH AND MAJOR FINDINGS 

P-M Bose, P. H. Calkins, J-M Yung 
DSA/CIRAD, France. May 1990 

In early 1989, the World Bank requested that the Department of Agrarian 

Systems (DSA) of the French International Research Center for Agriculture and 

Development (CIRAD) undertake an evaluation of the availability and the current levels 

of adoption of agricultural technology in the macro-region of West Africa known as the 

Sahelo-Sudan. This summary of the methodological framework and major findings of 

the resulting study (Bose et al, 1990) is divided into five parts. First, the conceptual and 

theoretical framework of the study will be presented, as well as the methodological 

approach to which it gave rise. Next, we will detail the salient characteristics of the 

macro-region and the technical challenges it presents to agronomic and livestock 

research. Third, we will illustrate the approach and the logic of farmer reactions to the 

results of such research through a case study of a sub-region from the northern part of 

the macro-region (the Groundnut Basin of Senegal), with passing mention of the case 

of another sub-region from the southern part (South Mali). Fourth, we will summarize 

the adoption and refusal factors which explain farmer reactions across a total of five 

case studies; the approach of Binswanger et al (1987) will be applied to the example of 

fertility maintenance innovations. A final section will elaborate our suggestions in terms 

of further research, development projects, and macro-economic and agricultural policies. 

The conceptual framework 

Two fundamental concepts underlie the present study. The first is that of the 

''yield gap" between the generally high outputs per hectare obtained on experiment 

stations and the generally low unit yields produced by farmers. Figure 1, adapted from 

Dillon and Hardaker, illustrates the physical (gap 1) and human (gap 2) factors which 

account for Africa's failure to produce sustained food surpluses for its rapidly-growing 



FIGURE N°1 : INTERPRETATION OF FACTORS EXPl.AlNING YIELD GAP BETWEEN 
RESEARCH RESULTS AND ON-FARM PERFORMANCE 
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population. In the following two sections, we will emphasize the inhospital nature of the 

physical environment ( climatic variability, marked dry season, fragile ecosystem, and 

chronically low levels of soil fertility) which handicap the yield potential of even the best 

farmers of the zone. 

To this physical difficulty must be added the social and institutional factors which, 

at least in some countries and for some products, complicate the farmer's task. For 

example, the macro-economic constraints for many countries of the zone, whose 

economies rest upon agricultural production, include a simultaneous growth crisis in 

agricultural production volume and an ever-weakening foreign debt repayment capacity. 

The structural adjustment policies of the World Bank have added to these macro

economic constraints. The result is that, with high forced debt repayments, governments 

have little financial basis for financing such possible programs for promoting 

technological innovation as subsidies of inorganic fertilizers during the initial adoption 

phases. 

This finanical constraint is echoed at the micro-level by the extreme cash-flow 

vulnerability of most production units, and the fact that, given the input-output price 

ratios and insecurity of markets, few innovations remain economically feasible. 

But the lack of adoptable new practices may result equally from the 

inappropriateness of the technology offered by agricultural researchers to the farmers' 

non-economic objectives and other components of the socio-cultural context. The 

complexity and the interactions among these factors mean that the static yield-gap 

approach, while helpful, is insufficient to explain farmers ' technology reactions: the 

dynamic of a production systems approach becomes necessary. 

Figure 2, a well-known representation by Norman and Gilbert (1982) of such a 

production system, requires no additional explanation here. Rather, it can serve to 

highlight four further conceptual underpinnings of the present research: development 

theory, farmer centrality, system interactions, and empirical frontiers. 

First, although the diagram appears micro-economic, the purpose of technological 

adoption is the eventual macro-economic development of the society. Thus, we have put 
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four words in italics ( consumption, savings, Jabor, capital), each of which corresponds to 

one of the four types of ::;urplus or contribution that must flow from the agricultural 

sector to the other sectors of society if economic development is to occur (Kuznets, 

1971). 

Second, these surpluses cannot be developed without a technological adoption on 

the part of the farmer. Thus, "farmers and farm management are necessarily at the 

heart of consideration of technology policy" (Anderson, 1989). Without farmer adoption, 

even available technologies remain "dormant"; with it, they become innovations. 

Third, although Norman and Gilbert originally conceived of Figure 2 as a single 

system, we view it as three. On white background is the farmer adoption process central 

to economic development; on grey background to the upper right is the research system 

which generates technological options; and on grey background to the left is the system 

of "passage" or "transmittal" conditions through which research messages are channeled 

to farmers. These conditions include not only external institutions, input and output 

markets, and extension services; but also the variability and sustainability of the natural 

resource base ("land") so critical to the macro-region. It should be noted that there may 

be a serious mis-match between the technical messages that emerge from the 

agricultural research system and the complex circumstances of resource-poor farmers; 

that farmers can often make adjustments to recommended technologies that convert 

them to useful and thus adapted innovations; and that the passage-condition system 

often plays a deciding role in this process, particularly at the local level. 

Fourth, the interstices between the farmer and research systems on the one hand 

and the farmer and passage-condition sytems on the other constitute two empin'cal 

frontiers, in the sense that they can be treated as objects of study. The best way to 

understand and benefit from them is through the case-study approach used in this report. 

Otherwise, if we view technology transfer only through the eyes of researchers, we risk 

ex ante over-optimism; if we only study farmer adoption, we risk ex post depression. A 

comprehensive approach will avoid the bias of each extreme. 
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The Macro-region 

Map 1 illustrates the macro-region to be studied, which passes from the northern 

boundary of rainfed crop production with the nomadic Sahel (about 400 mm of annual 

rainfall) to the southern end of the Sudan, where the marked alternation between dry 

and wet seasons disappears. The five case studies were selected to span the physical and 

socio-economic characteristics of this zone from north to south and from west to center; 

and were based primarily on the francophone literature. 

The macro-region has two major characteristics. First, the evident heterogeneity 

of physical conditions, plant material, and socio-economic conditions creates at once a 

great challenge and a great potentiel for development through appropriate technology. 

For example, contrary to the conclusions of some writers, we shall see that the northern 

part of the zone is not doomed to inevitable desertification and outmigration, but has, 

among other attributes, a comparative advantage in livestock raising. 

Second, however, a great deal of risk surrounds agricultural production in the 

region. The most fundamental form is climatic risk, intensified by the single production 

season per year. Resulting from climatic risk are both food risk and financial risk. The 

last is especially important since most production units can find no alternative to local 

money-lenders. 

Table 1 illustrates climatic risk for Senegal. The least favored rainfall area ( < 300 

mm) passes from only 6% of total arable area in an average year to a full 22% in a dry 

year. Meanwhile, the most favored region ( > 900 mm/year) plummets from 26% of the 

total arable area to only 14%. The problem for the farmer is to decide in which agro

climatic zone he or she will end up this year! This risk has a major impact upon 

technology adoption. Even though the high-yielding variety introduced by the research 

system may give much better yield and r_eturns in an average year, in a dry year it may 

give less. Because of food risk, the farmer lends much more weight to dry year 

performance; risk alone is thus sufficient to explain many cases of non-adoption. 

But risk is only one of three challenges which the study region poses to the research 

system (Table 2). The second challenge is the maintenance and even reconstitution of 



TABLE N°1: ISOHYETS SHIFT IN TWO SAHELIAN COUNTRIES 

AVERAGE YEAR SENEGAL MALI 

< 100 mm 0 34 

100-300 mm 6 28 

300-650 mm 38 18 

650-900 mm 30 9 

> 900 mm 26 11 

DRY YEAR 

< 100 mm 0 38 

100-300 mm 22 31 

300-650 mm 43 16 

650-900 mm 21 8 

> 900 mm 14 7 

In % of the total country surface. 



TABLE N"2: TECHNICAL CHALLENGES/ ANSWERS FROM RESEARCH 

ALWWING SECURIZATION OF PRODUCTIONS. 

- LIVESTOCK: ANIMAL HEALTH/ VACCINES 

- PEST AND INSECT TREATMENTS FOR SEEDS 

- SHORT CYCLE VARIETIES ADAPTED TO LENGTH DURATION REDUCTION 

. 90 DAYS CYCLE GROUNDNUT VARIETIES 

. MILLET VARIETIES SELECTED IN LOCAL POPULATIONS: 901 . 

ALWWING AN INCREASE IN PRODUCTION 

- CULTURAL PRACTICES 

- CATTLE FATTENING PRACTICES: FEED AND MINERAL SUPPLEMENTS 

- HIGH YIELDING VARIETIES 

SOIL FERTILITY MAINTENANCE AND RECONSTITUTION 

- MINERAL FERTILIZERS 

- ANTI-EROSIVE LAND MANAGEMENT PRACTICES 



MAP N°2 EQUAL PROBABILITY OF YIELD POTENTIAL USING 90 DAY CYCLE OF MILLET 
VARIETIES. CASE OF MALI . SOURCE : IRA T /IER/ESPACE 

EXPECTED YIELDS ON l2U DAYS CYCLE M1LLET 5/lO YEARS IN THE !970-85 DRY PERIOD 
WITH USEFUL SOll_ WATER RESERVE OF 120mm (RUR) 

EXPECTED YIELDS ON 90 DAYS CYCLE MILLET 8/lO YEARS IN THE 1950-85 PERIOD 
WITH USEFUL SOIL WATER RESERVE OF 120mm (RUR) 

YIELDS IN K(i / HA 

I . -

..... '·· Iii ;· 1.· ... ·· 

:] '----- 'I " 

THE EXPECTED YIELD 5/10 YEARS IN THE 1970-85 DRY PERIOD IS EQUIVALENT IN TERMS 
OF PROBABILITY TO THE EXPECTED YIELD 8/10 YEARS IN THE 1950-85 PERIOD 
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soil and water resources, and the third is how to raise the output and income of crop 

and livestock production activities. 

For these three challenges, listed in descending order of importance for the macro

region, what technical innovations has the research system been able to propose to 

farmers? For, if there are no such technical proposals, the current stagnation of yields 

can be laid at the feet of the research system. We may classify these innovations into 

three types (Lefort): those that increase yields without changing the cultural or 

husbandry practices of the farmer (supplemental); those that change cultural practices 

without significantly altering the product mix (modifying); and those that transform the 

entire farming system, often through a modification of the natural resource base 

(transfonnational). Let us exemplify research achievements in three areas: genetic 

potential, water use, and fertilizer efficiency. 

Genetic potential 

·The research system in Mali was faced with the lack of short-season varieties of 

millet (Map 2), which prevented the northern third of the country from achieving annual 

yields of more than 750 kg/ ha. Agronomists responded with 90-day varieties which, if 

extended to farmers' conditions, would have meant, under similar expectations of 

weather risk, yield levels superior to 750 kg throughout the country. 

Efficient water use 

Researchers have also investigated the influence of the toposequence on water run

off and thus response to fertilizer application. Water runoff control in the macro

region, as well as economic water-harvesting at the level of the plot are two key 

elements which condition adoption of a substantial number of technical innovations. If 

one takes the example of fertilizer response (Figure 3), it is clear that this response 

varies markedly as a function of the available water reserves in the soil. This response 

is all the more pronounced the lower one goes in the toposequence, except for the 

encircled part of Ul, where natural catchments trap and preserve water and clay and 

result in the highest yields of all. 



FIGURE ITT : RESPONSE OF CROPS TO INPUTS IN FONCTION OF USEFUL WATER RESER VE 
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Armed with this result, agronomists have gone on to experiment with changing 

cultural practices to include horizontal catchment bunds on parts Ul and U2 of the 

catena; they have determined that 10 cm bunds are significantly more productive than 

5 cm bunds, provided the labor is available (Figure 4 ). 

Fertilizer efficiencv 

Research workers in the macro-region have also studied the potential of inorganic 

fertilizers (Figure 5). They found that over a 5-period cycle of 13 years, ever-increasing 

amounts of fertilizer (solid line) were needed to maintain a stable yield. Or, put another 

way, fertilizer efficiency (yield divided by total active fertilizer weight, dashed line) 

declined markedly. In response to this problem, long-term experiment stations studies 

on fertility maintenance have shown that the use of soil amendments, organic fertilizer 

and crop rotation (practices within reach of farmers) can maintain yield potential. 

It is now clear that the chronically low levels of output on farms of the region are 

not to be blamed entirely on the research system: rather, the empirical frontiers among 

the three systems must be investigated in more detail. We now turn to the first of these 

frontiers: that between the research innovations just described and the farmer 's reaction 

to them. 

Farmer Reaction: a Case Study 

The binary response (yes/ no) often portrayed in the literature seriously 

underestimates the range of possible farmer reactions to proposed innovations and the 

richness of the conclusions one can draw from them. Figure 6 indicates three 

intermediate reactions between global refusal and global adoption. The first is reserved 

adoption: only a portion of the farmers adopt, or farmers adopt at a level greatly below 

recommendations ( e.g. 25 kg/ha of inorganic fertilizer vs. 150). Next comes perverse or 

counter-intuitive adoption: the farmer adopts the practice, but for reasons which differ 

from the research's point of view; when these latter conditions, hidden in the farming 

system, change, the farmer may suddenly un-adopt. For example, the producer applies 

technologies proposed to increase land productivity to increase his labor productivity 



FIGURE N'°4 
CULTURAL PRACTICES / MASTERING OF WATER FLOWS AND YIELDS 
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TABLE N°3: PEASANTS'REACTIONS TO INNOVATIONS PROPOSED BY TYPE OF CROP 
AND FROM THREE CASE STUDIES. 

CASE ZONE CROP REACTION 

SENEGAL RIVER IRRIGATED 

.UP RICE, MAIZE SELECTIVE ADOPTION 

.DOWN RICE, TOMATO RESERVED ADOPTION 

SOUTH-MALI SUDANO-SAHEL. COTTON GLOBAL ADOPTION 

SORGHUM SELECTIVE ADOPTION 
PERVERSE ADOPTION 
RESERVED ADOPTION 

MAIZE GLOBAL ADOPTION 
THEN GLOBAL REFUSAL 

VOLTAS SUDANO-SAHEL. COTTON GLOBAL ADOPTION 

SORGHUM/MILLET SELECTIVE ADOPTION 
PER VERSE ADOPTION 

FIGURE N"6: FARMERS'REACTIONS TO RESEARCH PROPOSED INNOVATIONS 

REFUSAL ADOPTION 

GLOBAL RESERVED PERVERSE SELECTIVE GLOBAL 

""0 0 0 0 0 
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through a greater hectarage under cultivation. (In fact, it is the research priorities which 

were perverse: counter-btuitive adoption often yields added insight into the farmer's 

true decision priorities). Third, there is selective or partial adoption: instead of adopting 

an entire technological package, the farmer adopts only certain parts of it. For example, 

a farmer may adopt improved varieties of seed, but without the required chemical 

fertilizer. In some cases, partial adoption may result in ( or worsen) environmental and 

socio-economic imbalances. 

Table 3, an overview of farmer reactions to proposed innovations in the five case 

study sub-regions, illustrates the utility of this classification system. In South Mali, an 

example from the southern end of the macro-region, all proposed innovations were 

accepted for cotton and for maize ( except when a simple removal of the secured 

marketing conditions for the latter moved farmers to global rejection!) For sorghum, 

with poor market conditions, farmers chose selective adoption (improved seed and seed 

treatment, but not fertilizer). Adoption was perverse for oxen traction which, instead 

of being a means to higher incomes through more intensive land use, was used as a 

means of extending cultivated areas to increase both labor productivity and food 

security! Finally, farmers were reserved about millet seed adoption because, although 

in other respects it was as acceptable as the proposed sorghum varieties, it was 

considered to have an inferior taste .... 

Let us now investigate in more detail a case typical of the northern end of the 

macro-region, where adoption levels were generally more guarded: the Groundnut Basin 

of Senegal. Figure 7, a blow-up of part of the basic Norman and Gilbert farming 

system, shows that, in terms of the physical environment, there is great climatic 

variability, the long-term annual rainfall is decreasing, and -- at least for the recent past -

- the rainfall cycle appears to be getting shorter. To make matters worse, soils are of 

low quality (sandy on top, with a hardpan underneath untillable by oxen), erosion is 

serious, woodlands are rapidly being cut down, and fallow land is being increasingly 

eliminated to feed the rapidly growing population. Unfortunately, this growing 

population pressure is logical because labor, the major source of wealth in the 

traditional economy, gives rise to unequal access to the land resource and thus to 

marked inequality in inter-household incomes even a development project is introduced. 

Groundnut sales are the major source of cash income, which one would expect to be 



FIGURE N"7 : GROUNDNUT BASIN 1. TRANSMITIAL CONDITIONS. 
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converted into savings for capital investment m technology and land improvements. 

However, there exists a dualism in intra-household power between the collective fields 

of the household head, and the individual fields of the women and non-dominant males 

(surga); this dualism means that savings are partially channeled into the collective fields 

and partially into individual plots, thus limiting potentiel investment. 

In the econoffilc environment as well, a parallel dualism exists between 

groundnuts and cereal crops. While the latter were poorly marketed at the time of 

cereal commercial monopoly and then sufferd speculative, unsecure and non profitable 

commercial conditions, groundnuts -- at least until the delivery crisis of 1980 -- had 

secure input and output markets and a solid credit scheme. These services were 

provided by two government organisms (ONCAD and SONAR), while two others, 

SA TEC and la ter SODE V A provided extension information as an input to the farm 

manager. This duality in economic environment between groundnut and cereals would 

lead one to hypothesize that the response to proposed innovations would differ by crop. 

To test this hypothesis, technical innovations for groundnut and cereal production 

were analyzed. Figure 8, a second blow-up of part of the Norman and Gilbert diagram, 

illustrates the "first round" (minor) chemical, biological, physical and mechanical 

innovations proposed to farmers. The letter in front of each change corresponds to our 

three-way classification system for innovations already mentioned; the two letters 

following represent, for groundnut and cereal crops, respectively, the five-point 

continuum of farmer responses. Notably, fertilizer application was selective on 

groundnuts for two reasons: first, the dualistic structure of production units noted 

prèvented all but the household head from having access to the necessary capital; 

second, even these heads did not apply fertilizer in some years because of unfavorable 

fertilizer:groundnut price ratios (see Figure 8) and a fear of burning the crop in a dry 

year. Farmers refused chemical fertilizer altogether on cereal crops because of the weak 

marketability of these crops. Why, then, should farmers accept all the other innovations 

on cereals? The answer is much the same as that in South Mali: for reasons of food 

security, they wished to eliminate as much as possible the grain deficit. In contrast, 

innovations on groundnut were adopted for reasons of financial security. Thus, 

mechanical innovations, in the form of equine traction, resulted in extended hectarages 

in groundnuts to gain higher incarne and in cereals to gain greater food security. In both 



FIGURE N
°

8 : GROUNDNUT BASIN 2. MINOR THEMES. 

�- I -, l;!l���;!t 
:=- -:=11,T:- J 

'"T'' 
·, 3=i: � ! 

-�·-�- .T I I 
. ...,_ I

. -·- ··-- - - ----·- · ··--·· ·' 

f V 
"'ec\-'1.i\'i

e 

'1l'l'v\. t
(Op\\iC\ 

GROUNDNUT BASIN - 2 

Groundnut 
(Miflct - Sor,?lwm) 

Cerc;:i/s 

� Technical 
(Minor) 

�

Chemical 

... ---------, D fertilizer S X 

D Trc,1tmcnt G G

Physlc;il Blological 

m /_incs G G

j 11 Millet SS , 
.. � 

Gr;iin dc(icit 
Consumption 

----

�--

Mcch;mic.il 

ffl Omft !roe C G 
(n Ur,1ft seeder C C

tn U1afl horse C G 

L -- - -- ------ --- - - -
"Income"

(;roundmtl
V11/ncr.1/,ility
Slr.1ti(ic1/ion 

� Seed 

_______ ,..
ccJ 

."'.'-.·,··· 

,' 
; 

.. 



TABLE N
°

4 : SOIL FERTILITY MAINTENANCE AND RECONSTITUTION 

ADOPTION AND REFUSAL FACTORS. 

ADOPTION FACTORS 

• AWARENESS

• PROFITABILITY

• LOW CAPITAL OUTLA Y

• WORKFORCE DEMAND

DURING CULTURAL PERIODS

• LAND TENURE SECURITY

REFUSAL FACTORS 

NOT A LIMITING FACTOR COMPARED TO OTHER 

CONSTRAINTS 

NON PROFITABLE MARKETING OPPORTUNITY 

CONFLICT BETWWEEN SHORT AND LONG TERM 

HIGH COST 

WORKFORCE DEMAND IN DRY SEASON 

NO SECURITY ON USUFRUCT RIGHTS 
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cases (cereals and groundnuts), the proposed and adopted technologies provided 

insurance against climatic insecurity and made possible a slight in crease in production 

at a reasonable cost. Finally, it bears noting that this increased hectarage response must 

have initially seemed "perverse" to researchers because they had wished to create more 

intensive land use; what resulted was more extensive land use because labor, not land, 

is the scarce production factor! 

Farmers categorically refused the "second round" (major) technical innovations 

(Figure 9) -- including phosphate at no financial cost! -- because the linchpin of these 

innovations, oxen traction, suffered from low economic viability, conflicts with labor 

availability at the beginning and end of the season, the excessive hardness of soils in the 

dry season, and competition from equine traction. 

Although the Groundnut Basin may be considered at least a partial success, this 

uneven pattern of adoption resulted in two imbalances. First, the extension of 

hectarages without corresponding fertilizer augmentations has aggravated the decline 

of the soil base. And second, the pre-existing economic and social stratification - based 

on unequal disponibility of land and labor - has been exacerbated. 

Adoption/Refusal Factors 

The approach of Binswanger, Pinghali, and Bigot (1987) was applied across all 

five case studies to intepret adoption/refusal factors for six proposed innovations: 

chemical fertilizer, cattle fattening, draft oxen, draft horses, high-yielding varieties, and 

maintenance/reconstitution of soil fertility. Because our results agree with those of 

Binswanger et al for animal traction, and because of the overriding importance of 

fertility maintenance for the zone, let us present the factors that limit or favor the 

adoption of that innovation to illustrate the approach. 

Table 4 lists five pairs of factors. The factors in the left-hand column, when 

present in the farmer system or in the system of "passage-conditions", favor the adoption 

of soil fertility measures. In the right-hand column are the corresponding barriers to 



FIGURE N°9 : GROUNDNUT BASIN 3. MAJOR THEMES. 
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adoption. To illustrate this summary table, we have just seen that several factors were 

critical in the Ground Basin : lack of secured and profitable markets, high input cost in 

a climatically risked environment and competition between cultural operations. 

In a similar way, the range of adopted innovations -- and their underlying 

rationales -- was assessed across the five case studies (Map 3). It was concluded that 

the northern part of the zone is not "lost" to future development efforts, but that 

important challenges remain in coordinating the research and farmer systems in the 

future. There also seems to exist a strong complementarity of economic development 

between northern (Sahelian) and southern (Sudanian) regions within the macro-region. 

Recommendations 

This brief overview leads to a set of suggestions for priority research and 

development activities in the future. They may be divided into three domains: research, 

development, and agricultural and development policies. 

Research 

Suggestions in terms of research are summarized in Figure 10. We believe that, 

given the lack of a firm and systematic knowledge base on technology adoption in the 

Sahelo-Sudan, simultaneous research should be undertaken on two fronts. First basic 

and thematic agricultural research should flesh out knowledge of the key agroclimatic 

zones and deepen the outstanding work already done by Carr (1989). This would not 

only help serve to identify sites for case studies and bolster the knowledge base for the 

region, but would also help restructure the division of labor among research institutions 

at four levels. Such CGIAR institutes as ISNAR and ICRISAT at the international level 

could be better harmonized with national research institutes like ISRA in Senegal, which 

in tum could better coordinate research in such regions as the Groundnut Basin, which 

itself contains wide local divergencies ( e.g. north vs. south). This new divison of labor, 

once fine-tuned, could help to pinpoint appropriate national research priorities for each 

country of the macro-region, and a potential division of labor along commodity lines. 
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At the same time, substantially more research is needed into the adoption process. 

Case studies of the type presented in Bose et al would not only contribute directly to 

filling the knowledge gap on micro-social systems, but would also help fine-tune the 

ever-evolving characteristics of agro-climatic zones. The case studies would be of two 

types: those to fill gaps where knowledge is currently lacking, and thus where there are 

currently not even working hypotheses for development policy; and those to test the 

preliminary hypotheses which have grown out of the five case studies of this report. In 

the first class, it seems imperative to focus at least three studies on livestock and 

environmental management, at least two others on the tenure and financial security 

aspects of irrigation projects, and at least two more on the (relatively) successful cases 

of reforestation and fertility maintenance in the Sabel. No less than one case study on 

appropriate mechanization levels in the savannah should also be undertaken. In the 

latter category, two cases ( one in Anglophone Africa and one in a different ecological 

region) are needed on cotton in the southern end of the study zone; and two more on 

fruit and vegetable crops in the northern part of the zone. Thus, we recommend a total 

of at least twelve new case studies for the Sahelo-sudan. 

It also seems critical to extend the analysis to the more humid forest zone to the 

south of the study region in an effort to explore the comparative advantage and the 

possible exchanges along an extended north-south axis. Perhaps eight case studies 

would seem appropriate in this second zone, for a total of twenty altogether. 

The concrete results of all these case studies would be to refine research intiatives 

at the regional and local levels and to identify the parameters and messages of 

development projects. This leads to the second area of recommendation. 

Development 

We have concluded that future research projects in the macro-region should have 

four major characteristics: 
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1. Flexible technological content: a range or succession of innovations, 

or ones that may be readily adapted and tailored to specific micro-climates within the 

region. Photo-period sensitive varieties are one example of the latter. 

2. More involvement of researchers from a wide range of disciplines in 

the analysis and even the initial elaboration of development projects. We agree entirely 

with Collins (1989) that both physical scientists and economists must be actively 

involved. 

3. More involvement of non-economist social scientists in all stages of 

research. Here, given the complex socio-cultural systems which surround the producer, 

we favor pushing Collins' recommendation even farther, to include sociologists and 

anthropologists. 

4. Balance between northern and southern parts of the zone. Four 

reasons undermine a single-minded foreign debt repayment strategy of placing all 

development projects in the southern end of the zone. First, the ecological crisis in the 

north dictates that development projects with strong economic incentives to soil 

conservation be put in place. Second, the massive migration from the north attendant 

on a development emphasis on the south would be difficult to manage -- or to justify on 

human grounds. Third, the north, with its fewer parasites and diseases, has an important 

potential in livestock production. And fourth, to sell the agricultural surplus generated 

in the south, purchasing power would have to be engendered in the north. 

This last point suggests that infrastructural investments by the state must 

supplement the technogical innovations proposed to farmers. In addition to seed 

distribution, animal traction services and production credit "upstream" from project sites, 

output marketing investments are necessary to create and channel the effective demand 

for agricultural surpluses. 

All too often one talks of research and development as separate processes. In 

fact, the concept of "research-development" serves as a potential catalyst between the 
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research system and the development system. At least four tasks can be envisaged for 

research-development: 

1. Adapt innovations to the diversity of farmers' real conditions.

2. Communicate felt needs in terms of applied research swiftly and

accurately from the farmer system to the research system. 

3. Use farmer reactions to proposed new techniques to revise the content

and even the form of messages from the research system. 

4. Help researchers at the international, national, sub-regional, and micro

regional levels of the research hierarchy to determine their research priorities. 

Policy 

Although many suggestions were presented in terms of agricultural and macro 

policy, we choose to accentuate the three that directly foster the successful translation 

of research results into economic development: 

1. Creation of a favorable macro-economic environment. This includes

credit, terms of trade, monetarization and market securization. 

2. Producer support. This term is more general than "extension". In some

societies technical and price information travels by word of mouth without a formal 

extension service. 

3. Elaboration of a long-term collaborative action framework. This

collaboration would unite macro-economists, developpers, technical and socio-economic 

research workers in an effort to create and exploit the potential interactions among 

basic research on physical and social conditions, research by type of innovation, 

development, and policy definition (Figure 11). Otherwise, in too many cases, national 

policy definition seems divorced from the interventions of development organizations, 

which in turn are cut off from research in the field. As the figure suggests, research-
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development programs can already strengthen these interactions, but planners should 

also think about how to reinforce all the other arrows of the diagram. 

In conclusion, this summary has suggested a methodological fram ework for 

evaluating technology adoption; portrayed the physical challenges of the African Sahelo

sudan and some of the responses to date which the research system has provided; shown 

the complexity of the farmers' decisions in two regions of the macro-region; listed the 

adoption and refusal factors in fertility maintenance decisions; and suggested further 

research, development, and policy measures. For further details on all of these topics, 

the reader may consult Bose et al. 
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