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Abstract

Can agricultural research help reduce rural poverty? The paper examines possible answers. Conventionally research provides the technological innovations that feed the agricultural treadmill. The treadmill, now global, unfairly pits farmers in developed economies, who have received half a century of public support to capture economies of scale, against smallholders in developing countries. The global treadmill acerbates rural poverty and prevents the rainfed farmlands in developing countries from becoming productive for global food security. A second answer to the question is that research develops appropriate technology. But what is appropriate cannot be assumed by the scientist. It is the empirical outcome of interaction among scientists, farmers and other stakeholders in specific environments. The paper reports on a trans-disciplinary research programme in Benin and Ghana (2002-2006), Convergence of Sciences (CoS) that deliberately tested the notion that appropriate technology can reduce rural poverty. It followed a pathway for poverty impact featuring technographies, diagnostic studies, and farmer experimenter groups. However, within the very small windows of opportunity faced by smallholders only marginal improvements of their livelihoods could be achieved. A third answer, suggested and partly tested by CoS, is that the impact of technology is predicated upon opportunity and that institutional development is required to stretch the windows of opportunity. The sequel to CoS will test an innovation system approach by an inter-disciplinary team of agricultural scientists to achieve institutional development at the local, national and international levels. The paper ends by drawing attention to the implications of including institutional development in assessing the impact of agricultural science, explicitly including agricultural economics, on rural poverty.
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Introduction

Can agricultural research help reduce poverty? The answer is not as straightforward as it might seem. It depends, for example, on whether one focuses on urban or rural poverty. The urban poor are mainly consumers, who benefit from cheap food, but the rural poor are both consumers and producers; as producers they benefit from high agricultural prices and employment opportunities in rural areas. This difference becomes clear for example when governments seek to keep their urban electorates happy by importing cheap food, with negative consequences for the opportunities of local farmers to escape subsistence. This paper focuses on rural poverty for two reasons.

In the first place, 70% of persistent poverty is rural. It is numerically the most important form of poverty. In the second place, addressing rural poverty is also about restoring and enhancing the productivity of the huge rainfed arable areas in developing countries that are now degrading. Farmers who manage them are running out of options for dealing with population pressure, climate change and lack of opportunity. If, as the OECD has recently claimed, we need 10% more land to supply the world’s food needs by 2030, there seems no alternative but to create the conditions that allow the developing world’s rainfed farmers to improve upon their proverbial ‘one tonne per hectare grain equivalent’. At present, these lands play a role in the global economy only if they are appropriated by commercial developers, governments or large farmers. The appropriation of land, water and forests is happening on a large scale throughout the developing world. The rush to bio-fuels and the opportunities of the powerful to capture the rent from CO2 emission trading with rich countries are stimulating the process. 

This paper deals with the complex issue of creating opportunity, within the context of globalisation, for the millions of largely subsistence farmers and farm labourers in developing countries, who presently seek to replicate their cultural repertoire on dwindling resources and degrading land. Typically that land has variable rainfall, and is marked by highly diverse biophysical conditions, complex farming systems, and uncertain markets and other institutional provisions. In brief, farmers have very small windows of opportunity (e.g., Reijntjes et al. 1992). 

The initial question now can be specified: can formal agricultural research help create opportunity for the small-scale farming sector in developing countries? And if so, how can it do it? The questions do not assume that the current small-scale farmers will always remain small-scale. They do assume that it might be possible to foster a gradual process of farm development and scale enlargement with concomitant rural job creation, a process that has marked agricultural development in Western Europe and the US. Such a gradual process would have winners and losers. It would require moving beyond the two current strategies for the development of these areas: mass migration of economic refugees from rural areas to supply industry and urban areas with cheap labour, and continued appropriation of rural people’s land. A gradual process of farm development need not replicate the unsustainable system of mono-crop, and increasingly also mono-succession, farming under heavy chemical protection and heavy petroleum-dependency that has evolved in the developed market economies. Rainfed farmers in developing countries who missed out on the Green Revolution could now leapfrog into the type of agro-ecosystems that will make sustainable the economic development of agriculture and food systems in the 21st Century.   

The questions give rise to different and contested answers. These differences depend essentially on contrasting pre-analytic worldviews rather than traits inherent in particular technologies. The chosen perspective has everything to do with ‘rethinking impact’, as I will show in this paper. In the first part, I will spell out some of the alternative hypothetical answers to our fundamental questions. These then form the basis for reporting on a research programme, the Convergence of Sciences (CoS) in Benin and Ghana (2002-2006) that attempted to answer the questions empirically. The lessons learned from CoS allow the questions to be rephrased much more precisely. But still the answers remain ‘hanging in the wind’. As we shall see towards the end of the paper, where I present the hypothesis underlying the sequel to CoS, called ‘Strengthening Innovation Systems’ that DGIS
 is about to approve for 5-year funding, for research in Benin, Burkina, Ghana an Mali, there is much that remains to be explored. 

Hypothesis 1: Technology Supply Push

Many agricultural scientists in the public and private sectors, in such fields as genetics, soil fertility management or crop protection, see smart technology or precision farming, enabled by genomics, as the preferred pathway to manage crop drought and salt tolerance. Science-based technology packages are seen as indispensable for increasing productivity per hectare. Increased productivity itself is considered a necessary and sufficient condition for poverty reduction. From this perspective, African agriculture, however dynamic in other respects (Hounkonnou 2002), is stagnant. Its average productivity per hectare has hardly gone up for the main crops over the past three decades (IAC 2004). The challenge is seen as delivering state-of-the-art technology to African smallholders so that they can produce more and sell more. Agricultural cutting-edge research is held to be the source of the innovations needed to make smallholders’ resources more productive. It is considered the only hope for the people already born to feed themselves. And it requires huge new investment in public and private R&D and infrastructural development.     

This perspective is considered valid also when the economic context is taken into account. ‘In combination with close and remote sensing, geographical information systems, and robots, the progressive precision in agriculture increases the efficiency and productivity of mono-cop cultivation. In an increasingly liberalised world this far-reaching specialisation, accompanied by increases in scale would appear to be the only feasible development trajectory… Without subsidies to safeguard the revenue for the other functions (of more multi-functional systems), these systems are not economically competitive in a liberal world’ (Bindraban & Rabbinge, 2005:5). For agriculture, this ‘liberal world’ is captured by Wilbur Cochrane’s (1958) model of the agricultural treadmill, as he observed it in the extensive grain prairies of the American Mid-West. Elsewhere (Röling, in press), I have summarised the treadmill as follows: 

When a new technology begins to be adopted, it allows those using it to produce more, or more efficiently, against the going price, which is still initially determined by the old state-of-the-art. This means that the few early adopters make a windfall profit. But as more farmers adopt (seeing the good results of the early adopters), the state-of-the-art changes. Total production increases. Prices start to drop. People who have not adopted the innovation yet see their incomes drop, even if they work as hard as before. Price squeeze finally forces them also to adopt. Hence the diffusion process is propelled by market forces. This is called the ‘treadmill’. Farmers who are too small, old, sick, or unwilling to keep up eventually drop out. Their resources are taken over by the ‘stayers’. This process is called ‘scale enlargement’. In my own country the process started as early as 1960 (Van den Ban, 1963). Since then, about 2% of farmers have moved out of farming every year. Those who survived to 2008 usually have large enterprises, a good education, and an enormous working capital (tractors, buildings, livestock, etc.). They are highly organised and embedded in a network of supporting institutions, including input service cooperatives, farmers’ unions, truckers, auction houses, land development agencies, water boards, processors, retailers (e.g., supermarkets), vets and so on. And, of course, they benefit from EU tariff protection and outright subsidies for nature and landscape management.

When it works, the diffusion process stimulated by the market-propelled treadmill has important consequences at the macro scale:

* Labour moves out of farming. In industrialised countries, only 3% of the working population are still primary producers, even if 10% is employed in agriculture-related activities. Each farmer can feed hundreds of people.

* Farmers cannot hold on to the benefits of technological innovation. Global food prices have continuously declined over the past 40 years (although, in 2007, as a result of climate change and a shift to bio-fuels and meat consumption, they have started rising). 

* A country becomes more competitive in the world market as its farming industry becomes more efficient. 

* Farmers do not complain or rebel. The front-runners who capture the windfall profits and benefit from scale enlargement are those who hold positions of power in farmers’ organisations. 

Evenson et al. (1979) established that investment in agricultural research and extension, the perceived drivers of innovation, has a high internal rate of return. This can be explained by the multiplier effect of diffusion and the macro benefits from the market-propelled treadmill. And thus the agricultural treadmill, empirically observed by Cochrane in the conditions of the American Mid-West in the fifties, became a prescriptive policy model for agricultural development everywhere because of its expected macro-economic impact. One can now speak of a WTO-sanctioned global treadmill that pits small-scale farmers in developing countries against farmers in industrial countries who for more than 50 years have been supported lavishly with public funds and services that have allowed them to capture market share and economies of scale. 

FAO (2005) statistics show that Value Added per Agricultural Worker in 2003 (constant 2000 US$) in developed market economies was 23,081, with a growth over 1992-2003 of 4.4%. For Sub-Saharan Africa the figures are 327 and 1.4% respectively.

One of the fundamental principles of the ‘liberal world’ is Ricardo’s 19th Century ‘comparative advantage’: goods and services should be produced there where they can be produced most cheaply. Under this principle, a Dutch broiler producing company is held to be justified in dumping chicken wings, a worthless by-product of the drumsticks and filets demanded in the European market, in a country like Ghana. This allows Ghanaians who otherwise probably could not afford it to have some meat in their diet, but it also pre-empts the development of a Ghanaian broiler industry. The same story holds for rice, wheat, maize, meat and dairy products, and for agro-processing industries, for commodity trade, for seed development and for control of genetically modified seed technologies. 

This analysis leads to a first conclusion: the global treadmill fails to reduce rural poverty. In fact, the operation of the treadmill is a major cause of persistent rural poverty. The impact of agricultural research that feeds the global treadmill is to increase rural poverty in the huge subsistence farming sectors in the developing world. The cases of a few niche products for which companies or parastatals can create special institutional conditions (supervised credit, inputs, quality control, packaging, marketing, certification, financial administration, etc.), that allow small-scale farmers to use science-based technologies to produce for urban supermarkets, ‘prove the rule’ (see box 1 for an example). For agricultural research to effectively reduce rural poverty, a great deal more thought has to be given to the pathways by which research could achieve such an impact.    

Hypothesis 2: Appropriate technologies

An assumption that has become a new orthodoxy, although it has not had demonstrated macro economic impact, is that the (often participatory) development of appropriate technologies provides an effective pathway. Agricultural science is seen to be in the business of developing technologies that small-scale farmers find beneficial within their own local and often socially and biophysically complex conditions. An example that seems to justify the faith placed in this pathway is provided by the NERICA rice varieties. These are based on the discovery by Sierra Leonean farmers of hybridisation of Asian (Riza sativa) and African (Riza glaberima) rice to yield varieties that proved robust in African growing conditions and to have a better yield than African rice. Another example is a seed coating of cereals that prevents germination of Striga, a major parasite of cereals that in impoverished soils can lead to total crop failure. The basic idea behind such technologies is not to assist small farmers to compete on the global treadmill, but to improve of farmers’ livelihoods in ways that are feasible and desirable within their farming systems. Genomic technologies, if applied to developing drought and salt resistant crops, and technologies for increasing water use efficiency, or soil fertility improvement, etc., are held to deliver Global Public Goods that give agricultural research a substantial and indispensable role in rural poverty reduction. It is this promise that is currently being funded by e.g., the Gates Foundation. 

However, often such technologies in the past have not had the intended large-scale impact. The techno-optimists offer no evidence at all of why they ‘miraculously’ will do so in future. Robust research (e.g., Havnevik et al. 2007) shows the reasons for lack of impact include the way farmers are expected to access the technologies. A subsistence farmer on say one hectare of land, depending on the level of productivity, needs the greater part of his or her production to feed the family and maintain its social obligations. The small surplus that can be sold produces the cash for school fees, clothes and the hundreds of other things for which the rural poor need money. The transaction costs involved are high for farmers living at a distance from seed markets and service centres, and where service personnel are corrupt, not in post (a problem especially in heavily AIDS-affected areas), or seed sales are tied to credit and market arrangements. The purchase of coated seeds or Nerica varieties is a financial outlay that many farmers apparently decide not to make, especially given the uncertainties of rainfall. Box 1 provides an example of small farmer reluctance to spend money on new technology without additional support.  

Box 1: Ghana’s pineapple export
 
Ghana traditionally exported Cayenne pineapples. But since 2002, international demand has shifted to the extra sweet MD2 variety with quite dramatic consequences for Ghana’s exporters and small-scale producers. Many of the latter quit production altogether, while the former faced loss of their market contracts in Europe unless they could change to MD2. That was no sinecure. An acre requires 22,000 suckers and some of the larger exporters grow hundreds of acres. Initially tissue culture material from Latin America was imported. But this proved expensive and mishaps occurred. Then BOMARTS Farms Ltd (about 400 ha pineapple), faced with a termination of its contract, decided to set up a commercial tissue culture lab with assistance from scientists at the University of Ghana. Millions of plantlets were produced, some of which were sold to commercial producers who in turn could provide their out-growers. MD2 makes many suckers per plant so that farmers themselves can quickly multiply the variety. However, the majority of small-scale producers proved unready to spend money on buying plantlets. The Government stepped in to save Ghana’s second largest export crop and, with a World Bank loan, contracted BOMARTS over a two-year period to produce 4.8 million plantlets at cost (3 eurocents per plantlet). Today, twice a week, the Ministry of Agriculture collects 44,000 plantlets and distributes them to farmers through exporting companies on credit at a tenth of the cost price. BOMARTS itself has few out-growers and largely exports its own produce. At the other extreme are exporters who have no farm operations themselves, who buy in produce from growers on contract. Out-growers typically make a substantial contribution to the consignment of the exporter. Exporting companies make detailed contracts with the out-growers, providing inputs on credit, specifying the times of planting, force flowering (uniformity) and harvesting, to ensure that the company has a steady supply. Around harvesting time, the company will inspect and spray the crop. It does the harvesting and transporting of the fruits. Companies exert very strict quality control (e.g., water content). The sanctions are high: European importers deduct the costs of destruction of a rejected assignment from the payment to exporters. Farmers whose crop is rejected by an exporter have to sell in the local market, often below cost price. At the time of writing, Ghana’s pineapple exports are getting back on track, and the number of small farmers growing MD2 is rapidly expanding. For many, pineapple is their only source of monetary income. 

What is appropriate cannot be assumed by the scientist. ‘Appropriateness’ is not a characteristic defined by a-biotic and biotic conditions but has much to do with social and economic conditions, as perceived by the farmer who has to live by the results. Appropriateness is the empirical outcome of interaction among scientists, farmers and other stakeholders in specific environments. It is not an outcome of a ‘global anywhere’ (Havnevik et al. 2007). 

Two research projects have shed light on the process of establishing appropriateness. The entomologist Van Schoubroeck (1999) started his career in Bhutan, where he was initially asked to work on stem borers in maize, a prevalent pest. However, he found that farmers where not too worried about stem borers but that they were very worried about fruit drop in Mandarine Citrus, which they relied upon for cash from sales in neighbouring India. As a result of this experience, Van Schoubroeck argues that a diagnostic study to identify farmers’ problems in a context and the opportunities it offers to be a key element in pro-poor research. He next carried out laboratory research on the cause of the fruit drop and identified the Chinese fruit fly (Bactrocera minax) as the culprit. Further scientific work identified the life cycle of the fly, its seasonality, what pheromones might attract it, etc. He could have gained his doctorate on the laboratory work. But he was not satisfied because he felt that his findings needed a great deal of transformation before they could become beneficial to farmers. Therefore he spent another year, this time working intensively with farmers in two villages, to establish practical husbandry procedures that allowed farmers to control the pests. These procedures were not made easier by the fact that control of fruit fly populations is a village affair and not a matte of field level controls, and by the fact that the Buddhist population was reluctant to deliberately kill sentient beings. Van Schoubroeck is very explicit about the fact that the approaches he developed with these two villages could not be replicated as a ‘model package’ by the extension service in other villages. There was no ‘scaling up’ potential unless extension staff and farmers themselves were prepared to engage in farmer education and in building the social capacity to act on a village-wide scale
. 

Van Schoubroeck leaves us with four pointers towards a pathway for pro-poor science impact: (1) an extended diagnostic study to identify problems and opportunities, (2) good science to identify causes and remedies, (3) elaborate development and testing with farmers of appropriate (technical, social and cultural) procedures to improve the problem situation at the village level, and (4) replication to scale up impact. 

The second study is Tekelenburg’s (2001) work in Cochabamba, Bolivia, where he spent eight years with a team to create options for the effective use of degraded Andean uplands by the impoverished Indian population. One technology that the team developed was the multi-functional use of Cactus Pear (Opuntia ficus-indica), which can yield animal fodder (the cladodes), fruit for sale (the pears), and red dye from growing the scale insect Cochineal (Dactylopius coccus) on the cladodes. Opuntia can regenerate bare and eroded slopes rather quickly. As a result of this experience, Tekelenburg gave much thought to the nature of the process that allows an external team to have pro-poor impact. He developed a ‘cross-epistemological management toolkit for the interactive design of farm innovation’ (Figure 1). 

This toolkit is based on the understanding that problem identification requires explicit shared problem analysis and goal setting. Then four types of action (research and design) at increasing levels of complexity must be integrated into solutions. The four types of action have different but complementary outcomes: understanding and explanation, effectiveness, optimisation and satisfaction. Different criteria apply to each:  

· Understanding and explanation require objectivity, validity and reliability; 

· Effectiveness requires developing the best means for achieving some human end;

· Optimisation requires adaptation to prevailing and often changing physical, ecological and economic framework conditions. The effective solution must be practicable in the prevailing circumstances;

· Satisfaction requires a process among the stakeholders that leads to understanding, agreement, organisation, cultural and institutional incorporation, and concerted action. Key is whether farmers have been empowered to influence the process.       


Figure 1: Management toolkit for the interactive design of farm innovation (adapted from Tekelenburg, 2001: 127)

In brief, this work indicates that appropriate technology development as a feasible contribution by formal agricultural research to poverty reduction leads to identification of a set of nested impact points. It requires an adaptation of conventional research design and funding and implies the necessary inclusion in research of an element that is usually called ‘development’. Development is not, in this perspective, a back-end add-on once the research has been completed and the solutions delivered. 

Testing a pathway for pro-poor science impact: Convergence of Sciences (CoS) research in Benin and Ghana

The work of Van Schouwbroeck and Tekelenburg, as well as experience with farmer field schools in Indonesia (Van de Fliert 1993) and Zanzibar (De Bruin & Meerman 2001), provided the backdrop for submission by an inter-disciplinary group of academics from universities at Abomey-Calavi (Benin), Legon (Ghana), and Wageningen (The Netherlands) of a proposal for a four-year research programme called ‘Convergence of Sciences (CoS): Inclusive Technology Innovation Processes for Better Integrated Crop and Soil Management’ to Wageningen University’s International Research and Education Fund (INREF). It was approved in 2002. Later DGIS added considerable funding, as did FAO/GIF. 

The CoS Programme set out to test in the field in Benin and Ghana how agricultural cross-disciplinary science could help reduce rural poverty and increase the impact of formal science. The expectation that underpinned the proposal was that procedures of the type suggested by Van Schoubroeck and Tekelenburg (and of course by countless others who have sought to reduce rural poverty and came to similar conclusions) would in the areas studied actually lead to technologies that were appropriate for improving the livelihoods of the rural poor. We did not think too much about the global treadmill context at the start of the programme and we did not include economists in the team. The omission of economists was one of the ‘pre-analytical choices’ (Giampietro 2003) that shaped the design of the programme. 

To ensure that the research related to the needs and opportunities of resource poor farmers in specific contexts, CoS pioneered a test of a pathway for placing science in society. The pathway included technography, diagnostic studies and with-farmer participatory research. Considerable attention was paid to the creation at the national and regional levels of platforms of stakeholders from universities, research institutes and government departments to monitor and guide the process and help integrate the results in formal planning and the institutions of science. A key component was an attempt, through ex-ante impact assessment and explicit pre-analytical choices, to optimize sensitivity to context and avoid cul-de-sac path dependencies. Technography was used to map the coalitions of actors, processes, client groups, framework conditions and contextual factors at a macro level, so as to identify realistic opportunities that could be mobilized through innovation. Given the small windows of opportunity that farmers face, the technography tried to identify the space for change and how this might be enlarged. Diagnostic studies sought to ensure that research outcomes would be realistic in the local context and address needs of resource-poor farmers in the prevailing context, land tenure, labour availability and gender relations, while taking into account farmers’ preferred opportunities, livelihood strategies, cultural inclinations, etc. The diagnostic studies identified and established local groups of farmers, extensionists, researchers and other stakeholders who committed themselves to a joint process of learning from experimental activities. This set-up gave farmers a determinant say in the design of field experiments.

The principal researchers were four PhD students from Benin, four from Ghana and one from the Netherlands. Each student was supervised by a team comprising at least one natural and one social scientist from Wageningen, as well as from the host country. The technography was carried out by university staff members who were contracted for the occasion. But the diagnostic studies were the responsibility of the PhD students, as were the field experiments in collaboration with the groups of farmers and other stakeholders that had been set up as part of the diagnostic studies. These studies proved hugely influential in specifying the problems to be studied, in understanding the context, in zeroing in on a specific research locality and farmer community, and in negotiating the research issues and the actual fieldwork. They proved to be a key factor in training and mobilising both PhD students and supervisory teams. All diagnostic studies were published
.  

The researchers together conducted more that 20 field experiments with farmers, covering technical topics such as weed (Imperata cylindrica and Striga sp.) management, soil fertility management for cassava and cowpea, genetic diversity management for crops such as sorghum and cowpea and integrated pest management in cotton and cocoa. Nine published doctoral dissertations were defended in October 2006 and more than 15 articles have published in international science journals. In addition, each student carried out social science research on topics such as land tenure arrangements, the impact of weeds on poverty, the cultural embedding of practices, and institutional aspects, such as marketing, farmer organisation, and the processes involved in negotiating a more level playing field. This social science research also has been published, in a special issue of an international journal
. 

The Programme’s funding ended before enough time had passed to carry out a reasonable impact assessment of what farmers felt CoS had contributed to improving their livelihoods. For example, we do not know how many of the technologies were still being used by farmers during the next season or had diffused to others (although we know some of the learning groups had made a serious effort to keep other villagers informed). Yet, as will become clear below, CoS provided crucial answers. These are relevant for the line of the argument pursued in the current paper and for this workshop on Rethinking Impact.   

Lessons from CoS

An important outcome from CoS was a better understanding of the extreme poverty that marks smallholders in the rural areas in which we worked. In some villages in Benin, farmers routinely sold their children to wealthy households (Vissoh et al. 2007). Even in the relatively rich cocoa belt in Ghana, many of the farmers we worked with were tenants or sub-tenants of absentee landowners, and they had only very small cocoa farms. The valuable timber trees on these farms were illegally logged by ‘persons unknown’, causing damage to the cocoa farms and robbing the cocoa bushes of shade (Ayenor et al. 2007; Dormon et al. 2007). In the dry Savannah belt, both in Ghana and Benin, farmers’ main weapon in dealing with the highly uncertain biophysical and socio-economic environment was the astute management of agro-biodiversity of crops such as sorghum, millet and yams (Kudadjie et al. 2007; Zannou et al. 2007). Management was not made easier by the fact that the water retention capacity of soils had decreased considerably as a result of a reduction in soil organic matter content, itself a consequence of more permanent land use under population pressure. Long-season sorghum varieties could no longer be grown. 

In the Southern areas, increasing population pressure had made itself felt in various ways. It had led, within living memory, to the collapse of shifting cultivation and, as a consequence of more permanent land use, to the emergence of pernicious herbaceous weeds, such as Imperata cylindrica. Soil degradation and exhaustion led to infestations of Striga, called ‘Death’ by local farmers (Vissoh et al. 2007). Weeds proved to have added very considerably to the burden of poverty. The choice for weeds as a research topic had been instigated by the researcher’s own memory of weeding fields on his father’s farm. Population pressure also led to mass migration of farmers from drier areas such as Atacora Mountains in Benin to the South to hire land from local landowners. The tenancy contracts placed the immigrants under severe pressure to get as much out of the land as they could and not to invest in farm improvements lest the land be repossessed by owners (Adjei-Nsiah et al. 2007; Saïdu et al. 2007). The income from cotton production in Benin had collapsed as a result of the way that privatisation under the so-called reform programme had re-allocated opportunity to the most influential stakeholders (Sinzogan et al. 2007) and of the flooding of the world market by subsidised American cotton and cheap Chinese textiles (Minot & Daniels 2002). Cotton was grown mainly because it provided some access to the fertilisers that were needed for the food crops (Sinzogan et al. 2007). 

The second lesson from CoS is that all the small farmers we worked with, with exception of those growing cotton in Benin and cocoa in Ghana, routinely worked without access to inputs such as fertiliser, chemicals, seeds, transport, credit and services. In fact, the infrastructure in general was deplorable in every respect. And whatever public services had existed previously had been abolished or privatised as a result of IMF and World Bank imposition of the ‘liberal world order’. The privatised services had little interest in serving smallholders or in providing technologies and inputs that offered lower returns than synthetic chemicals. Given their lack of access to cash, most of the farmers were seen as irrelevant in the privatised entrepreneurial market place. 

A third key and central issue that took on increasing importance as we worked with the farmers, was their very limited access to markets that offered remunerative prices for their products. In one case, a researcher who had helped farmers produce a surplus of maize in one of the experiments found himself blamed by the farmers; he should not have helped them produce a surplus if they could not sell the surplus at a reasonable price (Saïdu et al. 2007). In Ghana, where imports of subsidised American rice kept the urban electorate happy, a minister of agriculture tried to help Ghana’s own rice farmers meet domestic demand by limited the American rice imports. He was swiftly removed from office. 

The inescapable facts that emerged from these robust studies is (i) that local farmers have very small windows of opportunity and (ii) the global context plays an important role in reducing opportunity even in the remotest villages. This had very important consequences for determining what could be called ‘appropriate’. In addressing challenges such as weed management, soil fertility improvement and integrated pest management, we were limited largely to testing ideas that often had been developed by farmers in the first place. The room for improvement through science-led technological innovation proved very small indeed, in the absence of infrastructural and institutional changes. We were forced to conclude that, given the very limited opportunities, no substantial poverty reduction could be achieved through technology development alone (Nederlof et al. 2007). The lesson: rural poverty reduction must of necessity involve stretching the windows of opportunity by other means. 

The example of smallholder cocoa in Ghana is illustrative. International pressure had forced the Cocoa Board in 2002 to gradually raise the percentage of the FOB price that farmers received from 40% to 70% in 2006. In addition, international prices continued to improve, partly as a result of the collapse of exports from Ivory Coast. In response, Ghanaian cocoa farmers doubled total production within a few years time. The reported increase included some smuggling from Ivory Coast but the achievement was still phenomenal, especially if one considers that no new technologies were introduced during the period. The Government did not help when it initiated mass spraying with obsolete pesticides. This practice has since been stopped as a result of protests and fears for the reputation of Ghana’s cocoa. The improvement of cocoa prices motivated farmers to capture the enormous room for improvement of yields that existed within the given state of the art. Both Dormon et al. (2007) and Ayenor et al. (2007) encountered new enthusiasm for the use of existing technologies, such as the use of Red Ant colonies for the control of Capsid bugs (Sahlbergella singularis and Distantiella theobroma) and the removal of cocoa pods infected by Black Pod (Phytophthora sp). Relatively new and unused technologies, such as the use of pheromone traps to capture Capsids or the use of Aquatic Neem Solutions as a spray against them, both pioneered by the Cocoa Research Institute of Ghana (CRIG), were eagerly taken up for experimentation by the cocoa experimental groups. These groups have continued to operate after CoS came to an end.  

Though CoS had set out to test the notion that the development of truly appropriate technology (by e.g., Tekelenburg’s criteria) would lead to poverty reduction, it became clear, long before we could possibly demonstrate impact, that the margins for improvement were exceedingly small because of the farmers’ lack of access to services, inputs and remunerative markets for their surpluses. Given their lack of capital and organisation, and the poverty of rural infrastructure, or any other means to break through the poverty cycle, improvements of productivity through technology development remained marginal in all cases, except for cocoa. The main technical outcomes were a slightly better germination of sorghum in a Striga invested field, a better understanding and use of within variety variability, a better understanding of why cassava is considered by farmers as a crop that improves the yield of a subsequent maize crop, etc. The marginal role of technology development led researchers and their supervisors to explore more actively the possibility of stretching the windows of opportunity through institutional development.

Hypothesis 3: institutional development

We do not define institutions as organisations, i.e., in the sense the World Bank is called an institution, nor in the sense that people speak of strengthening institutions when they refer to training NARS staff. We follow the usage of anthropologists and sociologists, and of institutional economists to define institutions in terms of rules, agreed patterns of behaviour, collective thought styles, and a supra-personal cognitive system. In brief, institutions refer to a higher-level social order that frames individual behaviour. North (2005) defines institutions as the rules that reduce uncertainty in human interaction. He showed that historically markets could only begin to function properly when institutions, such as paper money, banking, insurance, property law, etc. had reduced transaction costs. The emphasis on the importance of institutions by the economist North is the more remarkable, given the neo-classical enthusiasm for methodological individualism. Methodological individualism is a corrupting assumption that lies at the heart of neo-liberal economics. It is corrupting because of its wholesale neglect of the overwhelming evidence that individuals are social beings, who necessarily make choices in social contexts. It considers macro-level change as the emergent property of individuals making rational choices in pursuit of utility. 

A good example of an institution is the Plimsoll line (Jones 2006), the line on a ship that indicates the safe limit for loading it. The line is named after the 19th Century philanthropist, Plimsoll, who fought for legislation that would avoid the overloading of ships by businessmen chasing profit in competitive open markets, with often disastrous consequences in terms of loss of life and property. 

North (2005) distinguishes between economic growth and development. The former is defined as the expansion of an economy given that the institutional conditions are in place, while the latter term refers to the development of these conditions. The difference becomes clear from the history of the recent transformation of the former Soviet Union’s economy: neo-classical economists advised Yeltsin to liberalise the market as quickly as possible; in retrospect, much of the destructive chaos that ensued could have been avoided if attention had been given to the development of the institutions necessary to make market economies work (O’Brien 2006). 

Agricultural growth in developed market economies can be explained through the agricultural treadmill, as we have seen. But we often forget the conditions in the American Mid-West where the treadmill was first described. These conditions included the existence of a highly developed system of Land Grant colleges that combined agricultural research, education and extension through a dense net of County Agents. A highly developed infrastructure of roads and commercial activity provided access to inputs, credit, fertilisers and markets for produce. Farmers were well organised and represented in the State and Federal legislatures. A dense network of information services kept farmers well informed. Farmers had title to land.

When looking at developing countries, we forget our own history of painful institutional development of cooperatives, the struggles to protect the rights of tenants, and the politics of price guarantees or supports, protective tariffs, etc. And we ignore the institutional conditions in which small farmers have to survive. In many developing countries, small farmers for instance remain an important, if not the main, source of revenue for (national and local) governments and for rent seeking by police, politicians, and patrimonial hierarchies. Box 1 is interesting because it shows the kind of supports that must be provided for small-scale farmers to be able to compete on the world market, a world market whose institutions are structured to suit the needs of industrialised food and farming. 

In pointing to institutional development as a condition for agricultural technology development, I must make two additional remarks. First, institutional development does not replace appropriate technology development. Agricultural development is the resultant of an interplay between the two (Dorward et al. 1998). Second, I do not want to suggest that institutional development is a pre-cursor to a free market. Institutional development can and must also create the conditions for access to safe and healthy foods, for food sovereignty and equity and for agricultures that are sustainable and multi-functional in delivering ecological services. Wherever the global treadmill fails to deliver these outcomes, the need arises for new global governance mechanisms and institutions to frame market forces (Stiglitz 2006).     

CoS response to the Institutional issues raised

The CoS researchers were challenged by the institutional issues they encountered. Given institutional development, new opportunities indeed were imaginable. The farmers’ management of the genetic diversity of sorghum in Northern Ghana was affected by Guinness’ interest in buying certain varieties for beer making. Organic cocoa farmers looked to technology development only with the establishment and accreditation of an organic marketing chain. But they found they had to organise themselves to procure Neem seeds from the North and to process them, if they were to use Neem to control pests. These same farmers were routinely duped, sometimes to the tune of 10% of the weight, by the practice of the Licensed Cocoa Buying Agents (LBAs) to doctor their weighing scales. The CoS researcher managed to establish an agreement among farmers, LBAs and the District Commissioner to carry out periodic random checks of the weighing scales (Dormon et al 2007). Soil researchers both in Benin and Ghana found that the tenure arrangements between recent settlers and landowners forced the former to exploit the land in an unsustainable manner. The researchers therefore facilitated agreements between landowners and tenants that enhanced the tenants’ security of tenure enough to encourage improved land management by the tenants (Saïdu et al 2007; Adjei-Nsiah et al 2007). 

These examples show that something indeed can be done in terms of institutional development at the local level. At the national level, price policies (as e.g., in the case of the percentage of the FOB price paid to cocoa farmers in Ghana), control of rent seeking, investment in services and infrastructure, guarantees to banks to support seasonal production credit and protective tariffs to protect farmers from cheap imports are examples of the kind of institutional conditions that governments can create that would allow smallholder farming to develop. At the international level, global governance mechanisms that created a more level playing field could do much to make global food security more resilient.             

The sequel to CoS focuses on strengthening innovation systems as a means to realise institutional change (Hall et al. 2006; World Bank 2007a). It will build coalitions of actors, including commercial actors, who, through the synergy of their complementary contributions, have the potential to create the institutional conditions and the appropriate technology to offer small-scale farmers realistic opportunities. CoS II will try to operationalise the new emphasis on institutional development that features in the findings of many recent reports (e.g., Andriesse et al. 2007; World Bank 2007b). This implies that ‘science impacts’ will need to be refashioned in terms of much more complex outcomes that demand different frames of analysis and measurement techniques than those that have dominated conventional economic or social cots-benefit impact assessment. 

Conclusion

The IAASTD has provided overwhelming and extremely robust evidence that by considering the contribution of agricultural knowledge, science and technology (AKST) through the lens of combined development and sustainability goals, a new perspective is required on the role of formal agricultural research. Conditions have changed. We now live in the ‘anthropocene’ (New Scientist 2 Feb. 2008:5). Humans have become a force of nature (Lubchenco 1998) that is altering the flimsy and fragile biosphere to the point where people have become the major threat to their own survival. Multi-functional agricultures are to ensure the sustained delivery of the ecological services on which life depends, to reduce agriculture’s contribution to the green revolution gaseous emissions that are forcing climate change and to mitigate the effects. These new perspectives have important implications for rethinking the impact of agricultural research. The answers to the fundamental questions posed at the start of this paper are still floating in the wind. And new questions arise: 

· Is understanding of institutional development an essential ingredient in the professionalism of the agricultural scientist, in addition to technology development?

· Or is knowledge about institutional development alien to agricultural science?

· How can impact assessment take into account the complementarity of institutional and technological innovation? 

· Can agricultural economists maintain their preference for neo-classical approaches in view the failure of the agricultural treadmill to address rural poverty, global food security and the multi-functional nature of agriculture, or is ‘the profession’ in for an overhaul? What would be its contract with other agricultural sciences beyond ‘induced innovation’ and market-propelled diffusion of technologies?   
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