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Abstract

In their efforts to adapt to changing conditions and grasp opportunities, small-scale farmers have been innovating since time immemorial. With increasing scarcity of water, harnessing water productivity in crop-livestock systems will require enhancing such local innovation processes, including both endogenous development and local adaptation of exogenous interventions. The paper highlights the importance of taking an innovation systems perspective in this endeavour. The various actors involved in agricultural production, extension, research, education, policymaking and trade who can contribute to or constrain innovation processes need to be recognised and their interactions understood. Particularly in the realm of working with water – often the task of women and girls – gender aspects must be addressed, including women’s role in innovation processes and the impact of change in water access and use on women’s workloads and decision-making. 

     The paper presents examples of technical and socio-institutional innovation to improve crop-livestock water productivity that have been developed by local resource-users. It demonstrates how scientists and technical advisors in research and development organisations can harness these dynamics in local knowledge by identifying local innovations, exploring together with local people the rationale behind them, and explaining in scientific terms why they work. It argues for an approach to research that allows farmers to be creative and that strengthens their capacities to continue to adapt to changing conditions.

     It stresses the role of researchers in revealing how farmers are developing solutions that challenge official policy, and then joining forces with farmers to bring about policy change to accommodate and encourage local innovation. Thus, it presents one “intervention” that could enhance crop-livestock water productivity: promoting an approach of recognising local innovation and engaging in participatory research with local people who are developing their own ways to make the most of scarce water. 

Indigenous knowledge “on the move”

The value of indigenous knowledge (IK) is now widely acknowledged, also in scientific circles, and studies of IK have led to better understanding of local practices in agriculture and natural resource management (NRM). However, there is still a tendency to regard IK as something traditional and static, rather than to see IK “on the move”: how it is changing, how resource users are trying to adapt to change, how they are innovating.

Local experimentation and innovation have led to changes that many scientists have overlooked. Local innovation is the process through which individuals or groups discover or develop new and better ways of managing available resources to suit their particular conditions. The local innovations – i.e. the outcomes of this process – may be technical or socio-institutional. Especially in drier areas where livelihood systems are highly vulnerable to climatic risks, where water is scarce and its availability seasonal, successful local innovations often involve new ways of gaining access to or regulating use of water.

Innovation reflects the dynamics of creating and applying new knowledge. It includes modifying or adapting existing knowledge, be it endogenous or externally conceived. Local innovations are new to a particular locality, and encompass both endogenous (home-grown) initiatives, and local adaptations of exogenous ideas, i.e. of “interventions” introduced from outside. Local innovations include practices that outsiders coming newly into the area might initially regard as “traditional”, but examination of agricultural history reveals them to have been developed in recent decades, sometimes only a few years ago.

Local innovation through informal experimentation has always been taking place worldwide, but only recently has increased attention been given to identifying and documenting the innovation processes and the innovations with a view to enhancing farmer-led multi-stakeholder innovation processes (e.g. Reij & Waters-Bayer 2001, Sanginga et al 2008). 

Why recognise local innovativeness?

In the face of growing population pressure on resources and climate change, smallholder farmers and pastoralists have been innovating spontaneously – without the support of formal research and extension services – in order to deal with new problems or to take advantage of new opportunities. In efforts to increase water productivity in crop-livestock systems, formal researchers need to recognise and complement the efforts being made by local households and communities to improve their management of water for crops, livestock and other purposes. 

Giving recognition to local innovativeness is an entry point to building partnerships between different actors in an innovation system. It starts with looking at what farmers are already trying to do to solve problems or grasp opportunities they have identified. Recognising this creativity changes the way that other actors in the innovation system, such as scientists and extension agents, regard the farmers and interact with them. It helps break down barriers of distrust and disrespect that often exist between farmers and outsiders. It starts off the collaboration on a completely different footing than an approach that commences by bringing in external technologies for farmers to test. Instead, from the outset, the local people are seen as partners with something to offer, not just to receive. A positive approach that starts from local ideas, that focuses on local people’s strengths and explores the particular opportunities open to them – rather than dwelling on their weaknesses and problems – motivates their acceptance also of ideas from others, including those from scientists. This approach builds the capacities and readiness of local actors to collaborate more closely and to adjust more quickly to changing conditions (Waters-Bayer et al 2008). 

Taking an innovation systems perspective

To promote local innovation, attention cannot be confined solely to individual local innovators. To achieve integrated NRM, an innovation systems perspective is needed. An innovation system “comprises all the actors and their interactions involved in the generation and use of knowledge, as well as the institutional and policy context that shapes the processes of interacting, knowledge sharing and learning” (Dijkman & Otte 2006). The various actors in innovation systems concerned with crop-livestock-water management can include farmers, pastoralists, other resource users, extension agents, research scientists, non-governmental organisations, local authorities and higher-level policymakers in agriculture, rural development, water development, environment, transport and other sectors. 

The constellation of actors and their different roles and influences will vary according to each local situation. Therefore, important steps in working with an innovation systems perspective in NRM with a view to positive change are: 

1)  joint analysis of the actors and stakeholders (people who have an interest or influence) in managing and using the resources; and

2)  joint analysis by the stakeholders of how changes affect different groups among them, in a joint learning process.

This needs to be done with a view to the institutional context of the local communities and to the changes in both the local and higher-level institutional framework.

Particular attention needs to be given to recognising gender roles in local innovation processes and in assessing the gender impact of both endogenous and introduced innovations, especially the impact on women’s use of time and on their decision-making powers in the household and community. For example, switching from grazing to stall-keeping animals may, in some cases, improve crop-livestock water productivity but may impose a higher workload on women and girls and allow them less time for their own income-generating activities or schooling (Hoeve & Koppen 2005). Working with a systems perspective through a gender lens means stimulating joint reflection by men and women – in the community and also in the supporting agricultural research and development services – about who benefits and who does not, and what can be done to share benefits more equally.

Examples of local innovation in crop-livestock-water management

This section illustrates how farmers, including livestock-keepers, have – on their own initiative – sought to make the most of water in crop-livestock production. Such practices have often not been given sufficient recognition as innovative achievements of the local people.

Water-harvesting 

Some pastoralists have developed water-harvesting innovations, such as Somali who have made various types of berkado, in-ground reservoirs excavated to store runoff rainwater. This innovation is now widespread in Somali-inhabited areas in Ethiopia and beyond (Yohannes & Waters-Bayer 2002, Basnyat 2007).

Irob agropastoralists in northern Ethiopia have built series of stone dams to trap silt and water in ephemeral water courses, thus creating plots of arable land where there had been only rock before and filtering water through the dams so that clean water continues to flow out of the bottommost dam year-round, providing water for both people and animals (Hagos & Asfaha 1997, Asfaha & Waters-Bayer 2001).

In Tigray Region of Ethiopia, the Bureau of Agriculture and Rural Development and the Institute of Sustainable Development identified a farmer who, on his own initiative, found a way to deal with alternating periods of waterlogging and water scarcity in the same fields. He made underground canals that drained into a series of infiltration ponds, from which he took water for irrigation during dry spells. He was then able to produce not only more crops but also more and better-quality crop residues as well as more grasses that could be cut around the water reservoirs for his animals (Hailu et al 2008).

Economising on water use through optimising plant-animal-soil interactions 

Pastoralists select and keep animal species and breeds that require relatively little water for survival and production. For example, when they perceive conditions becoming drier, they switch to keeping more goats or camels instead of cattle, and give greater preference to breeds that can go for 2–3 days without water and can therefore make productive use of more distant pastures (Brooks 2006, King 1983).

In areas where spatially integrated crop-livestock production is practised, resource-users have developed ways of optimising plant-animal soil interactions so as to economise on water use. For example, Kaje crop farmers and Fulani agropastoralists living in central Nigeria were found to be: 

· Using livestock to trample land and deposit manure, so that water infiltrated, fertility was increased and the soil could hold more water, and then sowing the land to crops (staple cereals as well as cash crops such as ginger);

· Cutting hay for dry-season feeding or sale at a point in time when grass could still re-grow from residual soil moisture in the soil;

· Feeding livestock with crop residues, by-products from food and drink processing, and wastes from farmer markets;

· Making intensive use of animal manure on plots near the homestead, establishing cereal nurseries that could be easily watered and then transplanting the seedlings to fill in where field crops had suffered from moisture stress; the high-quality straw from the cereals also provided good livestock feed (Waters-Bayer & Bayer 1994).

These and similar practices have been developed by resource-users in various parts of the world where water resources are scarce. Some more specific examples of innovation in economising on water use are:

· Some urban farmers are responding to water scarcity and deteriorating wastewater quality by switching from cereals to fodder grasses that tolerate more saline wastewater used for irrigation (Buechler et al 2006).

· In the dry season in northern Tigray, farmers feed to their cattle the cladodes of prickly pear cactus (Opuntia ficus-indica, introduced into the area by missionaries in the nineteenth century), together with barley or teff straw; the stored water in the cactus reduces the need for the farmers to provide water to the livestock. Brutsch (1997) noted that farmers in the Sherafo area of Tigray have begun to grow spineless cactus plants in rows and to protect them from livestock by means of stone walls and/or sisal plants, an innovation that appears to have evolved within the last 50 years.

· Some livestock-keepers provide drinking water strategically to increase the productivity of key animals in the herd; for example, Borana women started to give more water to the calves to increase their hay intake in the dry season (Coppock 1993).

With reference to this final bullet point, there are doubtless innumerable other cases of women’s innovation related to water use in gardening, cropping, livestock-keeping and food processing. Indeed, working with water is a traditional realm of women and girls, but attention is seldom given to what these household members are themselves doing to economise on water use and to economise on their own time in working with water. 

Socio-institutional innovation

Particularly in the realm of water use for agriculture, issues of common property resources and related local-level institutions are important. Here, too, communities have innovated by developing new social and institutional agreements. These include changes in rights of access to key dry-season village grazing areas, often lower-lying areas where water runs on and that are therefore too wet for cropping in the rainy season. In Tigray, for example, there have been endogenous changes in rights to use these areas. In the past, only owners of draught animals were allowed to graze their animals there, but now all households in the village have rights to the vegetation. Those without animals may cut the grass and sell it to livestock owners. This is an example of community-led innovation to share the benefits of better-watered grazing areas more equitably (Yohannes & Waters-Bayer 2006). There have also been changes in seasonal use of communal pastures, for example, in southern Ethiopia, where some Borana communities have taken the initiative to re-introduce traditional patterns of wet- and dry-season grazing regulated through access to deep wells (Homann et al 2008).

However, the primary motivation for farmers to develop these innovations is seldom to increase crop-livestock water productivity, i.e. the ratio of the sum of crop and animal products and services produced to the amount of water used in producing them. Farmers’ and communities’ decisions and new ideas are based on many considerations. For example, they may be seeking higher production or greater social equity or may simply be curious how an existing resource can be used in a new way. They may be responding and adapting to changes in availability of resources and inputs, to markets and/or to other socio-economic and institutional changes brought about by higher-level policies, disasters, climate change and other external influences. Government policies such as promoting “improved” breeds and high levels of external inputs in areas not suited to this type of intensification have obliged many small-scale farmers to be ingenious in dealing with such interventions, so that they can maintain their livelihoods. The fact that an innovation increases water productivity may be only a side-effect. However, by highlighting this additional benefit, scientists can raise the perceived value of the local practice or innovation in the eyes of farmers, fellow scientists, development agents and policymakers. 

Enhancing local innovation systems through participatory research

By no means are such local innovations completely new to the world. Farmers in other areas and also scientists may have discovered or developed very similar technologies. Local innovations are new to the given locality. The main reason for identifying what farmers are developing on their own initiative is not to be able to spread the innovations worldwide but rather to be able to use these positive local initiatives as entry points for collaboration in improving local management of the water and other natural resources. Local innovations indicate directions in which the resource-users are seeking to develop their farming systems with the means available to them, revealing not only what they regard as problems but also what solutions are possible with low levels of external inputs. 

Participatory approaches to research seeking to increase crop-livestock water productivity can strengthen ongoing local innovation processes, if external actors can bring promising new ideas or techniques to complement and improve what the local people are already trying to do. Such approaches enhance local ownership and governance of the research and development process, so that site-appropriate and sustainable forms of managing the land and water resources can be achieved and – above all – so that processes of farmer-led innovation continue. To quote Mark Kemp-Rye (in Gasteyer 2004), “… a key component of community-level water resources sustainability is the ability of the community to engage in constant innovation as the ecosystem changes around them.”

In the Innovation Africa Symposium (2006) held in Kampala, Uganda, in November 2006, several examples were presented of how research and development organisations are harnessing these dynamics in IK. For example, in India, scientists with the International Livestock Research Institute (ILRI) had introduced improved varieties of Napier grass for irrigated forage production and observed farmers’ creativity in finding new ways of doing things that brought still further improvements. The scientists sought to understand what the farmers were doing and what impacts this had. Some farmers with irrigated plots of Napier grass started leasing them out to small-scale farmers and landless households, including women. The farmers built up a “fodder market”, with buyers and sellers agreeing on terms for the leases and day-to-day management of irrigating and harvesting the grass. This resulted in benefits for both buyers and sellers, involving thousands of farmers, as well as for the dairy union buying up the increased milk production. Women buyers of the fodder were found to be shifting from waged employment to dairying. The interaction of farmers, researchers and dairy union personnel led to better understanding of each others’ interests, better relations and readiness for future partnership in further improving the dairy production and marketing system (Prasad et al 2006). 

Examination of this and other documented cases reveals that there can be no standardised approach to promoting local innovation processes in NRM. There is a need for locally appropriate, context-specific methodologies and therefore for innovativeness by scientists in developing such methodologies. However, based on experiences made thus far, some key elements in the approach can be summarised as follows:

· Identification of local innovators / innovating groups and their innovations / adaptations;

· Identification of other actors / stakeholders and carrying out a stakeholder analysis focused around these innovations;

· Facilitation of participatory assessment processes in which multiple stakeholders examine the merits and demerits of these innovations, including the positive and negative impacts on different social groups, such as female heads of household or landless people;

· Encouragement to local stakeholders – foremost the local resource-users, both male and female – to form research groups to explore innovations of their choice, both endogenous and exogenous;

· Collaboration of local resource-users and supporting scientists and development agents in designing and implementing joint research to examine the rationale behind the innovations of common interest, as well as possibilities of improving them, using also introduced ideas of interest to the local partners (referring to the farmers and livestock-keepers);

· Giving attention to variations or adaptations made by the local partners during the course of the experimentation;

· Explanation of the innovations in scientific terms, with respect not only to water productivity but also to other socio-economic and ecological aspects vital for sustainable development;

· Exploration of the implications of the resulting innovations, as well as of the experience in facilitating local innovation development, for government institutions and policies.

This is an approach to research that opens up space for farmers to apply their own knowledge and creativity and that strengthens their capacities to collaborate with other actors in an innovation system.

Participatory research and policy

The role of the scientists does not stop with identifying local innovations, studying their effects and engaging in participatory experimentation and innovation processes. Scientists can also play an important role in bringing issues related to water management for local livelihoods into institutional and policy arenas. They can show how local people are applying their own knowledge and coming up with solutions that challenge official resource-use policy and extension recommendations. 

One such example comes from Tigray Region, where some farmers had rehabilitated gullies and had controlled water flows into and within the gullies so that they could use these fertile niches to produce vegetables, fruit and fodder. The local authorities then wanted to distribute the “new” land to other households, thus squelching any motivation for individuals or groups to invest their efforts in making formerly useless land productive. By organising a “travelling seminar” involving such innovative farmers, staff from Mekelle University gave the farmers the space to convince local authorities to acknowledge the farmers’ investment in the land, rather than depriving them of the fruits of their efforts (Mitiku 2000). 

Similarly, scientists can reveal to policymakers how local practices that challenge conventional thinking have a sound rationale and may be superior in terms of water productivity to some so-called “modern” technologies and systems, e.g. the merits of maintaining mobile pastoral systems that make productive use of remote and dry areas, if calculated in terms of basin-wide or national water productivity (Rodriguez 2008). Scientists are in a good position to help resource-users and supporting organisations lobby for policy change to accommodate and encourage good practices and innovations that have been developed by local people. 

In addition, scientists can play a role in opening the eyes of policymakers and research managers to the multiple sources of innovation, including local resource-users, so as to create a policy environment for research and development that encourages local adaptation of introduced technologies. Scientists who engage in research together with the innovative farmers can explore the possibilities and impacts of the local adaptations. For example, recent research in Ethiopia and India has shown that, in some cases, it is more advantageous for farmers to use irrigated land to grow fodder rather than food crops, especially in areas that are at high risk of frost and/or suffer from discontinuous water supply (ILRI 2007). Researchers’ findings can support farmers in convincing authorities to allow local selection of cropping patterns that give high returns to water, instead of obliging farmers to follow centrally planned designs for crop choice.

Conclusions

Location-specific solutions and adaptations will always need to be developed to suit the diverse situations of smallholder farmers and pastoralists and also as conditions change over time. Particularly the challenges of climate change will require adaptation of resource-use systems. Engaging in participatory innovation processes should strengthen the resilience of the local actors to be able to deal with change. This is the reason for the emphasis on identifying local innovations as an entry point to collaboration in more vibrant local innovation systems, rather than on transferring technologies or designing standardised interventions in crop-livestock productivity. Thus, an important “intervention” that will enhance crop-livestock water productivity is to promote an approach that involves: a) recognising local innovation and engaging in participatory research and development with local people who are developing their own ways to use water more productively for crops and livestock; and b) strengthening the voices of local people in policy dialogue in which they can justify – with scientific backing – their good practices and innovations related to water productivity.
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