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Abstract

Natural resource degradation and water scarcity are a global concern, which typically
threatens the sustainability of smallholder farmers livelihoods in semi-arid developing
areas. As part of research efforts, a number of water-conservation technologies (WCT)
have been developed, yet with low adoption rates in smallholder farming environments.
This paper discusses the concepts of adoption and innovation, comparing the perspectives
of research operators to the ones of smallholder farmers. Discrepancies are highlighted
and ultimately explain low uptake of technologies by farmer. Then it addresses socio-
economic factors affecting such adoption. It is argued that WCT show specific traits: (1)
diversity and applicability to different time and spatial scales; (2) hence, the dependency
upon a context. These traits influence dissemination and adoption of WCT, and should not
be ignored, from the early stage of technology development. It is shown that adoption does
not only depend on individual farmers willingness, but also upon the role of property rights
on resources, and collective action at community level. Other specific issues and factors
like the demand for WCT, the role of public sector and research, and related biases are
also discussed. It finally draws some recommendations towards rural livelihoods that are
more sustainable. Farmers participation in technology development, taking account of
local indigenous knowledge and sound institutional arrangements are among others the
pathways that are suggested towards a better integration of technology development and
innovation processes.

Key-words: adoption, innovation, water consarvation technologies, collective action,
property rights, sustainability, livelihoods

1. Introduction

Degradation of naturd resources has become a globa problem that threatens the livelihoods
of millions of poor people. Sustainable and renewed resource management practices need to
address the widespread land degradetion, declining soil fertility, unreigble rainfal, and
even desetification, in a context of globa climate change (FAO & World Bank, 2001).
Gillet et al. (2003) list and discuss the mgor causes of such degradation in Africa namdy:
demographic pressure, large-scale population moves owing to conflicts, deterioration of the
generd economic environment, globaization and liberdization, cimatic disturbances, and
traditiona practices tha are no longer adapted to a quickly changing socio-economic
environment.

At locad levd, the gmdlholder fames livdihoods ae a dake, in dire need for
sudanability, especdly in sub-Saharan Africa (DFID, 1999). In semi-arid aress, the

! This paper refers to a keynote address that has been delivered during the International Conference on Water
Conservation technologies, held in Bloemfontein, South Africa,, 8-11 April 2003.
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chdlenge is to devedop Water Conservation Technologies (WCT) and related management
methods, and to promote innovation by smdlholder farmers. Although many promising
technologies have been developed and made avalable, the fidd application of these is
limited (Knox & Meinzen-Dick, 1999).

This discusson will not dwel on the biophyscd or technical merits of any WCT per se,
(dthough those merits indeed influence the adoption process), but rather try to
contextudize these technologies within the socio-economic, decisond and policy
framework of smallholder farming in developing aress.

2. WCT adoption faces heavy odds and some misunder standings

In order to address the question of WCT adoption, it is necessary to clearly define some
specific WCT traits, and to track some possble discrepancies between researchers and
farmers pergpectives on innovation.

Sudtainable resource-conserving technologies are defined as technologies that enable a
farmer to produce her/his desired output, while using the available resources —and, water,
labour, energy, inputs, etc- more efficiently, and while mantaning the productive capacity
for the future (Whiteside, 1998, Uphoff, 2002)

2.1. A critic of thelinear, positivist paradigm

WCT ae by essence based on the following principles. For dryland crop production
purposes in semi-arid environments, it is critica to harvest, conserve, concentrate, store the
scarce ranfdl and the erdic runoff, and to limit direct evgporation from the soil. The
plants benefit from such “additiond” water made avalable within the rooting zone, they
evapo-transpirate more (hence an increased sSmultaneous demand in  nutrients), thus
ultimately production increases. Soil and crop scientists develop and test technologies in
line with these idess. It is 4ill commonly believed that such rationd, dong with proved,
cler and wel publicized results is sufficient to close the ded of adoption by smdlholder
farmers. The usud format of these results congsts of promising yields per unit of land used
(ha), but hardly provide any insghts about the nature of the technology (eg. is it labour-
intensdve, capitd-intensve, what kind of farm organization and management changes it
supposes, does it require more inputs, can it be fragmented, implemented in modules, or is
it a package, etc. dl quedions that are criticad from a farme’s point of view). The
development agents (extension officers) are traditionaly granted the role of trandating and
trangmitting the message to farmers.

Such disconnection between the providers of a technology (researchers) and its potentia
users (famers) probably originates from implicitly diverging interests, agendas, time and
scale perspectives (Bosc & Jamin, 1995). For example, in line with prevaling policy
frameworks or mottos (eg. “more crop per drop’, “sustainability”), researchers may be
prone to develop resource-conserving technologies per se, wheress famers immediate
agenda is short-term production for surviva. Such disconnection aso originates from long
embedded perspective that researcher and research organization have about research
professondism and the contribution of research to human societies (Pretty & Chambers,
1993, Boehmer-Christiansen, 1994). Such perspective does not accommodate exchanges,
didogue and negotiation between sakeholders, co-condruction of common research
objectives and objects, or multidisciplinarity.

As poor adoption rates repeatedly show (Knox & Meinzen-Dick, 1999), such linear,
reductionist and positivis perspective (o referred to as Transfer of Technology TOT) is
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faulty (Roling, 1994, Norton, Nix & Williams, 1995). It hardly works in smalholder
farming environments. But it is gill amazingly very commonly gpplied (see proceedings of
the Internationd Symposum on Water Conservation Technologies for Sustainable Dryland
Agriculture in Sub-Saharan Africa, 2003), in spite of about 20 years of active promotion of
faming sysems agpproaches, of farmer-centered research methodologies, yet with limited
concrete implementation in Southern Africa (Whiteside, 1998).

There seems to be a need for re-formulating some basc principles of famers decison
making and innovation processes, for a more successful match between research inputs and
farmers uptake of water conservation technologies.

2.2. Innovation from a farmer’s per spective

Innovation is a key component of economic evolution, therefore of development (Nelson &
Winter, 1982; Trellon, 1992, Dougherty, 1996). For millenniums, famers have
continuoudy domesticated, bred and used new crops, invented new implements, changed
their ways to produce crops, re-combining the production factors (labour, assets, capita and
cash, land) in order to improve production, food security and income. This process has long
been mosly endogenous, or dependant on limited exchanges between close community
members. Such form of innovation is dow and hardly matches the current requirements of
a quickly changing socio-economic environment. It's only reatively since recently that
agricultural  research provides exogenous solutions (technologies) to farmers. Innovation
can then take place & a much quicker pace, ever enhanced by improved access to
information and communication technologies.

It seems however that the basic issues facing farmers when it comes to innovation 4ill
revolve around choices and trade-offs, snce they ae the ultimate decison-makers in a
context of scarce resources and production factors, thus, of limited options,

From a farme’'s perspective, innovatiion about resource-consarving technologies may
involve (1) some form of immediae invetment with long-term expected returns, (2) trade-
offs between current yidd and future yidds, (3) trade-offs between one yied and its
production codts, (4) trade-offs between yidd and its related risk (Knox & MeinzenDick,
1999).

These trade-offs define a portfolio of choices that farmers are left with since they ae the
ones that have to take the risks. These risks and uncertainties mogtly originate from the lack
of information on the bng-term benefits, impacts and returns attached to a technology, once
it faces red-world climatic and economic varigions.

Also, for the farmer, the innovation process does not only involve a given technology. It
rather supposes turning it into a practice (see box 1), which most of the time supposes
adaptation rather than mere adoption. The innovation process is not addressng the
technology as such but rather the organizationa and managerid changes that are required
s0 tha the technology dots into the farming system and becomes a practice among others
(Milleville, 1991; Bosc & Jamin, 1995). Such process may even involve sakeholders
beyond the farm boundaries if some form of collective action is required to implement the
technology (eg. mechanization, nurseries, watershed management) (Rasmussen &
MenzenDick, 1995). This emphasizes the complexity of famers decison-making with
regard to innovation on resource conservation.

Such complexity may even increese when one condders certain specific traits of southern
African smalholder farmers (Ellis, 1993; Low, 1986), and especidly markets failures.



Smdlholder famers are partidly connected to markets that are imperfect anyway;
besdes product markets, credit markets, information markets, land markets and labour
market are weak or even non-existen;

They are risk-averse when exposed to a harsh and uncertain environment; subsistence
remain the dominant farming srategy;

Their faming sysems are usudly not capitd- or technology intensve they are even
not much labour intendive, owing to the scarcity of mae adult |abour;

They show a growing multi-activity character, snce there are a number of off-farm, non
farm, and non monetarized activities that take place (diversfication of livelihoods, part-
time farming);

The technology must not only fit into the exiging faming sysem, but dso fit into the
whole livelihood sysems, maching the drategy developed by the family. Falures and
successes of the so-caled Green Revolution give vivid examples of thet redlity.

Box 1. A point of clarification: technologies are not yet practices

A technique or a technology is a way to produce or organise, out of any context (invention),
whereas a practice is a technique, “borrowed” by a social and economic context
(innovation) (Ellis, 1993).

Techniques can be formulated independent of farmers and relates to theory. Practices
concern the ways in which farmers work and are heavily influenced by the actual
conditions in which technical operations are carried out (Milleville, 1987). They are
assumed to be the result of a direct intention, which in turn depends on objectives set by the
farmer in a context of constraints and effectiveness. Lastly, farming practices underlie the
concepts of cropping system and livestock systems.

Researchers and extension agents must acknowledge that adoption refers to adaptation.
Technologies are seldom adopted and implemented as such. Farmers tend to adapt them to
their needs and to the constraints and limitations they face. Through such adaptation an
invention (the technology) becomes an innovation (a practice).

The following chapters present and discuss certain specific festures and implications of
WCT that should be consdered as factors for innovation.

3. Diversity in nature and scales asfir st factors for innovation

3.1. Diversity and the spatial scalesof WCT

The fird key trat of WCT is ther diversty in nature, dthough sharing many common
gods. The diverdty of avalable technologies is most driking in the literature and the
mgjority will be discussed during the duration of this paper.

Furthermore resource-conserving technologies are applied a different spatid scdes. Some
technologies occur a plot level and only necesstate decison and involvement & the farm:
levd by an individuld farmer. Such are the adoption of improved varieties of drought-
resstant crops, water harvesting and storage a household level, or mixed cropping or
increesed  planting densty. Other technologies, dthough gpplying within  a crop
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management sequence by an individud famer, a plot leve, may involve coordination or
collective action beyond the farm boundaries. These include for ingance mulching, which
supposes that livestock do not graze on crop resdues, or reduced tillage, which may
suppose some form of collective organization about mechanization. Above farmtleve
technologies will only make sense if implemented a larger scdes, like for instance a mini
watershed or community leve. These include technologies like terracing, contour
cultivation or consarvation irrigation that can hardly goply and achieve some efficiency a
the plot or fam leve. A necessary condition for agpplication of WCT a the above-fam
levd is tha a plaform for collective decisonrmaking must be established to make
coordination and grouping of farmers possible to manage resources (e.g. nurseries for agro
forestry or contour planting, access to mechanization). The problem however is that in most
places platforms for collective decisonr-making does not exist, and success is sddom
achieved in isolaion (Rasmussen & Meinzen-Dick, 1995; Knox & Meinzen-Dick, 1999).

The main consequence of such differences is that certain technologies require some form of
co-ordination between farmers, which in turn requires a high degree of socid capitd among
community members. This is dso refered to as so-cdled collective action (Knox &
Meinzen-Dick, 1999). From empirica and theoretica literature, Rasmussen and Meinzen
Dick (1995) highlight that the characteristics of the group of users and the attributes of
indtitutiond arrangements are the key factors affecting the management capacity of locd
organizations.

3.2. Technologies with different time frames

Some technologies provide short-term returns to investment (the crop cycle being the time
frame), such as irrigation or the choice of a drought-resistant crop variety. However many
natura resource management technologies take years to provide a full and stable return. In
an Ethiopian case study, Agnew (2000) reckons that it takes 2 to 6 years for farmers to fully
benefit from soil and water conservation technologies.

If farmers do not have secured rights to natural resources, they lack incentives to adopt
these technologies, since they are not assured of receiving the benefits (Knox & Meinzen
Dick, 1999). In India, Pender and Kerr (1996) demondtrated that greater investment about
s0il and water consarvation technologies was made on owner-operated plots. Furthermore,
when smdlholder famers druggle for a daly med and income derived from naturd
resource-based activities, thar time frame for making decisons is limited as wdl as ther
cgoecity to plan in the long run. A vicous spird of increesng poverty, declining
sustainability and degrading natura resources then occurs.

Severa technologies are located in Figure 1, as examples. For a given technology, the
larger the spatia scale of gpplication, the higher the degree of collective action is required.
The longer the tempord scde, the higher the degree of tenure security is required. Sverd
technologies could be broken down into subgroups to more accurately reflect their spatia
and tempord characteridics. Alternative cropping sysems or technology may be
implemented a plot level, but often require some co-ordination as far as input supply,
mechanization or resource management are concerned (eg. seedlings for agro forestry,
specific equipment for reduced tillage / direct planting, etc.) on above farm-levd.

- Approximate position of figure 1. -

This framework highlights the fact that certain technologies will be more efficiently goplied
with collective adoption, whereas others will be more amenable to individua adoption.
Some technologies require long term and secured tenure on natural resources (the so-called
property rights), while others can accommodate short-term cycles and uncertainty. Such

6



diverdity is indeed a very important factor affecting adoption and agpplicability of a given
technology. Besdes, what is highlighted here is that success of consarvation technology not
only depends on the appropriate technology and prices (Rasmussen & Meinzen-Dick,
1995), moativation, skills and knowledge of an individuad farmer, but needs to be combined
with supporting loca inditutions (eg. strong socid bonds, clear tenure rights) (Jagger &
Pender, 2003) and an enabling externd environment as will be discussed later in this paper
(RAling, 1994; Whiteside, 1998).

4. Adoption of Water Conservation Technologies is context-dependant

The following discusson ams a identifying a number of key issues that affect adoption of
conservaion technologies (such lig is not exhaustive). Researchers and development
operators often lack to see the whole picture, and tend to overlook the inner household
context and/or externd environmenta factors.

4.1. Taking account of the household context
Wealth

Wedth is intricately linked to power and property rights over natural resources, affecting
people’'s options for adopting technology (Knox & Meinzen-Dick, 1999). The bundle of
one's property rights and the security of those rights combined with on€'s leved of assts,
income, and food security affect the degree to which one discounts possble future gains.
Those who possess a higher quantity and qudity of endowments will place a higher future
vdue on medium- and long-term benefits produced by investment in conservation
technologies. They ae less congraned by food insecurity and risks than lowwedth
farmers (see dso Box 2).

L abour

Labour bottlenecks resulting from reative higher labour requirements are adso cited as a
condraint to the adoption of conservation technology, especidly if new technologies cregte
seasona  pesks that overlgp with other agricultura  activities (Knox & Meinzen-Dick,
1999). Collective action and reciproca arrangements may be employed as a means to
overcome household labour shortages, paticularly in cashscarce economies, or in
communities characterized with high levels of adult migration. Therefore labour
requirements of a given technology must be seen as akey criterion for development.

Box 2. The problem of the long-term relative advantages in WCT adoption (adapted from
Whiteside, 1998)

Sustainable techniques, such as WCT, need, by definition, to work over the long term. For instance, mulching
or a reduced tillage practice for water conservation must be better than existing practice when used over a
long period. It may, however have extra cost implications in terms of increased labour or reduced yields, and
these often fall in the early years. Experiments or demonstrations over one to three years are then often
irrelevant. There's a need for much longer periods of experimentation (10 years or more, in order to consider
the full range of climatic fluctuations).

Not many research institutions, extension services or projects have this type of time per spective. Furthermore,
long-term on-farm experimentations on WCT are uneasy to undertake. The research station remains the most
secured place, yet with numerous typical biases (see Box 3).

In some instances, indigenous technologies and farmers’ local practices that have long proved successful
might fill the gap (Gandonou & Oostendorp, 2001). Development and extension services should then
emphasi ze information exchange between farmers on that basis.
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Farmers also need support to take the long-term view. There may not be an incentive for farmers to adopt
WCT until environmental damage or serious yield problems occur, and by then it may be too late since
prevention is often cheaper and easier than cure. Key issues for the farmers are: Are the returnsin the long
term adequate to compensate for the short-term costs incurred by adoption? Will those investing reap the
expected benefits? (see the issue of tenure security in chapter 3) How can farmers finance the investment?
(see the importance of wealth and credit in chapter 4).

Diversity of farmers strategies

The two previous points discussed highlighted the diversity that may exis a community
level, among households. Farmers may have different ways, objectives and practices. Such
divergty refers to the concept of strategy.

A drategy may be defined as the combination of processes (plans, decisons and acts) that
an individua or a group of individuds (a firm, a family, etc) develop purposvey, and
which am a changing or trandforming their socid, economic and/or physical environment.
Such processes combine resources and/or techniques, knowledge and know-how (Olivier
de Sardan, 1995). Farmers develop drategies as a response to a changing and uncertain
environment, in order for them to duplicate or reach or transform a given life dyle that
corresponds to an objective, as groups and/or as individuads. The crops, crop management
sequences, cropping systems, animads and animd production systems, faming systems,
off-farm activities, and so on, that the farmers combine and mobilize reflect such drategies
(Yung & Zadavsky, 1992). For example, the common association of stock keeping with
cop faming in semi-arid Southern Africa is often merely overlooked by researchers
promoting mulching or mixed cropping. Allowing community livestock to graze on crop
resdues is a common practice, embedded within a livdihood drategies a individud as wdl
as collective levels. Such practice can hardly accommodate mulching or any changes in the
crop management timeframe without magor dterations in other practices a fam and
community levels

Within a community, diverse drategies may develop, depending on each household's
higtory, composition and objectives. On the one hand, it is impossible to take account of
eech and every houschold's characterigtics while on the other hand it is irrdevant to
congder the community to be homogeneous, hence the introduction of typologica
gpproaches that group households with smilar drategies and characteristics with regard to
a specific objective (Perret, 1999). Such an objective may be the identification of the needs
for WCT and the current water conserving practices as applied by farmers.

Social and cultural factors

Despite the dominance of family fams in the adoption literature, the family is rardy
examined as a context for the adoption process (Sdamon et d., 1997). These authors stress
that recent studies persst in focusng on a sngle mae farmer as the actor making adoption
decisons. Such an approach is doomed with regard to the farming and decision-making
profile of a mgority of Southern African Households, where women are indrumentd.
Furthermore, the trandtion from conventiond to dternaive faming sysems ignores
literature relevant socia barriers to adoption other than profitability.

Also, certain taboos, norms and practices on soil and water management do exist in various
socio-cultural settings in Africa Indigenous knowledge and loca traditiond practices may
be consdered part of this socia and culturd framework.

They are often strong, and inescapable, and can undermine the adoption of any technology.

This militates in favour of localy centered technology development. Researchers and

extenson sarvices need to acquaint themsdves with the different cultura norms and
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practices of their famers, and dso take them into consderation and avoid any hasty
judgment in their development planning (Kirsten et al., 2002).

Although on the surface cultura norms that hinder technology adoption may appear b have
equity, efficiency or environmenta drawbacks, they dso tend to have more profound
implications. For ingance, in many rurd African societies, communities promote coheson
and lessen exposure to risks through kinship and maritd practices, which have implicaions
for the distribution of property rights (Knox & Meinzen-Dick, 1999).

Thedemand for WCT, the appropriateness of research

As dready dated, it is important to recognize that farmers need assessment does not
necessaily prioritize long-term  solutions.  Smallholders however are often forced by
externa circumgtances to prioritize short-term condraints. The adoption of conservation
practices may not be perceved as a priority for farmers until evidence of deterioration of
the environment or darmingly dedining yidds are visble (Gillet et al., 2003).

In theory, a way of facilitating technology adoption is to make sure that research priorities
ae in line with fame’s needs and expectations. Although many resource-conserving
technologies and practices have been widely proven on research dtations to be productive
and sudainable, the totd number of farmers using them is 4ill smdl (Stevens & Botha,
2001). If a bottomrup paradigm is favoured, this supposes a strong encouragement of
famers paticipation in need identification  (Whitesde, 1998; Kirgden et al., 2002).
However, anongst the poor and smal-scde farmers an effective and co-ordinated request
for appropriate research (thus adapted technologies) is often lacking. Moreover, needs are
often very heterogeneous and relative diverse. Therefore the needs cannot be defined in
generic terms but should rather be location or Stuation specific. This conditutes a radical
reversd of the norma modes of research and technology generation, because it requires
participation between professonas and farmers. However, with regard to smalholders
needs and characteristics, more detailed research seems to be needed on the adoption (or
lack of adoption) of potentidly beneficia consarvation technologes, on exising beneficid
and innovative locad practices, on low-input technologies, and on technologies that
srengthen sustainability and can weather severe st-backs (Whiteside, 1998).

Findly, pre-exising indigenous weater conservation practices and <kills do exist (Pretty,
1994; Pender & Kerr, 1996; Gandonou & Oostendorp, 2001). From an innovation
viewpoint, research operators must definitely take these practices into account, since they
form the inescapable platform for further innovetion.

Box 3. Key public sector research biases, as factors for low adoption of WCT (adapted
from Whiteside, 1998)

Most experiments are run for a short time period and are designed to provide short-term recommendations
(see also box 2). Research organizations seldom use an approach in which the long-term sustainability of a
given technology is considered asareal factor.

Most research is done on research stations, which are mainly located on favourable soils and climatic
conditions, and are therefore not typical of farmers’ conditions. Besides, efforts towards on-farmresearch are
undermined by budget cuts (pressure on transport budgets).

Most experiments still have the objective of production or yield maximization, with little attention paid to
other trade-offs. Relatively few experiments are designed to find either financial or economic optimum
combinations of inputs and yields. Even in land surplus areas, nearly all crop experiments are designed to
reveal yield per hectare, rather than yield per unit of the scarcest or most constraining resource (e.g. water,
labour, cash flow, etc.).




Despite widespread rhetoric and nominal adherence to Farming Systems principles, most research
organizations remain organized along commodity or discipline lines, which does not favour multidisciplinary
and intersectoral research on WCT definition and adoption.

Social sciences (e.g. agricultural economics and rural sociology) are underrepresented (or non existent) in
most organizationsin charge of WCT development. Also, thereisstill relatively little consideration of gender
in research programs on WCT. Such bias undermines adoption efforts in most smallholder farming contexts.

The actual participation of the poorest and smaller scale smallholder is still an issue, since those farmersare
underrepresented or lessinvolved in trials, field-days or committees.

4.2. The need for an enabling external environment
Information

Farmers cannot adopt technologies if they do not have dl rdevant information about the
technology and what scope of returns could be expected after adoption. This second
condition is often overlooked. The former is often incomplete, focusng on the technica
agoects and overlooking some key criteria from a farmer’s point of view (eg. labour
requirements).

Different extenson gpproaches have been implemented in order to inform and tran
farmers, amed a the adoption of technologies. The different gpproaches to be found varied
from Trander of Technology (TOT) (inherited from the Green Revolution principles), the
Farming Systems Research and Extension gpproach, Training and Vist approach up to the
Famer-Firg and participatory approaches (Kirsten et al., 2002). Most research and
extendon organizations in Southern Africa dill gpply TOT principles, dthough with some
incduson of certan components of the farming systems approach (see Box 3). Actud
participatory methodologies are gill s8dom used (Whiteside, 1998). Participation, if it is to
become pat of extenson and research approaches, must be cdlearly interactive and
empowering. Any pretence to paticipation will result with little change Also the
identification and incluson of indigenous or locad knowledge and practices for the
devdopment and traning of fames is much taked about, yet with limited actud
implemertation.

Environmental and pricerisk

African farmers are faced with a number of risks, in an uncertain world: weether, war,
robbery, pests and diseases, illness and death, and price fluctuation. Risk-averse and low-
wedth farmers are often reluctant to adopt technologies because they need a stable income
and consumption streams, especidly when the returns to adoption are themsaves unclear or
uncertain. Besdes the clear need for locd typologies of farmers, it is aso necessary to
include in technology development an andysis of the environmenta and economic risks.

Collective action and farmers or ganisation

As seen ealier, collective action proves necessary to overcome technical problems that are
faced a individud or famlevd. It may adso prove useful for informaion disssmination
and farmer-to-farmer exchanges. Differences in impact between the individud and group
gpproaches have been well documented (Sen, 1993). Findly, famers organization should
be identified as the main vehides conveying famers needs for technology development
and dissemindtion.
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Rural finance

Credit can be a way of overcoming wedth condraints to invesment on new technologies.
Individud title deeds may give the farmers access to forma financid services. However,
this is not the only way, snce such formd services reman rae in African rurd
environments. Other forms of collaterd may prove more appropriate. Informal savings and
credit groups a community level have long proved to be worthy and effective. They may
even enhance opportunities for collective action in natura resource management. The leve
of investment required should be an important criterion for WCT development, since it
impacts much on further adoption festures. A study by Pender & Ker (1996) in India
clearly demondrates that credit and labour markets imperfections affect negetively
consarvation investments.

Infragtructure

Farmers cannot adopt technologies if roads and transport are inadequate and poor for them
to acquire conservation technology-related inputs, or to market their produce. There's a
clear need to put conservation technology development within the whole rurd development
picture, therefore an integrated approach. The infragtructure issue typicaly illusrates that
the adoption process does not only depend on the farmers willingness, but partakes to an
overal sustainable rura development process.

Aagricultural and rural development policies

Most successes in the adoption of WCT ae dill very localized. This is because the
overarching eement of a favourable policy environment is missng. Mog policies ill
actively encourage faming that is dependent upon externd inputs and technologies. Such
policy framework forms one of the principa barriers to a more sustaingble agriculture, and
has encouraged unsustainable and high-risk smdlholder faming, with  detrimentd
consequences for poverty dleviation and the environment (Pretty, 1994; Whiteside, 1998).

5. A need for renewed resear ch-development design on WCT

Adoption of WCT is not an end in itsdf. Rather, technologica change should be evauated
in terms of its contribution to broader gods of human development and economic growth,
povety dleviation and environmentd sudanability (Knox & MeinzenDick, 1999).
Adoption of WCT is recognized as one of the components of sustainable agriculture,
contributing to sustainable livelihoodsin rurd environments.

Figure 2 shows some factors affecting the core objective of sustainable development. The
box in the right hand Sde sums up what has been reviewed in the paper, in terms of the
conditions and factors influencing technology adoption. It highlights the interactions
between the technologies, loca organizations and the environment.

-Approximate position of figure 2. -

The paper fird highlights the complexity underlying WCT development and adoption in
smdlholder farming environments. The conceptual framework proposed makes use of the
entangled spatid and temporal scaes. Two mgor factors are first identified: the nature of
property rights and the degree of collective action. It must be underlined that those two
factors are typicd issues in developing, resource-poor, smdlholder farming environments,
wheress they are hardly mentioned in commercid, indudtrid farming systems.

Property rights refer to the ways a community and its member’s access and use natura
resources, the rules that are set up, used and enforced. This does not necessarily refer to the
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notions of privale ownership or title deeds, snce some communa naura resource
management patterns have long proved sugtainable. Yet, technology development should
take account of the existing property rights on natural resource. In turn, certan very
promising technologies may need property rights adaptations. Such interaction advocates
for integrated technology devel opment.

Collective action & community level dso plays a key role in the feashility and
implementation of certain technologies. From a research point of view, exising paiterns of
collective action should be investigated and identified, so that a given technology fits best
to such a gtudion. In turn, cetan technologies may trigger or initiate some form of
collective action at loca level. Yet again, faming sysems oriented research is more likely
to achieve this than sectora research.

A number of other factors have been identified and discussed in the paper. These
household-related factors and extend factors cdaify the different sakeholders
responsbilities and roles in the adoption process. What is shown here is that adoption does
not only refer to a successful didogue between a convincing extenson officer and a willing
and abiding farmer, but aso the role that other stakeholders have to play (like for instance
other members of the community, policy-makers, development agents, researchers as
indicated in figure 2).

Furthermore, water conservation technology adoption refers explicitly to intengfication, as
a response to growing production need facing uncertain and scarce water resources.
However, the term “technology” is mideading, snce adoption implies more labour-based
intengfication than technology- or capita-based intendfication.

Faced with the reative low rate of adoption of resource-conserving technologies,
researchers and extensonists have no other choice than to close a “new ded” with ther
partners, to shift from a Transfer of Technology (TOT) paradigm to a more participatory,
partnership. Such new paradigm should include the following principles and resolutions
(Whiteside, 1998; Piraux et al, 1999):

Seting a dear priority in favour of smalholders and sustainability (a need for some
form of “affirmative action”, according to Whiteside, 1998);

Promoting adaptive, locally based research, responsive to diverse environments and to
the farmers actud demand; mixing Stationbased research with on-farm research;

Teking account of famers actud demand in terms of dterndive naturd resource
management; underdanding their priorities and drategies (including those of women);
understanding the locd livelihood systems and farming systems;

Promoting multidisciplinary and multi-sectoral  gpproaches, using dternative criteria
for evauation (not only yidd maximization, but aso cog, labour, energy, resource,
and input minimization);

Promoting along term perspective in research and partnership;

Active cregtion of a mutud learning environment involving farmers, extenson and
research (Roling, 1994; Campbell, 1994);

Acknowledging and andysng loca practices and knowledge, enabling and
publicizing research and innovation done by farmers,

Providing options to choose from, rather than recommendations (since there's no such
thing as a“sngle magic bullet”, according to Whiteside, 1998).

Current trends in action research, bottom-up, and participatory approaches provide the
framework for such principles to be implemented (Roling, 1994; Campbell, 1994; Kirgen
et al., 2002).
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Figure 1. A conceptua framework for analyzing the tempord and spatid scaes of Water
Conservation Technologies (adapted from Knox & Meinzen-Dick, 1999).

Note: The technologies arejust examples, their location is approximate, for illustrative purposes.
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Figure 2. Conditions for technology adoption, towards sustainable farming systems and
rurd livelihoods (adapted from Pretty, 1995 and Whiteside, 1998).

Sound technologies
WCT and others

I

Sustaining local
organisations
collective action, FOs, etc.

1

Enabling environment
policies, markets, services,
institutions,
clear and adapted property
rights

xR

16

Sustainable
farming
systems
Sustainable
rura
livelihoods



