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Abstract. Conservation Agriculture (CA) in its many local adaptations has been practiced for more than three
decades. In year 2013 it was deployed on some 155 million hectares worldwide on both large and small farms.
In most cases, it has led to yield, economic and environmental benefits, and thus would appear to deserve
greater policy and institutional support to accelerate opportunities for adoption and uptake. CA represents an
alternate approach to the sustainable intensification of agriculture and differs fundamentally from modern
approaches based largely on intensive tillage and purchased inputs that often disrupt ecosystem functions. CA
incorporates a number of apparently counterintuitive and often unrecognised elements that simultaneously
promote soil health, productive capacity and ecosystem services.

Important constraints appear to be preventing wider-scale adoption of CA. Experience across many countries
has shown that the adoption and spread of CA requires a change in commitment and behaviour of all stake-
holders. For farmers, social mechanisms that encourage experimentation, learning and adaptation to local
conditions are a prerequisite. For policy-makers and institutional leaders, transformation of tillage to CA
systems requires that they fully understand the large economic, social and environmental benefits that these
systems offer. Such transformations call for sustained policy and institutional support that provides both in-
centives and ‘motivations’ to encourage farmers to adopt components of CA practices and improve them over
time. Here, we summarise the key institutional and policy requirements. Many of these apply widely to other
forms of more sustainable agriculture.
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1. Introduction crop diversification - that are applied simultaneously.

These principles can be, and indeed are being, inte-

The first paper in this series of two on Conservation
Agriculture (Kassam et al., 2009) indicated that the
sustainability of agricultural production and of the
continuing provision of environmental services is
strongly dependent on maintaining soils in a suffi-
ciently carbon-rich condition (Pretty, 2008;
Reicosky, 2008: Moebius-Clune et al., 2011). CA as
a production system is underpinned by a set of three
interlinked principles - minimum or no mechanical
soil disturbance, permanent soil organic cover, and

grated into most rainfed and irrigated production sys-
tems to strengthen their ecological sustainability, in-
cluding arable farming, horticulture, plantation
agriculture, agro-forestry, organic farming, System
of Rice Intensification (SRI), ‘slash and mulch’ rota-
tional farming, and integrated crop-livestock systems
(FAO, 2011). Thus, CA as a production system is ap-
plicable wherever plants can grow and reproduce
naturally, i.e. not in deserts without irrigation, nor in
poorly drained waterlogged landscapes with water



A.Kassam et al: The spread of Conservation Agriculture: policy and institutional support for adoption and uptake

ponding on the soil surface. Such excessively wet or dry con-
ditions require different kind of interventions to make CA ap-
plicable, such as irrigation or landscape level drainage. Areas
with very cold winters might require an adaptation of CA to-
wards a higher level of soil disturbance but still within the CA
definition of allowable soil disturbance, such as strip till, to
allow warming up of the seed zone.

Global concerns about degradation of land resources which
maintain natural ecosystems, and whose soils are the bases of
agricultural systems, were clearly expressed in the World
Conservation Strategy (IUCN, 1980) and the World Soil
Charter (FAO, 1982), as well as later in the Millennium
Ecosystem Assessment ( MEA, 2005). The effective imple-
mentation of CA principles puts into practice recommenda-
tions of these and subsequent expressions of international
concern such as the International Assessment of Agricultural
Knowledge, Science, and Technology for Development
(IAASTD) (Mclntyre ef al., 2008), the UK Foresight Global
Food and Farming Report (Foresight, 2011) and the UK
National Ecosystem Assessment (UKNEA, 2011). These
concerns have subsequently intensified as the demand for ag-
ricultural produce and services rise, human populations con-
tinue to increase, consumption patterns change, land degra-
dation continues, and fluctuations of global climatic
conditions become more extreme (Pretty, 2013). As a conse-
quence of human activities in using carbon-rich resources,
levels of carbon dioxide in the atmosphere have been rising,
in part due to the excess rates of oxidation of soil organic
matter provoked by conventional tillage agriculture
(Reicosky, 2001). While CA provides the best guarantee for
carbon sequestration in soils, the level of such sequestration
does depend, in addition to minimum soil disturbance, on
suitable crop rotations or associations, and on the amount of
the biomass from the production system that is retained as
surface mulch and also is being incorporated or sequestered
into the soil. Thus the overall reduction in greenhouse gas
emission as a result of this would also depend on the careful
observation of soil compaction and drainage problems and
mineral fertilizer application rates to avoid, for example, NO,
emissions resulting from anaerobic soil conditions.

CA as a production system has the potential to deliver on
both sustainability and intensification, and its principles are
widely applicable across a range of farming systems. CA is
currently applied on some 155 million hectares of arable land
(at 2013) across many different agro-ecosystems in all conti-
nents (Kassam ef al., 2011, 2014; Friedrich et al., 2012). This
paper elaborates the policy and institutional conditions that
appear to be necessary to support the introduction, adoption
and widespread uptake of CA at the national level.

2. Adoption and uptake of CA

Shifting from tillage-based agriculture to no-tillage CA sys-
tems removes unsustainable elements in the current tillage-
based systems and replaces them with CA elements that make
the production systems ecologically sustainable. The indi-
vidual CA principles have been practiced by farmers for a
long time (Derpsch, 2004; Montgomery, 2007) and many of
the advantages arising from the individual CA practices have

been known for many years. What is new and unique about
the modern concept of CA is the bringing together of all three
interlinked CA principles that are applied simultaneously
through locally devised and tested practices as part of a pro-
duction system with other good management practices, par-
ticularly: (i) use of well adapted good quality seeds; (ii) en-
hanced and balanced crop nutrition, based on and in support
of healthy soils; (iii) integrated management of pests, diseas-
es and weeds; and (iv) efficient water management. In many
respects, this represents a fundamental operational change in
agricultural production systems and to the producers.

Thus, sustainable crop production intensification based on
CA is the combination of all improved practices applied in a
timely and efficient manner. The approach offers farmers
many possible combinations of CA-based practices to choose
from and adapt, according to their local production condi-
tions and constraints. The benefits of CA provide an indica-
tion why many farmers worldwide are adopting CA systems
and why CA is receiving attention from the development and
research community as well as from government, corporate
and civil sectors. However, not all synergistic interactions in
CA systems are fully understood nor fully recognized. In
general, scientific research on CA lags behind farmers’ own
discoveries (Derpsch, 2004; Bolliger ef al., 2006; Goddard et
al., 2008). Similarly, knowledge and service institutions in
the public and private sectors tend to be aligned to supporting
conventional tillage-based systems. Further, there is limited
policy experience and expertise to assist in the transformation
of conventional tillage-based systems to CA systems for
small and large farmers in different ecologies and national
contexts (Friedrich & Kassam, 2009; Milder et al., 2011;
FAO, 2011).

On a few occasions, such as in southern Brazil in the
1970s-1980s (Bolliger et al., 2006) problems with conven-
tional tillage-based farming practices became so severe that
spontaneous change to no-till system and its widespread evo-
lution towards CA practices occurred (Mello & Van Raij,
2006). At the time, it was severe water erosion combined
with poor profit margins that encouraged uptake (Derpsch et
al., 1991). Similarly, it was wind erosion in the mid-west
USA and the Canadian Prairies that led to the adoption of
reduced tillage systems in North America (Montgomery,
2007).

Generally for early adopters there are many hurdles as is
often the case with new systems requiring significant behav-
ioural change. Further scaling up of CA practices to achieve
sub-national and national impact will thus require enabling
policies and institutional support (including training, access
to knowledge and research) to both producers and input sup-
ply chain service providers (including equipment and ma-
chinery) (Friedrich & Kassam, 2009; FAO, 2011).

The typical adoption process for new technologies follows
an ‘S’ curve, with a relatively slow start to adoption, possibly
preceded by farmers’ own trials on just parts of CA principles
and/or parts of their land, leading then into fast or even expo-
nential growth, and slowing towards a plateau (Alston ef al.,
1995; Rogers, 1995). In some contexts, for example in
Paraguay and Western Australia, this had led to complete
adoption, with tillage almost completely disappearing over
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the past decade (Derpsch & Friedrich, 2009; Crabtree, 2010).
In others, when conditions for adoption are less favourable,
the initial phase of the ‘S’ curve can be drawn out , sometimes
lasting many years such as in Brazil (Bolliger et al., 2006;
Junior et al., 2012) or Argentina (AAPRESID, 2010). To
date, some 11% of the world’s arable cropland is farmed un-
der CA (although more is farmed with reduced tillage sys-
tems). In most countries CA is being introduced as an “un-
known” new concept and thus neither the agronomic
knowledge base nor the policy and institutional support envi-
ronment is necessarily favourable to adoption.

3. Necessary conditions for the CA adoption

CA is both management and knowledge intensive and com-
plex to practice, requiring more planning than tillage-based
systems. It cannot be reduced to a technology package, adop-
tion requiring both change and adaptation based on experien-
tial learning (Derpsch, 2008; Friedrich & Kassam, 2009).
The following sections elaborate the necessary conditions for
the introduction of CA and transformation of tillage-based
systems. The support to foster these necessary conditions
must be mobilised at the individual, group, institutional and
policy levels within the private, public and civil sectors so
that the behaviour patterns of all stakeholders involved in the
CA innovation system are mutually reinforcing to induce the
development of the sufficient conditions, or the enabling en-
vironment, for adoption and spread. In cases where the learn-
ing process is missing or the benefits to the farmer are not
obvious, then non-adoption or disadoption can occur.

3.1 Reliable local individual and institutional
champions

Wherever CA has successfully spread, there have been local
champions whose own examples have encouraged adoption.
Those champions are then supported by research and devel-
opment groups, and private sector service providers in equip-
ment and machinery, seeds and agrochemicals. More recently
the international research community and development orga-
nizations including NGOs have shown interest in this farmer-
driven adoption process, bringing the promotion and dissemi-
nation of CA to international attention. In this way, local
national champions, whether individuals or institutional, are
now increasingly being supported by international
champions.

3.2 Dynamic institutional capacity to support CA

CA is a dynamic system in constant development and adapta-
tion. The institutions that are set up to support CA need to be
similarly dynamic so that they can respond to farmers’ chang-
ing needs. As well as policy making departments, these insti-
tutions include the research and development programmes on
which much of the technical knowledge of CA is based.
Whatever technological combinations are used by farmers,
R&D activities must help to assure that good husbandry of
crops, land and livestock (Shaxson, 2006) can occur simulta-
neously for CA to function well.
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Biophysical, ecological, agronomic and social sciences
must be aligned with the views of stakeholders to develop
systems that can be adapted to varied conditions facing farm
family adopter of CA. This means that self-organizing inno-
vation networks of diverse providers of information need to
be involved in broad programmes to develop the science and
technology adaptation for CA (Ekboir 2003; Cernea &
Kassam, 2006; Rajalahti et al., 2008; World Bank, 2012).
Such institutions include international agencies, multi-donor
programmes, NGOs, national government staff, academic in-
stitutions, commercial organisations and agribusiness with
their diverse points of view. One way to support integration
would be to develop common indicator sets to assess prog-
ress towards the environmental, economic and social benefits
of CA.

3.3 Engaging with farmers

Support for any production systems should be oriented to-
wards solving farmers’ problems that inhibit productivity.
However, when the transformational change occurs with the
adoption of CA by farmers who have only known and prac-
ticed tillage agriculture, a new challenge is created. Farmers
need support to understand new concepts and principles, en-
able an intellectual change in mind-set, commit to a longer-
term process of change in their production system, test and
adapt new practices, and change equipment and machinery.
In establishing different cropping systems and farm opera-
tions, they also need to manage new production input and
output relationships involving crop, soil, nutrient, water, pest,
and energy management practices. Thus, engaging with
farmers and providing them with the necessary support is
critical for successful adoption and uptake of CA.

Though the principles of CA remain the same across con-
texts, how they can be best applied depends on how individ-
ual farm families make decisions. This emerges from how
each farm family can respond to specific combinations of
environmental conditions, farmers’ resource-availability,
production system, market opportunities and transport avail-
ability, and support, encouragement and guidance (Wall,
2007). Farmers can be ingenious in problem-solving, and if
they pick up the conceptual part of CA, they often innovate
and adapt the practices to their own conditions (WOCAT,
2007; Borsy et al., 2013).

3.4 The Importance of farmers’ organizations

Farmers tend to believe trusted peers more than their formal
advisers when discussing innovations, making it easy for
them to exchange ideas and experiences helps strengthen
their own linkages and reinforce recommendations (Pretty,
2003). Social capital is used as a term to describe the impor-
tance of social relationships in cultural and economic life.
The term includes such concepts as the trust and solidarity
that exists between people who work in groups and networks,
and the use of reciprocity and exchange to build relationships
in order to achieve collective and mutually beneficial out-
comes. Social capital is thus seen as an important pre-requi-
site to the adoption of sustainable behaviours and
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technologies over large areas (Cernea & Kassam, 2000).
Where social capital is high in formalized groups, people
have the confidence to invest in collective activities, knowing
that others will do so too. Farmers’ participation in technolo-
gy development and extension approaches has emerged as a
response to such new thinking (Pretty et al., 2011).

Interested farmers may have already coalesced into infor-
mal groups with common interests. Such groups can form the
basis for Farmer Field Schools (FFS), with guidance from
experienced advisors, for ‘learning by doing’ (e.g. Mariki et
al., 2011). Farmer groups, which may comprise associations,
clubs, co-operatives or other organizational arrangements,
derive confidence from mutual support and exchange, which
can accelerates innovation and adoption (e.g. Silici et al.,
2011; Marongwe et al., 2011). The fastest development of
suitable technologies is usually achieved through groups of
innovative and pioneer farmers who are part of a community
and exchange their experiences through their networks, thus
building social capital (Pretty, 2003).

Small informal groups of farmers may evolve into co-oper-
atives and other larger bodies. If such bodies already exist,
they may embrace the CA ethic and actions, and draw in new
members. Such groups and organisations also develop bar-
gaining power with buyers and sellers, traders, equipment
related service providers, transport agencies, and others: and
this benefits all the members of the group. If sufficiently well-
organised, they may be able effectively to pressure national
and local governments and institutions for necessary reforms
and services, including research and extension, to aid the CA
cause. The development of such groups can then become a
powerful means of encouraging others to join the movement.
Mentoring programmes, where experienced CA farmers as-
sisted newcomers during the first year of adoption have re-
sulted in immediate yield increases and significantly higher
profitability during the first year of adoption compared to
farmers who had to learn on their own, mainly because mis-
takes could be avoided (Meyer, 2009).

3.5 Providing knowledge, education and learning
services

CA involves a fundamental shift in the way agricultural pro-
duction is conceived and how it relates to environmental
stewardship (Kassam et al., 2009). There is a need to think
differently about how knowledge is spread to farm families,
to professionals in the public and private sectors, and to soci-
ety at large. One opportunity lies in educating schoolchildren
— and then right up through graduate and postgraduate educa-
tion — for a broader focus on ecologically-based, resource
conserving agriculture based on the core CA principles in all
settings for sustaining the production of crops and water from
all landscapes.

A second change will be to ensure that people working in
specialised areas of agricultural science and policy are in-
formed of emerging CA successes from the field and the im-
plications for their disciplinary specialisations. Both re-
searchers and advisory staff need to be kept up to date with
the different ways by which the principles of CA are put into
practice, their effects on the resource base and the

environment, and the socio-economic outcomes. This means
having the capacity to work across the traditional science dis-
ciplines and to work closely with farming communities.
Recognizing the realities of CA technical education and vo-
cational training in universities, colleges and schools will in-
clude CA principles and benefits in their curricula.

In addition, while the greatest impact will come from fully
applying all three principles of CA, farmers’ constrained so-
cio-economic situations may mean that some are gradually
introduced responding to the individual conditions. Thus re-
search and extension need to be able to operate at different
scales simultaneously. They need to be able to assess the
landscape-scale benefits of adopting CA whilst also provid-
ing evidence of how well CA performs on individual farms
and farming communities. A key function of the tertiary edu-
cation system in both developed and developing countries
would be to research and validate the science underpinning
CA techniques and practices.

Third, international national, regional and international
networks covering all levels of development management
and geographical regions are required to acquire, evaluate,
share and disseminate robust evidence about the principles,
practices and impacts of CA. These networks should devise
specific encouragements for larger-scale and more advanced
CA practitioners to advise and mentor those at earlier stages
of adaptation and uptake. It could also monitor the results of
CA projects and programmes, at all levels, and disseminate
them across the international community. A global communi-
cation platform for all CA community of Practice (CA-CoP)
stakeholders was launched in January 2009 and is hosted by
FAO (FAO, 2008). However, establishing more regional and
national CA networks would assist in completing the multi-
level coverage of CA stakeholders. Establishing a global net-
work of CA farmer associations would help to facilitate ex-
change of information amongst farmer groups who could also
provide constructive feedback into policy and input supply
sector.

3.6 The need for scientists and extension agents to
recognise and characterise the problems related
to CA adoption and facilitate problem solving

It could be argued that what is expected of scientists and ex-
tension agents in the promotion of CA adoption may not fun-
damentally differ from that required for conventional farming
practice. The focus should be on recognising, characterising
and solving problems related to CA adoption and dissemina-
tion. However, there is a difference in that CA is relatively
new and therefore problems can arise for which locally-based
experience and knowledge does not exist. Thus, in support of
CA scientists need to: (a) respond to unsolved technical prob-
lems (e.g. cover crops, and crop combinations for different
situations), systems development in ecologies that are too dry
or too wet, biomass management across competing demands
; (b) explore new potentials and possibilities based on what is
already known and observed; (c) clarify basic soil conditions
regarding the significance of organic-matter effects and re-
lated interactions with respect to soil productivity and its
changes over time under different treatments and adapt

Field Actions Science Reports



A.Kassam et al: The spread of Conservation Agriculture: policy and institutional support for adoption and uptake

knowledge on nutrient levels and fertilization; (d) advance
knowledge about pest, disease and weed interactions under
CA conditions; (¢) design new mechanization concepts for
CA systems including aspects such as compaction manage-
ment and promotion of no-till seeders for small farmers; (f)
undertake ‘blue-sky’ exploratory research with possible rele-
vance to CA.

Also, too little ex-ante analyses have been carried out to
better understand how specific policies will work and what
impact they might have. Systems research aimed at linking
and supporting change policies with potential environmental
benefits that may accrue, and quantifying such relationships,
is definitely a priority area for research. However, these ben-
efits might not be equally applicable for all agro-ecosystems;
important variability and system trade-offs could limit the
expansion and adoption of these technologies in smallhold-
ings. Risk coping mechanism for potential adopters and more
importantly effective technical assistance are key elements
for uptake of CA under difficult biophysical conditions. The
competing uses for crop residues could be potentially re-
solved through local by-laws that reduce free access to resi-
due grazing and promote better area and on-farm integration
of crop-fodder-tree-livestock systems involving community-
based approaches to the effective management of functional
biomass and stocking rates. The dynamic functioning and
evolution of these integrated systems and their long-term im-
pacts on the potential productivity of agro-ecosystems also
deserve a sustained research attention in the future.

Advisory staff also need to be trained as facilitators of
knowledge-expansion and information-exchange, of prob-
lem-solving, as ‘travel-agents’ for study visits and inter-
changes, and of linkages between farmers and their groups
with service-providers, and with government. As with any
innovation system, there is a need for linkages and feed-back
loops between researchers, extension staff, and farmers, so
that all sides engaged in CA can remain well-informed about
needs and achievements of the farmers, results of research,
and of possibilities to be explored.

3.7 The need to build up a nucleus of knowledge
and learning system for CA in the farming,
extension and scientist community

The Latin American experience with CA has shown that, by
providing institutional and financial support, government can
play a crucial role in creating incentives for adoption (FAO,
2001a; Derpsch, 2004; Bolliger et al., 2006; Borsy et al.,
2013). The studies also point to the importance of financing
for the purchase of new no-till machinery. Smallholders have
been a special target as they lack the capacity to raise funds
and retrain on their own. The World Bank reiterated these
observations in its review of a project in Brazil promoting
sustainable agriculture, modern forms of land management,
and soil and water conservation (FAO, 2001b). It considered
rural extension to be a pivotal element in the project. In addi-
tion, monetary incentives were highly successful in motivat-
ing group formation among farmers, leading to an increase in
cooperation and social capital. It recognized rapid paybacks
and government financial incentives and support as key influ-
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ences on adoption.

Elsewhere, in Sub-Saharan Africa, CA plus the FFS ap-
proach to assisting and informing small and larger farmers
creates a form of insert into community, sub-national and na-
tional governance and development efforts. Such collective
agro-ecological efforts can implicitly or explicitly underlie
and enrich ‘watershed management’ as a practical concept for
sustainable improvement of livelihoods, landscapes and eco-
system services (Pretty, 2003; Pretty et al., 2011), and facili-
tate the reconnecting of people, land and nature (Pretty,
2002).

Sustainable forms of agriculture such as those based on CA
principles, which are identifiable in biological, social, envi-
ronmental and economic terms, must be maintained in all
agro-ecosystems, and therefore must be supported by appro-
priate operational and policy changes. Most importantly, a
practical knowledge and learning system for CA should be
built up in the farming, extension and research community
and should always be put out and demonstrated to stakehold-
ers as evidence of relevance and feasibility, and used for
hands-on training students, researchers, extension agents and
farmers as well as sensitizing institution leaders and decision-
makers. Such knowledge and learning systems are emerging
in Brazil, Argentina, Alberta (Canada), Andalucia (Spain)
and Western Australia (Kassam et al., 2013) and include fol-
lowing elements.

* Demonstration areas: Once initial ‘benchmark’ dem-
onstrations of CA have been established among inter-
ested farmers themselves, it will become important to
catch the interest of other potential supporters. For this
reason it will be desirable to work with innovative and
capable farmers who are prepared to describe and share
their experiences with a wider range of people, beyond
the farming community. Such demonstrations would
need to be clearly visible (e.g., alongside public roads)
and offer ease of access to people from e.g., commer-
cial organisations, different branches of government,
potential financiers who might assist broader expan-
sion, and others.

»  Staff training: Key to success of participatory ap-
proaches is that the advisers and lead farmers should be
fully conversant with the ethos, changed mind-set,
agroecologic and socioeconomic principles, and modes
of application of CA. Dedicated training courses for
this purpose are needed, to generate a commonality of
understanding among the trainees. On this they can
base understanding of what they encounter among
farmers and in the field, and provide consistent infor-
mation. The training institution should maintain close
links with the fieldwork and experiences to gain feed-
back and make appropriate adjustments to the pro-
gramme for the refining of future courses which cover
both theory and practice.

» Field days and study-visits: Much relevant experience
is passed from farmer to farmer. Field days enable
many farmers to get together to see new things and ex-
change views. Specifically-arranged study
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visits to unfamiliar areas within their own country, and/
or different countries and among farmers in very differ-
ent circumstances, can be powerful means of engender-
ing new ideas. On return home, these may become the
focus of further innovation by the farmers.

» Participatory and interdisciplinary learning process.
For the development of CA in the field, active feedback
loops for intercommunication between farmers, re-
searchers and advisers are helpful. In this way informa-
tion can be shared within and between the farming,
advisory and scientist communities. A participatory
process should be the basis for the analysis of socio-
economic and agro-ecological factors which determine
problems at farming system level and the methodology
to identify practical solutions, which can be managed
by farmers. This has certain implications for policy-
makers. On the one hand, an assumption that CA will
spread on its own in some desirable fashion is not ap-
propriate. On the other hand, a uniform policy prescrip-
tion to fit many locations is not realistic either, whether
it consists of direct interventions or more indirect in-
centives stemming from research and/or development.
Designing successful policies to promote CA starts
with a thorough understanding of farm-level condi-
tions. This understanding includes farmers’ manage-
ment objectives, attitudes to risk, willingness to make
trade-offs between stewardship and profits. The next
step is the careful design of location-sensitive pro-
grammes that draw on a range of policy tools. Flexibility
is likely to be a key element in policy design to promote
CA.

*  Operational research: A type of research which can
pay dividends for good interactions between farmers
and advisors is ‘Operational Research’. It is aimed at
investigating, in the field, and with farmers, how im-
proved practices and their interactions with overall sys-
tems, and vice-versa actually have their effects in the
field, and how farmers perceive and manage them.
Farmers and researchers become partners in such in-
vestigations, to the mutual benefit of both. Other crite-
ria of success than profit alone, suggested by farm-fam-
ilies themselves, become part of the ‘stock-in-trade’ of
such collaborative teams. This approach is similar to
the concept of multi-stakeholder innovation network
performing different and vital activities to make farmer
adoption work (Ekboir, 2002, 2003; Rajalahti et al.,
2008; World Bank, 2012)

3.8 Mobilizing input supply and output marketing
sectors for CA

With farmers grouping together into associations, potential
suppliers of inputs and technical advice will become aware of
potential commercial opportunities, and can be encouraged to
join, and provide supplies to the farmers themselves. Usually
some ‘kick start’ is necessary to break the deadlock of farm-
ers not adopting because of lack of available technologies
and equipment and the commercial sector not offering these

technologies for lack of market demand. Policies facilitating
procurement with credit lines, promoting technologies with
technical extension programmes and introducing supportive
tax and tariff policies are important for building up the long
term commercial development of suitable input supplies for
CA. To prevent disadoption, incentive mechanism must be
clearly directed to specific adoption hurdles and must be sep-
arated from the conceptual components of CA. Whereas CA
should never be promoted as blueprint technology package in
the first place, production inputs such as fertilizers, if pro-
vided as incentives, can be part of the CA message.

3.9 Accessibility and affordability of required inputs
and equipment

Real costs arise during the transition from tillage-based agri-
culture to CA. The farming patterns which preceded a farm-
er’s decision to switch production techniques may not have
produced enough saved resources to allow the farmer to ac-
cept all the potential risks associated with the change-over.
Nor may it be possible for the farmer to make the necessary
investments in unfamiliar seeds (e.g. of cover crops) or to
hire or procure new equipment such as direct seeders.
However, once CA has become established on a farm, its
lowered operating costs and the generally higher and more
stable yields then begin to generate sufficient resources to
pay the full commercial costs of these new inputs (Bolliger et
al., 2006; Baig & Gamache, 2009; Crabtree, 2010; ECAF,
2012; Junior et al., 2012).

CA can be used with many types of production inputs, in-
cluding seeds of traditional or modern cultivars, at any level
of agricultural development and farm power, manual, animal
assisted or mechanised. This flexibility allows CA to target
inputs (e.g. fertilizers, seeds, equipment) and using them re-
gardless of the source which may be organic or mineral in the
case of fertilizers, and GM or non-GM in the case of seeds.

3.10 Financing and enabling the initial stages

Risks attend any changeover from one way of making a live-
lihood to another. All farmers, regardless of size and resourc-
es, will be subject to such risks, and will make their own deci-
sions on how best to minimise or avoid them. Inrecommending
that governments give appropriate support at all levels to CA
and other forms of sustainable intensification, it is assumed
that this will also include whatever may be necessary to re-
duce and ameliorate any extra risks to farmers arising from
the process of change during the transition until a new system
of CA has become established. Such assistance to farmers
could be appropriately in the form of sharing costs of any ad-
ditional start-up credit, of purchase of suitable equipment, of
extra insurance premiums (for perceived greater risks attend-
ing an unfamiliar set of procedures), or as incentive payments
justified by the positive environmental services expected to
result from adopting CA.

However, incentives in the form of subsidies carry the risk
of encouraging farmers to adopt practices and technologies
they do not believe in. However, with CA, the economic ben-
efits improve over time and in general evidence suggests that
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large mechanised farmers do not revert to old practices once
they switch to CA (Sorrenson, 1997; Filleccia, 2009; Baig &
Gamache, 2009; Lindwall & Sonntag, 2010; Gonzalez-
Sanchez et al., 2010; Crabtree, 2010). In the case of small
farmers in Sub-Saharan Africa, there have been contexts
where farmers reverted to old practices once the support for
inputs including advisory services became ineffective (FAO,
2008). However, during the past five years, with greater poli-
cy support and institutional attention being paid to CA by
governments, national research and extension institutions,
NEPAD (New Partnership for Africa’s Development), inter-
national research and development agencies and donors, over
500,000 ha have been brought under CA by small farmers in
Zambia, Malawi, Mozambique, Zimbabwe, Tanzania and
Kenya (Friedrich et al., 2012).

Zimbabwe, Zambia, Malawi and Mozambique also now
include CA as a core element of their national agriculture de-
velopment policy and strategies. NEPAD has integrated CA
as a key element if it’s agricultural development framework.
In Zimbabwe and South Africa, CA is being integrated into
the education system. In Zimbabwe, in response to domestic
emergency, CA has been a core element in agricultural reha-
bilitation and development programmes that involve public-
private partnerships for linking farmers with service provid-
ers including inputs. Most countries in southern Africa region
have established multi-stakeholder national task forces to fa-
cilitate the promotion of CA in response to any new develop-
ment opportunities that may arise.

Having made a commitment, it is also important for a gov-
ernment to make a policy that will ensure that sufficient and
appropriate support to farmers’ efforts be provided and main-
tained, to share costs and risks taken by small farmers during
the period of changeover. This period might be up to five
years in each instance of uptake to farmers having developed
full confidence in managing the new system. Because uptake
would not all occur at the same time, such assistance would
necessarily be on a ‘rolling’ basis. Further to this adoption
phase, extension and research need to address the specific
needs of the CA farmers on a permanent basis. Such tempo-
rary support mechanisms are being successfully piloted in
Spain, Germany, Italy and Switzerland (ECAF, 2012).

The period of changeover to a new system may thus re-
quire cost-sharing for inputs, equipment, and travel as a
means of minimising both risks and a temporary dips in
yields which could result from inexperience during the learn-
ing and adaptation phase. The need for credit can be foreseen,
and suitable arrangements made, whether with a banking sys-
tem or informal community savings schemes. Temporary in-
vestment might be also needed for CA-specific equipment,
and its repair/modification for farmers’ use from communal
or commercially operated equipment pools. Lack of avail-
ability of such equipment at critical times for the farmers who
need them has been found to be a strong disincentive to mak-
ing further progress with CA, because loss of timeliness or
precision then prejudices expectations of yield. Finance
should be available for study tours, field days and other op-
portunities for farmers to meet each other and discuss CA
matters of mutual interest as a potent way of stimulating
innovations.
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Although it is not possible to distil a generic set of guide-
lines that could constitute initial interventions for promoting
the transformation towards CA systems, we suggest an effec-
tive sequence is as follows:

1. Identify what are the limiting factors to farmers
making improvements to their livelihoods (which
may not always primarily be financial) to catch
their attention.

2. Identification of factors limiting crop yields and
what could be done to alleviate these.

3. Identify one or more farmers already undertaking
CA and demonstrating its agronomic, financial
and/or livelihood benefits, and set up study visits.

4. Or: set up demonstration for researchers and advi-
sory staff and farmers’ groups leaders, to catch
their interest.

5. Initiate ‘learning by doing’ e.g., through participa-
tory forms of investigation and learning. Gain in-
sight into what farmers know already and how they
would tackle the apparent problems in the light of
new knowledge introduced.

6. Determine what are optimum means of achieving
CA’s benefits for different situations of farm size,
resource-endowments, through on-station and on-
farm research and benchmark demonstration, ob-
servation, FFS etc. and Field Days on farms already
attempting CA. Record-keeping, analysis and feed-
back loops, Operational Research, are all important

7. Importing suitable samples of equipment (e.g., jab
planters, direct seeders for animal or tractor power,
knife rollers, walking tractors with no-till seeded
attachments, etc.) to be able to demonstrate their
use at the beginning.

8. Interact with any already-established farmers’
groups, €.g., co-operatives, to gain interest and sup-
port.

4. Designing and implementing policy and
institutional support

Adoption of CA can take place spontaneously, but where it is
not supported by policy and public and private sector institu-
tions, it usually takes a long time until it reaches significant
levels as in the case of Brazil and Argentina where it took
some 20 years before CA began spreading. Policy and insti-
tutional support is crucial for the introduction and acceler-
ated adoption of CA based on all stakeholders working to-
gether for a common goal as has happened for example in
Brazil, Argentina, Paraguay and more recently in western
Canada and in western Australia (Derpsch, 2004; Kassam et
al., 2010). In essence, the role of policy and institutional sup-
port is to ensure that the above-described necessary condi-
tions are met for the introduction and subsequent widespread
adoption of CA systems in various agricultural land use
sectors.
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Adequate policies and institutional support can shorten the
adoption process considerably, mainly by removing the con-
straints mentioned earlier. This can be through information
and training campaigns, suitable legislations and regulatory
frameworks, research and development, incentive and credit
programmes. However, policy makers often are not aware of
the relevance of CA as a basis for sustainable intensification
and thus many existing policies work against the adoption of
CA. Typical examples are commodity-related subsidies,
which reduce the incentives of farmers to apply diversified
crop rotations, mandatory prescription for soil tillage by law,
or the lack of coordination between different sectors in the
government.

There are cases where countries have legislation in place
which supports CA as part of the programme for sustainable
agriculture, and yet within the same Ministry of Agriculture
also have a programme to modernize and mechanize agricul-
ture, introducing tractors typically equipped with ploughs or
disk harrows. This not only gives the wrong signal, but it
works directly against the introduction and promotion of CA,
while at the same time an opportunity is missed to introduce
tractors with no-till seeders instead of the plough.

Countries with their own agricultural machinery manufac-
turing sector also often apply high import taxes on machinery
to protect their own industry. This industry commonly has no
suitable equipment for CA available in the short term, but due
to the high import taxes the importation of equipment from
abroad is made impossible to the farmers who wish to adopt
CA. In other cases the import tax for raw material might be so
high that the local manufacturing of CA equipment becomes
unfeasible. Policy makers and legislators will need to be
made aware of CA and its ramifications to avoid such contra-
dictory outcomes.

With farmers who own land but also rent other land, there
are additional problems with the introduction of CA: the
build-up of soil organic matter under CA is an investment
into soil fertility and carbon stocks, which so far is not recog-
nized by policy makers, but increasingly acknowledged by
other farmers. Farmers who still plough know that by plough-
ing up these lands the mineralization of the organic matter
acts as a source of plant nutrients, allowing them to “mine”
these lands with reduced fertilizer costs. This allows them to
pay higher rent for CA land than the CA farmer is able to do.
Such cases can be observed in some developing countries in
Africa as well as in industrialised countries in Europe.

To avoid this, policy instruments are required to hold the
land owner responsible for maintaining the soil fertility and
the carbon stock in the soil, which in absence of agricultural
carbon markets is difficult to achieve. Generally, farmers
with secure land tenure are more likely to take care of their
land and maintain or increase the carbon stock in the soil.
Mechanisms that encourage good land stewardship within a
land rental situation are provided within the CAP which ap-
plies the same rules to farmers who own their land and farm-
ers who do not (ECAF, 20102). Similarly, in Alberta, Canada,
the carbon offset scheme, which is in its sixth year of compli-
ance, encourages all farmers including those who do not own
their land to adopt CA protocol to enhance soil carbon stocks
for which they get paid (Haugen-Kozyra and Goddard, 2009).

Effective demand in the market and the value chains be-
yond production are also important in ensuring that farmers
can receive an attractive return for their effort to produce safe
and nutritious food and other ecosystem products using sus-
tainable practices such as CA. Policies and institutions that
encourage and enable the integration and verification of CA
practices and their products into practical programmes in
which farmers can receive monetary benefits for delivering
certain ecosystem services have been established recently
(Kassam et al., 2013).

These include CA farmers in the Alberta carbon offset
scheme selling carbon off-sets to industry emitting GHG
(CCC, 2011); farmers participating in the Itaipu Dam
Programa Cultivando Agua Boa (‘cultivating good water’) in
the Parana basin III in Brazil qualifying for payments and
development assistance for supplying water of good quality
into the Itaipu dam (ITAPU, 2011); olive farmers in
Andalucia, Spain, receiving financial and technical support
for adopting CA practices to control soil erosion (Franco and
Calatrava, 2006). Such schemes do help farmers to transform
their tillage-based production systems to CA-based systems.
Likewise it could also be argued that farmers ploughing land
should pay a carbon tax similar to other emitting industries.

4.1 The need to sensitise policy-makers and
institutional leaders

Both the field demonstrations and technical discussions gen-
erated by the growing spread of CA methods and successes,
as told by farmers and others, will also make government de-
partment heads, policy-makers, institutional leaders and oth-
ers aware of benefits, and of the desirability of backing the
initiatives. It is important that policy makers come to a better
understanding of the implications of CA. This makes it easier
for them to justify supportive policies, which in the end are
beneficial not only for the farming community but for every-
one and hence for the policy makers and their constituency.
On the other hand it is important for policy makers to think in
long term developments and in integrated approaches, even
across sectors and ministries (Pieri et al., 2002).

4.2 Formulating enabling policies

A facilitating policy environment can be an important deter-
minant of whether CA is adopted and how fast. In cases
where policy has been weak or ineffective, much of the suc-
cessful diffusion of CA has occurred because of support from
the private sector, farmers groups or other non-government
organisations. In some countries, existing policies have both
encouraged and discouraged CA at the same time. In spite of
this, successes can be seen in the decoupling programmes in
Europe in which financial support to farmers is defined in
terms of income support for environmental management
(ECAF, 2012), and in farmland stewardship programmes
such as Australia’s Landcare (Flower et al., 2008; Llewellyn
et al., 2009).

While CA so far has spread mostly without policy support,
it would need a supportive policy environment for accelerat-
ed spread. However, there is no ‘one size fits all’ policy in
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support of CA: whether this comprises direct interventions,
indirect incentives via research and development activities,
or a mix of the two. Since the principles of CA are based on
an understanding of: farm-level biophysical and socio-eco-
nomic conditions, farm management objectives, attitudes to
risk and complementary relationship between stewardship
and profits, policies in support of CA need to be formulated
on a similar appreciation.

The main implication of this is that most policies to support
CA adoption and spread must be enabling and flexible, rather
than unitary and prescriptive. Allowing the design of loca-
tion-sensitive programmes which draw on a range of policy
tools would ensure that policies are designed which both ac-
commodate and promote the location-specific nature of CA.
It can be argued that the location-specific nature of CA-
related polices is not unique as this would also apply to poli-
cies related tillage-based production systems. This is not so
because the main difference between the two production
paradigms is that many of the ecosystem services for envi-
ronmental sustainability cannot be harnessed effectively with
the currently dominant tillage-based agriculture (Pretty,
2008; Kassam et al., 2009; FAO, 2011; Pretty et al., 2011).
Thus, CA-related policies would not only enable the transfor-
mation of production systems into ecologically more sustain-
able and less degrading systems, but also sustain the on-farm
and landscape level harnessing of environmental services
from agriculture land use (ECAF, 2012; Kassam et al., 2013).

However, one area where a more uniform policy may be
appropriate is in the development of social capital to promote
the precursor conditions for collective action by farmers
(Cernea & Kassam, 2006). This would include the develop-
ment of group extension approaches (FAO 2001b) when
dealing with smallholders who are operating in poverty
stricken situation with degraded resource base and poor ac-
cess to markets.

We suggest five key issues policymakers need to consider:
4.2.1 Policy coherence

CA is compatible with existing approaches to promoting ag-
ricultural and environmental sustainability, such as water-
shed management. Any policies regarding (for example) ex-
isting laws on water use, health, the use of pesticides and
other inputs, and the burning or incorporation of crop resi-
dues, can influence the adoption of CA. A first step in creating
legal rules for the protection of natural resources may be to
establish a national framework whose responsibilities are
shared between the land users and the executing organiza-
tions. However, the interdisciplinary nature of CA means that
policies will cut across traditional government departmental
boundaries. This means that there is a clear need to co-ordi-
nate the adoption of a CA approach across departments to
reduce the likelihood of conflicting policies being imple-
mented. Agriculture-related incentives or subsidies must be
examined to ensure that they do not jeopardise farmers’ abil-
ity to adopt CA practices. Ultimately, skill levels and reward
systems in the public sector may need to be adjusted so that
government staff provide conservation-effective advice to all
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farmers, all of the time. This could be accomplished by de-
centralising a CA programme to a regional capacity within
the existing governmental organisation, avoiding the need to
create a new entity to execute new laws or regulations. A par-
ticular aspect where government policy coherence is needed
is in the area of sustainable mechanization to avoid the simul-
taneous promotion of tillage equipment as well as no-till
equipment.

4.2.2 Policies to actively encourage knowledge
sharing

For farmers to take the leading role in implementing CA,
there is a need for policies that encourage knowledge-sharing
amongst stakeholders at all levels. This could be accom-
plished by developing appropriate local, national and region-
al CA networks and task forces to facilitate capacity building
and active mutual learning. Part of the mission of these net-
works and task forces would be to build a good shared aware-
ness of positive opportunities and constraints for CA within
policy environments.

4.2.3 Basing ‘macro’ policies on ‘micro’
understanding

National policy needs to be framed in the full understanding
of how micro-level issues (technical, socio-cultural, econom-
ic and environmental) are significant to the broad macro-
scale features of agriculture and the environment as a whole.
At the farm level, micro-level changes (such as raising the
OM content of the soil) give rise to macro-level effects such
as increased yields and profits as well as ecosystem services
as groundwater recharge, flood prevention, and improved wa-
ter quality. This relates as much to policy formulation as it
does to the provision of technical advice. For example, a
community comprising a group of small farmers may decide
to develop their own local bye-laws — as for instance to regu-
late open grazing of post-harvest residues. Any national poli-
cy must be supportive of these sorts of local initiatives within
the national legal framework.

4.2.4 Policies relating to farm-level risk management

Adopting CA may, in the short term, involve costs and risks.
Switching to CA quickly may appear too risky. Farmers may
start with 10% of their land under CA, and move forward
with the rest of the land as they gain experience with the new
management system. If CA is to be a national priority, gov-
ernments need to recognise the public good value of the envi-
ronmental benefits generated by widespread adoption of CA
practices. This means that appropriate policies and incentives
need to be put in place to share costs and risks. From the re-
view of CA-related experiences and ‘live’ cases examined
and cited for this paper earlier, it would appear that the poten-
tial productivity, socio-economic and environmental benefits
of such policies and incentives are likely to exceed the cost in
most if not all cases. This is an area where more environmen-
tal economic research needs to be supported and strengthened
to establish the nature of the cost:benefit relationships in-
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volved in CA-based policies and programmes.
Whether CA is adopted by large or small-scale farmers,
wider society gains in a number of ways:

* Reduced erosion and runoff, resulting in less down-
stream  sedimentation and flood-damage to
infrastructure;

» Better recharge of groundwater, more regular stream-
flow throughout the year, and better replenishment of
wells and boreholes;

e Cleaner civic water supplies with reduced costs of
treatment for urban/domestic use;

* Cleaner air during times of land preparation (dust from
tillage) or harvest (burning of residues);

» Increased stability of food supplies due to greater resil-
ience of crops in the face of climatic drought;

» Better livelihoods on farms with the potential to reverse
rural-urban migration trends.

4.2.5 ‘Sustainability’ as justification for policy support
for rapid up-scaling

The capacity of CA specifically to address the improvement
of sustainability — through improved functioning of its bio-
logical components — should spur innovative thinking and ac-
tion at government levels in the search to revitalise agricul-
ture on all degraded lands of any degree, where increasing
expenditures are required just to maintain yields at a level
average. After CA has been promoted in Kazakhstan by
CIMMYT and FAO in the early 2000s it has had a rapid de-
velopment as a result of farmers’ interest, enabling and facili-
tating policies, and an active input supply sector. While the
total CA area in the country in 2004 was less than 1,000 ha, it
grew until 2007 to 600,000 ha and in 2008 to 1.3 million ha,
placing Kazakhstan in only four years among the top ten CA
adopting countries worldwide. Besides a general policy sup-
port for CA, which encouraged public and private extension
services to take up this message, the government provided
initial subsidies for locally produced herbicides to decrease
the initial costs and credit lines for purchasing no-till seeding
equipment to overcome problem of capital availability for in-
vestment. Further, the country was open for importation of
no-till seeding equipment, despite having one of the main
seed drill manufacturing facilities from the Soviet times
(Suleimenov, 2009).

5. Conclusions

If Conservation Agriculture is effective, then a key question
would be to ask why is it not spreading more rapidly? We
have suggested a number of reasons for farmers not sponta-
neously adopting CA, despite the acknowledged advantag-
es. Knowing these hurdles and problems allows developing
strategies to overcome them. Crisis and emergency situa-
tions, which seem to become more frequent under a climate
change scenario, and the political pressures for more sus-
tainable use of natural resources and protection of
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the environment on the one hand and for improving and
eventually reaching food security on the other provide op-
portunities to harness these pressures for supporting the
adoption and spread of CA and for helping to overcome the
existing hurdles to adoption. In this way, the increasing
challenges faced around the world, from the recent sudden
global crisis caused by higher food and energy prices and
input costs, and increasing environmental concerns to is-
sues of climate change, facilitate the justification for policy
makers to introduce supportive policies and institutional
services. Thus, the actual global challenges are providing at
the same time opportunities to accelerate the adoption pro-
cess of CA and to shorten the initial slow uptake phase.
However, with the exception of few catastrophic events,
changes occur gradually and hence the need for a funda-
mental change is not recognized. As a result wrong answers,
providing window dressing rather than addressing the root
causes might actually divert the attention and further delay
adoption of CA.

First national and international knowledge systems must
increasingly align their work in research, education and ex-
tension to helping to understand the root problems and the
role CA systems and practices can play to then facilitate
policies for accelerated adoption. Research in particular
must help to solve farmer and policy constraints to CA
adoption and spread, requiring research comparing CA with
conventional systems to generate scientific evidence along
with empirical evidence for policy makers to invest into
CA. Additionally new research knowledge on CA systems
generated on-farm and on-station is also required to ad-
vance their further development and adoption.

People and institutions, both public and private sector, ev-
erywhere have everything to gain from adopting CA as a
basis for sustainably increasing agricultural production and
ecosystem services. The greater impact that can result from
the adoption of CA as a matter of policy and good steward-
ship is that agriculture development in the future every-
where can become part of the solution of addressing na-
tional, regional and global challenges including resource
degradation, land and water scarcity, climate change.

There is growing evidence from farmer fields, landscape-
based development programmes and scientific research in
tropical, sub-tropical and temperate agro-ecologies across
all continents that CA can be positive for productivity, farm
profit and environment. As full benefits of CA take several
years fully to manifest themselves, fostering a dynamic CA
sector requires an array of enabling policy and institutional
support over the longer term, including the availability of
necessary inputs and equipment, and the fostering of farm-
er-driven innovations. The lack of knowledge about CA as
well as a supportive enabling environment for its promo-
tion, and the fact that the national institutions, public and
private, are mainly serving tillage-based agriculture, are the
main reasons for CA not spreading faster in Africa, Asia and
Europe. However, the evidence of increased adoption and
uptake in these continents during the recent years indicates
that the situation is changing, and the uptake of CA is ex-
pected to continue over coming years.
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