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Conservation agriculture is an innovative approach for improving resource use in sustainable production. Its
benefits include reduced inputs, more stable yields, improved soil nutrient exchange and enhanced long-run
profitability. This study examines the financial and non-financial factors that affect the adoption and success
of conservation agriculture at farm, national and global levels. Conscious of the possible divergence between
private and social interests, it highlights the importance of farmers' objectives and motives, the collective
dimension and the role of policy. In calling for improved policy analysis and information for decision-making, it
recommends the development of sustainability indicators and a whole-farm approach to analysis.
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Preface
Conservation agriculture (CA) improves resource use through an integrated management
approach. It contributes to sustainable production and its advantages include lower inputs, stable
yields and improved soil nutrient exchange. CA is also generally more profitable than other
conservation technologies.
In addition to financial factors, CA-adoption models identify other significant factors relating to
management objectives, stewardship motives and fundamental constraints. The collective
dimension is sometimes critical to success.
Policy is important to CA adoption. Successful policies require a thorough understanding of
farm-level conditions and site-specific programmes that utilize various policy tools. More uniform
policies could help develop social capital and promote conditions for collective action.
Developing sustainability indicators that evidence the benefits of CA can help meet the need for
improved analysis and information. A whole-farm approach may be the most appropriate basis for
financial analyses as it can capture the full range of farmers' responses and incorporate the options
available.
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Chapter 1

Introduction
BACKGROUND AND OBJECTIVES
Conservation agriculture (CA) aims to make better use of agricultural resources through the
integrated management of available soil, water and biological resources, combined with limited
external inputs. It contributes to environmental conservation and to sustainable agricultural
production by maintaining a permanent or semi-permanent organic soil cover. Zero or minimum
tillage, direct seeding and a varied crop rotation are important elements of CA.
Adoption of CA at the farm level is associated with lower labour and farm-power inputs, more
stable yields and improved soil nutrient exchange capacity. Crop production profitability under CA
tends to increase over time relative to conventional agriculture. Other benefits attributed to CA at
the watershed level relate to more regular surface hydrology and reduced sediment loads in surface
water. At the global level, CA sequesters carbon, thereby decreasing CO2 in the atmosphere and
helping to dampen climate change. It also conserves soil and terrestrial biodiversity.
Conservation agriculture is practised on about 57 million ha, or on about 3 percent of the 1 500
million ha of arable land worldwide. Most of the land under CA is in North and South America. It
is rapidly expanding on small and large farms in South America, where practising farmers are
highly organized in local, regional and national farmers' organizations. In Europe, the European
Conservation Agricultural Federation, a regional lobby group, unites national CA associations in
the United Kingdom, France, Germany, Italy, Portugal and Spain.
Despite these apparent advantages, and despite the few notable exceptions in the developing
world, CA has spread relatively slowly, especially in farming systems in temperate climates. The
transformation from conventional agriculture to CA seems to require considerable farmer
management skills and involves investment in new equipment. However, it may also require
minimum levels of social capital to foster its expansion.
In the light of this situation, the aim of this study is to identify and analyse the financial and other
conditions that spur farmers to adopt CA practices. The study reviews the literature and analyses
the economics of technology adoption at farm level. It identifies divergences between privately
appropriable benefits and national or global economic benefits stemming from an expansion of the
area under CA. It also examines the policies and options for bridging these, particularly in the light
of the current policy setting in both developed and developing countries.
The remainder of this chapter examines the concept of CA. It discusses the economic benefits of
CA in order to develop a rationale for intervention at the national and international levels to
promote CA adoption. It then presents a conceptual framework to help understand the influences
that correlate with the adoption of CA by farmers. Chapter 2 analyses the farm-level situation in
terms of financial incentives for adoption and other factors. Chapter 3 discusses the existing policy
setting for CA and highlights new directions for policy. Chapter 4 presents conclusions and
recommendations from the study. The appendixes provide summaries of other studies examined in
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the course of the research.

DEFINING CONSERVATION AGRICULTURE
CA has emerged as an alternative to conventional agriculture as a result of losses in soil
productivity due to soil degradation (e.g. erosion and compaction). CA aims to reduce soil
degradation through several practices that minimize the alteration of soil composition and
structure and any effects upon natural biodiversity. In general, CA includes any practice that
reduces, changes or eliminates soil tillage and avoids the burning of residue in order to maintain
adequate surface cover throughout the year (ECAF, 2001). In contrast, conventional forms of
agriculture regularly use ploughs to enable a deep tilling of the soil (FAO, 2001). The line between
conventional and CA often blurs as conventional agriculture utilizes many practices typical of CA,
such as minimum or no-tillage. Hence, the differentiating feature of CA and conventional
agriculture is the mind-set of the farmer. The conventional farmer believes that tilling the soil will
provide benefits to the farm and would increase tillage if economically possible. On the other hand,
the conservation farmer questions the necessity of tillage in the first place and feels uncomfortable
when tillage occurs.
CA maintains a permanent or semi-permanent organic soil cover consisting of a growing crop or a
dead mulch. The function of the organic cover is to physically protect the soil from sun, rain and
wind and to feed soil biota. Eventually, the soil micro-organisms and soil fauna will take over the
tillage function and soil nutrient balancing, thereby maintaining the soil's capacity for
self-recuperation. Residue-based zero tillage with direct seeding is perhaps the best example of
CA, since it avoids the disturbance caused by mechanical tillage. A varied crop rotation is also
important to avoid disease and pest problems. The last two decades have seen the perfecting of the
technologies associated with minimum or no-tillage agriculture and their adaptation for nearly all
farm sizes, soil and crop types and climate zones.
Some examples of CA techniques include:
Direct sowing/direct drilling/no-tillage: The soil remains undisturbed from harvest to
planting except for nutrient injection. Planting or drilling takes place in a narrow seedbed or
slot created by coulters, row cleaners, disk openers, in-row chisels or roto-tillers. Weed
control is primarily by herbicides with little environmental impact. Cultivation is a possibility
for emergency weed control. This strategy is the best option for annual crops.
Ridge-till: The soil remains undisturbed from harvest to planting except for nutrient
injection. Planting takes place in a seedbed prepared on ridges with sweeps, disk openers,
coulters, or row cleaners. Residue is left on the surface between ridges. Weed control is by
herbicides and/or cultivation. Ridges are rebuilt during cultivation.
Mulch till/reduced tillage/minimum tillage: The soil is disturbed prior to planting. Tillage
tools such as chisels, field cultivators, disks, sweeps or blades are used. Weed control is by
herbicides and/or cultivation. In non-inversion tillage, soil is disturbed (but not inverted)
immediately after harvest to partially incorporate crop residues and promote weed seed
germination to provide soil cover during the intercrop period. These weeds are later
chemically destroyed (using herbicides) and incorporated at sowing, in one pass, with
non-inversion drills.
Cover crops: Sowing of appropriate species, or growing spontaneous vegetation, in
between rows of trees, or in the period of time in between successive annual crops, as a
measure to prevent soil erosion and to control weeds. Cover-crop management generally
utilizes herbicides with a minimum environmental impact.
The definition of CA used in this study is broader than that used by FAO (no-tillage with direct
seeding and maintenance of soil cover/crop residues with no incorporation, along with crop
rotations). The wider interpretation of the concept encompasses a larger number of data and
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informational sources, as many studies employ differing definitions of CA and the broad definition
presented here captures most of this variation.

AN ECONOMIC RATIONALE FOR PROMOTING CONSERVATION AGRICULTURE
Table 1 presents a profile of benefits and costs associated with CA. The distinction between local,
national and global impacts is important as it is possible to rationalize national or global
programmes supporting the adoption of CA according to how significant the net benefits are at
this level. The benefits at the national level are especially important and they strongly argue for
policy support at this level. Uri et al. (1999a) estimated that the realized erosion benefits (avoided
losses from sheet, rill and wind erosion) for the United States from the existing areas under
conservation tillage ranged from US$90.3 million to US$288.8 million in 1996.
From the farmer's perspective, the benefits of CA can be either on-site (private) or off-site
(reduced sediment pollution, carbon sequestration, etc.). Table 1 shows that while many of the
incremental costs associated with adopting CA accrue at the farmer level, relatively few of the
benefits do so. Table 1 appears to confirm that there is a divergence between the social desirability
of CA and its potential on-farm attractiveness.
Table 1
Potential economic benefits and costs associated with conservation agriculture and their
incidence

Few empirical studies consider the economic benefits of adopting CA in the tropical
agro-ecological zone, so most accumulated evidence is for developed regions such as North
America. For example, Stonehouse (1997) simulated full-width no-plough and no-till use in
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southern Ontario, Canada, and found that both provided modestly higher on-farm benefits than did
conventional tillage. The advantage of no-plough and no-till was even greater with off-site benefits
included. The off-site benefits considered were downstream fishing benefits and reduced dredging
costs. These accounted for 43 percent and 10 percent, respectively, of the net social benefits from
conservation tillage. Thus, despite marginally higher profits under CA, the inability to capture
off-site benefits means that fewer farmers adopt CA than might otherwise be the case.
Other studies find a trade-off between economic returns and environmental integrity with the
adoption of increasingly intensive conservation agricultural practices. Kelly et al. (1996) find that
strict no-till produces higher returns than conventional tillage and reduces an environmental hazard
index from 78.9 to 64.7. The index takes into consideration soil erosion risk, phosphorous and
nitrogen losses, and potential pesticide contamination. By further incorporating cover crops and
replacing fertilizers with manure, the CA option becomes less profitable than conventional tillage.
However, the environmental hazard index declines to 50 or lower, making the
economic-environmental trade-off clear from a social perspective.
The global concern about soil degradation helps support an argument for intervention at the
international level. This argument stems not just from a concern about what is occurring within
individual nations but also from the possible presence of regional or global costs imposed by soil
degradation. In other words, there may be global benefits from adopting CA and other
soil-enhancing technologies. Table 2 presents a classification of the various ecosystem functions
associated with soil resources that might have a global dimension.
Table 2 shows that there are potential global benefits associated with the adoption of CA. For
example, there is a link between carbon sequestration in soil and global warming as the long-term
capture of carbon in organic matter reduces the atmospheric load of carbon. However, the benefits
associated with carbon sequestration in soil may be elusive if soil degradation results in a transfer
of carbon from one location to another with no net release to the atmosphere. For CA, Uri
(1999a) argues that the "benefits to be gained from carbon sequestration will depend on the soil
remaining undisturbed".
Table 2
Ecosystem functions of lands under conservation agriculture and the global consequences of
non-adoption

In the absence of sustainable soil management practices, soil degradation can lead to crop and
livestock losses, with regional or global consequences (refugees, famine, etc.). Where the rest of
the world provides assistance, these resources are wasted if the earlier adoption of CA or other
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practices could have avoided the situation. In addition, lands under CA support terrestrial wildlife
and soil microfauna that are important components in global biodiversity, as demonstrated by the
discovery of penicillin and streptomycin. Thus, good soil conservation and management can have
benefits that the individual farmer does not anticipate, but which do have real implications for the
global environment.

A CONCEPTUAL FRAMEWORK FOR STUDYING THE ADOPTION OF
CONSERVATION AGRICULTURE

Farmers who switch to some new technique from conventional practice may do so for a variety of
reasons. They may detect a more efficient and profitable way to produce, or they may perceive a
problem and in seeking solutions arrive at a new practice, such as CA. The problems stimulating
the possible change to CA are typically soil degradation, soil erosion or declining crop yields due
to deteriorating soil fertility. These views are associated with the traditional model of innovation
and the adoption of new technologies in many industries, including agriculture (Box 1).
Some farmers have adopted CA because they found that immediate yield benefits or profits were
attractive. In this situation, a clear financial incentive has induced the change in behaviour, as
suggested by the classical model described in Box 1. However, it may be inappropriate to rely on
the classical model as a basis for promoting the adoption of agricultural conservation technologies
(e.g. no-till). This is because the adoption and diffusion model is based on "voluntarism on the part
of the farmer's decision making and the economic gain attached to the new behaviour" (van Es,
1983). As conservation technologies may result in net social benefits, but may also result in a
financial loss at the farm level, the classical model shown in Box 1 may not bring about a socially
optimal level of CA adoption.
Box 1
A primer on innovation adoption and diffusion
The study of innovation adoption and diffusion has its origins in the Midwestern United States. In an Iowa
State University study, Ryan and Gross (1943) showed that the pattern of adoption and diffusion of a
maize hybrid was systematic (i.e. regular), thereby opening the door for further research. The adoption
and diffusion of the innovation process has been characterized as the acceptance over time of some
specific item by individuals (or adopting units) linked to specific channels of communication. The
`innovation' includes "any thought, behaviour, or thing that is new because it is qualitatively different from
existing forms" (Jones, 1967). This wide definition captures any idea or process that is perceived to have
utility. In an agricultural context, this might be a new crop variety or management practice adopted by an
individual, family or corporation. Much research has focused on the adopter in order to determine what
variables might contribute to the adoption or rejection of an innovation. While profit/satisfaction
maximization is commonly a key determinant, other variables such as education levels of adopters can
play a significant role in adoption. Finally, `diffusion' is the process by which an innovation spreads over
time within a given social system. Figure 1 shows the bell-shaped distribution of individual innovativeness
and the percentage of potential adapters typically thought to fall into each category. On one extreme of the
distribution are the innovators. Innovators are the risk takers and pioneers who adopt an innovation very
early in the diffusion process. On the other extreme are the laggards who resist adopting an innovation
until rather late in the diffusion process, if ever. Figure 2 plots adoption over time. Typically, innovations
diffuse over time in a pattern that resembles an s-shaped curve. That is, the adoption rate of an innovation
goes through a period of slow, gradual growth before experiencing a period of relatively dramatic and
rapid growth.
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Figure 1
Bell-shaped curve showing categories of
individual innovativeness and
percentages within each cateory
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Figure 2
S-curve representing rate of adoption of
an
innovation over time
Source: Surrey, 1997.

Moreover, some authors argue for the presence of a continuous complex innovation process
governing agricultural technologies such as CA, using the example of zero tillage. These
innovation systems are non-linear and involve complex interactions and feedbacks among agents
(e.g. farmers, extension agents, and private enterprises). These authors argue that continuous
complex innovation systems are characterized by the presence of agents that have limited
information but are always in search of new technological opportunities. In addition to individual
agents' actions, initial circumstances and the working of feedback loops have a great bearing on
the innovation process, making it unpredictable. The resulting technological innovation stems from
a particular mix of initial conditions, random events and long-term trends. As an example, the
response of pests to new control techniques is unpredictable, yet has a significant influence on the
evolution of future technology development and adoption.
Regardless of the motivating factor or the model of adoption assumed, farmers consider only those
aspects of their operation that are relevant from a private perspective. This process typically
involves only on-farm considerations. However, it could extend to impacts on neighbours and
future generations if social relations and stewardship considerations receive high personal priority.
Despite the more limited view, many factors influence this private perspective and help to mould
decisions about new technologies or a change in farm practices. Figure 1 shows one view of this
process.
In Figure 1, households make technology choices and decisions about the use of their soil
resources under the constraints imposed by their socio-economic attributes and on-farm resources,
as well as higher level factors at the local to global scales. For example, lacking adequate tenure
and access to credit, the farmer cannot invest in CA if this requires a large capital outlay.
Information about new technologies and financial conditions is a precursor to changes in farm
practices and acquiring it does not usually involve large financial outlays. Government credit and
extension policies play an important role here. In contrast to the more direct working of
agriculture sector policies and financial incentives, some social and institutional factors have a
more indirect influence. Nonetheless, all these factors affect the net returns, risks and other
pecuniary elements that drive the decision-making process.
Central to this model of the decision-making process are farmers' perceptions. Changing policy
and financial incentives or declining natural resource quality signal to the farmer that the current
pattern of use of household resources may no longer be desirable. There is controversy over the
extent to which farmers perceive progressive deterioration in their natural resource base.
However, there is now sufficient evidence that smallholders are often aware of soil degradation,
although other factors affecting production may mask this at times. Figure 3 portrays the detection
of soil degradation as the working of feedback mechanisms.
CA is just one of many options available to farmers responding to perceived changes in their
production environment. For example, all or a few of the household's members may migrate or
accept off-farm employment, or remain behind and modify farming practices. Critically, the impact
on soil productivity can be either positive or negative, depending upon numerous factors. If
households choose migration, they may reduce the intensity with which they farm existing plots, or
abandon their old lands altogether and bring new land in frontier areas under cultivation. The latter
can have serious implications if farmers transfer unsustainable soil management practices to new
areas. There are also many technical alternatives available to producers if they choose to change
existing management rather than migrate, and these include CA. The choices of individual farmers
are cumulative and can have eventual impacts well beyond the individual farm (Table 2).
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The working of the feedback mechanisms (Figure 3) closes the loop and there is the potential for
either a self-reinforcing series of improvements in soil productivity, or spiralling degradation.
Figure 3
A conceptual framework for studying conservation agriculture
adoption

Source: adapted from Bradshaw and Smit, 1997; and FAO, 2001.
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Chapter 2

Factors influencing the adoption of conservation
agriculture
FINANCIAL ANALYSES OF CONSERVATION AGRICULTURE VERSUS
CONVENTIONAL PRACTICES

It might be assumed that CA is more profitable in steep-sloping, high rainfall tropical regions (e.g.
Latin America) than in flatter temperate areas (e.g. Canada, the United States), since the former
would be subject to a higher risk of erosion under conventional tillage. But such a generalisation
would hide a number of the complexities that make the analysis of financial returns from CA
difficult. For example, in 7 of the 12 recent cost studies reviewed for this study (Appendix 1),
reduced or no-tillage showed higher net returns than conventional tillage, and most of these
studies involved temperate regions.

The temperate agro-ecological zone in developed countries
One of the first comprehensive financial analyses of CA on large farms in developed countries
(Crosson, 1981) compared the on-farm costs of conventional tillage with conservation tillage in
the United States. More recent reviews have tended to reinforce its conclusion that CA has a small
cost advantage over conventional tillage but that site-specific conditions could alter this result in
various ways (Table 3). The following input cost aspects form the basis for these general
conclusions.
Machinery and fuel costs

This is the most important cost item for larger producers and so the impact of CA on these
expenditure items is critical. Most analyses suggest that CA reduces machinery costs. Zero or
minimum tillage means that farmers can use a smaller tractor and make fewer passes over the field.
This also results in lower fuel and repair costs. However, this simple view masks some
complexities in making a fair comparison. For example, farmers may see CA as a complement to
rather than as a full substitute for their existing practices. If they only partially switch to CA (e.g.
on some fields or in some years), then their machinery costs may rise as they must now provide for
two cultivation systems, or they may simply use their existing machinery inefficiently on their CA
fields.
To capture such complexity, economists distinguish between short-run and long-run costs, where
the former assumes no adjustment to existing capital equipment and the latter assumes such an
adjustment. A comparative study of CA and conventional tillage in Wisconsin (Mueller et al.,
1985) found that short-run average costs under CA exceeded long-run average costs by about
7 percent. The short-run average costs per hectare for CA were greater than for conventional
tillage. However, after adjustments to capital, CA costs fell below those of conventional tillage in
the long run.
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Similarly, the expectation is for fuel costs to be lower under CA, and this is generally the finding in
most studies. Falling fuel prices should encourage greater adoption of CA. One study (Uri, 1998a)
shows that the price of crude oil has a statistically significant but relatively minor effect on the
intensity of CA (but not adoption by new farmers). It finds that a 10 percent increase in the United
States in the price of crude oil is associated with an expansion in planted hectares under CA of
0.4 percent, with the expansion being concentrated primarily on existing CA farms.
Pesticide costs

Offsetting lower machinery costs are higher herbicide applications under CA, especially during the
early adoption period and with no-till. Indeed, herbicides substitute for the use of machinery to
keep weeds under control. Site-specific factors are important as perennial weeds can present
problems for CA. Nonetheless, herbicide application rates and the ability to fully control weeds
under CA in all situations remains a controversial and continuing area of CA research. Recent
assessments have tended to argue that herbicide applications decline over time and may eventually
fall to a level equal to that of conventional tillage (USDA, 1998). Insect control is less an issue in
conventional and CA comparisons. As most pesticides are petroleum based, crude oil prices are
liable to affect their cost to farmers. If so, then a higher crude price would mean higher herbicide
costs, partially offsetting CA's relative cost advantage stemming from lower machinery fuel
requirements (this may explain the small response found by Uri).
Labour costs

Much attention has focused on the apparent reduction in labour requirements under CA. This
reduction follows from the decreased demand for labour for land preparation at the beginning of
the growing season. Some estimates put this reduction at 50-60 percent during this time period.
On large mechanized farms in the developed world the true impact of this saving is small as labour
costs account for under 10 percent of total per acre costs (Table 3). However, on some farms in
the developed world, the trend towards increased off-farm work has made even the relatively small
labour savings under CA attractive. Indeed, some case studies have cited the time savings
provided by CA as the primary motivation for the adoption of conservation tillage (Wandel and
Smithers, 2000).
Fertilizer and other input costs

Most comparative analyses of the costs of conventional tillage versus conservation tillage assume
that other production inputs remain unchanged following a switch to CA. A debate continues
concerning fertilizer use under CA as there is evidence, that CA adoption affects nitrogen use by
crops and leaching. Uri (1997) finds some increase in fertilizer use by maize farmers adopting
conservation tillage in the United States. Additionally, if the application of fertilizers under CA
requires greater management skill, then application costs could rise even if application rates do
not. A more general finding is that CA requires greater management skills and it may be costly for
farmers to acquire these. CA may also affect seed purchases as farmers may be able to avoid some
pest problems by investing in more resistant seed varieties. However, this increases costs.
The comparative data in Table 3 reveal a consistent picture in recent decades concerning
conservation tillage costs in the United States. More recent estimates tend to show a wide range
for CA, recognizing the variation in site-specific conditions (e.g. drainage, rainfall). Perhaps more
significantly, the cost items listed in Table 3 represent only a subset of total costs as other
production inputs and land were assumed to remain constant under either cultivation system.
Putting the cost savings attributable to CA in the context of these total costs, any cost advantage
amounts to about 5-10 percent in 1979 and probably about the same in the 1990s.
Also missing from many cost comparisons of conventional and conservation tillage is an analysis
of risk factors. One aspect of risk is a recognition that yields might vary under the different
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cultivation systems. Much debate has centred on whether switching to CA leads to higher or lower
yields. As the results for temperate climates are often contradictory, and any differences are
usually not statistically significant, most analysts simply assume no change in yield. Similarly, the
impact of adopting CA on yield variability and risk is controversial. Some studies argue that CA
increases yield variability in many situations, thereby worsening risk (Fox et al. 1991). By contrast,
Australian research shows a reduced variability in crop yields with CA (Kirby et al., 1996), while
work in Canada indicates that the net returns were higher under CA than conventional practices in
bad years, but lower when averaged over time. Firm conclusions on whether risk is increased or
reduced under CA remain elusive.
Table 3
Comparison of conventional and conservation tillage costs for maize and soybeans in the United
States, 1979 and 1992

More certain are the impacts of CA on cropping intensity. With reduced field preparation time, the
cropping cycle is shorter, allowing more crops in a given period and even double cropping where
it was not possible previously. Where this benefit is available from CA, more efficient utilization of
the fixed land resource results in higher annual net returns per hectare. Moreover, farmers may
adjust their cropping strategy when switching to CA. Hence, yield trials comparing the same crop
under either cultivation system may not represent reality. In fact, fully adopting CA involves
switching to a suitable crop rotation that will probably differ from the conventional cropping
strategy used previously. For this reason, some writers have called for a broader whole farm
approach to comparative assessments in temperate agriculture (Diebel et al., 1993).
Overall, a comparison between conventional and conservation practices in temperate
agro-ecological zones hinges on two offsetting effects. One involves CA's labour and possibly
machinery cost savings, while the other involves higher herbicide costs, at least initially, under CA.
Depending upon the magnitude of each of these effects, CA may appear either more or less costly.
For example, in Saskatchewan, Canada, researchers found that the higher herbicide costs
characterizing CA overwhelmed any cost savings associated with labour, fuel, machine repair and
overheads (Zentner et al., 1991). Similarly, Stonehouse and Bohl (1993) used a linear
programming model to argue that conservation tillage in a cash-crop farm system is not profitable.
However, most developed-country studies reviewed find that CA demonstrates at least minor cost
savings over conventional practices. However, these savings have not been sufficient to induce
adoption by large numbers of farmers on large mechanized farms. These farmers may resist new
practices unless there is a promise of much higher financial returns.

The tropical/temperate agro-ecological zone in developing countries
One of the success stories for CA has been in Latin America (Box 2). Large-scale mechanized
farming is common in many parts of Latin America and farmers have adopted CA on large
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portions of this cultivated area. While most of the comparative cost analysis presented above for
temperate northern regions would apply here, the advantage of CA in Latin America has been
more pronounced. In part, this greater advantage reflects physical and climate factors, but also the
differences in the nature of the technology adopted. While most studies in the United States
document adoption of conservation tillage alone, in Latin America the technology is much closer
to the concept of CA described in Chapter 1. That is, it is liable to include not just tillage
adjustments but also changes in cover crops and mulching practices as well as the incorporation of
crop rotations and other changes.
In Paraguay, yields under conventional tillage declined 5-15 percent over a period of ten years,
while yields from zero tillage increased 5-20 percent (Sorrenson et al., 1997 and 1998). Savings in
fertilizer and herbicide inputs dropped by an average of 30-50 percent over the same period. In
Brazil, over a 17-year period, maize and soybean yields increased by 86 and 56 percent,
respectively, while fertilizer inputs for these crops fell by 30 and 50 percent, respectively. In
addition, soil erosion in Brazil fell from 3.4-8.0 t/ha under conventional tillage to 0.4 t/ha under
no-till, and water loss fell from approximately 990 to 170 t/ha.
Box 2
Latin American experience with conservation agriculture
Latin America has the highest rate of adoption of no-till practices in the world. The first
recorded attempt at mechanized zero tillage was in sub-tropical Brazil between 1969-1972
and in 1981/2 in tropical Brazil. The first field testing of no-till was in the state of Parana in
1972. By 1999, the percentage of the total cultivated area under no-tillage had reached
52 percent in Paraguay, 32 percent in Argentina and 21 percent in Brazil. No-tillage
accounts for 95 percent of all conservation tillage in Latin America (44 percent in the United
States). At first, the adoption of zero tillage in Latin America was only gradual, due to
herbicide and planter limitations and the high incremental costs of adoption (Box 1).
However, as farmers received support from farmer NGOs, the public sector and private
interests, adoption increased significantly. For example, small, medium and large-scale farm
operators in Paraguay have detailed considerable improvements in on-farm profitability and
the reduction of risk. The studies also point to the crucial role of skilled personnel for training
farmers in new management skills and the importance of credit availability for the purchase
of new no-till machinery. By providing institutional and financial support, government has
played a crucial role in creating incentives for adoption. 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. It
considered rural extension to be a pivotal element in the project. In addition, monetary
incentives were highly successful in motivating 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 influences on adoption.
Sources: Sorrenson et al., 1997 & 1998; World Bank, 2000.

As a result, the financial benefits for farmers in Latin America who have adopted CA have been
striking. However, these take time to fully materialize. Sorrenson (1997) compared the financial
profitability of CA on 18 medium and large-sized farms with conventional practice in two regions
of Paraguay over 10 years. He found that by the tenth year net farm income had risen on the CA
farms from under US$10 000 to over US$30 000, while on conventional farms net farm income
fell and even turned negative. Medium and large-scale farmers have experienced:
less soil erosion, improvements in soil structure and an increase in organic matter content,
crop yields and cropping intensities;
reduced time between harvesting and sowing crops, allowing more crops to be grown over a
12-month period;
decreased tractor hours, farm labour, machinery costs, fertilizer, insecticide, fungicide and
herbicide, and cost savings from reduced contour terracing and replanting of crops
following heavy rains;
lower risks on a whole-farm basis because of higher and more stable yields and
diversification into other cash crops.
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In Latin America and in other developing regions, CA is a technology with potential appeal for
smallholders. However, adopting CA on a small, possibly non-mechanized, farm involves some
different considerations when compared to a large mechanized farm. For example, as smallholders
use few purchased inputs, discussions on large increases in herbicide costs may not be relevant.
Even if smallholders accept the need for herbicides, they may be unable to finance their purchase.
In addition, few smallholders use significant amounts of fertilizer so that a debate over the impact
of CA on fertilizer use is largely irrelevant. Ultimately, the availability of credit to assist with CA's
increased need for purchased inputs plays an important role. If smallholders hire land preparation
equipment, then a switch to CA should be relatively simple as there are no machinery investment
implications. Short-run costs would be close to long-run costs when switching to CA.
The majority of smallholders worldwide do land preparation and weeding manually, and adopting
CA has its greatest impact on the labour used in these activities. In a comparative analysis of
traditional bush fallow systems with no-till and alley cropping in Nigeria, labour savings under the
no-till technology were substantial (Ehui et al., 1990). Whereas alley cropping required from 126
to 151 person-days/ha/year and the bush fallow system needed from 67 to 102 days, the no-till
technology required 58 days (with an allowance for land clearing in each case). These labour
inputs amounted to more than 50 percent of total production costs for each technology. However,
higher herbicide and equipment costs penalized the no-till technology and it was only preferred
under conditions of higher population pressure, which penalizes alternative fallow systems. In
studies of smallholders in Latin America, net farm income and returns to labour were much higher
under CA than conventional practice. Table 4 supports this observation for adopters of CA in
Paraguay.
In judging the attractiveness of CA in smallholder systems in Africa, Latin America and elsewhere,
labour savings are a key factor. A further point related to labour is that as the labour savings come
at both the land preparation and weeding stages (assuming herbicide use), there are liable to be
implications for the gender division of labour. In most smallholder systems in Africa, male
household members are responsible for land preparation (with a contribution to sowing), while
female household members are responsible for weeding. Herbicide use may require some
adjustment in these responsibilities as male household members usually handle pesticides. Male
household members may resist the additional labour demand during the weeding period, so
creating a barrier to the adoption of CA.
Furthermore, certain conditions can enhance the relative financial attractiveness of CA. For
example, rising land pressure tends to increase the attractiveness of CA relative to bush fallowing.
An additional consideration is land quality. Studies of the net returns from mulching, an important
component in smallholder CA, suggest that the benefits of this practice increase with the quality of
cropland (Lamers et al., 1998). Successful instances of CA adoption in Latin America have
demonstrated the importance of credit as an important enabling factor. This is because of the need
to finance specialized planting equipment and herbicides.
Table 4
Comparison of conventional and conservation agriculture cropping costs for smallholders at two
locations in Paraguay
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FINANCIAL ANALYSES OF CONSERVATION AGRICULTURE VERSUS OTHER
CONSERVATION TECHNOLOGIES

Most financial analyses of CA concentrate on a comparison with conventional practice, whether
this is conventional tillage or bush fallow. However, farmers can often select from a number of
alternative conservation practices, in which case CA is just one option of perhaps several. This is
especially true for smallholder systems as an absence of prior machinery investments and the
small-scale adaptability of many soil and water conservation techniques makes adoption relatively
easy in physical and financial terms.
To consider CA's attractiveness in relation to alternative conservation practices to a smallholder, a
database of over 130 different analyses of individual soil and water conservation technologies was
compiled. The analyses concentrated on Africa and Latin America with all technologies coded
according to whether they constituted a CA-related technology (Group 1) or not (Group 2), as
specified by the World Overview of Conservation Approaches and Technologies (WOCAT)
technology classification system. Group 1 includes measures aimed primarily at enhancing soil
cover and organic matter, while Group 2 technologies are generally linear, cross-slope approaches
intended to reduce erosion from wind or runoff. Information about farm-level financial returns was
entered in the database for each technology. The results for each of the two technology groups
were sorted based on whether technology adoption provided a positive or negative net present
value (NPV). Table 5 presents the results of this procedure.
The analysis presented in Table 5 is somewhat crude as many studies employ differing assumptions
about project life, discount rates, land opportunity costs, etc. Moreover, the classification of
technologies is not precisely consistent with the definition of CA presented earlier. Nonetheless,
the results in Table 5 do indicate that CA and, more broadly, agronomic improvements tend to
show higher net returns at the farm level than do other techniques (e.g. vegetative, structural and
other improvements). Arguably, this relative attractiveness of CA is more pronounced than was
the case from the comparison of only CA and conventional tillage. Thus, when faced with
numerous alternatives to conventional practice, CA and related approaches may offer the best
possible returns in many situations. Site-specific factors would determine which individual
technology offered the best returns for individual farmers.
Table 5
Comparison of financial net present values for conservation agriculture versus other soil and
water conservation technologies

In summing up the financial evidence in support of CA, a few words of caution are in order. While
it is true that CA often conforms to what Pampel and van Es (1977) term an `environmentally
profitable practice' (i.e. good for environment and profitable), this is not always so. Particular
location constraints might result in reduced yields, or institutional factors may favour alternative
practices (Stonehouse, 1995).
Thus, it is necessary to consider site-specific conditions in determining the financial attractiveness
of CA. Even where the financial incentives may appear attractive, a consideration of non-financial
factors is required to understand the actual and potential adoption of CA.
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OTHER FACTORS INFLUENCING THE ADOPTION OF CONSERVATION
AGRICULTURE

A number of studies have sought to identify barriers to adoption beyond the obvious divergence
between on-farm costs and wider social benefits under CA (Smit and Smithers, 1992; Pierce,
1996; Cary and Wilkenson, 1997). For example:
Large investment costs may discourage adoption (Wandel and Smithers, 2000).
The perceived risk of adopting CA may serve as a barrier (Uri, 1998b; Stonehouse, 1996;
McNairn and Mitchell, 1992).
Long gestation periods for the benefits of CA to materialize may serve as a barrier to
farmers with short-term planning horizons (Tweeten, 1995).
Barriers may be particular to culture and recent history (Nyagumbo, 1997).
In part, the need to consider factors other than net returns reflects farmers' competing objectives in
farm management, i.e. profitability versus low investment or minimum subsistence food
requirements. Competing technologies may meet individual objectives to varying degrees. In terms
of maximizing net financial returns, Tables 3-5 suggest that CA can provide better net returns than
either conventional practice or other conservation technologies, subject to local site conditions.
Table 6 compares various attributes of CA technologies and other soil conservation techniques at
the farm level in West Africa. The qualitative analysis applies four criteria representing different
smallholder objectives, of which one is financial profitability (Table 5). While consistent with the
net returns analysis in Table 5, the results in Table 6 allow for a much broader evaluation,
highlighting assorted shortcomings or advantages of individual technologies that may not be
apparent in a financial analysis alone.
Table 6
Factors influencing the attractiveness of conservation agriculture practices at the farm level in
West Africa

The influences other than net returns shown in Table 6 represent only a small subset of the many
non-financial factors thought to influence conservation technology adoption. Table 7 lists those
other factors found to influence the adoption of CA in a statistically significant sense (based on a
review of statistical results contained in Appendix 2). A review of the many studies contributing to
Table 7 suggests that results are often not conclusive. Conditions may be too site specific to allow
much generalization based on statistical studies alone.
Table 7
Statistically significant factors affecting the farmer's decision to adopt a conservation technology
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Farm-level factors vary from farm operation to farm operation and higher level factors are also at
work, such as the transmission of information (via policy-related activities and social processes).
Furthermore, the variables discussed below, and their broader categories, do not act
independently, but rather interact to influence adoption.

Farmer characteristics
Since Ryan and Gross (1943) first showed that the adoption of agricultural innovations is typically
uneven from farmer to farmer, researchers have directed attention to certain characteristics and
attributes of farmers in an effort to explain this unevenness. In the case of soil conservation
technology adoption, Gould et al. (1989) emphasize awareness on the part of farm operators to
soil erosion or other soil problems as an obvious prerequisite to adoption. Indeed, farmer
awareness or perception of soil problems is frequently found to positively correlate with CA
adoption (Stonehouse, 1991). Similarly, the central place of information and knowledge in CA
adoption, in terms of being aware of soil problems and potential solutions, should lead the level of
education of a farm operator to correlate positively with adoption. Education, be it specific or
general, generally correlates positively with the adoption of CA practices, notwithstanding some
findings of insignificance or even negative correlation (Rahm and Huffman, 1984; Marra and Ssali,
1990; Warriner and Moul, 1992).
Age and/or experience are difficult factors to link to CA adoption, given that studies have shown
both a positive and negative correlation. Based on a study of conservation tillage adoption in
Wisconsin, Gould et al. (1989) showed that older and more experienced farmers were more likely
than their younger colleagues to recognize soil problems. However, they were less likely than their
younger colleagues to address the problems once recognized. In contrast, several studies have
found that income correlates positively with the adoption of soil-erosion control practices (Okoye,
1998; Wandel and Smithers, 2000).

Farm characteristics
Studies of the adoption of conservation tillage and other CA-type practices have often given
significant attention to farm size (or sometimes planted area). Many studies have found that farm
size correlates positively with adoption (Westra and Olson, 1997). However, other studies have
shown no significant relationship (Agbamu, 1995; Uri, 1999b), or even a negative correlation
(Shortle and Miranowski, 1986). Hence, the overall impact of farm size on adoption is
inconclusive.
Some studies have found that the presence of soil erosion and other soil problems on the farm
correlates positively with conservation tillage adoption (Stonehouse, 1991). However, farmer
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awareness of and concern for soil problems is probably the more critical factor affecting adoption.
Another important farm characteristic is underlying land productivity. In the case of no-till and
mulch tillage, Uri (1997) shows that in the United States adoption is more likely on farms with low
rather than high levels of soil productivity. In addition, a good fit between CA and the farm's
production goals encourages adoption.
A more complex factor liable to affect adoption is land tenure. In simple terms, privatizing land
should lead to better incentives for the adoption of conservation technologies. However, studies of
the privatization of land or titling have not shown that this is necessary to motivate sustainable
practices and, in some instances, it has had the opposite effect. As a result, it appears that
producers may accept titling because it guarantees land rights, but this does not necessarily bring
about changes in their land management. In contrast, there are numerous studies indicating that
traditional institutions governing access to land resources in developing regions are flexible in
responding to internal and external pressures. Table 8 summarizes the empirical evidence provided
by a number of African studies addressing both private title and customary tenure. It shows that
the former institutional arrangement does not bestow any advantage over the latter, in terms of
investment incentives. Thus, general claims that titling will lead to increased investment in land
improvements should be viewed with caution.
Table 8
The effect of agricultural tenure and perceived tenure security on conservation technology
investment in Africa

Information
Without knowledge of the practices associated with CA via some information or communication
channel, adoption is improbable. Indeed, studies of innovation adoption and diffusion have long
recognized information as a key variable, and its availability is typically found to correlate with
adoption (de Harrera and Sain, 1999). Information becomes especially important as the degree of
complexity of the conservation technology increases (Nowak, 1987).
Information sources that positively influence the adoption of CA-type practices can include: other
farmers; media; meetings; and extension officers. However, with respect to this latter source,
Agbamu (1995) shows that contact alone will not promote adoption if information dissemination is
ineffective, inaccurate or inappropriate. Studies have not always shown that the ease of obtaining
information correlates with adoption.

Biophysical and technical factors
In technical terms, the characteristics and availability of CA technologies are crucial factors in
adoption. However, de Harrera and Sain (1999) note that availability does not imply individual
ownership of the necessary machinery as lease/hire arrangements proliferate. Furthermore,
potential adopters must believe that the technology will work. Technical factors interact with
biophysical factors, e.g. soil type, rainfall or topography can encourage/facilitate or
discourage/limit CA adoption. While some studies have shown that farm operations located within
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regions of steep slopes and erodible soils have a greater tendency to use CA practices, other
studies have found these variables to be insignificant.

Social factors
CA adoption is seldom strictly a function of individual profit maximization alone, but also can
reflect non-individual or societal interests. More specifically, Lynne (1995) argues that farmer
decision making usually reflects a compromise between private economic utility and collective
utility. Producers often identify this latter interest as `the right thing to do', at least in those places
where stewardship is part of the cultural norm. The argument runs that for many producers the
pride associated with stewardship makes up for limits in financial rewards (Campbell et al., 1999).
Examples of such stewardship motives governing land management arrangements include the
Landcare movement in Australia (Sobels et al., 2001). In contrast, Van Kooten et al. (1990)
modelled the trade-offs between stewardship and net returns on wheat-fallow farms in
Saskatchewan, Canada. Their study found that farmers make improvements in agronomic practices
to benefit soil quality only under extreme degrees of concern (e.g. stewardship). This result holds
despite such practices representing no more than a 5 percent sacrifice in net returns.
In addition to stewardship motives, collective action may be necessary to implement CA on a
regional basis. Cooperative arrangements govern numerous activities within village agricultural
systems. Although the discussion usually focuses on common property resources, even private
land use may overlay with cooperative arrangements governing various aspects of farm
management (Pretty, 1995). For example, contour ploughing, stone lines and other structural
works require cooperation amongst several or many farmers in order to be effective conservation
strategies. Many dimensions of CA fit the cooperative model, including the formation and
operation of farmers' groups, dissemination of information, pest control and the purchase of
agrochemical inputs. Box 3 provides a more general discussion of collective action in relation to
sustainable agriculture.
If CA requires collective action or high levels of social organization to help it gather momentum,
then widespread adoption may be related to a society's social capital. The role of social capital in
fostering or retarding the collective action needed in promoting new conservation technology is of
growing interest (Box 3). In the broadest sense, social capital refers to the interconnectedness
among individuals in society and considers relationships as a type of asset. Several studies have
examined the influence of social capital on technology adoption in either developed or developing
countries. For example, kinship, or more exactly `connectedness to others', can influence the
adoption of conservation technology. Some studies have shown that the expectation of farmland
inheritance can have a bearing on conservation behaviour amongst farmers, although other studies
testing for this have not shown a positive correlation. Similarly, higher levels of social capital help
explain the adoption of fertilizer and soil conservation practices in Peru (Isham, 2000; Swinton,
2000), while one study has related the success of peasant committees in Paraguayan villages to the
level of social capital in these communities (Molinas, 1998). Such institutions at the local level
have been an important catalyst in the adoption and diffusion of CA.
In conclusion, the inconsistent and sometimes contradictory results obtained from studies of the
adoption of CA-type practices tend to suggest that the decision-making process is highly variable,
and that outcomes may be specific to particular people, places and situations. This makes the task
of developing a policy framework to promote CA adoption particularly challenging.
Box 3
Collective action and social capital in soil and water conservation
Collective action can have benefits over individual decision making when the tasks at hand
require coordinated group activity (e.g. various agricultural and conservation practices). For
example, it may reduce the costs of repeated transactions amongst many individuals by
establishing a single set of rules and avoiding individualized negotiation and transaction.
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However, collective action is not automatic in the diffusion of improved technologies such as
CA, especially where information is lacking or the underlying physical processes of land
degradation are slow and barely perceptible. Additionally, some individuals may benefit from
collective action without contributing, and this may result in a lack of collective incentives.
Using game theory to model behaviour in collective action situations, researchers have tried
to understand what factors may foster collective behaviour. For example, if repetition and
observability characterize group activities, the result may well be cooperation, but only if:
individuals are able to retaliate in the future if one individual does not cooperate, i.e. by
reducing the benefits the defector can obtain in the future; ·
threats are credible and not too costly to implement - thus, retaliation can be viewed as a
collective action in itself; and,
benefits are substantial enough and sufficiently longstanding to provide an inducement
to cooperate in the present - in this case, face-to-face encounters prove important as
these ensure that aspects of reputation and trust enter into the incentives structure.
In general, the key variables influencing the potential success of collective action are: the
number of decision-makers, especially the minimum number required to attain a collective
benefit; discount rates, which influence the magnitude of future benefits from collective
action; a similarity of interests among agents; and the presence of some individuals with
leadership or other assets. In part, the behaviour needed to foster collective or socially
responsible actions may hinge on the level of social capital in a community. The World Bank
(1998) reviewed various definitions of this term and found they ranged from a fairly narrow
view relating to the interconnectedness among individuals, via associations, societies, etc.,
to a much broader view encompassing the entire social and political environment. In simple
terms, if conservation activity requires cooperation, then the degree of interconnectedness
and the enabling social environment may be a critical determinant. The various indicators of
a community's or nation's level of social capital include the number and type of associations,
homogeneity within communities, levels of trust in others, reliance on networks of support,
presence of natural leaders, etc.
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Chapter 3

Conservation agriculture and the role of policy
The preceding analysis of the financial and other factors associated with the adoption of CA and
related practices has already captured many of the effects of policy, or more generally government
action, on adoption. Governments use macro-economic policy, trade regulations, input subsidies,
or education and extension to alter the decision-making environment in which farmers choose one
practice over another (Figure 3). This chapter examines the actual and potential roles of policy in
the adoption of CA.

THE INFLUENCE OF POLICY ON THE ADOPTION OF CONSERVATION
AGRICULTURE

Agriculture has been subject to considerable state interest and intervention over the past
half-century, perhaps more than any other economic sector (Robinson, 1989; Gardner, 1990).
While it is possible to overestimate the influence of policies in farmer decision making (Winter,
2000), there is increasing recognition that the provision of public support in the form of
guaranteed output prices, input subsidies, deficiency payments, cheap credit, or disaster relief has
encouraged and facilitated massive investment by farmers in production capacity expansion. Some
authors have characterized the resulting dominant form of agriculture, at least in the developed
world, as industrial. This is because of its continuing trend towards larger and fewer units of
production, regional and enterprise specialization, more intensive soil tillage, increased reliance on
agrochemicals, and in many locations, surplus output (Troughton, 1985). Given its associated
effects upon the quality of soil, water and wildlife habitat, various authors have implicated
agriculture policy as a contributing cause of environmental degradation (Libby, 1985; Pierce,
1993; OECD, 1989; Lewandrowski et al., 1997).
It is in this context that many governments have introduced a variety of programmes to encourage
the adoption of CA-type practices. With extension services, subsidies and taxes, these initiatives
have achieved some important results. For example, the success in promoting CA practices in
certain developing regions, particularly Latin America, is noteworthy, and policy has played an
important role. Box 4 discusses the key factors cited in the expansion of CA in the Mercosur
countries of Latin America. Many of these stem not from government policy but from extraneous
factors and local traditions. Indeed, many programmes promoting CA throughout the world have
been relatively ineffective because of contradictory signals and incentives from existing subsidy
programmes. For example, policies designed to promote sustainable agriculture can be undermined
by other, typically richer, policy measures in support of highly erosive row crops such as
groundnuts and tobacco, or by weak or slow-to-respond research and extension efforts.
Some studies have shown government-financed extension to have a positive impact on adoption
(e.g. Logan, 1990), although Agbamu (1995) cautions that not all forms of extension will achieve
such an end. In the case of state financial assistance, Napier and Camboni (1993) identify a
positive, albeit weak, correlation between participation in such programmes and conservation
tillage adoption. More specifically, based on a model cash crop farm in southwest Ontario,
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Stonehouse and Bohl (1993) show that a one-time subsidy covering 20 percent of the outlay costs
would induce a farmer to convert from conventional tillage to no-till. However, the study suggests
that conversion to permanent cover crops such as alfalfa would require excessively high subsidies.
Finally, with respect to the use of taxes, Aw-Hassan and Stoecker (1994) determined that if the
off-site damages from conventional practices were taxed as high as US$2.25 per tonne of soil loss,
the area of high-yielding/high-erosion land under conservation tillage would increase significantly,
while lower-yielding land would be converted to pasture. However, in a similar study, Stonehouse
and Bohl (1993) show that meaningful levels of soil erosion prevention via taxation are difficult to
achieve and result in significant reductions in net returns.
Beyond the confines of conservation tillage, reviews of new conservation schemes in Europe can
provide some insight into the effect of policy on conservation behaviour among farmers. These
schemes have developed through a gradual conversion of the European Union's extensive subsidy
regime from supporting production to supporting environmental practices such as set-aside (Potter
and Goodwin, 1998). Based on surveying in Scotland, Wynn et al. (2001) show that compensation
alone does not ensure conservation programme success as a lack of awareness of such
programmes can limit participation. Once aware, farmers were more likely to participate, as long
as there was a good fit with the farm situation and the costs of compliance were low. Compliance
costs are often an obstacle to adoption (Wilson, 2000). Even with full compensation for foregone
agricultural income resulting from participation, administrative or transaction costs equal to just
5 percent of total compensation can inhibit farmer participation (Falconer, 2000). This evidence
from Europe suggests that financial support alone is not sufficient to encourage the adoption of
CA-type practices. It is necessary to combine such support with other efforts directed at the
specific needs of farm operations.
Box 4
Two cases of contrasting policy roles in promoting sustainable
agriculture
Several studies have examined the reasons for successful promotion of CA (zero tillage) in
the Mercosur region of South America, arguing that an efficient innovation system
developed around the promotion of zero tillage. This system included a number of policy
elements along with extraneous elements that contributed to its success. As an example of
the latter, agrochemical companies helped initiate the programmes recognizing their own
self-interest in promoting zero tillage. Farmers benefited significantly as well, as the benefits
from zero tillage were especially pronounced for the key soybean crop and were available to
mid- and larger-sized farms. In terms of government's policy role, traditional research and
extension services were weak and slow in responding to the perceived needs of farmers.
However, this opened the way for others such as pioneer farms, NGOs and foreign aid
agencies to fill the gap. In addition, farmers could readily recognize and understand the
underlying problem and experiment with solutions, aided with information supplied by
associations of zero-tillage farmers. Local traditions also helped: although there was no
precursor knowledge of zero tillage, there was a tradition of innovating with commercial
crops. Moreover, a mismatch between extension and research targeting of small and
medium-sized farms in some countries (e.g. Paraguay) may have limited an otherwise
successful CA programme. In New Zealand, the government removed virtually all support,
including environmental grants, to the dominant pastoral agriculture sector in the post-1984
period. This action provides a unique opportunity to assess the implications of subsidy
removal for farm-level resource use and environmental stewardship. The evidence suggests
that the response to subsidy removal, at least in the short term, is a decrease in farming
intensity as manifested in: (1) reduced use of marginal lands; (2) decreased and more
selective fertilizer use; and (3) reduced livestock numbers and stocking rates. At the same
time, increased insecurity among farmers has shortened planning horizons and stifled
certain environmental investments. While farmers still undertake practices such as planting
trees for erosion control because of a recognized need or a conservation ethic, the
termination of grants and other subsidies has generally reduced the propensity and ability of
farmers to undertake many stewardship activities, especially during periods of financial
distress. Therefore, many regional governments have filled the void left by the removal of
national support by funding new programmes to encourage farm-level stewardship.
Sources: Bradshaw and Smit, 1997; Bradshaw et al., 1998; Blunden and Bradshaw, 1999; Sorrenson,
1997.
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HOW POLICY CAN ENHANCE THE ADOPTION OF CONSERVATION AGRICULTURE
Given the perceived environmental impacts over the past half-century, some have argued that the
decoupling of agricultural support from production decisions would represent the most effective
means by which governments could alleviate environmental degradation (OECD, 1989 and 1998).
There is debate concerning the means, both direct and indirect, by which governments can
promote conservation in agriculture effectively. Table 9 summarizes the many approaches adopted
by governments in the developed world to achieve various conservation objectives.
Table 9
A summary of policy approaches to promote conservation agriculture

In promoting CA, a key concern for policy-makers is whether CA provides a positive or negative
net return to potential adopters. Once this uncertainty is rectified, Uri (1998b) recommends:
education and technical assistance where conservation is profitable but the farmer is not
aware of the technology or its profitability, or does not have the skills to implement it;
financial assistance where conservation is not profitable to the individual farmer but would
provide substantial public benefits;
long-term research and development;
land retirement; and
regulation and taxes where conservation behaviour is required of all farmers, or for those
participating in related income support programmes (e.g. a cross-compliance measure).
With respect to the first approach, McNairn and Mitchell (1992) argue that encouraging the
adoption of conservation practices requires assurance of long-term benefits from adoption;
unambiguous, easily understood and accurate information; and the promotion of multiple
economic and non-economic benefits. Education plays a key role in motivating adoption and
requires tailored, credible, and appropriate information and experience that is communicated
through the proper channels. Extension services to provide information and assistance can be
highly effective, especially in the case of new or emerging technologies, although public agents
need not be the exclusive providers of such services.
Financial assistance for the adoption of various conservation practices is well established in
Europe and, to a lesser degree, North America. Assistance can take a variety of forms, such as tax
credits on equipment, machine rentals, cost-sharing programmes and direct subsidies. Assistance is
most suitable to help overcome significant initial investments and transition costs, and in cases
where adoption is unprofitable from the individual farm perspective. Box 5 presents an analysis of
policy options for encouraging soil conservation on farms in Ontario, Canada, highlighting the role
such analyses can play when government assistance is needed. However, Nowak (1987) suggests
that financial assistance may also be important where the adoption of a technology results in
positive net returns for farmers. The author argues that institutional support tends to reduce the
risk faced by farmers in adopting an `unknown technology' and thereby reduces their need for
detailed information prior to adoption. That is, to overcome non-adoption because of onerous
information demands, state support is useful.
A less interventionist policy approach might focus on research and development to enhance the
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benefits of CA adoption by improving performance or reducing costs. This approach relies on
voluntary adoption and aims to increase the odds of this occurring by making the practice more
attractive. However, research and development is a long-term policy strategy with an uncertain
probability of success.
Land retirement is only suitable in instances where soil erosion concerns are so significant as to
warrant conversion to permanent cover crops. Typically, this approach requires significant public
financing to compensate farmers, and it is infeasible in areas highly dependent on a limited land
base for the production of foodstuffs.
Finally, although tried in some locations, regulating soil erosion limits is not a common approach
(Libby, 1985). This situation probably arises from political awkwardness and onerous
enforcement/compliance demands. This is especially so where meeting a soil loss regulation
through use of no-till results in significant declines in net returns (Box 5). A more common
regulatory approach involves cross-compliance measures whereby eligibility for a support
programme depends on the adoption of certain conservation practices. Because compliance is by
choice, programme implementation is liable to be more politically feasible and economically
efficient. With respect to the use of taxes on soil erosion, it is possible to induce CA adoption and
even pasture conversion. However, meaningful levels of soil conservation involve significant
revenue losses (Box 5). Hence, although possible, taxation is politically infeasible.
Box 5
Policies for encouraging soil conservation: cash crops in Ontario, Canada
One study examined the impacts of public policies on farmland use, soil conservation,
farm-level economics and the public budget to assess the effectiveness of the policy
alternatives for combating soil erosion. The objective was to estimate the anticipated
effectiveness of government actions designed to regulate soil erosion losses. The study
used a multi-period linear programming model to model a typical cash-crop farm operation
producing soybeans, maize and cereal grains in southwest Ontario. The goal was to
maximize the NPV of farm net returns over a 20-year period. It considered ten production
system alternatives, representing various crop sequences and soil tillage techniques
(conventional tillage, conservation tillage and zero tillage). In addition, six policies were
modelled: (i) a regulated limit on soil loss from farm operations per year; (ii) a tax on soil
erosion losses per year; (iii) a tax on material inputs associated with conventional tillage
systems; (iv) a one-time subsidy for conservation tillage equipment purchases; (v) an annual
subsidy to encourage the incorporation of alfalfa into production or to adopt conservation
tillage; and (vi) a direct subsidy on production prices for alfalfa. In the absence of any public
policies, the most profitable system is the maize-soybean-winter-wheat sequence with
conventional tillage. Other policies showed the following:
a soil loss regulation required changes in the production system; as the regulation
became increasingly restrictive, the farmer moved from conventional to conservation to
zero tillage and the farm's net cash flow decreased by a maximum of 57 percent.
modest level of soil loss taxation (0.20 t/year) is required to reduce soil erosion by
20 percent and is achieved with a relatively small loss in net cash flow (6 percent).
However, raising the taxation level achieves little in terms of reduced soil losses, but
severely erodes net cash flow.
effectiveness of the material input tax depends on the crop sequence selected by the
farmer.
one-time, 20 percent subsidy for zero tillage equipment would be sufficient to raise net
cash flow over a four-year period above conventional and conservation tillage.
annual, direct production subsidy of 20 percent would be sufficient for zero-tillage
continuous maize production to exceed the net cash flow from maize-soybean with
conservation tillage.
very high subsidy for alfalfa would be necessary to induce farmers to shift to a less
erosive system.
In conclusion, public policy measures that require the farmer to bear the burden of reducing
soil erosion are unlikely to be implemented because of the adverse financial effects imposed
on farm operations. Public policies that require taxpayers to bear the burden would be
effective in terms of cost per unit of controlled erosion, but could become a fiscal problem,
especially during an era of government budget deficits and rising debt.
Source: Stonehouse and Bohl, 1993.
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The inconclusive nature of empirical studies, and obvious site-specific nature of many results,
suggests that a universal approach is not possible. In order to accommodate differences between
farms, farmers and economic circumstances, a targeted policy approach may be preferable. In
other words, policy mechanisms such as grants or extension services could be geared to the
particulars of a location or, preferably, to individual farmers and their farm operations (Box 6).
While a targeted policy approach places a heavy administrative burden on policy-makers, it could
achieve greater efficiencies than a more uniform approach, and may represent the most effective
means of encouraging CA adoption.
Although a targeted policy approach may be most appropriate for the design of programmes
directly promoting CA, there are some alternative policy prescriptions that may be more
universally applicable. For example, Isham (1999) points out that parallel investments in social
capital may be necessary to create a sufficiently enabling environment for the adoption of desirable
project activities, and this may apply strongly in the case of CA. Some authors argue that social
capital is a product of a learning process. Fostering discussions about the community and seeking
consensus decision making can help achieve such learning. A key question is whether governments
can foster social capital, as top-down efforts may not be able to promote bottom-up social capital.
However, Sobels et al., (2001) suggest this is not so, citing Landcare in Australia as an example of
successful government support contributing to social capital. Indeed, to a certain degree, the
success of Ontario's Environmental Farm Plan programme is ascribable to farmer pride and interest
in `doing the right thing' (Box 6). Both pride and peer pressure may be important forms of
motivation for CA adoption, and government policies may be able to contribute on this front.
Box 6
Ontario's Environmental Farm Plan Programme
Ontario's Environmental Farm Plan (EFP) Programme represents an innovative approach to
environmental conservation on the farm through the voluntary participation of farmers to
assess environmental risks and raise environmental awareness on their farms. The EFP
Programme began in 1992, helping farmers develop a practical plan for operating their
farms in a way that is environmentally responsible. Individual farmers work through a series
of 23 modules covering such issues as water quality and wildlife habitat, and submit their
individualized plans for peer review (i.e. to fellow farmers). It began and remains a
farmer-driven process, although government provides some technical expertise and funds.
Compliance and interest among farmers is high, especially relative to traditional
government-led regulatory approaches. While some funding is available (a maximum
C$1 500 per farm for those farmers who complete, implement, and secure approval of their
participation in the EFP, plus winners of environmental contests receive C$1 000), the
programme primarily draws on farmers' pride and their desire to garner respect with
colleagues, neighbours and consumers. As one programme participant stated: "The EFP is
an excellent way to mark our own report card and rate all our farm activities
environmentally....We need to inform our urban neighbours that we are concerned about
the environment".
Sources: Grudens-Schuck, 2000; Klupfel, 2000; Stonehouse, 2000; Ontario Soil and Crop Improvement
Association, 2001.

IMPLICATIONS FOR ECONOMIC AND POLICY ANALYSIS
Specialized policy and economic analyses are prerequisites for the appropriate design and correct
targeting of CA policies. Policy analysts and economists interested in CA can make use of
numerous new techniques and ways of thinking. Sustainability indicators are one example. These
capture changes in farming practices that alter the sustainability of the farming system in some
quantifiable way that conventional analysis may fail to capture. Therefore, sustainability indicators
help describe the evolution of soil productivity over time or present its status in terms that better
contrast conditions under CA and conventional management. Sustainability indicators are
applicable at the local farming-systems level, at intermediate levels such as the community or
region, or at higher levels. Table 10 shows some of the component indicators that changes in
tillage practices affect at each of these levels. To the extent that more comprehensive sustainability
measures incorporate these indicators, changes in farming practices will cause changes in the
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accompanying measures.
Table 10
Tillage and soil surface management effects on indices of agricultural sustainability

At the village and farm level, sustainability indicators assess the sustainability of specific farming
systems and, by inference, the sustainability of soil tillage within a given farming system (Tisdell,
1996). Table 10 suggests several variables at the farm level that could serve as such indicators.
Indicators that are more comprehensive define sustainability in an operational sense, using
concepts such as sustainable income. This is the potential income that can be derived from
resource use in perpetuity. In some cases, the indicators that accompany these definitions link
farm-level soil degradation with national accounting techniques.
At the macroeconomic level, the system of national accounts has integrated soil degradation
through formal green accounting initiatives such as the United Nations System of Integrated
Environmental and Economic Accounting. In keeping with standard national accounting practice,
green accounting measures disinvestment or investment in soil natural capital and then adjusts
NNP/GNP accordingly. Other national indicator approaches include the World Bank's calculations
of genuine savings rates. These adjust net domestic savings for changes in the value of resource
stocks and pollution damages while the Pearce-Atkinson indicator incorporates elements of the
genuine savings idea. Indicators such as this can convey the message powerfully to
decision-makers that soil degradation is resulting in a loss in national wealth, and so encourage
greater efforts to promote more sustainable practices such as CA.
Analysts who have to assess the attractiveness of projects involving CA or competing farming
practices can adopt a number of measures. Such efforts are important because some of the benefits
of adopting CA do not show up in conventional cost-benefit type analyses, or in comparisons of
CA and alternative practices in narrowly-defined financial terms.

Non-market valuation techniques
It is common practice to use non-market valuation techniques to incorporate the benefits and costs
of farming practices that are not priced in markets. Examples include downstream siltation from
soil erosion, or loss of organic fertilizer where dung is used as a fuel instead of on farm fields. The
valuation practices most appropriate to comparisons of CA and conventional farming practices
include replacement cost, changes in productivity, direct and indirect substitute approaches,
preventive or mitigative expenditures, and hypothetical or constructed market techniques (IIED,
1994).

Depletion of soil as natural capital
Economic analyses at the project level can incorporate the depletion of soil as a form of natural
capital under conventional tillage practices, so enabling fairer comparisons with CA. This
depletion constitutes a cost of non-sustainable cropping in addition to normal production costs. It
is a user cost as it yields short-term gains at the expense of future income (Daly, 1996). Omitting
user costs results in an overstatement of the net economic benefits of current cropping practices
that deplete soils. Several techniques are available to calculate the user cost of depleting natural
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resource stocks. Two common approaches are the net price method and the marginal user cost
method.

Whole-farm budgeting
Proper environmental analysis requires the assessment of changes in environmental conditions in
terms of the full range of behavioural responses that occur (Freeman, 1993). When farmers adopt
CA, numerous ancillary changes can be expected, such as crop switching, changes in pest control
measures, shifts in cropping duties for household members (by gender), etc. For this reason,
comparative analyses of CA and alternative practices should adopt a whole farm approach to
capture the full range of these behavioural changes (Sorrenson, 2001). Diebel et al. (1993) argue
that analysis of individual practices in isolation can even provide misleading results when certain
factors combine synergistically to raise barriers to adoption that are not otherwise evident.

Alternative project evaluation techniques
While project work makes universal use of cost-benefit analysis, other project evaluation
techniques hold promise for the appraisal of CA projects or technologies. These include
multi-criteria analysis (MCA), cost-effectiveness analysis, decision analysis, environmental impact
assessment and participatory methods. MCA recognizes that government decision-makers and
smallholders have many objectives in mind when deciding about agricultural project viability and
on-farm management practices, respectively; more than a cost-benefit analysis alone can capture.
In addition, various trade-off techniques, such as trade-off curves or more sophisticated analytical
techniques, can help assess the trade-offs amongst competing objectives. For example, Van
Kooten et al. (1990) use such a method to examine the trade-offs between net returns and
stewardship motivations amongst farmers in Saskatchewan, Canada, in adopting soil conservation
practices.
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Chapter 4

Conclusions
The benefits of CA range from supporting basic agricultural production and meeting food security
needs in a sustainable manner, to supporting globally important terrestrial and soil-based
biodiversity, culminating in carbon sequestration. This review of current thinking about these
benefits suggests that the expansion of CA across many different agro-ecological zones makes
good sense from a social perspective.
However, the financial profitability of CA is uncertain. Although there appears to be a small cost
advantage over conventional practice in general terms, results are liable to fluctuate widely from
site to site, with many studies showing CA as less profitable. There are also differences in
analysing cases in developed versus developing countries, with tropical hilly examples from the
latter group demonstrating distinct advantages for CA because of its more comprehensive
approach and better agroclimatic conditions. In contrast, caution is warranted in temperate areas,
as the CA approach promoted is less intensive and any cost advantage is likely to be insufficient
for bringing about the levels of adoption and diffusion justified from a social perspective. In part,
this situation occurs because farmers cannot capture the many national and global benefits from
CA.
Given this divergence between private and social interests, interventions promoting more
sustainable farming techniques are justifiable in a social sense, and at both the national and
international levels. However, CA is not the only soil and water conservation technique that can
generate the benefits cited above. Thus, it is necessary to situate CA within a broader range of
alternatives to conventional farming practices. Encouragingly, CA is representative of a group of
improved agronomic practices that are generally more profitable than competing soil and water
conservation technologies that are more structural or purely vegetative in nature.
If CA-type approaches are preferable to the alternatives, then providing monetary compensation to
induce adoption might seem an appropriate policy response. However, such an exercise is unlikely
to bridge the gap between socially desirable levels of adoption and actual farmer behaviour on its
own. Other factors affect adoption as well. For example, numerous such influences are statistically
significant in models that attempt to explain actual adoption behaviour (as opposed to general
discussions lacking empirical support). These other factors stem from different farmer
management objectives, stewardship motives and fundamental barriers or constraints that inhibit a
response to profit signals. In some cases, it is the collective rather than the private dimension that
is critical to adoption success. There appears to be a correlation between higher levels of social
capital and success in these situations. Thus, promoting CA must start with the identification of all
factors that impeded adoption and not just a lack of financial net returns.
Policy has also been an important determinant in explaining past CA adoption or non-adoption.
Policy stances have sometimes been weak and ineffective in promoting CA. Much of the
successful diffusion of the technology has occurred because of support from private corporations,
the formation and operation of farmers' groups and other non-governmental pathways. Moreover,
conflicting policies have often operated at cross-purposes, encouraging and discouraging CA at
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the same time. Despite these shortfalls, examples of successful policy measures include green
decoupling programmes in Europe and farmland stewardship programmes such as Landcare in
Australia.
The above analysis contains implications for policy-makers. On the one hand, an assumption that
CA will spread on its own in some desirable fashion is not appropriate. On the other hand, a
uniform policy prescription to fit many locations is not realistic either, whether it consists of direct
interventions or more indirect incentives stemming from research and development, or some mix
of both. Designing successful policies to promote CA is likely to start with a thorough
understanding of farm-level conditions. This understanding needs to include management
objectives, attitudes to risk, willingness to make trade-offs between stewardship and profits. The
next step is the careful design of location-sensitive programmes that draw on a range of policy
tools. Flexibility is liable to be a key element in policy design to promote CA.
One area where policies of a more uniform nature might be useful is in the development of social
capital and the promotion of the precursor conditions for collective action. For example, the social
capital benefits of group extension approaches probably are under-appreciated. Given the
demonstrated importance of farmers' groups and information dissemination in the successful
diffusion of CA, efforts to strengthen the enabling conditions that foster these activities can pay
large dividends.
In devising appropriate policies relating to CA and, more generally, sustainable agriculture, there is
a need for improved policy analysis and information for decision making. Developing sustainability
indicators that can more clearly show the benefits of CA over its alternatives is one step. Similar
improvements are achievable at the economic-analysis level. For example, incorporating the
depletion of natural capital in studies of conventional farming practices can help evidence the
limitations of these techniques. Ultimately, a whole-farm systems approach may be the most
appropriate basis for financial analyses of CA, as this can capture the full range of responses that
farmers make when choosing to adopt a new technology such as CA. Moreover, it can incorporate
the many options available to farmers in making such choices, something which is not possible in a
simplistic comparison of conventional tillage and CA.

1/07/2007 16:06

The economics of conservation agriculture

1 of 10

http://www.fao.org/DOCREP/004/Y2781E/y2781e07.htm#TopOfPage

Originated by: Agriculture Department
Title: The Economics of Conservation Agriculture...
Español Français
More details

Bibliography
Agbamu, J.U. 1995. Analysis of farmers' characteristics in relation to adoption of soil management
practices in the Ikorodu area of Nigeria. Japanese Journal of Tropical Agriculture, 39(4):
213-222.
Aw-Hassan, A. & Stoecker, A. 1994. A public and private analysis of the costs of reducing soil
erosion by reduced tillage systems. Current Farm Economics, 67(2): 23-39.
Batie, S.S. & Taylor, D.B. 1989. Widespread adoption of non-conventional agriculture: profitability
and impacts. American Journal of Alternative Agriculture, 4(3-4): 128-134.
Batjes, N. H. 1999. Management options for reducing CO2 concentrations in the atmosphere by
increasing carbon sequestration in the soil. NRP report No. 410 200 031, Technical Paper 30,
Wageningen, ISRIC.
Bebbington, A. 1997. Social capital and rural intensification: local organizations and islands of
sustainability in the rural Andes. Geographical Review, 163(2): 189-197.
Blunden, G. & Bradshaw, B., 1999. Fertiliser and sustainable land management in pastoral farming:
Northland. In: Burch, D., Goss, J. & Lawrence, G. (Eds.). Restructuring global and regional
agriculture: transformations in Australasian agri-food economies and spaces. Ashgate. Aldershot.
pp. 203-220.
Bradshaw, B. & Smit, B. (1997). Subsidy removal and agro-ecosystem health. Agriculture,
Ecosystems and Environment 64(3):245-260.
Bradshaw, B., Cocklin, C. & Smit, B. 1998. Subsidy removal and farm-level stewardship in
Northland. New Zealand Geographer, 54(2): 12-20.
Bultena G.L. & Hoiberg E.O. 1983. Factors affecting farmers' adoption of conservation tillage.
Journal of Soil and Water Conservation, 38(3): 281-284.
Busscher, W.J., Reeves, D.W., Kochhann, R.A., Bauer, P.J., Mullins, G.L., Chapmman, W.M.,
Kemper, W.D. & Galerani, P.R. 1996. Conservation farming in southern Brazil: using cover crops
to decrease erosion and increase filtration. Journal of Soil and Water Conservation, 51(3):
188-182.
Campbell, B., Byron, N., Hobane, P., Madzudzo, E., Matose, F. & Wily, L. 1999. Moving to local
control of woodland resources: can CAMPFIRE go beyond the mega-fauna? Society and Natural
Resources, 12: 501-9.
Carlson, J.E., Schnabel, B., Beus, C.E. & Dilman, D.E. 1994. Changes in soil conservation attitudes
and behaviors of farmers in the Palouse and Camas prairies: 1976-1990. Journal of Soil and Water
Conservation, 49(5): 493-500.

1/07/2007 16:07

The economics of conservation agriculture

2 of 10

http://www.fao.org/DOCREP/004/Y2781E/y2781e07.htm#TopOfPage

Cary, J. & Wilkenson, R. (1997) Perceived profitability and farmers' conservation behaviour.
Journal of Agricultural Economics, 48(1), 13-21.
Caveness, F.A. & Kurtz, W.B. 1993. Agroforestry adoption and risk perception by farmers in
Senegal. Agroforestry Systems, 21: 11-25.
Chase, C.A. & Duffy. M.D. 1991. An economic analysis of the Nashua tillage study: 1978-1987.
Journal of Production Agriculture, 4(1): 91-98.
Clay, D., Reardon, T. & Kangasniemi, J. 1998. Sustainable intensification in the highland tropics:
Rwandan farmers' investments in land conservation and soil fertility. Economic Development and
Cultural Change.
Cook, M.G. & Lewis, W.M. (eds.). 1989. Conservation tillage for crop production in North
Carolina. Raleigh, Agricultural Extension Service, North Carolina State University.
Cook, M.G. 1989. Environmental impacts of conservation tillage. Raleigh, Agricultural Extension
Service, North Carolina State University, 407; 51-55.
Crosson, P. 1981. Conservation tillage and conventional tillage: a comparative assessment.
Ankery, Soil Conservation Society of America.
de Harrera, A.P. & Sain, G. 1999. Adoption of maize conservation tillage in Azuero, Panama.
Economics. Working Paper 99-01. CIMMYT.
Diebel, P.L., Taylor, D.B. & Batie, S.S. 1993. Barriers to low input agriculture adoption: a case
study of Richmond county, Virginia. American Journal of Alternative Agriculture, 8(3): 120-127.
ECAF, 2001. Conservation agriculture in Europe. (www.ecaf.org/English/First.htm)
Economic Research Service and Natural Resources Conservation Service. 1998. Economics and
environmental benefits and costs of conservation tillage. Washington, DC, United States
Department of Agriculture.
Ehui, S.K., Kang, B.T. & Ghuman. B.S. 1989. Economic analysis of soil erosion effects in alley
cropping, no-till and bush fallow systems in south western Nigeria. Ibadan, International Institute
of Tropical Agriculture.
Ehui, S.K., Kang, B.T. & Spencer, D.S.C. 1990. Economic analysis of soil erosion effects in alley
cropping, no-till and bush fallow systems in south western Nigeria. Agricultural Systems, 34:
349-368.
Ellis-Jones, J. & Mudhara, M. 1995. Factors affecting the adoption of soil and water conservation
technologies in semi-arid Zimbabwe. In Twomlow, S., Ellis-Jones, J., Hagmann, J. & Loos, H.,
eds. Soil and water conservation tillage for smallholder farmers in semi-arid Zimbabwe:
transfers between research and extension. Bedford, United Kingdom, Silsoe Research Institute.
Elwell, H.A. 1993. Development and adoption of conservation tillage practices in Zimbabwe. In Soil
tillage in Africa: needs and challenges. FAO Soils Bulletin 69. Rome, FAO.
Environmental Protection Agency. 1984. Lake Erie demonstration projects evaluating impacts of
conservation tillage on cost, yield, environment. National Association of Conservation Districts,
Great Lakes National Program Office, United States.
Erenstein, O. 1997. Conservation tillage or residue conservation? An evaluation of residue
management in Mexico. Natural Resources Group, CIMMYT.

1/07/2007 16:07

The economics of conservation agriculture

3 of 10

http://www.fao.org/DOCREP/004/Y2781E/y2781e07.htm#TopOfPage

Falconer, K. 2000. Farm-level constraints on agri-environmental scheme participation: a
transactional perspective. Journal of Rural Studies 16:379-394.
Falk, I. & Kilpatrick, S. 2000. What is social capital? A study of the interaction in a rural
community. Sociologia Ruralis, 40(1): 87-110.
FAO. 1999. Prevention of land degradation, enhancement of carbon sequestration and
conservation of biodiversity through land use change sustainable land management with a focus
on Latin America and the Caribbean. Proceedings from an IFAD/FAO expert consultation, April
15, 1999, Rome, IFAD.
FAO. 2001. The economics of soil productivity in Africa. Soils Bulletin. Rome.
FAO/IFAD. 1999. Incentive systems for natural resource management: the role of indirect
incentives. Environmental Report Series 2, Report No. 99/023 IFAD-RAF, Rome.
Fawcett, R.S., Christensen, B.R. & Tierney, D.P. 1994. The impact of conservation tillage on
pesticide runoff into surface water: a review and analysis. Journal of Soil and Water
Conservation. 49(2): 126-135.
Feder, G., Just, R. & Zilberman, D. 1985. Adoption of agricultural innovations in developing
countries: a survey. Economic Development and Cultural Change, 33(2): 255-298.
Flora, C.B. 1995. Social capital and sustainability: agriculture and communities in the great plains
and corn belt.
Forster, D.L. 2000. Public policies and private decisions: their impacts on Lake Erie water quality
and farm economy. Journal of Soil and Water Conservation, 55(3): 309-327.
Forster, D.L., Smith, E.C. & Hite, D. 2000. A bioeconomic model of farm management practices
and environmental effluents in the western Lake Erie basin. Journal of Soil and Water
Conservation, 55(2): 177-182.
Fox, G., Weersink, A., Sarwar, G., Duff, S. & Deen, B. 1991. Comparative economics of alternative
agricultural production systems: a review. Northeast Journal of Agricultural Resource
Economics, 20(1): 124-142.
Gardner, B.L. 1990. The economics of agricultural policies. Toronto, McGraw-Hill.
Gould, B.W., Saupe, W.E. & Klemme, R.M. 1989. Conservation tillage: the role of farm and
operator characteristics and the perception of soil erosion. Land Economics, 65(2): 167-82.
Govindasamy, R., Cochran, M.J., McClelland, M. & Frans, R.E. 1995. Economics of conventional
tillage vs. conservation tillage in Arkansas. Arkansas Agricultural Experiment Station Research
Series, 0(442): 8-19.
Gray, R.S., Taylor, J.S. & Brown, W.J. 1996. Economic factors contributing to the adoption of
reduced tillage technologies in central Saskatchewan. Canadian Journal of Plant Science,76(4):
661-668.
Grudens-Schuck, N. (2000) Extension and grassroots educators' approaches to participatory
education: interrelationships among training, worldview, and institutional support. Paper presented
at Adult Education Research Conference, UBC, Vancouver, Canada.
Guerin, L.J. & Guerin, T.F. 1994. Constraints on the adoption of innovations in agricultural research
and environmental management: a review. Australian Journal of Experimental Agriculture, 34:

1/07/2007 16:07

The economics of conservation agriculture

4 of 10

http://www.fao.org/DOCREP/004/Y2781E/y2781e07.htm#TopOfPage

549-571.
Helms, G.L., Bailey, D. & Glover, T.F. 1987. Government programs and adoption of conservation
tillage practices on non-irrigated wheat farms. American Journal of Agricultural Economics,
69(4): 786-795.
Hernánz, J.L., Giron, V.S. & Cerisola, C. 1995. Long term energy use and economic valuation of
three tillage systems for cereal and legume production in central Spain. Soil and Tillage Research,
35(4): 183-198.
Hinchcliffe, F., Guijt, I., Pretty, J.N. & Shah, P. 1995. New horizons: the economic, social and
environmental impacts of participatory watershed development. Gatekeeper Series Paper No. 50.
London, IIED.
Isham, J. 1999. Can investments in social capital improve local development and environmental
outcomes? a cost-benefit framework to assess the policy options. Department of Economics and
Program in Environmental Studies, Middlebury College, Middlebury.
Isham, J. 2000. The effect of social capital on technology adoption: evidence from rural Tanzania.
Department of Economics and the Program in Environmental Studies, Middlebury College,
Middlebury.
Jones, G.E. 1967. The adoption and diffusion of agricultural practices. World Agricultural
Economics and Rural Sociology Annals, 9(3):1-29.
Kelly, T.C., Lu, Y. & Teasdale, J. 1996. Economic-environmental tradeoffs among alternative crop
rotations. Agriculture, Ecosystems and Environment, 60(1): 27-28.
Kern, J.S. & Johnson, M.G. Conservation tillage impacts on national soil and atmospheric carbon
levels. Soil Science Society of America Journal, 57: 200-210.
Kirby, G.W.M., Hristova, V.J. & Murti, S. 1996. Conservation tillage and ley farming in the
semi-arid tropics of northern Australia: some economic aspects. Australian Journal of
Experimental Agriculture, 36(8): 1049-1057.
Kittredge, J. 1996. Community-supported agriculture: rediscovering community. In Vitek, W. &
Jackson, W., eds. Rooted in the land: essays on community and place. New Haven, Yale
University Press.
Klupfel, E.J. 2000. Achievements and opportunities in promoting the Ontario Environmental Farm
Plan. Environments, 28(1):21-36.
Korsching, P.F., Stofferahn, C.W., Nowak, P.J. & Wagener, D.J. 1983. Adoption characteristics and
adoption patterns of minimum tillage: implications for soil conservation programs. Journal of Soil
and Water Conservation, 38(4): 428-431.
Ladewig, H. & Garibay R. 1983. Reasons why Ohio farmers decide for or against conservation
tillage. Journal of Soil and Water Conservation. 38(6): 487-488.
Lal, R. & Kimble, J.M. 1997. Conservation tillage for carbon sequestration. Nutrient Cycling in
Agroecosystems, 49(1-3): 243-253.
Lal, R. 1995. Tillage systems in the tropics: Management options and sustainability implications.
FAO Soils Bulletin 71. Rome, FAO.
Lal, R. 1997. Residue management, conservation tillage and soil restoration for mitigating

1/07/2007 16:07

The economics of conservation agriculture

5 of 10

http://www.fao.org/DOCREP/004/Y2781E/y2781e07.htm#TopOfPage

greenhouse effect by CO-2-enrichment. Soil and Tillage Research, 43(1-2): 81-107
Lal, R. 1999. Tillage and agricultural sustainability. Soil and Tillage Research, 20: 133-146.
Lamers, J., Bruentrup, M. & Buerkert, A. 1998. The profitability of traditional and innovative
mulching techniques using millet crop residues in the West African Sahel. Agriculture, Ecosystems
and Environment, 67: 23-35.
Landers, J.N. 1998. Technology transfer mechanisms for the new zero tillage techniques in the
Savannah's of central Brazil and the benefits for the environment. ACTS Workshop Gestion
Agrobiologique des Ecosystems Agraires, Antananarivo, Madagascar, FOFIFA-CIRAD.
Lewandrowski, J., Tobey, J. & Cook, Z. 1997. The interface between agricultural assistance and the
environment: chemical fertilizer consumption and area expansion. Land Economics
73(3):404-427.
Libby, L.W. 1985. Public policy issues influencing directions in conservation tillage. In D'Itri, F.M.,
ed. A systems approach to conservation tillage. Chelsea, Michigan, Lewis Publishers.
Liu, S. & Duffy, M.D. 1996. Tillage systems and profitability: an economic analysis of the Iowa
MAX Program. Journal of Production Agriculture, 9(4): 522-527.
Lockie, S., Mead, A., Vanclay, F. & Butler, B. 1995. Factors encouraging the adoption of more
sustainable crop rotations in south-east Australia: profit, sustainability, risk and stability. Journal
of Sustainable Agriculture, 6(1): 61-79.
Logan, T.J., Davidson, J.M., Baker, J.L. & Overcash, M.R. 1987. Effects of conservation tillage on
groundwater quality: nitrates and pesticides. Chelsea, Michigan, Lewis Publishers.
Lutz, E. Pagiola, S. & Reiche, C. 1994. Economic and institutional analyses of soil conservation
projects in Central America and the Caribbean. World Bank Environment Paper 8. Washington
D.C., World Bank.
Lynne, G. 1995. Modifying the neo-classical approach to technology adoption with behavioural
science models. Journal of Agricultural and Applied Economics 27(1): 67-80.
Marra, M.C. & Ssali, B.C. 1990. The role of human capital in the adoption of conservation tillage:
the case of Aroostook County, Maine, potato farmers. Experiment Station Bulletin 831.
University of Maine, Bangor, Department of Agricultural and Resource Economics.
McNairn, H.E. & Mitchell, B. 1992. Locus of control and farmer orientation: effect on conservation
adoption. Journal of Agricultural and Environmental Ethics, 5(1): 87-101.
Molinas, J.R. 1998. The impact of inequality, gender, external assistance ad social capital on
local-level cooperation. World Development, 26(3): 413-431.
Moreno F., Pelegrin, F., Fernandez, J.E. & Murillo, J.M. 1997. Soil physical properties, water
depletion and crop development under traditional conservation tillage in southern Spain. Soil and
Tillage Research, 41(1-2): 25-42.
Morris, J, Mills, J. & Crawford, I. 2000. Promoting farmer uptake of agri-environment schemes: The
Countryside Stewardship Arable Options Scheme. Land Use Policy 17(3):241-254.
Moyer, J.R., Roman, E.S., Lindwall, C.W. & Blackshaw, R.E. 1994. Weed management in
conservation tillage systems for wheat production in North and South America. Crop Protection,
13(4): 243-259.

1/07/2007 16:07

The economics of conservation agriculture

6 of 10

http://www.fao.org/DOCREP/004/Y2781E/y2781e07.htm#TopOfPage

Mueller, D.H., Klemme, R.M. & Daniel, T.C. 1985. Short- and long-term cost comparisons of
conventional and conservation tillage systems in corn production. Journal of Soil and Water
Conservation, 40(5): 466-470.
Napier, T.L. & Camboni, S.M. 1993. Use of conventional and conservation practices among farmers
in the Scioto River basin of Ohio. Journal of Soil and Water Conservation, 48(3): 231-237.
Napier, T.L. & Forster, D.L. 1982. Farmers' attitudes and behavior associated with soil erosion
control. In Halerow, H.G., Heady, E.O. & Cotner, M.L., eds. Soil conservation policies,
institutions and incentives. Ankery, Soil Conservation Society of America.
Napier, T.L., Thraen, C.S., Gore, A. & Goe, W.R. 1984. Factors affecting adoption of conventional
and conservation tillage practices in Ohio. Journal of Soil and Water Conservation, 39(3);
205-209.
Napier, T.L., Tucker, M. & McCarter, S. 2000. Adoption of conservation production systems in
three Midwest watersheds. Journal of Soil and Water Conservation, 55(2): 123-134.
Nowak, P.J. 1983. Obstacles to adoption of conservation tillage. Journal of Soil and Water
Conservation, 38(3): 162-165.
Nowak, P.J. 1985. Farmers' attitudes and behaviors in implementing conservation tillage decisions.
In D'Itri, F.M., ed. A systems approach to conservation tillage. Chelsea, Michigan, Lewis
Publishers.
Nowak, P.J. 1987. The adoption of agricultural conservation technologies: economic and diffusion
explanations. Rural Sociology, 52(2): 208-220.
Nyagumbo, I. 1997. Socio-cultural constraints to small-holder farming development projects in
Zimbabwe: a review of experiences from farmer participatory research in conservation tillage. The
Zimbabwe Science News, 31(2): 42-48.
OECD. 1989. Agricultural and environmental policies: opportunities for integration. Paris.
OECD. 1998. The environmental effects of reforming agricultural policies. Paris.
Okoye, C. 1998. Comparative analysis of factors in the adoption of traditional and recommended
soil erosion control practices in Nigeria. Soil and Tillage Research 45: 251-263.
Ontario Soil and Crop Improvement Association. 2001. Ontario Environmental Farm Plan.
http://res2.agr.ca/london/gp/efp/index.html August 22.
Pagiola, S. 1999. Economic analysis of incentives for soil conservation. In Sanders, D.W., Huszar,
P.C., Sombatpanit, S. & Enters, T., eds. Incentives in soil conservation from theory to practice.
India, Oxford & IBH Publishing Co.
Pampel, F. & van Es, J.C. 1977. Environmental quality and issues of adoption research. Rural
Sociology 42(1): 57-71.
Parish, D.H. 1992. New technologies in soil fertility maintenance: private sector contributions.
Presented at the Agricultural Symposium, The World Bank January 8-10, 1992.
Paudel, K.P. & Lohr, L. 2000. Meeting the Kyoto target through conservation tillage and its
implications for natural capital maintenance, production efficiency, and sustainability. Working
Paper Series 2-2000. Auburn University, Alabama.

1/07/2007 16:07

The economics of conservation agriculture

7 of 10

http://www.fao.org/DOCREP/004/Y2781E/y2781e07.htm#TopOfPage

Pierce, J. 1993. Agriculture, sustainability and the imperatives of policy reform. Geoforum, 24(4):
381-396.
Pierce, J. 1996. The conservation challenge in sustaining rural environments. Journal of Rural
Studies, 12(3): 215-229.
Pimentel, D., Dalthorp, D., Harvey, C., Pesosudarmo, P., Sinclair, K., Kurtz, D., McNair, M., Crist,
S., Shpritz, L., Fitton, L., Saffouri, R. & Blair, R. 1994. Environmental and economic costs of soil
erosion and conservation benefits.
Ponce-Hernandez, R. 1999. Assessing the carbon stock and carbon sequestration potential of
current and potential land use Conversions. Environmental and Resource Studies Program,
Department of Geography, Trent University, Peterborough.
Potter, C. & Goodwin, P. 1998. Agricultural liberalization in the European Union: an analysis of the
implications for nature conservation. Journal of Rural Studies 14(3):287-298.
Pretty, J.N. 1995. Regenerating agriculture. London, Earthscan Publications.
Rahm, M.R. & Huffman, W.E. 1984. The adoption of reduced tillage: the role of human capital and
other variables. American Journal of Agricultural Economics, 66(4): 405-413.
Reardon, T. & Vosti, S.A. 1997. Policy analysis of conservation investments: extensions of
traditional technology adoption research. In Sustainability, growth and poverty alleviation: a
policy and agroecological perspective. IFPRI, Baltimore, MD, Johns Hopkins University Press.
Robinson, K.L. 1989. Farm and food policies and their consequences. Englewood Cliffs, Prentice
Hall.
Roseland, M. 1999. Natural capital and social capital. In Pierce, J. & Dale, A., eds. Communities,
development, and sustainability across Canada. Vancouver, Canada, UBC Press.
Ryan, B. & Gross, N. C. 1943. The diffusion of hybrid seed corn in two Iowa communities. Rural
Sociology, 8:15-24.
Rydberg, T. 1992. Ploughless tillage in Sweden. Results and experiences from 15 years of field
trials. Soil and Tillage Research, 22: 253-264.
Sain, G.E. & Barreto, H.J. 1996. The adoption of soil conservation technology in El Salvador:
linking productivity and conservation. Journal of Soil and Water Conservation, 51(4): 313-321.
Saltiel, J., Bauder, J.W. & Palakovich, S. 1994. Adoption of sustainable agricultural practices:
diffusion, farm structure and profitability. Rural Sociology, 59(2): 333-349.
Scherr, S.J. 1999. Soil degradation: a threat to developing country food security by 2020? Food,
Agriculture and the Environment Discussion Paper 27. Washington, DC, IFPRI.
Shortle, J.S. & Miranowski, J.A. 1986. Effects of risk perceptions and other characteristics of
farmers and farm operations on the adoption of conservation tillage practices. Applied
Agricultural Research, 1(2): 85-90.
Sijtsma, C.H., Campbell, A.J., McLaughlin, N.B. & Carter, M.R. 1998. Comparative tillage costs for
crop rotations utilizing minimum tillage on a farm scale. Soil and Tillage Research, 49(3):
223-231.
Smart, B. & Bradford, J.M. 1999. Conservation tillage corn production for a semiarid, subtropical

1/07/2007 16:07

The economics of conservation agriculture

8 of 10

http://www.fao.org/DOCREP/004/Y2781E/y2781e07.htm#TopOfPage

environment. Agronomy Journal, 91(1): 116-121.
Smit, B. & Smithers, J. 1992. Adoption of soil conservation practices: an empirical analysis in
Ontario, Canada. Land Degradation and Rehabilitation 3(1), 1-14.
Smolik, J.D., Dobbs, T.L. & Rickerl, D.H. 1995. The relative sustainability of alternative,
conventional and reduced-till farming systems. American Journal of Alternative Agriculture,
10(1): 25-35.
Sobels, J., Curtis, A. & Lockie, S. 2001. The role of Landcare in rural Australia: exploring the
contribution of social capital. Journal of Rural Studies, 17: 265-276.
Sombroek, W. 1999. Purposes and modes of carbon sequestration. IFAD/FAO discussion on the
prevention of land degradation, the enhancement of carbon sequestration and the conservation of
biodiversity through land use change and sustainable land management. April 15, 1999, Rome,
IFAD.
Sommer, C. & Zach, M. 1992. Managing traffic induced soil compaction by using conservation
tillage. Soil and Tillage Research,24(4): 319-336
Sorrenson, W.J. 1997. Financial and economic implications of no-tillage and crop rotations
compared to conventional cropping systems. TCI Occasional Paper Series No.9, Rome, FAO.
Sorrenson, W.J., Duarte, C. & López Portillo, J. 1998. Economics of no-till compared to
conventional cultivation systems on small farms in Paraguay: policy and investment implications.
Soil Conservation Project MAG - GTZ.
Srivastava, J.P., Tamboli, P.M., English, J.C., Lal, R. & Stewart, B.A. 1993. Conserving soil
moisture and fertility in the warm, seasonable dry tropics. World Bank Technical Paper 221,
Washington, DC, World Bank.
Steiner, K.G. 1998. Conserving natural resources and enhancing food security by adoption
no-tillage. Tropical Ecology Support Program, Eschborn, GTZ.
Stonehouse, D.P. & Bohl, M.J. 1993. Selected government policies for encouraging soil
conservation on Ontario cash-cropping farms. Journal of Soil and Water Conservation, 48(4):
343-349.
Stonehouse, D.P. 1995. Profitability of soil and water conservation in Canada: a review. Journal of
Soil and Water Conservation, 50(2): 215-219.
Stonehouse, P. 2000. Educational experiences with environmental farm plans in a case-study setting.
Journal of Agricultural Education and Extension 7(1):1-9.
Stonehouse, P.D. 1991. The economics of tillage for large-scale mechanized farms. Soil and Tillage
Research, 20(2-4): 333-352.
Stonehouse, P.D. 1996. A targeted policy approach to inducing rates of conservation compliance in
agriculture. Canadian Journal of Agricultural Economics, 44: 105-119.
Stonehouse, P.D. 1997. Socio-economics of alternative tillage systems. Soil and Tillage Research,
43(1-2): 109-130.
Stonehouse, P.D. 1999. Economic valuation of on-farm conservation practices in the Great Lakes
region of North America. Environmetrics, 10: 505-520.

1/07/2007 16:07

The economics of conservation agriculture

9 of 10

http://www.fao.org/DOCREP/004/Y2781E/y2781e07.htm#TopOfPage

Surry, D.W. 1997. Diffusion theory and instructional technology. Paper presented at the Annual
Conference of the Association for Educational Communications and Technology (AECT),
Albuquerque, New Mexico February 12 - 15 (available at www.gsu.edu/~wwwitr/docs/diffusion/).
Swinton, S.M. 2000. More social capital, less erosion: evidence from Peru's Antiplano.
Department of Agricultural Economics, Michigan State University, East Lansing.
Thiele, G. & Barber, R. 1998. Linking with agricultural input suppliers for technology transfer: the
adoption of vertical tillage in Bolivia. Journal of Soil and Water Conservation, 53 (1): 51-56.
Tisdell, C. 1996. Economic indicators to assess the sustainability of conservation farming projects:
an evaluation. Agriculture Ecosystems and Environment, 57: 117-131.
Troughton, M.J. 1985. Industrialization of US and Canadian Agriculture. Journal of Geography
84(6):255-263.
Tweeten, L. 1995. The structure of agriculture: implications for soil and water conservation. Journal
of Soil and Water Conservation, 50: 347-351.
Unger, P.W. 1984. Tillage systems for soil and water conservation. FAO Soils Bulletin 54. Rome
FAO.
Uri, N.D. 1997. Conservation Tillage and Input Use. Environmental Geology 29(3/4): 188-201.
Uri, N.D. 1998a. Impacts of price and energy on the use of conservation tillage in agriculture in the
US. Applied Energy, 60: 225-240.
Uri, N.D. 1998b. The role of public policy in the use of conservation tillage in the USA. Science of
the Total Environment, 216: 89-102.
Uri, N.D. 1999a. Conservation tillage in US agriculture: environmental, economic and policy
issues. New York, Haworth Press.
Uri, N.D. 1999b. Factors affecting the use of conservation tillage in the United States. Water, Air
and Soil Pollution,116 (3/4): 621-638.
Uri, N.D. 2000a. An evaluation of the economic benefits and costs of conservation tillage.
Environmental Geology, 39(3/4): 238-248.
Uri, N.D. 2000b. Perceptions of the use of no-till framing in production agriculture in the US: an
analysis of survey results. Agriculture, Ecosystems and Environment, 77:263-266.
Uri, N.D., Atwood, J.D. & Sanabria, J. 1999. The environmental benefits and costs of conservation
tillage. Environmental Geology, 38(2): 111-125.
Van Es, J. 1983. The adoption/diffusion tradition applied to resource conservation: inappropriate
use of existing knowledge. The Rural Sociologist, 3(2): 76-87.
Van Huylenbroeck, G. & Whitby, M. 1999. Countrywide Stewardship.
Van Kooten, G. C., Ward, P.W. & Chinthammit, D. 1990. Valuing trade-offs between net returns
and stewardship practices: the case of soil conservation in Saskatchewan. American Journal of
Agricultural Economics. 72:104-113.
Verinumbe, I. 1981. Economic evaluation of some zero tillage systems of land management for
small scale farmers in south western Nigeria. Faculty of Agriculture and Forestry, University of

1/07/2007 16:07

The economics of conservation agriculture

10 of 10

http://www.fao.org/DOCREP/004/Y2781E/y2781e07.htm#TopOfPage

Ibadan, Ibadan.
Wandel, J. & Smithers, J. 2000. Factors affecting the adoption of conservation tillage on clay soils in
southwestern Ontario, Canada. American Journal of Alternative Agriculture, 15(4).
Warren, 1983. Technology transfer in no-tillage crop production in the third world agriculture. In:
No-tillage crop production in the tropics. Proc. Symp., Monrovia, Liberia Published by Int. Plant.
Prot. Center, Oregon State Univ., Corvallis, OR, 25-31.
Warriner, G.K. & Moul, T.M. 1992. Kinship and personal communication network influences on the
adoption of agriculture conservation technology. Journal of Rural Studies, 8(3): 279-291.
Westra, J. & Olson, K. 1997. Farmers' decision processes and adoption of conservation tillage. Staff
Paper P97-9, Department of Applied Economics, University of Minnesota.
Wilson, G. 2000. Financial imperative or conservation concern? EU farmers' motivations for
participation in voluntary agri-environmental schemes. Environment and Planning A
32(12):2161-2185.
Winter, M. 2000. Strong policy or weak policy? The environmental impact of the 1992 reforms to
the CAP arable regime in Great Britain. Journal of Rural Studies. (16): 47-59.
Wood, S., Sebastian, K. & Scherr, S.J. 2000. Pilot analysis of global ecosystems. Washington D.C.,
IFPRI/WRI.
World Bank. 1998. Implementation completion report Brazil: land management project Parana
(Loan 3018-BR). Environmentally and Socially Sustainable Development Sector Management
Unit, Latin America and the Caribbean Region, Washington, DC, World Bank.
World Bank. 2000. Implementation completion report Brazil: Land management II - Santa
Catarina project: implementation completion report (Loan 3160-BR). Report #20482,
Washington, DC, World Bank.
Wynn, G., Crabtree, B. & Potts, J. 2001. Modelling farmer entry into the Environmentally Sensitive
Area schemes in Scotland. Journal of Agricultural Economics, 52(1):65-82.
Zenter, R.P., Tessier, S., Peru, M., Dyck, F.B. & Campbell, C.A. 1991. Economics of tillage
systems for spring wheat production in southwestern Saskatchewan. Soil and Tillage Research,
21(3-4): 225-242.

1/07/2007 16:07

The economics of conservation agriculture

1 of 1

http://www.fao.org/DOCREP/004/Y2781E/y2781e08.htm#P0_0

Originated by: Agriculture Department
Title: The Economics of Conservation Agriculture...
Español Français

More details

APPENDIX 1
A SUMMARY OF FINANCIAL ANALYSES OF CONSERVATION AGRICULTURE

1/07/2007 16:08

The economics of conservation agriculture

1 of 2

http://www.fao.org/DOCREP/004/Y2781E/y2781e09.htm#TopOfPage

Originated by: Agriculture Department
Title: The Economics of Conservation Agriculture...
Español Français

More details

APPENDIX 2
A REVIEW OF EMPIRICAL STUDIES OF THE ADOPTION OF SOIL CONSERVATION
AND CONSERVATION AGRICULTURE

1/07/2007 16:09

The economics of conservation agriculture

2 of 2

http://www.fao.org/DOCREP/004/Y2781E/y2781e09.htm#TopOfPage

1/07/2007 16:09

