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PROPOSITIONS
1. Conservationtillageis a misnomer and should be replaced by crop residue mulching.
(this thesis)
2. The economic assessment of soil conservation is typically imperfect. Still it provides
ample opportunities to enhance the effectiveness of soil conservation technology
development and dissemination.
(this thesis)
3. The quest for the absolute "win-win" technology is futile. Still such an ideal provides a
useful beacon for soil conservation technology development.
(this thesis)
4. The challenge for agricultural development is to identify relevant utility enhancing
options which, given an enabling environment, are likely to spread autonomously
farmer-to-farmer.
(this thesis)
5. Technological adaptation is more of an indicator of success than a disruption of design.
(this thesis)
6. The lack of enforcement of existing legislative measures is a more fundamental problem
than the lack of legislation per se.
(this thesis)
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7. Public intervention in soil conservation has traditionally been remarkably unsuccessful.
(this thesis)
8. If water is not a limiting factor one should not expect an immediate and perceivable
yield increase due to water conservation.
(this thesis)
9. The success of an agricultural technology in one area generates optimism and feeds the
insatiable quest for quick fixes elsewhere. It thereby invariably leads to extrapolation to
areas where it is not viable as such.
(this thesis)
10. A shortcut is not necessarily the shortest distance between two points.
(the internet)
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11. On deserted potholed roads, driving is always smoother on the opposite side of the road.
(field work)

Propositions with the Ph.D. thesis The economics of soil conservation in developing
countries: The case of crop residue mulching.
Olaf Erenstein
Wageningen, 28 September 1999
Adapted from Blaikie, P. (1985). The Political Economy of Soil Erosion in Developing
London, Longman (page 72).
Adapted from one of Murphy's laws (unpublished source).
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Abstract
The study contributes to the search for a methodology to assess soil conservation,
particularly in developing countries. The study first assesses the economics of soil
conservation in general - with special emphasis on the relationships between technology,
economic analysis and policy implications. The quantification and valuation of soil erosion
and soil conservation are highly controversial and present considerable analytical challenges
that have been tackled in varying ways. By implication, government intervention is
controversial too - and has typically been unsuccessful. This has direct implications for both
the development of conservation technology and the implementation of conservation
interventions.
The study subsequently assesses the economics of one particular technological
conservation option: crop residue mulching (also known as conservation tillage). An
analytical framework is developed to assess the socio-economics of the technology in
developing countries. The technology assessment framework follows a stepwise expanding
analysis along a three-tier hierarchy: crop production, the farm household and the
institutional setting. This results in a private and a social assessment of the technology, and
the formulation of corresponding policy implications. The framework is applied in ex ante,
ex post and partial analyses of crop residue mulching in different settings in Mexico and
Central America. Conclusions are drawn regarding the technology assessment framework
and crop residue mulching.
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SETTING THE STAGE
1.1 Degradation and conservation of natural resources
Concern for the global environment has increased in recent years (e.g. WCED, 1987;
UNCED, 1992; World Bank, 1992). The resource degradation associated with agriculture
in particular has been identified as a most serious worldwide problem (Napier et al,
1994b). With limited potential to develop new land, increases in agricultural production
must come largely through better use of the land already in production (Shaxson et al,
1989). Yet resource degradation has usurped the productive capacity out of some
environments, and is undermining the productive advances in others. Degradation thus puts
further strains on the prospects of feeding the world - although for now, technological
development kept Malthus' (1798) prophecy at bay. Nonetheless, population growth
continues, and the world remains finite - inducing a quest for sustainable resource use.
Sustainable development is 'development that secures increases in the welfare of the
current generation provided that welfare in the future does not decrease' (Pearce and
Warford, 1993: 49). This definition - and its frequently cited Brundtland-commission
precursor - might seem straightforward to some, yet others object. For one, that
development is a subjective term, a value word implying change that is desirable and as
such no consensus is bound to exist (Pearce et al, 1990). In addition (though related), the
interpretation is in terms of human welfare only, and implicitly welcomes economic growth
(Perman et al, 1996:52). Notwithstanding these objections, this definition - and its
precursor - conceivably appeals to many (van Pelt, 1993) and has filtered through into
various other definitions.
While few would argue against sustainability, it is a wide, many faceted concept meaning
different things to different people. Indeed, the definitions of sustainability are extremely
varied, leading some to fear there might be as many interpretations as there are
practitioners. Part of the confusion relates to semantics, as ambiguous or subjective terms
litter the debate around sustainability and its components (Pearce et al, 1990; Lele, 1991).
Another major contributor to the confusion is the perspective of the practitioner. One can
distinguish ethical, ecological and economic arguments for sustainability - each with their
corresponding set of definitions (Harrington, 1995; Perman et al., 1996). Sustainability thus
1
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I.e. 'development that meets the needs of the present without compromising the ability of future
generations to meet their own needs' (WCED, 1987:43).
For instance, Frye and Blevins, 1989; Conway and Barbier, 1990; Gajewski et al., 1992b;
Lovejoy and Sanders, 1994; Perman et al, 1996. One interpretation of sustainability is maintaining
a consumption or production stream indefinitely without degrading the (natural) capital stocks
(Lingard, 1994). Other interpretations, applied to agriculture, include Crosson's (in Harrington,
1995): an agricultural system that can indefinitely meet demands for food and fibre at socially
acceptable economic and environmental costs. Or in the case of Lai (1990): profitable farming on a
continuous basis while preserving the natural resource base.
1
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touches upon varied interests and proves to be yet another battlefield where the different
stances are pitted against each other.
The present study does not present another essay on sustainability. Yet, there is a need
to realise the ambiguities that exist in the debate around sustainability and its components.
As highlighted by Bie (1990), the lack of standard definitions is an obvious pitfall in the
current discussion, especially in view of the diverse backgrounds and interests of the actors
involved. Without adequate tools of communication and with the great amount of
disagreement on the essential terms, the discussion becomes exceedingly confusing to all.
Further, with reports using varying criteria, any comparison or considered opinion becomes
difficult as it becomes almost impossible to ensure that views and facts presented by the
different authors do in fact refer to the same basic phenomena (ibid.).
Despite definitional issues, the challenge remains of how to develop and intensify
agricultural production without degrading the resource base upon which it all depends
(Shaxson, 1993). This study focuses on technological considerations within the broader
sustainable development debate. Notably, it aims to assess promising agricultural production
technologies that may contribute to the conservation of natural resources.
3

1.2 Focus of the study
Land degradation reduces the capability of land to satisfy a particular use (Blaikie and
Brookfield, 1987:6). It encompasses any process that lowers land productivity, assuming
other factors such as technology, management and weather remain constant (Bojo, 1996).
Soil degradation is one specific subset of land degradation that is of particular relevance for
agricultural production. It is 'a process that describes human-induced phenomena which
lower the current and/or future capacity of the soil to support human life' (Oldeman et al. in
WRI et al, 1992). Such degradation occurs when the soil resource is not used according to
its capability/suitability. It generally is a complex and long-term process, a form of stress
that undermines soil productivity. In this regard, Brown (1981 in Blaikie and Brookfield,
1987) has described soil degradation as the 'quiet crisis' which nevertheless erodes the basis
of civilisation. The problem is pervasive, often insidious but crucial to the future of
humankind (Blaikie and Brookfield, 1987).
One problem with soil degradation is just to identify what it is, since there are so many
types (Biot et al, 1995 in Sanders et al, 1995). It is a broader umbrella term for a decline
in soil quality encompassing the deterioration in physical, chemical and biological attributes
(Eaton, 1996) - and includes soil erosion, soil fertility depletion, soil compaction, and soil
pollution. Several classifications of degradation processes exist in the literature (e.g. FAOUNEP, 1983; Oldeman et al, 1990). The multitude of classifications can be partly
4
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For instance, see Goodland, 1989; Pezzey, 1989; Conway and Barbier, 1990; Pearce et al,
1990; Lele, 1991; Gajewski et al, 1992b; Chapter 2 of Pearce and Warford, 1993; Turner, 1993;
van Pelt, 1993; Harrington, 1995; Chapter 3 of Perman et al, 1996.
The concept of 'land' is wider than that of 'soil', and includes natural flora and fauna, water
and microclimate next to the soil proper.
Stress is a frequent, sometimes continuous, relatively small, predictable force with cumulative
effect (Conway and Barbier, 1990).
3
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explained by the fact that soil degradation is generally a combination of processes. Another
problem is the generally incomplete distinction between the causes and (biophysical) effects
of degradation.
Lai et al. (1989:53) make a particularly useful distinction between (i) processes and (ii)
factors of soil degradation. Soil degradation processes include chemical, physical and
biological actions and interactions that negatively alter the soil resource. Factors of soil
degradation are natural and human-induced agents and catalysts that set in motion these
processes. In other words, the factors are largely the cause and the processes the
(biophysical) effect of soil degradation.
Soil erosion takes an intermediate role in the cause-effect chain of soil degradation.
Factors of soil degradation can accelerate soil erosion, which in turn leads to physical,
chemical and biological degradation processes. This intermediate role is a potentially
confounding factor upon assessing soil erosion. First, soil erosion is only one amongst
several linkages between cause and effect. For instance, soil erosion contributes to the
chemical degradation of the soil resource. However, the existence of chemical degradation
(or soil degradation for that matter) does not imply the existence of soil erosion - as it may
be induced by other degradation factors (e.g. soil fertility depletion through 'soil mining').
Second, soil erosion itself has manifold consequences. Soil erosion is most easily associated
with physical soil loss but this singles out only one of its consequences.
Soil erosion is generally defined as the wearing away of soil by water, wind or ice. This
occurs naturally in the physical environment, but human interference can significantly
accelerate this natural process (Blaikie and Brookfield, 1987; Napier et al, 1991:368;
Camboni and Napier, 1994). This adds another confounding factor to the assessment:
Where runs the line between natural and accelerated? The fact that restorative processes
exist - both natural and human - further confounds the problem. Actual soil erosion thus is
the net result of various forces, both human and natural, both degrading and restorative.
Generally, concern is about accelerated - and thus positive - soil erosion: i.e. when the
detrimental human interference far outweighs the other processes. For practical purposes,
some - including this study - therefore interpret soil erosion as synonymous with humaninduced or accelerated soil erosion (Bork, 1987 in Grohs, 1994).
Soil erosion is widely considered to be the most serious form of soil degradation - and
environmental hazard for that matter (Southgate et al, 1984; El-Swaify, 1994; Lai, 1994).
It undermines the long-term viability of agriculture in many parts of the world and vast
areas of land now being cultivated may be rendered (economically) unproductive if erosion
continues unabated (Lai, 1994; Eaton, 1996). Soil erosion is also the best known of all
forms of soil degradation, amongst others due to its (relative) visibility, measurability and
impact, and being dramatically increased by human action (van Kooten, 1993; Pagiola,
1994a; Eaton, 1996).
6
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Therefore, various outcomes are conceivable, including 'negative' net soil erosion (i.e. soil
formation) when the beneficial forces outweigh the detrimental. This is widespread in areas of soil
deposition and most obvious in river deltas and other alluvial plains.
Relative to other degradation processes. As will be illustrated in Chapter 2, the visibility and
measurability of soil erosion itself is not as straightforward as may be implied.
6
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Soil conservation and rehabilitation
As with most problems, one can envisage three possible scenarios when dealing with soil
degradation: it can be (i) ignored, (ii) prevented or (iii) cured. Upon ignoring soil
degradation, the effects (and costs, if any) accumulate over time. The two other venues of
action try to mitigate the effects of soil degradation - respectively through conservation and
rehabilitation (also see Annex A).
Soil conservation is a preventive intervention to limit the extent of soil degradation
actually taking place. It can be defined as prolonging the useful life of soil resources. It
revolves around satisfying current human needs from soil resources without harming or
destroying their capacity to do so in the future (Shaxson et ah, 1989). Soil conservation
may be defined technically as any set of measures intended to control or prevent soil
degradation (Stocking et al., 1989 in de Graaff, 1993). Others simply see soil conservation
as the wise use and management of soil resources (Shaxson, 1988; Swader, 1994).
Soil rehabilitation (or reclamation) is a curative intervention to compensate for previous
soil degradation. It can be defined as restoring the useful capabilities of soil resources. It is
only feasible when the degradation is reversible.
The economically optimal course of action largely depends on the magnitude, nature and
timing of the costs and benefits associated with each scenario. The neglect scenario poses
cumulative degradation-induced costs upon society, typically in terms of future on-site
productivity losses and eventual off-site damages. The conservation scenario typically
offsets these degradation-induced costs (partially or fully) but implies investment costs. The
rehabilitation scenario still incurs the degradation-induced costs (partially or fully) but also
postpones the mitigation costs.
Severely degraded soils generally offer a spectacular and dramatic desolate view, making
a visual case for rehabilitation. However, economically speaking, the prospects of the
rehabilitation scenario are relatively poor: such rehabilitation implies drastic costly action
and is a long-term healing process with no immediate benefit (Frye et al., 1985; Shaxson et
al., 1989; Stocking, 1993; El-Swaify, 1994). Shaxson et al. (1989) claim that much of the
past rehabilitation was wasted money on two accounts. First, the degraded soil generally
had little rernaining productive potential to be reclaimed. Second, it was ineffective as long
as it did not address the true cause of soil degradation. Degradation prevention is generally
far more effective and efficient than its cure (Frye et al, 1985; Shaxson, 1988; El-Swaify,
1994; Bojo and Cassells, 1995).
Semantics once more complicate the discussion. First, the distinction between
conservation and rehabilitation is rather crucial both technically and economically. Yet,
many fail to make this distinction (Shaxson, 1988). Second, soil conservation and
rehabilitation can both be interpreted in a narrow and a wide sense. In the narrow sense,
focus is only upon mitigating soil erosion. In the wide sense, it would mitigate any soil
degradation process (including soil erosion; see Table 1.1).
This study focuses on: (i) the soil erosion subset of soil degradation (more specifically,
accelerated soil erosion by water); and (ii) the narrow soil conservation subset of mitigating
8

However, whether this is actually the preferred, let alone the implemented scenario, depends on
numerous other factors.
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soil erosion. Specifically the study focuses on the socio-economic implications of soil
conservation.
9

Table 1.1 Terminology issues

Problem

Preventive action

Curative action

Land degradation
Soil degradation

Land conservation
Soil conservation
(wide sense)
Soil conservation
(narrow sense)

Land rehabilitation
Soil rehabilitation
(wide sense)
Soil rehabilitation
(narrow sense)

Soil erosion

Societal and technological considerations
The socio-economic implications of soil conservation vary over societies. First, the costs
imposed by soil erosion varies in terms of its extent and consequences. Second, there are
marked differences in resource endowments, technology, preferences and institutions and
these directly affect the costs of implementing soil conservation.
In this regard, soil conservation appears to be particularly critical in developing
countries. First, the potential of soil erosion appears to be higher in most developing
country environments (soils more vulnerable, climate more damaging - Shaxson et al,
1989). Second, the impact of soil erosion tends to be more severe as developing economies
are relatively more dependent upon soil resources for their development. Third, these
societies tend to be more resource constrained - and hence the opportunity costs of soil
conservation are likely to be higher. Fourth, the prevalent underdevelopment typically
implies a marked preference for current consumption - which further penalises
conservation. Fifth, the institutional set-up is typically less supportive for conservation e.g. in terms of missing, incomplete and imperfect markets.
Consequently, although conservation may be most needed in such settings, it is unlikely
to be given high priority. Aggravating the situation, underdevelopment and soil erosion
can be mutually reinforcing. Resource degradation undermines and frustrates economic
development, while low levels of economic development can have a strong causal impact on
the incidence of resource degradation (Blaikie and Brookfield, 1987). Further,
10
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Socio-economics denotes a methodological middle road between holistic institutional economics
and individualistic neoclassical economics (Luzar, 1994).
The same economic constraints affecting soil conservation are also likely to make rehabilitation
prohibitively costiy. Indeed, only a few spontaneous rehabilitation exercises have been documented
in developing countries. In one such instance, Reij (1994) describes the rehabilitation of degraded
land in Burkina Faso (by contour stone bunding and planting pits). This was facilitated by a marked
increase in population pressure on limited agricultural land.
9
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However, although several elements contribute to this vicious circle, it is by no means
universal (e.g. see Reardon and Vosti, 1995).
11

6

Chapter 1

governmental intervention in soil conservation has been typically unsuccessful because of
institutional weaknesses.
One conceivable way to break the soil conservation deadlock is to make soil conservation
more compatible with the farm households' objectives. Traditionally, soil conservation has
emphasised physical conservation measures, which implied substantial investments with
distant and relatively low returns. Therefore, notwithstanding the potential costs of soil
erosion, the farm households' typically limited resources and accompanying preferences
tend to ensure the disutility of such conservation efforts. The challenge is to enhance the
utility of conservation. One option is to develop productive technologies that embody soil
conservation. Such technologies would ostensibly provide an immediate payback as well as
resource conservation over the longer term. Research has identified various types of crop
management practices (or land husbandry) as promising conservation alternatives. These
measures conceivably provide an effective means to reduce soil erosion and recover the
conservation costs through simultaneous factor productivity increases.
Crop residue mulching - also known as conservation tillage - is one such promising
conservation technology. It proposes to leave crop residues as protective cover over the soil
surface. Such a protective cover (or mulch) greatly reduces the incidence of soil erosion by
reducing both the detachment and transportation of soil particles. To maintain the protective
mulch, various crop management changes are needed - for instance, a reduction in soil
tillage. These changes may imply cost savings in terms of labour and capital input in crop
production. In addition, the technology may increase crop yields through the simultaneous
conservation of water and fertility.
Crop residue mulching has already proven itself extensively in the developed nations - in
a number of instances providing an economic conservation alternative with substantial
adoption levels. In turn, the success of the technology in the developed nations has led to its
promotion in developing ones. However, it is still largely unclear how this technology
would perform - or has performed - in the farmers' field in developing nations. This study
hypothesises that a direct transfer of conservation technology without adaptive research is
inappropriate. More specifically, it hypothesises that farm households in developing nations
face more and tighter constraints, and consequently different and higher trade-offs in
adopting such conservation technology.
In sum, the study focuses on the socio-economic assessment of soil conservation particularly for farm households in developing nations. Within this context, it addresses the
economic and policy implications of soil conservation technology in general, and crop
residue mulching in particular.
12

Farmers is used in a generic sense to represent those individuals - male or female - who
manage land - owned, rented or otherwise - to produce agricultural products (crops and/or
livestock). Farmers in developing countries typically are member of and/or head a farm household
with limited resources for income generation.
12
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1.3 Objectives
The present study contributes to the search for a methodology to assess soil conservation. It
provides an analytical framework to assess the socio-economic implications of soil
conservation - focusing specifically on crop residue mulching as a promising technology.
The objectives of this research are three-fold:
- to assess the economics of soil conservation in developing nations - with special emphasis
on economic analysis and policy implications;
- to develop an analytical framework to assess the socio-economics of the crop residue
mulching technology in developing nations;
- to assess the proposed technology assessment framework in the ex ante, the ex post and
the partial analysis of crop residue mulching in Mexico and Central America.
The study expects to contribute to existing literature in several ways. First, by clarifying
the soil conservation dilemma and its implications for economic analysis. Advances in soil
conservation research have been compared to a merry-go-round (El-Swaify, 1981) and
reinventing the wheel is not uncommon. To a large part this can be attributed to the
complexity of the issue. Other factors include the limited institutional memory and the
numerous terminology and data issues. Different studies tend to address different aspects of
the relationships, but the debate is sometimes too general, resulting in seemingly conflicting
evidence (Reardon and Vosti, 1995; Enters, 1998). The present study hopes to provide a
guide through the myriad of details. In doing so, it will help establish that there are implicit
and misleading assumptions in many standard economic models of soil conservation. It will
also highlight the fuzzy nature of the problem, particularly in developing nations: there
simply are no neat solutions, whereas obtaining reliable data presents formidable problems
(Pearceef al, 1990:x).
Second, the study provides a contribution to the adoption literature. This contribution
specifically addresses a relatively neglected field in the literature: the assessment of soil
conservation investments within the context of the farm household and its institutional
setting (Reardon and Vosti, 1997). The proposed analytical framework revolves around the
private viewpoint - a perspective that is particularly useful in identifying adoption barriers
and the corresponding policy implications. The analytical framework is subsequently applied
to different settings. A major problem in the adoption literature is the difficulty of
comparing and interpreting results over studies (SRAPTF, 1993). The cases analysed in the
present study tend to supplement each other. This facilitates putting the results into context
and allows for comparison over space and

