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Because of the marginal condition of slopelands and the pressure exerted by increasing
migration from the lowlands, these areas are highly vulnerable to land degradation from human
activity.  Further development of these areas for agriculture will need land management systems
that will be sustainable over time and space.  This Bulletin presents the principles of sustainable
land management (SLM), and how sustainability can be evaluated.

The use of indicators provides a rational basis for monitoring and evaluating the
sustainability of land management systems, and serves as a guide in decision-making at all lev-
els.  Indicators for sustainable land management identified in earlier studies were applied in
evaluating the sustainability of the farm production systems at an on-farm research site in the
Philippines of the ASIALAND Network on the Management of Sloping Lands.  The analysis
showed that farms where conservation practices are employed showed a trend towards
sustainability.  The results could be aggregated to allow interpretation at a higher level, which
might be useful in land capability assessment and land use planning.
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The quality and management of land resources
in the Philippines has become an increasing matter
of concern in recent years.  This is because of the
pressure of expanding populations and economic
development.  While there is still scope for the
expansion of productive land in some areas, many
developing countries are faced with a need to increase
production from either land already in use or from
the fragile and less productive slopeland areas.

In Southeast Asia, the trend is towards the
utilization of slopeland areas, not only because of
the limited area favorable for agriculture in the
lowlands, but also because of the dominance of this
kind of landscape in the region.  Slopelands dominate
most of the countries in Southeast Asia and China
(IBSRAM 1992).  For instance, the South China
subtropical red and yellow soil regions occupy an

area of 218 million ha, 90% of which is mountainous
or hilly.  In Thailand, about 35% of the country’s
land area is hilly or mountainous, especially in the
northern and western parts of the country.  Hilly
lands in the Philippines are estimated to cover 9.4
million ha, or about 31% of the total land area.  They
occupy 4.7 million ha, or 36% of the total land of
Peninsular Malaysia.  In Vietnam, slopelands occupy
25 million, or 75% of the total area of the country.

Land use in such areas needs special attention
because it is slopelands which are in the greatest
danger of land degradation.  To provide a rational
basis for the development and utilization of these
areas, appropriate classification of these areas, in
terms of their capability and suitability for different
uses, is needed.

The use of indicators in evaluating land quality
and sustainability of land management systems is
discussed in this Bulletin.  Their application in
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assessing the sustainability of management practices
in selected slopeland farms and their potential for
land use evaluation are also discussed.
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Maintaining the productive potential of land
resources, and checking for land quality degradation,
are fundamental elements of sustainable land
management (SLM).
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Dumanski (Dumanski et al. 1991a) considers
sustainable land management to be a package of
technologies applied at all levels of land use, which
individually or in aggregate contribute to sustainable
agriculture.  It aims at maximizing the efficient use
of inputs in relation to the amount and quality of the
outputs, while incorporating long-term
environmental and social concerns associated with
the outputs.  It evaluates management, not only in
terms of production efficiency, but also in terms of
its impact on the environment and its ability to
ensure equity down the generations.

Sustainable land management is an extension
of “maximum economic yield”, in that it not only
tries to maximize the efficient use of inputs, but also
considers the long-term environmental and social
costs (Dumanski et al. 1991b).  It is also an extension
of the concept of “Best management practices”, but
treats each management technique as a component
of a set of technologies, which act collectively on
long-term sustainability.  SLM does not consider
the application of today’s technologies to solve
today’s (and often yesterday’s) problems.  It rather
tries to develop recommendations, based on sound
scientific principles, which simultaneously promote
agricultural productivity, ensure economic and social
returns, and protect or enhance the quality of the
environment and the land.  While sustainable
agriculture addresses the need for agricultural
production on a sustainable basis, SLM describes
how this is to be achieved.

The International Board for Soil Research
and Management (IBSRAM) looks at sustainable
land management as combining technologies,
policies, and activities aimed at integrating
socioeconomic principles with environmental
concerns.  It should be able to address the five pillars
of productivity, security, protection, viability, and
acceptability.  It should simultaneously: maintain or
enhance production services (productivity), reduce

the level of production risk (security), protect the
potential of natural resources and prevent
degradation of soil and water quality (protection),
be economically viable (viability), and be socially
acceptable (acceptability) (IBSRAM 1997).

Evaluating Sustainable Land
Management

Agriculture will continue to be the engine of
economic development in most developing
countries.  Sustainable land management becomes
an integral part of the process of harmonizing
agriculture and food production with the often-
conflicting interests of economics and the
environment.  Evaluation should consider the
intricate, inter-dependent economic, social and
environmental issues.  Furthermore, sustainability
can be expected to change from one area to another
and over time.  Consequently, solutions will have to
be location- and time-specific.

Sustainable land management can be
perceived at several levels, depending on the scale
for which evaluations are made (Table 1).  In its
simplest form, the basic units for evaluation are
farmers’ fields (Dumanski et al. 1991b).  On this
scale, evaluation can be made in terms of cropping
systems, changes in soil characteristics, the impact
of soil degradation on yield, returns per unit of
cropland, and so forth.  On a larger scale, evaluation
criteria may include changes in production potential,
the on- and off-farm impact of degradation, a
comparative assessment of the economic
performance of various farming systems, a
comparison of opportunities in agriculture vs. other
land uses, etc.  This range of options reflects the
scale of applications for which the evaluation is
being made.  The concept of sustainable land
management thus encompasses agriculture within a
framework of environmental resource optimization
and land use planning.

In the final analysis, however, it will be the
land management practices of individual farmers
that will primarily affect the sustainability of
agriculture in the future.  As the pressures on
productive land intensify, it will become increasingly
more important that land management practices
become sustainable.  It is the responsibility of the
scientific community to develop criteria and
indicators for evaluating whether land management
practices will lead towards sustainability, or away
from it.
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The term "indicator" in its normal sense means
a number or other descriptor that is representative of
a set of conditions, and which conveys information
about a change or trend in these conditions.  It can
also represent in summarized form the total effect of
many variables, as in the use of crop yield as an
indicator of soil fertility.  Indicators can be derived
from qualitative and quantitative measurements.
However, they become standardized and comparable
only when they are transformed into a numerical
form (Pieri et al. 1995).

Indicators are not merely descriptive.  Their
purpose is to guide policy changes and management
decisions at all levels, from the farm to the national
and even global level.  Indicators are needed, for
example, to monitor the effects of agricultural
policies on soil fertility, including the response to
fertilizer inputs.  In regions where forest clearance,
forest degradation and shortage of wood products
are important land issues, indicators are needed to
monitor changes in the condition of these resources

over time, and to assess the effects on them of policy
changes and management measures (Pieri et al.
1995).

Indicators are already in regular use in some
areas, especially at a farm level.  Indicators to
evaluate changes in the quality of land resources at
a national or district level still need to be developed.
We particularly need indicators for evaluating the
sustainability of land management systems.
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In the development of land quality indicators,
Dumanski and Pieri (1997) recognized the
application of the pressure-state-response framework
(Fig. 1).  This is because quality should be viewed,
not only in terms of the physical condition of the
land, but also in terms of how land is being managed,
and the political and social environment for
instituting improvements in land management.

The framework is a convenient representation
of the linkages among the pressures exerted on the
land by human activities (pressure box), changes in
the quality of resources (state box), and the response
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to these changes as society attempts to release the
pressure or to rehabilitate land which has been
degraded (response box).  The interchanges among
them form a continuous feedback mechanism that
can be monitored and used for assessment of land
quality.  The framework can thus be used to structure
and classify information, and to assist in the
identification of the key set of indicators that best
describe how farmers are managing their lands and
the impacts of this management.

Examples of indicators according to the
framework are given by Pieri et al. (1995).  For
slopelands where soil erosion is a major cause of
land degradation, the following examples are given:
Pressure indicator: Extent of sloping land without
adequate conservation measures
State indicators: Rates of erosion (mt/ha/year)
obtained by field measurement or modelling; Loss
of topsoil, soil organic matter and nutrients;
Truncated soil profiles; Extent and severity of visible
signs of erosion, e.g., thin or rocky soils, landslides,
gullies, areas of abandoned land
Response indicators: Extent of adoption of soil
conservation practices, by area or by farm; Number
of farmers’ associations active in conservation;
Abandonment of land formerly cultivated

It should be noted that not all the indicators
suggested can be precisely quantified.  Some can
potentially be quantified, although not always in a
standardized way that will allow for the comparison
of different regions.  In many cases, neither standards

nor threshold values have yet been developed.
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The international Framework for the
Evaluation of Sustainable Land Management
(FESLM) is closely related to the pressure-state-
response framework for environmental reporting.
The FESLM provides a practical framework that
connects all aspects of land use under investigation
with the interacting conditions of the natural
environment, the economy, and the socio-cultural
and political life (Dumanski et al. 1991b).  It serves
as a tool for identifying which systems are sustainable
systems and which are not, by producing a checklist
of variables and factors.  These can be used to
evaluate systematically the sustainability of a wide
range of agroecological systems.

Integrating knowledge from diverse sources
such as IBSRAM long-term experiments, FESLM
on-farm research case studies, and informal technical
innovation from progressive farmers, extension
workers and experts (Fig. 2), Rais et al. (1997)
developed SLM indicators based on the five pillars
of sustainability listed above.

This analysis provided the threshold values,
and the qualitative and quantitative ratings of each
indicator.  Table 2 gives the list of indicators
identified under each of the five criteria.  Case
studies conducted in Indonesia, Thailand and
Vietnam provided additional information on the
effect of various land management practices, and
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allowed the integration of local knowledge and
scientific research (Gameda et al. 1998, Lefroy et
al. 1998).  These indicators were then used to
develop an expert system-based decision support
system (DSS).  This in turn provides an opportunity
to put the FESLM concept to practical use.

A simple set of indicators for sustainability
has been developed in the Philippines and Australia
(Gomez 1997a, and 1997b, Swete-Kelly and Gomez
1998).  Through a screening process, they came up
with two groups of indicators.  One group dealt with
resource conservation, and the other with the
satisfaction of farmers.  Under the indicators for
resource conservation are:

• Organic matter (OM) content;
• Cation exchange capacity (CEC);
• Moisture content at 1/3 bar,
• Water dispersible solids,
• The presence of permanent ground

cover, and
• Soil depth.

To measure farmers’ satisfaction, indicators
included:

• Gross returns;
• Cost of material inputs;
• Diversity index;
• Farm size;
• Membership in farming organizations,

and
• The number of large animals raised.

Essentially, this is similar to the five pillars of
sustainability mentioned above.  Protection is the
main component of resource conservation, while
productivity, stability, viability and acceptability
are integrated in the indicators of each farmer’s
satisfaction.
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Maglinao et al. (1997) applied these indicators
to evaluate the sustainability of farm practices
employed by farmers in Ma. Paz, Tanauan, Batangas.
This is the site of the IBSRAM ASIALAND network
on the management of sloping lands in the
Philippines.  Information from 10 project farms and
10 non-project farms were used in the evaluation.

Sustainability Rating Using the
Indicators for Resource Conservation
and Farmers’ Satisfaction

Based on the indicators for resource
conservation, seven of the ten project farms followed

sustainable practices, while the practices in all ten
non-project farms were unsustainable (Table 3).
This could be expected, as the technology introduced
in the project has been shown to prevent or reduce
soil erosion.  All indicators favor the systems
followed by the project farms.  However, it is the
ground cover which made the major difference
between the project and non-project farms.

The indicators of sustainability for farmer’s
satisfaction also showed that more project farms (5
out of 10) had sustainable practices than the non-
project farms (2 out of 10).  However, not all five
farms where the farmer was satisfied were also
sustainable according to indicators for resource
conservation.

While seven out of ten project farms were
sustainable based on the indicators for resource
conservation, only three of those had a sustainability
rating of more than one for both categories.  On this
basis, only these three farms could be considered to
be practicing a sustainable system.  None of the non-
project farms were sustainable.

DSS-SLM Assessment of Land
Management Systems

Table 4 shows descriptive ratings of the 20
farms based on the five criteria for sustainability.
All project farms met the requirements for protection
and social acceptability, while five met the
requirements for protection, acceptability and
productivity.  Of these five, only one met the viability
criteria.  None of the farms (project and non-project)
met the requirement for security.

Among the non-project farms, one met the
requirements for protection and acceptability, one
for protection and productivity, two for acceptability,
and one for protection.  The sustainability of the rest
was marginally above the threshold, marginally
below the threshold, or did not meet the requirements
at all.

Table 5 summarizes the sustainability status
of the land management practices of the 20 farms.
The data show that the project farms have better
sustainability status than non-project farms.  While
this information may not show the status of each
farm, it helps in identifying which criteria are not
met and which should now be the focus of
intervention.  Just the same, both methodologies
point to the effect of conservation technologies in
promoting sustainability.
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The results presented above show that a much
deeper analysis still has to be done to make the
indicators identified more useful.  The analysis was
done at the farm level.  Some kind of aggregation is
needed, for the indicators to be applicable on a
larger scale.  Nevertheless, this could serve as an
initial step to help farmers in making decisions as to
what practices they should use in their fields to
maintain or enhance the productive potential of
their farms.

Applying this approach at a higher level could
be useful in land use evaluation.  Since the sustainable
management of our land resources depends on the
state of this resource, the pressure that it is subjected
to, and the response of land users to ease this
pressure, indicators are needed to monitor land use
changes and their impact.
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Slopelands dominate the landscape of most of
Southeast Asia.  Because of their marginal and
fragile nature, together with the pressure exerted by

increasing populations, special attention should be
given to this ecosystem.  The development of
sustainable land management systems is necessary
to maintain and enhance the productive potential of
these areas.  As land management depends on the
pressure on, and the current condition of, our land
resources, the different land users should be provided
with relevant information for decision-making.
Classifying slopelands according to their capability
and best use is basic to this requirement.  Moreover,
indicators to monitor and assess management
practices as land use changes over space and time
should be developed.
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During the Discussion after the paper presentation, a participant from Taiwan pointed out that soil
erosion is probably the single most important indicator of land quality. However, erosion is difficult to
measure, and measurement must be carried out over a long time.  There seems to be no quick and easy method.
Even if a reservoir is constructed to catch sediments, the results may be very variable. For example, erosion
is reduced if rainfall is low. In other words, many factors influence erosion, and land use is only one of them.
Furthermore, erosion must also be measured over a long period of time. It may take decades to judge whether
conservation measures are  really effective.

With regard to modeling, he suggested that while models are useful, they can be misleading. If models
are developed overseas, e.g. in the United States, they cannot just be imported. They have to be tested and
verified in the Asian countries  where they are being applied..

Dr. Maglinao agreed that measurement of erosion is still a problem, and that long-term study is needed.
Sometimes erosion stops because there is no more soil left to erode!!  He agreed that just measuring data from
a site may not be very reliable, which is why he was so interested in measuring the on-site and off-site impact
of erosion.

One participant referred to a World Bank report on a conservation program which involved planting
trees in an upper watershed in Pakistan. After some years, the erosion rate had not been reduced, and the
program was seen as a failure.  However in fact, the early erosion had been from the soil disturbance when
the trees were planted. After only a few years, there had not been enough time to for the trees to grow large
enough  so that their canopies and leaf litter protected the soil. Seen in terms of its long-term impact, the
program was successful.

A scientist from the Philippines suggested that erosion cannot be seen simply as causing an immediate
loss of fertility.  To understand erosion, we need to understand the process of sedimentation. Sheet erosion
involves the mass downward movement of sediments.  This is very different from the rapid movement of soil
sediments down a gully into a stream.  In sheet erosion, losses of sediments downhill are often balanced by
gains from above.

Rather than erosion, sediment transport may be a better measure of possible losses or gains in fertility.
Whereas gully erosion always represents a net soil loss, other kinds of erosion may represent almost an
equilibrium. Erosion, after all, is a process of stabilization.  If erosion is very active, this is because the cycle
of repose has been violated by inappropriate land use. This is why fertilizer use in upland areas is a very
complex problem.

Participants also discussed the problem of how recommendations for sustainable land use can be made
acceptable to farmers. It was generally agreed that this is easier when farmers are moving into a new area,
especially if farmers are involved at the planning stage. It is more difficult to persuade farmers to change what
they are already doing in order to restore damaged land.

In the selection of indicators, it was suggested that since measurements of land use impact is expensive
and takes a long time, it might be better to search for minimum indicators. For example, crop yield shows the
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combined impact of many factors, and is easy to measure. Dr. Maglinao agreed. He also raised the question
of how often monitoring of an indicator needs to be carried out, whether the  intervals between measurements
should be monthly, annual or every cropping season.  In conclusion, while useful indicators have been
proposed, there is still a great deal of work to do in developing and testing them.


