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Development imperatives are changing. Maximizing commodity productivity is giving way to sustainable management of natural resources. High
external input farming is giving way to low external input farming. With these
changes comes the need to help farmers manage the integration of livestock, forestry
and aquaculture into crop-based farms. With these changes comes the need to assess
the impact of these systems on the environment. Our objective is to devise a farmer
participatory method that not only improves farmermanagement of natural resource;
but also monitors the impact of improvements. Farmer participatory methods first
identify indigenous categories of natural resources. For each natural resource type,
an inventory of crop, vegetable, tree, livestock and fish enterprises is collated. This
information is elicited through drawing maps and topographical transects of the
resource systems. Bioresource flows between enterprises and resource types are then
modeled in farmers' conceptual diagrams, which they display in a prominent place.
Fanners monitor and manage resource flows by recording inputs directly onto their
conceptual models. At the start and end ofa season, the farmers bring their quantified
models to a group meeting where lessons are learned "farmer-to-farmer," and researchers collect the data recorded and introduce new techniques to manage natural
resources. A rolling design of farmers' experiments in natural resources management
is put into place. Our case studies over two seasons with three farmers in the
Philippines illustrate how natural resources management can improve. The impact of
these improvements in natural resources management is assessed in terms of changes
in economic efficiency, biological material recycling, species diversity and resource
system capacity. Time series analyses of the four indicators show that dynamism and
reversals characterize all farms. Rapid increases and decreases in all indicators occur.
Results suggest that high performance in all indicators can occur simultaneously and
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that economic loss from crop failure does not jeopardize performance in species
diversity and recycling. Although still in its early stages, participating farmers tell of
improved resource management and express interest in long-term monitoring. We are
confident that these methods will help farmers better manage natural resources.
However, time series data on more farms are needed to develop more and better
indicators.

While "modern" fanning produces food, it does little to alleviate poverty and can
even pollute or degrade the environment (Conway and Pretty1991). Policies that
promoted such farming in the quest for food self-sufficiency are now debunked.
Food security with care for the environment is the new quest (Conway and Barbier
1990; Pierce et al. 1990). Maximizing commodity productivity is therefore giving
way to sustainable management of natural resources. High-external-input,
single-enterprise "modern" farming is giving way to low-external-input multienterprise integrated farming, particularly, when these external inputs pollute or
use nonrenewable resources (Aided 1987; Lightfoot 1990; Reijntjes et al. 1992).
Farming systems research (FSR) must respond with ways to diversify and
integrate enterprises like aquaculture, forestry and livestock into crop-based
farms. Perhaps more importantly, FSR must demonstrate impact on households,
natural resources and the way households manage them.
What natural resources do households have access to? What levels of
diversity and integration are needed to rehabilitate or sustain the natural resource
base? What balance between inputs and outputs is sustainable? How economically
efficient are sustainable farming systems? These are the new questions. Such
questions will require us to add new ways of studying farms and working with
farmers to the methods of FSR.
In the past, we studied farms as collections of enterprises and attempted to
improve the productivity of one or two of them. The new form of study looks not
at enterprises but at indigenous categories of natural resources. It goes beyond
crop fields to all natural resource types that households utilize in one way or other.
We might call this FSR with a natural resource focus. In the past, we used farmer
participation to obtain information for better research decisions and on-farm
trials. The new form of farmer participation goes beyond data gathering to
improve the participating farmers' skills in experimentation and resource management decisionmaking. We might call this fanner-participatory skill building.
Farmers are participating in FSR far more effectively now than they did 10
years ago. Rapid rural appraisal techniques have opened the door to the now
almost ubiquitous participatory rural appraisal (Chambers et al. 1989; Lightfoot
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1989). Here farmers do the appraisals themselves in the form of self-drawn
pictures and diagrams (Lightfoot and Minnick 1991). Similar techniques are used
for participatory monitoring and evaluation (Stephens and Putman 1988). These
appraisals are still just that - appraisal; farmers appraise a situation, but not much
happens to the household as a result. We seek a procedure that will be used by
farmers to help them make decisions and devise their own experiments on
sustainable ways to use the natural resources that they have access to. This is
aligned with what participatory development workers call a learning approach
(Konen 1984). At the same time researchers should be able to obtain data as they
have always done with participatory research appraisal techniques.
In its early days, FSR as defined by Norman (1978) concentrated on
increasing farm yields of particular crops. This form of on-farm research
contrasted sharply with earlier multilocation on-farm trials where only the effects
of the physical environment were tested. FSR did study the human environment,
but with a predetermined focus on the productivity of a particular commodity
(Tripp 1991). In the pursuit of greater farmer participation, research shifted to
address farmers' problems, but these were very much confined to crop production
problems, although links with other components of the on-farm system were
studied (Hildebrand 1986). We might call this FSR with a problem focus. The
progression in FSR foci is illustrated in Fig. 1. In the spirit of sustainable
agriculture we believe our focus on maximizing the economic and biological
performance of enterprises must change to the rehabilitation and regeneration of
natural resources. We can think of a natural resource focus to FSR, but that will
be only part of the story. Our attention to ecological sustainability will need
expanding to include the many off-farm and nonfarm activities that make up
sources of rural livelihood.
At some time, we will have to think of FSR with a livelihood focus. This
work, however, develops our understanding of the natural resource focus which
forces researchers to see farms differently. Rather than a collection of independent
enterprises conducted on a contiguous plot of privately owned land, the farm
becomes a large array of relationships between many different land and water
resources which are often non-contiguous and not privately owned. These are
better perspectives for those concerned with the sustainability of natural resources
and complexity of tropical fanning systems. They are also better perspectives for
those concerned with the participation of rural people i n managing natural
resources. Indigenous categories exist for natural resources. This suggests the use
of these categories, here termed natural resource types, rather than the individual
enterprise, as the appropriate unit around which to structure research on natural
resources management.

Fig. 1. Progression in farming systems focus.
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FARMER PARTICIPATORY PROCEDURES
Elaborated below in four phases are procedures for households to experiment in
natural resource management, improve their natural resource management
decisionmaking skills, and provide researchers with analytical frameworks for
monitoring and assessing impact on households and natural resources.
Phase one: Identification of indigenous natural resource types
Through the drawing of maps and topographical transects, participatory rapid
appraisal techniques identify the indigenous natural resource types that the
community has access to.
A group of 10-15 farmers, including men and women, is an ideal size to map
the indigenous natural resource types in the village. Several teams can be formed
to cover large or diverse project areas or target groups. Natural resource types
outside the area, live rivers or forests that farmers have access to, are also
indicated. A previously prepared base map is used as the focal point of the exercise.
It shows the location of the houses, important landscape features (like rivers and
hills), and the borders of the village lands. The purpose and use of the mapping
are explained, and concepts and methods are clarified with the group. To clarify
the natural resource type concept, the participants can be taken to a nearby farm
and asked to show the kinds of land and water types found in the farm area.
A walk around the village area follows to identify the natural resource types
, and their location. As they walk around the area, the participants draw the
boundaries of the identified natural resource types on the base map and note down
information regarding soil types, water sources, drainage pattern and topography
(Fig. 2). They also note the enterprises undertaken for each natural resource type
incorporating seasonal variations. After the walk, the participants gather to
discuss and verify the information collected and to prepare a final map of the
indigenous natural resource types.
From the information gathered, a transect is drawn (Fig. 3). The transect
places a topographical sketch of each natural resource type from highest to lowest
points in the landscape along the top of a large sheet of paper. This order is not
necessarily that in which they occur on the map. Underneath the transect line the
following information is recorded for each natural resource type: name, soil type,
water sources, crops and vegetables (by season), forage crops (grasses), trees and
animals (including fish). Local names, along with English translations, are used
for indigenous categories of natural resource types, soil and water types and
enterprises. The completed transect is then discussed by the team and corrections
made until consensus is reached.
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Fig. 2. Natural resource map of Po ok Paliparan, Dasmarifias, Cavite, Philippines.
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Having completed the map and transect with the group, it is desirable to
verify the information with other representatives of the community. In our
experience it is often the first time that the community sees their natural resources
in this way. This new perspective also provides researchers with a good grasp of
the available natural resources and farming systems practiced.

Phase two: Modeling bioresource flows
Participatory workshops explore the potential of farmer-drawn conceptual models
of bioresource flows for households to improve resource management
decisionmaking and experimenting skills. The actual drawing is preceded by
visits to selected participant farms to establish rapport among participants and
refresh their knowledge of natural resource types, farm enterprises and resource
flows.
At the workshop, each participant sketches the natural resource types and
enterprises on large sheets of paper. Included in the drawings are systems beyond
the farm that they have access to. Sketches of the natural resource types should
be topographical cross sections of the landscape as shown in Fig. 4. Natural
resource. type descriptions include information on soil types and water resources
used. Special attention is needed to ensure that common property resources are
not left out of the picture.
Individual enterprises within each natural resource type are identified by
drawing symbols on top of the natural resource type cross section. Indigenous
'terms with English translations are added for names of crops, vegetables, trees,
forage crops and animals.
Lastly, the participants draw arrows between enterprises and natural
resource types to show the flow of farm-generated biological materials, e.g., cow
manure used as a feed/fertilizer input in the fishpond. The arrows are completed
with the name and amount of material and the frequency of the flow. Quantities
are given in local terms and units (such as bucketfuls or bundles) or conventional
units according to individual preferences. In most cases the participants are
naturally inclined to include the flow of products from the fields to the household
in their diagrams. Inputs to and outputs from the house, apart from biological byproducts such as kitchen waste, cooking ash and night soil, are not flows because
crop produce being consumed are considered as materials output. External inputs
to fields like inorganic fertilizer are not flows either. The completed models now
form the basis of brainstorming sessions between farmers and researchers.
Participants elaborate on how different enterprises and natural resources support
and regenerate each other and how cash is saved when by-products are used to
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substitute external inputs. Farmers exchange technical ideas about how newflows
and new enterprises can be integrated into ongoing farming systems. Ideas for
experiments in better natural resource management emerge not only from fanners
but from researchers as well. All participants are encouraged to draw on the model
the future bioresource flows, enterprises and resource systems improvements they
would like to experiment with on their farms.
Phase three: Monitoring farmers' experiments in natural resources
management
Monitoring is preceded by visits to farmers who have decided to experiment with
some of the ideas for regenerating natural resources, and integrating new
enterprises and bioresource flows emerging from the brainstorming session. As
with most on-farm experiments, but to a lesser degree, researchers and extensionists assist farmers to obtain the necessary inputs. These visits are also used to help
farmers prepare their monitoring diagrams.
A monitoring diagram (Fig. 5) consists of a transect of all the natural
resource types utilized on which planned bioresource flows and enterprises are
drawn. The space underneath the transect is developed into a matrix for recording
the following data: external material inputs (cash and non-cash) derived from
outside the farm, family labor, hired labor expenses (cash and non-cash), rents and
fees (paid in cash and kind), primary farm produce (sold as well as those consumed
at home, given away, stored or used for in-kind payment), and farm by-products
(sold and others).
Information on all inputs and outputs is gathered and quantified, using both
cash and weight equivalents.
A detailed activity breakdown for each enterprise (e.g., hours spent plowing, planting, weeding, spraying, etc.) as would be required in a farm management
survey is unnecessary for the level of impact assessment intended here. Aggregate
figures on labor inputs, material inputs and produce suffice for our purpose.
Obtaining monetary values on internal flows can be tricky, but there are
ways to handle the problem. If an identical product can be purchased locally at
the market, estimating the value is straightforward. Where this is not so, the value
of an equivalent input, which could replace flow, can be used as a guide.
Obtaining data on family labor is often difficult, particularly on farms
characterized by a large array and diversity of integrated enterprises and natural
resource types. In these cases the farmer cannot easily estimate the time allocated
to each individual enterprise. The household is normally able to give rough
estimates on proportions of time spent on the various enterprises.
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Recording of hired labor does not normally constitute a problem as this, in
most cases, is associated with an actual cash cost and thus is relatively easy to
recall
The monitoring diagram is displayed in a central place, visible to all
household members during the period of monitoring. This does not mean that the
household needs to record every day; aggregate figures will suffice. Recording can
be done in an ad hoc fashion that the household feels comfortable with.
Time frames of data recording can be monthly, seasonal 'or annual. From our
initial experiences the following scheme has proved useful: brainstorming
workshop and initial visits at the beginning of or just prior to the start of the
experimental season; two to three follow-up visits to individual households during
the season to solve any practical and conceptual problems, and to assist with the
acquisition of inputs and implementation of new technologies; end-of-season
workshop to gather data and share experiences and ideas generated.
Farmers find these end-of-season workshops useful; they learn not only
many new ideas but also ways to make such ideas fit into their particular farm
system. Again, meetings over the bioresource flow models provide a medium for
researchers to introduce new ideas for another round of experimentation. One can
describe this as a rolling experimental design in farming system transformation
that leads to more sustainable farming systems.
Phase four: Assessing the impact on farming systems sustainability
This assessment illustrates our technique and some analytical possibilities only
because data from three farmers are insufficient for any conclusions to be made
about impact.
Selecting appropriate indicators for quantifying sustainability is not a
simple task. Sustainability is commonly associated with a range of themes and
parameters including complexity, structural heterogeneity, nutrient recycling,
energy flow and storage, resilience, diversity, resource use efficiency, stability,
productivity, equity (Conway 1987, 1991; Rerkasem 1989; Harrington 1991;
Giampietro et al. 1992). Given this array, choosing where to start is not simple.
Some vital parameters of social and institutional nature are extremely hard
to measure. Gender equity, for instance, needs fundamental research before easyto-measure parameters will be available to farming systems people.
In the end, our focus on natural resources and common sense of the wecannot-do-everything type prevailed and our working set of "sustainability
indicators" became: economic efficiency, bioresource recycling, species diversity

VOL 2. NO 1, 1993

JAFSA

81

and natural resource capacity. Economic efficiency is defined as net farm income
or profit. Bioresource recycling is measured by the number of farm-generated
bioresourcefloWs as identified on the bioresource flow diagram. Species diversity
is measured by the number of individual species cultivated or otherwise utilized.
Natural resource capacity is derived from dividing biomass output (in kWha) from
all natural resource types by the number of resource systems. At present the
definitions and units of measurements (numbers, cash values) of the selected
sustainability indicators are rather crude. More elaborate and appropriate
interpretations and definitions of the various indicators will develop as more data
are collected and methodologies refined,
Our three participating farmers were cooperators in the International
Institute of Rural Reconstruction's (IIRR) promotion of small pondwater holding
and fish culture, and rice-fish culture. IIRR had introduced these technologies in
1989/90. We started our monitoring with them in late 1991 and have completed
two seasons: •the ,1991 wet season and 1992 dry season (ICLARM 1992). To
generate the needed time series data, we undertook retrospective interviews for the
1989 wet season, 1990 dry and wet seasons, and 1991 dry season. We also asked
the farmers to predict the outcomes of the ongoing 1992 wet season and share with
us their plans and expectations for the 1993 dry season. All three farmers were
able to recall their experiences back to 1989 with the usual unreliability that
surrounds such exercises. Looking ahead was a little harder because of the
uncertainties of land tenure and the market pressures of nearby settlements, rapid
urban development, and the knowledge that their lands are soon to be purchased
for industrial development.
Over the whole period, there has been considerable change in the farming
systems. Water resources have been improved through impounding and improving rice paddies. New enterprises have been added and new bioresource flows
have been made. Given that the bioresource flow modeling technique was
introduced late in the period, a causal link cannot be established. Indeed, over the
monitoring period, both increases and decreases in diversity, recycling, economic
efficiency and natural resource capacity occurred. The changes . in sustainability
indicators over the total period for each farmer are shown in Figs. 6, 7 and 8.
Earlier caveats permit only a few statements to be safely made about these
results. Perhaps the safest observation is that dynamism and reversals characterize all the three farm graphs — dynamism in terms of rapid increases and equally
rapid decreases in all sustainability indicators. On all farms we see increased
diversity and recycling as water resources are improved to permit the culture of
fish and aquatic plants, and more feeds go to the animals, including fish, and more
manure flows to vegetables. But both indicators go down too. Farmers 1 and 3
have turned their farms into predominantly piggery operations in response to
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Fig.6. Fanning systems sustainability indicators for Farmer 1, Cavite, Philippines. WS = Wet season, DS = Dry season.
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anticipated urban demands. Fanner 2 reduced recycling and diversity because he
handed most of his land over to his son. As a result, his water supply is now too
uncertain to maintain vegetable and fish culture at previous levels.
Reversals in terms of seasonal profits occurred everywhere. Farmer 1's
economic efficiency was high in the wet season and low in the dry season, but
farmer 2's was the reverse. The explanation is simple: Farmer 1 sells wet season
rice and has off-farm employment in the dry season, while farmer 2 sells dry
season irrigated vegetables and consumes wet season rice. Perhaps more
interesting is the reversal of farmer 1 Here economic efficiency started out higher
in the wet season and then shifted to the dry season half-way through. The reason
is that his fruit trees started bearing fruit and he started rice-fish culture in the dry
season. A further dimension to our confusion is the variation in fanners' valuation
of their own time and what are thought of as "free" inputs like grazing land, tree
and grass fodder, wood and manure. Giving a value for these bioresources is
beginning to be perceived as important by farmers and researchers alike,
While assessment of sustainability indicators over time is vital for anyone
trying to understand sustainability, it is not an easy instrument for comparing
systems. For comparison of farming systems at any moment in time, we use a four-
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way plot of the sustainability indicators. Plots of farming system sustainability
indicator kites for each farm are shown in Fig. 9. These kites provide, in their area
and shape, an at-a-glance assessment offarming system performance. We quickly
see how a system is performing in different dimensions. However, this argument
is specious and will remain so until causal links between sustainability indicators
and sustainability can be demonstrated. Given these assumptions, it is tempting
to suggest that when economic efficiency is low, as when the vegetable crops of
farmers 1 and 2 failed, performance in diversity and recycling remains strong.
Perhaps investments in these indicators are a little more secure than profits.
Happily the performance of farmer 3 suggests that you can also have it all:
diversity, recycling, capacity and economic efficiency.
It is too early to say that these analyses and data presentations reveal new
information and provide new insights into farming system sustainability or affect
changes in household natural resource management decisions. We are, however,
sufficiently confident in these methods to continue with more time series data,
covering a larger number of farm households. We are designing a computer
software called RESTORE to capture the fanner monitoring data, print out all the
diagrams, and conduct the impact assessments right in front of the farmers.

Fig. 9. Fanning systems performance indicator kites, Cavite, Philippines.
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CONCLUSION
The preliminary nature of this work permits few definite conclusions. There is,
however, little doubt in our minds that indigenous knowledge must be the
foundation of experimentation in natural resources management. Farmers do
have indigenous categories for natural resources and this knowledge allows
research to start with the farmers. Once researchers have learned it, indigenous
knowledge provides a common language for researchers and farmers to begin and
keep talking. The dialogue between farmers themselves and with researchers
about natural resources and how they might be rehabilitated is made possible
through pictorial models of bio resource flows. We are sure that farmer groups and
NGOs provide the right mix for farmer-to-farmer skill building to occur. There
is no doubt that farmer participation must make the jump from information
gathering to farmer skill building in experimentation and decisionmaking.
Lastly, our experience supports the notion that impact assessment must be built
into the experimental process. This is particularly true when "rolling" experimental designs are used to determine the direction of change toward sustainable
farming systems.
More work is needed to further explore and develop reliable sustainability
indicators. The simplistic counts of flows and species for estimating recycling and
diversity need to be tempered by est'inates of the volume of flows and size of
cultivated areas or abundance of species. A more direct measure of natural
resource quality needs to supersede our biomass estimate of their capacity.
Just as important as improving our indicators is improving the valuation of
bioresource flows. Farmers consider tree and grass fodder gathered from
communal land as free, just as are wood and fish gathered from hillsides and
streams. Given the emerging importance of these resources for sustainable
agriculture, a much more rigorous accounting of their value will be attempted in
the future. A last area for further improvement will be a more systematic way to
examine levels above the system boundary that we have drawn. The observation
that farmer behavior was strongly influenced by land tenure and urban markets
drives home the need for this.
Even though we stress the preliminary nature of this work, insights about
sustainability and natural resources management are becoming apparent. The
observation that productivity need not be compromised in the pursuit of
sustainability suggests that when examined at the farm level, there may be no need
for trade-offs between the two. The dynamism and reversals that have occurred
since 1989 suggest that sustainability may not be characterized by stable inputs
and outputs and stable income as was originally thought. The ability of a farming
system to change and adapt to opportunities may be more important. We might
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think of this character as evolvability. A further. insight of interest to farming
systems researchers is that farmers are not as expert at natural resources
management as they are at profit maximization. Farmers told us that this was the
first time they had seen their farms in this way. Thus, linking farmer participation
and quantitative analysis with a natural resource focus may change not only the
way researchers generate new technologies for sustainable farming systems, but
also the way farmers manage their natural resources.
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