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Summary

One of the challenges we face in developing agricultural strategies that
are truly sustainable is maintaining the resource base—the soil and water
that make agriculture possible. But the pressures on these resources are
extraordinary: five billion people now inhabit the carth, with an additional
one billion expected cach decade well into the next century. The specter of
possible changes in climate adds another level of uncertainty. 1t is time to
ask how we can move “toward sustainability.” toward a strategy of agricul-
ture and natural resource management that supports current populations
while leaving future generations an equitable share of the carth’s great
wealth.

Population growth. intensified land use, environmental degradation, and
agricultural productivity are interrelated issues. Although agricuttural tech-
nology has performed well in the Tast 20 vears to meet the needs ol a vastly
larger and generally: more prosperous world population. there is concern
that those initiatives have peaked and that the technologies in use focus
mainly on the best sites—flat arcas with ample water and fev soil con-
straints, Scientists in the United States and throughout the workd are wor-
ried about the decline in productivity in many soil and water svstems.
especially in the high population growth regions—Africa, Asia, and
Latin America.

Meeting the world's increased needs and expectations will require con-
certed effort. Research is necessary on three fronts, First, technigues must be
developed to intensify use of good quality lands while minimizing cnviron-
mental degradation. Second. ways must be sought 1o enhance production
and reduce degradation on lands previously viewed as "marginal™ or “eco-
logically fragile.” Finafly. new emphasis must focus on restoring degraded
lands.

It is within this context that the Ageney for International Development
(AID) asked the National Rescarch Council (NRC)y “to develop a broad
agenda for directing worldwide international research and development ef-
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forts related to the use of soil and water resources to sustain agriculture.™
The NRC's Committee on Soil and Water Research and Development
(CISWRD) was established in 1990 10 prepare this report.

While we have gained a much better understanding of soil and water
systems in the developing world over the past few decades. too litde of this
new knowledge has been successtully applied 1o many fundamental man-
agement problems. There are substantial gaps in our basic understanding
of the ceology of these systems and of the social complexity inherent in
resouree use.

The committee began its work with a clear charge 1o look at soil and
water research priorities that would contribute 1o sustainable agricultural
strategies. Sustainable agriculture had become a major policy thrust for
AID and many other organizations in the development community.  Bul
it soon became clear that the rift that often separates those interested in
agriculture from those interested in natural resources needs now-—more than
ever—io be bridged. It sustainability is a goal. then agriculture and natural
resource management interests must recognize that they are equal partners
in the effort. Competition for “ownership™ of the issue is counter produc-
tive. These interests niust be willing to negotiate a coordinated strategy
that includes the strengths of both orientations.

The most compelling theme that emerged during this study is the need
for better integration of soil and water rescarch with other elements rele-
vant to natural resource management.,  Soil and water practices are not
independent endeavors. but rather must be an integral part of a larger land-
sciape management. Our understanding ot the basic principles of soit and
water processes is fairly good. but our ability 1o apply this knowledge to
solve problems in comple local and cultural settings is weak.  The single
issue research approaches of the past brought great henefits, but the prob-
lems we face are changing and demand a more holistic vision,

A FRAMEWORK FOR ASSESSING RESEARCH PRIORITIES

To achieve sustainable agriculture. the world's agricultural productivity
must be enbanced while its resource base is conserved.  escarch will be
essential o this task. The complex nature of sostainability demands that the
rescarch eitail a systems approach that includes integrated rescarch desian,
interdisciplinary and farmer participation. and a broad perspective as well
as specific focuses. A systems-hised Tramework needs to be devised so
future rescarch-—whether guided by the priorities outlined in this report
or clsewhere---can be effective and efficient.

A it step toward sustainability is the matching of organisms and hus-
bandry to the in-site characteristics of the land and water environment and.
of course. to the resource preferences and cconomic and cultural context of
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the users. This is an obvious, but often difficult, task. The aim of any
rescarch framework should be to identify the important elements of these
mismatches—the most significant constraints on sustainability—and resolve
them.

CRITICAL RESEARCH PRIORITIES

Two Key indicators of deterioration in agricultural systems are declines
in the quality of the soil and the water. Poor management of cither of these
resources quickly feads to decreases in farm productivity. Most developing
countries ocecupy tropical zones ranging from seasonally arid to humid
tropical environments, Agriculture in tropical environments faces different
constraints than in temperate regions, and this affects soil and water
research needs,

Given the problems faced by tropical agriculture, the unique characteris-
tics of the environments and cultures, and the strengths and weaknesses of
the existing data base. rescarch in the following six areas could offer
great rewards inosuppet of sustainable agriculture and natural resource
managenient:

* Overcoming institutional constraints on 1csource conservation:
 Enhancing soil biological processes:

« Managing soil properties:

« hmproving water resource management;

» Matching crops to environments: and

« Effectively incorporating social and cultural dimensions into research.

To further these goals. the wealth of time-tested indigenous knowledge
that exists needs to be tapped.  Special potential lies in the blending of
traditional and modern knowledge. One of the meat intractable problems
vet to be faced is the difficulty of communicating new ideas to the farmer
and establishing two-way communicition between farmers and rescarchers,
Rescarch and development orgamizations have struggled with this problem
for many years, and it remains a high priority issue.

AN INTEGRATED RESEARCH STRATEGY

A collaborative, integrated research strategy requires institutional mech-
anisms and structures that effectively link rescarch efforts and organizations
with clients, and that enhance the interactions among the different compo-
nents of research. Mechanisms are needed 1o reassess research priorities
periodically and to generate Tocal data about soil and wiler resources.

A basic issue inany attempt 1o target research to the needs of users is the
pattern of communication qnd feedback among the different people involved.
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The chains of communication can be complex, Traditionally, crop rescirch
went through a hierarchial sequence from basic rescarch to ficld testing to
extension-agent promotion.  But this structure has not adwavs worked in
developing countries. Special efforts are required to encourage networks,
“intermediate change agents™ (e.a. private voluntary organizations). and
other mechanisms to link researchers and rescarch organizations with uni-
versities in host countrie: . privide voluntary organizations. village organiza-
tions, and farmers ininteractive exchanges. Participation trom the ultimate
recipients ol rescarch-—the farmers- -is needed throughout the process of
planning and conducting rescarch.

CONCLUSION

Some common themes erystallized during the committee’s deliberations:

o Major gaps stll exist in our understanding ol soil and water svstems
and processes. but more important are the gaps between what is known
and what is applied.

 Indigenous knowledge should alwavs be assessed. T ofien can suggest
promising resciarch on ceosvstem components and strategies, such as nitro-
gen fivmg trees. nutrient accumulating species, and low input irrigation
techniques. In some cases it can provide a platform for the integration of
traditional and new technologies.

» More effective hinks between the soctal and the natural science aspecis
of sotl and water problems e needed. Sociul and economic contests creale
constraints that can effectively limit the application of technical improve-
ments unless such contexts are adequately understood and addressed.

* More effective wins to use rescarch resources tor long-term, practical
ends are needed. How can better feedback and communication be estab-
lished between the field and the rescarch institation so rescarch can be
focused on real. practical problems?

* Fhe weakest link in the research process is the dissemination ot re-
scarch findings to the farm or regional Tevels, with the great physical and
human diversity that occurs. Greater effort is needed to develop better
ways (o communiciate results,

Soil and water resources provide the foundation upon which agriculture
is based. But successful agricultural production systems require o combina-
tion of biological and ~societal resources, This is w complen and dynamic
mix of variables. In view of the evolutionary nature of agriculiural sys-
tems, it s important that the setting of rescarch priorities be an ongoing
process. Rescarch priorities must be reassessed and adjusted periodically
to serve the proolems at hand. A mechanism is needed for evaluating and re-
iterating priorities to keep them fresh, flexible, and responsive 1o carrent needs.
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An effective effort to build sustainability into our agricultural systems
will require changes in the philosophy and operating procedures of develop-
ment organizations. Progrim: planners and implementers will need to be
more responsive to the evolution of individual agricattural systems and 1o
the broader aspirations, needs, and capabilities of the user populations.

The search for ways to achieve sustainable agriculture and natural re-
source managenient will require changes in our traditional approach 1o prob-
lem solving,  Rescarchers must cross the boundaries of their individual
disciplines: they must broaden their perspective to see the merits of indig-
cnous knowledge: and they must look to the farmer tor help in defining a
practical context for rescarch. This change in vision is under way in vari-
ous degrees throughout the rescarch community, but the pace of change
is slow,
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Soil and water are critical components of the resource base upon
which agriculture depends. To move toward sustainability, agriculture
and natural resource management interests must recognize that they are
cqual partners in the effort. The challenge is to adapt and extend our
knowledpe about soil and water to develop economically produdtive,
culturally appropriate, and environmentally sound agricultucal systemes.
A tlexible, ongoing process is necessary Lo set research priorities to
support inherently dyvnamic agricultural systems.

[n this final decade of the 20th century. there is a penchant for looking
forward to a new millennium. The trning of the calendar in such a signifi-
cint way oflers a natural pause—an opportunity 1o reflect on the past and to
anticipate the future. This report fooks to the Tutare with emphasis on the
soil and water resources thet support agriculture, With world population
now more than rive billion, and some three billion people entering their
reproductive years, it is a imely moment for such an assessment. Popula-
non growth and cconomic demand, are exerting mounting pressures on the
carth’s soil, water. and other natural systems - The specter of possible changes
i climate can only add to these pressun s, T is time 1o consider how we
can move “toward sastainabitiny,” toward a vision of natural resource man-
agement that supports current populations while feaving future generations
an equitable share of the carth™s great wealth.

Although the most alarmist headlines portending environmental doom are
probably overdrawn, many scientists are coneerned about the steady decline
in basic preductivity of many soil and water systems, particularly those in
the high population growth regions-—Africa. Asia, and Latin America,  In
the humid tropies, rain torests are converted to agriculture and. in some
places, large-scale ranching, bringing losses of topsoil and the depletion of
nutrients, especially nitrogen (Lal, 1988: Pimentel et al., 1987 Sanchez and
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Benites, 1987y, In arid and semiarid areas, increased demands for food,
fodder, fuel. and materials bring analogous degradation (NRC, 1984). In
hill Tands. problems are exaggerated because the slopes accentuate runoff
and crosion (Jodha, 1990).

Soil compaction and crusting, loss of soil organic matter, reduced activ-
ity by soil organisms, nutrient deficiencies and imbalances—these are ex-
amples of the many forms of soil resource degradation. The interrelated
issues of population growth, economic pressures, intensified fand use, and
environmental degradation at local and regional levels are serious ciuses
for concern. Although these issues are universal, they are of particular
concern in the developing nations ol the tropics where the cconomic con-
straints of Targely agrarian socicties and the needs of expanding human
populations are most pressing (NRC. 1991h). Some experts worry that
continued population growth may make sustainable development all bt
impossible (Dovle, 1991),

While carrent agricultural and biological technology has performed well
in the fast 20 yvears in meeting the growing needs of a vastly larger world
population. there is concern that those initiatives are losing energy,  In

Degradation of soil and water resources is o serious concern throughout the world.

Incthe Philippines, as in mountainous regions everywhere, deforestation ot the up-
lands leads 1o soil Toss and sedimentation of waterways.  Credir: Michael MeD.
Dow, National Research Council.,
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addition, pressures are mounting on more environmentally fragile Tands,
and this trend will surely continue.

A three-pronged approach will be necessary to increase agricuftural pro-
duction, with rescarch supporting cach path. First Tarmers must intensify
their use of good quality fands. with an eve toward ameliorating problems
in arcas with the best resources. Scecond, Tarmers will be forced to expand,
maintain, and enhance production on lands previously viewed as “mar-
ginal"—such as steep Jands, tropical forest zones, and the semiarid tropics.
When misused, such dands often experience high levels of degradation,
vet they already support a significant portion of the world’s population,
Finallv. new emphasis will need to be focused on restoring degraded lands.,

It will truly be a challenge 1o increase orintensity production on envi-
ronmentally fragife Tands—-lands that rraditionatly have been judged cco-
nomically unsuitable for agriculture. Withoat signiticant industrial input,
these Lands often have low productivity potential and. in any cane, are highly
vulnerable to degradation: many arcas already require some torm of
recuperative intervention.  Environmental concerns in these areas are of
specil importance where they encompass high biological and cultural Jdi-
versity, including some reas of extraordinary endemic resources. These
arcas demand o delicate approach 1o both research and technical interven-
tons, They require a research thrust that Tocuses on sustainability, both in
terms of economies and natural resource management.  Local participation
in the design of rescarch goals is essential.

It is within the contest of these realities, theretore. that the Ageney for
International Development (D) asked the National Rescarch Counceil
“to develop a broad agenda tor directing worldwide international research
and development efforts related to the use of soil and water resources to
sustain agriculture, outtiming both short- and long-term priorities.”™  The
NRC's Committee on Soil and Water Rescarch and Development (CISWRD)
wits estiablished in 1990 to undertake this task and prepare a report,

Such & study s tmely because while we have gained a much better
understanding of soit and water svstems in the developing world over the
past few decades, o Hittle of this new knowledge has been successfully
applicd to fundamental management problems. There also are gaps in
our basic understanding of the ccology of these svstems and of the social
complexity inherent in resource use.

The gravity of these issaes is apparent from the attention being focused
on sustainable agriculture and sustainable natural resource management.
Even within the National Research Council, two committees in addition to
CISWRD are active in these arcas. The Committee on Sustainable Agricul-
ture and the Humid Tropies is charged to dentify and analyvze agricultural
practices that contribute o environmental degradation and declining agri-
cultural production in humid tropical environments worldwide. The Com-
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mittee for Collaborative Research Support for AHY's Sustainable Agricul-
re and Natural Resource Management Program (SANREN) focused on
the task of designing a Collaborative Rescarch Support Program dedicated
to agriculture and natural resource managenent.

This committee began its work with a clear charge 1o look at soil and
water research priorities that would contribute 1o “sustainable agricuhure.”
The quest for sustainable agriculture had become a major poliey thrust for
the Ageney for International Development and many other organizations in
the development community. But it was soon clear to the commitiee that
the rilt that often separates those mterested in agriculture from those inter-
ested in natural resources needs now - more than ever 1o be bridged. For
i sustainability is a goal. agriculture and natural resource management in-
terests must recognize that they are equal partners in the efforl. Competi-
tion for “ownership™ of the issue is counter productive. These interests
must be willing 1o negotiine o coordinated strategy that includes the
strengths of both orientations.,

Rather than debate the definition o sustainable agriculiure.! the committee
clected 1o aceept the definition i use at AID while our work was occurring
(Depariment of State, 1990): “sustainable agriculture is & management system
for renewable natural resources that provides food. income. and liveliliood
for present and futare: generations and that maintains or improves the
ceonomic productivity and ccosystem services of these resourees.”

This definition carries several implications. It requires sustainable agri-
cultural systems o be both cconomically and ecologically viable, Manage-
ment choices must give priority attention to maintaining the renewable re-
source hase and ts abiliny o meet the changing necds of hununkind. The
definition also recognizes that nataral resources perform ccosysten services
bevond the production of food. fiber. fuel, and income. These additional
contributions include the recveling of nutrients, detovification ol nosious
chemicals. continuation of evolutionary processes, purilication of water.
and regulation of the hydrological processes within watersheds and across
the Landscape.

"The defingtron o aenculonl ststaabihiy 1t s trequently noted, vanes by andivadual,
disciphne, protesaon, and arca of concern The Jgeratare etters hundreds of detimtions of
sustumnable agpcultore. Vrtualhy all detimtons. however, meorporate the tollow e character -
tiess Tong-term nantenance ot natusal resources and asticuliual productiy Wy mnal envg-
ronmental impactsadequate ccomomic s o Lanmers, aptmal producion with mimimized
Chenuc mpurs, satstaction of wian needs tor tood and income. and proveston tor the social
needs of tam tanilies and commumtes. VH detiitions, i other words., cxphenbs promaote
envionnierals cconomic and socal voals i thear ettorts o danly andd mterpret the meanmy
ot sustimability - B addition. bl detimmions imphatiy suggest the need o ensure texibilay
within the agroccossstem m order o espond etiectinels o stresses INRC, 1991 b,
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The committee originally consisted of cight scintists, and despite a di-
versity of backgrounds its members soon realized their limitations in terms
of topical and regionad coverage (see Appendin Ay Thuas we sought ways
to bring more diverse expertise into the process, The committee elected to
host a workshop to solicit additional ideas, information, and strategies, The
two-day workshop was held October 1-20 19900 at the National Academies’
Beckman Center in Irvine, Calitornia. The goal was 1o bring together a
range ol protessionals inocritical aspects of soib and water manage-
nent. and use their input to develop i research agenda and priorities to help
AID and other international  development organizations plan an
efficient strategy for promoting the use of soil and water 1o sustain
agriculture.

Approvimately 30 scientists representing a wide range o disciplines
in the physical. biotogical. and social sciences participated (see Appendia
Bi. The workshop was structured 1o focus on the elements essential 1o
sound soil and water nanagement in the contest of systems dsnamics. Four
working groups were organized o give attention to the following topics:

« The biotic environment:

o Water resources:

» Physical properties of soils: and

» Chenncal properties of sotls esalinity, acidity, natrients).

In the paste rescarch on soil and water resources tended 1o focus on
components (e.g., sotl physies inarrigated systemsy while neglecting the
Iinkages among biotic, physical, and human Cactors that shape the way the
agricultural system functions and determine how it adapts 1o stress. Com-
mittee members and workshop participants alike. however, stressed  the
need Tor i more integrativ e, systems approach both in this report and in soil
and water rescarch. Thus, even though the workshop structure at times
divided partcipants into tocused groups, the emphasis was oninteractions
across discphimes and ceosystems,

Each group was chared by aomember of CISWRD and included partici-
pants with expertise mindigenous hnow ledge and agroccology, and special-
ists i the dissemimation of aencultural and scientific information, The

working groups were given tour tisks:

. Discuss the natare of the assigned subset of the soil and water arena,
including problems, scope. components, and relative importance:

2. Review the state ot the art of the related knowledge base, the ad-
cquicy of the knowledge base, and the degree 1o which the knowledge base
is actually being used:

3 Reflect on the priorities tor reseirch and development that are maost
appropriate within the topic: and
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4. Discuss communications as it affects, or could affect. the topic, in-
cluding information synthesis and dissemination. possible networks. and
alternative communications procedures.

Several plenary sessions were included 1o facilitate close coordination
among groups and to seck hinks between the various topics. Vital contribu-
tions were made by AID sttt including Willim Furtich. David Bathrick.
James Bonner, and Thurman Grove, The workshop provided the commintee
with valuable resources tor iy subsequent attempt 1o outline an effective
framework and suggest priorities tor soil and water research.

A recurrng point that emerged during the comnuttee’s tenure was the
need tontegrate sorl and water research with other elements of natural
resource management. Sotl and water practices are not stand-alone endeay -
ors but rather are nitegral components ot i total management schieme. Our
understanding ot the basic principles s Lurly strong. but our ability to
apply this knowledge to solve problems o comples tocal and cultural
settings s weak. Experimental approaches that do not involve more sya-
tematics integrated rescarch strategres will not be particularly useful for
sipporting long-term sistainabilits . The reductionist approaches of the
past brought great benehits, but the problems we face are changing and
demand i more holistie vision.

Some common themes emereed during the commitiee’s dehiberations,
and these wall be discussed i more detail me subsequent chapiers:

« Migor caps sull exist i oar understanding of soil and water svstens
and processes. but more important are the caps between what is known and
what s applied.

o Indigenous knowledge and pracuice should always beassessed. 1 olen
Can suggest promisig rescarch on ecossstem components and strategices,
such as nitrogen fivng tees. nutrient accumulating species. and low input
irrigation technigques. Inosome cases it can provide a plattorm for the
mtegration ot tradiiional and new reehnologies,

© More etfective inks between the social and the natural science aspects
of sonl and water problems are needod. Social and cconomic contents, creite
constrints that can ettectvels Tt the application of technical improve-
ments unless such contexts are adequanely understood and wddressed.

* More etfective wavs o use research resources tor long -term, practical
ends are needed. How can better teedback and communication be estab-
lished between the field and the rescarch imstitution so research cian be
focused on real, pracuical problems !

* The weakest iink e the rescarch process i the dissenination of re-
search findimes o the tarm or regronat levels. given the great focal physical
and cultural diversiy that occurs. Greater effort is needed to develop better
Ways o communicate resulis,



12 SOHAND WALLR RESTARCH PRIORITIES

Soil and water resources provide the foundation upon which aericulture
is based. But it is -« combination of biological and societal resources that
are required to make successtul agricultural production systems. This is a
complex and dynamic miv of variables. In view of the evolutionary nature
of agricultural systems and our knowledge of them. it is important that the
setting of research priorities be an ongoing process. Rescarch priorities
must be reassessed and adjusted periodically o serve the problems al
hand. Thus.a mechanism is needed for evaluating and estabhishing priori-
ties to heep them tresh. tlexible, and responsive 1o current needs,

The challenge is to adapt and extend our scientific knowledge about soil
and water 1o establish cconomically productive, environmentally sustiain-
able agricultural systems, Sustainability regnires caretul sclection of the
production systems and development of associated husbandry progrims
that are sustainable within. and do not destroy, the resouree base.

Aneffective etfort to build sustainability into our agricaliural systems
will require changes in the philosophy and operating procedures of develop-
ment organizations. Program planners and implementers will need 1o be
more responsive to the evolution of individual agricaltural systems and to
the broader aspirations, needs. and capabilities of the target populations.
We helieve this report can be usetul 1o the scientific and development
community during this transition and hope that it will stimulate comment
and debate.
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A Framework for Assessing
Research Priorities

Soil and water research must focus onissues that will enable farmers
to manage natural resources to gain manimum etficiency of use while
maintaining or enhancing environmental qualitv, A common constraint
is the “mismatch” between the chatacteristics of the soil and water
civirtonment and the desired use o1 the site: the challengee is to identify
and emplov appropriate manggement practices. The range of options
needed can best be developod using o svstems approach, which can
tacilitate relatively prease evaluations of problems, solutions, and
results,

It is nat sarprising that a small committee specifically charged to exam-
ine the complex problem of setting soil and water rescirrch priorities should
decide that new approaches. as well as new priorities, are needed, 1 is
remarkable. however, that a gathering of 30 scientists chosen primarily for
their expertise on andividual parts of the sotl and water research agenda
should agree. almost without exception. that the most eritical priority is not
any one arca but rather the Tinks amonyg arcas. The primary reason for this
departure from radinion could be that the guiding question was not just
“what are the top priority sotl and water research issues™ but rather. “how
can sotl and water research play o signiticant role v managing agroceco-
systemis for sustanabihts™  aovers ditferent task,

Achieving sustwinable agricalture will demand that the world's agricul-
tural production capacity be enhanced winte s resouree hase is cornsernved.
It the weil-bemng of the world™s Tess advantiged people is 1o improve inany
fasting sense. long-range concerns about security and the health of natural
resources must be addressed when planning tuture cconomic and social de-
velopment. Rescarch will be essential to this task. Rescarchers must devote
greater attention o descloping integrated cropping, livestock, and other
production systems - and the specilic farming practices within these
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systems—that enhance (or, at minimum. do not degrade) the structure and
functioning of the broader agroecosvstem and regional landscapes
(NRC, 1991D).

A primary objective ol research on sustainable agriculture and natural
resource management is the integration of info,-pation in its application 1o
the problems of agricultural development (Edwards et al.. 1990: Grove et
al.. 1990). This process requires an approach to interdisciplinary research
that includes the Tolfowing: (1) identification ol the components and inter-
actions that determine the structure and functioning of the agroccosysten as
& whole: (2) formulation of hypotheses that focus on those components and
interactions within the eatire agroecosystem: (2) examination. testing. and
measurement of the hypotheses: and ¢h interpretation of results as they
pertain o the various components of the agroccosystem and 1o the system
as a wholeo A Tack of understanding of the interrelatedness of system com-
ponents has undermined agricubtural sustainability in the past (NRC, 199 1),

In the United States, the dearth of systems rescearch and political will has
been identificd as a Key obstacle 1o the adoption of alternative farming
practices and as necessary 1o the development of more sustainable agricul-
ture (NRCL 19890, 1989hy. The integrated research design, interdisciplinary
participation, and systemwide perspective that the systems approach entails
are even more necessary elsewhere i the world 1 the complex nature of
sustainability is 0 be understood and threats 1o sustainability identitied
and addressed.

Asystenmis-based framework needs 1o be devised so that future rescarch--
whether guided by the priorities outlined in this report or elsewhere—-—can
he effective, efficient. and focused. Frimesork here means a structure of
ideas, a guiding vision, under which rescarch priorities are set—the goals,
objectives. and progran mission of the underlying organizational structures.
It is the framework, rather than any particulis set of priorvities, that will
have Tasting impact as Tong as the system has the capacity 1o receive feed-
back from the tield and translate i into guidance for action,

This report is an oversies and thus general where some might hope for
concrete. It is not ntended 1o he o simple road map because that is not
possible. given the issue. This chapter sets out the committee’s thinking on
an appropriate framework for setting soil and water research priorities. The
central problem is 1o integrate a spectrum ol component-oriented rescarch
results and focus the knowledge on the problem of sustainability. particu-
Larly on marginal lands. At the same time, there is a need o bring local
wisdom together with modern scientific knowledge and require that at least
some portion of future research be driven by problems identified in the
field. This suggests the need Tor effective feedback mechanisms that in-
clude Tarmer participation throughout the design and implementation of a
research strategy.
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KEY ELEMENTS IN THE RESEARCH FRAMEWORK

Sustainability of production at a given location is obtained by appropri-
ate managemient of all elements of that environment at that site.  In some
cases, the activities will be conservation oriented. while in others produc-
tion might be the focus. In any case. the management strategy must exist
in the context of the lTocal landscape. cultural concerns, and land use prac-
tices. o ensure adequate and increasing productivity over the long term,
the use of water, soil, and other natural resources needs o be understood
within the evolving social and cconomic context.

At step toward sustainability is the matching of organisms and hus-
pandry to the in-site characteristics of the laind and water envivonment and.,
of course, 1o the resource preferences and characteristics of the users. This
is an obvious, bur difficult, task and many times “mismatches™ oceur. Crops
are planted that are not suited 1o the existing soil and water conditions:
varieties are used that fail 10 produce consistently enough to satisty the

Paddy Rice

Continuous Cropping

Low-input Cropping
Pastures
Agroforestry

Forest Farming Mosaic

Protection
No-input Cropping
Regenerating Slopes

Alluvial Soils Acid Soils l Young Soils

Matching crops to environments requires caretul attention to the physical setting, as
ilustrated in this example of the agricultural practices available for a variety of
humid tropreal Landscapes. In addition, eftorts must be made 1o match crops and
production strategies to social. cultural, and cconomie environments as well, Credir:
Pedro Sanchez and Jose Benites. North Carolina State University.
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needs of the community: increased production pressures leave even the
best of local management technigues incapable of replacing nutrients at a
rite that ensures sustainability.  For these and many other reasons, mis-
matches occur between the results of current practice and the goal of
long-term sustainability. The aim of any research framework is to identily
the important clements of these mismatches-the most significant co.-
straints on sustainability-—and resolve them. where possible, through the
application of current knowledge. appropriate policy, and political action,
and where not possible now. threugh the design of appropriate rescarch. A
flexible rescarch framework will do the fllowing:

+ Encourage continued research on the specitic elements and characteris-
ties of soiland water systems, but in the context of the integrated priorities:

» Take the results of past and present component research and integrate
them to focus on current problems:

+ Incorporate both scientitic and local knowledge into this integration:

+ Develop mechanisms to respond to problems identified in the field: and

+ Lncourage dissemination of research results to the field and monitor

the impacts to provide feedback to researchers,

SELECTING APPROPRIATE ORGANISMS AND HUSBANDRY

Throughout the history of agriculture, there have been only three meth-
ods used to select appropricae technigues Tor aericultural systems: rial and
crror, analogyand systems analyvsis, Trial and error has been. and still s,
the most conmon process. People have experimented with agroccosystems
over long periods of tine and adapted their management to local contexts,
Although no Jocal systemis perfect. in the past such ongoing “folh™ experi-
mentation has served people well. The problem is that changes in popula-
tion, markets, and tenure systems, and other modern pressures often desta-
hilize these systems, Change ocears ata faster rate than can be accommodated
through gradual trial and cerror. Indigenous knowledge thus is not always
appropriate o the environment ol use. nor effective in offering the full
range of alternatives needed,

Analogy- the selection ol potentially useful crops or animals for pat-
ticular locales by comparing what had been successtul at other, similar
focales——has been o dominant foree in the introduction of crops. animals,
and practices from one part of the world 1o another. In this century, the
most prominent example ol this process is the spread of high-yvielding vari-
cties of rice. Specialized organisms. such as vetiver grass, are being tested
on this hasis. Analogy will continue to be used as a way 1o detect the Rind
of local experimental testing that seems most effective.

Systems analysis——for example, the prediction of the performance of a
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TABLE 2.1 An Example of a Minimum Physical Data Set 1o Predict
Crop Performance

Dasty weather data: Soil data by horizons:
o maximum emperatore o sand, siltand clay conmtem
s minimam temperature o bulk densiny
s predipittion s organic cirhon content
« solar radiation e nitrogen content
* pH

Crop data:
* genctic cocthicients for development
o genctic cocthicients for growth

Management opportunities:

Sue intormanion: * TOW spacing
o temperature + plant populiion
» solar radiation + planting date
» day length o grrigation
s soil water defieits o fertilizer appheations
o sotl mtrogen deticits o residue management

Source: lnternational Benchmark Sites Network, 1988,

specific cultivar based on o comparative analysis of the environmental con-
ditions—-is the next step in progressively more analytical atiemipts to match
agricultural techmiques to the local environment (see Table 2.1y, It can
provide a more globel process-oriented approach to identitving tfactors that
are hey 1o the sustainability of agroccosystems, Systems analyvsis has the
potential to cut across conventional ecological boundaries and carry knowl-
edee from one agroccosy dem o another. 1t has the capacity 1o allow
quantitative projections ol the results of research and (o bring a wide ange
of different kinds of knowledge to bear on the particular problems at hand.
This approach can be expanded o include cconomic, institutional. and cul-
tural, as well as physical environmental site conditions.

APPLYING SYSTEMS ANALYSIS TO
THE RESEARCIT FRAMEWORK

To propose systems analysis 10 a stwdy of agroecosystems is hardly new.,
What is new. however, is the attempt 1o brag a level of precision 1o this
integration that would allow relatively precise evaluations of problems., so-
lutions, and results. I attempting 1o use a systems approach, three major
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SYSTEM PROPERTIES

Agroccosystems demonstrate certain system propetties that can
help researchers understand the complexity inherent in sustainable ag-
ricultural systems. These properties can be labeled productivity, stabil-
ity, sustainability, equitability, diversity, and adaptability (Cuc et al.,
1990; KEPAS, 1985; Marten and Rambo, 1988). Although the termi-
nology developed to name and describe these properties may not sat-
isfy everyone, the concepts are useful. These properties are essentially
descriptive; they can be used to summarize the behavior of agroeco-
systems and as indicators of performance.

Productivity is the system’s net output of goods and services, com-
mornly measured either as annual yield or net income per unit of input
or resource {for example, yield per hectarel,

Stability is a measure of the constancy of the productivity. It des-
cribes the degree to which productivity remains constant despite nor-
mal, small-scale fluctuations in cavironmental variables (for example,
climate or cconomic conditions). A small degree of variability indi-
cates a high level of stability; a high degree of variability indicates a
low level of stability.

sustainability is the ability of a system 1o maintain productivity
when subjected to stress and shock. A stress is a regular, sometimes
continuous and cumulative, relatively small and prediclable disturbance
(for example, the efiect of erosion). A shock, by contrast, is an irregu-
lar, infrequent, relatively large, and unpredictable disturbance, such as
might be caused by a flood, new pest, or political upheaval. A highly
sustainable system is able to recover rapidly and completely from dis-
turbances; o moderately sustainable system can recover, but slowly. A
system with low sustainability might collapse or recover only to a lower
level of productivity.

Equitability is a term used to express how evenly or fairly the
products of an avroccosystem {food, fiber, fucl, income) are distributed
among its humaa beneficiaries at the household, farm, village, regional,
or national levels.

Diversity is a measure of the number of ditrerent types of compo-
nents (for example, species) within a system.  Diversity allows rural
people to spread risks and maintain o minimum level of subsistence
even when some activities fail.

Adaptability refers to the ability of the system Lo respond to change
in its environment. This concept is related to the concepts of stability
and sustainability. It describes the capacity of an agroecosystem to
resporet to perturbations and still function at an acceptable level of
productivity.

Agricultural development almost inevitably involves trade-oifs be-
tween the different system properties. For instance, the introduction of
a new technology such as fertilizer may have the immaediate effect of
increasing preductivity, but this is often at the expense of one or more
other properties. A sense of the dynamic interactions of these proper-
ties as agricultural systems are pressured, and how far they can be
pushed before the overall sustainability is compromised, is a central
question.
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issues surface:  our understanding of processes. the adequacy of the data
base. and the transtation of global knowledge 1o site-specific situations.

A simple conceptual model for the conduct of integrated agricultural
systems rescarch would include the following elements (NRC, 1991h):

* Description of the target agroecosystem. including its boundaries and
components, functions, interactions among its components, and interactions
across its boundaries:

* Analysis of the agroecosystem to determine constraints on, and factors
that can contribute to. the attainment of social, cconomic, and environmen-
tal goals:

* Identitication of interventions and actions to overcome the constraints:

+ On-farmy experimentation with interventions: and

« Evaluation of the effectiveness of newly designed systems. and

redesign as necessary,

The application of soil and water research has been hampered by imper-
fect understanding of some soil and water processes, and more often, by
madequate understanding of how ditferent processes are connected.  Some
processes, such as the movement of water over and through soil. are reason-
ably well understood: others, such as the effect of soil Toss on natrient
availability, or how commadine prices might affect conservation practices,
are less well known. How o firmer's choice of agricultural practice is
influenced to degrade or protect resources is even less understood.  Such
factors s land tenure, food-pricing policies, availability of inputs. as well
as socialand cultural constraints, affect the technologies a farmer will em-
ploy at any particular time. Little is known of the reasons a farmer places
tong-term stewardship or good husbandry of the land as a priority over
immediate. short-range cturns, particularly when living unear the subsis-
tence level This timperfect knowledge base means that predicting the con-
sequences ol interventions s more art than science. Analvsis of the resuits
ol interventions is thus always needed.

Datar bases are a vital component of a valid systems approach, though
multiple kinds of data can help fultill this need. Although many fundiumen-
tal processes operate within well-defined rules and Knowledge can be ex-
trapolated from one area to another. information on soil and water charac-
teristics are site specific. To foster wider use of the systems approach. an
internationud network needs 1o address standardized ditta base maniagement
and develop o set of common pracedures to derive particular elements of
the data base.

The need to bring a broader understanding of processes together with the
site-specific datais a key component of the framework, This can be aceam-
plished in o variety of wavs and will ofien inctude the intermingling of
scientific and Tocal understanding of data obtained through standard. more
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universal methods with those gencrated at local fevels through more tradi-
tional means.,

Research in this framework, then, tocuses on the need for understanding
the Tocal svstem and for evaluation of the relevant prablems within that
system, Teis then possible to predict the elfect ol interventions and uader-
take means to control unwanted consequences, that is. to ensure sustinability
at present or higher fevels of productivity.

The scope of such rescarch miast piss through vartous scales of analysis.
from the plant and soil interactons through local ccosystems o the meso
scale (river basin size) sastem, tor examipie. This diversity of scale s
necessary to analy ze sastainability at the crop or crop-miy level. at the level
of the Tarm and its swrroundimyg land and water. and at the regional level
where management of watersheds and Il stopes cane have a major impact
on the other purts of the svstem. Recent advances i Geographic Informa-
tion Svatems (GESY permit analyvsis of such spatialiy distributed phenomen.
GIS eaables data to be inteerated through a common geographical frame
of reterence and tosters interdisciplinary rescarch,

In past decades. the United States has been aleader i the produaction of
rescarch on the tropical soil, biotic. and hydrologic systems. Much of the
rescarch has been tocused on theoretcal problems related to components of
these various systems, and has been driven by particubar institutional and
personal preference . Conseqguentls . mueh remains to be done inorefinimg
the research effort 1o deal with the real problems faced by tropical areas,
When we add the goal of sustinabihiny and realize that many ot the tough
problems of sustainability are those assoctated with more marginal lands.
there is an even greater need o refocus effort, particularly in light of the
poor record of sustamability i better endowed regions,

To be successtull future sl and water rescarch muost be organized in i
systematic context. A driving toree for that rescarch will be the need of the
peoples of the arew and ol the adaptabitity of the physical system to meet
those needs. Whiie the next chapter will outline important priorities that need
attention. our overall priority will be to create o new and revitalized approach
to the vescarch process. Clearly, this will be a significant challenge, but it is
attainable,

THE RESEARCH FRAMEWORK AND THE FARMER

To focus rescarch more ceffectively on the needs of farmers in specific
sociocconomic settings, rescarchers will need 1o spend more time on farms
and in actual farming sttuations, They will need to understand the farmer’s
problems and the myriad variables the farmer considers during decision
makire. For instance, the farmer may not need a higher vielding corn, but
rather one that is more resistant to moisture stress early in the growing
scason.  Or perhaps the farmer most needs o variety that will compete
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effectively when grown within a suite of crops. The results of research
1eed to be evaluated in the field under vealistic conditions. This approach
does not imply that component rescarch is no longer needed. only that
investigators must become more familiar with the wide range of cropping
stritegies emploved by farmers, and with the pressing limitations that nt-
ter most to them. Tt is appropriate 1o mention here that many farming and
land sy stems are managed by wonten and that rescarch ettorts and extension
may need to be analyzed in light of gender relations,

Many of the agricultural systems in use in develeping countries are com-
plex. diverse, and changing (Altieri and Hecht, 1990), Researchers can
benefit from understanding some of the common characteristics these agri-
cultural systems share (OTAC 1988y, For example:

o Many Turmers use techniques designed to minimize risk. even if this
means they obtain less than maximum vields:

¢« They rehy primarily onclocal. indigenous knowledge. atthough new crops
are egularly ancorporated into existing systems:

« They ofien depend on biologicid processes and renewable resourees in
liew ol capital-intensive inpuls;

* They commonly involve low cish costs but reguire relatively high
amounts ol labor; and

o Their management strategies are adapted to local cultures and envivon-
ments, though social as well as ecological systems are showing increased

problems because of mounting stresses.

No advanee i cither soib or water management practices can be useful
unltess the practice iy adepted by the land users. Rescarchers. of course,
have hittle or no control over nontechnical aspects of this criticat decision-
making process. But rescarchers can encourage the right choices.  Indeed.
researchers should try 1o develop arich variety ol innovations together with
Farmers, on the assumption that it is the farmer who is best able 1o choose
from a set o alternatives one that is at once desirable and practical. Special
atiention needs 1o be given o devising incentives that encourage farmers
o choose sustatnable approaches.  Enabling both land resource users and
policymakers to exercise choice may well be the ey o technology adoption.

One of the crincal issues i sustainable natural resource management is
to develop mechanisms that allow farmers to carn enough income so they
can afford to strive for long-term sustainability instead of short-term gains
during any one cropping season. Farmers do have a sense ol stewardship
and husbandry for the Tand: ivis o challenge for the rescarch and develop-
ment establishments to find ways 1o harness this stewardship for the long-
term good of the farm and the farming community. Only well-integrated
activities involving several disciplines, including the social and biological
scientists working with the farmers, can bring the more holistic approach
needed to implement and maintain more sustainable agricultural strategies.
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Research Priorities To Support
Sustainable Agriculture

Agriculture in tropical environments faces different constraints than
in temperate regions, and this affects oil and water research needs. Six
broad areas merit priority attention: overcoming institutional constraints
on resource conservation, enhancing soil biological processes, manaeg-
ing soil properties, improving water resource management, matching
crops to envitonments, a5 atectively mcorporating social and cultural
dimensions into - esearch, Inaddition, better use of indigenous knowl-
edge and improved commun'cations can enhance the implementation
of research resuits,

Two critical indicators of deterioration in agricultural systems are de-
clines in the quality of soil or water. Poor management of cither of these
resources quickly Teads to decreases in farm productivity. Thus there is an
urgent and ongoing need tor research to devise wavs 0 menage soil and
water resources more ststainably,

A large proportion of the world's developing countnies is located in tropical
environments. Tropical agricaltural systems differ from temperate systems
in significant ways, both physically and institutionally . Several of the unique
characteristios of tropical environments-—trom mountain highlands to arid

rangelands 1o humid forests—plaved particularly important roles in the

PMuch ot the deseloping world is located i Africa, Asia, and South and Central America.
Thase are essentially tropical continents  that i, most of the Lind area i located cither in
treprcal Latitudes or s antluenced by troprcal atmospherie systems, Within these continental
areas. there are several gh mountun areas and plateau arcas tat are charactertzed by dis-
tinctly nontropical climates. The generalizations about topteal envitonments do not apply to
these upland zones. which need a much more specialized regronal approach to their parteular
sothand water systems than s possible i this overview document. s essential o achnow -
edge that the deseloping world exhibats o tremendous diversity of cnvitomments and cultures.
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committee’s determination of the major issues needing rescarch. Some of
the characteristios that make tropical environments especially challenging
include the tollowing:

* Lack of acold season or frost, which in other climates brings a break in
production, thus affecting pests. discases, and moisture levels;

» Variable timing and duration ol water supplies in both dry and wet
FCZIONS, CTEAtNG SCVEre MOINUIe stresses:

* Year-round growing seasons i some wet arcas, with effects on Crops
and pests as well as aceelerated teaching of nutrients:

» Greater biological diversity than temperate environments, and thus greater
diversity of crops. soil organisms, and pests:

« Highly weathered soils.and in some places very voung soils:

* Shortages of fossil tuel and other capital-intensive inputs: and

= Stgnificantly difterent social and institutional contexts and traditions.

In the tropies. especially where access 1o fossil tuel resources is timited,
management strategies must be more biological in nature and must rely on
the use of appropriate choices of germplasm. cropping systems. and tech-
nigues o it specilic ecological niches, Many methods employed in the
tropics were developed over time through trial and error: they vary greatly
among ditferent geographic regions and caltures. Often, attempts to trans-
fer research strategies claborated in temperate 2ones into tropical environ-
ments have fatled 1o recognize these fundamental ditferences. At the same
time. the diverse social institutions, Kinship patterns., resouree acces-. and
tenure relationships in developing countries do not necessarily operate in
the same manner, or respond to the same logic, as parallel structures in the
industrialized world. Indigenous, colonial, and modern patterns of resource
decess and regulation can, for example, operate simultaneously on a given
water resource or piece of land. although often with conflict.  Recognition
of these hasic ditterences between tropical and temperate agriculture must
be o main factor in the selection of priority arcas Tor rescarch,

Given the problems faced by tropicst aericutiure, the unique characteris-
tics of the environments and cultures, and the strengths and weaknesses of
the evisting knowledge base. rescarch in the following arcas could offer
great rewards inosupport of sustainable agriculiure and natural resource
management:

+ Overcoming institutional constraints on resource conservation:
+ Enhancing soil biological processes:

» Managing soil properties:

* Improving witer resource managenient:

» Matching crops to environments: and

« Incorporating social and cultural dimensions into research,


http:foildthllnIt.ll

24 SOHAND WALLR RENTARCH PRIORITI

A wealth ol tme-tested indigenous knowledge exists and this human
resource should be tapped to sapport these goals. Special poteniat ties in
the blendimg ot traditional methads with modern innovations. One of the
mostintractsble problems yet o be faced is the ditficulty of communicating
new ideas 1o the tarmer. Rescarch and development organizations hasve
struggled wath s problem tor mans vears, and it remains o high priorin
Inste.

The conmntiee faced a ditticult deciston when deciding how o present
these rescarch priorinies. On the one hand. it wished to stress the need tor
interdiscplinary rescarch, particulardy rescarch that integrates technical
and institutional dimensions. Such research often does not fit neatly into
citegories. On the other hand. the committee needed 1o use some or-
ganizing structure to make the adeas accesstble and usclal 1o the research
commentty. - Such structures often imply boundarics and separateness.,
however.and they dimmish the importance of interretationships. In he
end. while the comnuttee opted to present its priorities in siv distinet cate-
gories, it wishes o stress the need o move bevond  compartmentalized
thinking nd 1oward more integrated approaches (see chapter 4 for
more discusston),

The Tolfowig discussion explores the siv priority research arcas
and gives examples of the types of mvestigations most needed. With-
in cach, some examples of rescarch Tields are listed. These are divided
into two categories: eritical rescarch priorities and other priority
topics.

In detinmg rescarch needs. the committee considered and ~et aside many
potentially valuable arcas of research. For mstance. further research on
ground water modelmg and soil physies is not recommended. Targely be-
cause our knowledge in those arcas already s extensive. Research on the
use of mycorrhizal fungi is not highlichted because it Lacked immediate.
practical value to the Tarmers in most seed of sustainable agricoltural
strategies. Rescarch on soil acidity and ats ettects on the growth of agricul-
turally important crops is not listed because this is reasonably well
understood and many measuies are alreads known to correct such
problems. Likewise. nutrient requirements tor most crops can be fairly
well predicted. and the fundamentals of how 1o meet these needs have
been extensively researched. The primary deficieney in our decision-
making i~ the Timited ability 1o specily appropriate management practices
that will be ~ocially and cconomically aceeptable for site-specific condi-
tions. Thus, while the empliasis of the research topics outlined here is Tess
on individual components of soil and water systems and more on the
broader. and variable. systems themselves, the need for tocation- and
culture-specific adaptations ol these general approaches is of course
implied.
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OVERCOMING INSTITUTIONAL CONSTRAINTS
ON RESOURCE CONSERVATION

Resource conservation is at the heart of Wl etforts o develop and imple-
ment more sustainable approaches to agnicudture. s increasingly clear,
however. that resource conservation must be anderstood to imclude more
than the techmeat approaches. Sustiable agriculture cannot be obtained
without attention 1o the cconomic, pohiey . and msttutional elements of re-
souree consersation. Although o farge part of the tocus on sustainabibity s
directed at the farm Tevell s obvious that sonl and water nianagenmient
issues refate 1o the management of the whole envivonment.

Sail and water nanagement are atfected by many tactors external to the
tarm. such as the pricimg policies of national or mternational bodies. tenure
rights. or available labor. Institutional constraints on resource consertion
are as critical to the sustainability of agroccosystems as on-the-ground soil
and water management techniques,

Critseal rescarch priorities should include:

¢ Studies of Tand and water resource tenure and aceess policies that at-
fect Tong-term steswardship and sustainable agrnicultural practices:

s Analyses of sociall polinical, and cconomic dynanies of pricing poli-
cies and how these attect the stewardship or degradation of kind and water
resotirees: and

* Thorough evabwations of i st and ey situ germplasm conservation,
and the relative merits and problems cach ofters tor maintaining biodiy er-
Sy 1o provide aowide range ol genetic options for varving hydrologic

regimes and soil fertilities,
Other priovity issues should include:

« Exaluation ot local and regronal institutional arrangements to improve
the integrated conservation of soil and water:

« Exaluation of short-term incentives that might be used o implement
long-range sustamabihity vouls: and

o Assessment of the nature and impact of national policies that affect the
use of industrial mputs such as tfertilizers, pesticides, and mechanization.

Both on-tarm and off-farm resowrces atfect resource management. On-
farm tactors such as Tabor availabilite, land tenure, and access 1o resources
are influenced by larger scale cconomic and political forces that aftect the
choices that farm houscholds and communities nuke about their resource
usc. Onthe tarm, rescarch should continue to address how sound steward-
ship can be used o meet the needs of both the farmer and society. How-
ever, off-larm questions, historically, have not received as much attention,
espectatly as regards implementation of rescarch findings,
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Resource conservation is o clear example of an issue that should unite
agriculturatists, soil and water managers, and environmental scientists con-
cerned with the Tong-term use and protection of the natural resources bise,
The sometimes adversarial relaionship between these interests is counter-
productive. Instead. all should be attempting 1o integrate their spectal knowl-
edge i pursuit of answers to the complen Tocal, regional, and institutional

CONSIIANIS 0N resource consery ation.

ENHLANCING SOIL BIOLOGICAL PROCESSES

Sustamnable agnculture requires maintenance ol the soil biota, particu-
farly m-arcas of fow income. 1o -mput agncultural svstemis where soil
brological processes are critical tor sustaining and enhancing soil fertility.
Soth structure, niogen: Bxation. nutrient availabilitn . and control of soil-
borne pathogens and pests all can be manipulated by organie inputs and
vegetation management,

I most soils, high fevels of soil organic matter are essential for good
sotl structore. Yot many important questions remain regarding the avail-

improved methods ot using sorl biological processes 1o best advantege are particu-
farly important o arcas with Tow -income, low-mput agnicultural svstems. Rescarch-
ers at this ticld statton i Sencegal are myestigating root nodulation on fast-growing
treess the AID-funded project involves Senegalese. Freneh, and U.S. ssiemtists, Credit:
Michael MeD. Dow. National Rescarch Council.
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ability and management of organic matter. For instance. the release of plant
nutrients through rapid decomposition is a key way 1o optimize crop yvields,
but more research is needed o understand the role of macrofauna in this
process. Recent work on the manipulation of carthworms and termites
appears promising. The benefits of organic matter in the maintenance of
satl quality and crop productivity have long been well known, but only
recently have rescarchers started 1o elucidate the role of organic matter
additions m variable charge soils on soil acidiny, the ability of soils to hold
nutrients, and phytotonicity.

Another example of a promising research arca is biological nitrogen lixa-
non (BNFL Although the general process involved is well known, as evi-
denced in tarmers” wide use of legumes, more needs to be known about its
ccology—inchiding plant-microbe-climate-soil interactions. A better un-
derstanding of these interactions would Tacilitite our capability o manage
these processes. Forinstance, suceessful use of BNE in cropping systems
is often erratic and unpredictable. and rescarch could develon methods for
BNE inoculation at different sites. New methodologies also need 1o be
developed for gquantitying BNE by trees, since current measurement tech-
niques are difficult in the field and often inaccurate,

Agrotorestry systems are widelhy and traditionally used in many tropical
arcas. These practices are becoming increasingly important in agriculiure
for mamy marginal areas. especially the wetter tropics. and in arcas where
fuclwood is scarce. Nevertheless, Tittle scientific data exists on the soil
impacts of agroforestry elements such as rooting patterns, allelopathy, nu-
trient eveling, and the ability of some species 1o competitively take up or
accunmulate scarce nutrients. The complex manner in which tree products
are integrated tnto houschold, focal. and regional cconomies needs to be
assessed as well Issues related 1o the constraints imposed by limited hu-
man labor also require attention,

Effective management of soil biological processes to eyele and tix essen-
tial crop nutrients can reduce expenditures on fossil fuels, The synchroni-
sation of nutrient release tfrom organic mputs 10 meet nutrient uptake de-
mand by crops is critical and little understood. Often, nutrients are released
in the decomposition provess when the plant does not need them, and subse-
quently may be lost. The use of cover crops, mulches. crop rotations, and
minimum tillage are known to control many soil pathogens and nematodes
and maintain soil nlth. NMore information is needed on the actual mecha-
nisms invohved.

Although they vary by region, many sustainable agricultural systems in
the tropics include hvestock. Their role includes the consumption of crop
residues and the production of organic matter and nutrients as well as the
control of unwanted vegetation. Work ~ input-output or recycling models
vould help many small furm enterprises.,
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ORGANIC RESIDUES AND SO!IL ACIDITY PROBLEMS

Soil acidity is a major prohlem in soil management, and the use of
organic residues is a promising potential tool for farmers in the tropics.
As commonly used, the term “organic matter” is not the same as “or-
ganic material.”  Organic matter, in the conventional sense, refers to
the well-decomposed. origin-unrecognizable organic portion of the soil;
organic materials include more intact organic residues such as plant
residues, green manures, mulches, and composts. The potential role of
organic material varies with its composition and the soil to which it is
to be applied.  Organic material additions can alleviate the low cal-
cium, magnesium, and potassitm conditions characteristic of acid soils
because it contains relatively large amounts of these nutrients.

Much remains to be learned about the potential role of organic
residues in alleviating soil-acidity problems.  Research could help fill
some of the information gaps regarding the use of organic material to
combat acidity. For instance, what organic materials and decomposi-
tion products are most effective in reducing aluminum content aned
solubility in soilst What are the effects of differing surface mineralogy
on organic material and its decomposition products? What is the dura-
tion of the liming effect of organic materials? s there an optimum
quantity of organic material to add to the soil?  In addition to the
chemical and physical aspects of the practice, an important economic
consideration is whether there is sufficient organic material available
for application in the near proximity of the farmer’s field, and, if not,
what are the costs of lahor and transportation to move large quantities
of the material from adjoining land.

One important variable to be considered when predicting the im-
provements possible through organic residue management is whether
the organic material was grown in situ or obtained from an exterior
location. W imported, the nutrient content of the organic material is
contributed to the soil system, 11 it is grown in situ, the overall benefit
is usually less because the nutrients are simply recycled.  In some
cases, however, recycling and bringing nutrients from deep zones in
the soil profile can substantially improve the surface soil—the root
zone for most annual food crops.

The role of organic material in reducing aluminum toxicity, often
the most detrimental aspect of the <ail-acidity syadrome, includes the
chemical complexing of the aluminum in solution, thereby reducing its
activity. Organic material additions can, in some cases, also alleviate
phosphorus deficiency in acid soils by supplying phosphorus directly,
by reducing phosphorus sorption capacity, and by complexing soluble
aluminum and iron, thereby increasing soluble phosphate concentra-
tions. In large amounts, organic materials can reduce acidity simply by
increasing the soil pk. I smaller amounts, the type of organic material
becomes important, for example cowpea is more effective in reducing
acidity than leucacna.
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Critical research priorities should include:

+ The ceology of biological nitrogen fination (BNEF), including plant-
microbe-climate-soil interactions and improved methodologies for predict-
ing BNEF response and tor quantifyving BNI by trees:

* Analysis of agroflorestry systems, including rooting patterns, allelopa-
thy, nutrient accumutation. and nutrient cyveling:

» The role of orpanic matter i variable chirge soils on sail acidity,
phytotoxiciy. and similar factors: and

« Soil process-related management technigues to control soil pathogens
and nematodes te.ge, crops rotations, cover crops, soil organic matter ma-

nipulitions).
Other priority issues should include:

+ The role of macrofauni in soil fertility:

« The etfects of minimum tillage on soil biota, including pests and ani-
mals:

+ The role of Tivestoch i smalt farm systems: and

+ The enhancement and maintenance of biotic inputs for sustainability in
fow tndustrial input systems, including synchronization of nutrient release
from organic inputs to meet nutrient uptake demand by crops and appropri-

ake biotechnology efforts,

MANAGING SOIL PROPERTIES

Rarely do the inherent properties of the soil provide an ideal environ-
went for agricubtural use. Fortunately, many of the limitations are ame-
nable o improvement through inpats. manipulation, and other nanagement
practices, Rescarch has Ted to substantial progress inidentitying the funda-
mental constraints and basic principles of soil management. although such
work has been conducted largely in developed countries in temperate re-
gions. However, tor both the developed and devetopme world, a central
weahness is our dimited capability 1o provide optimal site-<pecitic soil and
water nanagement practices that can be emploved by individual Land users
within the context of thewr needs and the prevailing social, economic. and
political chimate. Thus, this ability to tanslate scientific knowledge about
soil characteristios and plant growth into uselul information for farmers is a
major rescarch need for the futore. Bewter management of the chemical and
physical characteristies o the soil is critical to sustainability,

Critical research prionties should include:

« LEfficieney i use ol organic materials;
o Sources of nutrient amendments:



30 SOHAND WATER RESEARCH PRIORITTES
+ Mechanisms and amelioration of soil compaction and crusting: and
» Strategies for restoring degraded Tands.

Other priority issues should include:

» Soil loss and its effects under different management strategies: and
 Improvement and use ot diagnostic technology for nutrient availability.

Research on better nuanagement of soil properties will involve both the
chemical and physical characteristios of the soil system. and this area offers
special potential in the contes of the Timited use of capital-intensive input
characteristios of many developing countries. Forinstance. work on sources
of nutrient amendments i key because Tow restdual Tevels of essential ele-
ments is a common cause of soil infertilits in the tropies. This condition
usually can be corrected through amendments. Much of the technotogy for
these types of management practices has been developed inarcas where
purchased mputs are readily available. In developing countries. however.,
the capital Tor such investments and the managerial capability o deal wvith
the type and fevel of technology is Timited. Therefore, alternative practices
should be pravided that are compatible with focal natural resonrces and
social. cuttural, and ceonomic conditions, Special emphasis should focas
on biotic amendments,

Stmilarly. research on the efficient use ol organic materials is eritical,
Organic materials canchave muldtiple benefits in reducing or allesiating many
soil chenical problems. Notable among these are providing nivogen and
other essential natrients and correcting soil aciditn. The technology for
elfective and efficient use of organic nuaterials - for example. nutrient-accu-
mulating spectes of plants and management of restdue s notavailable inoa
torm suitable for most of the developing world, This is an arca where the
blending of scientific knowledge with indigenous knowledyge offers great
potential henefits,

Mechanisms 1o ameliorate soil compaction and crusting are importani
because these frequently Tead to decreased water infiltration, increased run-
offLincreased crasion, and reduced stand and erowith of seedlings. General
principles tor dealing with these problems are reasonably well understood,
but management practices that would be ueetful in the developing world
require better know ledge of fundamental ciuses and alternative solutions.

Given the ever-increasing pressures for production in the developing world.
strategies Tor restormg degraded Tands will also prove key over the long
term. Past mismanagenient has resulted in the abandonment of extensive
arcas. Inthe Amazon basin. for example. roughly halt the arca that has
been cleared- some 6 1o 7 million heetares has been abandoned Toledo
and Scrrdo. 1982, The basic problems stem from a variety of cat.es. both
chemical—such as loss of fertility and high soil aciditv--or physical——such
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Adonkey drivwn sandbehier, shown here at the JCRISAT Sabelian research center
near Niamey. Nigers s one technigue for managing and improving soil properties.
Fhie sandhehter is used soon after a rn. when its tines can dig the damp sand into
shaltos depressions and small, nght clods. The broken surface traps windblown
sand.reduemg eroston and protectmg young crops from sand blast and burial, Credi:
Neil Caudles North Caroling State Uniiversity

as crusting. dispersion, or compaction. In many cases, apptication ol line-
stone and phosphorus will amieliorate the chemical problems to the extent
that the Tand can be used inan cconomically productive manner. But where
the primary degradation problem iy physical. remedial measures are more
difficalt and time consuming.  The practices may require chemical treat-
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RAINWATER HARVESTING

Rainwater harvesting is the practice of collecting precipitation for
domestic or agricultural use. It has been employed in various forms for
more than 4,000 years and in areas that range in annual rainfall from
20 mm to 1,800 mm. Collection schemes vary from clearing hillsides
of rocks and gravel to increase runoti and direct it toward cultivated
fields further down the slope to collecting water from rooftops in small
impoundments,

Ratnwater harvesting is primarily for small-scale use for farms, vil-
lages, and livestock.,  Approaches to raimwater harvesting vary greatly.
Some practices rely on alteration of the fand surface and require con-
struction, such as the building of water catchments and tied ridges.
Another approach, one particularly good for porous or unstable soil, is
te, cover the soil with a waterproor cover. Plastic sheeting, butyl rub-
ber, and metal foil are low-cost alternatives for rainfall catchments,
Gravel can be placed on top of plastic to protect against wind and sun
damage. These catchments, it properly built and maintained, can have
an expected useful life of more than 20 years.

Water harvesting has the potential to enhance food production in
water-short semiarid and arid Third World countries. 1t is especially
promising for developing countries because it provides water without
requiring fuel or power. However, specitic techniques will need to be
developed to meet site-specitic soil, dlimate, and socioeconomic condi-
tions.  Water harvesting schemes have the potential ta be especially
useful in arcas with the following characteristics (NRC, 1974).

(1} Clay soils. On these sites much of the water runs oft during
rainc.orms. Small ponds built in the local watershed can be tsed to
harvest water during the rainy season and store it tor use during the dry
season for domestic uses and irrigation of food crops.

(2)  Laterite toposequences. Many of these toposequencos have
impervious fayers at the top that aliow little or no vegetative growth,
Thus rain falling on the impervious caps runs quickly down the slopes,
causing crosion and exposing infertile subsoils. A series of check dams
or levees can slow or stap the movement ol water and store it tempo-
rarily for domestic or agricultural use.  These check dams may also
reduce erosion and make the soils down the toposequence more useful
for crop production.

(3) Gravel mulches. One of the primary sources of walter losses in
semiarid environments is soil water evaporation. An established means
to reduce such loss is by gravel mulches. I many areas, for example
the Sahel, faterite gravel is abundant.  Spreading this gravel over the
surface can reduce walter evaporation and thus increases the water
available for human usc,
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ments, but more frequently involve long-term fallow periods with trees or
cover crops as the primary vegetation. As with other soil managenient
practices. restoration strategies must be taile red 1o individual sites and cir-
cumistances. The ability 10 make these site-specific recommendations ro-
mains awajor challenge tor research,

Soil degradation under different management strategies is important be-
catise the choice of cropping svstem can have o major influence on the lToss
orretention of soil. The challenge is 1o cmploy alternative systems that will
enable the farmer 1o wse the Land in a manner that minimizes soil loss and
damage. The option generally s not whether o use the Lind or not—
circumstances often require it it is the method of use that becomes the
point at issue. On-site degradation is only one of the issues, Determining
the effects of soil foss on off-site locations is mereasingly important, The
mmpact of crosion on dow nstream ceological and agricultural systems needs
1o be assessed. Acequiring o better understanding of the social and ecconomic
dimensions of ~oil degradition and providing incentives to the Farmer for
crosion control and prevention measures would o fong wav toward en-
hancig Land use. 11 is also essential 1o heep in mind the whole soil-water
systemoand 1o conduct rescarch that looks at the dyvnamic relationships be-
tween these eritical elements.,

Finally . improvements are needed in diagnostic teehnologies 1o measure
natrient availability se deficiencies of essential soil nutrients can he cor-
rected more easily. Such corrective practices are evpensive. whether achieved
by purchased inputs or by organic residues. The cost and clficieney of
remedial measures can be improved if specitic and guantitative data are
available on the prevailing level of the nutrient in the oil. Substantial
progress has been made in diagnostic analyses of soils 10 serve os i guide
for nurient inputs. However, the applicabitity and adaptation of these tech-
niques o developing countries has been given relatively less atiention,

IMPROVING WATER RESOURCE MANAGEMENT

For much of the tropical world. water is the key natural resource, and
managing variable, dyvnamic water supplies thus is a critical challenge it
agriculture is 10 he sustainable,  As populations grow and urban and indus-
trial water demands increase, competition for water has intensified.  Re-
search must address a spectrum of issues ranging from rain-fed agrict'tre
o drrigation. from the effectioeness of small-seale indigenous technigues 1o
the impacts of Targe-scale mmpoundments. 1t must loot, atwater’s role in
dynamic agricultural systems and. in particular, its close mterrelationship to
soil rescurces. It must move bevond the technical questions toward ques-
tions of how 1o apply technology in the diverse cultures and ceosvstems of
the developing world.
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DEALING WITH THE UNCERTAINTIES OF EARLY RAINS

One fundamental difference between most temperate climatic zones
and the tropics is that in temperate areas crops gencrally are planted in
the spring in a water-saturated soil environment, while in most parts of
the tropics with a dry season, crops have to he planted in dry ground or
in newly moist ground at the beginning of the rainy scason. There is
pressure to plant carly because the food is needed and the growing
season is limited, but there is also a real danger of planting too soon—
the first rains may not be substantial and the crops may wither. Plant-
ing too late, in turn, can present other problems. Wet soil is hard to
work, and pests start 1o cause problems.

Problems associated with the vagaries of rainfall in the tropics may
be reduced by selectively breeding crops to withstand carly drought, by
developing better predictions of the pattern of rainfall in a season and
ways to communicate this information to farmers, and by developing
transplant techniques for crops that have not traditionally been trans-
planted. Also, soil-imprinting techniques that act to concentrate sparse
rainfall at the base of each seedling are helptul.  All these areas need
research.

The use of r'ze nurseries before the onset ¢f monsoon rains is
certainly one of the oldest strategies 1o avoid water stress in the seed-
ling stage. Rice is planted, irrigated, and fertilized in small nurseries at
the end of the dry season. When the rains start, and fields are suffi-
ciently flooded, rice is transplanted.  Other similar examples may be
found in the savanna arcas of Africa where sorghum and corn are
planted in small irrigated nurseries, and then transplanted to larger
fields ence the rains have commenced in earnest.  The use of soil
imprinting and tied ridges also can help to concentrate moisture at the
base of seedlings.

Four general arcas merit attention: (1) technigues for water capture and
impoundment. with attention to indigenous, small-scale technigues: (2) strategices
to enhance water conservation so maximum return is gained from ecach drop
of water: (3) methods to reduce irrigation-related soil degradation, such as
salinization: and (4 larger-scale approaches for watershed and landscape
management. Some of the greatest potential benelits of improved water
management may well be found “at the marging™ of the water management
field. such as the improvement o httle known or innovative approaches and
technologies. The challenge is to help farmers optimize their use ol avaoil-
able water while maintaming the guality.



v
n

RESEARCH PRIORITIHES .
Critical research priorities should include:

* Developing techniques to help farmers plant and maintain crops duaring
the uncertain, carly stages of the rainy season. These might include studies
of seedling resistance to the vagaries of water supply, transplanting meth-
ods, and strategies to provide more secure environments carly in the crop-
ping cyele.

¢ Describing and evaluating the array of existing water-harvesting tech-
niques. particularly indigenous ones, and consider their possible effective-
Ness in new environments,

* Investigating the role of aguaculture in farming systems and especially
i irrigation systems  Are there ways to combine irrigation and aquaculture
in regions where this has not been a tradition?

o Investigating techniques for making the best combined use of surface
and sub-surface water in ivrigation and dealing eftectively with drainage,
including an analysis of inaiznous technologies.,

* Investigating the policy and pelitical issues of pricing and subsidies of

Innovative thinking can hiclp sunmount the constraints posed by ansuffictent rain
carly in the growing scason. In Nigeria, tocal farmers haye developed o system
where sorghum is started inirrigated nurseries and then transplanted inio the fields
once the rainy scason is under way. Credit: Hugh Popenoe. Uniy crstty of Florida,
Gainesville,
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Many 1y pes of microcatchments are being developed to capture and channel limited
or sporidic ramtall o crops. I the Negev Desert ol Israel. this microcatchment
coneentrates water around an almond tree. s design was modeled on evidenee of
simibar structures discovered during archeological research. Crediz: Mike Austin,
University of Hawaii,

water and products in water-scarce areas and the long-term impacts these
have on agricultural strategies and soil management.

Other priority issues should include:

+ Conducting comparative institutional analyses of risks and benefits of
waler management strategies. including local as well as large-seaie mshiu-
tions. This would include attention (o indigenous systems of witer aceess
and tenure.

Analyzing the cconomic, social. and environmental effects of irrigation
at vartous scales. There has been a plethora of studies of large irrigation
projects and their problems, but much less atention on the smaller systems
and on supplementation strategies. Can modern systems be adapted to
augment various indigenous systems and vice-versa?

Investigating the waterborne discases and weed infestations associated
with canals and drains for irrigation development and technigues to combat
these problems,

Analy zing adaptations o short-term drought within the cropping season.
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Fortunately. much of the knowledge about physically manipulating and
managing water resources for both rain-fed and irrigated agriculture is more
or less generically transterable, although the scales at issue and the socio-
ceonontic impacts are quite diverse. However, large gaps i our knowledge
base still remain. especially in the arcas of agroforestry. mived cropping
systemseand sustatnable Tow -input rain-fed agricutture. Carrent knowledge
focuses on full reliance on drrigation, while many questions about supple-
mental rigation remain unaddressed.  In addition. our hnowledge base s
stll severely Tacking in arcas related 1o the social and institutional aspects
of managing public or village-level irrigation enterprises and dealing with
the questions of conjunctive use,

How policy and institutions affect the allocation and use of water re-
sources.amd thus sustamability . are compley bat especially important ques-
tions. For instance, what incentives will encourage maintenance and repair
of water management systems? What rishs do farmers fice--whether hy-
drologic. climatic. cconomic, or political-- and how do tarmers make deci-
stons in light of these rishs? What are the equity implications of particular
interventions’! Since both ram-fed and irrigated agricultural systems often
produce signiftcant environmental impacis. researeh is needed to evaluate
and improve the criteria and methods for carrving out environmental
impact studies tor project design and existing projects.

MATCHING CROPS TO ENVIRONMENTS

Research to enhance the matches between crops and environments is an
ongoing and stll critical endeavor. This work should include studies fo-
cused on the coneept of ecological niche and the wass in which agriculture
might benefit from use of appropriate organisms. including opportunities
offered by genctic manipulation. Tt also means more effort is needed 1o
match crops and production strategies o social, cultural. and econonne
environments. Adthough much rescarch remains 1o be done regarding aher-
ations o the envizonment 1o sait crops., for sustainable agriculture the focus
should be onselecting and adapting crops and management choices to vari-
ous settings,

Several processes are necessary o mateh crops to environment.  First,
the environment itself must he characterized in terms ol soil parameters like
salinityadkalinis . aluminum toxicity, nutrient deficiencies., slope.and soil
crodibitity.  Next. climatic features, including remperature, photoperiod,
insolation. and availability and scasonality of water. must also be Incorpo-
vated. Local vegetation types, including classification categories of local
people. should be deseribed. The droad varicties of crop plants themselves,
including unusual genoty pes off existing crops, merit description, As these
are the outcome of manipulation of crosses and planting materials selected
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MATCHING CROPS TO ENVIRONMENTS: THE WINGED BEAN

The story of the winged bean provides an example of successfully
matching crops to environments.  This tropical legume was a little-
known crop when the National Research Council (NRC) published a
small report on the plant in 1975, At the time, there were only 12
known varieties, with most of those grown in Papua New Guinea and
Southeast Asia. But the plant showed exceptional promise—its seeds
had a nutritional value almost the same as soybean and, unlike the
better known soybean, it thrived on poor, acidic soils in the humid
tropics, tolerated high raintall conditions, and was comparatively resis-
tant to pests and discases.

By the time the NRC published a second edition of the report
(NRC, 1981b), perhaps as many as 600 varieties had been collected; a
worldwide information exchange network was in place; researchers in
more than 50 countries received a newsletter, The Winged Bean Fiyer;
and research trials were under way at sites around the world. Ten
million dollars had been invested in winged bean production in Thai-
land alone and 6,000 acres had been planted in the Ivory Coast. Few
crops have risen so quickly out of obscurity.

The winged bean's rapid success comes in part because it meets a
real nced: people of the hot, humid tropics need better plant sources of
protein.  Sometimes described as “a supermarket on o stalk,” winged
bean meets this need and more.  In addition to its soybean-like sceds,
its leaves are rich in vitamin A and can be cooked and eaten like
spinach; its shoots resemble asparagus; its flowers, when steamed or
fried, make a mushroom-like garnish; and its *herous roots are like
nutty-flavored potatoes with twice the protein.

But what really turned potential into success was a concerted re-
search effort. The knowledpe about the crop was assessed, gaps identi-
fied, and its potential investigated. A strategy for international research
and testing was developed and pursued.  All in all, the winged bean
offers a concrete example of the benefits possible through the blending
of indigenous knowledge and scientific method when it comes to look-
ing for crops to suit particular ecological niches.

over time to tolerate local constraints, they have particular merit in guiding
sustainable agriculture rescarch efforts,

To comprehend underlying cultural, cconomic. and social contest from
the houschold Tevel. two approaches are required.  The first involves the
scientific quantification of ccosystem parameters by standard analytic meth-
ods. The second involves the mobilization of local knowledge of land-
scapes, soilso weather, water eyveles, and planting material, which can add
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subtlety and depth that those outside the scientific community cannot readily
see. One potential research area involves analvses of the processes of
adaptation, and the emergence of new cultivars through the assiduous col-
fection of Tand races, conventional plant breeding, and other farms of bio-
logical manipulation,

In generall the matching of crops 1o ropical environments has not re-
ceived adequate rescarch attention because of a traditional emphasis on
“eonventional crops.” annual crops. and monoculture production systems,

Critical research priorities should include:

« Improved understanding ol indigenous knowledge, especially local soil
and crop tvonomies as well as the analysis of the wray o environmental
knowledge that could help orient current rescarch:

« The potentials and problems of erosion-prevention crops and strategies:

« Crops developed and setected tor their adaptations 10 chemical stresses
such as alummum tovaciny alkalinity s and soil and irrigation water salinity:

« More analysis of mined management practices, including techniques
such as altey cropping. agroforestry. and successionad management. and
their potential to meet multiple needs including, but going bevond, vield.

Other priority issues should include:

* A ypolegy of environmental parameters for difterent crops, including
attention o climatic constraints, microclhmates. and temporal changes,

Local peoples tend to manage a diversity of agroecosystems and natural
resources, Agriculture 1o many societies s not conceptually limited to what
the deseloped world calls “crops™ instead. agriculture often includes the
management of wovariety of semi-domesticites, weeds, forests, wildlite, and
other elements ot the tocal environment. Indigenous management of land-
scapes s aften difficult to see.

The management of natural resourees in this broad sense may have a
diversy of goals bevond increased vields. Thus, Tow-yielding but highly
reliabl or low-risk varieties. ceremonial cultivars, or stress-tolerant variet-
ies. personal favorites, starvation foods, and particular genetic lines may all
be included i an agricultural strategy . These “other Jogies™ may be over-
looked or dismissed by those with only o vield-oriented outlook, but they
are essential to any research agenda that focuses on land arcas with serious
water, soiloand income constraints or erratic and less predictable climate
and cconomic midicus. Atention to such strategies, of course, should pro-
vide insights mto fong-term sustuinability of regional production svstems,

Experimental evaduations of indigenous knowledge of Land-vegetation
management are scarce because these systenis are oo dynamic for most
experimental agronomic rescarch design. Still, the elements and principles
cibodied in such systems can provide hypotheses for later testing and can
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serve as aspringboard for forming agrononic strategies that enhance soil
and water management in marginal or comples environments, For instance.
such information could be particularty useful inidentirying and disseminat-
ing plants that are effective for erosion control (for example, vetiver grass).
These efforts can also provide new candidates for soil-nutrient management
i various kinds ot agroforestry and successtonal systems. 1t sustainability
iy 1o beincorporated o the development agenda, the relevant protective
contributions of the clements of agricultural systems and their effectiveness
must be evatuated and given weight inany ecconomic and social evaluation.
This mtormation can provide insight into general principles with ecosvstem
or regional relevance.

I matching crops o environments, large potential may exist tor transfer-
ring valuable or useful plants from one ccosystem niche to other analogous
stes. The winged bean i one of the better Anown cases, but many lesser
Anown spectes coubd undergo similar development processes. The National
Research Council. through ity Board on Science and Fechnology for [nter-
nattonal Development. has published a series of books that seek to bring
attention to underesploited crops with potential vatue for specific ecologi-

Aniranth s ene ot many fesser known crops with signiticant potential in sustain-

able agricultural strategres. These researchers are ona field trip looking at different
vaneties of amaranth m Cuseo. Perag ar the Center for Andean Crops Research,
Credir: Michael P. Greene, National Rescarch Council,
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cal niches, Forinstance. reports on jojoba (NRC. 1985). saline agriculture
(NRC.TON9¢), and amaranth (NRC.T983a) highlight crops tor dry regions.
The important rale of livestoch has been described in books on water buf-
falo (NRCO 198 T ditde-known asian animals (NRC. 1983d1. and one on
microlivestoch (NRCL 199100 Valuable torestry options are examined in
reports on calliandra €NRCO TON3b), casuarinas (NRC, 1983¢), and leucaena
ENRC 1980 Muny more crops and tivestock, not widely known, show
similar promise and could help to enhance the productivity of agriculture,
particularly in marginal environments,

INCORPORATING SOCIAL AND CULTURAL DIMENSIONS

Most people ivolved i researcl and development for develaping coun-
tries now agree that reseireh-—it it is 1o be of practical value-—must incor-
porate social. caltural, and cconomic Factors as well as technical and scien-
tfic ores. Just as o particular soil management strategy must mateh a
particutar soil. oo must womateh the people who will he responsible for
implementing it But actually accomplishing this goal is difficult. Agricul-
turab scientists often tack the training, experience, and time (o integrate
such factors into their research (Colter, 1987,

Actively incorporating these dimensions into research and its applica-
tions requires a shift in the model common in developed country agricul-
ture. where the rescarchier does the science and passes the product 1o the
extension agent. whoo in turn, convess the information to the farmer. This
unmidirectional approach was successtul in the United States in part because
the scientists and extension agents involved typicatly had farm back grounds-—
they instinctivels knew the social, cultural, and cconomic constraints at
tssue because the environment (both biotic and social) was a tamiliar one.
Ashe distance between Tarmer and researcher grows, however, the greater
iy the nead fora ditferent model of communication. The knowledge, expe-
rience. and capabilities of the local people must be incorporated into the
research process so it s, in essence. a joint endeavor (Coller. 1987). A
collahorative approach is necessary, with mechanisms for feedback and re-
finement of the rescarch plan. Although this need for a more interactive
approach to rescarch has been discussed widely and for some time. it is still
asignificant constraint on the effectiveness of rescarch in support of agri-
culture. particularly efforts to develop sustainable agricultural strategies.
Consequently. the committee wishes 1o emphasize the need tor serious.,
continued attention to tne social and cultural dimensions ol rescarch
pursuits. i the end. this may be one of our most important findings.

It is no longer appropriate 1o relegate these human dimensions of re-
search 1o secondary, separate status. A soils project, tor instance. should
emphasize what people do to the soil at the site. and what other factors
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aftect that action. The goal is to identify opportunities for constructive
improvement in the existing system. The social and cultural dimensions of
the rescarch must be kept focused on issues of relevance to the other scien-
tists mvolved, and on overall project goals. AU most sites. important areas
for rescarch will include:

+ Indigenous soils water. and agricultural classification systems:
« Allocation ol time and division of Fabor both by gender and scasonal-

o Land tenure and access to resources:

» Subsistence. nutrition, and the cash cconomy: and

« Values, indigenous views on the people-land balance, and attitudes to-
ward agriculture, soil. water, children, and the luture.



4

Supporting an Integrated
Research Strategy

Anintegrated research strategy requites institutional mechanisms and
structures that ink research organizations with clients, and also with
the ditferent components of research. Additional mechanisms are needed
10 reassess research prioitios on an ongoing basis and 1o create locally
oriented data ahout soil and water resources.

A collaborative, integrated rescarch strategy will not develop without a
conscious effort on a number of fronts. Changes are needed in the mecha-
nisms and structures used by research organizations and tunding agencies,

Mechanisms need to be in place for varioos reasons:

» To link clients with rescarchers:

» To link components of research:

+ o cevaluate the effects of rescarch:

« To set priorities as an ongoing task: and

« To deal with the problem of obtaining site-specific data to help solve
site-specitic problems.

STRUCTURES TO LINK USERS AND RESEARCHERS

Abasic issue i targeting research to the needs ol users is the pattern of
communication and feedback. These chains of communication can be com-
plex. Because a great deal of rescarcl relevant o the tropical context is
conducted outside the areas of application. rescarchers in universities and in
tnternational organizations need to be dinked with the users of the rescarch
in effective wavs, Traditionally . crop rescarch went through a hierarchial
seqquence from basie rescarch to field testing to promotion by extension
agents. But thas stracture does not work well in many developing countries
and is not adaptable to soil and water management issues,  Intermediate
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NETWORKS IN INTERNATIONAL AGRICULTURAL RESEARCH

Viable research networks can play an essential part in solving many
of the research problems. What is a “network” and what makes one
successful? - A 1990 hook, “Networking in Iternational Agricultural
Research” provides a comprehensive roview of networks (Plucknett, D,
L. et ali. “Networking,” the authors note, “is a new name for an
ancient practice.”  They define a network as “an association of inde-
pendent individuals or institutions with a shared purpose or goal, whose
members contribute resources and participate in two-way exchanpes or
communications.” Networks are generally decentralized and lac king a
well defined hierarchy of authority.

Networking has a long history in the sciences as a mechanism for
sharing research results and inforn-tion. It is especially well devel-
oped in agricultural research, and promises increased efficiency. It
multiplies the effectivencess of individual scientists or institutions, en-
couraging diverse talents and expertise to be applied to problems. “Nel-
working is no panacea for lagging agricultural production or inefficient
agricultural research but it can be a powerful way of improving the
quality and impact of research.”

agents who can trister research findines 1o the field and who can also
communicate tarmers” needs to the researchers., increasingly important in
the process of research and technology transter. Private voluntary organi-
zattons and cooperative host country universities are institutions that
are particularly important i this regard. Special efforts are required to
encourage networks that ok insdttions in a two-way exchange involving
rescarchers, research instititions, universities in host countries. private
voluntary organizations, cooperitives, and farmers.,

Many of the existing rescarch structurcs will need 1o be modificd to
support the needs of sustainable agriculiure and natural resource nunage-
ment. Carrently. much agricobtural rescarch stll is done within the con-
lines of disciplinary: boundaries or as dictated and supported by various
commadity groups and state funding sources. The reward svstem for the
rescarcher is based on some ot the sime constriinis: for instance. profes-
sional recognition is tightly bound to within disciplines. Little ackhnowl-
cdgement i avaitable tor a rescarcher involved in interdisciptinary
cforts. Trends away from raral sociology and cultural ceography within
the social sciences have provided fewer interfaces with agricultural disci-
plines on rural descelopment problems. Likewise. elforts 1o bridge the natu-
ral resource disciplines and agricultural disciplines at univeisities have been
weak at best, and almost adversarial in some cases. New efforts should
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be made 1o change the administrative configurations of diverse groups of
scientists working on common problems. The institutional reward svstem
should reflect these changes. Rewritten mission statements, goals. and
objectives would contribute to harmony among agriculturists. natural
scientists,and social scientists working on common strategies for sustain-
able deselopment. This new vision could help lead 1o more responsive
technologies.,

in swmmary, linking clicnts with rescarchers will entail o sensitive re-
structuringof the mechanisms and procedures now used by the research
establishment. Tt i, however, the sense of the committee that av areness of
this need has grown rapidby in the Tast e vears and wans of cnhancing
better communication between rescarchers and research users will Tind a

reads andience.

STRUCTURES TO LINK RESEARCH COMPONENTS

Asecond need s tor the establishment of networks 1o facilitate the inte-
gration of different research components and 1o then focus these efforts on
problems identiticd i the tickd. Fo be successful, such structures would
require astrong client-driven component and assigned resources 1o facili-
tate the process. Many networks now exist that support the component
approach to aancultural rescarch i the tropics. Some of the better hnown
ones focus on fast-growing nitrogen-tining trees, biological nitrogen
fivaton, the wanged bean, amaranth, and ditferent soil pes. The Col-
Laborative Research Support Progrinms tCRSPY adso suppart netw orks
for their specific topies. Yor example. small rominants., bein-cowpea.
sorghume millet ropical soils. and other single issues. The Tnternational
Apricultural Rescarch Centers have also developed networks with
National Aprvicalnral Research Centers tor different commaodities and
problems. These networks work because they link people with common
interests cnd there s a framework within which they can operate. Networks
that serve o draw components togcther 1o focus on more comples field
problems are harder 1o develop but all the more needed. In faet, srong
tinks between research organizations and users, as sugeested in the preced-
g section. are anecessiry element for saccessiul networks ¢Table 0.

Client involvement is essential o the rescarch priority-setting process.,
One example of a clicat-need-driven network is the Women in International
Development «WID) network. The network was developed to Tocus more
attention on-gender issues i development. for instance. equal aceess to
credit, land. and services. The network in the United States Tas meniber-
ship dues structure, wnmual meetings, and publications. 1t also interacts
with similar networks around the world and with a focal point ie the United
Nations, It grew from a number of initiatives in Third World and devel-
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TABLE 4.1 Some Principles of Success for Networks

The problem s widely shaned.

L Participants e motivated by selt anteres

I
3
3o Particrpants are ivolved e planmimg and management of the netwoerk,
4 Phe problenc or tocus of the network s clearly detined.

h

A basehne studs s undertaken te produce an aathonative founding document.
GO realistic rescardh azendaos diawn up
Research and manacement e tleable
SoThe network s constanthy itissed ot ness wdeas and technotogies.
9 Regula workshops o conterences are hiehd 1o provide opportinnmies Tor assessing progress
and discusang problems
10 Collishorators contnbute tesounces
FE o Bxternad tandime o provaded o tacilitare tavels trenmme. and mectings,
12 Colaborators have sutboent timmny and expertise o contitbute etfectively,
30 The netwarh s membership s relative s stable

14 Peadenship s ethaent and ealizhtened

Source: Pluchnett v al o [uvn

oped countries. The network was not imposed on the members—in fuct, is
stecess s hased in part on o comradery formed of common interests
and problemis. Tt s potentially sell-supporting but attracts funds from
foundations und governments,

A petwork simbrly stractured and motivated might help address the
needs for sotd and water rescarch, Although the WD netswork is il in s
infancy. 1t has already dentiticd maportant research needs, has had sig-
nificant tmpacts on projects. and has deseloped an impressive body of
lterature. A sinalar oveanization could help define rescarch priorities,
provide feedback on the applicabifiny of rescarch findings. and mtegrate
soit and water research mnto etforts to solve othes resource mamagement

problems.

MECHANISMS TO EVALUATE THE EFFECTS OF RESEARCH

An often neglected element in the setting of rescareh priorities is the
cevaluation of existing rescarch ellorts 1o get feedback about the relative
stecess of current directions. Exvaluators should try 1o assess whether there
is evidence of progress toward sustaiabibity as o oresult of the rescarch,
While sustainability o slippery concept. at best - is difticult to measuare, a
range of questions could be posed that could serve as indicators. For in-
stance. evaluators should be able to ask whether the research is actually
making some ditference 1 the Gietd. Are people doing or tving different
things as @ result ol the research? I they are not changing, why not? Are
soil and water properties improving?  Are rates of degradation slowing?
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Some mechanism is needed o atlow evaluators 10 go into the field and
assess impacts and ceffectiveness. 1t should be possible o evaluate the
degree of dissemination of rescarch results and at least speculate on the
potential impacts in the field.

Many rescarch programs include external evaluations of how the activi-
ties are administered.,” However, in addition, field-level evaluations are
also needed o ascertain the actual level of dissemination of the relevant
rescarch. These field evaluations should be carried out by interdisciplinary
teams that iclude at feast one social and one physical scientist. The teams
should Tocus onanaly zing farmers™ awareness of the new information being
generated and disseminated as well as on the apparent effectiveness of
any new practices that tarmers are using as a result of research, This
evaluation of field studies would also provide usetul feedback to help guide

the evolving rescarch process.,

MECHANISMS TO SET RESEARCH PRIORITIES

Although chapter 3 presented an agenda o research priorities as re-
quested by AIDL the committee unanimously agrees that rescarch prioritics
will change. sometimes dramatically. over time. and the Hist only represents
@ first view of a longer researeh trajectory . Long-term benefits can acerue
only it some mechanism is established o guide an ongoing evaluation and
review of priogities,

Such priovity -setting processes should involve o standing oversight com-
mittee that would evaluate existing field research and make judgments about
the relative merits of the research efforts, in light of current needs amd
philosophies. Periodic workshops could be held, perhaps every three to
four years, 1o assess progress amd redetine pitorities. A number of possi-
bilities tor such an oversight committee exist, such as a committee of the
National Research Council, or an organization like the Board for Interna-
tional Food and Agriculture Development and Economic Cooperation, An
alternative might he 1o involve the Collaborative Rescarch Support Pro-
gram. which was recently recommended (NRC, 1991b) that focuses on

Foranstance. an external evaluation of @ research progrim is called tor in the National
Rescarch Council’s recent report ona CRSE devoted 1o sostanable agrniculture and natural
resoutee management (INRC199Th - The external exaluation s program, ratler than field,

ortented: The external evaluation panel will consist of i mingmum of three senior scientists
recognized by their peers and ~elected o tor expertise relevant o the SANREN program and
eaperience meresearcin o rescarch adimmstration Fhe responsibiity of the panel will be to

cvabuates s deemed necessany the s, tunding, progeess, plans, and prospects of the

SANREM program and make recommendations based an these evaluations., . .7
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sustainable agriculture and natural resource management.” A commiittee
associated with that CRSP could be assigned the tash of reviewing and
revising research priorities,

MECHANISMS TO INTEGRATE DATA REQUIREMENTS
FOR SITE-SPECIFIC ANALYSIS

When matching crop requirements to the characteristics of the Tand and
its owner, agriculture is part art and part science. The success of agricul-
ture depends on the degree to which the mateh between crops and land is
successtul, and one of the roles of the farmer is to rectify any mismatches
in a way thar is cconomically feasible and environmentally sustainable, In
modern agricubture, the performance of a crop planted at a particular site
and time of year generally can de judged it the requirements of the crop and
the characienstics of the Tand are known, The two greatest intluences on
production are ~soil and weather, To predict production at a particular site,
theretore, a mimmum set of soil crop. and weather data is required.
bears repeating. however, that in Third World arcas where labor availabil-
itv. price fluctuations, and transport problems exist, such efforts have
only modest predictive powers))

Foranstance, i 1982 an internadional group ol agricultural systems sei-
cntists met at the International Crop Rescarch Center for the Semi-Arid
Tropics in Hyderabad. India. to specily the minimurm data set needed 1o
predict crop pertormance inany agroclimatic zone. The participants used
systens analysis and crop simubation models as the primary means o
matcir crop requirements 1o land characteristies. The aim was 1o develop
a foundation for dealing with the soil-plant-atmosphere continuum so that
strong links could later be torged between the hiophysical and socioeco-
NOMIC Processes.,

The scope of work was Timited to 10 food crops including 4 cereals
(matize, rice. sorghum, and wheat:. ™ 0 070 leaumes (dry beans, groundnut,
and sovbean): and 3 root ¢ Loaaroid, cassavin, and potato). The report

“Exnesting CRSPS conduct research on widely diverse issues, inchuding: o1y tisheres stock
assessment, 3 human aotrinon, £3) beans and cowpeas. ¢h peanuts, 130 pond dy namics and
aquaculture. g sl romimants, 7y sorghume and nollet. and o) tropical soil nanagement.
These programs smvolve more than 700 experienced mternational scientists trom 32 US. uni-
versities sd SO mienanonal research mstitutiens. The design ot cach CRSP reflects the
assumption that mternational colhiboration is hey 1o successtul agncatinral research with the
host country and U8 rescarchiers shanng in the dentiticition of reseirch needs, the destgn ot
expenments, and the analysis of resalis. Opportunities for teanig and improsed rescarcher-to-
rescarcher Tonks are alo part of the CRSP mission.
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defines the minimum data set needed o maich crop requirements to land
characteristies and serves as a guide for designing field experiments lor
model validation and model application (International Benchmark Sites
Network, 1988 1 a particular variety is found unsaitable to o Farm, the
crop genetic coelticients allow other crops and crop varieties 1o be exam-
ined. An cconomic assessment can be made for cach nmanagement option
as Tong as input costs and market prices are available, Although this mini-
mum data set needs o be expanded 1o include o wider range of soil and
water characteristios such as data needed 10 assess satinity, sodicity. meta-
tion tovicities. 4 nutrients such as phosphorus. calcium, magnesiun,
subfur, potassivin. b race elements. it is an example of one careful attempt
to improve our capabiliny to identify appropriste crops for specitic sites.

Dynamic. process-based crop-environment simulation models can be de-
veloped by interdisciptinary teams. These models are generic and are de-
signed 1o aperate amywhere in the world. The minimum set ot soil. or p.
and weather data enables the models to generate site-specitic information
for decision support. Models focused on human systems also offer poten-
o and the process of designing them could help delimit the eritical human
behaviors and betiels that influence agricalieral decision makmg and prac-
tice. The collection or compilation of the minimum data et for syatems
simulation should be the responsibility of the user nation. Countries unable
to establish a data base for their soil and climate will require assistince
from development agencies. The compitation of genctic coetticients should
be the responsibility of plant breeders (Hunt et al.. 1989), Although these
types of efforts are certainly not panaceas for bringing about sustanability,
they are uselul tools in any broad effort o develop and implement better
agricultural management,

CRITICAL COMMUNICATIONS ISSUES

Promoting sustainable agriculture and the wise use of soil and water
resources will require more than scientific innovation. Any integrated re-
search strimegy will need to find ways to enhance communication among the
different actors. from rescarciers o farmers. As we have learned from
experience in the RS land-griant system, researeh alone cannot be expected
to carry the load of agricultural development and natural resource conservi-
tton. The adoption of new policies. technologies. and firming systems will
require: sociad change ~the kind of change that can he encouraged by
effective communication. Certain ey communication issues must be
considered (Caudle. 1990);

I. Those who most urgently need information do not all speak the same
language-~literally or figuratively.  They do not see resources the same
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To be sastamable, agncultural rescarch strategies must include dynamic interaction
and commumcation between scientists and farmers. These Kampuchean rice farm-
ers are taking a traning course at the International Rice Research Institute in the
Philippimes. Ciedi: International Rice Rescarch Institute.

way. they do not enjoy equal access to productive resources, and tenure and
access rights are mediated throueh complex social ielationships of kin, co-
hort. and obligation. They number in the hundreds of millions, and their
cultures, levels of education. needs. and expectations are exceedingly di-
verse. These audiences. often illiterate. cannot alwavs be reached throtgh
the traditional channels used o communicate with farmers in the United
States because extension systems in developing countries often are inad-
cquate. These farmers, many of whom are women. do not always toil
individoally. They often are members of ditferent kinds ol institutions
ranging tfrom extended families to peasant feagues that could be used as
vehicles for ransmitting information.

2. Information about agricettural technologies and soil and water re-
sources primarily consists of formal research results from individual
projects or experiments and vast informal practical knowledge maintained
and transmitted by farmers. While the “language of science™ may be uni-
versally understood in the community of rescarchers, the wavs local knowl-
edge s encoded and trimsterred is tied to tocal idioms and institutions, To
provide a place for these formal and waditional knowledges 10 meet will
require scientists to mahke the cifort o anderstand their clients. Many well-
intentioned scientists have gone about their work assuming that their clients
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are basically similar to their LS. counterparts. Cultural, economic, class,
and gender differences that affect the wility of research were often over-
looked. and the logic of existing practices was often misunderstood. Any
strategy for sustainability: must rely in the long run on a much more
dynamic interaction and communication between scientists and farmers.,
Special mention should be made of the importance of women farmers and
farming systems, so that research strategies include programs that sub-
stantially address their concerns.

There are several means for achieving these newly focused efforts., in-
cluding careful analy sis of local societies and economies so that how deci-
sions are made can be understood in light of gender concerns. cconomic
strategy. and houschold strategy . Another means tor promoting this holistic
approach is the use of computer-based decision-support systems. including
simulation models and expert systems. These systems nos only have the
potential to store. organize. and access huge amounts ol dati. they also
provide the opportunity wud impetas for applying scientitic information,

Whatever the medium o communication, we should recognize that disci-
plinary specialization is not always the ally of development. In some cases.
this specialization has fed 1o @ confusion of tongaes. When we approach
the people of a forcign country and otter them our help, we must all speik
the same fanguage: theirs. Although the importance of using local Lan-
guages seems obvious, it is too often overlooked when time and money are
short.

o Inan e of intense competition for diminishing public support, there
IS premium on Usuecess stories™ -on resubts that may be used to tout a
program to constituents and thereby inerease its lunding or prolong s lite.
Untortunately. the results of soil and water research typically do not lend
themselves o the development of simple. casily understood “products,”
Such research tends to produce incremental and sometimes subtle improve-
ments, not the dramatic breakthroughs that attract publicity . Agencies should
recognize thai in the world of science communication. not all subjects are
created equal. While mvestments in medical scienee regularly pay off with
dramatic stories and media attention, investments in soil and water science
may never yield asingle headline. Professionals could advise program
managers and funding agencies on alternative strategies for public relations.,

Ao Most ot the resourees now expended on communications in agricul-
twre and natural-resource programs are devoted to “in-house™ publications
stich us newsletters and project reports, wnd the bulk of these are directed at
the funding ageney 10 meet documentation requirements., Typically, com-
manications professionals are involved only in the final production of a
publication. not in its planning or development. For almost every program
there is a bale of brochures, reports, papers. proposals- - many of them unread,
il-comceived. and ineffective in the cause of helping developing countries.,
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Conmuunications dollars should be spent on products that will put infor-
mation in the hands of people who need it in a form people can use. This
means placing professional communicators on staft, and making them inte-
gral 1o the operation. using their input in atl aspects of program develop-
ment and management. 1 does not mean hiring an occasional consuliant,
Agencies should have one statt communicator review and comment on
CVCry Program ar project proposal.
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Conclusions

This committee was charged 1o review the constraints on productive and
environmentally sound soil and water namagement and to owtline a research
strategy for addressing these problems in the deseloping countries. The
inperative for this activity arises from the ever-inereasing pressures on soil
and water resources catsed by escalating world populations and changes in
markets. Tac implications of possible changes i the elobal climate adds
another dimenston 1o these stresses,

The conmutiee finds that the tandamental problems of soil and water
mangeement are predictable and.momany cases. salations can be developed.
Howeserssoth and water nemaeement are not. and cannot be, “stand wlone™
issues. Rathers they are components o the overall tabrie ol resouree use to
meet basie haman needssand thus should be addiessed within the content ol
whole e and overall societal anterests. Consequently . sorl and water
rescarch shoald anteract with all elements of the Land use system andd
should be tocused not only on solvie mmediate Cop production prab.
fems but also on ensaniny long teom presersation of these vital natural
resourees. Contiucd. mcreased attennon 1o population issues, of course, is
alsoenican

Accomplishie this coal swall require changes m our tradmonal approach
o problem solvine. Rescarchers inereasmely must cross the houndaries of
thew mdividual disciplimes: they must broadon their perspectine 1o see the
merits of local torms of knowledee: and they must ook 1o the tarmer — the
altimate chient tor then imtormation tor help m detimimye o practical contend
torresearch. This change m vision s ander way 1o vartous degiees already
but the pace ot chanee s slow

This chapter presents highhighis of the committee’s deliberations on
the mechamsms needed o speed progress toward ~ustnnable approaches to
agriculture and nateral resource manacenmient. This Trinmework of ddeus s
presented as broad conclusions rather than detaited recommendations
with the hope that they will spark internal debate. and pertiaps change.

'
..



34 SOHAND WATER RENEARCH PRIORTTIES

within the relevant research organizations and development assistance
organizations.  The issues fall into five categeries: (1 the better use of
existing knowledge: (2) the importance of new approaches 1o research
that Hink traditionally discrete elements; (3 the use of both scientitic and
indigenous knowledge: (4 the need for a periodic reassessment of priorities
for rescarch: and (3) current high priority rescarch arcas,

Use of Existing Knowledge

A major constriint on progress in osolving soil and water problems in
the developing vorld is the Timited application of known principles and
techniques. Years of experience and experimentation have given rise to a
fairly pood understanding of these basie principles, yet our ability to apply
this knowledge to solve problems in the complex local and cultural settings
of the tropies s weak.  One reason for this deficiency is the difficulty
encountered in transferring information between temperate and tropical
environments.  Judging what information i appropriate takes o special
understimding o bath environments and their people. Another important
factor is mstitutional:  sustainable agriculture is not a high priority within
many universities and research institutions, whether in the developing or

devetoped world. Theretore:

o Rescarch organizanons and individual rescarchers should be encour-
aged and tunded to synthestze available information into formats and lan-
suages useful to policymakers for strategic planning and forms useful 1o
activists working at the production fevel (e.g.. extension agents, represen-
tatives of private voluntary organizations. and producer associations and
cooperatives).

The Need for a Change in the Rescarch Paradigm

Traditional, typically single-discipline approaches o rescarch brought
great progress in the past. but this rescareh paradigm s mappropriate tor
the types of problems that must be addressed to develop and impiement
sustainable agricutture and nataral resource management. Developing
sound fand use practices tor margimal lands. expandine production on qual-
ity lands, and restormye degraded Lids all require a systems approach o
rescarcl. Single disaphine tescearch has an o mherent mntanon when used
1o address problems wath compley scopes. Past approaches also tended 1o
distance the rescarcher from the ultmue recipient of the information the
farmer. These problems attecr the whole rescarch establishment and not
isolated tundmyg agencies. Wans must be Tound to encourage more collabo-
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rative, interdisciplinary research, and to reward efforts to investigate
the linkages between components that make sustainability questions
particularly complex. The shift in paradigm should encourage more on-
farm interactions and a vision of the farm not just as a producer
of commaodities but as a system. In particular, the tinks between physical
ana social dssues, between agriculture and environmental issues. and
between commodity approaches and ecosyvstem approaches deserve atten-
tion. Therelore:

+ Research organizations should develop incentives 1o encourage col-
laborative, interdiseiplinary rescarch focused on bridging the gap between
scicntific principles and field-level application of knowledge,

o Universities. other research organizations, and professional socicties
should. as a4 matter of urgeney, increase protessional recognition for contri-
butions in terdisciplinary and international arcas.

» Spectahists workmg in the commodity -focused CRSPS should seek ways
tointegrate their knowledge into work on sustainability questions.

« Research organizations should work o develop integrative, systems
maodels to address the soil and water problems critical to long-term natural
resource management,

Links Between Scientifie and Indigenous Knowledge

When two Bibranies are available, cach containing a different wealth of
information, both should be used. Many insights about methods of manag-
ing agriculture and natural resources are avaitable from local people. Al-
though trial and error is o slow processe it has served farmers for genera-
tions and stll has lessons to share. Often. indigenous hnowledge can guide
researchers i the selection of pertinent researcl questions. [t can provide
a hase upon which more analvtical, precise scientific investigations
can he built. Indigenous knowledge and scientific knowledge can be
blended 1o bring about practical new techniques. What is needed is more
than simple inventories. it s the additional steps of analvsis and evaluation
that the scientitic method can provide. Yeto in most cases these types of

Anowledge are rarely combined in effective ways, Therelore:

¢ Rescarch organizations should sponsor efforts 1o document and scien-
tifically validate local indigenous knowledee.  The documentation should
include coltection and analysis ol indigenous methods and technologics,
such as information on classitication of soils, water harvesting technigues,
land management protocols. and cropping systems. Promising technologies
should be evaluated and the possibilities for local improvement and adapta-
tion to other locations explored.
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The Process of Setting Priorities

Although it is important 1o define a clear set ol priorities to goide soil
and water rescarch., the process ol setting those prioritics may in time prove
to be more important than any specific list of issues, Priorities change over
time. Agricultural systems evolve, as does our knowledee of them. Henee
IS critical that the selection of research priorities be an ongoing process.
Research priorities <hould be reviewed periodically and adjusted 1o serve
the most urgent issaes at hand. A frameswork s necessary 1o cvaluate and
revise soil and water rescarch priorities to keep them flexible and respon-
sive. The process should inctade mechanisms so the rescarch is driven by
chient need. which would require a carefully designed feedback system.

Theretore:

« A clear mechimism should beestablished 1o ensure that a0 recurrent
priority-setting process oceurs, perhaps by delegation 1o an existing institu-
tion that is close 1o the research environment.

* To be most eftective, the priority-setting process should begin with
attention to regional needs by detining regtonal priorities.

o Whatever the mechanism used for thic task, it should involve the com-
hined assessment of researchers, change agents., research users, and funding

agencies,

Current Rescarch Priorvities

Increasing stress on the world™s agricultural svstems necessitates a
strong emphasis on improving agricultural production and also miakes
attention 1o the Tong-term stewardship of the carth’s natural resource base
imperative, Sustainable agricultural systems must maintain and enhance
both biological and cconomic productivity. They must be stable and resil-
ient. To be aceeptable o the people who must use then, such systems
must be cconomicatly viable over the short and long term. and must be
socily compatible worli the needs of the local population as well as broader
political agendas. Accomplishing these vouls is no small task, and research
of numerous 1ypes will be essential.

Although the realm of potentially valuable rescarch topics is vast. some
focus is necessary to speed progress, Front its deliberations., this committee
selects the tollowing broad research arcas for priority attention during the
1990

o Institttional constraints on resouree conservation:
» Soil hiological processes:
o Management of soil characteristios;
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o Water resource management:
» Matching crops to environments: and
+ Incorporating social and cultural dimensions into research,

Rescarch to encourage the wise management of soil and water resources
is critical to maintaining and enhancing agricultural productivity over the
long term. The United States is in a position to provide leadership, offer
technical and financial assistance, and encourage international cooperation
1o support this emphiasis on sustamable agriculture and nataral resource
management. Tt will not be casy o implenmient integrated svstems-based
collaborative research into the ecologicat and sociocconomic churacteristios of

sustainable agriculture and natural resource management, but it is imperative,
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