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Introducti on
 

This report was prepared in Lwo stages. It. began as a sumniary
of the discussion by a pane. of the Board on Science and Tei.,-hnlology 
for International Developmert (BOSTID), National Research Council 
(NRC). The Panel was convened on December 14, 1987 at. the request 
of the Office of 
Research and University Relations, Bureau 
for
 
Science and Technology, Agency for 
International Development (AID),

to prepare a discussion document for the January 14-15, 1988 meet.
ing of the 
AID Research Advisory Committee (RAC). 
 The report was
 
revised to 
reflect the RAC discussion and now may be 
con-,idered
 
an advisory statement from the RAC 
to AID on the subject of 
sus
tainability in agricultural systems and 
economic development.
 

Discussions 
from which the report was prepared centered around
 
a 
draft document submitted by 
the AID Office of Agriculture, Bureau
 
for Science and Technology entitled 
"Sustainable Agriculture."
 
That draft document presented AID's current strategy and outlined
 
a set of issues which AID asked 
the RAC to address.
 

Characteristics of Sustainable Agriculture
 

Between 1950 and the mid 
1980s, world 
population doubled.
 
During 
those years, however, food production grew at 
a rate greater

than overall population increases, averaging about 
3% per year

un'cil 
1975 and greater than 2% 
per year since that date. Not
 
only was 
world famine on a catastrophic 
scale avoided, but 
there
 
have been notable per capita food production and consumption 
in
creases such that 
for many food commodities, 
low prices and 
sur
pluses ai'e 
a 
problem for producers. 
 Yet hunger still exists in
 
many regions of 
the world, even 
in those countries where there
 
are agricultural surpluses.
 

Nutritional deficiencies 
are more widespread than famine,
 
plaguing a 
much larger percentage of 
the population in 
less
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developed countries than in moi-e industri a 1ijzed countrie..
 
Deficiencies ret.ard dev-,lop:ncnt of the 
 youn.g, increasE .uscepti
hi] i ty t.o di:seases, and adversely impair 
 hea Lt h ;tnd qua 1i ty or
 
Ii fe For those r'asoris , one major chal lenge f'ol- the 
 19 9 0's i.
 
to foster greate-r produc:tive capacity arid access 
 to affordable
 
food supplies in those countries that. continue to face 
 recurrent
 
shortages. Another challenge 
 is to encourage better food distribu

tion systems. 

The maintenance and enhancement of agricultui-al productivi.ty 
is now understood to be intimately linked to effe.ctive management 
and sustaining- of the biological and ecological potential within 
a given agricultural ecosystem--the agroecosystem. Concerns for
 
sustainability are 
not new for the Agency for International 
Development nor for other groups involved in agricultural develop
ment. The issues are, 
however, profound and far r'eaching, because
 
sustained agriculture is often incompatible with practices that
 
have come to be widely .accepted and practiced throughout the world. 
Examples 
include overgrazing of rangelands, deforestation in
 
mountain and tropical environments, and poor management practices
 

of irrigated lands.
 

A Lruly sustainable farming system has 
the following charac

teristics:
 

0 It should maintain the long-run biological an' ecological 
integrity of natural 
resources (soils, water, plants, animals
 
etc.) without which agricultural production canno- be
 
increased, and possibly not 
sustained. Continuing attention
 
to the effective long-run control of animal disease- and 
crop pests is a key component of the biological sustainability 
of a farming system, as are methods to maintain soil fer

tility.
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* It. should be viewed as an integral--and viable--part of 
a country's economic development, s:trategy or process and 
shoul.d t -ahc-into account. cult.ur':j ] and socio-economic tradi
ti ons. A system cannot be consi(Jered sustainable if' 1armers 
are unwilling or unable to adopt it. 

0 It should provide ample economic returns to farmers, and
farm-related industries to support essential investments in 
annual farm production activities, such as: tillage, planting 

ongoing resource conservationand 
practices (maintaining 

terraces and ditches); regeneration andof crops, forests, 
orchards; replacement and improvement of soil fertility and 
livestock; development and transfer of improved technologies; 
and maintenance of annual income sufficient to support 
families 
are all dependent on farming 
as the principal source
 
of income.
 

* It should contr 4 bute to food security and to the health 
and vitality of the rural cultures 
involved in the multiple
 
aspects of food production. 

The concept of sustainable agriculture involves both spatial

and temporal dimensions, 
 and the unifying concept for the complex
of related farm system management components is the agroecosystem. 
Agroecosystems 
involve inter-relationships 
among the individual
 
farm, its immediate agricultural locality, and the larger landscape 
or region in 
which it resides, including the social, economic,

and political conditions of the nation. Concerns for sustain
ability must 
take into consideration 
the effects of these relation
ships within the system. 

One of the critical features of sustainable agriculture, 
however, is 
its time frame--the period 
over which agricultural
 
systems continue 
to be productive of 
goods and services. That
 
time frame ideally should be measured in hundreds, rather than 

,I 



LcIis, of years. In some rec j ons, the extent. of resource degra
dation associated with certa in high-input "modern" 'arming systems 
is growing. someIn instances, other systems .typically described 
as "traditional" systems, are hnown to have been in continuous
 
Operat.on for 1,000 years 
 or more. It is equally true that many
modern productive agricultural systems are not only sustainable; 
th.,y have in fact created the soil fertility and the resource base 
that. sustains them. Some of 
the world's most productive soiLs
 
were once considered infertile 
 and non-productive. And the his
torical record is replete wit.h civilizations that destroyed their 
re.source base with traditional agricultural practices. Ultimately, 
agriculture should be a s:,'stem composed naturalof and human
 
resource 
 use patterns organized so as to allow sustainable produc
tion over the l.ong term. 

Based on the foregoing comments, the RAC recommends that AID 
not use terms such as "low-input" or "organic" or "regenerative"
 
agriculture as 
 equivalent to "sustainable" agriculture. This
 
point was forcefully and vigorously endorsed in the discussion by

RAC members. The term "low,-input" agriculture 
 is accurate and
 
useful only with reference to certain inputs in 
 certain regions

and within specific management 
 systems. Most "low-input" systems 
require a high labor 
input and are 
often characterized by low
output.
 

Sustainable agricultural systems may be 
less reliant on
 
energy-intensive inputs purchased theoff farm (fertilizers, pes
ticides, fuel, machinery) and relatively more reliant 
 on labor and 
management practices 
to conserve soil, 
available 
,ater, and genetic
 
resources, and maximize the efficiency of biological cycles and 
processes. Accordingly, 
the RAC recommends AID 
use the concept
 
"sustainable agriculture" 
as its basic operational term and one
 
that is the most appropriate for reviewing and modifying AID's
 
ongoing food and farming system research and technology transfer 
activities.
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While agricu It.ura 1 sus ta i nab i.li ty must. be a co c.. rn tor I d .d o 
the current st.atrus and trends in approach.s to the sus ta J.nab i I tv 
of agricultural productjon systems vary g1"eat.]." acvoss the g.,bc.
Sustainable agriculture concerns and issuet- need t.o be definied 
and approached aon regional, and ecosyF;t.um basis. They depend
 
on :nteractions 
 of: 

* National eonomic status and level of development, ag'i
cultural policy, and demographic trentds 

Current effectiveness in the management of land and watei 
resources 

* Economic capability of farmers to generate sufficient 
income to support agricultural development 

* Practical availability of' cost-effective technologies and 
production inp, ts suited to a given region's soil, climate, 
and technology base. 

Agricultural sustainability also must be assessed 4n relation 
to the crops and types of farming enterprises (modern, traditional 
or some combination thereof) which are practiced and for which
 
there is a demand within a given 
 region. Economic and market 
forces often tend to push farmers toward land use patterns and 
management practices which appear to be profitable in the short
 
run. But such practices often set the stage 
 for changes in agro
ecosystems and the resource base which ultimately may combine to
 
thwart the biological integrity 
 of particular farming systems. 

Sustainable Agriculture: The Research Dimension 

In considering possible research directions, meaniingful
criteria to judge sustainability must be articulated, and a process
designed to review AID's research activities in oflight these 
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lit:,rts. AID's agr'icult.uraI policy s tateent sho uld encourage
Vesi'arch p)rogr'ams Lhat coittri tl)ue L.o farming syst~ns that. art
ecologicaily , b.o].ogically, 
 and socio-economical.].y sustain;ible. 

The RAC strongly believes that sustainable agricultu-e should
riot. be considered as separ.atea program category uiLhin AID. 
Again, this point was strongly endorsed by RAC members in the 
discussion of 
the report. Rather, sustainability criteria and
 
concepts should wovenbe into the design and administration of
 
a]l ag'iculLural 
 programs and projects. 

Suggestions and discussions have come from both within AID 
and elsewhere to 
shift AID's agricuttural research emphasis 
to
 
"fragile" and/or marginal 
environments such 
as areas with highly

variable rainfall or 
steeply sloping 
areas 
and poor soils. It
 
should be noted that "fragile" and "marginal" are not identical 
concLpts. All 
soils if not properly cared 
for are fragile as are
 
other resources. 
 Some soils such as 
those on 
steep slopes are
 
more vulnerable and therefore properly deemed fragile. 
 However,
 
there are many economically marginal where 
the terrain or soil
 
structure are 
similar to 
those of high productivity areas 
but
 
where there may be a deficiency in rainfall or soil nutrients. 
Many of 
the world's most productive soils were once in 
this cate
gory and 
were made productive and sustainable by amending 
the
 
soils or with 
irrigation.
 

Many studies, including some 
by the National Academy of
 
Sciences have 
indicated that 
there are uncultivated "infertile"
 
lands 
that might be utilized in 
the future if more 
tolerant
 
varieties of crops can be developed or effective means can be 
found to 
reduce soil toxicity.
 

Considerations of equity require 
two major problems be
 
addressed simultaneously. If the growth of food production falls
 
below that of population growth, then the ofcost subsistence or 
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food se-urity hurting the poor tirban and rural buyers
Wi T I ise 

of food stuffs . Th us resea r:l on sus ta in a ) i I i t.y for the ourr-t, t. y 
r i cher , more produc tive farmlands mus t c.o r i n ue at some evel . 
However, the world ' s poorest fa rme rs Lend to) be on margi naJ (almus 1. 
by definition) lands and many are on lands that are marginal and 
fragile. They are there because they need to eat.. if' their farns 
fail then they are likely to try to convert other lands from cur
rent sustainable use (such as rain forests) into farms that end up
bt.ing marginal and fragile and not sust.ainable. If this cycle is 
Lo be broken, research and action must also be taken to help iii
crease productivity and create sustainability on these marginal 
lands. 
 In the RAC discussion, many seefmed to favor some shift of. 
resources to research on marginal lands. 

0 Effective development of richer (more productive) farm 
lands in favorable climatic zones is helpful--indeed essen
tial--to reduce population pressure on the more fragile 
environments. The RAC does see a need, however, for
 
additional research 
 to develop alternative agriculL'ural 
strategies for the development, of fragile environments par
ticularly in countries with limited, highly productive farming 
regions in areas with favorable climates. As population
 
pressures increase, marginal lands can and will have to be 
more adequately utilized on a 
long-term basis, especially as
 
the relative rate of deterioration may be higher in more 
productive systems than in marginal 
lands.
 

0 World and regional food needs will continue to grow 
with population growth. The experience of individual panel 
members indicates that fertile soils with favorable climates 
offer the most promise for increasing production as new tech
nologies are 
developed and become affordable. Unfortunately,
 
production practices in some of the most favorable agroeco
systems are not based on principles of sustainabilit:,. 
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Global 1 y, food product. ion is g.'owir g fastter than pIopu Iat i or:. 
In rmnny count-ies ar d regio.s, p r'irn.ri 1y in Africa and the MiddI.e 
east., popuI.:it.ion is growi ng f'as Ler than food production. In many 
areas of t.huse .egions, Lh' preponder'unt ia.jori ty arc working on 
marginal lands. Global food abundance will 
have little impact
 
upon thim ex,-ept (.o keep down the price on what little they may
sell or in ter'ms of food aid 
in a period of crisis. Consequently,
 
research and extension must continue for 
those on these marginal 
lands if the people and the lands are to survive.
 

In the devetlopment of' rescarch projects to foster sustain
ability, it is essential to enunciate criteria by which a farming. 
system or future technology will be evaluated.
 

Criteria to assess impacts of research activities and agricul
tural technologies on sustainability could include: 

1. Impacts on soil erosion and deterioration, including 
such aspects as soil 
loss, organic composition of soil, water
 
stress, and salinization.
 

2. impacts on 
the genetic characteristics of 
pest popula
tions within an agroecosystem. Relevant research might examine 
how technology and management could affect the nature, scope, and
 
ease of control of 
plant and animal diseases, and virulence of 
pests, and adaptability of plants and animals to local conditions
 
and resources.
 

3. Impacts on and relevance of management skills and know
-how. There is a real need at the farm level for requisite manage
ment and related skills and incentives to make cost-effective use 
of technologies practices relatedor to sustainability and to 
avoid misuse or misapplicatiun of such practices or technologies 
in ways that could cause short- or longer-run proble;ms. 

9 

http:r'irn.ri


4. Li kelihood 'an dgricultural practice or technology will
 
PVo\'e useful the
itl production of a commodity or crop that wi]llremain part of a country's overa 1 agriculturai and food system.
 

Criteria complimentary to contemporary ,:ost-benefit analysis,
and other methods that discount future costs or benefits are needed 
to assess research activities leading to 
long-run changes 
in
 
management practices, systems, skills, and 
technolo.y. Possibly,

sustainability could be considered a required ofnecessary cost 

all agricultural projects. 
 In pi-rticular, long-term multidiscjpli
nary research activities on fragile andlands stressed ecosystems

should be designed and undertaken to help determine 
 %'hatsort of
 
remedial and management priorities could 
 prove to be cost-effe('-tiv,
in restoring or sustaining agricultural production. Such Iesearch 
should include consideration of the institutions and policies in
 
selected developing countries affecting 
acces_, :itid use of land
 
resources, including public 
range and forest Lanis. The time hori
zon for continuity of 
this research needs 
to be of the order of
 
several decades.
 

In light of the pressing need for 
resource management and
 
enhancement activities, AID should undertake sustainability systems

research that 
currently is difficult 
to justify in light of the
 
criteria and methods AID must 
use in the calculation of economic
 
returns of aid, and the 
quantification of benefits stemming 
from
 
AID programs. To implement research 
results, however, USAID needs
 
to strengthen its abilities to plan research based 
on a broad
 
view of agroecosystems. 
 At present, compartmentalization of 
tech
nical specialties constrains 
this kind of overview in AID. 
 Current
 
projects, such as Environment and Natural Resources Planning 
and
 
Management, for example, 
could be strengthened and expanded 
to
 
assist in sustainable agriculture design, planning and analysis.
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Sutain"b be Ag(rLculture.__!n. t.i uLt..ion;al ues Ions 

The quesLion was raised whethur Uni Led StaLes institutions 
had the capac:ity Lo I)rovjde assinaL.nce overscas On agricultural,
 
Sustai rnbi it. y issues. For U.S. :xperhtis:- e t.o be construcLively
 
LapPed in fosteri ng sustainable agricul Lure in developing cuun
tLris, resources and encouragemejit. must be made available to U.S. 
nsL.] tutions to hulI) generate the necessary examinaLion of 
Lhe 

biological, ecological , technolog iua] 
and socioeconomic dimensions 
of susLain:±bili L,. A high degr'C:t of m]tidisciplinary skill and 
manngement, backed by time overseas 
and resources, are likely 
to
 
be essential.
 

There is also a vital need for 
means to measure, and 
there
fore quantify, the degradation of 
the agricultural environment.
 
The economic benefit of 
sustai.ibi{ity has meaning 
in comparison
 
Lo other agricultural practice. 
that are degrading the region's
 
long term ability 
to produce a:n agricultural output. 
 Generaliza
tions about current 
practices, particularly 
those labeled "modern",
 
being not sustainable 
require definable evidence in 
order to war
rant remediation through practices 
that are sustainable but. may

be otherwi.;e 
more costly or less productive. Both macro and micro
 
measurement studies are needed.
 

In the U.S., interest and research activity 
on sustainability
 
of agricultural systems is 
growing. 
 (See the report "The Role of
 
Alternative Farming Practices 
in Modern Production Agricultur'e"
 
[working title] 
from the Board on Agriculture, NRC, 
forthcoming
 
summer 1988.) 
 One example is that some 
form of conservation
 
tillage is now practiced on a substantial part 
of U.S. cropland.
 
It should be noted that much of 
what is called alternative agri
culture in the United States 
produces a 
lower yield higher cost
 
output that commands a higher price 
from affluent consumers who
 
are willingly to 
pay a premium for "organic" or "natural" 
foods.
 
Paying a higher price for 
foods 
for which there is no nutritional
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or other scientifcia ly measurable di f'exic. except origin ma.y 
be a luxury Lhat 'ew uLther countrties are a bl.e or wi sh i.o aFfo1d. 
In t..he '(.s ae(bh area, I Itegratecl pdest mana:emen. aIId rotl~t J.,)ih
 
r"olpp I g s.s L.ems art! gaitij rig 
 in imp,,rtanc-: . 

Moreove-, there is o'onsiderable experierce th:il. can be 
ana]yzed and applied regarding the soils and farming practices in 
ot.hur countries. The Panel noted that the 1890 agricultural 
schools are known to be orie important reservoir of those kinds of 
skills. Clearly there are both domestic and international asp;cts 
in\'o.ved. The Panel recommends that: 

0 Traditional domestic resources and research funding 
arrangements be utilized 
in helping to redirect U.S. agricul
tural research programs to a greater emphasis- on sustainable 
agricult.,r i systems. 

* AID be asked to help support studies 
of international
 
agricultural systems 
that 
have been sustained over very long
 
periods of time. 
 (Nile delta and valley, Indus River plain,
 
Pueblo region of Mexico are possible examples.) Since some 
like the Indus Valley are experiencing problems such 
as
 
salinization and water logging, we can learn both the good 
and bad about traditional agriculture. Such studies could
 
help to elucidate the design of current and new research 
toward sustainable systems. 
 In addition, AID could continue
 
to give attention to the adaptation of research results from 
modern agri-cultural systems to the more traditional agricul

tural systems.
 

* 
 AID consider convening workshops in the U.S. and
 
elsewhere to promote sharing of 
information on 
sustainable
 
agricultural systems. Clearly, opportunities to interact 
with people from abro'a'd who have different traditions w ill 
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enrich t !hrr'og raris in Llie UrI ited St.at.es. They, it turn 
ill bete fit. fro , t.;..S. agricu.ILural :pc.rience. 

* AID should assess the present inst i tutioral cal)ac:i ty and 
const.ra ints of d(:vcloping countri(.s to fos ter sustainable 
agricultural research and production. Thi s review should 
focus on systems and models for farming system research and
technology transfer, using when appropriate a case study
approach. AID should also support demonstration farms 
de!signed to study and evaluate sustainable agricultural 
systems in developing countries.
 

Sustainable 
 Agriculture- Discussion of AID's Priority Issues 

in its request for a review of issues on agricultural production sustainability, AID included a set of specific questions forRAC to address. 
These questions and responses to them are listed 
in this section of the rep6rt. 

A. Sustainability of Food Production and Rural Incomes 

1. Level of Inputs: (a) Are low-input technology approaches

more likeLy to lead to sustainable agricultural systems that areboth economically and environmentally sound than modest-to-high
input approaches? (b) To what extent are the decisions location 
specific?
 

(a) Low input vs modest-to-high input. This issue was dis
cussed in the first section of this report (Characteristics 
of sustainable agriculture). It is ..ery important to dif
ferentiate the concept of "sustainabilitv" from that of
"low-input -ariculture" 
 Sustainability does 
not necessarily

depend on 
a reduction of 
inputs, but on 
changes in approach

and inputs; management inputs are vital. Technology becomes 
central to the concept in a way that it is not now for sus
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tainab]; agricu lIture. To maintain levels oJ food production 
aduquat.e to feed a growi.n g %orld1population , the c:on,:,'. pt ,,f 
sustaining firni syst.nni uitder sound biological , ecologicul 
and socio:conomic condit. ions must evolve and accommodate 
higher y eLds and in man.y cases higher levels of inputs, 
i.e., increasing levels of sustainable productivity. Tht: 
guidi nrg principle is how to optimize the production gained 
from purchased arid natural resources. The focus should be 
on the performance and sustainability of a farming system, 
not. the absolute level of any given input within the system. 

The mix of inputs might change, but it is not likely to be 
in the direction of less inputs. More likely, there could 
be less chemical and more biological inputs in some sus
tainable systems, biological inputs based on sophisticated 
research but 
in practice accessible to 
large number!s of
 

farmers.
 

(b) The level of inputs consistent with sustainability are 
very location specific. 

2. Quality of the Production Enironment.. (a) Should pri
mary development activities be limited to areas with favorable 
environments for agricultural production? (b) If agriculture on 
marginal lands 
or in fragile environments can 
be made sustainable,
 
what type of development assistance should be 
offered and with
 
what conditions? 
 (c) What limitations should be 
placed on agricul
tural use of fragile environments and how can restrictions be 
effective?
 

This issue was addressed on pages 6-8. 
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13. Sust aJnabi'itv of Natijral IRe!.otrces 

I. Forest.r_y-aLgyjculture inrt oraction. What. sound a I tLra--
Lives to s.i ftjng c;ul.tivation practic.!s are, possible thaL would
 
Ilead to sustainable production 
 and main .enance of the envi rotimnt.', 

Attention should be given to the roles of trees in agricul t ,re 
as related to- crop rotations, nutrient cycling, soil and water
 
conservation, 
fuel, lumber, and Foliage feed
as for livestock.
 
(See, for example, 1OSTID 
report _zrrof~oestr 
 i-n the West African
 
Sahel. NAS Prss, 1983.) 
 Local knowledge, practices and \'arieties
 
need to be incorporated wherever possible.
 

Production and management for more 
permanent vegetation has
 
-an essential role 
in the maintenance and building of soil. 
 New
 
techniques of intercroppin, using multiple 
purpose 
trees should
 
be developed as a 
research priority.
 

2. Soil and 
water conservation and utilization. 
How.can
 
sustainable agriculture activities be 
integrated with the manage
ment and utilization of 
natural resources such as 
soil and water?
 

Soil and water management and utilization of natural 
resources
 
including land, water, and vegetation should be considered 
as the
 
fundamental basis of agricultural systems, 
and not as areas for
 
separate program activities. Ecologically based criteria should
 
be used in programs and 
the concept of the agroecosystem should
 
be used in evaluation.
 

Part of the problem is in the idea of 
"natural resources".
 
Resources are 
not natural, they are bycreated technology. The 
term "resource" is strictly anthropocentric and should be. Early
humans had iieas and skills that allowed them 
to make stone tools,
 
Fo certain stones 
became resources. 
 When humans learned to plant

rather 
than merely harvest, agricultural 
land was created. And
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t1hroughout hist.torvy, as i rt.ua] I y everyone in the [ZAC d.i s;rus.. ion 
ag rued, ne, tet:hn]o I g ies have ;i I I owed us to cu tI vt e prv 1 uotsly 
unproduci, i ,e land. 

Without question the-e is damage being done to some Iai:ds 
around the world and there should be concern for sust.a nabili t. 
But there should be more emphasis on the science and t.echnology 
that sustain and enhance productivity.
 

3. Cultivationprctices. Under what circumstances is 
sustainability of production limited by high (or lo,) intensity 

cultivation?
 

Cultivation practices should be 
tailored to ecological and
 
cultural niches. 
 Caution should be observed in the introduction
 
of cropping into areas with difficult topography, inferior soils, 
too little rainfall or 
other related constraints. Often such
 
areas should not be cropped and should be left in range/pasture 
-land for livestock production, or 
for tree growing and natural
 
vegetation for conservation and 
watershed protection.
 

Development or incorporation of existing strategies of inter
cropping should be adopted to provide arrays of 
cropping patterns
 
to 
hedge against pest outbreaks often experienced in large-area,
 
single-crop situations, and 
to provide alternate habitat for
 
beneficial insects. 
 Research into mechanisms of intercropping as
 
a method to food and to
optimize resources 
 minimize pest outbreaks
 

should be encouraged.
 

C. Environment and Biological Diversity
 

1. Present situation. What environmental changes and loss
 
of biological diversity are 
occurring that affect sustainability
 

of agriculture production?
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A principal conern is the extent to w,'hich agricultural 
management practices and systems have l,:d to the dev..Jopment of
 
se(:oridary pest out.breaks or resistant populat.ions for the outbreak 
of pests that can survive in an a.groecosystenm despite pesticide 
treatments. These environmental changes have greatly affected the 
sustainability of agricultural production systems. The genetic
traiLs and susceptibility of insect populations to conventional 
control methods are major environmental characteristics which in 
turn are related to biological diversity and sustainability. 
Frequent use of broad spectrum pesticides, under some conditions, 
can 
undermine sustainability by disturbing balance among pest
 
species in an agroecosystem, and creating an ecological vacuum inwhich one or a few species of pests can thrive out of control. 

Another key concern is the "loss" of locally adapted genetic

stock as it is displaced by higher yielding or hybrid varieties. 
The issue of sustainability is central 
to the ongoing debate on
 
the adequacy of the system of storing genetic materials for future 
use. AID has been a major supporter of these research and storage 
centers. 

2. Improvements. What. improvements are needed? 

* In addressing environmental changes and loss of bio
logical diversity greater attention should be given to opportuni
ties offered by bioLechnoloical tools and techniques. Biotech
nology, for example, can be highly effective and relatively inex
pensive in producing diagnostic materials for plant and animal 
diseases and other purposes. The development of tissue culture to 
multiply superior varieties of crops and trees for environmental 
protection or restoration applications should be stressed because 
of speed and cost effectiveness.
 

* Integrated Nutrient Management is as vital for agricul
ture as nutrition programs are for child survival. 
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* Integrated Organ isn Mangemen,:n conceipts aid -. t I (! it -sshould be fost.ered to ensure that eco.ogi,-i.l principles of o;rganisil
control as app11[!d t.o agri cu] tura] producti on systems e r.-d i (.."I t
pesL.s whi Ic preserv ing ben i gn or benef ici.. I orgarnisms 

o Weather information and knowledge of crop a'16 pest/beneficial biology is essential for development of predict.ion 
systems to 
optimize application of 
pest management. st.rategie.,
includirng pesticide use where needed. Weather information systemsavailable on-line to crop and pest forecasters are an essential 
resource which will foster more accurate crop production and pest 
event prediction.
 

* Research is 
needed on 
dispersal of organisms, both
beneficial and harmful and in both cultivated and non-cultivated 
habitats, as 
well as support for monitoring systems. 
 It is essen
tial that this 
research lead 
to 
methods of quantifying 
the monitor
ing systems. That, in 
turn will help to 
plan less chemically

intensive strategies, where appropriate, to 
sustain agricultural
 
production.
 

D. Other Issues
 

1. 
 Policy Decisions. 
 What LDC policy decisions, in priority

order, 
are vital to 
developing sustainable agriculture while maintaining or 
enhancing the environment and maintaining biological
 
diversity?
 

* Policies to encourage economic viabilitv in agricul
tural production.
 

* Existence of credit systems to support agriculture. 
Technical assistance and extension are necessary for 
farmers to 
benefit from 
research 
on sustainabilit


3 .
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* POI ii is to encourage ecos " sLmn- iumaintenance which ar! 
cohtr:rCt. ith the stated pol icy F'or pro f'i tabi I i tL,', in 
a!ricIul tura]. 1)roduction. 

* Encour'agemetit and support fCor a liand terure syst.en! 
appropriaL.,. t.o the country and its ecosvs tems. 

2. Research. What are the knowledg,, gaps in information 
needed to consider each of the above questions? What research
 
should AID undertake to 
 provide new knot,'ledge on the subject?

Research questions related 
 to the policy decision outlined above 
include: 

What are circumstances under whi.ch labor will be sub
stituted for machines, pesticides, 
and other chemicals
 
(gro%.th stimulants)?
 

* Are the conditions 
in which labor will be 
substituted
 
for other inputs achievable, and 
if so, are they sus

tainable?
 

& At what level of integr'ated inputs is an agricultural 
production system most 
profitable? (Understandably,
 
this is highly dependent upon 
the local conditions.)
 

9 What alternative management strategies 
can be followed
 
to achieve profitability in agricultural production'
 
Economic viability or profitability must be measured by 
both individual and societal frames of reference. 

Research topics and priorities that are specific to individual 
countries need to 
be developed and should be 
focused on the impacts

and consequences of 
particular agricultural technologies, prac
tices, or policies. The research agenda should 
include both macro
and micro-economic sustainability.
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