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well as markets for outputs) should be avail-
able to support innovations at the outset, but
should also be able to evolve to meet continued
needs as development oceurs. Further, the abil-
ity of the natural resource base to support a par-
ticular activity should be evaluated using a long-
term view, using the basic tenet ol keeping
rencwable resources renewahle (7,16.20).

In effect, the concept of sustainability mus!
also be viewed in dynamic terms, given the
changing demands placed on farming svstems
in Alrica. It must be recognized that change.
in many cases rapid change, will be the norm.
Inthese circumstances sustainable agriculture
means continued moditication ol agricultural
practices, and in most cases intensification, in
order to accommodate vrowinge demands (7).
Inthe face of these growinge demands, increased
attention must also move hevond simply ensur-
ing sustainabilitv of existing svstens, and be-
aintorestore productivity of already desraded
svstems [hox 4-17.

Biversity and Flexibillé, in
the Face of Adversity

Concept 2: Africa’s heterogeneous mixture of
resource-poor farmers, hecders, and fishers
nave responded to a high degree of environ-
mental uncertainty and economic vulnera-
bility with diverse and flexible strategies.
Often these strategies minimize risk while
seeking optimum stable yields, commonly at
the expense of maximizing vield. Thus. de-
velopment assistance should be designed to:

* Accommodate the diverse and flexible ap-
proaches typical of resource-poor agricul-
turalists. This would include ¢nhancing
their ability to manage risk, retaining their
flexible household organizations, encourag-
ing diversification of income-generating
activities, and supporting indigenous ex-
perimentation and innovation in agricul-
tural systems.

* Design;implement; monitor; and evaluate
policies, cconomic strategics, and technol-
ogies for their differing effects on people
of different ages, gender, ethnicity, and eco-

81

nomic status since all practice low-resourcz
agriculture.

* Have available a variety ol interventions
(policies, programs, projects, and institu-
tions) so that the ones most appropriate to
the varied and changing needs of resource-
poor agriculturalists can be met. Long-term
monitoring and feedback should be used to
adjust development activitics so they re-
main useflul and relevant as people’s needs
and conditions change.

Poverty and a heavy dependence on local re-
sources, including houschold Libor, give rise
to certain common strategies among Alrican
Frrmers and herders. Among these strategies
are planting numerous crop species, as well as
multiple varieties of @ particular crop. In the
Congo basin, for example, it is not unusual to
find as many as 30 or more different crops on
asingle tarm (6: box 4-2). Equivalent strategics
within pastoralist svstems include mobility,
maintaining large and diverse herds, and estab-
lishing social arvangements to gain aceess 1o
increased resources during bad times (9). Chap-
ter 3 outlines rationiales tor ti.ose various re-
sponses, but basicallv thev represen strategics
for

o promote diversity of diet and income;

e stabilize production:

° minimize rick;

e reduce insect and discase incidence;

e yuse labor efficiently:

* intensify production within the constraints
ol scarce resources: and

* maximize returns under tow levels of tech-
nology (2,14).

Heavy reliance on family fabor sometimes
creates surplus labor during parts of the year
and labor shortages during other parts, Afri-
can farmers accordingly have developed vars
ous practices that help moderate fluctuations
in labor demands by, for example, cropping
practices and sequences that spread labor de-
mand, or recerving most nonagricultural activ-
ities for slack seasons.

The high degree of household and commu-
nity self-reliance inherent in low-resource agri-
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ment, Africa Tomorrow: Issues in Technology,
Agriculture, and U.S. Foreign Aid—A Techni-
cal Memorandum, OUA-TN-F-31 (Washington,
DC: LS, Government Printing Office, Decems-
ber 1084).

38. World Bank, Accelerated Development in Sub-
Saliaran Alvica: An Agenda for Action (Wash-
ington, NC: The World Bank, October 1981).
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HIGHLIGHTS

* Congressional direction regarding forcign assistance reflects the needs of low-resource
agriculturalists but lacks clear-cul prinvities and is often subject to contradictory nondevelop-
ment interests.

* Stable long-term funding of bilateral development assistance and maltilateral programs
are required for effective implementation of a rescurce-enhancing approach.

° The importance of improved, but less burdenrome, congressional oversight to ensure the
effectivencss of U.S-suppuorted foreign assistance to Alvica has increased due to changes
in fiscal year 1983 appropeiation h"ls but the suceess of oversight also depends upon ini-
proved Allcongressional relations.

® A resource- cnhdn(,mg approach would include support for local-level groups and agricul-
tural ipstitutions, and saatioral level policy formulation and implementation.
—Though major donors have not had great success using resource-enhancing approaches

at the local fevel, private voluntary organizations and the Peace Corps have had better
resulls, and Iocal African organizatiors and the rural non-farm private sector provide
opportunitics for future efforts.

=AY and the World Bank are among the major donors pioviding training and other sup-
port for African agricultural institutions, though with mixed results. A major problem
kas been their lack of attention to developing effective links between these institutions
and low-resource farmers, herders, and fishers. The International Agricultural Research
Centers have had similar problems.

—=AID and the Worid Bank have made policy reform a major focus of their African pro-
grams. Insufficient farm-level analysis and evidence that current policy reform programs
may not help and indeed may harm low-resource agriculturalists point to a critical need
to evaluate current policy reform programs,

® As the largest agency for U.S. development assistance, AID's capabilities to implement
a resource-cnhancing approach will have 2 major effect on U.S. efforts.

—AID's Africa strategies, whilvhuppmhw of low-resource agriculturalists in theory, have
been less than effec tive in practice. They also retlect a trond away from direct support
for farmers, fishers. and herders in favor of a focus on policy reform and macro-econoniic
growth,

~Operational difficulties continue to hamper AID's implementation of its strategies and
undermine benefits of recent operational changes such as those towards decentralized
decisionmaking: longer term, more flexible programming: and improved information
and evaluation systems need to be reinforced.
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Chapter 7
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SOIL AND WATER MAMNAGEIMENT

Svmmary

Africa’s lands are under pressure to provide increased production to feed the continent’s
growing population. To meet this increasing need, farmers have shortened fallow periods
on lands alveady in use ond thiey have cxpanded cultivation onto lands of marginal produc-
tvity, The resultis that many agricuttural lands are now showing signs of widespread envi-
ronmental degradation (36.72). Unchecked erosion is just one type of degradation and it can
fower the productivity of crops and ranseland by reducing the availability of water, nutri-
ents, and organic matter (640,801 Sev s s0il crosion has already reduced crop yields in some
areas and continued erosion will by o majer obstacle 1o achieving food security (76).

Reversing Afvica’s environme atil decline wiil be costiv “I'o gain perspective on the cost
ofaddressing soil erosion, it is useful to examine the U.S. situation. The U S, Federal Govern-
ment has spent at Teast 515 billion to finance an array ol soil conservation programs since
the 19305, Yol soil crosion continaes to be a problem in the United States (32,38), and what
success there has beer is attributsble primarily 1o national policies thal encourage farmers
to take high-risk Tands ont of prodaction. Programs thal reduce today's production to in-
Crease tomorrow’s would not be popuatar inomost African countries given existing food
shortages.

Thus, solutions to Africa’s environmental probleme will have to focus on conservation
measures that increase, or at least do not reduce current production significantly. Resource-
poor farmers and herders would fird it difficult to absorb the additional costs that may arise
from implementing conservation measures. Since good conservation practices often benefit
all segments of the population, government and private organizations also must be prepared
toassumne responsibility and costs for regenerating and maintaining a healthy resource base.

The following discussion has been organized according to whether the technologies are
used primarily to increase water availability or to deal with excess water., Recession farming,
microcatchments, building bunds and planting on the contour, and tied ridges all deal with
increasing water availability. Drainage, terracing, minimum tillage, mulching, and other soil-
conserving vegetation practices deal with excess water. Note, however, that while it is con-
venient to group technologies according to their primary function, a technology frequently
serves multiple purposes. Mulching, for example, helps deal with excess water as well as
reducing water runoff, In the process, it also controls soil erosion. Moreover, it is an effec-
tive way to increase soil moisture, improve soil fertility, and reduce weed problems. In addi-
tion, while the discussion of technologies for increasing water availability emphasizes the
aridisemi-arid zone, seasonal water shortages can occur in any zone including the humid
lowlands. Similarly, excess water and resulting soil erosion can be a problem even in arid
areas during the heavy storms of the rainy season.

"Fhis materiad v hased primariiv on the OFA contractor reports prepared by Rattan Lal. International Institute for Tropical Agri-
culture, hadan, Nigeria; Lawrence A, Lewis, Clark University, Warcester, MA; and W, Corald Matloek, Desert Agricultural and

Fechnoloy Systems, Ine., Tucson, AZ fapp. A).
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Tied ridges trap rainwater in this West Afacan mittet Hield

Vechnologics To Beal With
Excess Water

Brainage Practizes

Sotls vequive drainave either because a high
waler table exists or hecause a relatively im-
vertieable subsurtace Tver retards water in-
Hillration. so the soil above the impermeable
Faver becomes saturated. Saturated soid is poorly
oxvaenaedand probibits root development for
mast crops.

sSubsurface drains, such as tile prpes. are an
effective techuique tor lowering the water -
bie. Thev are ravely userd in Alrica. however,
because they arc expensive and difficult to in-
stall. Open drains are common because they

are less expensive and easier to build, However,
they have many disadvantages including:

o reducing the area avaitable for production,

¢ harborine weads and rodents.

¢ requiring hivh maintenance, and

s creating lavorable conditions for numer-
ous waterbore diseases il stagnant water
remaing in then,

Opendrains used onslopes can create an ad-
ditional problem: if they are not lined or vege-
lated, or it poorly aesiogned, they can be a cata-
test for erosion and gully formation. In addition,
problems worsen if the diversion channel is not
large enough to handle major storms, In prac-
tice, most drains are underdesigned for a mul-
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Chapter 8
improved Cropping Prachices

[P TERCER G ERro U

Sezrarnory

Intercropping, the growing ol two or more crop species or varieties simultaneously in
the same field, is be predominant form of acriculinre throughout Africa. In West Africa,
for example, 80 percent of the aoricultoral Tand s intercropped (12,47

tercropping is such g widespread practice mmonyg resource-poar farmers because of
its numerous beneliis, Tutercropping:

s reduces risk ot crop fatlure and Donproves production stability

o increases vielis per unit of Tand by more elficienily using natural resources;

a increases returns to lehor and spreads lobor requirements, thereby reducing labor bot-
Henecks:

o improves control ol diseases, pests. and weeds; and

o reduces soil crasion and waler ranotl 7 UE TS 85).

Boecause intercropping is awidespread. indigenoas practice, it isunlibe many unfamiliar
technologtes thie are difficaltio transfer from the research station to the farmer. Introduced
improvements that build on this traditional practice are more easily accepted by farmers.
However, despite its importance and prevalence among African farmers, intercropping has
received relatively Hitle rescarch attention (12). This is partly because research objectives
are more casilv identifiable for single crops, because of a historical focus on non-food cash
crops fe.g.. cotton) which may be less suitable to intercropping, and partly because research
decisions Targelv have been made by Western-trained scientists whose temperate-region ex-
perience has favored monocropping. Problems associated with monocropping, particularly
in tropical aericultnre, and a growing appreciation of the merits of intercropping, is leading
o a reevaluation of conventional eiphasis on monocrop research (4.-10).

This reevaluation has led to a recent increase in intercropping research (4, 13). This shift,
althongh still small. has been motivated by the realization that in low-resource agriculture
crop diversity is valuable, stabilitv of production important, and optimum use ol scarce re-
sources necessary. The potential for meeting these objectives often is greater with intercrop-
ping than monocropping, thus arguing for increased funding and a continned commitment.,

Development assistance can best support inteccropping by: 1) not pressuring farmers
to abandon the practice {e.g.. currently agricultural credit and inputs may be supplied only
for monocropping): 2) ensuring that additional rescarch on agricultural technologies, such
as fertilizers, is appropriate for intercrop situations: and 3) directing increased basic rescarch
to the practice itself (e.g.. conducting research on ways to minimize competition between
component crops). Intercropping could be improved significantly il it received the share
ol scientific research attention ithat it warrants based on its importance in African agriculture.

The most immediate gains can be achieved through integrating existing technology into
intercrop svstems, including new varieties, fertilizer, pest and disease management, animal
traction, and even partial mechanization. Further gains may also be provided through re-
search and technology developed specifically for intercrop systems, but these probably will
evolve over a longer period.

“The material o intercropping is based primarily on two OTA contractor reports prepared by David ], Andrews and Charles A.
Francis {app Ah
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Chapter 11
Iimproved Systems #o
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Technology Working Group
LApr. 28, 1986

Steve Fransel
Development Allernatives, e
Washinaton, Do

Dolores Koenie
Amertcan University
Hurst Hall
Wiashineton, DC

Peter Little

Institute tor Development Anthropology
Binghampton, NY

Mike MoGahuey

Chemonics. Ine

Washinagton, D

Ray Moy

Bureau for Scivnce and Technology
Agency tor International Development
Washinuton, DC

Gregory Booth

ULS. Burean of Land Management
Washincton, 130

Verlishop on the S¢ructure and
Function of Congross
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Susian Abbasi
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Barry Cari

Environment and Natural Resources Division
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Government Division
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Chair: Tim Frankenberger
Office of Avid Land Studies
University of \itvona
Tueson, A/

Haidari Amam

Department of Foonomics
University of Dares-Salaam
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David Andrews
Department o8 L monomy
Einiversity of Nebraska
Lincoln WE

Carl Biclenbery
Appropriate Techuology International
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Trent Bunderson

International Proeram Development Office
Washington State University

Pullman, Wa

Helen Henderson
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State University of New York
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Ray Mayer
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Agency for International Development
Washington, DC

William Phelan

International Agriculture Program
Cornell University

Ithaca, Y

Tim Resch

Forestry Support Program
U.S. Forest Service
Washinton, DC

Michael Roth
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Purdae University
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Allan Savory
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The Gifice of Technology Assessment (OTA) was created in 1972
asan analyvtical armoof Congress. OTA s basic function is to help legis-
lative policymakers anticipate and plan for the consequences of techno-
logical changes and to examine the many waves, expected and
unexpected. in which technology aficets people's lives. The assessment
of technologry calls for exploration of the physical, biolegical, economic,
soctad, and political impacts that can result from applications of scien-
tific knowledge. OTA provides Congress with independent and time-
Iv information about the potential effects - botn beneficial and
harmful -of technological applications.
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