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jj~pForeword 	 ~L 

;ow African farmers, herders, and fisher have adequate res'urces to assure con
tno food supplies. For them, access to additional reore iital, along with mak

ng'the best use of existing capital, informnation, labor, equipmpnt, etc. On the other 
hand, most U.S. farmers and ranchers have a larger endowment cjf resources, including 
the natural ones upon wbich Agpculture depends ultimtelay. Nverthelessincreasing 
fnumbeisibf U.S. farmers arechbosing to -reduce resourceuse cut input costs and 
increase profits. Now, broad interests worldwide seem to becofergi .igon making the 
most of modest resources. This report examines.the situation of African agriculturalists 
specifically. We anticipate, though, that many of the important le/sons learned in Africa 
will become increasingly relevant to U.S. agriculture. 

-

OTA's Technology Assessment Board, in June 1985, approved requests of three con
gressional committees and five Board members that OTA exart iine 16w-resource agri
culture in Africa. OTA published its first results in a 1986 sp ca report' that focused 

n development in the West African Sahel. OTA's first reportexamined the record of 
U,S. assistance ('-nine African nations, explored the lessons learnd in a decade of
:efforts, and suggMted policy alternatives to improve the effect eness ifjU.S, assstance. 

This second report is cast more broadly. OTA has gatherec information on agricul
production throughout Sub-Saharan Africa, looked closc ly at specific, promising 

technologies such as agroforestry, small-scale irrigation, soil and water management, 
- and the improved use of animals. As a result, it seems clear t iat low-resource agricul

ture has a sizable potential to contribute to increased Afric,n food security. Also, it 
is clear thatlow-resource agriculture must be enhancedin or' Ier to reach its full poten

-"tural 

tial. This report identifies ways that U.S. development assist ince can aid this process. 

I 	 . The committees that requested this srdy are: the Ho'use' elect Committee on Hun
<ger, the House Science and Technology Committee (the Sub.ommittee on Natural Re
' sources, Agriculture Research, and Environment), and the Fuse Agriculture Commit
: tee. Of OTA's 1985 Technology Assessment Board, Senator: Hatch, Kennedy, and Poll 

and Representatives Evans and Udall requested this work. .iso, the House Foreign Af
fairs Committee supported OTA's assessment. e 

The report draws on the expertise of a large number o people. We appreciate the 
assistance of our Advisory Panel, the authors of contracto reports, workshop partici
pants, and additional reviewers. Also, we owe a special c. bt to the Africans who re
sponded to our request for their thoughts and advice on I S.,technical assistance and 
development policy. Of course, OTA remains responsible f the analysis and the report 
does not necessarily represent the views of individuals w no participated in the study. 

JOHN H. C BBONS 
Director 

Continuing the Commitment:AgriculturalDevelopment in the Sahel, .-F-308 (Washingfon, DC: U.S Government 

t rInng Office, August 1986) , 

- "t- :- A: ' 
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Thework was back-breakig. Farmners in the Sahel were carrying rocks, really bould
ers, on their heads to block giu!lies and rebuild soil. Their grandparentsgrew cotton 
on this land but, after years of erosion, it was rock hard and bare. They camne from
the village to showius theirwrk,proudof the wire-filled bags of rocks and thesinidgins
ofsoil beginning to accumuzlate aroundthem, One farnner bowed as,we niet, welcomning
visitors who had travelledfar to see their efforts, and, maybe, giving us more respect 
as outside experts than we deserved, "No, one of us responded, "we should bow to 
you for the work you are doing here. 

Notes from an OTA field visit near Ouahigouya 
Burkina Faso, November 16, 1986. 
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Chapter 1 
Summary and.Options
 

7 WHY"FOCUS ONLOW.RESOURCE-AGRICULTURE? * 

Low-resource agriculture is a form of agricul- proved substantially, and technology and U.S. do
ture practiced by a diverse group of farmers, velopment assistance can contribute to these 
herders, and fishers that is based primarily on changes. 
the use of local resources but that may make mod- The purpose of this assessment is to examine 
est use of external inputs, including information t p ......andtecnolgy.It s te pedoinat frmof . ... . .. . . .technologies that showshow promise to help the het- :and technology. It is the predominant form oferogeneous group of Africans who pr~actice low-: 

agriculture in Sub-Saharan Africa, and it is the 
major source of food production, employment,
and ruricoe. Alfodthouhon mlow-ecen,and rural income.Although low-resource agri

Icultre has been the basis forlthe region's foodisecurity' in the past, it can no longer meet the 

resource agriculture. Also, OTA's goacisto pro-
reoreaiclu.AsOTsgalstop
vide Congress with a range of options which, if 
pursued, would help Africans increase their abil
ity to assure, on a long-term basis, timely, reliable, d n, ,utnlyadqaefo upplies. !: 

,,continent's increasing needs. Nevertheless, low- b, and nutritionally adequate foods 
resource agriculture has the potential to be im

'Food security is a critical goal in Africa. It is "access by all in Developing Countries, Washington, DC: The World Bank, 7 
Spaoiple at all times to enough food for an active, healthy life. lts 1986), This can include dependable, long-termvaccess to food 

essential elements are availability of food and ability to acquire through local production, or through the power to purchase food 
it" (Povertyand Hunger:Issues and Options for FoodSecurity via local, national, regional, or international markets. 

STATUS AGRICULTUREficaj "ITHE OF LOW-RESOURCE 

Africa islarger than the United States, west- of meat, 75 percent of dairy products, and 
ern Europe, and China combined, and it is a almost all roots and tubers. 
continent of varied cultures and environments, More specific similarities in African agricul-
This diversity is reflected in how agriculture ture amonrthesef arge aity 
is practiced, so thespecific nature ofhow peo- ture can also be found among the large majorityie farm, herd, or fish varies greatly from place of African farming systems that.can be termed:.-i:. 

"low-resource agriculture." Low-resource agri
to place and there is no such thing as a "typi- culture is difficult to quantify because use of
cal" African farm. modern inputs (eg., commercial fertilizers and 

Nevertheless, some common elements can be hybrid seeds), scale of operation, proportion of 
seen in African agriculture. One consistent crops sold, and income vary widely (box 1-1). 
aspect is its prominent place in African econ- The majority of resource-poor farmers and 
omies. Agriculture employs about three-quar- herders are on the lower-to-middle end in the 
ters of Sub-Saharan Africa's labor force and ac- use of these inputs, size of holdings, and cash 
counts for about one-third the region's gross income, however, Some use virtually no exter
domestic product. Also, about one-half of the nal inputs, earn little money, and produce goods 
countries in the region derive at least 40 per- primarily for their own family's consumptio, 
cent of their export earnings from agricultural Large-scale commercial ranches and farms that 
products, Further, despite major increases in rely up greater amounts of inputs are not con
foodi mports in the last two decades, the re- sidered "low-resource"; such operations prob
gion produces a high proportion of its own ably contribute no more than 5 percent of 
food-at least 80 percent of cereals, 95 percent Africa's food production. 

http:andtecnolgy.It
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Box 1-I.-Faces of Low-Resource Agriculture 

Definitions sometimes do not capture the essence of the activity being defined. Perhaps tle best
way to understand low-resource agritulture is to imagine how a resource-poor farmer or 1hrder actualy-lives-*. .. . .. . ... . . .. . . ._ . .r.. .-

A Farmer: Sindima is a farmer in Malawi.She is in her late thirties and lives with her five children,

in an area with relatively good soils anc Japendable rainfall. Her husband left to 
find i'ork in. thecity and .he sees him infrequently, so she heads the household, manages the farm, and does almost
all the work. She farms about 2 / hectares and is able to feed her family and produce 
some crops*

to sell. By local standards, Sindima is affluent. A development assistance program has been active
in her village, so she belongs to a farmers' club and has access to the extension agent for informationand credit for some fertilizer and improved seeds. With this help, she plants a fairly complicated

mix of crops: hybrid and local maize, groundnuts, beans, a little tobacco, and a variety of local vegetables. She uses the hybrid maize and fertilizer on about one-half hectare, but she continues to plantlocal maize even though it it less productive because it tastes better and is less susceptible to insect
 
damage in storage.
 

Sindima's fields require heavy labor-with preparation, planting, weeding, and harvesting all timed
to keep the land in production as long as the rains last. She also has household responsibilities: caring
for the children, grinding maize, gathering firewood, cooking; she even brews a little beer to sell itthe market. 4f-lei children help-the older girls walk to the well twice each day to goet water and help
search for firewcod-but she can afford 
to pay their school fees so she encourages them to get an

education.
 

A Nomadic Herder: Mossa is in his fortiea.and has always lived north of Timbukto, Mali, in thevast, dry area of West Africa known as the Sahel. Mossa's nomadic community consists of about10 related families who move together with their livestock seeking pasture and water. Animals are 
the core of life for Mossa, his wife, and their seven children. Cattle, sheep, and goats provide milk,

butter, cheese, and, for special occasions, meat. Their heavy tents-strong enough to withstand high
winds, sand storms, and the driving rain of the wet season-are made of hides, as are their sandals
and many household goods, When the family needs grain or other goods, Mossa trades what hemust
from the herd. Mossa learned to manage his herd from his father, and through trial and error. Hehas a good understanding of breeding and, while Western veterinary medicine is not generally available, he has a variety of traditional, and often effective, methods to treat his animals. To Mossa andhis family the herd is more than a source of income. It is a measure of their status and security. Livestock are their "bank account," their way of saving resources for bad times in a land that has unpre
dictable but frequent droughts. 

Life has changed dramatically for Mossa over the past few years. He has far more contact withother people, and he buys more goods and food, His access to the land is changing, too. Some ofthe productive lands he once grazed have deteriorated, like in the place where the government duga deep well and too many animals stripped the land of all vegetation when they came to drink. Cropfarmers have taken over other of his traditional lands, During the last drought, Mossa was unable
to feed his family and, for the first time had to turn to international organizations for food aid. Mossahas not recovered from that drought, when he lost more than half of his herd. He is uncertain how
he will fare if another drought strikes soon, 

'Sindima and Mossa are fictional, but these profiles arecomposites drawn from the lives of real African people.
SOURCES: American Friends Service Commitoeo (AFSC), Tin Aicha Notnad Village (Philadelphia, PA: AFSC. 19821; Michael Horowitz,The Sociology ofPastoralism and African Livestock Projects,AID Program Evaluation Discussion Paper No. 8 (Washington,DC: Bureau for Program and Policy Coordination, AID, May 1979]; George Scharffenburger, Consultant, Washington, DC, per.sonal communication. 1987; Anita Spring, Associate Dean, College of Liberal Arts, University of Florida, Gainesville, personalcommunication, 1987; and "Profiles of Men and Women Smallholder Farmers in the Lilongwo Rural Development Project,Nlalawrl," report to Office of Woman in Development. U.S. Agency for International Development, Washington, DC, March 1984, 



'Although the agricultural systems that com- wage employment. An estimated 25 to 40 per

prise low-resource agriculture are typically cent of all household labor is devoted to non
complex, diverse, and changing, they generally, farm income producing activities. Farm a
 

,-Share these characteristics: non-farm tasks are commonly divided by gen
ho~ strive to minmiz is, eve,i if his.' dren and the elderly. Women are the major food 
mens they obtain less than maximum producers in most African countries and ac

ty de e;n on ledsloca knowled count for almost half of the agricultural laborthey blocal olesesitheyi dependdepend onon biological processes :andprdcsodanforce that produces food and non-food crops. 
renewable resources; In general, then, low-resource agriculture

*they involve low cash costs but often re- ."ieets multiple needs for families and requires
relatively high amounts of labor; and balancing squirescarce endowments of land, labor, 

*:theyare adapted to local cultures and envi- capital, and other resources. This calls for com
ronments, although social and ecological plex decisionmaking and facing difficult trade
systems are showing increasing strains un- offs. A greater appreciation exists now of the 
der growing pressures, efficiency and skill of resource-poor farmers 

Agroecological factors, e.g., rainfall patterns, and herders, although their agricultural systems 
soil types, and animal diseases, also help de- were once perceived to be inefficient and
 
fine low-resource agriculture (box 1-2). Differ- haphazard.
 
ent crops and types of livestock have different In a broader picture, low-resource agricul
iTropics,relative importance in the Arid and Semi-Arid turih~e Subhumid Tropical Uplands, the tue is the predominant type of agriculture prac- i!:! 

ticed throughout Africa and it makes a crucial
Humid Lowlands, and the Tropical and Sub- contribution to food security-both the avail
tropical Highlands, For example, millet and sor- ability of food and the ability to buy it. It is the
 
gieum are the predominant crops in arid and source of most of Africa's food, a primary in
semi-arid regions, largely because of their come and employment source for the majority
 
greater drought tolerance. Maize is grown more of Africans, a source of foreign exchange, and
 
commonly in areas with increased rainfall. a means used to buffer against food shortfalls
 
Roots, tubers, and plantains are the major and famine by many of Africa's people most
 
source of calories in the Humid Lowlands, Sim- vulnerable to poverty.
 
ilarly, cattle are the dominant livestock in arid
 
and semi-arid, sub-humid, and highland re- Low-resource agriculture produces the ma
gions, whereas small ruminants-sheep and jority of grain; almost all root, tuber, and plain
goats-dominate in humid lowlands because tain crops; and the majority of food legumes

of their greater tolerance to trypanosomiasis. (table 1-1). In addition, a great variety of sec-


Notwithstanding these general crop and live- ondary crops, such as fruits and vegetables, are
 
stock production patterns, descriptions based grown under low-resource conditions to sup
on a single commodity create an inaccurate pic- plement these staples. An estimated 74 percent
 
ture of low-resource agriculture. Africdn farm- of all livestock are raised on farms where crop
 
ing systems tend to be highly diversified, p- production is the primary source of subsistence
 

duining aawpi ea ryo r p ad s a and livestock are an important source of cash
n e ea y e ncome And approximately 20 percent ofhlveof livestock. Diversified agricultural systems income. A a 2 P of.live
help provide food throughout the year, reduce stock production occurs in pastoral systems,
 
the risk of crop failure, and modulate peak la- which are low-resource by nature. Fish is a
 
bor demands, primary source of animal protein for much
 

of Africa, An estimated 85 to 95 percent of
 
,i Low-iwresource agriculture can be further de- African fish harvest is from small-scale opera

scribed by the importance of non-farm activi- tions that do not use expensive equipment or
 
ties such as soap-making, crafts, and non-farm inputs.
 

a,. ' ,, ;-' .. :, 
: ' p>,,,. 



'Box1-2.AAfrican -Agroccological Zones and Primary Food Commodities 

Length of growing
Agroecologcalzone period" (days) Annual rainfall Primary food commnodities, 

Arid and Semi-Aridvatio ui infafdIO~ai~is .M ii. ,Litl 	 _'_ri
Tropics 75-180 (semi-arid) 	 let and sorghum predominant, with 

millet grown in drier areas.~Maize 
in wetter areas and rice in river 
basins. Food legumes (e~g., cowpeas 
and groundnuts) important and 
some roots anidtubers grown in 
wetter areas. Approximately 60% of 
Africa's ruminant livestock (goats,
sheep, cattle,' and camels) raised 
here by both nomadic and settled 
pastoralists. 

Subhumid Tropical 180-270 900-1,500 mm Sorghum and maize are the most 
Uplands Bimodal rainfall important cereals, with sorghum 

in East Africa 	 preferred in drier areas, Roots, 
tubers, and plantains are important.
Food legumes and rice also 
produced, Two-thirds of the zone 
are affected by trypanosomiasis
(spread by tho tsetse fly) which 
inhibits livestock production. 

a- .'= ": ::: ,i! . ' ? ! : : / i' / i., :! i;' ;i ~ ? ' %!% , ii;N'Dama':!!:~ ~~and Zebu,! : cattle? iii are the'! ! :i.:% ,i, i 	 S i,,i ! 

; ..	 i ': ~ economically' !most important, live-.' iK' ; ' ~ i ' , ;! :i' 

stock followed by goats and sheep,
--sHumid Lowlands 	 ; .... 1,500+~ mm '' 'tubers,Fo"!' :s": i "''i.i: 	 •: 270+ '... ...'' ' :Z ' '" . P~ Roots, 

' ...mo' : | iiiiand plantains pre-
Bimodal rainfall dominate (e.g., cassava, yams, etc.)~~ i i ", ~ , - , (' '+'i!,i ? * ' ii i!! i !l !::!i -Somei: maize,!ii rice,i? and sorghum,: i :(iii 

Trypanosomlasis exists throughout 
the 	zone precluding almost all but 
the small trypano-tolerant N'Dama 

* cattle and tolerant goats and sheep. 
~ ~.';Some poultry and, swine production. 

Tropical and Variable Variable Mixed farming (livestock and crops
* 	 Subtropical Highlands raised on same farm) prevails. Pre

dominant cereals are maize and
 
* 	 sorghum. Roots and tubers (espe

*cially sweet potatoes) are important 
in specific countries. Plantains and 
food~legumes are also 'grown. The 

LV, absence 'of trypanosomiasis and 
availability of good 'fodder allow a 
stocking density four times the 
average. 

aLength of growing period is ihe period when both moisture and temperature permit crop growth, 

SOURCES: U.S. Agency for international Development, Bureau for Africa, Plan forSupportingNatural Resources Managemnent In Sub-Saha ran Africa, (Washington,
McUSAID, February 19861.Food and Agriculture Organization of the Un ted Nations, African Agriculture:The Next 25 Years; Atlas ofAfrican Africul.

lure jltomu, FAO; 1986). Internationai Livestock Center for Africa, ILCA Annual Report 1083[Addis Ababa, Ethiopia: ILCA, 1984). 
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Table 11ll.LowResource Agriculture and African Staple Food Productilona 

Minimum estimateof 
low-resourceCroplvestock/fish External input useb productionc 

Millet ,virtualy ... no use of fertilizers and very little use of Improved seed. 72% 
Sorghum .......-.....- Baslcally-thesame -situatlon-as- ml letbut-hybrids-andcommercial nputs-

are becoming-more important in some areas.
 
Maize At least 75 percent produced without hybrid seeds and with less than 37%
recommended fertilizer levels but probably as much as two-thirds produced


with non-hybrid Improved seed and moderate levels of fertilizer,
 
Rice :\ At least 75 percent produced using less than recommended levels of 76%


fertilizer and recelving Inadequate Irrigation (and no more than 5 percent

using HighYi'eldlng Varieties). 

Food legumes Most crops of this diverse group receive virtually no commercial ioputs, 55% groundnuts(e.g., cowpeas, but some production is under higher resource conditions (eg,,up to O 49% beans

S pigeon peas, beans, percent of of groundinut production).itos(g.upo504%bas


and groundnuts) 
Roots, tubeis;'.nd 	 Virtually no use of fertilizers or Improved seed. Some high-resource banana 93% cassavaplaintain (e.g., 	 production for export. 100% yamscassava, yam, 100% cocoyam
cocoyam, and 
sweet potato) 
Cattle 	 Six percent produced on ranches, generally considered high-resource; 20
 

percent produced by pastoralists, virtually all under low-resource
 
conditions except for occasional veterinary care; 74 percent produced In

mixed farms, a minority of this under higher resource condition, such as
 
dairy farming In some highland areas.
 

.Small ruminants Almost all sheep, goats, and camels raised under low-resource conditions;and other liwv:stock 	 most swine and poultry produced under low-resource conditions, but
(e.g., sheep, goats, 	 Increasingly more produced under higher resource conditions, especially
poultry, and swine) 	 near some urban areas. 
Fish As much as 85 to 95 percent caught in small-scale artisanal fisheries
 

mostly under low-resource conditions, though Increasingly fishers are

using outboard motors; the remainder'is harvested by large-scale offshore
 

- , operations mainly by foreign-owned vessels

aAggregate agricultural data for Africa usually do not detail levels of external Input use but only whether or not such Inputs are used. This table shows theimportancq
of tow-resource prcduct~on In two ways: first, Itdescribes the type of input use for the production of specific commodities and second, It sets a mlnImrn boundarybon the volumeof low-resource production ofspecific crops, based on estimates of 'ow.input agriculture" production In eight African countries. ,
column 2 provides descriptions ofthe types and levels of external Inputs used for specific products. These descriptions help to locate where the majority of produc.tion takes place along therange of modern Input use, The descriptions were compiled from a set of technology papers written for OTA (app, A)and from additional
outside publications. 
-Co:!-
, 
 3represents an effort to estatlish quantitative estimates of the minimum contribution ofiov.-resouice agriculture. The datashow production 'under conditionsof Y., timodern input use for eight sample countries, These eight countries account for at least 50 percent of African production of maize, sorghum, mitel, cocoyam,and no tess than 30 percent of cassava, groundnut, and rice production, The data were compiled by the Economic Research Service of the U S. Department of Agrcul.

lure for OTA (see app. E). 
soURcE: Office of Technology Assessment, 1988. 

A large majority of the estimated three-quar- raise food crops for local use under low-re
ters of Africa's labor force in agriculture is source conditions. National export earnings are] j )resource-poor. The sale of food and other agri- likely to drop when such farmers cannot pur
cultural products typically accounts for some chase food reliably and, as a consequence, de
60 to 80 percent of the income of rural African vote more of their own production to food crops
producers, .. and less to export crops.
 

Also, low-resource agriculture makes impor-
 Resource-poor agriculturalists commonly
tant contributions to national food security by face periods of inadequate food availability ei

.. providing a part of export earnings. A sizable ther during seasonal shortfalls or more irregu
part, perhaps the majority, of export crops are lar famines. Many agricultural prautices, such
produced by small farmers who simultaneously as diversification to decrease the risk of total 

V 
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crop failure, cassava production, bush collec- Under normal circumstances, low-resource 
,ftion agriculture provides most countries in Subwild foods, as well as social means to 

Sj~hare fdd buffer against these periods of hun- Saharan Africa with adequate nourishment. At 
Sger. Fo'r example, cassava is known as a "poor the same time, its ability to meet African's food
person'scrop":it is a highly productive staple needs is declining. This is the only region of 

, that rowsin-low-fertility-soilsrequires-little -- the-world where the average energy in-peo'ple's 
.labor, and can be stored in the ground until hard daily diet decreased in the past decadoAl 

times come between harvests. though malnutrition generally is notperjAivedS-as a pervasive problem except duringiamine, 

Pioblems In.the Face of Mounting a significant level of chronic malfiirition 
P Pressureexists,::i nourished people are resource-poor agriculturr .. and as many as 90 percent of the mal-

African agriculture has continuously and; .or alists. 
the most part, effectively adapted to meet No doubt low-resource agriculture can do bet-

Schanging conditions. But never before has it ter, but a number of biophysical and socioeco
had to respond to the level of pressures it cur- nomic constraints exist that retard progress.rently fices. Paramount is the pressure created Generally, African soils are low in fertility and 
by rapidly growing populations and the conse- rainfall is unpredictable in many areas and low 
quent demands on the land. The African con- throughout much of the continent. Consequently,
tinent has the most rapidly growing population only 16 percent of the total land area is with
in the world: 2.9 percent per year in 1988. Even out serious biophysical limitations to agricul',if this rate slows slightly as expected, the con- ture. Also, competition for land between farm
tinent will have triple its current population to ers and pastoralists; limitations of labor and 
feed within just 40 years. capital to invest in agricultural improvements; 

and infrastructural weaknesses make it diffi-Resulting intensified land use is evident in cult to take advantage of new technologies and 
most regions in reduced fallow periods and, other improvements. In addition, many na
in some areas, falling yields and natural re- tional policies have been unsupportive of low
source degradation. Fallow periods have drop- resource agriculture, including the lack of in
ped from 12 years to 2 years or less in Burkina vestment in agricultural development and re-
Faso and from 20 years to 5 years in Angola. search and development policies that have not 
The shorter fallow periods can reduce yields addressed the needs of resource-poor farmers 
by as much as 25 to 75 percent, and can increase and herders. 
weeds, soil acidity, and erosion, Many experts L J i -i in l. research 
anticipate further yield decreases due to land Lack :f investmentin agriculural research 
degradation, continued deforestation, espe- is among the serious constraints to agricultural 
cially along the West African coast, and greater intensification, Research expenditures by D
fuelwood scarcity. tional governments decreased $80 million be-. 

tween 1980 and 1984, from $465 million to $385 
Per capita food production and income, as million. Research priorities and methods often
 

well as nutritional levels, are dropping in most do not reflect African realities, for example,
 
areas. From the late 1960s to the late 1970s, women do not receive extension services in
 
Africa changed from a net exporter of staple proportion to their agricultural contributions,
 
foods to a net importer. In 1986, the value of and crops such as cassava are researched less
 
exports in 22 countries was not sufficient to than their prominence in poor people's lives
 
pay for imports, Not only is the overall trend would justify. Many research organizations are
 
to decreasing incomes, it is also one of increas- plagued by lack of operating funds, low qual

disparity of income between rich and poor ity facilities, high titaff turnover, and few in
farmers and herders. centives to work with poor farmers and herders, 
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A RESOURCE-ENHANCING APPROACH TO AFRICAN AGRICULTURE 

Despite its co'straints, low-resource agricul
ture is the major food producer and the major 
employer in most African countries. It is im-
practical to abandon traditional-systems when-7-_ 
so many people stand to be adversely affected 
and when the systems have an untapped pa-
tential to be enhanced. Thisoptimism is based 

ni: the ceitral role this type of agriculture al-
ready plays, the vast number of people already
involved, the economic efficiency apparent onthe small-farm sector in Africa, and the signif-
icant capaity seen for technical improvements 
i icnt actr fortenai on 
in current agricultural sy stems.In addition, if 

2 low-resource agriculture is ignored it is likely 
.that food security will decrease, bringing un-
known social impacts, and environmental 

22 degradation will continue, perhaps irreversibly.
No viable alternative to low-resource agricul-
ture exists in much of Africa today.

Low-resource agriculture can be enhanced 

using an approach that builds on the best of
existing African agriculture while taking advan-tage of external inputs, information, and im-

im-
proved techniques (see box 1-3). This, however, 
presents a great challenge for development 
assistance-how to pursue an approach that
builds on the potential strengths of low-resource 
agriculture while alleviating the constraints, 

anFrom its analysis of low-resource agriculture
and how it is practiced in Africa, OTA found 
four fundamental concepts that provide insight 
into why low-resource agriculture has been suc-
cessful in the past and how these potentials
might be enhanced in the future. Using these 
concepts as crucial starting points, OTA devel-
oped guidelines that could be used to redirect 
development assistance to improve its effec
tiveness: 

h gConcept1:Most African agricultural systems, 
although once sustainable, are no longer 
keeping pace with the increased demands be-
ing placed on them. Thus, development assis-
tance should be designed to: 

2 * place a high priority on environmental, 
economic, social, and institutional sus-
tainability; 

Box 1-3.-Building on Low-Resource
 
Agriculture : 
 2 22 

In.the g9th century;Tin-the Zinder-region-of-

Niger, there was a kind of tree so valuable that.
 
the sultan decreed that people found cutting
 
it. would lose their heads. Later, in Senegal,

the same trees were carefully iiurtured as part
 
of a balanced system of crops and livestock.
 
The tree helped maintain continuous croppingof millet in the Sudan for15 to 20 years in areas
 
where the norm was 3 to 5years, In each case,
 
the species involved was Acacia albida-afast-
 2 

growing, leguminous tree native to Africa. It 
is a species that today is receiving renewed 
attention from the development assistance 2 

community as a way to benefit people and the 
land. 

First, Acacia trees are legumes and so fix 
nitrogen from the air, thus, enriching the soil 
and improving crop yields. Another advantage 

2 

is that at the onset of the rainy season the spe
cies drops its leaves, providing a leaf mulch
that further enriches the topsoil. During thiswet season, which is when sorghum and mil
let are produced, the defoliated canopy permits 
enough light to penetrate for cereal growth, 
yet provides enough shading to reduce the ef
fects of the intense heat. During the dry sea
son, the Acacia'slong taproot draws nutrients 
from beyoiid the reach of'other plants and 
stores these in its fruits and leaves. The leaves 
drop to the ground with the onset of the next 
rainy season, providing a highly nutritious for. 
age for livestock, The livestock dung, as an 
added benefit, helps enrich the soil even fur
ther. Each of these benefits is important in 
places where few alternatives exist for im
proving soil fertility and crop yields. 

acknowledge the importance of sound 
natural resource management as a basis 
for improved and stable agricultural pro-, 
duction; 

e acknowledge that resource-poor agricul
turalists are the primary custodians of 
their environment and, tierefore, ensure 
that they benefit from devlopnent assis

http:stems.In


tance to manage natural resources bet-
ter; and 

focus on enhancing the capability of Afri-
cans to assume primary responsibility for 
their development as the surest route to sus-

- tai nability.----
Concept 2: Africa'sheterogeneous m.....ixur

Conceerogeneous m 
resource-poor farmers, herders, and fishers 
have responded to a high degree of uncer-
tainty and vulnerability with diverse and flex-iblestrtegis;ftohthee stateiosmni-* 
ible strategies. Often these strategies mini-
mize risk while seeking optimum stable 
yields, commonly at the expense of maxi-
mum yields. Thus, development assistance 
should be designed to: 

* 	accommodate the diNerse and flexible ap-
proaches typical of resource-poor agri-
culturalists: this would include enhanc-
ing their ability to manage risk, retaining
their flexible househol organizations, 
encouraging diversification of income-
generating activities, and supporting in-
digenous experimentation and innova-
tion in the agricultural system; 

* design, implement, monitor, and evalu-
ate policies, economic strategies, and 
technologies for their differing effects on 
people of different ages, genders, ethnic* 
groups, and economic status; and 
have available a variety of interventions 
(policies, programs, projects, and instl-
ttoso thevarieat do n spohe ne g rate to the varied and changing needs of 

resource-poor agriculturalists can be!0selected.Long-termmontoringand feed-
......slctdongtermu torna nd feed-
back should be used to adjust develop-
ment activities so they remain useful and 
relavant as people's needs and conditions 
change. 

Concept 3: Local resources-such as local peo-
ple's skills, knowledge, practices, and insti-
tutlons, plus indigenous plants and animals-
reflect adaptations to the diverse local con-
ditions found in Sub-Saharan Africa. Thus, 
development assistance should be designed 
t0.1 

* make local participation an integral part 
of the Initiation, design, implementation, 

monitoring, and evaluation of develop 
ment assistance projects; 

* 	ensure that African women, who in the 
past have not received thu-share of de 
velopment assistance that their role in 

befi full padrlici
* 	 pants ii'the development process;

ke increased use of local organiza
tionIs. including assistance to improve ex
isting organizations; and 

nii ononizaios resources,such 1buiild local nd as iin-
digenous plants and animals and peo
ple's knowledge of how to use them. 
These resources have been largely un
tapped by development assistance agen
cies and they often can be improved. 

in Ai 
Concept 4: Low-resource agriculture in Africa 

is based on farming systems that have inter
acting ecological, social, and economic components, and these farming systems are 
linked, in turn, to other, larger systems be
yn hud ps 

yond the farm. Thus, development assistance 
should be designed to: 

* 	 account for the integrated nature of low
resource agriculture and how these in
terrelationships affect the success or fail
ure of interventions; and 
improve the links between farms and ex
ternal systems such as markets, extension 
systems, and transportation networks. 

The guidelines above reflect the need for de
velopment assistance to be long-term, dynamic,lxle tinoprea 

flexible, and to incorporate a mixture of ap
proaches. They build on the strengths inher
ent in African agriculture, and are meant to direct development assistance so it supports the 

ongoing evolution of how low-resource agri
culture is practiced. This resource-enhancing 
approach alone will not be sufficient for agri
cultural development in Africa, but it could be 
carried out in conjunction with other develop
ment assistance approaches such as Increas
ing non-farm employment and Improving ru
ra people's health and education. 

The resource-enhancing approach described 
here shares somecommon elements with other 

agricultural development strategies promoted 
by donors, but some significant differences also 

et:%-i!]i !I"> :'w.... 	 , ;i iLI - i!]I A:i'iiii!ii!:li!i!~ 



exist. For instance, many development strate-
gies seek to improve agriculture as the primary
mechanism to further overall national eco-
nomic development. And within this agricul-
tural sector, a iumber of approaches focus on---smallscaIie-farmers- and- not-- or:commercial -
state-runfarms. The approaches differ, how-
ever, on how best to implement this agricul-tural assistance. 

A resource-enhancing approach seeks growth 
with equity-one hallmark of the New Direc-
tions/basic human needs approach to U.S. de-
velopment assistance in the 1970s. Also, it 
draws upon approaches that were developed 
to respond to significant faults in the New 
Directions approach. The need for appropri-
ate policy changes to spur national economic 
growth is drawn from the Policy Reform ap-
proach of the 1980s: the need to establish appro-

* priate trade policy and exchange rates, to in-
* 	 crease the efficiency of the public sector, and 

to develop supportive agricultural policies. 
Also, agriculture has specific technical and in-
stitutional needs that can be met by strength-
ening Africans' capabilities, as elaborated by
the International Food Policy Research Insti-
tute (IFPRI). 

Also, OTA finds that enhancing low-resource 
agriculture requires that significant attention be paid to the specific needs of resource-poorbeaidutote pecuie ifics ofresource-oor 
farmer, herders, and fishers, That is, policy re-
form must: 

* 	 assess the effects of policy changes on the 
poor and include measures to protect them 
from adverse effects; 

* build African capacity to implement needed 
policy changes; and 

* 	explore links between micro-level activi-
ties and macro-level reform. 

Current implementation of the Policy Reform 
approach does not emphasize these factors. 

iMore technically oriented approaches,such
MasFPRIs, that aim to aid resourcepoor 
farmers and herders also eed to focus on spe-
fae needs- tmuch 

choosing technology for its suitability to 
low-resource conditions; 

.. . . .... 

* 	 giving high priority to areas where natu
ral resource degradation is serious; 

9 linking research to identified needs; and 
* 	 providing farmers and herders with a 

broader role in agricultural development.. : :- ::=:... -'=-=
 

A resource-enhancing approach would empha
size these areas more than current technicalapproaches do. 

These approaches are ones primarily devel
oped by donors, with varying degrees of input
from individual Africans and African govern
ments. While donors have the responsibility to 
tailor work to their own goals, the lack of Afri
can involvement in determining development 
strategies has been a weakness of most foreign 
assistance, OTA surveyed some 40 African re
searchers and policymakers for their specific
evaluation of OTA's approach for enhancing
low-resource agriculture and to gather their 
suggestions about ways to improve the effec
tiveness of U.S. development assistance, These 
experts stessed the diversity of African agri
culture-how problems and thus solutions can 
vary significantly from country to country. As 
a result, no single approach should be used to 
the exclusion of others, Most found OTA's anal
ysis generally consistent with their perceptions 
of agricultural needs, but they did not want ittaeNrsod be 'edtominan;
to be the sole strategy of U.S. development assis
tance. Nor should It be perceived to maintain 
subsistence agriculture Instead )f contributing 
to 	its transformation, 

Africans also emphasized the importance of 
increasing African capacity to deal with prob
lems, whether by supporting education and 
training, institutional development (especially
research), or local organizations. The starting
point, many believe, is working with the tech
nology and resources available to the majority 
of the people, They also expressed their hope 
that assistance would have a long-term focus, 
be free of undue political motivations, and havedevelopment as Its goal. Is this possible? Some 
doubt that U.S. development assistance, because 

of it focuses on top-down approaches and 

on providing food aid, can support a resource
enhancing approach without major changesin 
U.S. philosophy and implementation . 

¢ii:
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THE ROLE OF TECHNOLOGY
 

African agriculture faces a major challenge giving greater emphasis to on-farm adaptive re
in the next few decades-itwill need to double search with a farming systems perspective. 
production to keep pace with a growing popu- Technologies developed to support low-re-

LUation and providei!i~i:......hldan adequate source o -..... ...........i "d -,: source agriculture should -reflecttia igh_ pr--

hold income to purchase additional food. Al- mm this approach places onrisk aversion and
 
though traditional, extensive, shifting agriculture the need to maintain flexlit intefae
 
will remain important in a few regions, the vast txibility in the face of
 
majority of the continent's agriculturalists will uncertainty and limited access to resources.
 
haVe to i.iove toward a more intensified, per- Farmers throughout the world are justifiably Yconservative when failure of technology could:"; 
manent agriculture where more inputs (includ- conservativetwhenrfailuretofvtechnologyrcould
ing information and management) re used. mean bankruptcy or even starvation. Therefore, 
Technology has always played an important many practices of low-resource agriculture en
role in this process throughout the world, sure least some production in bad periods,
Ibi~prces troghot +heword, even atat the expense ofhigher yields under more 
Therefore, technological innovation to enhance
 
low-resource agricultural systems will be a ma- favorable conditions. To date, most agricultural
 
jor factor in determining Africa's ability to meet research has emphasized maximum production
 
the challenges ahead.
 

A Promising Technological
 
Framework
 

The technological framework with the most 
promise for promoting food security in Africa !
 
calls for an evolution of existing agricultural i
 
systems. More rapid improvements are possi
ble in high-potential areas, but these areas are
 
in a minority and changes there will not ad"!dress the needs of the majority of farmers and 

herders who have few resources. Thus, few 7 I 
areas can expect rapid and widespread tech- ' r i
 
nological change like that which occurred in 4
 
Asla. African soils are generally poorer, water i
 
and labor are often less available, human and
 
institutional resources are less well-developed,
 
and a number of major crops have been little h
 
researched.
 

To be successful given the great diversity 1 
present in African farming systems, an equally J,
 
diverse array of technologies adapted to local i
 
social, economic, and environmental condi- VJ
 
tions Is needed, Although Africa will benefit
 
from global agricultural research, African prob
lems will require a greater emphasis on Africa- %
 
specific solutions, Three efforts could contrib
ute to this process: increasing African research Photo credit: Consortium fo, nternalo i Crop Protection
 

capacity through human and Institutional de- Technology plays an important role In Inteiifylng

veloprnent;: improving links among research- agricultural production. Crop breeding for millet andother African crops Islikely to be one of the best
 
ers, extension agents, farmers and herders; and Investments In enhancing low-resource agriculture.
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even though other concerns face poor farmers, sized external resource use instead, Thorough

herders, and fishers For example, intercrop- economic analysis is needed to determine the
 
ping, a practice in which crops are grown to- feasibility of all technological interventions, but
 
gethor in an intermixed fashion helps to reduce especially to make sound choices between using
risk of one crop's failure. Yet, only 20 percent external and internal inputs.
oflnternational Agricultural Research Center
funding involves iniercroPp ng, although some Farmers and herders' knowledge is among
80 percent of African food is grown as in- the internal resources available for developing
tercrops. useful, acceptable, and affordable technology.
Technological flexibilityis also needed be-s Their participation in identifying problems and

Techoloicaflxiblit isals nededbe- solutions would enhance the effectiveness ofcause agricultural conditions will continue to technical assistance. Existing agricultural prac
change, and at different rates, throughout tices could be the starting point of a process
Africa, Development of technology needs to combining the best of traditional fnd modern 
build in the flexibility to react to anticipated technologies. This requires, for eample, that
and unanticipated events. Rapidly growing farmers and herders be part of research teams,
populations, migration of young men to urban that their nonformal experiments be incorpo
areas, and the growing number of.female- rated into research plans, and that units of 
headed households all have implications for the measure be meaningful to them. 
development and dissemination of technology,. 

Currently, resource-poor farmers, herders, Promising Technologies
and fishers rely primarily on resources inter
nal to the farm or their immediate environment. Much uncertainty surrounds the issue of
These include sunlight, rain, nutrients from whether the technology exists to fit within such
plant and animal wastes, and local labor. Even- a framework and whether it can transform low-



tually additional external resources (purchased resource agriculture. It is clear, though, that 
fertilizers, machinery, etc.) will be available but some technologies and practices do exist that 
this shift to increased use ofexternal resources show high potential for wider application in 
is likely to be slow and gradual in many areas, the farming and herding systems of Africa (ta-
Consequently, technologies that rely on local ble 1-2). These promising technologies have 
resources, labor, and institutions should be em- often been overlooked and underused by de
phasized over the near term. Much develop- velopment assistance agencies even though
ment assistance has bypassed the majority of some have been developed with the agencies'
African farmers and herdccs because it empha- support. 

Table 1.2.-Promising Technologies and Practices by Agroecological Zone$ 

Technology And practices Zone', Primdry benefits 
Improved use of soil and water resources 
Soil and water management

Recession farming........ A,S,H Labor.efficient method of growing crops using water from annual
 
floods; expands area under cultivation
 

Water harvesting

microcatchments ......... A,S Increase water available from rainfall
 

fPlanting and building bunds
 
on the contour ........... A,SH,T Increase water available from rainfall; reduce soil
erosion
 

Tied ridges ............. ... A,S Increase water available from rainfall
 
Drainage practices .......... . H,T Enable production on land that would otherwise be waterlogged

Terracing ... ,..... ....... 
 T Reduces water and soil runoff; enables cultivation on steep slopes
 
Minimum tillage, mulching


and other soil-conserving
vegetation practices ....... S,H,T Prepare land without incurring costs of plowing (soil erosion,

excessive leaching and compaction); organic residues and mulch
help maintain ferti1lty, reduce water and soil runoff 
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Table 1-2.-Promising Technologies and Practices by Agroecological Zones-Continued 

Technology and practices Zoneb Primary benefits 

/m roving soil fertility 
ological nitrogen fixation A,SH,T Increases nitrogen availability
 

Veslcular-arbuscular
 
__mycorrhIzae.._ ASHT...lncrease phosphorus availabiliityy.. 

Manuring .................. S,H,T Increases soil organic matter and soil fertility
 
Phosphate rock ............. A,S,HT Increases phosphorus availability
 
Commercial fertilizers ........ A,S,H,T Increase soil fertility
 

Sma ll - lsca e Irrigation
Gravity diversion:
 

channeled systems ........ A,T Increase water availability
 
Gravity diversion:

poldered systems......... A,S,H Increase water availability 
Mechanically fed: 

water lifting.............. A,S Increases water availability 
Mechanically fed: 

water pumping ........... A,S,H,T Increases water availability 
Improved cropping practices 
intercropping ................ A,S,H,T Reduces risk of crop failure; increases seasonal availability of food; 

reduces pest and disease problems; Improves efficiency of 
resource use 

Home gardens ................ A,S,H,T Increase seasonal availability of food; improves nutrition In the diet 
Agro forestry

Dispersed field tree
 
ntercropplng ............ A,S Increases soil organic matter; provides source of fodder, fuIwood,
 

poles

Alley cropping .............. S,H,T Increases soil organic matter; provides source of fodder, fuelwood,
 

poles 
Windbreaks ................. A,S,H,T Decrease wind damage, especially to seedlings; decrease 

evapotranspiration; provide source of fodder, fuelwood, poles 
Live fencing and other 

linear planting ............ A,S,H,T Provides source of fodder, fuelwood, poles, fencing 
Genetic Improvements
Crop breeding................. A,S,HT Provides resistance to diseases and pests; tolerance to 

environmental stress; improves yild 
Animal breeding ............ A,S,H,T Provides resistance to diseases and pests; tolerance to 
S environmental stress; improves yieldImproved use of animals 


Mixed crop/livestock systems
using small ruminants ........ A,S,H,T Increase income; Improve diet; reduce risk through diversification 

Animal traction.. ............ A,S,H,T Reduces drudgery; improves labor productivity; extends area of 
cultivation 

Aquaculture .................. A,S,H,T Provides source of protein; recycled nutrients; source of Income 
Improved systems to reduce pest-loss
ntegrated pest management

Quarantines............... A,S,H,T Reduce risk of accidental Introduction of pests 
Host resistance ........... .A,S,H,T Improves resistance to pests and disease 
Cultural controls ........... A,S,H,T Reduce pest populations by manipulating farming practices, 

especially by intercropping and rotating crops 
Biological controls........... A,S,H,T Reduce pest populations by using natural enemies 
Pesticides .................. AS,H,T Reduce pest populations by using natural or synthetic blocides to kill 

pests, limit their fertility, or disrupt pest development 
Post-harvest technologies .... A,SH,T Improve processing and storage of foods; improve nutrition; reduce 

labor 
improving nlmal health 

Veterlnary support ........... A,S,H,T Reduces animal mortality and morbidity
 
Animal nutrition............. A,S,H,T Increases productivity; Improves feed use efficiency; reduces
: i; i! . - susceptibility to disease 

.. to disease....

See box 3-4 for a map of Africa's agroecooglcal zones. 
tKey to agroecooglcal zones, A - ArldlSeml-Arid, S Subhumid Tropical Uplands, H ' Humid Lowlands, T - Tropical and Subtropical Highlands. 

SOURCE Office of Technology Assessment, 1918 
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An important consideration in choosing the 
technologies reviewed in this report was their 
likelihood of being adopted by resource-poor 
agriculturalists, including influences such as 
expense, accessibility, and cultural acceptabil-

~ity Soetchnloges areay aeinse~uL~much these methods will increase agriculturalsh Some technolo gies alreadyare,inuse,but .--- ,.... ..i .. .. . .g .... ;-6
e(e.g., mates have been misleading. The literatureproductive, easier to use, or less expensive).Othes ae reatielynewbutagrcultralstsOtherS are relatively new, but agriculturalists 
are likely to accept them because the technol-
ogies are well-matched to their needs and re-
sources. Accordingly, promising technologiesare judged by their ability to be: 

a gt b tyields 

* Technically and environmentally sound,
This means they are able at least to stabi-
lize, if not increase, production while con- perimental settings are consistenty less producserving natural reeesoustinsarconitetyeess.du-::~
servingnaturlresources. 

* Sociallydesirable.This means promising 
technologies address farmer-identified 
problems and operate within the con-
straints faced by farmers, and that they at-
tempt to minimize the disruption of exist
ing farming systems. It also means 
technologies are designed so farmers can 
take additional steps toward moderniza-
tion as such changes become feasible. 

* Economicallyaffordable.This means that 
resource-poor farmers, herders, and fishers 
are able to obtain and maintain the tech-
nologies. Within the context of low-
resource agriculture, this will generally em
phasize the use of internal resources over 
externally purchased inputs, 

* Sustainable.This means that it is feasible 
environmentally, socially, economically, 
and institutionally to maintain the technol-
ogies over the long term, 

Also, the technologies discussed in the full 
report show potential in at least one of seven 
areas: 

I. improving the use of local natural resources, 
2.improving soil fertility, 
3.improving water availability, 
4. 	fostering genetic improvement in plants

and animals, 
5. improving integration of animal and crop-

ping systems, 

6. reducing food losses, and 
7. enabling farmers to modernize as it be

comes feasible for them. 

quatttivetestiteslofcwher adhow 

is replete with examples that have no)t metex
is:te wit ele ha t otmt ex

about experiments with crops and techniques 

pectations: a newly developed sweet potato thatcnyield at least sxtimes the African aver
can idreak six that t onyicraeage, and windbreaks that not only increase 

but supply valuable fodder and fuelwood. 

Yet adoption rates for improved varieties arelow, freely supplied tree seedlings often go un
planted, and technologies developed under ex

tive on-farm. Why? The answers range from 
farmers being unfamiliar with the practice to 
researchers being unfamiliar with the farmers, 
including the criteria used in accepting or re
jecting new technology. 

Nevertheless, it seems that sizable on-farm 
gains are possible using the types of technol
ogies discussed here. For example, the U.N. 
Food and Agriculture Organization's (FAO) 
tests show that improved management prac
tices alone can raise crop yields 20 to 80 per
cent. Full use of conservation measures could 
increase long-term productivity by 33 percent. 

just as important are estimates of how much 
current production may be lost if resource 
degradation continues. Africa could lose 16.5 
percent of its rainfed cropland if degradation 
goes unchecked. Estimates of overall produc
tivity losses reach 25 percent. 

Also, however, qualitative benefits of many
technologies can be as important as their po
tential to increase yields or prevent yield de
creases. Stability of production from year to 
year is vital. And many practices can be usedin combination, adopted piece by piece as farm
ors and herderscan aford them.
 
ers an h c ao them 

This suggests a general sequence for support
ing technological development. Efforts should 
first be directed toward improving and mak
ing available technologies that maximize the 
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use of available, low-cost, renewable resources nology, which faces substantial obstacles be
since these are usually more accessible than cause of its high costs and complexity, 
purchased inputs, For instance, efforts to im
prove water use could first be directed at mak- Alth g OtAs analyis sees aon iporanti
ing more efficient use of freely supplied raiii- role of i 
. .. c.1lture, itis only one factor among many thatwaterthroughrmproved management,- then-

7: imovinging,; towardharvestigsystems suchucochas contourmesanplant- ae iiaon. Research-todloanatrwae ate in isolation. Research to develop and adaiptil 
ing,gwater harvesting microctchments, and low-resource technologies must be accompa

*tied ridges that require some structures or nied by attempts to address many influential, 
greater external inputs. These practices may nontechnical factors that operate at the national 
produce only slight yield increases in average and farm level. Agricultural prices, land ten
years, but their real advantages show during urefarnsevet.oApricu seold n 
drought years, when technologically improved ure ionsr oli, ouseol amcss 
fields are able to maintain yields when other and women's roles, for example, all affect use 
fields fail. A last step in this continuum would of technology. 
be the adoption of small-scale irrigation tech-

I*:'
 

THE ROLE OF FOREIGN ASSISTANCE 

The United States has the potential to play dation, etc. Congress has not provided clear 
a major role in enhancing low-resource agri- direction on priorities among different and 
culture in Africa, but whether this role will be sometimes conflicting goals, however. And 
pursued to its full extent has yet to be deter- food security, a critical need in Africa, has not 
mined. The decisions made by Congress and been an explicit, high-priority goal. Making
executive branch agencies will be important these clarifications would provide a stronger
in determining the U.S. role. basis for enhancing low-resource agriculture 

Congress faces a number of critical decisions in authorizing legislation. 
concerning development assistance to Africa, Long-term commitments are necessary for 
with conflicting pressures to take several differ- many key elements of a resource-enhancing ap
ent routes. Some urge continuing support for proach, such as research, training, and insti
existing foreign aid legislation. Others, espe- tution-building. Stable, long-term levels of fund
cially within the current Administration, ad- ing, with certain reduced restrictions on its use, 
vocate a new macroeconomic approach that are among the most supportive actions that 
focuses on policy reform and might suggest Congress can take in its appropriations activi
amending current legislation. A third possibil- ties. Current funding mechanisms, such as au
ity-one influenced by domestic budget con- thorizing and appropriating several different 
cerns and the perception of the ineffectiveness sources of funds administered by a number of 
of previous development assistance-would de- different bureaus within the U.S. Agency for 
crease overall foreign aid. International Development (AID), and ongoing 

attempts to reduce the Federal budget may re-Congress and a Resource.Enhancing strict Congress' ability to provide long-term, sta-
Approach ble funding, however . 

Many goals of existing legislation already sup- The Development Assistance (DA) fund,ad
port a resource-enhancing approach: they call ministered bilaterally by AID, may be the most 
for participation of the poor intheir own de- suitable funding source for supporting low
velopment, they note the need for women to resource agriculture. Development is its ma
be included in development efforts, they stipu- jor goal and its appropriations are less volatile 
Ia e that US. ,.id prevents environmental degra- than others (e.g., food aid and economic sup 
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port). But in the past, DAfor Africa has not such an approach, including how well AID can 
I'i~ceived attention equivalent to that of Eco- implement congressional intent without detailed 
nomic Support Funds (EST; also administered earmarking for guidance. 

:by AID) and food aid. ~ 
Congress reversed the erosion of assistance Three Categories of Assistance 

to Africatn fi!scal'year 1988 with the creaton ......To- impliiemen t a resource-enhancing -ap_
Qof a special African development fund with a proach to African agriculture, development
1-year appropriation f $500 million. Its impact assistance must support three types of activi
cannot yet be determined but its success will ties, involving a range of donor and African 

depend on whether Congress maintains its organizations with different strengths and
 
commitment to a separate AIDfund •for Africa in weaknessesueaknesses: w
 
the future, on how AID uses the fund's provi
sions for increased flexibility, on whether AID * local-level work, where activities would in
and Congress ensure that funds are not diverted clude support for local institutions, house
to other programs, and on whether the fund holds, and individual agriculturalists;

is used to support low-resource agriculture. • support for formal agricultural'institutions
 

AID..... for agricultural development,eWrdBnnecessaryAID the Worldar dBankandother assistance where activities would include research,
 
agencis are often criticized for their inability education, extension, and marketing; and
 
to support resource-poor agriculturalists. Yet - national-level work, where activities would
 
Congress already has mandatedappoacmany elements assistance forfor supportive national
of aresorceenhacin andhasincludeofla resource-enhancing approach i a isane surtivetionland has policies and national capabilities to create 

appropriated funding that could be used for this p al it 
purpose. Therefore, perhaps the most crucial and implement them. 
congressional responsibility is oversight to en- Local organizations, often comprised in part 
sure that funds and policies intended to en- of the resource-poor agriculturalists for whom 
hance low-resource agriculture are used effec- assistance is intended, will play key roles in de
tively. velopment assistance, These groups range from 

Detailed orginformal, self-help groups to more formal ones.Detailed oversight will be necessary to ensure Their participation is likely to increase the rele
that donor activities are indeed supportive of vance of development activities to local condir~iesource-poor farmers and herders but con- vneod resource-poor fartmersand homtees buti - tions, increase its cost-effectiveness, and in
straints on staff time and committee jurisdic- crease its sustainability over, the long term, 
tion may make this difficult. Increased coop
eration among the seven committees with direct Major donors have been largely ineffective 
jurisdiction over U.S. agricultural assistance, working at the local level. Many donors have 
an improved database on AID expenditures in failed to tap the potential of locai organizations
Africa, and AID/Congress development assis- and sometimes have made overwhelming de
tance working groups could save staff time and mands on local groups and thus, undermined 
improve the quality of congressional oversight. the groups' effectiveness. Yet the needs of lo-

With more effective oversight, some poten- cal groups are large enough that they may re
tially burdensome congressional restrictions on quire the resources available only from major 
AID might be reduced. These include require- donors, In that case, the Peace Corps, U.S. pri

rn regardingueprogm ht iucthesn mir- vate voluntary organizations, and similarnts,frntification regarding reprgramming groups have the potential to act as intermedi
nds, procurement requirements, restrictions rs larger donors and local 

on aid to specific countries and commodities, aries betwe n t ilae 
and earmarked funds. The legislation creating sin additonig
the new, African development fund relaxed izable locallevepograms 
some of these congressional requirements. It Other high priority activities will be devel
provides an important test of the benefits of oping andimproving agricultural research and 
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training institutions. The major bilateral and U.S. AID or the World Bank, Recent improve
multilateral donors are best able to provide the ments, however, suggest that both may be more
comparatively high levels of long-term fund- effective in the future. AID's 1985 "Plan for Sup
ing needed for this type of development. AID, porting Agricultural Research and Faculties of'
in particular, has a comparative advantage in Agriculture in Africa" is one element of AID's 

those activities.- Special efforts willbe -institution-building approach.-Many of its fea;;
needed, however, to ensure that training and ture are supportive of a resource-enhancing
research are responsive to the particular needs approach, for example, the need to build Afri
of resource-poor agriculturalists. For example, can technical capabilities and for long-term
training will need to build understanding of technology development. Questions remain,
how low-resource agriculture works, ensure however, regarding the apparently minor role 
that women receive adequate training, provide of farming systems research in this approach 
as much training as possible in Africa, ensure and whether its narrow geographic and com-
that curricula are relevent to African condi- modity approach is suitable. 
tions, and combine U.S.-based work with sup- National policies that support agriculture and 

portforsearch for Africans in Africa. resource-poor agriculturalists are necessary ifSupport for building institutions has had low-resource agriculture is to be enhanced. Malimited success in Africa, whether funded by jor donors such as AID and the World Bank 
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have significantly increased funding in recent 

years to support reforms of national policies,

FThese changes have had ambiguous results con
cerningtheir impact on increased food secu-


--rty-for--resourcepoor -farmers- -and-herders 

Therefore, support for sweeping reforms may 

be unwarranted until donors improve their un-

derstanding of these impacts and examine the 

actual policy needs of resource-poor farmers 

and herders, The World Bank has the analyti- 

cal capabilities to lead such an effort, 


AID an~d a Resource-Enhancing 
Approach 

AID is the principle U.S. agency that wouldbea n im lm ....nig r-.aknrep iblt a 

bear responsibcity forhmplementing a re-

sourceenhancng approach to development as-

istrce in-Africa. The Agency's current over-


allastrategy for African development could be 

compatible with such an approach, but full 

implementation would require substantial 

changes in priorities, operations, and general 

philosophical approach. For instance, AID 

would have to ensure that strategy papers, such 

as ones supporting women in agriculture and 

a are
addressing environmental sustainability, 

iimplemented more effectively and that Africans 

assume a larger responsibility for carrying out 

U.S. aid. In,addition, AID's current emphasis
 
on increased funding for policy reform might 


!need to be lessened considering the impact such 

reforms have had on resource-poor agricul-

tufir'alists. 


,Over the past few years AID has made 

changes that could help the agency enhance 

16~lw-resource agriculture, including more de-

centralized decisionmaking, increased atten-

tion to research, longer term support for pro)'-

9e on projects'
~cts, and an increased emphasis
s~'ustainability. At the same time, the impact of 
these shifts may be offset by deep personnel 

~cuts, a lack of appropriate technical personnel,
inadequate language and cultural skills, a flawed 
reward system, and a project design system that 
icumbersome, inflcxible, and oriented to 

aachieving short-term results. These latter con-

straints were identified long ago and have re 

mained unresolved Therefore, their remedy 


would require concerted effort on the part of 
the Administrator and all AID staff. 

. The Road. Ahead - -- ' : ---- ............
 

The decision toassist resource-poor African 
farmrs and herders is not made in isolation 
within AID or within Congress. Broader U.S. 
policy concerns direct congressional decision
making and these reflect a variety of American 
concerns, 

For example, U.S. farm trade suffered an 
overall decline in the 1980s with some com
modities losing~market shares to foreign com

pebitin Recent legislation, passed with the 
fsm U.S. farm groups, curtails S . 

support for certain crops in developing coun
tries due to concerns that such support helped 
those countries improve their competitiveness. 
Newer analyses, however, suggest that stimu
lating African development will have greater 
long-term benefits for U.S. agriculture than at
tempts to limit U.S. technical assistance to Afri
can fa.rmers. They need higher incomes to buy 
American products and higher incomes will re
quire geater agricultural production. Yet press
ipg concerns regarding the health of the U.S. 
farm sector and trade balance are likely to over
ride longer term considerations. 

Also muct: of the American public has little 
awareness of the costs and benefits of U.S. de- i ; 

velopment assistance and perceives that the 
United States spends too much money on for
eign aid; some believe that as much as 40 per
cent of the U.S. budget goes to development 
aid; In fact, the correct figure is no more than. 
1 percent and has declined steadily since the 
1940s. Almost inevitably, comparisons are 
made to the successes of the Marshall Plan to 
rebuild war-torn Europe when problems were 
simpler to solve and more resources were 
available. 
aalbe 

Whether the United states investstoo much 
or too little in meeting its interests in Africa 
is a subject that will continue to be debated. 
Expectations that dramatic results are possi
ble are misguided, though, even if increased 
funding was available. The road to African food 



security is a long and difficult one, Decisions States will be a partner in this process. And 
on how to address the challenges ahead are an approach that enhances low-resource agri-. 
.. African ones, Clearly, however, U.S *foreign culture will be an essential component of any> 
a e legislation states that the United effective US. development assistance effort. 

FINDINGS AND OPTIONS 
Congress can shape U.S. development assis-

tance in a number of ways, This chapter ad-
dresses how Congre.,, can use these methods 
to improve the effectiveness of U.S. aid and en-
hance African agriculture (table 1-3). 

Finding 1: Low-resource agriculture-farming,
herding, and fishing-is the predominant 
form of African agriculture, a largely un-
tapped development resource, and a neces-
sary starting point for meeting future food 
security needs. 

Agricultural development is recognized as 
key to African economic development, that is, 
meeting food needs, maintaining and increas-
ing rural employment, and stimulating the in
ternal economic markets necessary for non-
agricultural growth, Low-resource agriculture 
is the predominant form of agriculture through-
out Sub-Saharan Africa and experts believe that 
it will remain the mainstay of African agricul-
ture at least for the short to medium term, But 
low-resource agriculture, as it now exists, is 
neither capable of meeting Africa's food and 
employment needs nor of keeping up with 
growing populations and environmental degra-
dation. Thus, any broadly based plan for Afri-
can agricultural development must find waysto enhance: low-resource agricultUre.
to enhance low-reource agriculture 

Resource-poor African agriculturalists are 
rich in local resources, such as skills, knowl-
edge of indigenous plants and animals, under-
standing of the environment, and indigenous 
institutions. Agricultural development strate-
gies have consistently bypassed these resources, 
sometimes contributing to their loss, often to 
the detriment of aid's effectiveness. More suc-
cessful agricultural development depends, in 
part, on tapping these resources by develop: 

14,4.','ing; methods to identify and use themxap4 

However, the United States has no overall
 
policy for enhancing low-resource agriculture
 
in Africa despite the importance currently 
given to providing agricultural assistance. For 
instance, AID's current strategy for Africa lacks 
many features necessary for such an approach.
In practice, development assistance commonly
either has not addressed low-resource agricul-. 
ture or attempts have been made to improve
it in inappropriate ways. Most donors have not 
developed the methods needed to improve low
resource agriculture. Developing a strategic, 
plan for enhancing low-resource agriculture
would bring proper focus to its current status 
and potential and contribute to development, 
and implementation of needed methods., 

Many strategic questions regarding the U.S. 
role in development assistance are being de
bated now. For example, a significant number 
of organizations are taking part in a 1988 ef
fort coordinated by Michigan State University.
Its goal is to help shape U.S. development pol
icy in the 1990s. Also, the U.S. foreign assis
tance legislation is under continuing scrutiny, 
regarding its overall goals and their implemen
tation. The appropriate role of macroeconomic 
policy reform, a major Administration focus, 
is one debated topic.:... .
 

Such efforts will affect any U.S. approach to 
enhancing low-resource agriculture, but they
do not provide the detailed guidance for that 
work. Therefore, the U.S. development assis
tance community needs to give specific atten
tion to the strategic aspects of work that focuses 
on resource-poor'farmers, herders, and fishers.,." 
This need is most acute for AID, the primary-',
provider of U.S. development assistance, But, 
other organizations using U.S. funds for agri
cultural development, private groups, addi2 

tional U.S. agencies whose work affects devel-i 
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Table l1a.-findings and Congressional Options for Enhancing Low-Resource Agriculture in Africa 
,I. Findings 

.1l
Low-resource agriculture Is the predominant form of
'African agricullture, a largely untapped development 

nsqqqAa. g.,pol to Lmne~e IIng..q' hecess}.ry star In 

f'ood security needs, 

2. Strengthening African research, education, and training
Is one of the most effective and sustainable contribu-
tions that the United States can make. 

3.Improving low-resource agriculture entails work at the 
local level,.Supporting local African groups and inter-
mediary organizations Is one way of working at the lo-
cal level. The Peace Corps and private voluntary organi 

}- zations (PVOs) also can work locally and can act as 
Intermediaries between large donors and local groups. 
These Intermiadlaries could be strengthened by Im-
,proved technical support and evaluations. 

. 

4.Congressional oversight will be crucial for Implement-
Ing a resource-enhancing approach since legislation
and funding mechanisms are already In place. Changes 
In oversight will be necessary to Increase Its quality 
while reducing the burden it places on AID., 

5. Long-term commitments and stable funding levels are 
necessary. 

SSOURCE; Office of Technology Assessment, 1988. 

opment, and African groups at all levels need 
1o
e involved in developing this approach. 

SOptiona: .	 nc;coigrsscould the AOptfon1a:er ongressiconassignt e ecy 
frl InentoalDevelopment(AID) the lead

rlindevelopingand coordinatinga U.S. 
approachtoenhancing1ow-resourceagricul-

Sture in Africa, To help develop,such an 4p-
A~proach, Congresscouldsupportah interna-

..	 Options 
laAssignAID the lead role in developing and coordInat

I. Ing-a US.. approach to enhancing low.resource agricul.
-,-,.-,Ure,.sUpp0,'..an-nternatlo nalllnteiagency co-nference-- -- , 

to set out such astrategy and follow up with agency 5
year action plans. 

lb. Request that AID and the World Bank. (through the U.S 
Department of Treasury) evaluate how policy reform 
could best serve the needs of low-resource agriculture
Base rontinued support for and direction of reform on 
these evaluations. 

2a. Support the long-term development of African agricul
tural institutions. Oversee AID and World Bank activi. 
ties to ensure this work assists resource.poor agricul
turalists. 

2b. Support increased formal education and training of 
Africans in ways that enhance low-resource agriculture 

3a. Direct AID to develop technical support mechanisms 
for Indigenous African organizations, PVOs, and the 

. Peace Corps, These mechanisms could draw upon 
r universities and research centers (African, U.S., interna

tional) and private organizations.
3b. Request that the Peace Corps develop and implement 

an ongoing evaluation system. 

4a. Ensure that all funds provided for the new bilateral de
velopment fund for Africa are used for development 

-purposes. Oversee that other types of agricultural fund 
ing support low-resource agriculture. 

4b. Improve oversight activity and smooth the AID/Con
gress working relationship. 

4c. 	Reduce the restrictions on the use of development
 
assistance. Monitor the Impacts of newly made re
ductions.
 

5a.Maintain stable appropriations for development assis
. tance, Emphasize, Development Assistance within
 

bilateral assistance. Continue policies of appropriating
 
a special development fund for Africa and significant
 
U.S. contributions to the Internationa! Development
Association of the World Bank.; 

5b. Encourage AID to address a set of internal constraints. 
AID could evaluate the Impact of Its operational struc
ture and procedures on Its development work, then be. 
gin Institutional reforms. 

tional/interagencyconference to assess the 
statusof currentprogramsandset out a gen

', -eralstrategy, under the auspicesofAID, Par
ticipatingorganizationscouldprepareand 
implement 5-yearactionplanssubsequently 

Interagency appro aches to facilitate a foreign 
as sistance strategy have worked in the past,
AID and the State Departmfent, for example, 

http:hecess}.ry
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the developmentrd of U.S. foreign assistance aaccounting for the ecological, social, and 
strategies for tropical forests and maintaining eronomic components of the farming sys
biological diversity. Both plans included strat- tens and their off-farm links. 
egy conferences that brought together research
ers, policymakers, and practitioners; high- AID should ho't thi meeting because i 
l an-.1-----id theetle agency ultimately responsible for carryings.:. 
received adequate attention; underscored ma- out mst of U.S. de ,elopment assitance. Ho 
jor areas of concern; and identified avenues to ever, substantial efforts must be made to draw 
address those areas. Interagency task forces on other expertise, divergent views, and im
then defined specific U.S. efforts and individ- aginative suggestions from a variety of groups 
ual agencies developed action plans to imple- and, as such, much of the conference planning 
m nt the strategies developed by the confer- should be assigned outside AID. Broad partici
ence and task forces. pation also could ensure that the meeting has 

an impact throughout the U.S. development
A similar strategy conference on how to en- assistance community. The Peace Corps, the 

hance low-resource agriculture in Africa could African Development Foundation, the World 
bring a wide variety of organizations together Bank, private voluntary organizations, univer
to discuss U.S. priorities, compare successful sities, and relevant executive agencies (the De
methods, determine areas of collaboration, and partments of Agriculture, Commerce, and 
identify important research topics. OTA's work Treasury, etc.) should participate. 
suggests that several issues need to be ad- Significant African representation would be 
dressed by such a group: crucial before and during the conference to en

: 	assessing the comparative advantages of sure that the work addresses African conditions 
different donor rrganizations; and that an expanded role for African organi

* 	developing rel,vant technologies; zations is included. Members of Congress and 
e 	supporting the development of formal Afri- their staffs could participate to contribute a con

can agricultural institutions (e.g., univer- gressional perspective. And a significant num
sities, reseaich centers, markets, policy- ber of women must be included-whether they
making bodies) and the trained personnel represent Africa's large number of women 
to staff them; farmers or are drawn from the community that 

9 supporting the development abilities of lo- serves women farmers. 
cal African organizations; andTakfregoudaondiivul

* 	supporting ihe development and imple , " Task forces grouped around individua 
mentation o: relevant agricultural policies, topics, like those associated with earlier strat-I 

egy conferences, could be formed to continue 
These topics -re not new and have been ad- working after the conference and to maintain 

dressed before. Using a specific resource- communication among groups. Individual 
enhancing framework would be essential to agencies could develop action plans to define 
breaking new ground. To do so, conference their specific responsibilities and priorities,
planning and subsequent implementation means for interagency cooperation, and fund
should be based on analytical criteria of: ing requirements, These action plans could be 

o 	sustainability-environmental,economic, incorporated into agency policy and planning
institutional,documents, 	 Congress could consider these* insittya andei ccommodatin plans as it both sets and oversees development

diest andflexibility-comdtn roiis 
.
the diversity of resource-poor farmers and 

the conditions they face, and the flexible Option 1b: CongresscouldrequestthatAIDand 
ways in which they respond; the World Bank (through the U.S. Depart

* 	the use of local resourcesof the resource- ment of Treasury) perform in-depth analy
poor farmers, herders, and fishers which ses ofhowpolcyreform could bestserve the 
includes methods of fostering their partici- needsofAfrican resource-poorfarmersand 
pation in development; and herders. Continued support for and future: 
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Sdirectionsofreform activitiescould be based 
on these evaluations, 

Support for policy reform quickly has become 
a large component of development assistance. 

-By.987, reform-related lending made up 35 per
ctent of AID Africa fiureau's agricultural loans 
and 55 percent of the World Bank's commit
ments to Africa, Needed reforms have been 
Sknown for some time but evaluating the effects 
of donors' activities to stimulate such reform 
Sis comparatively recent. 

Evaluations are incomplete and ambiguous 
concerning policy reform's effects on resource-
.poor farmers and herders, However, evalua-
tions have raised concerns regarding reform's: 

.lack"of grounding in actual, local agricultural 
conditions; its potential to harm large segments 
of the poor; and its lack of emphasis on build
ing African capability to carry out and continue 
ipolicy reform once donor's efforts diminish. 
Also, evaluations have called for additional re-
isearch addressing these concerns. For exam-
ple, research is needed to identify methods that 
link macroeconomic reforms with conditions 
at the microeconomic level. Without such meth-
ods, macro-level reforms may not match micro-
,level needs (e.g., for removing local technical 
or marketing obstacles) and adverse local ef. 
fects of macro-level reforms may be difficult 
to identify. 
;iiCongress could stabilize or decrease reformCongress. coltaiierdpolicy 

expenditures until such analyses have been 
completed and policy reform activities modi-
fied as needed. In addition, Congress could con-
sider what role the United States should have 
in reform activity. 

The World Bank, because of its sizable staff 

Photoc, ,alWlck In irnatlona 
Concerns have been raised regarding the local impactt 
that policy reform has on low-resource farmers and 

herders such as these InKenya 

In the past, Congress has examined substan
tive issues of World Bank work via the U.S. 
Treasury Department, which directs the vote 
of the U.S. Bank Representative. For example, 
congressional hearings on World Bank activi
ties during 1983-84 led the Treasury Depart
ment to perform an extended review of the envi
ronmental aspects of the World Bank's work, 
The Department actively promoted bank changes 
in this area as a result of its review, Congress 
could ask the Treasury Department to begin a 
similar extended review of the World Bank's 

reform work and accompany such a request with oversight hearings,." 

w o s hearngs 
Congress could encourage AID to support a 

narrower set of policy-related activities that 
draw on AID's particular strengths. For exam
ple, U.S. strengths in training and institutional 
support could be directed to developing Afri

of economists?:'and~~ its ability~ ...to marshall~ . sup-~ "1stuacan abilitiespoliciei....to analyze and implement agricultaa support low-reorc agriu 
Sport from many donor countries, might be the 
most effective lead agency for researching and 
Ssupporting policy reform. Such a lead agency 
could coordinate work and discourage indivd-'i 
ual donors' from sending contradictory signals 

ito recipient countries. But any lead agency must 
be sensitive to the policy needs of resource-poor 
agriculturalists and the representatives to the 
World Bank may need congressional encour-
agement to promote such work, 

trlplce htspotlwrsuc gi
culture. With these skills, African nations 
would be better able to develop and continue 
reforms over the long term. 

Finding 2: Strengthening the abilities of Afri
cans' to respond to their agricultural needs 
through research, education, and training is 
one of the most effective and sustainabl con
tributions that the United States can make 
to African development. 
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Africans and donors alike increasingly see Facilities of Agriculture in Africa," AID envi
agricultural development as fundamental to sioned a commitment of significant resources 
overall African development. For agricultural (at lcast $2i06' million per year) over a 15-year
development to occur, Africa will require its span for supp6rting African research systems 
own strong agricultural institutions staffed by and faculties of agriculture, and backing coop.
-trainedAfria1supported by its g&vrnn tsF diW~ thiiiffi iirniaIna J-ia 
and capable of responding to local concerns. agricultural research centers and U.S. univer-
For example, agricultural research institutions sities. The Plan is an important step in U.S. sup
are necessary to develop, adapt, and improve port of African capabilities both in the level of 
technologies for resource-poor farmers, herders, resources to be committed to this work and in
and fishers; planning institutions are necessary its long-term approach-a departure from past, 
to develop and implement supportive agricu - short-term efforts. 
tural policies; and training institutions are nec- Congress could support this work in several 
essary to prepare staff for these roles. Concui- w n.rss institutio rt this i s o 
rently, governments must be ready to provide ways. First, institution-building takes time, sofor recurrent and ongoing costs without whih congressional authorization and appropriations
agricultural institutions cannot function: equi- should provide resources for extended time 
table salaries, upkeeu, costs for travel, equip- periods and avoid unnecessarily introducingment,distributing reports, subscriptions to jour- non-development interests that would slownlntc, work. Also, congressional oversight is essen

nalsetc.tial on a number of issues: 
In each case, the diversity of African agri- * Is AID committed to implementing the 

cultural systems requires technologies, policias, P fo itterm 
and training'adapted to lo..al social and envi- Plan for its full term? f bei 
ronmental conditionb. International organiza- 9 Are established levels of funding being 
tions and those in the developed countries have * How is AID refining the Plan to meet Afri 
neither the expertise nor the resources to meet e H is A Dl 
so many differing local needs. Nor is develop- can conditions? 
ment led by external groups likely to be sug- Also, oversight is needed to ensure that the 
tained. Plan actually addresses the needs of resource-

Donors do have a clear role to play in pro- poor agriculturalists, some of whom are now 
viding agricultural training for Africans and overlooked. For example, AID does not explainoting nso , in detail how agricultural institutions can be

aricultural taningtoAfritut
In supporting African institutions, however, linked to the needs of the farmer and herder,
The United States has a comparative advantage what their role in technology development
in these two areas and such work would be an should be, how to ensure the environmental sus
appropriate U.S. priority. Past dfforts in these tainability of technology, how to address 
areas often have not met the specific needs of tain'sDeedscno how to a dressewomei s eds, nor how to make the best usei 
resource-poor farmers, herders, and fishers and of local resources. AID is currently reviewingthis problem must be addressed, the plan and a congressional oversight hear-

Option 2a: Congress could support the long- Ing could provide Congress with an update on 
term development ofAfrican agriculturalin. its status while signaling to AID the need to 
stitutionscapableof assistingresource-poor address these points. 
agriculturalists,As partof this support,Con- Congressional examinationof the World 

d Bank's support for agricultural institutions also
gress couldoverseeAID's 985researchplan

and theorld Bank's work 
 is justified. The Bank's institutional support has

AID set out a coordinated approach in 1985 been criticized as inadequate in quality and 
to support African research institutions and quantity, And a recently completed analysis of 
faculties working in agriculture. Known as the African research needs by the Bank highlights
"Plan for Supporting Agricultural Research and the importance of developing national research 



26 

capabilities, but the Bank's approach suffers 
from many of tht same weaknesses as AID's, 
Congress can make its concerns known via 
ovrsight and also could instruct the U.S. Treas-
ury Department to advocate increased work by 

The international agricultural researchcnes(IARCs) haVe an important role support-

ing African institutions. While primarily con
cerned with research, the centers could expand 
their training and institutional support. Any 
such expansion will require AID's continuing 
support to the centers. AID can also ensure that 
the centers gear more work to the needs of 
resource-poor farmers and herders.~institutions 
Option2b: Congresscouldincreasesupportforiformaleducation find trainingof Africans 

Ioawaysthun a nuldtrhainnglofricns 
inways that would enhance low-resource 
agriculture, 

African countries will need increasing num-
bers of trained people (e.g., researchers and pol-
Icymakers) to staff agricultural institutions, 
They will need training to assess the needs of 
resource-poor agriculturalists and to identify 
ways to meet those needs. Specific ways for 
the United States to be involved In this trainl-in could be determined at the strategy con-Ingte cuidbe tbein ledthistra n-


ference discussed earlier. Now legislation or 
earmarked funds do not seem necessary but 
congressional oversight could ensure that edu-
cation and training are priorities for U.S. do-
Ivelopment assista,.c:,. 


pmen 05...... 
U.S. universities could play a major role in

education and training and U.S. support for 
these institutions will be an important contri-
bution. Undergraduate education should be the 
responsibility of African educational institu-

~tions primarily. However, increased opportu-nitls frmiraduate traiinng could be offered in 
nitrties forRrdate trainingagricultural
the United States. 

O nI certain U.S. institutions are equipped 
to adoess the particular needs of low-resource 
agriculture and a better match of African stu-
dents and U.S. programs is necessary. Mecha-
nisms to ensure the complementarity of train-
ing with the needs of African agriculture
include tying U.S, graduate training to thesis 

research in Africa mid providing increased
 
training opportunities for African women,
 
Also, AID could identify other appropriate pro
grams that aro particularly relevant to African
 
conditions and tap those programs. AID-pro

could further the development of such pro
work iexists.. .:gramse. where a commitment to low-resource 

Assistance for training and education should 
continue once Africans who were students as
sume responsibilities in Africa. Small grants 
to begin research, travel funds for collabora
tion with senior scientists, and longer term 
"twinning" efforts between African and other(e.g., U.S. universities, private orga
nittions and thU.S u lesre that
nizations, and the IARCs) could ensure that
 
trained Africans are able to make use of and
 
update their education.
 

Finding 3: Enhancing the capabilities of re
source-poor farmers, herders, and fishers will 
require support at the local level. Support
ing local African groups and African inter 
mediary organizations who provide services 
to these groups Is one means of working at 
the local level. The Peace Corps and private
telcllvlwieas ciga neneivoluntary organizations can work directly at 
the local lewe while also acting as intermedi
aries between larger donors (e.g., AID and 
theWorld Bank) and local groups. Improved 
evaluations and trengthened technical back
up would Increase the effectiveness of these 
intermediaries. 
Arclua eeomn ildpniAgricultural development will depends inaport 
t n dveloin cnologis apprriate 

to tue diverse local conditions of Africa and 
matching technologies with the social organi
zations necessary to make use of them, Devel
opment of formal agricultural institutions and 

policies need to be linked to thelocal level to ensure their relevance to actual 

conditions. However, local African organiza
tions, whose membership Includes resource
poor agriculturalists, offer donors an additional 
means of reaching the local level directly. These 
organizations can Initiate work appropriate to 
local conditions, mobilize local resources, and 
maintain work after outside assistance ends, 
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The Peace Corps and many private voluntary lions. Their support of local groups msy be nec
organizations (PVOs) have experience working essary because the Peace Corps and PVOs do 
with local organizations and they, along with not command enough resources to match the 
African intermediary groups, could become im- growing needs of African groups. The Peace 
portant sources of support for locul organiza- Corps, 111S. PV s, and African intermediary 
-nsThirdiighTh-efit6i1ai-6shi ft - bfhrthei ra iiv-organlzatlons could, howovr, becon1h0 l .i 

rent focus on Implementing projects. Often, 
however, PVOs are technically weak and do 
not carry out the evaluations necessary to iden-
tify their particular strengths and weaknesses, 
Correcting these two problems is a prerequi-
site for providing more effective U.S. aid at the 
local level. 


Larger donors such as AID and the World 
fBank commonly do not work well at the local 
levwl nor have they given much attention to the 
growing numbers of local African organiza-

tant intermediaries between large donors and 
local organizations, But, evaluations of individ
ual group's abilities to carry out effective low
resource work must precede their selection for 
funding. 
Option 3n: Congress could direct AID to de

velop technicalsupportmechanismsto help 
PVOs, the PeaceCorps,and others (includ
ing indigenousAfrican organizations)iden
tify, adapt,andpromotepromisingtechnol. 
ogios. Such mechanisms could draw upon 
the expertise of universities and research 
centers(U.S. andAfrica'),the international 
agriculturalcenters, andprivate organiza
tions (Africanand U.S.). The goal would be 
to have theseservicesin placewithin 5years. 

Members of the development assistance com
munity, such as the Peace Corps, PVOs, and 
African organizations that have staff based in 
African communities, know the needs and abil
ities of resource-poor farmers and herders in 
ways that few others do. Often, huwever, these 
people lack the technical skills (including 
managerial and financial skills) needed to sup
port agricultural development most effectively, 
The costs of developing and maintaining these 
skills for each group would be prohibitively 

!i. high. Instead, a number of African and U.S.' 
sources of technical expertise could be linked 
to local groups. This linkage should be two-way; 
for example, farmers' research needs should 
be passedto research centers as these groups 
provide technical information to farmers, 

Some U.S. assistance has been effectively pro-
S vided in this manner. For example, the AID-

Sfunded Forestry Support Program provides 

' 

Photo cr i d Watson/l.S PeaC Cor, 

The Peace Corps, like many PVOs, works well with local 
groups such as this women's gardening cooperative In 
Mall. Better technical support and improved evaiuatons 
would ensure that this work Isas effective as possible. 

technical support benefiting AID missions and 
PVOfunded projects. 

The importance of such efforts Is likely to In
crease. African groups are increasingly able to 

assume direct responsibilities for implement-
Ing development programs. Some larger donors 
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are cutting their field staff and relying more hancing low-resource agriculture, In addition, 
on PVOs. And Congress is reinforcing this pres- the 1987 creation of a separate, bilateral Afri
sure to channel significant amounts of U.S. de- can development fund and corresponding re
velopment assistance through U.S. and Afri- ductions of restrictions on its use have stabi
can PVOs. Increasing the abilities of these lized funding and increased flexibility. Thus, 
groups to be tochnology brokers between tech -----Congress already has provided thebasi 
nical experts (e.g., agricultural researchers) and 
groups of farmers and herders will improve
their effectiveness. Support for groups that have 
demonstrably good results at the local level and 
for groups that focus on low-resource agricul-
ture is important. 

Option 3b: Congress could request that the 
Peace Corpsdevelop andimplement an on-
going system for evaluatingits work. 

The Peace Corps is considered effective in 
local-level work, providing skilled training for 
its volunteers. But the quality of its work varies 
across geographic regions and disciplines; its 
institutional memory is short; and long-term 
planning and implementation are difficult to 
carry out. The evidence for these strengths and 
weaknesses is largely anecdotal, however, 

As conditions in Africa change, it will be im-
portant for the Peace Corps, which seems par-
ticularly effective, to keep pace. An ongoing 
evaluation program could help the Peace Corps
identify areas of proven effectiveness, and then 
enable the agency to concuntrate its resources 
there. Also, many weaknesses listed above are 
inherent in short-term, volunteer-based work. 
Project and program evaluations could seek 
ways to compensate for these problems. Evalu-
ations might also address how well the Peace 
Corps might function as a technology broker, 
linking resource-poor agriculturalists with agri-
cultural researchers, 

Finding 4: Congressional oversight will be cru-
cial for using development assistance to en-
hance low-resource agriculture. Appropriate 
legislation is already in place and many com-
plementary change's In funding have been 
made. Changes in the way oversight Is con-
ducted may be necessary to increase its qual-
ity while reducing the burden it places on ex- 
ecutive agencies, though. 

The current legislation governing U.S. devel-
opment assistance provides a mandate for en-

for AID 
to improve how it addresses low-resource agri
culture. 

Criticism is likely to remain regarding AID 
and other donors' abilities to meet the needs 
oflow-resource agriculture, however. Many ar
gue that the needs ofresource-poor farmers and 

herders have not been the focus of U.S.-funded 
research, training, and institution-building pro
grams. Oversight will be needed to ensure that 
U.S.-funded donors respond to, this criticismand, where necessary, sharpen this focus. 

Current forms of oversight have not proven 
adequate to this task and evidence exists that 
oversight sometimes has impeded the work of 
donors due to its excessive demands, Thus, 
Congress could revise oversight procedures to 
increase the quality of information provided
while reducing the burden on agencies provid
ing it, In 1987, Congress made several such 
changes by reducing a number of restrictions 
on AID's operations regarding procurement, 
earmarks, and program funding. These reduc
tions will need to be monitored for their im
pact on AID'§ efficiency and to evaluate how 
well AID carries out congressional intent with 
this more flexible guidance from Congress, 

Option 4a: Congresscould oversee that all the 
fundsprovidedin the newAfrican develop
ment fund are used for development objec
tives andthatagriculturalfundingsupports 
the improvement of low-resource agrical
ture. Oversight for the latter also could be
applied to other U.S.-supported organiza
tions such as the World Bank. 
C c a s 

g c P 
fund for Africa for fiscal year 1988 totaling $500 
million. The fund provides more stable levels 
of African development assistance (and may 
continue to do so if maintained in the future), 
helps protect this funding from use for short
term political objectives, and provides AID with 
increased programming flexibility since it con
tains few restrictions for the use of funds 



If the fund's potential benefits are to be real- example, seven committees and additional sub
ized, however, Congress will need to ensure committees have direct jurisdiction over devel
that the monies appropriated are not diverted opment assistance and Members often take part
from development aid. In addition, the fund sets onan individual basis as well, As a result, AID 
no levels for spending cn agriculture. AID has (the agency most affected) often responds to a 

Utnress6cld moiittide of igric aA u W1hiom6is 
Africa but Congress could monitor whether the be duplicative or contradictory. These problems
percentage of funds used is adequate. are exacerbated by the somewhat adversarial 

The existence of this or any other fund is not relationship between Congress and AID. 
adequate to ensure that U.S. assistance en- A number of methods are available to im
hances low-resource agriculture. Donor agen- prove the substance of oversight, cut its undue 
cies receiving the majority of U.S. development costs, and reduce problems in communication,
assistance funds undoubtedly have the capac- For example, an informal task force of author
ity to support such development. Yet evalua- izing and appropriations committee and sub
tions show that AID and the World Bank have committee staff could help coordinate oversight
weak records concerning the development of and reduce redundancy. Such a task force 
technology appropriate for resource-poor might also be a forum for a detailed examina
farmers and herders; that their track record is tion of development issues and new ap
poor for supporting the development of Afri- proaches. It could tap outside expertise in this 
can institutions able to address low-resource process, especially that of Africans visiting the 
agriculture; that their training programs are United States. 
missing important. opportunities; and that linkshtnthe m ansto rvde spcalzd xPet
between their policy reform work and the lo- .Antemastopviepcalzdxer

calwek,eve narprtiula, qestonsex- tise to staff would be to form a group of expertscal level are weak, In particular, questions ex- in development work to help oversee U.S. mul
1st. . etilateral and bilateral development assistanceweetdvo 
munity is taking advantage of the opportunities 
offered by African organizations, including lo- policy. Such a group could be constituted in
cal ones. Therefore, congressional oversight of formally or more formally established as a De
substantive issues such as these will be neces- velopment Assistance Study Institute. Such an 

institute could provide a forum for congressary to ensure that funds are provided for agri- members and staff to meet with execu
cultural development and also used to address 
the needs and abilities of resource-poor agricul- tie agency personnel and other groups to fo
turalists. cus oversight and gain substantive input into 

the process. An institute such as this could be
Option 4b: Congresscouldmake improvements a new body or an addition to an existing one, 

to its oversight activities and smooth the such as the Energy and Environment Study In
AID/Congress working relationship, stitute. 
A need exists for in-depth, long-term over- An AID/Coingress forum could be established 

sight on substantive matters. This need conflicts under these or other auspices. An AID task i 
with the time available to Congress and with forze could identify congressional constraints 
the more general expertise of Members of Coa- cil its work and a corresponding congressional 
gress and their staffs. Small staffs oversee .arge group could identify high-priority oversight is
executive branch programs annually, often in sues for AID to address. This forum could be
conjunction with other duties. If inadequately gin an ongoing process for resolving some of 
prepared, oversight can provide little useful in- the underlying strains between AID and 
formation to Congress and absorb development Congress. 
resources that could be spent on implement- Oversight also could be improved by increas
ing programs. ing the availability and relevance of specific 

This problem is aggravated by the many con- information on U.S. assistance. For example,
gressional actors involved in oversight, For Congress could request AID to improve its data

olve
i :,: grssins atorsinmancon
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babe on its agricultural work in Africa. Cur
rently,AID is unable to 'provide such informa
tion. At the same time, Congress needs to make 

Sits data needs clearer so as to reduce the amount 
of data generated by AID in anticipation of con,; , res io al17ne-b d f s t a d o h..o"m'-f 61 i z . ....... ... . . 

Option 4c: Congresscouldreducerestrictions 
on the use of development assistancefunds 
in order to increaseits efficient use, while 
monitoringthe impactof newly grantedf1ex 
ibility, 

Congress has placed a variety of restrictions 
on how AID implements development assis
tance. In some cases, these restrictions have 

*direct costs to AID, for example, it devotes . . .an 
money and staff time to notifyin Conpg ess re-
garding reprogramming of funds and to pro-
viding mandated reports. AID has testified that 
at least 200 annual staff-years are devoted to 
preparing materials for Congress and dealing
with various congressional groups. In other 
cases, AID's costs due to congressional limits 
are less direct, for example, procurement re-

i quirements may increase the cost of overseas 
purchases, appropriations earmarks may re-
quire more detailed accounting, and restric-
tions on aid to individual countries and com-
modities may decrease the overall effectiveness 
of AID's program. Also, AID responds to more 
informal congressional pressure to achieve mul-
tiple (sometimes incompatible) goals and to use 
assistance for non-development purposes. Con-
gress and AID could streamline this process 
so that more of these :resources•- could be spent. 

-

ion :development., , 
on development .funding. 

Congress made several legislative changes in 
1987 to reduce restrictions on AID's assistance 
to Africa: reprogramming and procurement re-
strictions were reduced and the number of ear-
marks was significantly cut, If these changes 
prove effective, Congress could increase AID's 
flexibility further by providing no-year money, 
reducing additional earmarks, etc. Also, com-

changes could be made to define 
priorities among the multiple mandates in the 
Foreign Assistance Act to reduce non-devel. 
opmental pressures on the use of assistance. 

'plementary 

At the same time, Congress needs to moni-
tor carefully how AID makes use of its in-

Photo credit F.MattiolilU.. Food and Agriculture Organization 

Improved management of land and water resources IsImportant part of enhancing low-resource agriculture,
This is recognized In the new African Deielopment 
Fund, an attempt by Congress to provide flexible 
guidance and fewer restrictions for AID while still 

specifying general priorities. 

creased flexibility. Granting increased flexibil
ity to AID may enable more efficient and 
effective use of its resources. However, it also 
increases the risk that congressional priorities 
for development assistance may not be followed 
fully. AID's past inability to address the needs 
of resource-poor farmers and herders contrib
utes to concern over this issue. Again, this em
phasizes the need for substantive and thorough 
oversight. Congress could ensure that con
tinued flexibility depends, in part, on AID's 
responsiveness to broad congressional direc
tion for development assistance. 
Finding 5: Long-term commitments and stableidn :Logtr omtet nsal 

levels are necessary for donor agen
cies to provide effective development assis
tance, especially for enhancing low-resource 
agriculture. 
Many development assistance goals identi

fied by Y . . p ... ... .f A g ricul
bly A as necessary for Aican agricu

oural development cannot be reached quikly 
,nordevelopment assistance funding under

goes large and unpredictable swings. Research, 
agricultural institution-building, and support
ing the development of local organizations are 
all long term in nature. Development assistance 
for these purposes must be correspondingly 
long term, And stable levels of aid are impor
tant for planning long-term work, Unantici



pated fluctuations in aid, whether caused by
changes in overall assistance funding or by
changes in political goals, reduce the effective-
ness o" aid, Such swings have stopped success-
ful efforts and ended other work before results 
could ....." c," d....h'i-e-
Option 5a: Congress could appropriatestable 

levels of bilateralandmultilateralassistance 
forAfrica. Forbilateralassistancean empha-
sis on Development Assistance would best 
supportsuch long-term stability, a continu-
ation of the 1987 policy creatingthe devel-
opmentfundfor Africa andincreasingU.S. 
contributionsto the InternationalDevelop-
ment Association of the World Bank. 
U.S. bilateral agricultural assistance to Africa 

'isi s broaerariltuprimarily through tnetthree AID-provided AIca 

increased by one-fourth. This decline in the 
relative importance of Development Assistance 
took place as worldwide U.S. foreign assistance 
doubled, primarily through increases in ESF 
and military. aid. , . ........... 

With declines in total foreign assistence in 
1986 and 1987, ESF to Africa was severely cut 
and Development Assistance became the pre
domiiant source of funding to Africa. Yet the 
cuts in Development Assistance and ESF put
1987 funding to Africa close to 1980 levels. The 
$500 million appropriated for the development
fund for Africa in fiscal year 1988 (and also an 
additional $50 million for projects of the Soi!th
ern Africa Development Coordination Commission) halted the decline in Develop ment Assissin ale1hodcie Dvlpetin Assis. 
tance for Africa. If maintained, the fund couldprovide the means for stabilizing Development 

administered funding sources: Development 
Assistance, Economic Support Funds (ESF), 
and food aid. Of the three, Development Assis-
tance is the most suited for providing stable 
levels of funding in support of a long-term ap-
proach. U.S. legislation regarding development
generally supports enhancing low-resource 
agriculture. Also, Congress provided the means 
to maintain stable funding levels for AID's Afri-
can Development Assistance account by cre-
ating the new development fund for Africa. 
Previously, African funds were held with world-
wide development funds and were vulnerable 
when discretionary funding was rediced due 
to earmarks for aid to other regions. 

The other funding sources continue to be held 
in common. They are less appropriate for pro-
viding long-term stable support for this and 
other reasons. ESF usually are provided to re-
cipients for political and security reasons and 
tend to be volatile. Africa's needs are seen as 
less pressing than those of other regions. Food 
aid can fluctuate substantially due to chang-
ing emergency needs in Africa and U.S. food 
surpluses. 

While Dev nWhpment Assistance may be te 
most appropriate form of aid for African so
cial and economic development, the United 
States sometimes has not mad6 It the primary 
source of Africanassistance. Between 1980 and 
1985, ESF to Africa tripled thereby exceeding 
Development Assistance funding, which had 

Assise to Aa for thelong term. 
Assistance to Africa for tlge 

U.S. support of multilateral development
organizations has also fluctuated, with some 
exceptions. The International Development
Association (IDA) of the World Bank provides
concessional loans to the poorest countries. 
United States IDA funding fluctuated from a 
high of $1 billion to a low of $520 million be
tween 1980 and 1987. The U.S. agreement to, 
provide $2.875 billion over the next 3 years,'
along with congressional appropriations of 
$915 million for fiscal year 1988, will help stabi
lize IDA funding to Africa, assuming that ap
propriations continue at agreed-upon levels, 

U.S. support for the African Development
Fund, the concessional loan window of the Afri
can Development Bank, has had fairly stable 
funding since 1986. Funding for the United Na
tions development agencies that receive volun
tary U.S. contributions (e.g., the United Nations 
Development Program and the International 
Fund for Agriculttral Development) increased 
between 1980 and 1985 but declined signifi
cantly in 1986 and 1987. The U.N. Children's 
Fund was an exception; its funding has rerelatively constant since 1984. 

Maintaining stable funding over the long term 
is made difficult by the annual congressional 
authorization and appropriations process,
Longer term authorizations and appropriations : 
(possibly 2to 4 years) would help set stable fund. 



ing levels, allow agencies to do long-term plan-ning, help protect development funding from 
shifts in funding or diversions to other uses, 
and free Congress to spend additional time con-
ducting oversight,. 

Option 5b: Congresscould encourageAID to 
addressa set ofinternalconstraintsthathin-
der effective implementation of development 
assistance.First,AID could evaluate the ef-
fect itsoperationalstructui9andprocedures 
have on its development 14 ork. Th-en, Con-
gressandotherorganizationscouldhelp AID 
develop and implement internal reforms. 

AID has made a number of positive opera-
tional changes that could increase the effective-
ness of its development assistance activities 
overall, especially as they. relate to resource-
poor farmers and herders. These include in-
creased roles for field missions, funding longer 
projects, and strengthening its evaluation and 
information system. Past OTA work has iden-
tified a set of internal constraints that may un-
dercut the benefits of these changes: 

,The numbers and skills of AIDs Africa 
staff are not commensurate with the U.S, 
commitment to Africa. Significant staff 
cuts in the 1980s have worsened the prob-
lem. Technical, local language, and cul-
tural skills largely are lacking. High rates 
of turnover interrupt program continuity, 
make accountability difficult, and reduce 
institutional memory. Local staff are often 
underused. 
Program and project design systems tend 
to be slow and inflexible, and they tend to 
reward the project designer and obligator 
of funds rather than the successful im-

plementor. Obligating funds can be quickbt implementationican beheld up 

by paper requirements and procurement 
bottlenecks. 
Program and project monitoring is con

ray bineod aoly llw1 foue iuffef.Evu 

may betoo narrowly focused andineffec-. 
tively incorporated into thedesign process. 

These constraints are well known. Some con
sider them to have worsened with time. Grow
ing concern has led some observers to conclude 
that AID lacks the commitment to remedy these 
problems or is incapable of doing so and the 

best solution would be to restructure the pro
vision of U.S. assistance substantially, to form 
a new development agency, or to transfer cer
tain AID functions to other organizations. 
While OTA did not analyze the appropriateness 
of these options, current budget restrictions and 
difficulties in passing foreign assistance legis
lation suggest that such drastic changes are un
likely. Thus, resolving AID's constraints de
pends primarily on AID/Administration action, 

Part of the problem is influence exerted by
interests outside of AID (for example, political 
concerns of the U.S. Department of State, short
term economic interests of American exporers) 
that sometimes hamper development work, and 
Congress may wish to examine these compet
ing pressures. Notwithstanding such external 
influences, AID has not been effective in re
solving well-recognized internal problems. Con
gress could focus AID's attention on the need 
to address and provide support for internal re
forms. If such reforms are not successful, then 
alternative, perhaps more extreme, options 
could be considered. 
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2. Chapter 2~ 

Prologue 

Inview of two decades of acute and chronic surpluses existing in some areas, Food self

tions of a doubling of population in 25 years, country (13). Twenty years ago Sub-Saharan 
the question arises whether Africa will ever be Africa was a net exporter of basic food staples,
able to provide enough food for its people.' The exporting an average of 1.3 million tons a year
magnitude of the challenge ahead is reflected between 1966 and 1970. By the mid-1980s the 
by one alarming trend: overall food production region was importing some 10 million tons per 
in Sub-Saharan Africa in the last decade has year (9). Cereal self-sufficiency alone has 
increased only about half as fast as population dropped from 94 to 82 percent in the pas: 15 
growth although the record is uneven, with food years (14). 

THE CRITICAL NEED FOR FOOD SECURITY 

Lack of food self-sufficiency need not be a Africa, 70 percent or more of the labor fo!rce 
serious problem per se, so long as production is in agriculture. Under these circumstances 
of other goods and services provides adequate declining food self-sufficiency, as a funcition 

f income to acquire food from elsewhere. Food of declining per capita food production, is rea
5 security, not food self-sufficiency, becomes the son for concern. Most disturbing is the pros
- key goal. Food security can be defined as ac- pect that Africa's most vulnerable populations 

cess by all people at all times to enough food will become even more vulnerable and more 
for an active, healthy life and it depends on both Africans will be in this precarious position. 
the availability of food and the ability to acquire This report focuses on promising technolI 
it (16). Improving food security involves in
creasing food supplies in addition to increas- ogies to enhancelow-resource agriculture in
 
iig poor people's real income, thus giving themig po e Africaan and how U.S. assistance, with the sup-ar t por ietofteUS oges 
accessimports."Simplyto food in nationalensuringmarkets"adequateor nationalthrough upport Africationavh e US CorecanspotArcninitiatives to meet food secu-! 

imorts. Si y erity needs. However, several issues that are notproduction contributes little to food security covered by this assessment directly and in
ifpeople lack the ability to purchase what they directly affect the African governments' abil
cannot produce themselves. ity to deal successfully with low-resource agri-


African economies are heavily dependent on culture and other food security needs.
 
agriculture. In most countries in Sub-Saharan
 

ISSUES BEYOND THE SCOPE OF THIS ASSESSMENT 

Achieving food security requires solving a OTA finds strong agreement with the sugges
two-part equation, one of food production (the tion that:
 
supply side) and dne of the ability to buy food Mvore research isnee ntedmn fo
at eman oslie (~~~~~neecagewstolodemand nthe (fo.od'euTA's cnarg e .was to iook ccess) side of the equation in light of the co

a txistence of malnutrition and food surpluses 5 
Sub-Saharan 'Africa, and thus this report fo- i the region. High priority food security re
cuses on the production side of the food secu- ! barch priorities are: marketing, trade, ex
rity equation. Notwithstanding this emphasis, change rate policies, household food security
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-p
in low rainfall areas, the effects of market liber- can countries have become increasingly depen
alization on the food security of various groups dent on fewer commodities for export earningsin society and research on institutional inno- (:13). As with farming systems, one consequence
vations ,that increase access to food (12). of little diversity is increased vulnerability. Fur-
Further ,this report does not address many ther, most of Sub-Saharan Africa's agricultural


of-the difficult challenges faced.by-Africagov.: --
 export-earnings are derived from-commodities---
ernments in balancing the needs of promoting with low price elasticity of demand. For a num
food production with other development needs. incldin cofeeand cocoa that together comber of the most important export commodities,

Many governments face serious difficulties of inldnIofen 
 oo ht oehrcmproviding basic city services under the pres- prise nearly half of the region's agricultural ex
sure of the most rapidly growing urban popt- port earnings, increased export volume may ac
lations of any region in the world (1). Many gov-
 tually reduce earnings. Thus emphasis on
 
ernments also will need to deal with concerns 
 expansion of African agricultural exports with
over an "urban bias" whereby food prices are out diversification is unlikely to greatly improve

kept artificially low in order to appease more 
 African export earnings (5).

politically vocal urban constituents, at the ex
pense of rural food producers. Population and 
 Also tro,.bling is that new biotechnological
refugee problems are also serious in many advances in industrialized countries could re-, -§ 

areas. Degradation of the natural resource base sult in synthetically produced replacements for 
as increasing numbers of Africans overwork some of Africa's most important export com

ithe land or are forced to move onto increas- modities (e.g., cocoa). This could have devastat
ingly marginal land is just one manifestation ing consequences for some African economies.
of these problems. Recent concerns of the po- Synthetic substitutes for cotton and rubber, and

tentially devastating impact of an AIDS epi- especially jute and sisal, already have taken a
 
demic in Africa (box 2-1) will also demand im- heavy toll. These scenarios present issues thatmediate attention and compete for scarce developed and developing countries alike need
 
government resources. 
 to address. 

Progress in developing Africa's low-resource Finally, serious concerns exist regarding
agricultural sector will also be affected by in- Africa's external debt problems. The combined
 
ternational factors which African governments

alone can do little to control. Countries in Sub- debt of Sub-Saharan African countries pales in
 
Saharan Africa Suffered perhaps more than any comparison to that of other developing regions,
ther regionconasassaeg result of globalob l recessionssi in especially when compared to those of countriesoth r rsut f g ec n n uc as Brazil or M exc .H w v r i w da

the early 1980s. Beyond the obvious stresswever,
 
placed on funds for development assistance, a percentage of gross domestic product or when
 
wasthe serious impact of decreased interna- consiering what proportion det reptiolnaldemandfor Africa'stional"demand for Afr. -p t-...... ... resents relative to total export earnings, thefigures assume much greater dimensions. For 

Terms of trade have generally been declin- example, Sub-Saharan Africa's ratio of debt to 
ing for most African countries. Prices have total exports is significantly higher than that
fallen, for most of Sub-Saharait Africa's major of developing countries as a whole (10). Par
export products while, on balance., prices have ticularly alarming are figures that show precipi
risen for imports Countries in thei region are tous declines in the financial flows to the re
particularly vulne. able because export earnings gion and a net outflow of income (10), It is hard *:depend on one or two commodities (e.g., cof- to envision how African economies can main
fee, cocoa, or cotton). The high level of diver- tain the status quo, let alone progress, under 
sity manifest in traditional African agricultural such conditions. Considerable attention is now
?stems has never translated into the export being directed to the situation but many
arena, Infact, over the last several decades Afri- proposals have yet to be acted upon (17). 
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Box 2-1.-AIDS in Africa: Will It Affect Agricultural Development? 
"Imagine the AIDS 3pidemic if the disease wore well entrenched in the heterosexual population,

If the Red Cross didn't screen the blood supply. If condonis weren't available. And if most hospitals
couldn't test patients for the virus. Tragically, that's exactly the picture [some experts] paint of Africa 

World Health Organization (WHO) statistics as of June 1987 show that in Africa 27 countries 
havo reported 4,570 cases of AIDS. But this figure is the tip of an iceberg, reflecting the continent's
limited health infrastructure. WHO estimates that 20-35 percent of all patients in some hospitals have
AIDS or AIDS-related diseases (7). Central Africa is the most severely affected, although adjacent
countries in east and southern Africa are also caught in the epidemic. In an 11 nation strip from
the Congo to Tanzania, an estimated 50,000 people have died from AIDS since the first confirmed 
appearance of the virus in the late 1970s. Up to 5 million people may be infected. Although estimates 
are somewhat uncertain, up to 99 percent of the people exposed to the virus can be expected to de
velop AIDS (15). This translates into several million deaths from existing infections alone (6,8). 

Clinically, AIDS in Africa is no different than AIDS in developed countries: it is an invariably
fatal disease, often characterized by a diarrhea-wasting syndrome, infections with organisms that
normally do not cause disease, and cancer, such as Kaposi's sarcoma. In Africa, one local name for 
the disease is "slim disease," to describe the gaunt look of its victims. However, in Africa the male 
to female ratio of cases is 1:1. In developed countries, it is 13:1, In Africa the disease is transmitted 
predominantly by heterosexual activities, exposure to blood transfusions and unsterilized needles,
and from mothers to newborns. Because sexual transmission is the dominant route of infection, the 
brunt of the illness is currently borne by people aged 20 to 49 (11). 

It is impossible to predict the long-term economic and political impacts of the AIDS epidemic,
or the impacts on agricultural development, but the selective involvement of so many young and middle
aged adults certainly opens the possibility for serious problems. One possibility in rural areas is that
agricultural labor will shrink, and food production could suffer, As more of the economically produc
tive members of society die, fewer resources will be provided 'for dependents such as young or very
old people. This could create added burdens for governments and development assistance. In addi
tion, Africa already lacks trained personnel in many fields, and AIDS could reduce the continent's 
capabilities even further as it strikes the ble- and white-collar work force (4). At a different level 
of impact, the disease could make personnel from development assistance organizations reluctant 
to work in Africa, harm tourism, and restrict training opportunities for Africans (3). 

Impacts may also be felt on public policy both in Africa and in the nations providing development
assistance. AIDS is an expensive disease: the costs of caring for 10 AIDS patients in the United States 
(approximately $450,000) is greater than the entire budget of a large hospital in Zaire, where up to 
25 percent of the pediatric and adult hospital admissions are infected. The approximately $60 million 
spent in the United States on blood bank screening in 1985 is many times greater than the entire 
health budgets of many African countries (11). As the costs mount, African governments may focus 
their limited resources on fighting the disease, and less may be available to fund other priorities such 
as agricultural development. Similarly, donor assistance may increasingly be focused on AIDS, leav
ing less for other work. 

The impacts of AfDS will reach into all aspects of African society and for now the prospects
for controlling the disease are limited. However, 45 African countries have developed plans to fight
the disease. These include establishing a national AIDS committee, conducting an epidemiologic assess
ment, and instituting a surveillance system for AIDS and AIDS-related infections. Education is given
a critical role. But many countries:lack the resources needed to build and sustain these activities 
on a long-term basis, so assistance is likely to be required. 
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TOWARD ENHANCING AFRICAN AGRICULTURE
 
The general nature of the above discussion 

masks considerable variation in severity of 
these problems among African countries, as 

ut ~heirpotentiah :dealing-with them. - --
It does, however, provide a backdrop against
which the challenge of promoting agricultural
development in the region should be viewed. 
The intent is not to create an impression of 
hopelessness but rather to provide a broad per-
spective to the challenges ahoad for Africa and 
stress.the need to address many fronts whenpursuin African food security needs. African 
pursuingsyseas need/farming systems to be a Afcanneed focal point of 

progress, but factors operating at the national 
and international levels also have strong in-

The path toward improving food security will 
vary by country, by region, and even by house-
hold. Establishing blue-prints for how to meet 
food security needs is not realistic-diversity 
in Africa is too great, resources too variable,
and objectives too personal. Africa will need 
assistance and support in meeting the chal-
lenges ahead. But solutions must come from 
within Africa because it is ultimately the onus 
of African governments, and more importantly 
the African pfuople, to support the improve-
ments in agricultural systems. 

OTA's analysis indicates that success is more
likeyifTdevelopmenissind statcesis oreSlikely if development assistance builds off x-

isting agricultural systems instead of replacing
them. The track record of developmentagen-cies in assisting ra ncis nasitigrural communities in Africa 

is poor. This suggests a need for greater cau-
tion when suggesting what development assis-
tance can offer. Perhaps even more important
is the need for a greater appreciation for exist-
ing practices. These practices are an important 
source of information and material for future 
improvements, not simply obstacles to "mod-
em agriculture, Further, a careful understand-
ing of the precarious livelihood of low-resource 
agriculturalists is needed. This suggosts an ap-

proach to development assistance that does not 
expose them to even greater risk, given the tenu
ous base for survival on which many function. 
Their practices-and institutions are a directre
sponse to reducing their vulnerability-and un
derstanding these responses should be a prereq
uisite to interfering with them. 

To help resource-poor farmers &nd herders 
thus requires an improved understanding of the 
e i te . ,o a.e 
To datenvironmen in Which these systems operatmTo date, development assistance has overem
phasized solutions from the outside-failing toaccount for local conditions, perceptions, and 
resources.Increased attention wi lhave to be
 

paid to soliciting input and support from the 
people that development assistance is supposed 
to help, In a sense, the development process
in support of low-resource agriculture will need 
to shift from a monolog, in which communica
tion is one-way from development agent to 
farmer, to more of a dialog, where communi
cation and exchange of ideas operate in both 
directions. Enlisting these resource-poor
farmers and herders as full partners in the de
velopment process enhances the chances that 
development efforts are directed to the right 
set of problems and that they will be adopted
and sustained. Further, low-resource agricul
turalists have an intimate understanding of 
such basic, but poorly documented, factors aslocal soil types, indigenous plants and animals, 

pest control, and climatic patterns. For devel
opment assistance groups to ignore this impor.tn oa no m to sa etw seu n 
taut local informationis at best wasteful and 
at worst a recipe for failure 

In this assessment, OTA outlines approaches
and technologies that show promise to help the 
African farmer6 and herders involved in low
resource agriculture. The goai is to provide op
tions for Congress which, if pursued, can help 
African farmers, herders, and fishers enhance 
low-resource agriculture, increase their food 
security, and improve their lives. 
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Chapter 3 
The Status of 

Low-Resource Agriculture 

HIGHLIGHTS 
" 	Low-resource agriculture is practiced by a diverse group of African farmers, herders, and 

fishers, is based primarily on the use of local resources, but may make modest use of exter
nal inputs, including information and technology. 

- Low-resource agriculture predominates throughout Sub-Saharan Africa. It produces the 
majority of the region's food, involves and provides income for the majority of people,
helps buffer against famine, and contributes to national economies by producing agricul
tural products for domestic use and export.

" Low-resource agriculture is no longer able to meet the needs of Africa's growing popula
tion. Declines in per capita food production and agricultural income, widespread mal
nutrition, and natural resource degradation are signs of its decreasing capability and rea
sons for concern about the future. 

" 	Increasing numbers of Africans will depend on low-resource agriculture for food and liveli
ho d in the coming decades. Thus, it is increasingly important to improve low-resource 
agricultural systems so they are better able to help meet Africa's food security and agricul-, 
tural development needs. 

AFRICAN AGRICULTURE: RESOURCEFUL WITH FEW RESOURCES 

Africa's hallmark is its diversity. Its vast cul-
lural diversity is manifest in nearly 800 distinct 
ethnic groups. wiict'h account for about one-
third of the world's languages (23), The 45 coun-
tries of Sub-Saharan Africa show a wide array 
of political and economic systems, including 
numerous systems of tribal and modern law. 
The region also has wide ecological diversity-
ranging from desert to savannah to rainforest-
and broad soil and climate variations that can 
chnge over short distances. This diversity is 
mirrored in the nature of African agriculture, 
Having evolved under these differing biophysi-
cal and cultural influences,African agi iculture 
encompasses a complex array of crop and live-
stock production systems. 

Clearly, then, it is risky to generalize about 
African agriculture. There is no such thing as 
a "typical" African farm. Some common ele
ments, however, can be identified. One con
sistent aspect of African agriculture is its prom
inent position in African economies (table 3-1). 
Agriculture employs about three-quarters of 
Sub-Saharan Africa's labor force and accounts 
for about one-third the region's gross domes
tic product. Also, about one-half of the coun
tries in the region derive at least 40 percent of 
their export earnings from agricultural prod
ucts. Further, despite major increases of food 
imports, particularly grains and dairy products, 
the region still produces most of its own food-
at least 30 percent of its cereals, 95 percent of 
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Table 3-.-Importance of Agriculture to African Economies 

Population Labor force Agriculture
in millions In agriculture. as % of GDPaCountry 	 (1985) (% In 1980) (1985) 

Angola ., ........ 8,8 74 (30.50) 
Botswana ............. (11) 70 6(10.29)

Burkina Faso ........... 

Burundi ................ 

Cameroon .......... 

Cape Verde _.... ,....... 

Central African
 

Republic (CAR) ........ 

Chad....... ........... 

Comoros ............... 

Congo ................. 

Djibouti .......... ..... 

Equatorial Guinea ....... 

Ethiopia................ 

Gabon ................

Gambia............. 

Ghana ................. 

Guinea ................. 

Guinea.Bissau ..........

Ivory Coast ............. 

Kenya ................. 


7.9 87 45 

4.7 93 61 


10.2 70 21(30.50)
(0,3) (52) 

2.6 72 39 

5.0 83 (30.50)

(0.4) (83) (30.50)
1.9 62 8(10-29)

(0.3) - 

(0.4) (66) 
42.3 	 80 44 

(1,1) (75) (<10)

(0.6) (84) (10.29)

12,7 56 41(>50)
6,2 81 40 


(0.8) (82) (30.50)10.1 65 36 

20,4 81 31 


Lesotho ................ 1.5 86 (10-29)
Liberia ................ 2.2 74 37

Madagascar ........... 10.2 81 42 

Malawi....... ...... 7.0 83 38 

Mali................... 
7.5 86 50(10.29)Mauritania ............ 1.7 69 29

Mauritius ............... 1.0 28 15

Mozambique ........... 

Niger .................. 

Nigeria ................ 

Principe and Sao Tome, 
Rwanda ................ 

Senegal .............. 

Seychelles.............

Sierra Leone ............ 

Somalia ................ 

Sudan ................. 

Swaziland .............. 

Tanzania ..............
 
Togo......... ......... 

Uganda.................

Zaire ................. 

Zambia ......... .......
 
Zimbabwe .............. 

GDP-Gross Domestic Product 

13.8 85 35 

6,4 91 47 


99.7 68 36

(0.1) - 
6.0 93 45 

6.6 81 19 


(0.1) - 
3,7 70 44(10-29)
5.4 76 58 


21.9 71 26 

(0.6) (74) (10.29)

22.2 86 58 

3.0 73 30

14.7 86 (>50)
30,6 72 31 

67 73 14 

8.4 73 13 

Agricultural exports 
as % of total 
exports (1983) 

(4) 

(15)
(83)
(98) 
(39) 
(19) 

(51)
(63)
(83) 
(1) 

(88) 
-


(54) 
(42)
(9) 

(43)
(59)
(57) 
(26)

(18) 
(87)
 
(86)
 
(77)

(14) 
(57)
(18) 
(21)
(4) 
(28)
 
-


(29) 
(9)

(39) 
(93)
(98) 
(44) 
(71), 
(24)
(90) 
(36)

(1) 

(42) 

NOTES: Figures without paruntheses are World Bank data, those In parentheses from FAQ. FAO population data isfor 1980,

Where discrepancies in data were noted, both World Bank and FAQ data are Includedr 
 .


SOURCES: World Bank, World Development Report (New York. NY: Oxford Un.v,.-ty Press, 1987);Food and Agriculture Or. 
ganizatlon of the United Nations (FAQ), Atlas of African Agrlculture (Rome: FAO, 1986) 

its meat, 75 percent of its dairy products, and 
almost all roots and tubers (72). Although sig-

Knificant variations may exist from country to 
country or village to village, the overall impor-
tance of agriculture to African economies is in-disputable. 

A Characterization of Low-Resource
 
Agriculture InAfrica
 

Although it is difficult to generalize about
African agriculture, a close look at the majorityof the farming systems used shows that many 

http:50(10.29
http:21(30.50
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share important attributes. Despite the great crops and livestock for subsistence to produc
variation in approaches, most of Africa's agri- ing them for sale, and from providing low in
culture can be categorized as low-resourcuagri- comes to providing high incomes. However, the 
culture. Low-resource agriculture is a form of vast majority of Africa's farmers, herders, and 
agriculture conducted-by-a.divorse -group, of -- fishersoperate on-the lower to-middle end-of---
poor farmers, herders, and fishers, based pri-	 this range and these people are the focus of this 
marly on the use of local resources but mny report. 
make modest use of external inputs, including
information and technology. Local resources The agriculturalists working on the lowest 
include the various renewable resources at end of the resource use scale are relatively easy
hand, such as soil, water, and vegetation, etc., to identify: they use no modern inputs, earn 
as well as local knowledge, labor, agricultural little money, and produce goods primarily for
practices and management systems, and local their own family's consumption. These people
institutions. 	 are sometimes referred to as subsistence agri

culturalists or low-input farmers (box 3-1). ItExternal resources refer to those agricultural is possible to estimate roughly how much food
inputs and technologies (e.g., commercial for- this subset of low-resource agriculture pro
tilizer and pesticides, hybrid seeds, tractors, duces, which helps establish an idea of the con
and irrigation systems) and information (e.g., tribution made y these low-end low-re
management skills and data) that originate out- source agriculturalists. These estimates are 
side the local area and typically depend on con- discussed later in this chapter.
tinued external support. These external re
sources are commonly referred to as "modern" Moving up along the resource use continuum,
inputs because ofhow they have changed agri- the importance of external inputs increases;,culture over the last 50 years, especially in decfarmers may use small amounts of fertilizer and
 
veloped countries. The distinction between lo- improved crop varieties and herders may have
 
cal and external resources sometimes is not some access to veterinary services. The level
 

2 clear. Resources that came from outside of the of modern input use can vary among farms and
 
local area in the past now may be considered herds and even on the same farm between crops

"local" because of adaptation and a long his- and seasons, For example, a low-resource farm
 
tory of use. For example, most of Africa's sta- in Senegal may grow an improved rice variety

ple crops (e.g., corn) were introduced from out- using irrigation and low levels of fertilizer as
 
side the continent but have since evolved well as an intercrop of local varieties of maize
 
unique varieties in various regions, 	 and cowpeas that receives no fertilizer or pes

ticides.

A Continuum of Resource Use 

The definition of low-resource agriculture is On the highest end of the resource use con
a conceptual one that is difficult to quantify, tin uum are the relatively few high-resource
 
in part because the available aggregate data on African farms. These include large-scale, pri-

African agricultural production do not distin- vately owned commercial operations (eig., plan
guish the degree of modern input use, only tations); large mechanized state-run farms; and
 
whether or not farmers use them (64), large-scale cattle ranches, These agricultural
 

systems rely on greater amounts of inputs, in-

Resource use in African agriculture is best cluding information and technology and devel

viewed along a continuum, acknowledging that oped support services such as transportation
 
various kinds of inputs and outputs can change infrastructures, established markets, and input
 
over time or according to what is being raised. supply. The contribution of these large-scale

African agricultural systems range from small- farms to Africa's food production probably is
 
to large-scale, from using no modern inputs to, no more than about 5 percent (47). These oper
using many modern inputs, from producing ations are not examined in this report.
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Box 3-1.-Terms Used in Describing African Agriculture 

OTA's use of the term low-resource agriculture is not intended to coin a new phrase or suggest 
a radically different view of African agriculture. Instead, "low-resource agriculture" is used to em

-phasizo0thostrong depndence-offarmersi herders .and-fishersonresources internalto agricultural
systems, their poverty, and the existence of combined farming, herding, and fishing practices. Each 
of these is a defining feature of most African agriculture but not well captured in other terms. While
the term low-resource stresses limited resource use, it does not mean no use of external inputs (i.e.,
no-resource"). Input use varies among low-resource producers and within their operations. 

These points are emphasized to varying degrees in related terms used by the development assis
tance community, including: 

* Low-input agriculture:As used by FAO, the primary input in these systems is hand labor. No 
modern inputs (e.g., fertilizer and herbicides) or technologies (t 3., soil conservation techniques) 
are used (67). This definition is narrower than that of low-re6 urce agriculture because low
input agriculture includes only those systems at the lowest tand of the input continuum where 
no modern, or external, inputs are available.

" Smallholding/smallfarm: These terms are used frequently to describe African agriculture. They
overlap considerably with low-resource agriculture, but differ in two respects: this definition 
connotes small farm size, a description which is inadequate when talking about pastoralists
who use very large areas. Also, the level of external inputs used on small farms is not explicit
in the definition. In some cases, smallholders may use high levels of external inputs. For exam
ple, smallholders in Kenya's highlands have established a dairy based on crossbred cows, in
cluding artificial insemination, input and extension services, and a marketing network. This
operation would not be included in OTA's definition of low-resource agriculture because resource
poor farmers use fewer external inputs, regardless of farm size.

* Subsistencefarm:Subsistence farms generally gear their production to meeting household needs. 
By most definitions, no more than 50 percent of the output is sold, While the precise proportion
of sales is debatable, the low participation of producers in commercial markets and in cash 
cropping is the rule. "Subsistence" farms would exist at the lowest end of a resource use con
tinuum. Low-resourcq agriculture is broader-focusing on food production and rural purchas
ing power as integrated components of food security. 

Some high-input, highly commercialized, but focus of discussion here is on farmers and 
small-scale operations also exist in Africa. herders at a lower portion of the resource con-
These enterprises generally operate in more cli- tinuum. 
matically favorable regions within a select num
ber of countries, tend to be well integrated into Describing Low-Resource Agriculture 
national economies, and have good access to 
national and export markets. Examples include Low-resource agricultural systems are typi
certain smallholder operations heavily geared cally complex, diversified, and changing, but 

certai operal ionse thti hratrsisto export commodities (e.g., coffee and cocoa) ey generally share certain characteristics: 
that account for a high proportion of Africa's • they strive to reduce risk, even if this means 
fertilizer and pesticide use. Smallholder com- obtaining less than maximum yields;
mercial dairy operations, such as those in parts • they depend on local knowledge;
of Kenya that rely heavily on input and output • they depend on biological processes and 
markets, might also be included in this cate- renewable resources; 
gory, Although this category provides some in- * they involve low cash costs, but relatively
sights about how to enhance low-resource agri- high labor costs and low labor productivity;
culture and may benefit from the sorts of and 
technologies outlined in this report, the main * they are adapted to local cultures and envi



ronments, although social and ecological 
systems are showing increasing strains un-
der growing pressures. 

The resource-poor agriculturalists who use 
e oys generally are poor-andhaw

linited access to and control over land, water, 
labor, capital, external sources of information 
and technology, and external inputs such as 
commercial fertilizer. Raising food, including
livestock, is a major production activity but they 
may also engage in cash-crop production, fish-
ing or fish-farming, forestry, food processing 
and marketing, and a host of other income-
generating activities. 

The range of activities and how they are per-
formed is a response to this group's great vul-
nerability to factors outside their control. Activ-
ities of resource-poor agriculturalists reflect a 
need to reduce the risks created by fluctuations 
in climate, the economy, and the political sys-
tam, This tends to result in lower than optimal 
yields,but with the benefit of producing house-
hold food supplies throughout as much of the 
year as possible. This strategy has been char
acterized as a kind of "adaptive diversity" that, 
while not providing maximal returns under op-
timal conditions, is able to provide reasonable 
returns under a wide range of fluctuating and 
unpredictable environmental conditions (43). 

Poverty seriously constrains most farmers 
from investing in agricultural improvements. 
It is not unusual for a farmer's total annual cap-
ital investment to be under $10 (9,42). Expend-
itures in the semi-arid tropics of West Africa, 
where labor commonly is hired, may reach $20 
to $60 per hectare (42). Although expenditures 
other than labor appear to be small, in many 
cases they represent a high proportion of the 
capital actually available to a household for ex-
penditures other than food (52).: I~lw~r (Carrying 

In low-resource agrh,;ul;ture, the family or 
household provides the critical source of labor. 
The division of labor in African agriculture 
varies across the continent. Men are primarily 

ing export crops, whereas women work: in the 
production of the export crops as well as in Sep
arate fie.As toproduce food for household con

sumptiun. ------
. Data fre m most African countries confirm 

that women play a major role in agriculture, 
especia ly in women-headed households (fig
ure 3-1). Women contribute about two-thirds 
of all hours spent producing food in traditional 
agriculture, about 70 percent of the hours 
devoted to marketing, and at least 80 percent 
of the hours spent on food processing and stor
age (31). The elderly and young children of the 
household also make significant contributions 
to agricultural production,from scaring birds
 
and harvesting crops to tending small livestock. 

The dependence on household labor can lead 
to seasonal labor shortages as well as periods 
of underemploynment. The need for manual la
bor is especially high during seasonal activi
ties such as land clearing, tilling, sowing, weed
ing, and harvesting. These periods represent
 

Figure 3.1.-Women's Contributions to African 
Agriculture 

Clearing 'and. e
 
Turning soil: 30%r
 

P,5
 

Pn:5 
Weeding & hoeing: 70% 
Harvesting: 60' 

Carrying crops home: 80%1 

8 

Stoing. 8O% 

Processing 90% 

Marketing 6%"o 

water & fuel: 90 % 

Carigatr&fe:9% I 
Oomestic animal care: 50% 
Hut 10% 

....g: 10% 
.. . . . . . . .
responsible for land preparation and planting . Cooking.... & family care: 95% . [ . . .f.... 

in many areas, wheredswomen are primarily
responsible for weeding and harvesting , In 
other areas, men are responsible for produc. SOURCE: J N.Economic Commission for AfrlcA, WomnenInAfrica, 1975. 
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peaks i ilabor demand and available household 
dabor may be inadequate. The ability to meet 
this peak demand has been further constrained 
asmIany young men seeking jobs migrate from 
rural to urban areas or to distant rural regions
for-commercial jobs such as those on-agricul -

tural estates or in mines,. On the other hand, 
....however; seasonal underemployment occurs 

d 'n tims when little agricultural labor is 
needed, especially in the shorter growing sea-Sso, semarid "iregions (50). 

Low-resource agriculture thus can be seen 
as a liveliho6d meeting multiple needs, and it 
involves balancing scarce -.ndowments of land,
labor, and capital. For lie farmer or herder, 
this involves Lcomplex decisionmaking proc-
e-ss that Uregulailyrequirosdifficult trade-offs. 
This complexity ai ; -cteateschallenges for re-
searchers trying to decipher the process. Anal-
yses that focus narrowly on only one particu-
lar activity ,in low-resource systems can lead 

to misguided or inappropriate conclusions 
about how to improve that activity since the 
assistance may be inconsistent with the over
all household production system. For example, 
new technologies that require increased labor, 

- --pe rticularly during peaklabor periods-may-no 
be feasible for a farming household to adopt

:i fit means drawing someone's time away from 
other important activities. 

Although low-resource agriculture was once
perceived as inefficient and somewhat haphaz
ard, recent investigations have given rise to a 
far greater appreciation of the efficiency and 
logic of various systems and practices-given
families' available resources and multiple ob
jectives. Further discu.sion of the features of 
low-resource agriculture and their implications 
for development assistance is provided in chap
ter 4. Boxes 3-2 and 3-3 illustrate two particu
lar low-resource systems. 

AN AGROECOLOGICAL VIEW OF LOW-RESOURCE
 
FOOD PRODUCTION
 

Socio-economic factors are extremely impor-
tant in dcfining the nature of low-resource agri-
culture. It is also essential, however, to evalu-
ate how agroecological factors help define 
production in low-resource agricultural sys
tems. The discussion that follows is organized 
around four broad agroecological zones (box 
3-4). This organization provides an overview
of African agriculture and is a simple way to 
a'dress various management and development
assistance issues. Reality, howcver, is rarely
simple.,Each zone on-the map includes a wide 
range of agroecological conditions that reflect 
heterogeneity at the microlevel. Each zone is 
'likely to produce some of each particular crop

.adkind of livestock and multiple crop and live-
stock varieties tend to be raised together. Home 
gardens are important in all zones, for exam-
ple. Defining onily the major' food crop also 
masks t e importance of the cash crops grown, 
as well as the importance of the many non-farm 

'Vactivities, pursued by low-resource agricul-

turalists. Thus, the following regional sketches 
and the summaries in box 3-4 are intended sim
ply to illustrate the relative importance of ma
jor crops and livestock in each zone. 

Arid and SemiArid Tropic . 

Millet is the predominant crop in Africa's
drier areas, where it is commonly the only
cereal that can be grown under rainfed condi
tions, Sorghum replaces millet as the principal 
crop in wetter areas or on more moisture
retaining soils. Maize, which is less drought
tolerant than either of the other two cereals, 
is produced to a small extent in this zone, 
Whether grown separately or itercropped, mil
let and sorghum are typically grown under low 
resource conditions using local varieties and 
little or no fertilizer or pesticides (1,42,48,75) 
(app. D). Rice is an important crop but its pro
duction is restricted to river basins. Although 
some improved varieties are used, less than 5G:]{ f + ' ; !( +7 7; . 7: .7$...........................................-........................ ,..................<'?;
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Box 3-2.-Profile: The Life of a Farmer* 

N/1alawi is a landlocked country in southern Africa, bordered by Tanzania, Zambia, and Mozambique,'
At Iea t 80 percent of thepeople inMalawi are rural and make their livings farming. In the conter of the 
country is abroad plateau called the Lilongwe Plain-an area of good soils and adequate rainfall that is:
thv granary for the Country. It is here that Sindima lives on a farm of about 2'/z hectares that includes
land she inherited from her mother and land that belongs to her husband _...___
 

sindimais inher late thirties and has five living children; two other children have died, and it's likely
that she will have two or three more children in't'ine. She is head of her household-which is not unusual
in Malawi, where at least one-third ofall rural iouseholds'are headed by women. Sindima's husband moved 
to Lilongwe, the capital, to find work. It takes 2 days for him to walk home, so she sees him infrequently.
This means'the traditional division of labor on their farm h.is shifted-in their grandparents' time, the 
men did all the heavy work, like clearing new land, plowing, or building fences, and the women did all
the planting, weeding, harvesting, and processing. In her family, decisionmaking was shared. Now, how
ever, Sindima makes almost all the management decisions, and she and her children do all the work. Sincemost of the land is under continuous cultivation, there is little opportunity to clear new lands, which is 
one of the reasons her husband felt compelled to leave for the city. 

By local standards, Sindima is affluent. Because she and her husband belong to a local farmers club,
she has access to the extension agent for information. A development assistance project Supp!ies creditin the form of some fertilizer and improved seeds, which she will pay back when she sells the crops after 
the harvest. With this help, she plants a more complirated mix of crops than many of her neighbors-hybrid
and local maize, groundnuts, beans, a variety of local vegetables, and a little tobacco. She uses the fertilizer 
and improved maize on about one-half hectare, but she continues to plant local maize even though it is 
less productive because it tastes better and is less susceptible to insect damage in storage. 

Sindima is quite knowledgeable about managing her fields, particularly the garden crops she grows 
near the house. Because sle has a relatively good size farm, Sindima is able to grow some maize and tobacco 
as monocrops, which simplifies the labor and management required. Like most of her neighbors, however, 
most of her land is intercropped and she has a sophisticated understanding of crop rotation, planting times,
weeding requirements, and allocation of labor. Sindime knows it is important not to overwork the land.But it's more difficult now than ever to let a field lie fallow to regain fertility because of the pressure she 
feels to produce the most she cIn from her small farm. 

In the past, Sindima took some extension classes on nutrition and sewing, but only recently have theylet women take the farming courses. She hopes to take a course about using the improved maize varieties. 
soon, because she has been learning by trial and error so far, Of course, finding time for claL -s is hard
when she almost always has something to do in the fields or her household. Just grinding maize enough
for her own family takes hours; so does finding enough firewood. She keeps some chickens and goats,
too, which have always been the woman's responsibility. Her children help with many tasks-the two older
girls walk to the community well twice each day to get water, and 'everyone helps with harvest-but shewants them to stay in school. With the money she makes at market (she not only sells crops, but also a
little tobacco and home-brewed beer) and the nioney her husband sends, she can pay their school fees 
and sees education as a high priority. 

Sindima illustrates what can be accomplished on a small farm with few resources-but she has an
advantage over many other women who farm alone, After all, she has a husband sending money, two par
cels of land, and access to the agricultural extension system. Her cousin Nanthalo, the other hand,on 
is younger, divorced, with three small children. To make ends meet, she hires out to help others with plant
ing and weeding, but this interferes with the time she has to devote to her own fields. (Since this is a matrilineal 
society, she kept her land when her husband left; in many other countries, she would be worse off because
all land belongs to the men.) She does not have the money to keep her children in school, and her child 
care responsibilities keep her from taking any extension classes. With only one small parcel of land, her

farm is too small to be eligible for credit packages or other help from extension. She gets by as she can,

and depends on help from relatives like Sindima, While Sindima illustrates the potential of low-resource
 
farming styles inMalawi, Nantlialo may well be more typical.
 
,Sindim ais fictional hut this profile is a composili drawn from the lives of real people.
 
SOURCE3: Anita Spring, Associate Dean, College of Liberal Arts and Sciences. University of Florida, Gainesville, FL, personal commumuaflon,


1987, and "Profiles of Men and Women Smallholder Farmers in the Lilongwe Rural Dovelopmont Project, Malawi,' report to Office
of Women In Doeelopment, US. Agency for Into.rnational Development, Washington, DC, March 1984. , 
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Box 3-3.-Profile: The Life of a Nomadic Herder* 
The Sahel region of West Africa is vastand dry, a seemingly inhos3pitable land. Yet for 6,000 years,

nomadic herde'rs have made productive use of what is, to many, a marginal environment. They have
learned to use the ecosystem to their v '..antage moving when they must seek waLer and forage to

7 satisfy their livestock, --------
Mossais a herder, likehis father and his father's father. ie is in his forties, the youngest of ninechildren, and has lived his life in an area north of Timbuktu, Mali. He and hiswife have three soisand four daughters still alive; fourother children have died, Mossa's life is typical of that found inthis large expanse of arid and semiarid land, although from a broader perspective he illustrates only

the lifestyle of the 6 percent of Africa's population that is nomadic. 
Animals are the core of life for Mossa and his family. Cattle, sheep, and goats provide milk, butter,

cheese and, for special occasions, meat, The heavy tents Mossa and his family live in-strong enoughto withstand high winds, sand storms, and thedriving rain of the wet season-are made of hides,as are their sandals and many household goods. When the family needs grain or other goods, Mossa
sells or trades what he must from the herd. His herd size is respectable by local standards; he has some cows, calves, and heifers, plus a number of goats and some sheep. Mossa, his father, and others
before them have carefully applied their knowledge and management skills to these animals and theirbreeding. And while Western veterinary medicine is not generally available, he has a variety of tradi
tional, and often effective, methods for treating his animals. 

The herd represents more than a source of income to Mossa and his family. It is a measure oftheir wealth, status, and security. This is not merely a matter of pride: livestock are their "bank account," their way of saving resources for bad times in a land that has unpredictable but frequent
droughts. 

Mossa's nomadic community consists of about 10 related families who move together with theirlivestock following good pasture and water. During the dry season, they break camp before dawnand travel before the heat of noon. They camp near a particular well as long as the pasture holdsout-usually a matter of a few weeks. During the wet season, they move more frequently to take advantage of the better forage. They must always camp within about 10 km of water because their small 
livestock must be watered every day. 

Life is changing rapidly for Mossa now. He has far more contact with urban people than his fatherdid, and this has changed his and his family's expectations. They buy more household goods and
eat some different foods, Young men from the community are far more likely to leave now and go
to the city in search of work, which changes the family structure for those that remain. Mossa's abilityto make a living from the land is changing too. Some productive lands he once grazed have deteriorated, like the area around the government-dug deep well. It was a good idea gone awry: water is 

its vegetation, starting in motion a chain of erosion and degradation. In other places, crop farmershave taken over land where he and his family once grazed their livestock. In particular, one areahe traditionally used during dry periods has become part of a large landholding owned by an absentee
civil servant, and he can no longer go there. His risk has increased: during the next severe drought,Mossa will probably lose a largc ,art of the herd. Mossa still has yet to recover from the last drought
when, like most other herders, he lost half his animals. 

During this recent drought, for the first time Mossa was unable to feed his family. International
assistance organizations provided food aid to Mossa's community, but little else. Indeed, Mossa seesfewer donor-supported livestock projects than he did a decade ago, and he wonders whether his ,government or any of the many other groups that attempt to help really know how to help him im., 
prove his life. 
'Mossa is icrtional but this profile Is a composite drawn from the lives of real people. .
SOURcES: American Friends Service Committee (AFSC), Tin Aicha Nomad Village (Philadelphia, PA: AFSC, 1982]; Michael M. Horowitz,The Sociology of Pastoralismond African Livestock Projects. AID Program Evolution Discussion Paper No. 6.(Washington, DCBureau for Program and Policy Coordination. AID, Ma 1979); George S. Scharffenborger. Consultant. Washington, DC, personal

communication, 1987, 
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percent of the rice production in Africa con- In this zone, sorghum is the preferred cereal 
sists of High Yielding Varieties, unlike mosti for drier conditions and whereas maize is more 
other parts of the world where these are used common in wetter areas. Maize commonly re
extensively (13). 	 ceives some modern inputs. Compared to mu-

Food legumes, especially cowpeas, are often let and sorghum, it is not clear how much of 
intercropped,with cereals under low-resource the maize production should actually be con

7 _6onii o -Ro"0 an-dtubercrops a. -__- sloea-dn alow resourcen or r-examp -im twe
portant in the arid and semi-arid zone than in leading maize-producing countries-Zimbabwe 
others, but they provide a small percentage of and Kenya-most land is planted with hybrids 
the dietary energy supply (72). (15). Yet most countries across all agro

ecological zones report low national produc-
About 60 percent of tropical Africa's rumi- tivity averages (e.g., Ivory Coast: 660 kg/ha, 

nant livestock and virtually all of the continent's Zaire: 780 kg/ha, Angola: 510 kg/ha-compared
estimated 11 million camel live in the arid and to 1,940 kg/ha average in Zimbabwe) (72), an 
semi-arid zone (30,60). The region is charac- indication that most maize is produced under 
terized by a low livestock/land ratio, but a high low-resource conditions. 
livestock/human ratio. Pastoralist systems of Rt tubers, and plantains are also preva
various kinds prevail. For example, nomad lent in subhumid areas, although less so herej 	 systems, which occupy the drier regions of the than in the humid lowlands. As in the arid and 
Sahel that are unsuitable for crop production
(i.e., rainfall less than 300 mmlyr), use nutrient- semi-arid zone, food legumes and rice are also 
rich natural vegetation produced during the produced.
short rainy season. These people then move are the mostN'Dama and Zebu cattle eco
south during the dry season. Transhumant nomically important livestock in the subhumid 
pastoralists-those who are mobile around a zone, followed by goats and sheep (30). Graz
fixed base-are most common in the semi-arid ing densities are low, on par with the arid zone 
zone receiving 300 to 600 mm/yr of rainfall, and less than one-quarter of that in the high-
Sedentary agropastoralists-those who remain land regions. Low productivity is the result of 
in one place-have become increasingly com- nutritionally deficient forage (i.e., inadequate 
mon in more favorable areas within this zone. protein and minerals), despite the generally
An estimated 40 percent of Sahelian cattle and favorable quantity of forage growth (28). Also 
even larger percentages of small ruminants are trypanosomiasis prohibits livestock production
being raised under this system (82). in about two-thirds of the subhumid zone (63). 

Virtually all of the rangeland livestock pro- Livestock and crop production are not well 
duction in the arid and semi-arid zone can be integrated in mixed farming systems, although
considered low-resource agriculture. In Sudan, close links often exist between pastoralists and 
for example, an estimated 90 percent of live- farmers, especially in West Africa. Examples
stock is produced with virtually no outside in- of links include exchanges of food crops for 
puts (app. D, 75). The exceptions are ranching livestock products, exchanges of post-harvest
activities that are important in a few southern fodder for organic fertilizer (manure), and 
African countries, such as Botswana and Zim- reciprocal labor arrangements (40). Increas
babwe. Overall, however, ranching activities ingly, however, these complementary relation
in Sub-Saharan Africa probably account for ships seem to be overshadowed by competition
only about 6 percent of Africa's livestock pro- for land and resources (40). 
duct ion (7). 

SubhmidTroicalUplndsHumid Lowlands 
Subhumid Trpia Upland: .:::Roots, tubers (e.g,, cassava, yams, sweet pota-

Sorghum and maize are i ,i, predominant toes, and cocoyams), and plantains are the preo
cereals in Africa's subhumid trpical uplands. dominant crops and major sources of calories 



Box '4.-AfricanAgroecologmal Zones and Primary Food Commodities 

Length 	of growing
Agroecological zone period" (days) Annual rainfall Primary food commodities 
Arid and S-mi-Arid 1-74 (arid) 100-1,000 mm Little cultivation in arid areas. Mil.
77 ropics -- 75 100(semi-artd) --- '--------- let-nand-sorghum-prdomlinanti-ith

millet grown in 'Irier areas. Maize 
in wetter areas and rice in river 
basins. Food legumes (e~g., cowpeas
and groundnuts) Important and 
some roots and tubers grown in 
wetter areas. Approximately 60% of 
Africa's ruminant livestock (goats,
sheep, cattle, and camels) raised 
hero by both nomadic and settled 
pastoralists. 

Subhumid Tropical 180-270 900-1,500 mm Sorghum and maize are the most
Uplands Bimodal rainfall important cereals, with sorghum 

in East Africa preferred in driorareas. Roots,
tubers, 	and plantains are important.
Food legumes and rice also 
produced. Two-thirds of the zone 
are affected by trypanosomiasis 
(spread by the tsetse fly) which 
inhibits livestock production.
N'Dama and Zebu cattle are the 
economically most 	important live
stock followed by goats and sheep. 

Humid 	Lowlands 270+ 1,500+ mm- Roots, tubers, and plantains pre. 
Bimodal rainfall 	 dominate (e.g., cassava, yams, etc.) 

Some maize, rice, and sorghum. 
Trypanosomiasts exists throughout
the zone precluding almost all but 
the small trypano-tolerant N'Dama 
cattle and tolerant goats and sheep.
Some poultry and swine production; 

Tropical and Variable Variable Mixed farming (livestock and crops
Subtropical Highlands raised on same farm) prevails. Pre

dominant cereals are maize and 
sorghum. Roots and tubers (espe
cially sweet potatoes) are important
 
in specific countries, Plailtains and
 
food legumes are also grown. The
 
absence of trypanosomiasis and.
 
availability of good fodder allow a
 
stocking density four times the4
 

5 
average,
 

Langth ofgrowing period is the period when both moisture and temperature permit crop growth.
 

SOL;URCES:	U.S. Age ncy for Internalional Development, iureau for Africa, Plan forSupporting Natural ResourcesMAnagenent In SulbSaha ran Africa, (WashIngt," ' 
DC: USAID. February 1986), t the Un Ited Nations, Afrlcan Agricuhur:The Next 25 Years: AliasFood and AgrtcuIture OrgantaItOI Of African Africu.ilur(Rome. FAO: 1986). International Liventock Center forAfrica, ILA Annual Report 1983(Addis Ababa. Ethiopia: ILCA, 1084). 
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throughout the humid lowlands (72). Those are 
grown almost completely under low-resourc 
conditions (27,74,75) (app. D), While most of 
these crops can be grown under widely rang-
ing rainfall and soil conditions and therefore 
are produced in all agroecological zones, 

.cocoyamsarerestricted to the humid lowlands 
(25), Maize, rice, and sorghum are grown in 
various parts of this zone, as are a wide range 
of food fegumes and vegetables, 

Although the humid zone comprises almost 
20 percent of Sub-Saharan Africa, it accounts 
for only about 7 percent of the ruminant live
stock production. Virtually the entire humid 
zone is infested with tsetse fly, precluding 

- almost all but the small trypa no-tolerant 
N'Dama breeds of cattle. Goats and sheep, 
which are more tolerant of trypanosominsis, 
assume greater importance in this zone, a]-
Sthough other diseases (e.g., Peste do Petit Ru-
minant) and parasites can restrict their produc-
tion. However, women manage a few small 
ruminants in most areas in conjunction with 
their home gardens. 

Poultry and swine production are of particu-
lar importance in the humid zone, particularly 
near population centers., Swine production, re-
stricted in many areas because of disease and 
religious taboos, is most common in humid 
coastal regions. Rapidly,increasing demand for 
poultry, and to a lessor extent swine, has 
promoted intensification in traditional produc-
tion systems. A significant share of these pro-
duction increases are possible because of im-
iorted large-scale 'commercial production 
iechnology being developed near urban ceut ors 
(132). 

Tropical and Subtropical Highlands 
, tven t o u g h the iglads conain nomore 

tan5perven o te a'sland area generally
percentof.frc l 

favorable agroclimatic factors enable it to sup
port nearly 20 percent of the region's rural pop

/u Iat-9-Tonqhe zone. produces.a-wide range 
crops, Cereals, primarily maize and sorghum, 
predominate in most countries, However, root 
and tuber crops, especialiy sweet potatoes, are 
more important iii such countries as Rwanda
and Burundi (72). P!mltains and food legumes 
also contribute to the diet. 

Livestock production, especially cattle, is an 
important activity, with almost 20 percent of 
Africa's ruminant livestock production occur. 
ring in the highlands (22). Generally fertile soils, 
moderate temperatures, and ample rainfall re
suit in relatively high fodder production. These
factors, combined with the absence of trypano
somiasis and the use of high-yield imported 
breeds and cross-breeds, allow a stocking den
sity almost four times the average for Africa. 

Most farming in the highlands, consists of 
mixed systems where crops and livestock are 
raised in the same management units (22). This 
is the only zone where such integration is well 
developed. High human population densities, 
relatively well-established distribution systems, 
and numerous markets have led to progres
sively greater use of purchased inputs. In the 
most favorable highland regions, many small
scae farmers havw established highly commer
cized operations, using predominantly high
yielding crop varieties and modern inputs such 
as artificial insemination services for livestock. 

CONTRIBUTIONS OF LOW-ESOURCE AGRICULTURE TO
 
AFRICAN FOOD SECURITY
 

Low-resource agriculture makes a crucial 
contribution to African food security' because 

'Food security can be defined as access by all people at all 
times to enough food for an active, health life; food security do. 

- - pends on both the availability of food and the ability to acquire
it (79). 

it is significant to household food production 
and Income generation. Low-resource agricul
ture is the source of most of Africa's food, a
primary income and emplo-ment source for the 

-
majority of Africans and African governments,
and a strategy used by many of Africa's most 



vulnerable people to buffer themselves against variety of secondary crops such as fruits and
food shortfalls and famine. vegetables are grown under low-resource con

ditions to supplement these staples (app. D, 75). 
Producing, Most of A rc' Food....... 
 An estimated 75 percent of all livestock in 

The majority of food production across Sub-Saharan Africa is raised on farms where 
-Africa, isby--low-resource agriculturei-Low---.crop production is theprinciple source ofsub----
resource agriculture produces the majority of sistence, and livestock are an important source 
grain, except wheat and perhaps maize. Almost of cash income. Most of these livestock receive 
all root, tuber, and plantain crops, and the little supplementary feed or health care (7)and 
majority of food legumes are produced on low-. their production can be considered "low
resource farms (table 3-2). In addition, a great resource." Approximately 20 percent of live-

Table 3.2.-Low.Resource Agriculture and African Staple Food Productionw 

Minimum estimate of
low-resource
PrOductionc 

Cropllivestocklfish External input useb 


Millet Virtually no use of fertilizers and very little use of Improved seed, 72%
 
Sorghum Basically the same situation as millet, but hybrids and commercial in- 61%
 
Maize 	 puts are becoming more important in some areas. 
Maize 	 At least 75 percent produced without hybrid seeds and with less than 37%

recommended fertilizer levels; but probably as much as two-thirds 
produced with non-hybrid improved seed and moderate levels of fer
tilizer, 

Rice 	 At least 75 percent produced using less than recommended levels of 76%
 
fertilizer and receiving inadequate Irrigation (and no more than 5 per
cent using High-Yielding Varieties).
 

Food legumes (e.g,, Most crops of this diverse group receive virtually no comrmercial In- 55% groundnuts
 
cowpeas, pigeon peas, puts, but some production !s under higher-resource conditions (e.g, up 49% beans
 
beans, and groundnuts) 	 to 50 percent of groundnut production) 
Roots, tubers, and plain- Virtually no use of fertilizers or improved seed. Some high-resource 93% cassava

tain (eg., cassava, yam, banana production for exports 100% yams

cocoyam, 4nd sweet 
 100% cocoyam
 
potato)
 
Cattle 	 Six percent produced on ranches, generally considered high-resource;


20 percent produced by pastoralists, virtually all under low-resource
 
conditions except for occasional veterinary care; 74 percent produced

In mixed farms, a minority of this under higher-resource conditions, 
such as dairy farming in some highland areas.
 

Small ruminants and Almost all sheep, goats, and camels raised under low-resource condi
other livestock (e.g., tions; most swine and poultry produced under low-resource conditions,

sheep, goats, poultry, but increasingly more produced under higher-resource conditions,
 
and swine) especially near some urban areas,
 

P Fish 	 As much as 85 to 95 percent caught In small-scale artisanal fisheries 
mostly under low-resource conditions, though Increasingly fishers are 
using outboard motors; the remainder Is harvested by large-scale of f
shore operations mainly by foreign-owned vessels. 

aAggregae agricultural data for Africa usually do not detail levels of external Input use but only whether or not such inputs are used. Table 3-2 shows the Importance
of low-resource production in two ways, First, itdescribes the type of Input use for the production of specific commodities and second, it sets a minimum boundaryohevolume of low-resource production of specific crops, based on estimates on "low-input agriculture" production Ineight African countries.

b, lumn 2 provides descriptions of the types and levels of external Inputs used for specific products. These descriptions help to locate where the majority of produc.
lion takes place along the range of modern Input use. The descriptions were compiled from a set of technology papers written for OTA (app. A)and additional outsida3 
publications.

cColumn 3 represents ar, effort to establish quantitative estimates of the minimum contributions of low-resource agriculture. The data show production under condilions of no modern input use for eight sample countries. These eight countries account for at least 50 percent of African production of maize, sorghum, millet, cocoyam;and no less than 30 percent of cassava, groundnut, and rice production. The data were compiled by the Economic Research Sertice of the U,5. Department of Agricul
ture for OTA, (See app. E) 

SOURCE! Office of Technology Assessment, 1988r 
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stock production occurs in pastoral systems, arate fields), the number of female-headed 
where animals are the major source of income households is increasing as growing numbers 
and food (milk is often more important than of men seek work away from the farm. 
meat) (63). Pastoralist systems, by their nature, ,. .... a 
are low-resource enterprises, although some 	 L.owresourceagriushltur cot ribu
use of veterinary services is becoming more tuonal as wla s household income, Aiu-Ttommn :lustovefir5 t.fArcslv:...turessharecofthe~ gross .domesicprodUctoL
stock is raist o' -African nations averaged approximately 41 perstock israised on higher resource ranches (7). cent between 1982 and 1984 (81). In addition, 

Fish are a principal source of animal protein agricultural production contributed signifiprincip al r o.i cantly to the export earnings of many countries. 
in many parts of Sub-Saharan Africa (17). An Agricultural exports in 18 countries, provided
estimated 85 to 95 percent of African fish her- at least 50 percent of the value of total exports

lestis from traditional artesanal fisheries-- in 1983, In another 12 countries, they provided: small-scale operations that do not use expen-	 atlst2prct(7.
 
at least 20 prcent{72}.
sive equipment or inputs (44,53) and fall within 

a definition of low-resource agriculture. The exact contribution of low-resource agri
culture to exports is difficult to estimate. Data 
show that low-resource agriculturalists produce

The Primary Employer and Major more food crops than cash or export crops such 
Source of Income 

An estimated three-quarters of Africa's labor
 
force are involved in agriculture, and a large
 
majority of these workers are engaged in low
resource farming and herding, For them, farm
ing and herding systems represent their pri
mary source of income as well as food. The sale
 
of food and other agricultural products ac- N,
 
counts for between 60 and 80 percent of the
 
income of most rural producers in Africa (21,

24). Other non-farm activities also represent im
portant sources of income but are most often
 
pursued in conjunction with, rather than in
 
place of, on-farm activities,
 

Low-resource agriculture is of particular im- * 

portance for African women, who constitute
 
the major food producers in most African coun
tries and account for about one-half the agri
cultural labor force (3). Women also earn a sig
nificant portion of household agricultural
 
income because of their predominant role in
 
marketing activities-selling agricultural prod
ucts (e.g., peanuts, vegetables, or grain) and gen
erating income from processing activities (e.g.,

cheese, beer, or soap-making). The role of
 
women as farm managers is also growing in Photo credit: U.S. Agency fot InternationalDevelopmentimportance. Although women typically engage Low-resource agriculture provides Income for alarge

in some autonomous activities within male- proportion of Africans. Women play alarge and grow.

headed farming households (eng., managing sep- Ing role Inthe continent's farming systems,
 

i , , ., ., / 	 . , _ : ' " , -" : , - -I - - * , : - , " , - f 



59 

as coffee, cocoa, cotton, and rubber (app. D, The practices of resource-poor farmers and 
75). The latter crops tend to receive the high- herders have evolved as responses to reduce 
est input levels, and in this sense are less likely the impacts of these periods of acute hunger,
to be considered low-resource However, there which are too common events in many parts 
are important links between the production of of Africa, These include diversification of crop
these exports and food crops, and animal production, root crop production, 

.- ol++ .... .. ..il.... ....ofnod"imh ush , as well as ,>:
A sizable proportion of export crops, perhaps many social mechanisms. Other responses

even a majority, are produced by small farmers such as seeking non-farm employment or 
who are also producing food crops under low- migration-are not examined here. 
resourcethatconditions.in Kenya USDA64 percentctrisioffdata show, for ex- One characteristic of low-resource producample coffeeceprouex-+ 

i ports,ape, 400 percent of tea exports, and nearly 100nya 64 percent of coffee ex- tion systems that reflects a concerted effort to 
percent of cotton exports are produced by buffer against famine is the raising of differ
smallholders. Even Li Malawi, with its large ent crop and livestock species and varieties (56). 
tea, sugar, and tobacco estates, smallholders This diversification minimizes the risk of total 
accounted for an estimated 64 percent of th, crop failure. In addition, it reduces the ici
value of agricultural exports in 1979/80(64). If dence of food shortages by ensuring some pro
local markets cannot provid3 a dependable food dUction during year-to-year fluctuations in cli
supply for these farmers, they will devote more matic conditions, increasing expected returns 
of their resources to growing food, thereby con- by fitting various types of crops to particular 
straining their export crop production and con- micro-environments, and by spreading food 
sequenfly reducing national exports (64). The production throughout the year. Herders 
result can be a decline in foreign exchange earn- achieve similar goals by raising several live
ings and fewer resources for governments to stock species. Multi-species herds make better 
devote to economic development, including the use of available pasture and offer a more con
agricultural sector. In turn, the use of modern tinuous supply of foodbecause of differences 
inputs and other investments in agricultural im- in periodicity of growth, milk production, and 
provements, made affordable by growing cash reproductive cycles (16,20). 
or export crops, can have a direct or residual Anotherbuffer against famine is the common
 
benefit on food crop production. For example, practice of growing roots and tubers. Because
 
fertilizer remaining in the soil after its appli- most roots and tubers in Africa are grown un
cation for a cotton crop benefits the subsequent, der low-resource conditions they are sometimes
 
unfertilized, rotation of millet (64). referred to as "poor peoples crops." Cassava,
 

for example, is a highly productive staple that 
A Buffer Against Famine grows in low-fertility soils where few other 

crops can. It requires little labor to produce, 
and can be stored-simply left unharvested inResource-poor agriculturalists commonly the ground-until the hungry period between

face periods of inadequate food availability. harvests. The fact that cassava is a staple crop
Seasonal shortfalls can occur annually when among the poor has been partially responsible
food from past harvests is exhausted but be- for its neglect among agricultural researchers 
fore new crops can be harvested. For herders, (.I 
inadequate access to suitable dry-season fo d
der generally results in shortfalls in milk pro- Resource-poor farmers may also make ex
duction, the major source of nutrition for tended use of undomesticated plants and ani
pastoralists. These seasonal shortages are some- mals during hungry periods. Farmers and 
times called the "hungry period." Famine, on herders often have a wealth of Information on 
the other hand, is a more extreme incidence various wild resources, and may directly or in
of food shortfall with no set period. directly promote their growth in surrounding 

• + !!+• ,, :: t'":" " , + ++++. ;*" + •:+ , - , '- +d: " .: . '+ +,' + '• ;+ i +:+ + v',I., 

+_______________________-__________________ + ;;+++ ++ ++++++ ++d + ;%+ + *+:,: ': /t'.'">:+ 



60 

Poto fedit: Consortium for Intern,.onaro Pio,,ction 

Cassava isa "poor people's crop" because it grows
where little else can, requires little laborto produce,
and can be stored in the, ground until seasonal food 

shortages strike. 

areas. Although collecting wild foods and prod-
* 	 ucts can be important to household nutrition 

and income throughout the year, the collection 
of wild foods increases during hungry periods 
and certain wild foods are used only during 
these times (8,18,44). 

Resource-poor farmers also have established 
a variety of social mechanisms to help seriously 
affected households survive peridds of food 
shortfalls. These social mechanisms may be 
based on relationships such as kinship, affinity, 
or patron-client relations. For example, recipro-
caifood sharing is sometimes used to minimize 
!,Starvation in a community while food supplies 

LOSING GROUND: CONCERNS 

African agriculture has continuously, and for 
the most part effectively, adapted to meet 
changing conditions, But never before has it 
had to respond to the level of pressures it cur
rently faces. Paramount is the pressure created 
by rapidly growing populations and the conse
quent demands on the land. The resulting neg-
ative changes in agricultural land use are evi-
dent in most regions-reduced fallow, falling 
yields, and natural resource degradation. Per 
capita food production and income, as well as 
nutritional levels, are dropping, Although the 

last (51), Livestock may be loaned to a house
hold that has suffered serious losses of their 
herd. The loan arrangement economically ben
efits the lender by increasing the labor avail
able to tend the herds, while the borrower re
ceives milkmanure, and perha pa,right.thoi-he.. 
progeny (62). 

Most low-resource farmers and herders are 
relatively isolated from national markets and 
this is a major reason why these individual ef
forts to provide buffers against famine are so 
important for African food security. This was 
vividly illustrated during the mid-1980s 
drought: serious food shortages occurred in 
countries that actually had excess food, but gov
ernments were unable to transport and mar
kti ntedogtafce ra.Assal
ket it in the drought-affected areas. Also, small
scale farmers without other sources of income 
and pastoralists who depend on selling animalsfor cash must use their crops and animals them
selves during a famine. As a result, they, along 
with landless agricultural workers, often lack 
the purchasing power to buy food even if it is 
available during a famine (79). 

Therefore, an important aspect of dealing
with food security issues in Africa is nct sim
ply the availability of food within the country, 
but also whether the vulnerable populations 
have access to it. For much ofAfrica this means 
promoting improvements among low-resource 
agriculturalists and, at the same time, not dis
rupting those mechanisms used to buffer 
against famine. 

FOR AFRICAN AGRICULTURE 

severity of the problems varies greatly among
 
countries, the overall threat is serious and likely
 
to get worse before it gets better,
 

Africa's Population Challenge for 

Agriculture 
The African continent has the most rapidly 

growing population in the world, The estimated
 
rate of population growth is 3 percent per year,
 
a rate that increases Africa's population by 1
 
million people every 3 weeks. Although the
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United Nations and the World Bank project that average fallow period dropped from 5.3 to 1.4 
population growth will drop to 1 percent by the years in Nigeria, cassava yields fell significantly 
year 2045, at current rates of growth Africa will (35). 
have three times:--its-.current.., population. . : ,, to feed iT hils raises,aa ffundam ental prbeproblem for A fri;,...,' . ...- .. : : : . s ris m for Ari
in Just 40 years (83). can farmers: can local innovations and adap

Populaontiodensity-inAfrica, however, is rela. - tations in their current- farming practices-on-7-
tively low, with an averageif about 60 people sure their food security while facing the 
per 100 hectares of cultivable land. This is about pressures of increasing population densities? 
one-third the average for the developing world Quantitative study of this issue is largely lack
(79). These averages, however, hide the severe ing. However, one study in Nigeria raises seri
consequences of high population growth in ous concerns by concluding that: 
those areas where population concentrations (Farmer) adaptations were obviously able to 
are already great, and in areas lacking the re- slow the procss of diminishing yields (result
sources to support dense populations. For ex- ig from reduced follows), but they are insulfi
ample, resource scarcity and intense popula- cient to stop the process, ., Without additional 
tion concentration are already acute in income from off-farm employment, the house
countries such as Rwanda and Burundi where holds in high population density areas could 
the population densities are the greatest in not provide their daily food requirements (35, 
Africa. Farm size in some parts of Kenya, where p. 1161. 
population is growing at an estimated 4 per- Although this conclusion relates specifically 
cent per year, now averages no more than I to a Nigerian case study, the general conclu
hectare. sions regarding the declining sustainability of 

In the past, the widely used practice of shift- many low-resource food production systems
ing cultivation was an effective traditional agri- can confidently be extended to numerous other 
cultural system in most parts of Africa. This regions. One study, for example, concludes that 
is a form of production where farmers use sim- 22 countries in Africa (including North Africa)
ple tools to clear the land, then burn the debris were unable to feed their populations from their 
so the ash serves as fertilizer. They leave or own land resources with existing practices as 
prune useful shrubs and trees. Then they plant early as 1975. The number of countries unable 
seeds or other material, cultivate the site for to meet their needs with their own land re
a few years, and move to another area when sources is projected to reach 29 by the year 2000 
yields fall and weeds begin to suppress crops. (representing 60 percent of the region's total 
The previously cultivated site regenerates nat- population) in the absence of significant in
urally during a fallow period until the cycle be- creases in inputs and conservation measures 
gins again (54). (68), 

Although scientists formerly viewed shifting 
cultivation as a primitive and inefficient form Signs of Decline In African 
of farming, they increasingly recognize it as a Agriculture 

ign i pii  cultu rally integrated, econom ically rational, A n , of ,d,iona sei 
and ecologically viable practice. This holds A numberol adfitonal signs I ' ricate ser-. 
true, however, only as long as population den- osproblems ahead for Africa's c resourclii 
sities are low enough to ensure adequate fal- farmers and herders, ForoinStance, declining
low periods to regenerate soil fertility and a new percapia ood production ano income are 
vegetative cover (61), making it more difcult for Aricans to grow

S,...or acquire enough food to meet adequate nu 
In many parts of Africa today fallow periods tritional standards, Perhaps the most insidious 

are too short. For example, fallow periods have aspect of the problem is the inter-locking and 
been reduced from 12 to 2 years in Burkina Faso self-reinforcing nature of these negative. 
and from 20 to 5years in Angola (4). When the trends-namely poverty, malnutrition, poor 

2.rty. m,
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agricultural performance, and environmental 
degradation. 

Dedinrog Por Capita Food Production 

AfricC'S. food problems are not caused by de-- msicvloo -r0 uction the, prod Li tin-o 
many food crops has actually increased-but 
rather by increasing population growth (72). Al-
though total food production increased 1.8 per-
cent annuall, for Africa as a whole between 
1980 and 1984, population growth outpaced 
these increases. Therefore, per capita food pro-
duction fell 1.3 percent annually between 1971 
and 1984. Some exceptions exist, however, 
where specific countries have had significantly 
lower per capita declines and, in a few cases, 
increases (72). 

Lags between food production and demand 
have cau;ed a need for increased food imports.
The changing balance between exports and im-
ports of basic foodstuffs in Africa (including
wheat, rice, coarse grains, and dairy products)
reflects the negative effects of Africa's declin-
ing food production and increasing demand. 
From the late 1960s to the late 1970s, Africa 
changed from a net exporter of staple foods to 
a net importer, with food imports rising by 140 
percent and exports declining by 52 percent 
(59) The value of exports in 22 countries in 1986 
was not sufficient to pay for imports (72). In 
this way, low-resource agriculture's failure to 
keep pace with population growth also has con-
tributed to the problems of trade deficits and 
scarcity of foreign exchange. 

Decining Per Capita Iucome 

Although low-resource agriculture has been 
a primary source of income in Africa, the in-
come provided has not been adequate to en
sure food security. Per capita income in Africa's 
low- and middle-income countries decreased 
by an average of 0.4 percent per year during
the 1970s. For comparison, low-income coun-
tries in Asia saw increases in per capita income 
of 1,1 percent per year, and middle income 
countries saw a 5.7 percent increase during the 
same period (36). 

Not only is the overall trend ir, Africa toward 
decre:.asing incomes, it is also one of increas
ing maldistribution of incomes and income-pro
ducing resources, such as land and livestock,

F,or example, in Nigeria the share of land owned
 
by the poorest farmers has decreased while the
I're-iab- c esh-armorsha-s in
creased. In Botswana and Somalia, the higher

economic groups among the pastoralists in
creasingly control most of the livestock (21).
 

Declines and fluctuations in incoihe have par
ticularly severe effects on Africans because a
 
greater percentage of their income isspent on
 
food than in other parts of the wol'd. For in
stance, Tanzanians spent about 60 percent of
 
their total income on food in 1975; in Niger,
 
people spent almost 65 percent. This can be
 
compared to Hondurans who spent about 45
 
percent; Japanese, approximately 20 percent;

and Americans and Canadians, who spent 10
15 percent of their incomes on food (41). This
 
trend particularly affects the urban and rural
 
poor, who spend a greater proportion of their
 
income on food than the wealthy (21).
 

increasing Malnutrition 
Under norma] circumstances, low-resource
 

agriculture provides most countries in Sub-

Saharan Africa with adequate dietary ent'gy
supplies (DES, a measure in kilocalories/per
capita/per day). Dietary energy supplies in 31 
African countries are near or above the aver
age recommended requirement of 2,100 kcal 
per day. Ten countries, however, have DES 

levels that do not reach the recommended level 
and four of these are n .r or below the critical 
,lsquirement of 1,800 kcal/day (72). Even withincountries with acceptable DES levels, some peo
ple eat less than an adequate level. 

These dietary trends provide further evidence 
that low-resource agriculture's ability to meet 
Africa's food needs is declining. Sub-Saharan 
Africa isthe only region in the world where 
the dietary energy supply has declined over the 
past decade (72). In 1980, an estimated 150 mil
lion people in 37 African countries did not re
ceive enouhl calories to support an active work

4 
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ing life and of these, 90 million did not receive matter, and improper mechanical tillage are 
enough to prevent serious health risks (79). As sources of serious degradation of the soil's phys 
many as 90 percent of the malnourished pe - il properties, Crusting cai reduce the amount 
pie in Sub-Saharan Africa are poor agricul- of water entering the soil, increaose water run
turalists (39). Their malnutrition is chronic but off and erosion, and make it difficult for farmers 
periods of acute food shortage occur during the to till the soil and for seedlings to emerge (72), 

ne' inn i soil--in many-_
their strength to continue farming (76), areas-remoking more nutrients than it is put

ting back into the system through fallows, or-
Deter orating Natural Resource Base ganic and mineral fertilizers, and rotations with 

Resource degradation problems vary by re- nitrogen-fixing species. 
gion, but almost all of Africa is affected (table These factors can significantly impair soil 
3-3). Approximately 35 percent of non-"desert- productivity and agricultural yields. The nature 
ified" land in Africa currently is at risk of fu- and extent of the impact varies by soil type and 
ture desertification (73). At risk are such cultivation practices. FAO has estimated that 
important rt3ources as soil quality and vegeta- without adequate conservation measures, the 
tive cover, including trees. area of rainfed cropland in Africa will decline 

Soil... erosion, salinzaton , a d n... prob- by 16.5 percent by the year 2000 because of land
olmsare causinization and dhrainaleprob- r giadation. The loss of this land, plus the loss

datison ofAricang po icl and cic l d gro- of soil quality on the remaining cropland, would 

'K -ductivity, Water erosion is the major cuseof lead ta loss of about 25 percentof Africa's 
soil loss in Africa. Wind erosion is also a prob- land productivity (68). 
lem, partalarly in more arid regions. Corn- Africa's three main types of vegetative
paction or crusting of the soil caused by short- cover-tropical rainforest, savannah woodland 
ened fallow periods, reduction of soil organic (or open forest), and rangeland-are all being 

* Table 3.3.-Summary of the Most Serious Environmental Degradation Problems by Region 

Region Arable Land Grazing Land Forest Land 
Sudano-Sahelian Africa Decline in nutrient General degradation of Degradation of vegetaiion

levels in the soils vegetation's quality 
Decline in soil physical and quantity 

properties Wind erosion in sub-humid 
Wind and water erosion areas 

Humid and Sub-Humid Doline in nutrient Degradation of vegetation Degradation of vegetation
West Africa levels in the soil Wind erosion in sub-humid 

Decline in soil physical areas 
properties 

Water erosion 
Hunjid Central Africa Degraded soil physical 

properties
Degraded soil chemical 

properties 
Sub-Humid and Water erosion Degradation in quality and Degradation of vegetation
Mountain East Africa Degradation of soil quartity of vegetation Water erosion 

physical propertle'i Water erosion 
Degradation of soil 

chemical properties 
Sub humid and Semi-Arid Water erosion Degradation in quality and Degradation of vegetation
Southern Africa Degradation of soil quantity of vegetation Erosion 

physical properties Wind erosion 
Degradation of soil Water erosion 

________________chemical properties __________ 

5OIJRCE:U N Food and Agilcullur Organizaifon, Atrican Agflculture: The New?25 Years, Annex 1, The Land Rasource Base tRoe, Italy: FAt, 1986) 

i :*' . . * i 5 ) ; i i i ? t 



draded or lost (4). Reliabledata on deforesta- wood needs of low-resource agriculturalists.
tion is lacking for inuch of Afica, but an esti- Woodis the primary fuel in Africa and defor
mated 3/ million hectaresof forest are cleared estation is creating shortagesi'Data show that 
every year (71). Tropical raiforests are beirng all 4of Sub-Saharan Africa, with the exception

ea'e ly for agriculture and cdnmer- of the humid central region, will suffer a fuel-
Kcial logging, and the highest rates occur in the wood deficit by 2010 (72). Fuelwood scarcity
West.African coastal countries. Savannah wood- affects low-resource producers by increasing,l-adsare-bein-cleared-,for-fuelwood livestock-- the-time. they -must spend- collecting-it-or-the
grazing, farming, and construction materials. money they spend to purchase it. For example, 
- are 
and the expansioni of farming (4). akchott, Mauritania expanded from 10 to 70 

Signficnt ar wen and kilometers between 1970 and 1980 (4). Between 

Rangelandsbeing cleared by overgrazing the radius of fuelwood collection around Nou

esorce lot 

clearing is rapid and unmanaged, Trees, shrubs, alm0o 1078pen prcearuewoincua adouou
Siniicnt :resoesare lmotren land- 1970 to 978,,th pric of fulwo.. increaseand grasses help control erosion and maintain Bukalm (80) Wooden a cnOs efit ls aarou 
,isoilfertility. Trees are capable of recycling nu- Bu because when woodsi erity is lacking 

trients and reaching moisture at soil depths be- armerswill usecropresiuesand animalma 
yond the reach of most crop roots. In addition, farmers wl r mao ..........

trees and shrubs are essential to meet the fuel- nuro for fuel instead of fertilizer (80)., 

OBSTACLES TO IMPROVING PRODUCTIVITY AND FOOD SECURITY 

Low-resource agriculture currently is not ica, and yields of roots, tubers, and pulses aremeeting Africa's food security and agricultural 30 percent lower than yields in Asia and Latin
development netds and productivity in low- America (9). This poor performance can be at-s 
resource agriculture is loosing a race with pop- tributed primarily to biophysical and sociocco
illation growth. Most experts agree, however, nomic constraints within the farming systo,.-ms.
that low-resource agriculture can be improved. Generally, African sois are low in fertility:This will require greater efforts by African ov- rainfall is unpredictable in many areas and low 
ernments, development assistance agencies, across mc of t c-,tit. A leas 44 per
and the agriculturalists themselves in dealing cnt ofrc isnsubec nt. tleat 4ooer
with obistacles to enhancing low-resource agri- cn fArc ssbett ruh odtos 
culture. These obstacles are internal to the farm- .percent of the area has soil affected by 
mng system, such as biophysical and SOCiOeco-
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...mineral stress (toxicities and deficiencies), 13nomi cnstrants
farmin synste ts. 

as wepysll axenal tocoethe percent of the soil is shallow, and 9 percent isTese lattera xtorsncle affected by water stress, This accounting, whileuarmngsystems,iese latter actors incle 
 hampered by uncertain and sparse data, sug.nsses..nd unedlped technal insti- gests that only 16 percent of Africa's total landtussisandsund area is without serious biophysical limitations 
for agriculture (65).-

Biophysical and bocioeconomic Over the past two decades, at least two-thirds 
Constralmt o Africa's food production increases haye been

gained by expanding the area- cultivated (55,
One problem that confronts planners in Sub- 59). Only one-third of the gains have come bySaharan Africa is that the average level of agri- increasing the output per hectare through in

cultural productivity is generally much 'uWer~ tensificat "on. Yield increases range from-about'thaniiaoter regions of the world. For exam- 50 perceit in eastern and southern Africa to 
ple cereal, yields in Sub-Saharan Africa are virtually none in West Africa (59). The role of 
abot.50 percent less than yields in Latin Amner- expansion onto uncultivated lands is decreas-: 

j 
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igsince cultivationis ext ,nd ng into icreas- si,.<:derable regional varition exists in how rapid4.- ..
4., ,', ..... " ,..... ,', .. y o q--e ss re4pr la fl S l O
 

I{42)4.4,- ' . example,agriculture in Rwanda has little room' 

metis uue odned n to expand in area, whereas inother countries, 
.<-.::;;'..:.,; .<:.:...::<.-.,,.: ,.;.;.:;, . ,. ..'particularly in cenltral Africa,populationde n-

For,.,.:'.
Afric to:, 

a vrt ser i ous'en viro nme nta l pro blem s,. a far- ;:SIt y:an d cons ..... onn d i"ee t ...... s still"l o 
gr aer proportion of its food production ga ins (4 ...., , ,... .. . , .. . ,5... 

mutcome from intensification and vyeld im- -V ;,,.,, , ,.-; .--.<:';.J. ,. " :;s 

nts, a nd, a g g icualt rAficaproe mei ml e r p r i nf o x Inte nsgify i ni urbal p irodiuti o 'in 
,panfdinigthe for:
bcropping area. EsimtsyFAO;,@presents; many difficulties, particularliy 
for ex'amplestuggest that by the year 2000 about' A>frica's re~sou'rce-poor 'farmers anidherders.! 
o6ne-hialf quarterof the necessary food produc- .. First,agroecological: factor~s can restrict the ex-: 
;tion;g'ains'shoUld,come from yield increases,: :tent to which inatensification ispossible (5). For 
about one-quarter frominfcreased cropping in-:. ::example, in low rainfall zones, o0pportuanities}iensitn,aid about one-quarteifrom expanding to develop moreinensive faiming sstems can 
he amoatint ofarabs loand be severely restricted by slow Vegetativo66.This would re- t 

quFre adamatic shift inapproach and presentsn growth.Developing permanent cultivatorieds, 
numerosedifficult challenges, although con- tms in these egions,where possible, an sde,

grete proprtJorr pdnkcU.NioFood sity and ioc agid 

asane propIrtionnfromexntensiyi assistancepIng te er agricultural ith pe Aic 
ti Natinns,s I corryi eld trasieg, ent toh llegeificaultindiossl5o 
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duciosstmsinsurround ing!i areas ilby opet giutrlpilcing polceadp
a h d lraousldenyiguearmblit ccs l oenofis Litdrya season ice onenngtedevelopmntoftehheders toaist poringedandgExpenditures on agricultural develin 

cidification, as well as high incidence of pests
and pathoge 1i, can seriously limit more inten-
sive cultivati')n-and livestock rearing.-Medium 
rainfall areas (i.e., 750 to 1,200 mm per year)

some areas of the humid highlands offer 
the highest potential for permanent intensified 
cultivation (5) 

More intensive agriculture also generally in-
Vylves a greater investment of labor and capi-
At.. This raises problems for resource-poor 
fafrmes who rely on household labor and have 
littl:,money to invest in intensive practices. For 
exan.ple, more intensive production such P.s in-
creasiig the growing period relative to the fal-
low period can greatly increase the need for 
weeding and place excessive demand on house-i~ld-lab~rthe 

hold labor. Maintaining adequate soil fc rtility
under conditions of intensified production may
also require supplemental fertilizer use, requir-
ing either an additional labor investment (e.g.,
rearing animals for manure) or additional cashto purchase fertlizer.

fertilizer . 

Adopting conservation practices to maintain 
soil fertility, such as building terraces, can also 
require considerable investment from the re-
source-poor farmer, Land tenure problems also 
complicate matters in low-resource agricultural 
systems. Farmers are generally unwilling to in-
vest in the long-term benefits of conservation 
practices unless they know they will reap the 
future beneffis, Finding sustainable technical 
and institutional answers that encourage the 

9intensification of farming systems and yet are 
economically feasible and socially acceptable 
to resouce-poor farmers is a central challenge 

' for 'development assistance in Africa, 

Umaupportive Poices'.. 

National and donor policies often have not 
been designed to benefit low-resource agricul-
tirallsts; in some cases, policies have harmed 

...esource-po.r producers, Three types cf these 
iliesare discussed here: national policies 

Expenditures on agritura v e
Africa reflect the relatively low importance 

-agriculture -has -as- an-economic-development-'::strategy in the eyes of policymalkers (2,:58,64). 
stateyAfin eresnof polcaer (2,58m64eMany1African government 

than10 percent of their national budgetS on
 
Mand spludgnosmo 

agriculture even though an average of at least
 
50 percent of Africa's gross domestic product,

employment, and foreign exchange depends on
 
the agricultural sector (69). For example, while
 
70 percent of Botswana's labor force works pri
marily in agriculture, the government spends

only 1to 3 percent of its gross fixed investment
 
in the sector. About 80 percent of Kenya's la
bor force works in agriculture, yet the govern
ment invests about 8 percent. Zimbabwe has

the highesthihs investment-12inestent percent in:a counok ,
 
try where 57 percent of its labor force works
 
in agriculture (39).
 

h be c i
 
National pricing polies have beencritczed
 

for their disincentive effects on agricultural production and rural income. Government marketing agencies that buy commodities from 
farmers regularly establish prices below their
 
true marketvalues. in this-way theycollectso
called "hidden taxes" from farmers, especially

for export crops. This practice also enables gov
ernments to provide cheap food to urban pop
ulations (34, 78). Such policies can provide se

disincentives for production and make it,
 
unprofitable for producers to buy agricultural

inputs. The institutions usedto carry out such
 
policies have also been criticized as ineffective,
 
primarily the parastatal organizations that often
 

•us 


control agricultural supplies and crop mar
keting.
 

The relative importancq of pricing policy as 
a constraint on the enhaibcement of low
resource agriculture is not yet clear. Experts

who believe pricing reforms are important ar
gue that positive changes already have led to
 
some significant increases in production and
 
income (26). Other experts, however, are less
 
convinced of the importance of pricing policies
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relative to other development needs. These The official rural financial systems of Africa
critics also contend that the benefits of pricing function poorly, at best (37) and are nonexist
reforms have often gone to the minority of ent in many isolated areas. Existing institutions 
better-off farmers while bypassing, or in some often do not provide credit for producers to 
cases hurting, the resource-poor agriculturalist grow staple foods They also deny credit to most 
(21). women because usually women lack collateral, 

Official interest rates are often subsidized mak-Researchid technical developmentp is cirtVeliffa- argaithat is often monopolized 2
have been criticized for being misguided and by economic and political elites (49), Local in
resulting in technological interventions that vestment opportunities are lost, then, because 
have failed to significantly improve low- appropriate ways to promote rural-based sa 
resource agricultural systems. In some cases, ings and lending among resource-poor farmers,
interventions have actually upset the equilib- herders, and fishers are missing (38).

rium of the old methods of land use without
 
producing equally balanced new systems of The costs of providing formal credit to
 
farming (14), These problems arise because in- resource-poor farmers are often a disincentive
 
troduced technologies are often inappropriate for formal financial institutions (70). While for
for resource-poor farmers and herders (12)- mal credit opportunities are few for resource
whether for economic, social, managerial, or poor producers, informal sources do exist. In
environmental reasons, Too often research ef- formal savings and loan associations, which are
 
forts have focused on export crops or sophisti- locally managed, socially regulated, and knowl
cated systems that are out of reach for most edgable about the creditworthiness and finan
farmers and herders and they have failed to ac- cial needs of the rural poor, often serve rural
 
count for the restricted access to and afforda- populations not addressed by the formal sec
bility of agricultural inputs (e.g,, hybrid vari- tor. Given adequate incentives, many of these
 
eties, irrigation, and fertilizer), could grow to reach a larger population while
 

providing credit at lower cost than formal banks
 
Another problem has been that introduced (37, 49).
 

technologies often ignore the reality of how Theldao
 
African agriculture is actually practiced. For The lack of adequate transportation such as
 
instance, farmers seeking to improve their in- roads and rail systems throughout Africa is a
 
tercropping systems necessarily suspect tech-toi:::niques designed for monocropping systems the dlivery of inputsto
iqu dtesignedrformonoropping systems and the transportation of food or otherneesfarms 

(19). The role of women in agricultural produc- commodities to markets. The primary means
 
tion, postharve-t food processing, and house- of transporting agricultural products today is
 
hold chores often has been neglected and tech- "headloading"-carrying them on one's head.
 
nical interventions have been inappropriate, In 1982, only 206,177. kilometers of roads ex
nantusuntise habesetey dina opte, isted in Africa's 14 landlocked countries.awomen s needs aus theyrdoinot(meet Among these countries, Zimbabwe had almost
 

wome s eedsandpriritis (3).one-third of all roads and about 8,000 of the
 
total 19,850 kilometers of paved roads (11).
Infrasturucturl Weoak nesss Most of Africa's railroads were designed dur

Low-resource agriculture suffers from infras- ing the colonial period to link areas producing
tructural weaknesses that make it difficult to agricultural exports and minerals with the ports

take advantage of improved technologies. These that would distribute them for the colonial
 
include inadequate rmial institutions for say- powers. Lusaka, Zambia, is therefore linked by

ing Iand leiding rt ney. lack of rural trans- rail with Dar-es-Salaam, Tanzania; Uganda,

portation networks, and poorly developed Burundi, and Rwanda are linked with Mom
distribution systems for providing agricultural basa, Kenya; and Bamako, Mall is linked with

inputs. Dakar, Senegal, etc. Central Africa, because of
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vast distances from a port, has no major rail Also, research priorities often do not reflect
 
links in spite of its agricultural potential. Be- food security needs. For example, in 1983 Brit

,cause of low population densities in central ish foreign aid funding for tobacco research in

'Africa and other regions, the costs per capita Mala wi was about twice as much as it was for
 
to provide roads and other services are much ,millet researchf j.. Cassava is a staple food
 
greater than in other regions of the world (36]. in many parts Of Africa but only Nigeria (with
 

The-inadequacyofhesystems riu t $2.7 -milliion-inVestment) and Ghana_(with a
 
$0.9 million invest1ment) spent at least $50,000ing and marketing external inputs is another oah

constraint on low-resource agriculture. When ternational Instittef Tropical Agriculture I
 
external commercial inputs do arrive in rural (IITA) has madesut advances in cassava re

-Africa, they are often labeled and packaged im- se nati program s
arch onal iaily caea ren
properly (36). Seed and fertilizer deliveries may search,national programs primarily arerespon: 
notbe synchronized and delays in the arrival sible for developing varieties adapted to and 
of pesticides may make them less than effec- accepted by local farmers (39). These programs

often do not have adequate budgets or rank highihepercentage f irrigatedsland, ractirgregions 	 enough in national governments' priorities to 
10,000 hectares, and fertilizer use per hectare havea major impacton food security needs.
 
(table 3-4). If commercial inputs are to be used Extension systems in African countries also
 
by more agriculturalists in Africa, better deliv- face many problems. They generally lack staff,
 
ery organizations and a better transport infra- supplies, and technical support, and inadequate

structure are essential, communication exists between researchers, ex

tensionists, and farmers. They also suffer from
 
Underdeveloped Technical a lack of appropriate and profitable technol-


Institutions ogies to transfer. Some critics argue, then, that
 
extension's problems originate with the lack of 

Low-resource agriculture in general, will research and that, under existing agricultural
need to become more intensive to meet the food budgets, research deserves a higher priority

security needs while balancing the need to (32).

maintain the natural resource base. This change Another problem with most extension serv
will, in part, depend on technical developments ices is that they focus on providing informa
and the spread of their use among agricul- tion and inputs for export crops rather than
 
turalists. Total funding for agricultural research food cros.Iauto e p proahes used
 
has been declining in Sub-Saharan Africa. Ex- ood "rs" adidtion, th hes used
 

I penditures by national governments for are generally top-down," with the informat 
cultural research decreased $80 gi -wnonnet o theresearherl 
tween 1980 and 1984, from $465 million be-	 through the extension agent to the male farmer 
million (46). 	 (69). Women, the major food producers in many
 

regions, often are not provided with relevant
 
services. Non-formal education for African
 

Table 3.4.-Modern Input Use in Africa, Asia, and women most often covers their non-income
 
South America, 1977 generating activities, including home eco-

Percentage of Tractors per Fer-tilizer used nomics, and nutrition (6), but they have limited
 

Area Irrigated land 10,000 hectares per hectare access to training activities dealing with
 
J Percont Number Kilograms : income-related activities such as cooperatives,

ria i . : 44 agricultural production, and animal husbandry. 

SAsia ... .... 8.0 45.4 Considering the major role of women as'food2,, 45 
South America ...... 61 57 38,8 producers and caretakers of livestock, this is
 
SOURCES U.N Food and Agriculture Organization, Production Yearbook, and a failure of the s .stem
Fertilizer Yearbook (Rome: 1978). Cheryl Christensen, et at., Food a serious f l o t system . 

Probleme and Proapects In .Sub-Saharan Africa: The Decade of thet980 a,Foreign Agricultural Research Report No. 188 (Washington, Ensuring good staff for extension, research,
DC: US Department of Agriculture, Ecorornic Research Service, Au.gust 1981) .. 	 and other agricultural services is another prob, 

g 'g: ;" {}: :-::' 24 :. - - - '}:.:': " ''% ;""a : %: ; L.': , " > :V " i : i "- ' 
U a ' .l ' , 4 " : ":Z .'"< "' T ::"';" 444 
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lem (36). Low-quality facilities, low salaries, un-
desirable living conditions, and the lack of sta-
tus associated with working for traditional 
farmers are not attractive to trained personnel
(36), Research staff turnover rates are high: at 
the Nigerian Institute for Agriculture, for ex-
ample,-staff urnoverwas about80percenb e., 
tween the 1960s and 1970s (46). In addition, gov-
ernment,3 spent three to ten times more for 
skilled staff such as researchers in Africa than

in Aia n pat bcaus ofa reiane onhiger-
salaried foreign scientists. These high costs 
make it difficult for African countries to expand

natinalreserchsystms.resources were available today. Heightening the
natinalreserchsystms.challenge is the realization that African coun-

A substantial increase in funding for research 
and personnel occurred between 1970 and 1980 
(table 3-5). However, since 1980 a general de-
cline in research expenditures has, occurred 
(29). At the same time the number of scientists 
involved has grown, compounding the impact 
of recent budget declines in terms of level of 
support per scientist,V i . . . . , : . : % 

In many African countries, a high proportion 
-, -Z - .F .' .' .r/k. ' .. , ', ," <'of budgets cover salaries versus operations.

: , :L;i' ; -' : : ? ; -?,.,. , v $ :,4:.

This can be a serious obstacle to producing 
needed high-quality research and technology 
development. For example, some institutions 

tries will have double the number of people to 
feed and employ within the next several dec
ades. The industrial and urban sectors cannot 
effectively absorb or provide for large portions 
of these people. 'Thecontinuing dependence on 
rural employment and local food production
by large numbers of Africans is thus inevita
ble., However, signs of decline in African agri- L : :- :, : ' Y; : , : . ! 

culture underscore the urgency of better ad
dressing the problems and potential of Africa's 
, < , /,: ,% : . ,.? . .: :; . . ,? , , :: . : , : ,
largest group of farmers, herders, and fishers.q : '::- ':I; ,.: .' : '!..-.: , : .(


The following chapters outline one approach 
to enhancing low-resource agriculture in 
Africa. 

Table 3-5.-Level of Support for Agricultural Research In Different Regions 

Expenditures (inmillions of 
constant 1980 U.S. dollars) 
1959 


Western Europe ............ 275.0 

North America ............. 668.9 

Oceania.................. 91.6 

Latin America .............. 79.6 

Africa ................... 119.1 


North Africa ....... ...... 20.8 

West Africa .............. 44.3 

East Africa .............. 12.7 

Southern Africa ........... 41.3 


1970 1980 
918.6 1,489.6 

1,221.0 1,335.6 
264,0 386.8 
216.0 462.6 
251.6 424,8 
49.7 62.0 
91.9 .205,7 

49.2 75.2 
60.8 81.8 

Asia...................... 261.1 1,205,1 1,797.9 


allocate only 5percent of their budgets to oper
ations and maintenance, compared to a desirable figure of at least 30 percent (29). This places'
serious limitations on the funds available to get
researchers into the field. As long as research
ers are isolated from agriculturalists, questions~
wilLa rise regarding lb eir.abiity. to address the--
on-farm problems of low-resource agriculture
effectively. 

Removing these all-too familiar obstacles will 
nobeas.Tepcssilklyttketlat 
a generation, even if significant increases in 

Scientist Years 
1959 1970 
6,251 12,547 
6,690 8,575 
1,759 3,113 
1,425 4,880 
1,919 3,849 

590 1,122 
412. 952 

221 684 

696 1,09 


1980 
19,540 
10,305 
3,302 
8,534 
8,088 
2,340 
2,466 
1,632
1,650 

11,418 31,837 46,656
 
SOURCES: U.N, Food and Agriculture Organization, African Agriculture:The Next 25 Years, Annex ...,Raising Productivity

(Rome: Italy, FAO, 1988), M.Judd, J,.Boyce, and R.Evenson, "Investing InAgricultural Supply: The Determinants
of Agricultural Research and Extension Investment."~ Economic and Cultural Change, vol. 75, Octob~er 1986, pp.
77-113. JCourtesy ot the University of Chicago Press). 
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Chapter 4 

A ResourcemEnhancing Approach 
to African Agriculture 

*Mee ting~ future food security needs in Africa will require that increased attention be directed 
toward assisting African low-resource agriculture. This conclusion isbased on low-resource 
agriculture's central position in African economies today, its economic and technical pa
tential to contribute to national and local development tomorrow, and the serious implica
tions of continued neglect of this sector. 

*Understanding the,dive-sity and complexity of low-resourfce agricultural systems provides~
essential guidance on how development assistance can contribute most effectively to sus 
tainable agricultural development. 

" A proposed resource-enhancing approach is complementary to, and in some respects over
laps with, other defined African agricultural development strategies that focus on: 1)basic, 
hhuman needs, 2)the need for policy reform, and 3)targeted development of high-potential,
small farms. Differences also exist, however, that have other implications for development 
assistance. 

" A resource-enhancing apprdach generally is consistent with the views of African scien
tists and policymakers expressed to OTA. 

WHY FOCUS ON LOW-RESOURCE AGRICULTURE? 

Assistance to Africa's resource-poor farmers, 
herders, and fishers could have a substantial 
impact on African food security and agricul-
tural development. Thus, low-resource agricul-
ture deserves increased attention from devel-
opment agencies and African governments (1,
17,27,33.35,37). This conclusion is based on 
four factors: 

1. Low-resource agriculture already plays a 
central, though largely neglected, role in 
African economies, 

2. Economic advantages and widespread 
benefits can be achieved through focusing 
agricultural development efforts on 
Africa's small-farm sector. 

3. Low-resource agriculture in Africa gener-
ally is efficient, given current availability
and dependability of resources and infor-

nation., Known and promising technologi
cal opportunities exist to improve eifi-. 
cirncy, however. 

4. 	Failing to provide increased support to this 
sector will likely mean a continued deteri
oration of Africa's food security, and ac
celerating degradation of its natural r,
source base. 

Low-resource agriculture, as shown in chap
ter 3, produces the majority of Africa's food 
and employs the majority of its people. Histori
cally, however, agricultural development ef
fe-ts have focused on large-scale farms and 
ranches, in part to take advantage of potential 
economies of scale. However, under conditions 
that prevail in most African countries, the ben
efits of pursuing "small farm development 
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strategies' inv Jving labor-intensive, capital- efficient ways to balafice scarce resources and 
saving techno1(Ifgies" are now generally recog- meet multiple objectives. However, the exisnized as a mord'economically viable approach tence of compatible technologies and the(17) prospects of providing improved access to in-

Alsoeffort to... promote agricultural: dev.. :puts and information suggest significant im,AlsoPefortstte agriculturlvel > provements are possible. For example, crooopment in Africa must look beyond simply ele- .Ispoal ol eduldwti- e - tigaigi ".. yields probablv-coulddbo douledr within a decseek the balanced economic growth and social ade if improved management practices and vadeelpendvelopment that willwl onlyolyb, be propoided through that already exist were employed widelyta d trieties (see ch. 5).
 
increased attention to resource-poor agriculturalists: Because low-resource agriculturalists are in 

In brief, the economic advantapcs of aciev- many cases the principal agents causing the de
ing widespread increases in prod0ctivity among terioration of the African natural resource base,
a country's small-farm units derive from the fact this group truly needs options to encourage susthat they are the most feasible and cost-effective tainable production. The problem is most acutemeans of attaining the multiple objectives of in regions where farmers and herders are, fordevelopment--the growth of output, expansion lack of alternatives, overworking the land orof opportunities for productive employment, are forced onto increasingly marginal lands,narrowing income differentials, reducing mal- in many cases leading to serious environmentalnutrition and excessively high rates of infant degradation.
and child mortality, and slowing the rate of pop
ulation growth (17). Perhaps the strongest arguments for focus-
The economic advantages of focusing on a ing development assistance efforts on the

broad-based effort to promote small-farm de- resource-poor agriculturalists are rooted in huelopment derive, in large part, from the heavy manitarian concerns, Simply stated, failing to 
dependence on family labor in most African direct attention to thisgroup will, in large meas
farming systems, Small farms that depend pri- ure, shut a majority of Africans out of the dearilyon household labor are more economi-" velopment process. The threat arises that this 

-cally efficient than larger scale state or privateoperations (16,33). group, in terms of production and consump
op.rat.ons (3)elements tion, may become relegated to "insignificant"of national economies that mainly re-

Also, prautices of low-resource farmers and ceive attention within the context of famine reherders are increasingly being recognized as avoid suchii'lief lief (13}.(13).:ToTo avoidsuch a scenario necessarilyy 

'Econoinic analyses are often framed in ternis of "small farms" 
will require efforts by development assistanceagencies, but especially African governments,

and do not address explicitly the effects of such approaches on to more effectively integrate the needs and conherders Sone economic arguments apear to a ply to the broader - of r o o ntu r n t o-group OTA terms "low-resource" (which includes herders) but trbutions of resource-poor agriculturalists intoa definitive conclusion awaits further analy is. national development efforts, 

A RESOURCE-ENHANCING APPROACH 
TO DEVIULOPMENT ASSISTANCE 

The following discussion focuses on four con- farmers, herders, and fishers in Africa. Eachcepts that are central to a resource-enhancing concept, in turn, suggests the applicability ofapproach that might be undertaken with poor particular guidelines for development assis
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Th~e guidelines outlined here, -eflect a gener- duction; and 
~,ally well-accepted view of low-resource agri- that resource-poor agricul'acknowledge 

culture in Africa. In fact, many of the guide- turalists are the primary, custodians of, 
lines are already reflected to some degree in their resources, and therefore ensure that 
existing legislation' and official development they benefit from development assistance,
assistance policy (see ch. 6)and are largely con- to manage natural resources better; and 
sistent with the views expressed by African ex- *focus on enhancing the capability o~f Afri-Kits surveyed by OTA (1; app. D). The guide- cans to assume primary responsibility for 

lns are general because they are intended to their development as the surest route to 
respond to the diversity of low-resource agri- sustainability. 
cultural systemns and no attempt has been madb. Sustainability of agricultural production sys-,to list all the ways in which the four concepts tems should be a paramount objective for African

( could be turned into guidelines. Basically, these agIricultural development. Sustainable agicl
Q guidelines are simple ideas, perhaps obvious ture is a concept that has received consider

ones. However, too Often they have been ig- able attention in recent years, but one whose:~nored and development assistance has suffered criteria remain inadequately defined, Agree
as a consequence. What the guidelines imply ment on some fundamentals of the concept isfor development assistance is addressed in gen- growing, however, Sustainability of ariculture 
tionasli hpetail 5 n rvd ddi should be, approached from various perspec- ~tives-environmental, technological, economic, 

social, and institutional. It is generally recog 
nized that for agricultural development to be, 
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Box 4-1.-Turning the Tide at Guesselbodi 
SdieI i' eas to6-mak lving, but people hav'e been doing so for as long as600,000 years. rhe region is characterized by sparse, erratic rainfall and what some scientists suggest

is a cyclical pattern of drought every 30 years or so. Farming and especially herding activities areclosely aligned to these fluctuations. With sufficient rainfl, farmers have extended their activities
into drier areas and herders increased herd size and altered herd structures (e.g., increasing numbers
of ca:de relative to mcre drought-tolerant camels and goats). When drought set in, the pattern has
historically meant a retreat to wetter areas and a shift to more drought-resistant crops and livestock.
li wever, population growth in the region, among other factors, has made it increasingly difficult 
to revert back to the areas of higher and more dependable rainfall, The consequences are increasinglysevere. After almost three decades of below-normal precipitation, a once gradual process of declining
productivity and loss of biological diversity has now accelerated in many regions to the point of dis
rupting ecological processes essential to sustainable development in the region (29). 

The impacts can be readily seen around the' Guesselbodi Forest in eastern Niger. Guesselbodi 
was designated a national forest reserve in 1948. But authorities have been unable to preven, local
populations from overexploiting ihe forest and land, through defoiestation, overgrazing, and unsus
tainable farming practices. An estimated 40 to 60 percent of the forest cover was lost betveen 1950and 1979, leaving behind barren land largely denuded of topsoil (15,). Strong pressures also emanatefrom Niamey, Niger's capital, about 25 kilometers away. Niamey's population grew from 7,000 in
1945 to 3Pl "r0in just 25 years; and with its growth came demands for food and fuel from surround
ing areas. Tile result has been an over-widening ring of degraded land around the city, as once i iablepasture and farmland are left crusteind barren. It has become increasingly apparent that in rder
to meet the needs of existing residents, lot alone the projectedincreased population, a more suntaina
ble approach to exploiting the, region's natural resource base is needed. Further, greater effort also 
must be directed'to reclaiming land already degraded. 

Guesselbodi is one place where development focuses on turning back the tide of environmental
degradation. It is the most advanced of a number of similar pilot projects in Niger's Forestry and
Land Use Planning Project currently funded by AID, A researi:h and management plan was developed in 1983, based on soil and topographic surveys and inventories of vegetation and forest resources,
The aim is to promote systems whereby multiple uses of the forest resources could provide sustaina
ble benefits to the surrounding ,communitls-e;g.,fuelwood, poles, forage, honey, medicine, food,
and income: 

The idea was to test simple, smll-scae, low-cost rehabilitation measures that could be carried out by
villagers. Thle first plots were covored with vater harvesting and water spreading structures: microbasins,.earth banks, stone lines, rock dams to divert flash floods from gullies onto slopes. The earth banks and lines are already collecting soil, leaves, und seeds and local tree species are regenerating spontaneously. Perhapsthe simplest and most spectacular regeneration technique on crusted areas is a mulch of twigs and smallbranches-of the kind that would be left over after extraction of saleable branches for firewood. The brushwood accumulates soil, sand, organic materials, and seeds, but also lowers soil temperature, protects againstraindrop impact, and attracts termites, which aerate the soil. In the first year, 1983, when control plots ofuntreated crusted land produced no vegetation, the mulched plots yielded 440 kilograms. But In 1984-adrought year-(nearty) plowed plots had recrusted and produced only 30 kilograms of vegetation; the twig
mulched plots yieldedufive times 'as much. 
The success of uesselbodi and similar initiatives ultimately will depend on the willingness of the 

>~local people to them. Initial economic evaluations seemed encouraging (15). Early field results,however, showed problems, Some modifications resulting from farmer participation, band support
from national authorities (primarily the granting of tax exemptions for forest products) seem to have
resolved the major problems and the project is now showing promising results. Some 5,000 hectares
of formerly degraded land have been reforested and are providing income and other serv'ces to villages and indlviduals, primarily.'through wood products and grasses. Alth-.ugh wood was initially
enisioned by planners as the principal benefit, acces, to fodder has emerged as an equally impirtant
product as identified by local participants. Thus, the lessons of Guesselbodi also illustrate tho+imp" r' 

Ftanceof longterm support, locaparticipation, an] flexibility in project development (25). 

- ! 
+ k.o¢ ! 2,. .: :i -; ,, ,-'

- ++,++ ++:+++,+ - + + +,++ 

- - .+ ++++ ' -+;,++++.,+++++&++ + " :+ 



81 

well as markets for outpus) should he avail- nomic status since all practice low-rcsourcn 
able to supl)l innovations at the outsel, hilt agriculture. 
shoud also he able toevolve t )meet (:nI ilet Have available a variety of interventions 
leelds itlvs hel( ()li:ies, programs. projects, and institutnlt it:t(:lS. Furter(',Ihe abil-
it.(ii ti altirr Ii let ill iIteilost 1 1tlt )l' " lions) so that the ones most appropriate to 
i ela r atxivi tul IMt iahlng- the varied and changing needs of resourceh ialitei n-in .S 
elI'llt e li I k.eepi e poor agriculturalists can be met. Long-termview, usilg thI It: 

re itx,' ib]e rest tin r~itntwlt!(e (7, 8.20). monitoring and feedback should be used to 
adjust development activities so they re-

In off,.c, tu(e c:mlt: pltUt musttst(Aslistliiahit main useful and relevant as people's needs 
ai1i) he vietl ini tlyiami: te'r=n. givel the and conditions change. 
thltiniv teiend placed mot fa ri'iiitg emStis 

illmnany c:asets rap~idt c:t.l"t, will h~t! hI mi-Illr. s;(Mr :0.',inludigli on'hsedl~ll Ih r.gAive' rise 
IlIh se rt - t:ertaill i:()-atilii Iis setuti itlh agi'ii:tilt rft 1() ' gits a lilt)\frica 

littiiS ~tiiiiet lipplilict:iuui (J agriicultiii';il k'iriiitrs,andi herdelrs. 'ATIlotig, these strategies 
prac1tticeis, anid ill ilmitt tcases iiitersilit:;ii, inl tie 1 thiittiiltg Illiel'tiS i1m'i spec~ies, as well as 
otrleir ht) "littt \'viiie t I('). 111111tiple varieietjs ( A ita rticular ;rop1t. I th"ta(tillm tt , (it tli 
Iltle iiet hs gltxx'll diemland". iiitcieaset I:.tiitl ' i it oi' exai pile, it is itit lifiiisuial to 
;lttelttjoiml1111"Istiliitt1ve 1wvtil siiitplv' (!nslir I itt isii1iitv its 3t) ori ititte diiihi'it cro'tps on 

itt - Single iiiii. (d ei a , (h: tix ,4-2). Eqt"iuivalenlt strategiesgil n resk pi-cr ivil ,! lrandv] withill tp .aim,h" '.vslellls inc:thde mobhility,'tv ( A. A t.hil 

s\y illts {It()x -I-I). i~illtiiil est'uilareo mut1 tlidtvrst' hetrds, aiiidi 
lisllin . ttrit:atll\'vang lls t g i acei ss tio(e(oc:iii enw 

terl mitllille" ll 1;.(";e va rious,- re:i r,1h ;flos lowr 

(oncept 2: Africa's heterogeneous mixture of 

resource-poor farmers. heehrs, and fishers * prmimte tive''it' (d diet Niltt icioi:me; 
have responded to a high degree of environ- * stbltilize troit:timit: 
mental uncertain ty and economic vulnera- a lnini'nizlris,k: 
hility with diverse and flexible strategies. 0 r'elu:t insett iti iscase in:iidl:e; 
Often these strategies minimize risk while * use labor tiftiitlv: 
seeking otplimnum saleh yields, commonly at * intensify piroit:tliti w,.;illt tt t:ttsIraints 
the expEnse of maximizing yield. Thus. de- (tdScal':ce r'ettrtces: ani 
velopment assistance shoul be designed In: a lMaxillizt' r't'tirl, iiitiei loxx' levels iif tei:h

nology (2,1 -1'* Accommodate the diwverse and flexible ap-
proaches typical of resource-poor agricul- Ifey .x' t Vat,,r s llieinieselitCt il l ii 
turalists. This would include inhancing t:ieates stlu aritttdringlparts of le yeariipl l 
their ability to manage risk, retaining their aitti lWihtxr Shortages (irig, ttther Iar'tS. Afri
flexible household organizations. encourag- ranl tr'mnexrs a:co;rdingely havxe (leveoped va-';
ing diversification of income-generating (,tts il'uir;t:t that hep11 o I'liictuatilesetti'ale 
activities, and supporting indigenous ex- iin labtor (itllillniis hy, foti' etxamlple, :r(lppiing 
perimentation and innovation in agricul- jtat:tites aili mteil e' that strreai labor de
tural system s. Illai, or l-el',ving mo1st lini gri:iltl r l a(:tiv

* Design; implement; monitor; and evaluate ities ttl' slick !atslls. 
policies, economic strategies, and technol
ogies for their differing effects on people Theihigh degree of household and
1(:o nni
of different ages, gender, ethnicity, and eco- I1ity self1-reliance inhelent ill lxV-r0souIrCe agri



_versi__Box4-2.-nDiversity inthe AfricanHom eGar d.ion:,--
IThe home garden (also known as a compound farm) represents one important means by which 

farmers have diversified the form of agricultural production and tho types (f commodities produced.
Occurring wherever cultivation is possible, home gardens are cultivated across the agro-ecological
zones of Africa though they differ considerably in size, shape, intensity of Cultivation, and in type
and number of species grown (30). Unlike the US. conception of a garden as a source primarily of
vegetables, African gardens also include staples (e.g., maize, yams, cassava, and legumes), tree crops,
oil crops, spices, and condiments. They may also provide a varietyof non-food products, including
animal browse, fuel, fiber, medicine, and ornamentals (30), They af6 important for direct household 
consumption and provision of' cash income. 

Home gardens are managed differently fromn other fields. They are commonly located on land
closest to the homes of the farm families. Unlike the outlying fields which are extensively cultivated,
home gardens are intensively farmed often on a permanent basis or with extremely short fallows.
This intensive permanent cultivation is made possible by the application of animal manure, crop

* residues, and household refuse which help maintain soil fertility. 
Home gardens also differ from other fields in the number of different crops grown, often in a 

multistoried structure. The number of stories and species decreases as one moves from humid to 
less humid areas. For example, gardens in the humid zone of Nigeria may have four stories of growthand up to 84 species of plants, The lowest story has such crops as sweet potato and melon growing
along the ground. The next layer includes vegetables such as tomatoes and eggplant along With grain
legumes and the seedlings of trees and shrubs. Cereals, such as maize, and small trees and shrubs
make up the third layer and include citrus fruits, yams on stakes, and cassava. The topmost layer
includes tall tres'such as African breadfruit, oil palm, and wild figs. Besides these better known 
crops, a host of plants less well-known and less researched is grown. 

Several benefits derive from the diversity of the home garden. Nutritionally, products of the garden provide essential nutrients that complement the crops and vegetables grown in outlying fields.
In some cases, no other source for these nutrients exists. In addition, the garden supports productionthroughout as much of the year as possible thereby minimizing seasonal periods of food shortage.
Agronomically, the multistoried and intercropped structure of the garden creates favorable micro
climates for production, and plants are arranged accordingly. Solar energy is used at the various
levels, weeds are crowded ,ut, the impacts of pests and diseases are reduced, and the roots of the*
different crops reach different oluths and take better advantage of soil moisture and fertility. Labor
productivity on established garde'ns is high and is well distributed over the year. The garden is also 
used as an experimental area wher 3 new species and varieties may be tried (5,19,30). 

Home gardens have received little skudy concerning their agronomic functioning and actual im
portance to nutrition and household economy (including the roles of men's and women's labor). Im
proved understanding of both of these areas could support improvements in gardening. Identified 
areas of possible improvement include: breeding varieties which fit into garden structures, identifica
ihon and extension of underutilized useful species, improved management techniques, integration
of animals, improved food processing and utilization practices and access io the needed resources 
necessary (e.g., water and land) (5,19,30). 

culture also makes flexibility, such as the abil- rainfall or high pest incidence. As one re
ty to reallocate resources in response to searcher expresses it: 
changing and unanticipated circumstances, an Farmers allocate their inputs under an Inter
important aspect of African farming systems. secting matrix otconstraints-soil moisture ta-
Flexibility also Is a function of the unpredicta- tus, pest outbreaks, an unexpected illness, lack
bility and risk commoni associated with Afri- of ready cash, etc.-whch can rapidly changecan agriculturei, particUIrly in areasof erretic ... In the short run attention is concentrated 



,on the varying mix of constraints and events, associations or savings associations, for exam
which can have quite different implications de- ple, may ho pooling resources or reducing risks 
pending upon the stago-crop-maturity (281,_-- - - of-indiviaual investments through-jointpur-

Many ways exist for development assistance chasing. 
to accommodate the diversity and flexibility Helping diversify local and regional econ
needed in low-resource agricultural systems. omies can increase the availability of income-
For example, increased, attention could be generating activities (e.g., labor for hire, small 
directed toward research in multiple crop farm- trade, carpentry crafts) while bringing stable 
ing systems (see ch. 8). It is also important to markets for the sale of produce and the pur
understand social structures currently operat- chase of external inputs such as tools or fer
ing in support of low-resource farming systems. tilizer. Promoting indigenous experimentation
It can be important, for example, to understand and innovation with diversified production sys
social mechanisms (within the household or tems should be encouraged because it brings
community) that determine access to and con- v'bout adaptations to existing conditions and 
trol over on- or off-farm resources. It may be can serve as a basis for improvements in agro
valuable to investigate how women's farming nomic practices, seeds, or other features (11). 

m n r 
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Development assistance must be aware of the 
existing division of labor common in Africa (i.e., tutions constitute an indispensable resource 

~ and accountable to local publics. Local insti

b'ageor:sex).Responsibilities-for various-tasks -tht -govre -and-donors-shoul-encour
,are allocated among household members to age. Development assistance agencies also 
help balance labor demands in ways that re- should promote institutions and activities that 
uce labor bottlenecks. Introducing technol- emerge from specific local needs, not from 

ogies can disrupt the balance and undermine "blueprints," and they should help them evolve 
anticipated improvements. For example, intro- to accommodate technological, social, eco
ducing tractors to facilitate or increase land nomic, and other changes (10).
clearing (often men's work) creates increased, 
even excessive, demands for weeding the field Untapped Resouro5 for Development
(primarily women's activity). It should also be 
recognized that some mechanisms used by re- Concept 3: Local resources-such as local peo
source-poor households (e.g., remittances from pie's skills, knowledge, practices, and insti
male migrant laborers, seasonal hiring of short- tutions, plus indigenous plants and animals
term labor by female-headed households) may reflect adaptations to the diverse local con
enhance on- and off-farm opportunities. ditions found in Sub-Saharan Africa. Thus, 

Institutionalized inequality of households and development assistance sould be designed to: 
communities in Africa can create problems for * Make local participation an integral part
development assistance. Agricultural exten- of the initiation, design, implementation,
sion, for instance, commonly fails to reach the monitoring, and evaluation of development
largest group of farmers-women-because it assistance projects.
is run by men and directed to men's needs. De- * Ensure that African women, who in the 
vlopment assistance practitioners must be sen- past have not received the share of devel
sitive to the diverse and complex cultural sys- opment assistance that their role in agri
tems of Sub-Saharan Africa for their work to culture warrants, become full participants
be accepted. But they should strive to remove in the development process.
obstacles to the equitable introduction of new Make increased use of loci, organizations, 
teclto ensure its effectiveness including assistance to improve existing 

(11). +organizations. 
i Build on local resources,Deeopment assistance must support tech- .. +:+ +..... . .. +. such; as :..indig

nlog1ica"l,nLogCal change, whilewhilv+ re'tu, raizingsp the unique- -•:* plants and'.. animalschang.... mus t'enous .,,;.... , and people's,'+k._. a,,,rc~..gvizngte unque-knowledge of how. to use them. These reness and diversity of African agriculture and sources have been largely untapped by de
agriculturalists (18), Each production unit will velopment assistance agencies and they
respond differently to the introduction of new often can be improved. 
methods and ideas and development interven
tions ill be successful only if they address the Experts in agricultural development assis
varied situations present (24), In addition, de- tance increasingly view many traditional agri
velopment assistance should recognize that a cultural systems and the products they produce
varinty of public and private sector institutions as valuable resources for Africa's development.
potentially are available to serve resource-poor In part, this change toward increased appreci
farmers, None of these institutions should en- ation of these resources is a function of the poor
joy a monopoly; none should be overlooked; ?track record development assistance organiza
each shouldbe usied where it will b, most ef- tLions have had so far in finding alternatives. 
fective, In particular, development 'assistance It also reflects, however, a greater effort now
should recognize that local, often small, Infor- being directed toward understanding practices
mal inistitutions-ot just larger or more for- and,.research that shows that these practices.
mal institutions-are important to developMenL' represent efficient responses to meeting mul
activities since they are directly in touch with tiple objectives with often meager resources. 
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In investigations of African,astoralists, for ex- (box 4-3). Evidence of their value is reinforced
ample, a conclusion has emerged that: by the poor record of improving on thei., pr-

More and more often the livestock d opr .ormancepe ctined ure-poor condltions and
has come to realize that the practices of pas- people's continued use of traditional cultivars 
toralists make sense: animal breeds well-suited in conjunction with "improved" varieties, 
tImultiple goals, herd management techniques Local knowledge may also provide resources 
adapted to local conditions, husbandry as up- for agricultural development beyond those
to-date as the flow of information and technol- manifest in existing production systems. Evi
ogy permits, land-use management carefully dence exists, for example, to show that popu
adjusted to long-term social and subsistence in-::''surance (12). :mosnv lations have information on a range of produc.. mmto na ag trdc:surance (12)tion systems that may provide important
Much the same argument is made for crop sources for innovation and agricultural inten

and mixed crop-livestock production systems. sification. One researcher notes, for example,
Of particular interest are the genetic resources that: 
that have emerged to fit the particular needs African ecological research suggests a con
of African farming systems. The varieties that'!: d: : avee. -o' ... ". . . . . . . tt nuumm froom eex tens ive tto ini tensiv eclia,c u lt vat ion ; ;
have evolved over the course of hundreds of with shifting cultivatorsnot unawareof the 
years ofnuman and natura selecton are in- costs and benefits of permanent field cultiva
herentl-. well suited to local conditions and, de- tion. From time to time cultivators may adjust
spite wat are commonly viewed as low yields, their position back and forth along this con
are of critical value to low-resource systems tinuum ... (32). 

Box 4-3.-Acacia albida: An Indignnous Resource for Developniunt 

Traditional African agriculture has long used eJ isting resources to provide sustainable benefits.

For instance, the use of Acacia albida-afast-growing, leguminous tree native to Africa-is one of
 
many practices that have been used for centuries. Historically, the tree was considered so valuable
 
that in the Zinder region of Niger, a 19th century Sultan decreed that people found cutting Acacia
 
trees would be beheaded. In Senegal, highly productive agrosilvipastoral systems have contin-ied to 
evolve using the multiple benefits provided by these trees. 

The species has several characteristics that are valuable in agricultural sYstems. For instance,
 
at the onset of the rainy season the species drops its leaves, These leaves provide a leaf litter mulch
 
that enriches the topsoil. During this wet season, which is when sorghum and millet are produced,

the defoliated canopy p ,mits enough light to reach the ground for cereal growth and provides enough
shading to reduce the effects of intense heat. During the dry season, the Acacia's long taproot draws 
nutrients from beyond the reach of other plants and stores these in its fruits and leaves, These drop 
to the ground at the beginning of the next rainy season and are consumed by livestock, Because the*
fodder has more nutritive value per unit weight than many other fodder crops, more livestock can
 
be supported than without the Acacia. In addition, the livestock manure helps enrich the soil further,

Thus, crop yields are greater when an Acacia is in a field than when it is not (26).,
 

Using the trec vith a proper balance of crop and livestock can also considurably extend the length

of cropping without loss of productivity. For example, using the Acacia helped maintain continuous
 
croping of millet in the Sudan for 15 to 20 years in areas where the norm was 3 to 5 years.
 

Today, the Acacia Is being promoted by some development groups In an attempt to provide sus
tatrable benefits to low-resource agriculturalists. Nevertheless, many Africans were well aware of Jthe importance of the tree as a productive resource long before the Western researchers who now
tout its qualities. It provides just one of many examples of indigenous resources and production sys
tems once overlooked or denigrated, but now commonly recognized as valuabl 
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The implications of this are that farmers and relationships affect the 3uccess or failure 
, lherders tend to have a reservoir of latent knowl- of interventions. 

dge- of-agricultural --systems- andtocal re.. - .. " ex 
sources This suggests that local farmers al- ternal systems such as markets, extension 
ready may have done considerable "research" systems, and transportation networks. 
of their own on different forms of production.
This information could provide valuable infor- The farming systems of Africa are complex 
mation on development options, but requires and changing. Many interacting internal and 
a concerted effort to tap it. external factors affect who uses the land, how 

considerable wealth of knowledge 
and resources in low-resource agricultural sys
tems, this alone will not be adequate for meet- One way to view the integrated Pature of
ing Africa's future needs. Outside resources will farming systems is to use a hierarchical per
be essential, in particular the application of spective, where ecological, economic, social, -J 
modern science to African agricultural prob- and institutional factors operate and interact 
lems. Along these lines, however, a far greater at different levels (22). At one level, for exam
investment needs lobe made in bolstering the ple, are various factors operating within fields, 
scientific capacity within Africa itself. In this for example, agronomic considerations of soil 
way, African scientists-better placed to under- quality and water availability, or social factors 
stand agriculture in their own countries-may such as division of labor in field activities. On 
be able to draw on knowledge and technology a broader level are activities taking place wi
selectively from abroad and apply it to their thin the entire farming enterprise, including 
own settings. non-farming activities. Therefore, understand

ing how resources are used within farming 

ethe 	 objectives. 

Enlisting the participation of resource-poor systems requires looking beyond the house
farmers and herders is essential in defining ef- hold, given the importance of links among
fective approaches to assist them. Local par- households: 
ticipation can come in many forms, including 
one-on-one approaches, communication With Investigations of numerous systems of rural 
community leaders, community meetings, in- production in Africa have demonstrated that 
teraction with local and multi-village organi- viable production by individual farm house
zations or their representatives, and interac- holds depends on their being embedded in 
tions with regional-level organizations or their supra-houshold networks, These supra
representatives,Efforts to eng-age.local parnc"- household linkages may take the form of mutualrepreentativs. aid or have the character of patron-client rela
pation are not without additional costs to tions. Whatever the form,it is clear that access 
donors and participants themselves. Therefore, to key resources or to basic factors of produc

+-	 effective participation depends upon identify- tion lies outside the household as often as itlies 
ing key places where local decision-making will within it ,. (31).
most improve assistance (36). It is also important to consider agricultural 

development using a broader ecological frame-
A Complex Web of Connections work that incorporates, for example, the en-

Cncept 4:Low-esource agriculture+'iiAfica.basd€... +......'... .. • :vironmentaltrolling wideoservicesin, etc.)(reducingprovidedrun-off,by natLcon-,al..... ntr+ 
is based on farming systems that have inte.- e e. p by na,... 
acting ecological, social, and economic corn areas beyond the farm, Disturbing these sys 
ponents, aiid these farming systems are tems, as reflected in such processes as deser 
linked, in turn, to other larger systems be tification and deforestation, lncrea ingly un
yond the farm. Thus, d e rtassistance dermines the viability of development inAfrica, 
should be degned detopn: t But protecting these resources depends on the 

Account"area (e.g., the consequence of decisions miade
Acc t for the Intograted nature of low- by many individual farmers given land tenure 
resource agriculture and hou', these inter- patterns) and beyond (eg., the commitmenti-oi tof...... 


+
4::+: 	 ":' .''": . 'O....... "'"' ~+ ' ~++ + ,:+ ' ::++++1 :""+r i"+ 1, 	 : + ",+ +f+ 

4 

--- - '++': . ,, +1)i05+4 



87 

national government to resource planning and and extenion systems, and off-farm income) will 
management). require the use of different institutions and 

Attentonlo eina ee areyo o ationsffinsituionsDevelopment as
mAtreooi national leel sistance agencies should support a wide rangethe orrgin ic aietyeof

mcr...c.. ... and. national-policyisses, ,of institutions-public and private, governmenalthough seemingly removed from the day-to- tal and nongovernmental, local and regional
day operations of resource-poor farmers , can depending on their comparative advantages for 
haveures major impacts. How a government struc- peningco .efr't: isautrandlces",. theiicom.pratie.a.dii pecific activities. Their choice should serveagricultural ,,o pricing,t sr its g':' : policiesl (e~g.,t gP g rualpublics and help people reduce their vulrural pu l c an he p eo er d cet irv lcredit, and extension) and such factors as mone- nerabiliy to external influences such as unsta
tary or fiscal policies can significantly influence ble markets and inadequate extension systems.
the low-resource farmer. Even international 
factors, such as international commodity prices 'rho ways in which interventions will change
and international commodity agreements, can the relative weight of available production fac
influence agricultural activities. For example, tors, and modes of access to those factors, re
establishing access to international markets for quire careful tracing, including both prior trac
particular cash crops can result in fundamen- ing of likely effects, based on available 
tal restructuring in local farming systems (box knowledge of linkages, and post hoc tracing,
4-4) as part of the monitoring, evaluative, and 

EEnhnhancingn the linkss b between on-farmr and,ex-xdirectedte l o a feed-back processes of research (31), 

ternal systems (e.g., markets, rural financial in- Development assistance agencies can encour
stitutions, transportation networks, research age these many layers of institutions to share 

Box 4-4.-Changing Farming Systems of the Nyiha of Tanzania 
Farming systems of the Nyiha people of Tanzania serve as an example of the complexity of low

resource agricultural systems and their changing links to external and internal factors, The rainy 
season usually lasts for 5*to 6 months in the Mbozi area, with annual precipitation averaging 40 to 
50 inches (1,000 to 1,250 mm). This environment is suitable to produce the Nyiha's major staples
maize, millet, sorghum, legumes, and cassava-using a variety of traditional shifting cultivation tech
niques, These typically include several crop sequences followed by a fallow period, 

Internal and external factors-e.g., increasing population pressure, the introduction of European
style coffee estates, and increased coffee pruduction by resource-poor farmers-have caused major
changes in local farming systams and their links with the export crop economy. As the area's popula
tion grew and as coffee production expanded, less land was available for food production, Some farmers 
migrated to less densely populated regions within the Mbozi area, Others intensified their food pro
duction systems, and still others incorporated coffee into their own annual labor cycle and household 
economy. The people who migrated continued traditional shifting cultivation. Those who intensified 
their food production began to replace shifting cultivation with various grassland-fallow manage
ment techniques, such as ridging, mounding, intercropping, legume/grain rotations, and production
of cassava on marginal lands, Those who incorporated coffee into their household production sys
tems mobilized male labor which was not typically involved in food production. 

Each of these three groups requires a different form of development assistance. Shifting cultiva
tors will need assistance in the transition to permanent agriculture as this becomes necessary in re
sponse to growing populations. Tose that have already begun this transition can be assisted with 
technologies that promote sustainable production systems using their particular mix of resource on
dowments. Farmers growing some coffee might be assisted through efforts to adapt scaled-down tech
niqus from larger coffee plantations. They use more inputs such as fertilizers and modern manage
ment techniques, and are able to rely on external institutional arrangements and marketing systems
to obtain their Inputs. On these farms, traditional food production meets most subsistence needs and
providus some income, while coffee production provides additional income from exports (18), 

'4...- -!, -; 
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information and coordinate their efforts D ,
rvelopment assistance agencies also can work 

-w--ith~if l mento 1a iiS-fi feI -
cratic structures and procedures as necessoary 
so they serve low-resource farmers more effec-

ely (10). In addition, special attention should 

.-
I

be given to encourage maintenance of diverse social connections between households,-gr_ups,__ 
] oi6ve-g-rfoupsand 6ommunities be- "v
 

cause these networks help reduce risk and serve 
the varied needs of low-resource agricul
turalists. 

A RESOURCE-ENHANCING APPROACH:
 
A COMPARATIVE 

A variety of approaches to development assis-
tance exist and donors often use mutually sup-
portive elements from several. A resource-
enhancing approach would have elements in 
common with other strategies addressing agri-
cultural development and some significant 
differences, To illustrate these similarities and 
differences, three donor approaches are com-
pared and contrasted with a resource-enhanc. 
ing approach. The three approaches are: 

- The New Directions/basic human needs 
approach which sought to provide such 
basic human needs as food, education, and 
health care for the poor. 

* The Accelerated Development/policy re-
form approach which has come to focus 
on reforming national policies that con-
strain economic development, including
development of the agricultural sector, 
An approach promoting accelerated 
growth in food production, primarily in the 
highest potential regions, detailed by the 
International Food Policy Research Insti-
tute (IFPRI),3 through increases in use of
commercial inputs, infrastructure, and 
African institutional capabilities. 

A resource-enhancing approach shares a 
common overall emphasis with these threestrategie all e elop agiture the 
primary means to support national develop. 
ment. Within agriculture, all four focus on the 

$Researchers associated with the International Food Policy Re-
search Institute (IPRI), I of 13 centers of the Consultative Group 
on International Agricultural Research, have recently detailedthis approach i 1.Melior, C,Delgado, and M. Blacklo (eds,),
Accelerating Fod Production InSub-Saharan Africa (Bltinore,

'.MD: The Jon opkins University Press, 1087). For this sec. 
tion this approach Is called "the IPPRI approach."
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"small farmer" and not larger, commercial, or 
state run farms. The four strategies differ sig
nificanfly, however, on how best to support the 
development of this group, and on what por
tion of this broad group should be addressed. 

t d 
The United Statet,' development strategy was
 

redirected toward improving the lives of the
 
por by the 1973 New Directions legislation
 
amending the Foreign Assistance Act of 1961,

This change stemmed from criticisms that previous U.S. aid to developing countries was sup
porting ineqaitable economic growth and that 
it was not helping the poor who made up a sig
nificant and growing percentage of recipients 
(21). With this approach, the purpose of devel
opment assistance shifted to increasing the 
poor's access to food, health care, and educa
tion. The poor were to benefit through the di
rect provision of these basic human needs and 
by increased access to factors such as credit,
extension, and improved infrastructure that 
could increase their productivity and income,
Increases in income would then enable the poor 
to supply their own needs. Assistance was also
intended to increase the poor's participation : 
in and control over development, Because the 
majority of Africa's poor are agriculturalists, 
agriculture became a central focus of the strat
egy although attention was also given to the ui
ba p ro jectni das an ne ans 
of providing for basic human needs (16). 

The impact of the New Directions strategy 
was limited both by conditions in Africa and 
by its actual implementation. These problems
included: 

a lack of trained Africans to program de
velopment assistance funds and to run the 
projects; 
e e ts--:.-

I 



* alack of improved agricultural technology 
to.be ransferred opoor farmnrinh ibit--
ing the potential for increases in agricul-
tural production and income and thereby 
leading to a greater emphasis on the direct 
provision 'of basic human needs; 
a lack of indigenous institutions and trained 
personnel capable of generating agricultural
technology and supporting the development 
of agriculture; 

* 	the existence ofnational policies which dis-
couraged increased agricultural production;

* projects' failure to generate the revenues 
needed to be self-sustaining;

* 	overly complex attempts to deliver differ-
ent services nd gcids, combined with the 
unfilled need to coordinate differing bur
eaucracies; 

* projects' failure to address local environ-
mental and social conditions; and 

* projects' failure to ensure beneficiaries' par-
ticipation (16,21). 

These constraints became evident as projects 
were implemented to carry out the New Direc-
tions strategy. Their identification was a key 
reason for the design of the other three ap-
proaches, which have responded to these short-
comings in different ways, and for modifying
the New Directions approach itself. 

,; Lack of national economic growth in Africa 
'and the identification of the important role of 
national policy in this problem led to the more 
macro-economic approach of Accelerated De-
velopment, first detailed in a 1981 World Bank 
report, Accelerated Development in Sub-
SaharanAfrica: An Agenda for Action, pre
pared at the request of the African Governors 

of the World Bank. According to the AcL0i1er-

ated Development approach, changes in na-

tional policies (known as policy reforms) are 
key to national economic growth and three 

types of policies are of primary importance: 

suitable trade and exchange-rates; increased 

efficiency of the public sector; and supportive

agricultural policies Agriculture is seen as 

the most important determinant of economic 

growth. Means to support agriculture would 

include: a ocus on smallhoider with greatest

attention paid to the highest potenial regions, 
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increased prices for agricultural products, more 
competitivoemarketsrincreased rural availabil--
ity of consumer goods, improved transport and 
marketing infrastructure, increased research, 
and increased attention to export crops where 
a comparative advantage exists (38). Over time, 
donors have come to focus primarily on the pol
icy reform aspects of Accelerated Development,
giving less attention to those nonpolicy factors 
also identified in the approach; hence, the in
creased use of the term Policy Reform as a 
donor approach. Donors have also focused 
more on changing actual policies than build
ing African support and capability to do so,
They have concentrated on supporting a set of 
reforms which address such current policies as: 

* 	below-market prices paid to farmers for 
their commodities, set by the government 
as a way to increase government revenue 
(especially from export crops) and to pro
vide cheap food to politically important ur
ban populations; 
overvalued exchange rates combined with 
import restrictions used to conserve for
eign exchange, make food imports cheaper,
and make food exports less remunerative 
for the farmer, imported agricultural tech
nology more expensive, and consumer 
goods more expensive; 

* a failure by the government to invest ade
quately in agricultural development; and 

e 	an overreliance on parastatals for markot-
ing agricultural inputs and outputs, which 



has led to inefficient marketing, high mar
keting and transport costs, and locking out 
the indigenous private sector (21,34,38). 

In addition to the benefits incurred by chang
ing such policies, Policy Reform is attractive 
because of how it can be in'plemented, Donors 
can move large amounts of assistance quickly
in return for promises of policy change and thus 
meet their own budget timetables and react to 
domestic political needs. Measurable goals can 
be set, such as changes in exchange rates or 
prices, and can be reached relatively quickly 
thus meeting demands fur docuimentable, fast 
results, In addition, expatiate personnel re 
quirements aro seen as lower than those nec
essary forNew D irections' type project assis 
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ltance and macro-level data analysis can occur 
atcentraLlocations..hese-justcfications have 
been-challenged, however, because some see 
reform as a slow process and note that person-
nel requirements are not reduced only shifted 
(3,4). 


!Plicy Reform'siapproang, 

tation have raised several concerns over its im 
pact. Its emphasis on national-level economic 
growth and, for agriculture, national produc-
lion increases may overlook the goal of equitable
growth and an emphasis on the poor majority.
This concern is partly based on a lack of data 
conclusively showing links between policy re-
forms and increases in production and income 
among resource-poor agriculturalists. It is also 
a function of growing evidence of negative im-

acts that structural adjustment policies can 
have on the poorer segments of society. As-
sumptions that policy reforms can be effective 
in bolstering production without, among other 
things, addressing technical or infrastructural 
bottlenecks are also being challenged. In SuM, 
questions are increasingly being raised regard-
:ng the wisdom of pursuing macro-level reforms 
on a broad scale without adequately under-
standing their impact at the micro-level (see
ch, 6). 

Another criticism of current implementation 
of Policy Reform is that it is not creating Afri-
can capacity to implement and maintain such 
reform, This lack of attention to African capa-
bility contradicts the original conception of the 
Accelerated Development approach, with its 
stress on donor support for such activities (38). 

The failure of the New Directions and Pol-
icy Reform approaches to address the techni-
cal and institutional needs of African agricul-
tural development led to an approach to 
accelerate food production growth, detailed by
the International Food Policy Research Insti-

'-tute (IFPRI). The IFPRI approach is based on 
the tieory that Increases in food production will 
lead to increases in farmer income which will 
in turn lead to increases in production and em-
ployment in other sectors of the economy. 

Improved technology Is seen as the driving
~force for speeding growth in food production, 

" .; m ,.+I. <. .. , I IV2-

And national economic growth will depend on 
-- the commercialization-of-smallholder:produc 

tion, needed for the adoption of improved tech 
nology. According to this strategy, resources 
should be directed to: 1)fertilizer distribution, 
2)agricultural research, 3)education and train

and 4) infrastructure development. Policy 
reform is an Important but ot primary goal
areforms emphasized aret hataddress 
t fu areas. 

The IFPRI strategy seeks to build African ca
pability necessary to carry out development as 
it supports the implementation of these four fac
tors. For example, indigenous fertilizer distri
bution systems and African analytical ability 
to set regional fertilizer priorities and import/
distribution policies would be improved along
with increases in the distribution of fertilizer, 
To support agricultural research, the approach
emphasizes building and improving African re
search institutions. Increasing and improving
human resources is part of building these Afri
can research institutions: as staff must be 
trained to use and manage them. In addition, 
formal education for farmers would bein
creased so farmers could avail themselves of 
the services of agricultural institutions. Finally,
improved rural infrastructure would benefit 
African transport and marketing capability and 
would require the involvement of local govern
ments and rural organizations because of con
struction costs and maintenance needs. 

The IFPRI strategy argues that donor asss
tance should be aimed at better-off areas that 
can take most advantage of the scarce dtvel
opment resources available, This means focus
ing on higher income small farmers who can 
invest in new technology and on geographic 
areas with favorable rainfall and soils or where 
soil problems can be solved. For commodities, 
this means limiting the majority of internation
ally supported research to a small set of widely 
grown, staple crops, such as maize, rice, sor-I 
ghum, and cassava, that have the possibility foi 
major improvement, especially In the higher 
potential geographic areas. 

For many, the IFPRI approach, like PolicyReform, raises concerns over equity. Focusing 
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assistance on the better endowed regions will poor agriculturalists; providing "safety nets" 
byasare.umesoAfricans and-con trib.,---for-th poor-significantly-lhurt-by- reforms,,and

ute to Increasing inequalitios in income. By-
S passing large numbers of persons also reduces 
the positive impact better-off agriculturalists 
have on stimulating economic growth since 
fewer people will be in this group (8). In addi-
tion, ignoring the less well-off regions will lead 
to ignoring the unsustainable production now 
taking place there and degradation of the nat-
ural resource base will continue,. 

These Ihree approaches have been developed 
to address constraints to agricultural develop-
ment: New Directions with lack of equity; Pol-
icy Reform with unsupportive national policies 
for agriculture; and IFPRI with a lack of tech-
nology and institutional support. A resource-
enhancing approach combines parts of each of 
these three strategies to address the needs and 
abilities of resource-poor agriculturalists. For 
this reason, a resource-enhancing approach 
overlaps with each on specific points but also 
has significant differences,. 

A resource-enhancing approach shares Now 
Directions' emphasis on equity because both 
address development of the majority of the poor 
although New Directions i,broader because 
it also addresses the urban poor. Also, a re-
source-enhancing approach concentrates on in-
creasing the productivity of the poor, versus 
New Directions' provision of basic needs-giv-
ing the former a more technical and institu-
tional orientation. Provision of basic education, 
health care, and food, while complementary to 
a resource-enhancing approach, is peripheral 
to it. 

Policy Reform's identification of the impor-
tance of supportive national policies is buil. into 
this resource-enhancing approach. Technol. 
ogles and institutions' effectivenessj can be 
greatly reduced by discriminatory policies. Un-
like Policy Reform, though, a resource-enhanc-
Ing approach would link reforms in poliries pri-
many to the development of resource-poor 
agric itrtilsts. Therefo 1, action on such re-
forms Would stress: links to the on-the-ground 
working of the agricultural sectorensuring that 
benefits are received by a majority of resource-

providing significant attention to building Afri
can capacity to create and implement such re
forms in order to ensure the two above points 
and the sustainability of the reforms. Policy re
forms remain important in a resource-enhanc
ing approach but less so than in a Policy Re
form approach as resources must be used to 
support technical and institutional ne6ds as 
well. 

A resource-enhancing approach incorporates 
many of the components of the IFPRI approach. 
Both place strong emphasis on the need for im
proved technology, and both include the need 
for ensuring that technologies address the real 
constraints faced by farmers and herders 
through means such as on-farm testing of tech
nology and farming systems research Tn addi
tion, both emphasize the need for inst ational 
development to develop and support improved 
technology, This leads to a common emphasis 
on building African capability to carry out this 
work. 

However, significant differences exist be
tween the two approaches. A resource-enhanc
ing approach would not direct assistance to 
only those agriculturalists and areas with high 
potential for improvement. It would address 
wider populations and geographic areas for rea
sons of equity and to prevent a large majority 
of resource-poor agriculturalists from being 
bypassed by development. This leads to differ
ent technological choices because the appro
priateness of a technology depends, in part, on 
the resources available to an agriculturalist, For 
example, a resource-enhancing strategy would 
support the use of commercial fertilizers where 
applicable. However, it would not give them 
the same overall emphasis as the IFPRI strat
egy because significantly expanded use of pur
chased fertilizers is not affordable nor avail,, 
able to a large proportion of resource-poeI r 
farmors, Also, a resource-enhancIng approai.h 
would support research on a broader rangeof 
agricultural commodities, Although some of 
theso make up a comparatively small percent
age of total agricultural production, they are 
often essential to household nutrition and 1n 
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come, and existing technologies could be 
--,-adapted-to imnprove their-production rAddress-

ing this concern would stretch research re-
sources; therefore, greater emphasis is placed 
on developing national research capability and 
linking researchers, extension services, and 
agriculturalists in the most productive way. At 
the same time, a resource-enhancing approach 
places greater emphasis on slowing degrada-
tion of the natural resource base, much of which 
is occurring outside higher potential areas, 

osapt to sup-
resource-enhancing approach i to 

port small, evolutionary gains in production,erg
placing greater emphasis on using available re-
sources (e.g., technologies and local organiza

tions). Where favorable [actors of production
(e.g 	 cl- iato soiL--a rkets -resarch -capab. 

ities) exist, the IFPRI approach may he more 
relevant for local agricultural development. 
Although both approaches str,-ss the fcrial 
training and development of institutions nec
essary for agricultural developmeant, a resource
enhancin' approach gives gre'ter emphasis to 
linking this training and institution-building to 
the needs of low-resource agriculture. Resource
poor farmers and herders themselves play alarger role in a resource-enhancing approach
via contributing knowledge, taking part in re

eaanrn gh h tio org -

AFRICAN PERSPECTIVES
 
OTA solicited the thoughts of individual Afri-

can colleagues concerning the relevance of its 
work on low-resource agriculture to African 
agricultural development,' The overall re
sponse was that OTA's approach to enhanc-
ing low-resource agriculture fit within their 
own conceptions of African agricultural devel-
opment and this approach would bea realistic 
one for solving African food deficits. Several 
points Iivere stressed: 

mpo te d t ofi,tmportanceofthediversityofAfri, 

cn agriculture was reiterated. Allof the coun-

triec iave problems but some face an agricul-
tural r'risis The causes of these problems vary
from country to country; and solutions also will 
vary, For this reason, development assistance 
needs to be flexible so that it can address local 
problems and develop an appropriate mix of 
responses, Promoting a single technique, such 
as adjusting pricing policies, with equal vigor 
across the continent was seen as a mistake, In 

__...._ 


IOTA sulrveyed some 40 African researchers and policymakers 
tapp Q for their views on: the state of agriculture In their re-
gion, how their views differ from those of donor agency )vrsoi
nel, how appropriate Is O TA 's m odel of low-resourco gricul.
ture, and what would be a constructive US. forogn assistance 
progra. for Africa. Thir views wore synthesized In: Hussein 
Adam' "Africa Pespectives f.Low-Resource Agricultre, con-. 
tractor report prepared for the Office of rechnology Assessment 
(SprInnfieid, VA: National Technical Information Service, De-
caber 1987)I. 

order to have the necessary flexibility, donors 
would need to increase the decision making au
thority of their in-country personnel, 

Second, increasing African capability was
 
seen as essential, Thi could be carried out by

increasing support foi"education and training,

institutional support including core funding
 
especially for research, and support for local
 
organizations. In addition, donors should re
duce their dependence on expatriates; increasetheir use of Africans; and give Africans morecontrol and participation inprject and pro
gramodesign cimanagimont, and pvalurio-n. 

Third, a need exists to work with the re
sources and technology available to the majority
of the agriculturalists, Making use of tradional 
knowledge will be part of this work and tech
nologies and institutions that can support tradi
tional systems of farming are necessary. Farm
ers' knowledge and participation should be 
incorporated into the work and women should 
be actively involved. Technologies will need 
to support sustainable productivity. 

F o u rth ,h e n t r o th iap p r oach me a ns
Fourth, thenature of thi approach means

that assistance must be long term and have de-
velopment as its goal. Levels and types of assis-

-. 

t s u no be d e a p olitical 
tanc u not b e along potical
lines, -
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SAfricans stressed the need for U.S. development assistance to match Africa's diversity, to ensure that Africans' 'Capabiliiesr 
Sare Increased, to build on the resources that the majority of agriculturalists have available to them, and to be committedJ~~~ 

to along-term effort with development Its most Important, goal. 
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Included With their general agreemen\wth mont And concern existed that the United 
tl'approach of enhancing low-resource 7gri- States was incapable of carrying out a resource
culture were several caveats. There was con- enhancing approach because of U.S. empha 

ern that approachnot become, the sole sis on top-down' approaches and providing foodfor_ralg gricultural development._Insteadi 

it should be carried'out in conjunction with 
other approaches, such as increasing non-farm 
employment and improving rural peole' 

and education. The approach should not 
become subsistence-oriented but aim toward 

the practice of science-based 
cultur6Also, when carrying out the approach 
it should be remembered that some traditional 
practices will restrain agricultural development 
and shouldbe discarded. 

A 	 Sopmen 

•increasing 

::sm all minority o f responses strongly dis-
agreed with an approach to enhance low-
resource agriculture. Fears were expressed that 
it would lead to a class of farmers trapped at 
the subsistence level. In some cases, traditional 
systems were seen as impediments to develop-

An adtolis 
e was the nedt 
es the e d 

riedyhe spr 
o address c 'i'" p 

iosaddress corruption an 
p 	 ehealththenisuse f asitne the use o tunis 

.i for development purposes should override the 
need for African management of funding and 
donor agencies should retain spending control. 

Throughout the responses ran the call to con
sult with Africans before carrying out devel

assistance. This was expressed directlyin,, d e sp ,co m n s n nre p o ts e ifi 
n respondents'speciftic comments Mand in

direstl inrtheton ftei r let. ay ex 
praese 
Sae 

surprisse ad psourtat
og~shdsuh hi 

e nited. 
pnos 
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Capfter 5 
The Role of Tech nology in Enhancing 

Low.Resource Agriculture 

HIGHLIGHTS 
*Many agri cultural and environmni~tal problems facing Africa reflect a failure
 
of tradition;l systems to accommo~date the continent's rapidly increasing popu
lation. In mrist of Africa, the tradition of land-extensive, shifting agriculture will
 

have vye into more intensive, permanent agriculture if food security is toto 

increase. T, chnological ininovation' will play a major role in this intensification
 

*process. -.
 

A technoloigical approach with promiisti for promoting food security in Africa
 
calls for an, evolution of existing agricultural systems based more on sequential

improvemnts in technology and incremental gains in productivity, as compared
 
to the quan~tum increases in inputs and output that epitomize the so-called Green
 
Revolution ISome high-potential areas in Africa will be able to follow the latter
 
approach, b~ut these areas are in a minority and Green Revolution technology

will do litthtl to address the needs of the nrajority of African agriculturalists who
 
function under resource-poor conditions. A viable technological framework to
 
assist low-resource farmers, herders and fishers should account for the following:
 
- Successftil development of Africa's highly diverse farming systems will re

quire an equally diverse array of technologies adapted to local socioeconomic
 
and envirnmiental conditions. Although Africa will benefit from the fruits
 
of global africultural research, African problems will require increased em
phasis on Africa-specific solutions,
 

-	 Increased farmer participation in identifying problems and acceptable solu
tions could elhance the effectiveness of technical assistance, Existing farmer
 
practices shoald be the starting point for integrating the best of traditional
 

*and modern technologies.
-Technologies iii support of low-resource agr ..ulture should reflect the high 

premium this pr'actice places on risk aversion and the need to maintain flexi
bility in the faceof uncertainty and limited access to resources. 

-Resource-poor agriculturalists rely primarily on internal resources. Conse
quently, informati n for intensive management and other iechnologies should 
emphasize the use ~of internal resources also. 

e 	Technologies that offerb'he most promise for contributing to the food security
 
of resource-poor farmers'and herders share common characteristics. These in
clude technical ind environmental soundness, social desirability, economic ai'
fordability, and sustainabitity.


* 	Promising technologies outlined in this report appear to be able to significantly
 
improve Afr.'s future food security. through improving the use of natural re
sources, lncrea.u .. soil fertility and water availabity, providing genetic improve
ments in crops and livestock, improving integra) ons of animals into cropping
 
systems, and reducing food losses and workload.,However, technologies do not
 
'operate in isolation and non-technical factors will heavily influence the extent
 
to which this technical potential is realized.
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TECNOLOGY'S PLACE IN A CHANGINIG AFRICA, 
Technological innovation in low-resource over land and resources as farmers extend fur

agricutaIsystemsiill bea major factor con- ther into asrangeland's and pastoralists are
tributing to AfricaW'ability to meet the Thali- forced onto rangeland of marginal productivity
lenges ahead, However, technical solutions and lose access to critical dry-season forage (27)..r. .al new- f-n ve'.--A f i a .s f od--securlt-7 - ...... o......' -' . . . * ::*: :: :::7 
problems. Declining per capita food productn and in-

Throughout the wo rd, agricultural systems come, as well as serious degradation of the re
have met increasing food needs by intensifica- source base on which African development de
tion, and technology has always played an im- pends, provide compelling evidence that 
porantrol.i tis proes. Thog require additional technology andand technical 
tive management and application of technology . . .. t . .... 
and other inputs, it becomes possible to expand assistance to intensify their agriculture. The 
and accelerate agricultural production beyond rate at which intensification will need to take 
that possible by relying on natural processes place, or even the extent to which intensifica
alone. However, much crop and livestock pro- tion is possible, obviously varies greatly in a 
duction in Africa is extensive rather thani- regin as diverse as Sub-Saharan Africa.
tensive. A small percentage of African food pro
duction is likely to remain extensive where But what form should technical assistance 
population densities are still low, or where peo- date sugge of the disappointing results to 
ple have settled in new lands opened by dis- date suggests thattechnologinl interventions 
ease control, for example. In areas like these, often overemphasize solutions imposed from 
shifting agriculture historically has been an eco- the outside. These commonly fail to consider 
logically sound and abor-efficient means of local perceptions and social and environmental 

porn role in this process.0moreThrouh ac- resource-poor farmers, herders, fishers will 

!!' ...producing food, In fact, until recently, shift- conditions, andapproaches.tend to underemphasize more-h0 integrated to problem-solving:i'i iing agriculture was sustainable in much of (51,52 e a c to proble -lving
Africa because fields could be cultivated for )
perhaps 5 years in semi-arid zones or 1 to 3 'rho .... .. . . 
years in more humidareas, and then allowed is prospect that Africa will need to double 

; to lie fallow for 10 to 15 years to trestore the production over the next few
land (4247,50). As populations increased and decades to keep pace with population growthis daunting. It also has given rise to the notion 
as land became more scarce, however, this age- that nothing short of a Green Revolution ap
old agricultural method began failing. As fal- nohia 
low periods shortened, yields have declined, proach for Africa, such as the one that trans
additional marginal land has been put into pro-duiction, and .environmental degradation, has formed much of Asiagailure will meettichleg.CranyafwrasoAfrica,

uaccelerated (45)n. mna d- h
accelerated (45). 

notably the regions with high agronomic po
tential and well-developed infrastructure, haveLivestock production faces a similar situa- benefited from technology developed in Asia,

tion, particularly on Africa's rangelands. In- but it seems unwise to expect a Green Revolu
digenous systems have developed to use scarce, tion strategy to be widely applicable to Africa
often unreliable, natural resources efficiently. in the foreseeable future (box 5-1). In compari-
Recent studies show these systems to be much son to those parts of Asia that benefited from 
more efficient than previously believed (3,15). the Green Revolution, Africa has poorer soils
Yet it is evident that in more and more cases, and less water available for agriculture; lower
traditional practices are no longer sustainable. labor/land ratIos; less developed human and in-One contributing factor is the increased num- stitutional infrastructure; and it relies on not
bers of pastoralists and livestock. Perhaps more one but several staple crops, most of which have
detrimental, however, is the increasing conflict short research histories (4). 



Box 5-i.-The Green Revolution and Africa 
When people talk about African agriculture, they often compare the coatinent and its problems

to India in the mid-1960s, when that country faced massive food problems, was heavily dependent 
on emergency fo)d aid, and was often written off as a "basket case , If India can make the progress,, ___ diI -I..it has-and today India_-Lis __A_exportingfood,__10 ,including---_ food _*daid o.Africa= why-cai'LAfrica?_Tlb anisver.-,
is simpe, although the context is complex: Africa and India are two very different places andlsome
of the most useful lessons from the Indian experience are drawn from highlighting those differences. 
Climatic and Physical Differences 

The dramratic gains in Indian agricultural output occurred largely in the Punjab, an area with
relatively forrtile soils, a geology that permitted the widespread adoption of irrigation, and few pest
problems. rhe high-yielding varieties of the Green Revolution were bred to perform best under such
conditiotis. In contrast, African soils are generally low in fertility. They tend to be shallower, have 
poorer texture, are more inert, and have lower water-holding capacities than comparable Indian soils
(32). Also, African geography is less conducive to irrigation, especially large-scale projects. In Africa,
only J to 5 percent of cultivated areas are irrigated whereas at least 20 percent of Indian's cropland 
is (11,55). 

In Africa's high-rainfall areas, agricultural production is limited by low sunlight, rapid leaching

oisoil nutrients, soil degradation when crops are removed, and the rapid spread of pests and diseases.

'roduction in semi-arid areas is limited by lack of rainfall. West Africa's semi-arid areas tend to have

shorter growing seasons with greater risk of drought than the semi-arid areas in India with similar

levels of rainfall. This suggests that shorter growing-cycle crop varieties are needed and these are
 
generally more risky.
 
Crop Differences 

Rice and wheat, the predominant Green Revolution staples in India, have a long history of scien
tific research. Also, the environmental conditions of the Punjab allowed India to introduce improved
varieties and adapt them quickly to local conditions. The successes with rice and wheat were partly 
a function of plant breeders' ability to develop photo-period insensitive varieties that could be adopted
over a wide geographic area. No such varieties seem to be on the horizon for millet, sorghum, or 
the other 10 main staple crops in Africa. For example, there has been little success in introducing
improved Indian sorghum and millet varieties into West Africa because of disease and pest problems,
and water control problems have prevented the introdu';tion of dwarf rice varieties. Only 2 imported
rice varieties of 2,000 tested performed as well as local varieties in i years of experiments. Modern 
crop breeding research has benun only recently for other African staples, such as roots and tubers. 
Economic Differences 

The spread of new varieties in India was fostered by a better transportation network and more
highly integrated markets for inputs and crops than exist in Africa (21). Another important difference. 
is that while India is alarge, retatively closed economy, African economies are typically small and 
depend heavily on foreign trade. Indian political leaders could make the decision to concentrate agri
cultura! research on one high-potential region (the Punjab). This type of decision is politically difficult
if several countries are involved. Moreover, small countries may not have the critical mass of scien
tists to support agricultural research, but multi-country regional research is often difficult to coordi
nate. Open economies are more susceptible to fluctuations in international prices, especially for their
main export prices. Government revenues, and hence, agricultural research budgets, depend on ex
port earnings and are highly unstable as a result. 

The relative prices of land and labor are also quite different between Africa and India. In India,
land is scarce, while labor is abundant. Consequently, agricultural technologies were developed to
be land-augmenting and labor-using. In Africa, seasonal labor bottlenecks and highly variable rainfall 
are major constraints, while labor is abundant at other times of the year. Hence, Africa's pressing
agricultural needs include technologies to relax these constraints, such as selective mechanization 
and plant varieties that are bred for yield stability. As population pressures increase, however, the
need for more land-augmenting, labor-using technologies will increase. t O flex, pago) 

. ..
 f
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Differences in Human Resources 
A key factor in India's success in agricultural research was the heavy prior investment that the 

country had made in human capital and in developing the research and training institutions that 
then generated both trained scientists and knowledge about the cotiry's agriculture. India began
buildingcoluogesof agriculture-n-he92s-under. the., rtishcolnil governmont, so.by-the.1960s_
Indian policymnakers and scientists werIevery knowledgeable about the nature of the problems facing
agriculture in that country, where the highest payoffs to research were likely to be, and which parts
Of t Country had the greatest agricultural potential. This knowledge was then used to focus domes
tic and foreign assistance research efforts. 

In contrast, African countries have until recently devoted little investment to training agricultural
scientists or building research institutions. The lack of trained personnel and knowledge of local agri
cultural conditions in much of Africa severely limits the effectiveness of foreign assistance and places 
too much reliance on expatriates. Also, Africa has yet to develop an educated lobby for agricultural 
policymaking such as emerged in India in the 1960s. 
Lessons for Africa 

The Indian experience shows that progress in overcoming food problems in poor countries is 
possible, but that it is a long-term process that depends not so much on importing new technology
from abroad, although that may be important, but on developing indigenous capacity in the agricul
tural sciences and in policy analysis. These skills allow a country to borrow judiciously from abroad 
and adapt foreign technologies to local conditions, as well as to develop new technologies locally.
Developing this knowledge and scientific capacity in Africa is a long-term process; without such ca
pabilities the effectiveness of foreign technical assistance is likely to remain low. But India's experi
ence shows that technology itself is not enough. Supporting institutions are extremely important also. 
SOURCE: John %1.Staatz, "The Polential of Low-Resource Agriculture in African Development," contractor report to the e(Mice ofroTchnnlngy 

Assssinent fSpringfield. VA: National Technical Iformation Service, December 1987. 

This is not to suggest that the situation in suring sustainable growth in aggregate agricul-
Africa is hopeless. Some technical progress is tural output" (43). Others believe that the nec
being made that justifies cautious optimism, essary technologies exist, and the problem is 
However, rather than relying on the relatively their poor adoption rates. This uncertainty re
homogeneous package of technologies and in- flects, in part, an imbalance between the em
puts that produced a dramatic Green Revolu- phasis given to research at tho experiment sta
tion in Asia, more viable approaches for tions and the relative neglect of on-farm, 
promoting food security in Africa call for evo-
lution of Africa's existing farming systems. An 

adaptive research. The people working more 
closely with farmers and herders seem less op

approach suited to enhancing African low- timistic regarding availability of suitable tech
resource agriculture involves sequential im- nology. 
provements in technology that provide incre
mental gains in productivity, as well as greater! stability of: production, The technologicalstablit ofprod cti n. he t chn log califramework entails a more diversified approach
whereby technologies are better suited to the 
weebyanchnologessareettra' ide tge
needs and characteristics ofAfrica's wide range
of small-scale, resource-poor farming systems. 

Whe otA'hnalissuets tat crntye.ftehia itreioscan help im-
Prove food security significantly, it w ould bepoefo euiysgiiaty twudb 
irresponsible for dornors to place all their Afri
can agricultural development eggs in one bas
ket. Successful approaches will be a thought
ful, integrated approach-a mix of objectives 

Much uncertainty surrounds the issue of the and programs reflecting the diversity that ex
availability of technologies for this task. Some ists in Africa-but technical assistance certainly 
experts feel that domestic and international re- will need to address low-resource agriculture 
searchers "have not produced a large enough more than it has in the past. The following ic
stock of technological innovation capable of en- tions provide a general framework and present 



specific findings regarding technology's role of the overall poteriial of technology to pro
in, improving low-resource agriculture. The mole improved productivity and sustainabil-

Schapoter concludes with a general discussion. ity of low-resource agriculture. 

PROMISING-- WH+ -AT-IA, .TECHNOLOY?-

One of the most important lessons to arise 
from past development assistance failures is 
that to be successful, technical interventions 
must match the specific constraints shaped by 
local social and environmental conditions. 
How, then, can OTA speak of promising tech-
nologies for the whole continent of Africa? 
First, OTA classified Africa into four agroeco-
logical zones based on the U.S. Agency for In
ternational Development's refinement of the 
United Nations' Food and Agriculture Orga-
nization (FAO) work on Africa's soils, climates, 
and crops. Then OTA consulted development 
experts familiar with each of these zones to 
identify technologies that they believed held the 
most promise for increasing the availability and 
stability of locally produced food. These con-
sultations included a teleph one survey,'Advi-
sory Panel meetings, two workshops, and pro-
duction of a series of background papers on 
individual technologies (app. A, B). 

Table 5-1 summarizes the specific promising 
technologies addressed in this report along with 
their eographic applicability and their primary
benefits. Each of these technologies is appro-
priate for application in certain agroecosystems 

at particular times. An important criterion in 
choosing these technologies is their compati
bility with the nature of low-resource agricul
ture and the guidelines for effective develop
ment assistance presented in chapter 4. A close 
match suggests a high probability that they will 
be accepted by low-resource farmers and herd
ers and that they can be used effectively. 

Technologies that offer the most promise for 
contributing to the food security of resource
poor farmers and herders share common char
acteristics, including: 

* Technicaland en vironmentalsoundness: 
This means they are able to stabilize, if not 
increase, production while ensuring con
servation of natural resources. 

• Social desirability: This means technol
ogies must address farmer-identified prob
lems and constraints. In addition, they 

should attempt to minimize the disruption 
of existing farming systems. 

" Economic affordability: This means that 
resource-poor farmers, herders, and fishers 
must be able to obtain and maintain the 

Table 5.1.-Promising Technologies and Practices by Agroecological Zone$ 

Technology and practices Zone" Primary benf its 
improved use of soil and water resources 
Soil and water management

Recession farming.......... A,SH Labor-efficient method of growing crops using water from annual
 
floods; expands area under cultiva';on
 

Water harvesting

microcatchments. ....... A,S Increase water available from rainfall
 

Planting and building bunds
 
on the contour............ AS,HT Increase water available from rainfall; redLce soil erosion
 

Tied ridges................. AS Increase water available from rainfall
 
Drainage practices ........... H,T Enable production on land that wouid ot',ierwise be waterlogged
 
Terracing......... ......... T Reduces water and soil runoff; enableF cultivation on steep slopes
 
Minimum tillage,.mulching


and other soil-conserving
vegetation practices ., S,H,T Prepare land without Incurring costs of plowing (soil erosion, 

excessive leaching and compaction); organic residues and mulch
help maintain fart ility, reduce water and soil runoff 

!!(i">,+.+++......... o.,o~,.,. +..,,.+. o,w,+,n 0,00. ..... 
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Table 5. Promising Technologies and Practices by Alcal Zone Continued 

1Technology and practices zoneb Primary benefits 
mroig soil,fertility

JComlodica. nitrogen fixation. . .A,SH,T- Increases nitrogen availability
Va~sicpiiar-arbuscular

mycorrhizae ASi,T,,, Increase phosphorus availability *" -. 

-- ravsolty. .ve.lo -... . .. . : o o-.ni m t r t.... , .-•i:fe.tilit 
Phosphate rock ............. ASHT Increases phosphorus avaliability
Commercial fertilizers........ A,SHT Increase soil fertility

Small-scale Irrigation
Gravity diversion:
 

channeled systems .. A i ncrease water availability

Gravity diversion: 

poldered systems.......... ASH Increase water availability

Mechanically fed:
 

water lifting ............... A,S increases water availability

SMechanically fed:
 

water pumping ............ A,S,H,T Increases water availability

Improved cropping practices
ntercropplng ................. 
 A,S,H,T Reduces risk of crop failure; increases seasonal availability of food; . reduces pest and disease problems; improves efficiency of 

resource use
Home gardens ............... A,S,H,T Increase seasonal availability of food; improves nutrition in the diet 

~Agroforestry
Dispersed field tree

intercropping............. A,S Increases soil organic matter; provides source of fodder, fuelwood,
poles

Alley cropping .............. S,H,T Increases soil organic matter; provides source of fodder, fuelwood,

poles


<Windbreaks ................. A,S,HT Decrease wind damage, especially to seedlings; decrease
 
- evapotranspiratlon; provide source of fodder, fuelwood, poles


Live fencing and other
linear planting ............. A,S,H,T Provides source of fodder, fuelwood, poles, fencing


Genetic improvements

Crop breeding ............... A,S,HT Provides resistance to diseases and pests; tolerance to
 

environmental stress; improves yield

Animal breeding............... A,SHT Provides resistance to diseases and pests; tolerance to
 

improved use of animals , environmental stress; Improves yi ld 
Mixed crop/livestock systemsusing small ruminants........ 
 A,S,HT Increase income; improve diet; reduce risk through diversification
 
Animal traction ............ A,SH,T Redices drudgery; improves labor productivity; extends area of
 

cultivation

Aquaculture '... A,S,H.T Provides source of protein; recycled nutrients; source of Income
 
Improved systems to reduce pest-loss

Integrated pest management

Quarantines................. ASHT 
 Reduce risk of accidental introduction of pests

Host resistance ........... .A,S,HT Improves resistance to pests and disease
 
Cultural controls ............ A,S,H,T Reduce pest populations by manipulating farming practices,


especially by Fntercropping and rotating crops

Biological controls........... A,S,H.T Reduce pest populations by using natural enemies 
Pesticides .................. A,S,HT Reduce pest populations by using natural or synthetic biocides to kill 

pests, limit their fertility, or disrupt pest development . 
' 

.Post..havesttechnologies A..-.... Improve processing and storage of foods; Improve nutrition; reduceS,H,T 
labor

im roving animal health
Veterinary support ........... A,SHT Roduces animal mortality anj morbidity
 

.
Animal nutrition ... . .. AS,HT Increases productivity; Improves feed use efficiency; reduces
 
susceptibility' to disease
aSee box 3.4 rot a map of Africa's agro ecologicalzones:,- - 'lo agmecological zones; A Sb'ey Arid/SemIArid, S Subhumid 'Fropical Up.ands' H Humid Lowlands, T -Tropical and Subtropical Highlands. 

SOURCE: Office of Technology Assessmentl, 198, 
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. ~ technologies. In Africa, this generally economically feasible to maintain in the 
means a need to use resources internal to long term. Especially given Africa's rap-a
the farm rather thai) externally purchased idly increasing populations, this iequiies
inputs. technologies that enable farmers to take ad 

*Sustainability:This means that technol- ditional steps toward modernization as.gies-are,-enIronmental1y7socially, and. -they-become. feasible- . 

IMPROVING THE EFFECTIVENESS OF TLCHNICAL ASSISTANCE TO
 
RESOURCE-POOR FARMERS,, HERDIES,AND FISHERS
 

Chapter 4 outlined four concepts important tons-50 percent of Zimbabwe's total produc
to enhancing low-resource agriculture. These tion (41).concepts have implications for selecting, de- Sec r tnr a consevatio poliis 
veopng and dism' ... tn l '... Secure land tenure andconservation poicen ." -':techno:....''ogy Also,
velopingTridanddisseminatigtechnoalgy.iAl"o, are two critical non-technical factors operat---"a
OTA derived findings from the detailed infor- ing at the national level that affect the adop
mation.on technologies in chapters 7 through tion of several technologies discussed in this 
11 and the 16 contractor reports on technol- report. For example, mulching and other soil
ogy on which those chapters are based (app. conserving practices often have an immediate 
A.) These findings, then, represent common expense to the herder or f rmer: foregone fodthreads and conclusions gleaned from this vari- der and/or land that could have been used for':::..ous material. : .crop production. These methods have little 
Finding1: Technologies do not operate in iso- chance of success unless a commitment existslation and they are affected by non-technical at the national level to conserve soil and water as well as technical factors. A systems ap- resources, and some assurance to the individ

proach to agricultural development would uals who bear the costs that they will share in 
consider how national level decisions on is- the long-term benefits. As it happens in devel
sues such as fixed crop prices, land tenure, oped countries, developing country govern

a a and incentives for conservation, affect farm ments will need to provide incentives encourag
level decisions, and it would consider poten- ing conservation measures so the entire burden.tial interactions among social, economic, and is not borne by individual farmers and herders 
environmental factors on the farm. (26), 

, 
 A variety of national-level decisions affects Social, cultural, and economic factors at the 
low-resource agriculture. Technical assistance household level also determine the acceptabil

a to low-resource agriculture will be more suc- ity of a particular intervention. For example,
cessful if national governments have the capac- developing crop varieties capable of dramati

a ity and inclination to provide support for the cally increasing total yields serves little purpose 
process. Economic considerations such as en- if the varieties are not acceptable because of 
suing adequate prices and affordable inputs taste preferences, cooking quality, or storage
for producers can act as important incentives requirements, The relative success of hybrid ,
in determining whether resource-poor farmers, maize in Kenya and Zimbabwe, compared to 

a herders, and fishers will find it in their inter- the low adoption rate in Malawi, illustrates this 
Cest to increase productivity by investing in new need for a holistic view, Farmers in Kenya and
 

technology. In Zimbabwe, for example, the gov- Zimbabwe have taken advantage of the in
ernment set favorable grain prices and provided creased yields of hybrid maize to make it their
 
farmers with access to credit, extension, inputs, major cash crop. In Malawi, however, women
 
and markets. Small-holder farmers responded farmers prefer local varieties of maize because
 

@%by tripling theirmaize production between 1980 of easier productionand better taste. Adapted

and 1985 when it reached 1.6 million metric, hybrids with these traits are not yet available.
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The fact that any individual technical inter-
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On the positive side, the diversity of farming 
systems represents'a set of practices and re-
surcesthat havelevolved to meet unique local 
opportunities andconstraints. These adapted, 
:-loal practices andarieties represent a wealth 

of'esources and infornation. To draw on this 
wealth, however, requires increased local par-

increasdocal participatinAdaptive 

1. Increasing African Research Capacity 
Through 	'Human and Institutional Develop-

etxEpariateexpertise may be necessary 
under certain circumstances, but replacing out-
side expertise with trained African profes-
sionals should be an explicit objective of de-

1velopment assistance. It costs several times 
more to fund a non-African v. an African sci-
entist in Africa given similar salary levels. Also, 

> non-Africans take much of the knowledge of 
the development process with them when they 

-leave. Therefore providing counterpart train-m 
ing to ensure that host country capability is de-
veloped should be a prominent objective when 
outside technical expertise is used. While this 
is a stated goal of much development assistance, 

rinfact, expatriates play 
2. Iprin g thun( 	 nks A g e r 
2. Improving the LinksAmong Researchers, 

Extension Agents, Farmers, and Herders.-The 
traditional top-down approach where technol-
ogies are developed at research stations and dis-
tributed to farms has been largely unsuccess-
ful in Africa, Part of the problem is due to 

inadequaciesi- the extension system, but much 
of the failure results from attempts to distrib-
ute technologies that are not appropriate for 
resource-poor far mers, herders, and fishers. Im-
proving information flow from the people to 
extension agents and researchers increases the 
likelihood that development of technologies is 
suited to low-resource conditions. However, 
even these more'acceptable technologies will 
require improved extension systems., The ra-
tio of extension agents to farmers, reported to 
be 1:3,000 for the arid and semi-arid zone of 
West Africa, should be increased to 1:500 to 
1:1,000 according to some estimates (19,53). 
One possibility would be to model an agricul-
tural extension system after the pyramid train-

ing system used in Burkina Faso to improve 
healt care dramatically. There, a few national 
experts train regional trainers, who train dis 

-trict trainers, and so on to the village level (19). 
Ensuring two-way dialog in this process, as in 
any other extension system, should bei :'a 
priority. 

3. 	Giving IncreasedEphasis to On-Farm 
Research With a Farming Systems 

Perspective.-Initial development and prelimi
nary field testing of a technology can benefit 
from the controlled conditions of a research 
station or closely supervised farm. However, 
resource-poor farmers face less than ideal con
ditions and adaptive research should be con
ducted on-farm as early as possible (box 5-2). 
The potential rewards available from on-farm 
research are substantial. Certain challenges will 
have to be faced, however, including: 

* 	 The high variance in environment and 

management present on-farm require more 
detailed interviws n efreuent andreerceom 
timely visits by the researcher compared 

,Efforts mus be 	made to help farmers im

prove their understanding of the experi
mental nature of the work so that farmer 
bias, for example, putting more labor into 
the trials than traditional fields, will de
crease. 

* 	 Field staff must be willing to live under the 
less favorable conditions of the village and
be able 	to operate with less supervision 

than at the research station. An incentive 
system that compensates for living and 
working conditions off-station may be nec
essary (31). 

Finding 3: Farmer and herder participation in 
identifying problems and acceptable solu
tions would enhance the effectiveness of tech
nical assistance. Existing agricultural prac
tices could be the starting point of a process 
combining the best of traditional and mod
ern technologies. 

Encouraging agriculturalists to participate in 
the development of agricultural technology is 
a way to improve the chances that innovations 
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Box 5-2.-Farming Systems Research 
Farming Systems Research (FSR), as used in this, report, refers to ian approach to agricultural 

research and extension that oniphasizes social and economic factors in addition to technical factors,
including those that operate 6n the farm and hiose that are outside of, but affect the farm. FSR is 
an approach to, and not a substitute for, conventional agricultural research. It developed and continues 
to evolve in order to enhance the effectiveness of agricultural research, particularly in reaching resource-f~a-rmers_.Nmerous factions z buL mos Lpra€t i7_ _,_p *r extthat-cla n-he consid ere dunder-the FSR~rubric 

rtioners agree that the approach r~elies' heavily on farmer input into four stages of technolo)gy develop
ment atid difusion: (38)...
 

1. an iterative process for diagnosing needs, problems, and constraints in the farming system:;
2. identifying priority problems, analyzing proposed solutions, and developing field trials to test proposals;
3. farm-level experimentation, including monitoring, modification, and verification of proposed solutions;


supportive on-station research; and evaluatio:i of adoptability; and
 
4. dissemination of farmer-approved results to relevant groups of farmers. 
Agricultural research and extension is more effective when an FSR component is included, but 

there is a cost to using FSR to support conventional research. Sociological data, for example, on intra
household dynamics and gender issues, must be collected. Anthropologists, sociologists, and econo
mists are hired to complement the agronomists, plant breeders, and others to form multi-disciplinary 
teams, Some of this expense may be reduced in the future as agronomists and other natural scientists 
receive training to incorporate social science perspectives more effectively into their research meth
odologies. There are also expenses associated with farmer participation and on-farm trials. Meaning
ful cost/benefit analyses do not exist yet fCrFSR. This is not unusual for a relatively new discipline,
especially given the time-lag for the effects of agricultural research. More problematic is that as an 
adjunct to conventional research, FSR is difficult to evaluate independently. Many of the benefits,
such as greater sensitivity on the part of researchers to the disadvantaged members of a target group, 
are not easily quantified. 

OTA's analysis suggests that the principles embodied in FSR will be an essential component of 
any strategy to improve food security. This is especially true in Africa, where failure to take into 
account non-technical factors, such as labor bottlenecks and shortages, has repeatedly thwarted at
tempts to introduce technologies (33), An approach like that of FSR will be a valuable tool in helping 
to mitigate such factors, as well as in identifying gender, age, ethnic, and class differences that affect 
development assistance, 

' "Farm"is used broadly to refer to the site of plant or animal production. 

will be useful and acceptable and minimize the 
costs and time necessary for development of 
adapted technologies (31). Such a research part-
nership between scientists, farmers, and 
herders can be advantageous to all, as the fol-
lowing example illustrates, 

', The Variegated Grasshopper (Zonocerus 
variegaius),isa widespread crop pest of the wet 
areas of West and West Central Africa. West-
,ern entomologistseaenomoloiSt undetookundertook a studyfrof theeta s te-

Zonocerus problem while parallel work was 
done to learn the extent of local knowledge con-
cer..ig this pest. Farmes ud te pt .well,In fact, several farmers interviewed had 

anticipated the main pest control recommen-
dation of the research team: to mark and dig 
up sites where grasshoppers laid eggs, These 

local initiatives had not yet proven very suc
cessful because theyhad not been coordinated 
community-wide. Grasshopper numbers were 
reduced 70 to 80 percent when the extension 
service provided coordination. Some discov
cries made by the research team were beyond 
the scope of the farmers because they required 
laboratory facilities; for example, work on the 
role of the grasshoppers' chemical attractants, 
On the other hand, information possessed byfamr-iprtclroeglyngbhvr 

farmers- in particular on egg-laying behavior 
and possible correlaionsbetweenisectpop
ulation and rainfall-could have sped the sci
entists' initial efforts and made them more cost

effective (39). 
Although researchers are becoming more 

convinced of the advantages gained from work
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ing with farmers and herders, probilemhs remain, favorable periods such as during droughts, be-

The following guidelines can facilitate this comes of paramount importance. Many pracprocess.: tices characteristic of low-resource agricultureles farmersqand herders as integral co- ensure at least some production in bad'periods, 
- nludenfarers nrdi" iharmersaseintegr c even at the expense of less than maximum 

mmbers of interdisciplinary teams. Use 
language and units of measure that aremeaningful to them.. ----- - .... . To'date'most-agriculturl-rEse rqcli-rd tei-dhuse of their nonformal experimen-
tation and local knowledge of soils, in

* "Make nology has emphasized maximum production 

digenous varieties, pests, etc. even though numerous other concerns face 
*:Encourg..."'- s to"" poor farmers, herders, and fishers. Researchtake an ac-nive role in ex trients, including mak- priorities do not yet reflect diverse objectives

i
ing modificatiu s and conducting evalu- such as minimizing risk, reducing drudgery,
ains. and matching labor demands with labor avail-Raonh aability. For example, even though some 80 per
abReachagreement wit s cent of African food is grown as intercrops, incooperating farmers 
abuth ities r , andeoppr part to reduce risk, only 20 percent of Interna
tunities of, each team member (31). tional Agricultural Research Center funding for 

Even successful traditional technologies can crop research involves intercrops (1,54).
be improved and this approach is generally
preferable to substituting foreign methods. Finding5: Resource-poor farmers, herders, and 
Moreover, new technological interventions, fishers rely primarily on resources internal 
such as fertilizers, stand a better chance of to the farm or their immediate environment, 
acceptance if extension plans call for their use Consequently, technologies to support low
w ih familiar practices, such as intercropping resource agriculture also should emphasize
(growing different crops together), rather than the use of internal resources as the first step
requiring people to switch to an unfamiliar and in agricultural intensification. Thorough eco
more risky practice (e.g., monocultural farm- nomic analysis is needed to determi.- the 
ing) at the same time. feasibility of all technological interventions, 
Finding 4: Technologies in support of low- especially those requiring externally pur 

resource agriculture should reflect the high chased inputs. 
premium this approach places on risk aver- One way to describe the resources used in 
sion and the need to maintain flexibility in 
the face of environmental, socialand eco- agriultural systems is as "internal" and "ex

noiclncer entalm aceto. ternal" (40). Those factors internal to the farmsouce and immediate environment include sunlight,sue ,!.: rain, nitrogen fixed from the atmosphere, nu-
Farmers throughout the world are justifiably trients cycled up from lower soil strata and 

conservative in adopting new technology when down from plant and animal wastes, and la
its failure could mean bankmptcy or even star- bor. External resources include purchased fer
vation. Resource-poor farmers and herders tilizers, pesticides, machinery, and fuel, Infor
operate in an environment characterized by a mation becomes an internal resource even if 
high degree of self-reliance; they depend largely it is originally supplied externally. Trade-offs 
on local resources, local knowledge, and labor' between external and internal resources are 
provided primarily by the household. Although possible. Scientifically designed agricultural
few agricultural systems can be described as systems that attempt to decrease dependence
entirely subsistence, a large part of what is on purchased external inputs often substitute 
produced by most households is consumed by more intensive management based on informa
their members. The importance of ensuring tion, for example, biological knowledge of soils,
adequate food supplies, especially during tin- crops, and animals (14). 
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Low-resource agriculture relies primarily on internal 
resources such as indigenous crops and locally adapt-
ed farming methods. For example, baobab and millet 
are native crops InNiger and groWing them together

is a common practice. 

Low-resource agriculture relies largely on in-
ternal resources-many of which are renewa-
ble natural resources. By contrast, most agri-
cultural development assistance to Africa has 
emphasizedexternal resources-many of them 
costly and dependent on non-renewable fossil 
fuels. Strategies of technological intervention 
giving higher priority to internal resources 
would benefit the majority offarmers, herders, 
and fishers who cannot afford other options. 

Family labor is one of low-resource agricul-
ture's most valuable Internal resources. Labor-
efficient technologies to reduce the drudgery 
and overall workload, and especially seasonal 
labor bottlenecks, could substantially improve 
the lives of resource-poor farmers, herders, and 
fishers. Demographic, economic, cultural, and 
environmental factors are responsible for sea-

sonal labor shortages (18,37) that are particurlary detrimental when they result in late plant

ing and insufficient and untimely weeding (13)..However,techniolog~ies that displace labrfo 

the ruralareas may have additional adverse im
pacts. Most African countries do not have the 

4' industrial or non-farm employment needed to 

The use of purchased inputs is feasible in sev
eral areas of Africa, and is an appropriate ave
nue for development assistance now. In the fu
ture, more farmers and herders can be expected 
to use purchased inputs, to have greater access 
to information, and to be better able to buy and 
sell their goods. While most farmers, herders, 
and fishers remain capital-poor, it is especially 
important that proposed interventions be sub
mitted for careful cost/benefit analysis. More 
thorough economic analysis of all types of tech
nologies should be an essential feature of assis
tance to people who already are living on the 
margin of survival. 

Finding 6: Development of technology with 
built-in flexibility and adaptability is likely 
to most benefit a changing Africa. 

African agriculture certainly will continue 
to change in the future. Strategies to improve
low-resource agriculture should be designed to 
allow for these changes. 

Development of technology that is flexible 
and adaptable is likely to most benefit a chang
ing Africa. The ability to continue enhancing 
production is necessary to avoid stagnation of 
African low-resource agriculture. 

Africa's rapidly growing population is one 
factor that will affect the future of agriculture. 
Another demographic shift affecting low-re
source agriculture results from the dispropor
tionate urban migration of young men in search 

of work, This migration creates a general trend 
toward an older rural population with impli
cations for the structure of the labor force and 
has led to increases in the number of female
headed households. The latter is particularly 
important in light of the gender-based discrimi
nation evident in areas of technology extension 
and credit (16), 
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Dificuities In Evaluating Te chnicai 

Potential 


The researchliterature-on Africa-sfifledsith.. 
promniseseof technological success. The Inter-
national Institute of Tropical Agriculture has 
developed a sweet potato that ,an yield 40 mtlha 
without fertilizers, at least six times the Afri-
can average of 6.5 mt/ha (17). Windbreaks have 
been shown to increase crop yields, while sup-
plying valued fodder and fuelwood. Yet the 
adoption rates for improved crops are very low, 
and freely supplied tree seedlings often go un-
planted. Why? The answers range from farmer 
or herder unfamiliarity with the practice to 
researcher unfamiliarity with the farmer or 
herder-including researchers' failure to under-
stand criteria used in rejecting the new tech-
nology• 

Increased yields of 20 to 40 percent are typi-
cal for moderate fertilizer doses, or for plow-
ing, or for improved land management. Yield 

, responses of 100 percent in on-station trials are 

not unusual with all these improvements, Even 
greater increments can be attained by adding 
more input-responsive crop varieties. However, 
only a small proportion of farmers who apply 
these innovations approach the performance 
levels of experimental stations. Average yield 
gaps of 40 to 60 percent are normal, resulting 
in high risks of financial loss and low adoption 
rates for farmers (30). 

Unlike the situation in the United States 
where experts can estimate increases in the na-
tional production of, for example, corn if fer-
tilizer application is doubled, it is impossible 
to make a comparable continental or even na
tional estimate for Africa, Africans' access to 
this input, ability to purchase it, and capabil
ity of using it effectively, are much more varia-
ble than for fa mers and ranchers in developed 
countries, Estimates based on such a high de-
gree of uncertainty in so many variables are 
problematic at best. They c r be misleading and 
have a tendency to assume a life of their own, 

divorced from the caveats and cautions that 
originally framed them. 

In some cases it is difficult, if not impossi
b46 f- IIt I v-7 
criteria to evaluate a technology. Quarantines, 
for example, are intended to prevent acciden
tal introductions of pests from outside the coun
try. It is possible to estimate the costs incurred 
by a pest, such as the cassava mealybug intro
duced into Central andWest Africa, when a 
quarantine fails, But methods do not exist to 
effectively quantify the savings that derive from 
successful quarantine programs, 

Therefore the estimates of potential used in 
this report, and even the choices of technol
ogies, are meant only to be illustrative. The tech
nologies are not "the solutions" to Africa's 
problems, but are intended to suggest what 
might be accomplished using the approach to 
development assistance presented in this re
port. Where possible, technical benefits are 
evaluated based on actual use in fields, ratherthan1at exeriment sttionstRarlyrhasarT 
than at experiment stations, Rarely has eTA
 
tried to extrapolate from these isolated exam
pies to guessing the quantitative potential for 
an entire agroecological region. Benefits such 
as improving the stability of production have 
been given greater weight in this reportthan
yield-increasing practices. Risk-aversion also 
has been used as an important criterion. Less 
emphasis has been placed on quantifying what 
the technology can accomplish in favor of dis
cussing the log ic of why that technology is an 
appropriate choice among the possible alter
natives and what factors are involved in its 
success, 

High Potential for Adoption 

An important criterion in deciding which 
technologies can make significant contribu
tions in Africa's future is its high probability 
of being adopted by resource-poor farmers, 
herders, or fishers. For the transfer of technol
ogies to be successful, people must be willing 



Sarid able to adopt them. Some technologies dis-cussed in this report already are in use but are 
icapable of improvement (e.g., intercropping). 

Other technologies are "new" but their accept-
ability is enhanced by the fact that they are well-matched to the needs and resources of low-re-
source agriculturalists. For example, many
farmersrc ogn ize-that-declining-soilfertility-
7.isa constraint but have found few alternatives 

to shifting cultivation for dealing with this prob-
lem. Many are learning the hard way that ero-
sion hurts yields, dropping by i to 3 percent 
per year in some places (28). Alley cropping has 
shown potential for alleviating this farmer-
identified problem. By combining scientifically 

*based improvements for accelerating fallows 
with other benefits such as fuelwood and fod-
der production, alley cropping represents an 
affordable technology that addresses several 
farmer concerns. 

Too often technologies have been evaluated 
on the basis of their technical qualities, with 
too little attention paid to whether they will, 
or can, be used, Furthermore, even when a tech-
nology has been used successfully in one case, 
its feasibility under different locale-specific 
conditions must be evaluated, For example, ani-
mal traction has been shown to be advanta-
geous in Africa and could receive increased at-
tention from development assistance, However, 
many animal traction technology packages re-
quire that new kinds of cattle be purchased and 
kept well-nourished and disease-free. The low 
adoption rate of this technology among re-
source-poor farmers will persist unless prereq-uisites topionartadressed-e~g., avail-uiie to adoption are addesdegaal 
ability of forage supplies, veterinary care, andextension information about the benefits of un-
familiarntypes of animals. 

Potential To Modernize Gradually 

Another advantage of the technologies dis-
cussed in this report i3 that they do not lock 
people out of modern agriculture. For exam-
ple, soil and water conservation practices can 
produce benefits alone, but they bring added 
benefits wh3n commercial fertilizers are also 
used (30). Conservation practices can improve 

soil structure and increase soil organic matter.
At the same time, they can slow water run-off 
and leaching below plant root zones and thus 
prevent fertilizers from being washed away.
The mutually supportive effect of technolo
gies- -foi example, using tied ridges and fertil
izer-can be significant (table 5-2), The higher
yields thaLresult can. offset-the.cost-ofintro.--
ducing other technology (e.g., animal traction 
and irrigation) that allow the farmer to culti
vate a larger area or extend the growing season. 

The time frame for adoption of technologi
cal innovations will vary considerably across 
Africa based on agroecological factors and on 
the differing rates at which transitions to more 
tensive systems are possible, given socioeco
ino 

nomic conditions. Sequential changes to farm
ing and herding technology arelikelyto be im
portant. For example, resource-poor farmers 
and herders in semi-arid regions may be most 
able to adopt technologies in this sequence: 
1.water-harvesting or run-off/erosion man

agement systems,

2. increased use of organic fertilizer, 
3.introduction of chemical fertilizers, then 
4. introduction of improved cultivars (29b). 

-
E gen d 
Each stage provides its own benefts and re

duces the risl and increases the returns to the 
changes involved in the next stage, This type 

oseeci ma ideathe most practical
and cost-effective means of introducing pack-h 
ages of inputs. Sequencing also allows research 
ers and extension agents to focus their efforts 
more narrowly and farmers may be more likelyIto adopt new methods for the same reason. In ::iisum, the sequential introduction of tcnlg 

t .su, logyl nrouctiono technolgyin support of low-resource agriculture may best: i: 
be viewed as a natural evolution toward increased input use, but at a pace consistent with 
the highly variable agroecological and socio
economic conditions in the region (29b). 

Tenology.Specif-c Potentials 

The technologies discussed here have addi
tional benefits, depending upon their specific
characteristics. The following sections high
light that potential, summarizing information 
presented in more detail later in this report. 



Tab 5,2- Economic Analysis of Farmer-Managed Trials of Sorghum With d Ridges at Nedogo 

and Diapangou, Burkina Faso In 1983 and 1984 

Treatmentsa 
TR F TRIP 
Nedogo':1984, manual traction 

______________________C 

Grain yeld, .......... 157.416431.65
....... .......
...... kghab 

_-eturnihr0f additional labor,-FCFA -... --. ..... . . . . -Yieldgainabove control, Ikgh -59
. .............. 

GainIn net revenue, FCFA/ha ..................
.
 

% farmers who would have lost cash ......... ....... -


Grain yield, kg/ha............................... ...
498 
Yield gain above control, kg/ha ......................... 
Return/hr of additional labor, FCFA ,.. ..... ... .............
 
Gain Innet revenue, FCFA/ha. ....................... 

% farmers who would have lost cash .................. -


Grainyield, kg/ha ........................... ....... 481 

Yield gain above control, kglha ...... ,........ ....-

Gain Innet revenue,.FCFAha ;...................... -

Returnlhr of additional labor,FCFA ............. .....-


Grainn . .. . . . .. . . . . 48yieding . . .
 % farmers who would have lost cash .................. 

5 .- 0 •..
 117 421 
23,828 3-2,285 17,475 

0 66 0 
"Dngo: 1984, donkey traction 

688 849 1,133 
190 351 635
33 21 273

17,480 20,359 46,487 

0 21 0 
Dlapangou: 1984, donkey traction 
522 837 
1 356 

1,480 20,819 
2 219 

2 30 16 

The standard error and coefficient of variation (inpercent) (in parentheses) starting with Nedogo, 1984 and continum thlough to Diapangou, 1983 are 75 (43), 121 
(29) 46 (18), and 43 (22), respectively.
cNet Revenue - yield gain x grain price (65 and 92 FCFAJkg in 1983 and 1984) minus fortilizer cost (62 and 78 FCFA"kO for 14.23-15, and 60 and 66 FCFAdkg for urea 
in 983 and 1984-tfrilizer pricvs are subsidized 40 to 50 percent). - 381 FCFA Inincludes Interest rate charge for six montis at rite of15 percent. IU.S. dollar 


193and 436 FCFA in 1984,
Revenue-additional labor of tied ridging and ferliizerapplication. Manual and donkey traction require 10o and 75 hours of additional faborlha for tied ridging 
respectively. Fertilizer application requires 95 additional hours/ha. 

SoURCE: Purdue Univerasty, International Programs inAgriculture, Cereai Technologybeyelopment--West AfricanSfmi-Ard Tropics; AFarnmng Systems Perspecfive, 
final project report for the U.S.Agency for international Development (West Lafayette, IN: 1987). 

--Control (no tied ridges otfertilizer); TR - tied ridges constructed at second weeding; F - tertitizer: 100 kg/ha; 14.23.15 applied inband 
bilrst from seed pockets at second weedingweeding plus 50 kgiha urea applied Inpockets 10-15 cm 

871 
39" 

23,947 
141 

7 . ..... 12 

iu-t5cm f row Str romn ;+ 

Potential Based on Improved Use 
of Natural Resources 

Many experts believe that conserving and 
regenerating the natural resource base must be-
come one of the highest priorities for the tech-
nical component of development assistance to 
Africa. Resource-poor farmers and herders de
pend on the land to supply life's basic require-
ments-food, fuel, fodder, and a safe and relia-
ble water supply.Production can be increased 
and stabilized by more efficiently using exist-
ing resources .FAOhas conducted some 55,000 
technology demonstrations in Africa since 
1961, covering improved management prac-
tices, improved crop varieties, and pest con- 

trol. These triali show that improved manage
ment practices .3lone can raise yields 20nto0 
percent (tables 5-3 and 5-4). FAO estimates that 
full use of conservation measures, without 
changing crops or levels of inputs, could in
crease long-term land productivity for low
input agriculture by 33 percent (46). 

Failing to undertake this work will have sub
stantial costs, Fcr example, soil erosion leads 
to loss of soil organic matter, which is neces
sary for plant growth because it improves soil 
structure, fertility and water availability. At 
least 25 million hectares in Africa's humid 
lowlands, subhum{ld tropical uplands, and trop
ical and subtropical highlands are subject to 

http:14.23.15
http:157.416431.65


Table 5.3.-Effect of Improved Practices, With and Without Fertilizers, 
on Crop Yields8 

National Yield with Yield with 
average Improved Imprrved practicesCountry/zone Crop practlcesbyield and fertilizer 

Burkina Faso (Sudano-Saheilan Africa) Millet 430 520 1160
Cameroon (humid Central Africa)........ Rice 840 1360 2500
Ethlophi(sub.huimld and' 

highland East Africa) ............ Maize ,1100 2 0 ....... 4 100 . . 
alYield i6 kiloigramns O'er hectare.
bihese represent gains that can be achieved through Improvements inmanagement practices collectively, Table 5-4 shows

the gains from the individual practices. 
SOURCE: U.N. Food and Agriculture Organiza:lon, AfricaAgriculture: The Next 25 Years, Annex III: Raising Productivity (Ronme: 

Table 5.4.-Gains From Improved Management Potential Based on Improving

Practices Sail Fertility
 

Soil and water conservation ............ 10 to 50% Several technologies-minimum tillage,
Seed bed preparation ........ ........ 10 to 25% mulching, 
 manuring, and agroforestry-
ITime of planting ......................... 10 to 50%


Plant population density ....... ....... 10 to 20/a 
 improve soil fertility not only by reducing soilSeed treatment ............................ 5 to 10% erosion, but by directly adding organic matterWeeding .............. ,.................. 10 to 50% to soil, These types of technologies that improve
SOURCE: Fond and Agriculture Organization of the United Nations, AfricaAjgrculture: The Next 25 Years, Arnex Ii Raising Productivity (Romp soil fertility merit attention because they max-FAa, 19M6, imize the contribution of renewable resources 

and because of their low cost and accessibil
iextdnsive s oil erosion, and even arid areas faceSsoil ero eity. saraysplea substantial amount of ni, ad toeFor instance, ylgmsadti 

serious risks during seasonal torrential rains trogen is already supplied by legumes and this 
(4).Long-termdecl ofagri a pcontribution can be increased significantly by(8). . Long-m . of aincreasing their use in agroforestry, intercrops,tivity due to land degradation, mainly soil er- and rotations.crop Acacia albida, an in
sion, could be severe FAO estimates that Africa digenous leguminous tree commonly inter
could lose 165 percent of its rainfed cropland croppeu legumille ts o m o g nt ,
if degradation goes unchecked. Declines in land consistently increases the yield of the annual 
productivity could reach 25 percent due to crops Inone documented case milletanlosses in soil fertility, even accounting for some crops. In ields on infertile soils ros andom 
livestock production on degraded cropland (46). 500 kg/ha to 900 kg/ha when grown with Aca-

Many technologies discussed inchapter 7 can cias (12). Maize yields stabilized at about 2
 
reduce this problem. For example, terraces are tons/ha after 6 years of continuous alley crop
a well-documented method that can virtually ping with leguminous trees, compared to no
 
eliminate soil erosion caused by water run-off, more than 0.5 ton/ha without alley cropping
 
Increases of 50 percent in maize production (22).
 
have been attributed to their use in the Kenyan 
 It is difficult to extrapolate legumes' poten-

Highlands (25). Windbreaks can effectively re- tial contribution to production in Africa from

duce wind erosion of soils, as well as protect these research results. Legumes probably can
young crop seedlings from wind abrasion. In 
 not supply all the nitrogen necessary to grow
one of the largest coordinated projects of its enough food to feed Africa's current popula
kind, the Majjia Valley Windbreak Project in tion, much less the additional people expected
Niger has resulted in average crop yield in- by the year 2000. But it is clear that legumes 
creases of some 20 percent on fields between can make a significant, affordable contribution 
windbreaks (9) to Africa's forage and soil nitrogen needs. No 
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more than 100 years ago, crop rotation with recession farming without interfering with dam
 
legumes was the principal means of restoring operations.
 
soilfertility in temperate zone agriculture. Now, Contour planting, water harvesting micro
itisaneffectivesource of nitrogen used on nu- catchiments, and tied ridges are all methods
 
merous low-input farms that have developed shown to be effective for improving rainfed
 
in the fUnited States during the last two dec-r appropriate conditis.In
 
ades. Africans have not had to rely on this de- r
years udmostthese practopes bring only slight

liberate use of legumes because shifting culti-


w~ti'5tfWns -e-qu-a'lI yff'c-ive-m-dhbO o -yieold increases,-Their biggest-advantages- are-.<
resorigertlit.sil egUmesoftwre oftin a -fields
Lgums wre ft(n a realized during drought years, when improvedesatuoring soilfnrtili Y are able to maintain yield levels while
 

Teeinatryodcc in ofleumpo ntfthisprocess. other fields experience crop failures (7,35). FAO
 
Theritroducystin odlpegumes iomcan estimates that low-cost technologies such as
 
sate for shortened fallows now. these can significantly improve at least 50 mil
sate for slion hectares of arable land in subhumid and
 

Inorganic fertilizers will have an extremely semi-arid Africa (48),
 
important role in Africa's agricultural future, Unlike the technologies mentioned above,
 
but they are likely first to supplement-not sub- which in some ways are alternatives to irriga
stitute for-organic fertilizers. As has been the lion, other practices exist that improve the effi
case wherever they have been introduced, in- ciency of water use whether the source of the
 
orgenic fertilizers will be used as they become water is rain or irrigation. Technologies such
 
available. Availability includes not only that as minimum tillage, mulching, and applying

they be affordable, but that their access be de- manure, increase infiltration rates as they im
pendable and timely. Where adequate roads and prove soil quality, thereby increasing the
 
markets exist for distribution and trained peo- amount of water that remains available for plant
 
ple for research and extension, as in Zimbabwe, growth. Assistance to develop these practices

commercial fertilizers are widely adopted and is warranted even if they were evaluated sim
the benefits are impressive. Until the rest of ply for the contribution they can make to
 
Africa reaches this stage ofdevelopment, how- rainfed agriculture. But, in fact, they will be
 
ever, the whole range of other fertility-enhanc- equally important in facilitating the transition
 
ing technologies is likely to have high poten- to a more intensified agriculture that may in
tial in many areas, clude irrigation,
 

The technical benefits from small-scale irri-
Potential Based on Improving gation, especially water pumping, are substan-

Water Availability tial and offer hope for overcoming the vagar: " 	 ies of an African climate notorious for erratic 
i Efforts to 	improve water use could first be ie fi Arcnclmt otrosfo rai 

Ercand often insufficient water supply. However, 
directed at making more efficient use of freely serious obstacles exist to wider implementation

supplied rainwater rather than relying on pur- of irrigation technologies, and FAO, among

chased inputs, For instance, recession farming others, estimates that increases in irrigation
(also called flood farming) isa high-productivity
Usd alng mier iver Of
tradtionl prctic 	 large- or small-scalp'will be minor for the fore-::: 
traditional practice used along major rivers of seeable future (49). Adoption of small-scale ir-
Africa. However, as dams become more com- rigation 	 be aldf sclnd slow 

adifficult and slow
mon the traditional use of this technique is not rigation technology will be 
possible unless special provisions are made. A process,
 

proposal has been made to include a controlled, Poten-" " on Genti
 
artificial flood as part of the plans for an irri- otentialBavsed on Genetic
 
gation project along the Senegal River, It re- Imp..vements
 
mains to be seen whether such controlled flood- Crop and livestock breeding can be expected

ing will allow farmers to reap the benefits of to make a larger contribution to agricultural 
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developmentir the future than it has up to now. 
For example new improved crop varieties ex-

istthat are able ILyield more and do so on a 
more reliable basis because of their resistance 
.fj aatomajor pests and diseases and their greater
tolerance to drought and other environmental 
stresses. Dramatic increases in milk production 
have been possible in some regions by cross-
- gAfrican- cattle-breeds witli'exoti--daiY 

abreeds., 

Based on agricultural developments outside 
of Africa, and preliminary accomplishments 
within Africa, research to improve crops
through genetics represents one of the best in-
vestments for supporting low-resource agricul-
ture. This is less true for livestock breeding,
however, where improved management (e.g.,
attention to nutrition, disease, and climatic 
sstress) is a prerequisite to gains through genetic 
improvement. Plant breeding, however, may
increase animal productivity given the increas-
ing use of crop residues as animal fodder, 

The yield increases obtained in plant and ani-
mal breeding research can be dramatic, but they
seldom have been realized by farmershand herd-

a aa aj. 

.~: 
4Xinputs. 

, 

!i~i 

a: 

Poto credit:J, Van AckerUN Food and Agriculture Organization 

Considerable potential exists to enhance low-resource 
agriculture by making genetic Improvements incrops

and livestock and by better Integrating animal 
and cropping systems, 

ems; 

rel 

ers when conditions are less favorable, The gap
between results achieved on-station and on---,
farm will be reduced as decreased emphasis 

a 

is placed on breeding materials suited for ac
tual conditions. 

Potential Based on Improved 
Integration of Animal and 

--Cropping System. 

The integration of animals into cropping sys
tems is expected to increase as te, nniques such
 
as fodder banks and alley crupping enable
 
farmers to maintain animals more readily. Live
stock make numerous contributions to food
 
security needs, including: providing milk and
 
meat, and acting as food reserves; providing
 
a source of income, savings for emergencies,

and export earnings; and providing animal trac
tion. Small ruminants (e.g., goats and sheep),
 
in particular, have been neglected by develop-
ment assistance but could become more impor-

a; 

taut in "li future. 

Animal traction allows more land to be cul
tivated and it becomes more cost-effective when
 
crops can generate cash, which can then be
 

used to repay loans for purchasing and main
taining the animals as well as purchasing other
 

Present rates of return can be doubled
 
and tripled as animal power becomes available
for weeding and other farming activities, rather
 
than just for plowing. For example, weeding,
 
which is a major labor bottleneck for most

farmers, can be performed six times faster with
animal traction. Better adapted implements will
 
assist in this process, but other constraints are
 
farmer unfamiliarity and the initial expense of
 
purchasing animals. Extension will be instrumental to enable farmers to take advantage of 
animal traction for a variety of farming activi
ties (20).
 

: Aquaculture can contribute to food security
by supplying high protein food and by gener
bting income to purchase food. Farm by-products,.uch.asanimal manure ndcrop residues, :
 
ucs suc as a_ ma ur a o i
 
can be used to stimulate fish production from
aquaculture. Enriched pond water can be used 
to irrigate home gardens, completing the recy
cling process.
 

Ca 



117 

--.1..-..iides 	 .n;conjunctionwithr.pest.control i. ::,. ;,/.,...
,-ICldes in-conlunCtlOl wlih.other,-pest,control.:-,L.,primary - responsibility.. for:=..=post-harvest activi

practices, rather than relying on pesticides t m e i.a...,wit su sequent 

alone, The objective of IPM is to reduce pests benefits accruing to the whole household. 
to an acceptable level rather than rying to er
radicate them altogether. 
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* 	Congressional direction regarding Oi eign assistanc:e reflects the needs of low-resource 
agriculturalists but lacks clear- ;i i primitics and is )fltn subject to contradictory nondevelop
ment interests. 

" Stable long-term funding of' bilateral ,evetloplci(it aSSiSliiThe and Iniltilateli programs 
are required for ife:tive imjlel(meiitation (ia res(,ui'c.-enhaiicing approach. 

o 	The inipnf.utance of irlpruve(l, but less hurden."o!ile, congressional oversight to ensure the 
effectix'encss of .,S.-suplrnted 'oreign assistance to Afrii has ilreasetd due to changes 
inifiscal year !988 a)pkriation !hils but 'Tvs aocess of iive'rsigit also olejieuids upon im
proved Al ti/c i(grtessioual relatio.. 

"A r,'es)urce-ub neiiing ajpproach Wo1la1 include sul ltort for !ocal-leve! groups and agricul
tuiral ie ifllitfns, ani ;uatincal level poli ;y formunlation an(l irnplenwitalion. 
---Though major dnors have not had great succss using resourcnnancing alrnches 

at the focal level, privatfe voltntary orgainizations and tc: Peace Corps have had better 
resuills, and 1(1al Africam orgauizatioi:s ann( the ru!'al non-larnI privak'! sectlr provide 
o)pp[or!,1iit s for future; eliorts. 

-- All) and tlie Wurld l ank are aniong the niajor donors pi oviing training and olher sup
port for African agricultural institutions, though with mixed results. A major problehm
has been their lack of nttntion to developing e W e links between these insitutions 
and low-resource fariners, herders, and fishe rs. The Iltmnational Agricull iral Research 
Centers have had similar protblems. 

-- AI) and the World Bank have made policy reform a mainjor ocus of their African pro
grains. Insufficien t farmi-level analysis and evi(fence that current policy reform progranis 
my not help and indeed may harm low-resource agriculturalists point to a critical need 
to evalte ,:urI-intpolicy reforiin programs. 

* As tIhe largest agency fir tI.S. development assistance, AID's capabilities to inh,!plenent 
a resoon e-eilian:ing approach will have :1major ef~ect onl U.S. efforts. 
-AID's Africa sirategies, while supportive of low-t'eso. irce agricullialists in theory, have 

been less than effective in practice. They also reflect a tredo away from direct SUI)porl 
fo'r faruners. fishers, and herders in favor of a focus on policy reform and macro-econo inc 
growth. 

-- Operatinal] (lifFiculties continue to hamper ADl's implementation of its strategies and 
undrmine benefits of recent operalional changes su!ch as those towar(ls decentralized 
(lecisioninakinig: longer terin, inure flexible programming; ad(impiroved information 
and cvaluatinn syslems nee(l to be r'einfor(ed. 
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CONGRESS AND A RESOURCE.ENHANCING APPROACH 

Congress stands at an important: juncture 
Sconcerning development assistance to Africa 
S(62). The need to decide on a future direction 
Sfor U.S. assistance stems from the convergence 

g .	 engr : 


First among these is frustration in Congress 
over the limited impact past assistance has had. 
Recurring famine and general economic de-
cine, despite substantial U.S. assistance, have a 

led to considerable doubts about the merits of 
past programs and to calls for different devel-
opment approaches. 

Secondly, significant modifications in foreign 
assistance programs have been made since the 
last major legislative overhaul in 1973 intro
duced the human needs approach of the so-
called New Directions legislation. Furthier 
changes have been proposed. The Administra-

Stion has advocated a macroeconomic approach 
>focusing heavily on policy reform in recipient 
countries. This change is seen by some as a 

ttsharpdeparture from the New Directions leg-
islation. Others see it as complementary to the 

>objective of providing basic human needs, but 
this depends on how it is implemented. 

A third factor is resistance on the part of 
,many in Congress to increasing foreign assis- 
tance at a time of domestic budget tightening. 
iWhile appropriations for fiscal year 1988 show 
increased congressional and Administration at-
tention to Africa's development needs, con-
cerns remain over maintaining this commit-
ment for the long term. Contributing to these 

aconcerns are the lack of deep political support 
and a constituency for development assistance 
as compared with other forms of foreign assis-
tance, for example, military or politically moti
vated aid (30). 	 . .. 

Support for social and economic develop-
ment for resource-poor agriculturalists, as Con-
gress responds to the challenges of this junc
authorization appproprton, and oversghtf
autoriatio, appropriation and, oversight:

utorizatin ol,,ritheAuth riztio:'"+Congress c provide 
clearer direction on the use of development 

aaaa 

assistance, ensure flexibility to account for 
Africa's diversity and reduce the impacts
of contradictory nonclevelopmental ob
jectives. 

pv 
long-term, stable funding for developmentassistance at levels balanced with other for
eign policy and security issues as well as 
domestic priorities.
Oversight: Congress could improve the 
quality of oversight while reducing its dis
ruptive effects on development agencies. 

Congrer.Oonai Direction and a 
Resorce-EnhancingApproach
 

Most elements necessary in a development
 
assistance approach designed to enhance low
resource agriculture are already included in ex
isting foreign assistance legislation.' This leg
islation emphasizes: 

* 	development; 
* 	long-term strategies; 
* 	focus on the poor majority; 
* 	equitable, self-sustaining economic 

growth; 

* 	agricultural development and the role of 
the small farmer; 

* 	leadership and participation by the devel
oping nation and the indigenous people; 
t l m 

women n lopment.
 
Although these elements are included in legis
lation, their effect could be enhanced if Con
gress gave clearer direction, set explicit Oriori.
 
ties, and sought to reduce the influencdof other
 
political and economic interests.
 

..Seting Clear Priorities 
The proliferation of cumulative congressional


mandates concerning development assistance
 

The congressional direction steering foreign assistance dis-
cussed here appears In the development assistance sections of

Foreign Assistance Act of 1961, as amended, and the Agri
cultural Trade Development and Assistance Act of 1954, as 

amended. . + 

+ 	 +r
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as hindered the work of executive branch 
Sagencies, particularly AID, by providing an 
overabundance of priorities without clearly
ranking them. This has reduced long-term con-
sistency, and forced AID to, use resources on 

,,,,mandates that may not be relevant in specific 

cases or whoasoals may _no-b_-le(a i{
(6.3,04},_ -
In addition, Congress has not fully evaluated 
current AdministrIon priorities (eg., policy
reform and private,ector development) nor in-
tegrated them into existing legislative strate

gies. This lck"f clarity has reduced Congr. ' iesi T ainaty a n ify tasrediuceretiongress
biltyto maintain andmodfy the direction ofU.,ssistance. Clarity in direction and prioriti-

-..' .......,....... :,
...,:,th 

zation do not, how ever, m ean rigidity. Africa s 
diversity and its rapid evolution require fexi-
ble direction and priorities from country to

and overtime. Rigidity in directon cancountry,, a tie. in d c 
lead donors to abandon successful orms of sup-
port or to use inappropriate methods, as they 
did during the application of the New Direc-
tions legislation of 1973 (30). 

Making food security an overarching goal of 
development assistance offers one means to 
integrate existing congressional directives and 
provide a framework for setting priorities. Hay-
ing food sec'rity as a goal could enable AID 
and other T.S,supported development agen-
cies to adapt their work to local conditions-
whether it be increasing food or export crop 
production, stabilizing or diversifying agricul-
tural production, or working with non-farm 
activities. Second, food security could be used 
to develop indicators of progress in reaching 
Congressgoal of equitable, self-sustaining eco-
nomic growth. If economic growth occurs but 
food security among the poor does not increase 
correspondingly then growth is not equitable. 

Reducing tho Negative Impacts of 
Non-devoiopmental Interests 

' 


Manypoliticaland economic pressures.....cue 
Congress and theAdministration to use devel-
opment assistance in ways that may be less than 
optimal for developmental goals such as ensur-
ing food security (63,64). Foreign aessstance to 
Africa is influenced by objectives including: 

ensuring pro-U.S, political and strategic re-

i"~i - *-, 

lations bilaterally and in international 
forums; 

* ensuring access to strategic commodities 
e promoting U.S. exports including restrict 

ing assistance that may potentially cause 
competition for U.S. exports (e.g., restrict 

I--.-A n g support -forresea rch c npalnoil) ,andL_ 
* building U.S. domestic political support by 

directing development contracts to con
stituents, 

" Development assistance's weak political con
tituency and AID's dependent status vis--vis 

'
the State Department,_ have allowed, others (e.g,,, :....i 

e Departments ofState, andAgriculture, and

the .. ..... 
Congress) to apply pressure successfully for the 
use of development assistance for non-devel
opmental objectives. In some cases, non-developmental interests have taken precedence over 
developmental goals and even, some have ar
gued, undermined overall U.S. foreign policyI 
interests.
 
Interests. 

Development and non-development goals,
b m n e

however,can be complementary,especially in 
food securitym,and agriculturalnce increaseddevelopment can 

contribute to political and economic stability 
and, in the long term, can offer the United States 
increased economic opportunities for trade. 
This convergence, the significant U.S. human
itarian interest in the region, and the desire to 
avoid any future need for large-scale famine 
relief, justify Congress' stated priority on de
velopm,.. as the primary U.S. goal in Africa. 
These factors provide a rationale for resisting 
the pressures of conflicting interests and for 
reducing certain program and procurement re
strictions. 

Congressional Funding and a 
Resource- ancing Approach 

U.S. funding for agricultural development 

may go directly to African nations (as bilateral 
multi Thenational"orgaemenations s 

emultateral ai)o. he implementation o asuc:
quireo rce-enhastabingncg poa pportchi
qurlogtmsaefndgtouprtgrcultural development in both cases. As will be 
discussed, agricultural research, training build 

I;' 14 :I1,,* !, p ~ 2 
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ing agricultural institutions, and supporting lo- Congress normally has earmarked -,the
Cal organizations require long-term commit- majority of ESF for countries outside Sub 
ments and can be damaged by fluctuating SaharaniAfrica. To protect these earmarks 
support. The likelihood of long-term stable sup- in times of budget reduction, Africa has
port is problematic, however, given that: received lower percentages of ESF 

cureen-tiitraiat:CodreiVels-can.swing substantially due...9. .. 
 to changing recipient needs and the avail
from ensuring stable levels of funding in abiiio f- U.S." grain, " 
support of African agricultural devel- ',Significant questions remain concerning
opment, the effectiveness and possilernegative im
ongoing pressures to reduce the Federal pacts of using non-emergency food aid to 
budget are likely to continue, and sup-...... . . 
current implicit priorities favor bilateral 
security assistance over development 
assistance. 

Biateral Assistance 
WEconomic assistance (versus military aid) 

Military assistance, though not intended to 
have a developmental impact, may have nega
tive impacts, nonetheless, by absorbing funds 
that could have gone to development and by
fostering local economic distortions in the recipient nations. Military assistance tradition

comprises the majority of U.S. bilateral aid to 
Africa (table 6-1) and AID provides the majority
of this economic assistance, AID divides con-

K gressional appropriations for agricultural assis-
tance primarily into three funding sources: 
Development Assistance accounts (DA), Eco-
nomic Support Funds (ESF), and food aid (box 
6-1). Of the three sources, DA seems best suited 
for providing stable levels of funding necessary
for a long-term approach to support resource-..our 
poor agriculturalists. This is because congres-
sional direction guiding DA is the most com-
patible with the objectives of assisting low-

ally has been a relatively small component of 
assistanco to Africa, comprising no more than
nine percent of total U.S. assistance over the 
last 40 years (62). However, military assistance 
doubled between 1980 and 1985 and corres
pondingly increased from 9,4 percent of the 
bilateral assistance budget to 13A4 percent. Mi
itary assistance is estimated to have declined 
to 6 percent in 1987. AID has cautioned that 

military aid programs must be undertaken, 
cautiously and with due regard for their possi
ble negative impact on domestic resource allo
cation as well as on foreign exchange and debt 

4 

resource agriculturalists, and because DA fund-
ing is the most likely to remain stable over time. 
Congress has already shown interest in stabiliz-
ing and protecting DA levels for Africa. Dur-
ing the budget reductions of fiscal year 1987 
Congress mandated that Africa receive the 

servicing" (51). 

Development Assistance (DA) to Africa has 
fluctuatea since 1980 and did not keep pace
with overall increases between 1980-1985 in to
tal bilateral assistance worldwide and to Africa I 

same percentage of DA as in the previous year 
(Public Law 99-500). Congress created a sepa-
rate DA fund for Africa in fiscal year 1988 with 

San increased funding level (Public Law 100-
202). Cdnstraints on the dependability and 
a propriateness of the othertwo sources (ESF¢and afodoaid tinclude:o s " -( S 

(table 6-1). U.S. foreign assistance worldwide 
increased dramatically over that period primar
ily due to increases in ESF ($4 billion increase);. 
and military assistance ($5.4 billion increase).
Africa received a relatively small portion of this 
increase, mainly through ESF, except for 1985when high levels of food aid were provided. 

-. 

* ESF is allocated primarily for political and 
security purposes often leading to rapid 
and sutbstantial changes in annual coun-
try allocations. 

When measured in constant dollars, DA de
r lined fo i Africa between 1980 and 1987. Fis

- cal year 1988 congressional appropriations of 
$500 million in DA for Africa plus $50 million, 
for pro~jects of the Southern African Develop- V 

<44-' ' . - -'*,4 4> ., .4 4 4 :4,4 " !", '-44, 
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Box 6-1l-The Language of Foreign Aid 
Agricultural assistance: ageneric term for any U.S. economic assistance funding used for supporting
agricultural development, 
Agricultural Portfolio: activities in support of agricultural development funded through AID's AfricaBureau using DA and ESF funds. It does not include activities funded by Public Law 480 nor by AID's 
other bureaus, 

~ldce':-assistanco provided by tile United States directly to African nations, For thisreport, bilateral assistance includes ESF, Public Law 480, DA provided by the Africa Bureau of AID,
Peace Corp funding, and military aid, 
Economic assistance: used to refer to all non-military assistance.
 
Development Assistance (DA): DA suffers from 
a multitude of definitons. For the purpose of this 
report, DA is the set of bilateral U.S. funds: 

1. whose principle use is the support of development,
2. 	that are administered by AID, 
3.whose funding levels are directly set by Congress, and 
4.whose development goals are set by Congress in Chapter 1, Part I of the Foreign Assistance Act 

of 1961, as amended.
These funds include, the Private Enterprise Revolving Fund, the Science and Technology Fund, theSahel Development Program, and six Functional Development Accounts: 

1. Agriculture, Rural Development, and Nutrition; 
2. 	Population Planning; 
3. Health; 
4. 	Child Survival; 
5. Education and Human Resources Development; and 
6. 	Private Sector, Environment, and Energy.

Congress created a 1-year separate African DA account of $500 million for fiscal year 1988 in additionto $50 million for projects supported by the Southern Africa Development Coordination Conference.This fund will replace the six Functional accounts and the Sahel Development Program as the pri
mary source for African DA. 
Economic Support Fund (ESF): Through ESF, AID supplies economic assistance to countries wherethe United States has political, economic, or security interests. ESF can be provided in cash transfers,U.S. commodities, or project aid (similar to DA-funded projects). Cash and commodities are quickways to supply budgetary support. __,F is not governed by.the same congressional mandates as DAand is authorized under Part II, chapter 4 of the Foreign Assistance Act of 1961, as amended. Congross sets the overall funding level for ESF and commonly earmarks a majority of it for specific countries (i.e., Congress mandates certain amounts of ESF for certain countries with the division of the
remainder left to the Administration's discretion). 
Food Aid: Excess U.S. agricultural commodities may be provided as aid on a concessionary loan or 
grant basis primarily under three laws: 
1. The Agricultural Trade Development and Assistance Act of 1954 (Public Law 480)a. Title I of Public Law 480: provides long-term credits (authorized on an annual basis) at low.interestto buy U.S. farm products, Local currencies generated by the in-country sale of the food can 

be used for development activities,
b.Title II of Public Law 480: provides food aid grants during famine or other emergencies and

supplements regular feeding programs.
c. Title III of Public Law 480: known as Food for Development, Title IIuses Title I funds but offersmultiyear programs and loan forgiveness in return for undertaking specific development activities,

2.Sectlon 416 of the Agricultural Act of 1949 offers a second source of grant food aid to support
Titlei-like programs,

3. 	Food for Progress, which is authorized under the Food Security Act of 1985, providts additional
Title I and Section 416 resources in return for agricultural policy reforms. 
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ment Coordination Committee halted tle ac- all types of development programs for nine 
tual and relative decreases in DA. Questions West African countries." 
remain, however, as to whether this reversal Neither Congress nor AID has expressed in

iiil be maintained in the longer term. terest in creating additional earmarked Afri-

Assistance provided for agricultural devel- can agricultural funds. The Administration and 
op.ent in Africa also fluctuated between 1980 Congress in 1987 proposed a single fund for 
and-1987 first rising thenfallingOhligations .frcanAfllpA.to.he =maintain.-stable !ovelsof.
in the Africa Bureau's agricultural por"folio DA for Africa, provide AID with the opportu
rose from$265 million in 1980toa peakof$400 nity for longer term planning, and allow AID 
million in 1985 and then declined to an esti- increased programming flexibility. Congress
mated $317 million for 1987. Changes in ESF funded such an African DA fund with a one
funding have been responsible for much of the year appropriation of $500 million in the Con
changt in AID's agricultural assistance (table tinuing Resolution for appropriations in fiscal 
6-2). The use of ESF funds as a significant com- year nitZ$ (Public Law 100-202). While it is too 
ponent of agricultural assistance poses two pos- early to determine the fund's impact, its suc
sible problems that could constrain agricultural cess will in part depend on whether Congress
development. First, as seen in table 6-1, year- maintains its commitment to the fund, on how 
to-year fluctuations in ESF levels for Africa are AID uses the increased flexibility provided, and 
substantial, making it difficult to build a devel- on whether AID and Congress ensure that the 
opment program based on long-term ESP finan- appropriations to the fund are not diverted to 
cial commitments. Second, ESF is used primer- other programs. 
ily for policy reform and budget sup port (58). Like the earlier DA accounts, the new fund 
Reliance on ESF as a major source oiastheoveallUS does not provide Cong ress 
tuitral assistance could thus bias the overall U.S. 

coud tus agricul- wvith the means to 
set levels directly for agricultural assistance. 

strategy away from local-level agricultural do The fund does contain target levels of spend
velopment. The risk of such a bias has declined ing for health, voluntary family planning, and 
since 1985 due to reductions in ESF levels for maintaining the renewable natural resource 
Africa. base, but neither earmarks nor targets are in-

Current bilateral funding mechanisms have cluded for agriculture. The 1987 authorization 
made it difficult for Congress to direct funds bill for the fund contained language directing 
towards agricultural development in Africa. support for agricultural development, but it did 
AID's agricultural funding isderived from sev
eral separate congressionally authorized and "'Thelissue of the amount of bilateral funds being spent on 
appropriated sources, primarily ESF, Public African agriculture isfurther clouded because of involvement 
Law 480, and two DA accounts (Agriculture, of more than one All) Bureau. While a majoriy of funding for 
Rural Development and Nutrition, and the Sa- S- Africa goes through the Africa llureati, other bureaus such assciernce &Tekhnolog , Policy and Program Coordination, Prhel Do,,loprnent Program). All but the latter vole Enterprise. and Food for Peace and voluntary Assistance. 
fund agricultural assistance worldwide and are have Iprog-anv%cincernng agriculture development in Africa.

No single All) data s) stem provides a breakdown of all AID'snot restricted to Africa. The Sahel Development agicultura funtding to Africa for each of these bureaus tar forProgram, in addition to agriculture, includes Ant a%aholvM. As 

Table Economic e.2.-AIDSupport Funds (ESF as buPercent of the Africa Bureau's 
Agriculture PortfolioA, 1979.87 

1979 1980 1981 1982 1983 1984 1985 1986 1987 (est.) 
Obigtins....... 122 0.3 -2-02 -- 28.9-- -34.5- 424 -28.9 29.0

Expenditures. ...... 6,6 24.2 26.5 11.7 27.9 27.5 32.9 34.5 32,8 
u Icut u p ff t il cudas ATDsAfrocA Bureau fundaing for DA and ESF. It doe4s not inInL106 Puohoc La* 480 funding not fufds used by other AID Bu~reaus. 
SOURCE, US Agency for Int.,nat~onat Of, ooment. Africa Bureau. Agriculh,,a vnd Rurat Development Functinal Re#dew FY' fi478198?, juty 1986. updated 1987. 

u 
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~ notpass. The Conference Report (Report 100-
498) concerning fiscal year 1988 foreign assis-
tance appropriations includes only vague direc. 
tin for agricultural uses of the fund, Congress'
difficulty in directing funds specifically to Afri-
can agricultural development and the result-
ing increased flexibility for AID to determine 

the-level anddirectionof its program indicate 
an increased importance for effective congres-
sional oversight regarding AID's support for 
resource-enhancing approaches to agricultural 
development. 

Multilateral Assistance 

U.S. multilateral development assistance 
makes up about 11 percent of the total U.S. for
eign aid budget for fiscal year.1988 and ispro-
iid d et fof yrg 198ans pro-
vided to several types of organizations (45). The 
multilateral development banks (MDBs) receive 
the majority of U.S. assistance and two of them, 

- the World Bank and the African Development
Bank, support agricultural development in 
Africa. The World Bank is the primary lender.
A second set of organizations has been lumpd
Aseondset f organatons hs b oped. 
under the funding category International Orga-

-nizations and Programs which, like the MDBs, 
have their individual funding levels set by Con-
gress. The United Nations Development Pro-
gram (UNDP), the International Fund for Agri-
cultural Development (IFAD), and the United 
Nations Children's Fund (UNICEF), each with 
African agriculture-related program , receive 

the majority of the funding underthis category
(at least 75 percent since 1981), A third cate
gory is organizations in which the United States 
participates and which assess the United States 
a membership fee, usually a percentage of the 
organization's budget (e~g., the U.N. Food and 
Agriculture Organization, which assesses the 

nitedStesafee equal to-25-percent-ofits --
annual budget). Other international organiza. 
tions may receive funds directly from U.S. agen
cies. For example, the 13 international agricul
tural research centers of the Consultative Group 
on International Agriculture Research (CGIAR) 
system receive their U.S. contributions through
AID. 
Funding to the first twogroups,international
 

organizations and multilateral developmentbanks, has followed the general trend in 
bilateral assistance by increasing between 1980 
and 1985 and then declining through 1987 (ta
ble 6-3). Although the following discussion fo
cuses on multilateraldevelopment banks, the 

othhr or anizations can also play important i
rlsi nacmn flwrsuc gi
culture, For example, a 1985 AID evaluation 
found ':;!fudthat "IFAD is making a significant con-
tribution to improving the economic conditions 
of the rural poor in developing countries" partly 
through the use of technologies adapted spe.
cificaly for small, low-income farmers (52). 
c 

The World Bank and the African Develop. 
ment Bank provide two types of loans. The 

Table 6-3.-U.S. Support of Multilateral Development Institutions, 1980.88 

Obligations (millions $)

Organization_ 1980 1981 1982 1983 1984 1985 1986 1981 1988a (est.)
 
nternational 

Organizations
and Programst, .... 208c 210 215 270 315 362 266 237 245 
Multateral 
Development 

-Bank .......... 1,478 986 1,262 1,487 1,324 1,548 1,143 1,207 1,206 ... 
Total .............. 1,686 1,196 1,476 1,757 1,639 1,910 1,408 1,444 1,450 

includes support forcerain development, Iumanltarian, and scientific programs of the United Nations and the Organization of American States funded by voluntary

government contributions, according to the AID Congressional Presentations, fiscal years 1980 through 988.
 

980d
tado not include $52million for the U.N. Relief and Works Agency Inorder toprovide consistent data. Funding for the U.N, Reliefand Works Agency was
sWltched from the International Program funding to the U.S. Department of State's Migration and Refugee Account In the years following.
 

SOURCES, US. Agency for international Development. Congressional Present ations, for fiscal years 1981through 1988 (Washington, DC: AID).
U.S. Department of State, United States Contributionsto international Organizatlons: Report to the Congress for Fiscal Year 1985 (Washington, DC; U..
 
Department of State, 198), .

Sanford, Jonathan, "Multilateral Development Banks: Issues for the 100th Congress," 1887318 (Washington, OC Congressional Research Service Library

of Congress. Jon, 12. 1988)"
 



131 

World Bank's International Bank for Recon- United States' contribution. For fiscal year 
struction and Development (IBRD) and the Afri- 1988, Congress has appropriated $915 million 
can Development Bank (AfDB) borrow from for IDA. Forty-five percent of all donors cdn
world capital markets and provide loans to de- tributions to IDA 8 are earmarked for Africa 
veloping countries at near-market interest rates, and approximately 60 percent are intended for 
'The World Bank's International Development 	 policy reform, 

f
the Mrican Development 
Banks rican Development Fund (AfDF) pro- U..S. contributions t.A DFh . .m 
vide long-term, below market interest loans to predictably from $10 million in 1978 to $90 mil
the poorest developing countries (countries hay- lion in 1987. Contributions to AfDF have not 
ing per-capita GNP below $791 in 1984 dollars). 	 been reduced by the current budget reductions 
IDA has provided the majority of World Bank 	 inpart because AfDF receives a comparatively 
lending for African agricultural development small contribution and because its work is read
and isespecially important in the poorest coun- ily identifiable with African development. 
tries but, IBRD has also provided a significant U.S. contributions to IBRD and ADB are 
portion of agricultural funding, especially for 	 more difficult to assess because both banks bor

row money on capital markets for their lend-
U.S. funding of the World Bank has been or- ing. Donors contribute to each in two ways: 

ratic over the past decade (table 6-4). For IDA through direct capital contributions and via 
8 (the 3-year replenishment beginning in 1988), money held against potential defaults (callable 
the United States has pledged a total of $2.875 capital). Part of the U.S. contribution (7 per
billion or approximately $960 million per year, cent for the IBRD in 1987) is used to increase 
subject to congressional appropriation. In the the financial stability of the bank, increase its 
past, Congress has stretched some 3-year com- borrowing ability, and act as a source of funds 
mitments to 4 years and thoreby reduced the if recipients default (44). 

Table 6.4.-U.S. Contributions to Multilateral Development Banks Funding African Development, 
1978.87 

Year Congressional aporoprlations (millions $.. 
The World Bank AfDBb AfDFb 

Special Facility for 
1978....... IBRD c IDAd Sub-Saharan AfricaO IFC1 

1978 "38.0 - 38.0 10.0.,i.....:.. 800,0 
1979 ........... 163 1,258.0 - 40.1 - 25.0 
1980. ......... 16.3 1,072.0 - 19,0 - 25.0 
1981............ 32.8 520.0 - - 18.0 41.7 
1982 ........... 146.9 700.0 - 14.5 - 58.3 
1983 ........... 126.0 945.0 - - - 50.0 
1984 ........... 79.7 945.0 - 18.0 50.0 
1985 ........ 139.7 900.0 -. .- 18,0 50,0' 
1986 ....,... 105.0 669.9 71.8 27.8 15.5 60.0 
1987........... 55.8 830.1 64.8 7.2 20.5 90.4 
1988g ........... 40.2 915.0 - 20.3 9.0 75.0 
a Data for IBRD and AfIB reflect paid In capital and do not Include callable capital, 
"AfDB and AfDF: African Development Bank and African Development Fund. These are African equivalents to the IBRD and IDA, respectively, and provide near.market 

rate loans and concesslona rate loans to the poorest countries inAfrica. 
C IBAD: International Bank for Reconstruction and Development. IBRD borrows from world capital markets and makes loans at near-commercal Interest rates for productive
dpurposes mainly to middle Income counties,
d IDA: International Development Asoclatlon, IDA makes concessonal ino Interest) loans to the poorest countries forproductive purposes Funding Is obtained from 
•developed countriesand IBRD earnings.

Special Facility for Sub-Saharan Africa. Aspecial 3-year fund set up in 1985 to make loans Insupport of policy reform work InIDA-eliglblE African countries. Funding 
Isobtained and supplied along IDA lines. 
IFC* International Finance Corporation, The IFC makes loans and equity Investments In local privately owned firms In developing countries,

,Data for t988 do not Include a$44.4 million, firstl.tme contribution to the new Multilateral Investment Guarantee Agency of the World Bank whose purpose Is to 
*- provIde noncommercial risk Insurance for private Investment Indeveloping countries. 

SOURCES: Jonathan Sanford, "Multilateral Development Banks! Legislation Affecting U S. Participation " (Washington, DC: Congressional Research Service, June 29, 1987). .Jonathan Sanford, "Multilateral Development Banks: Issues forthe 100th Congress," 18873tB (Washington, DC: Congressional Research Service, JAn. 12,1988) 
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Legislated congressional direction to iul-
tilateral banks working in Africa has recently
stressed the need to ensure environmental sus-
tainability of funded projects, increase atten-
tion to the poor and to women, and increase 
participation of indigenous organizations hav-
ing grassroots connections to the poor (H.R.

wa-paso~d 
ing Resolution for fiscal year 1988). Congress
has not given agricultural development the 
same attention. In fact, legislation reauthoriz-
ing U.S. participation in the multilateral devel-
opment briks is concerned more with possi-
ble agricultural competition with the United 
States than the type of agricultural development
the banks are supporting (H.R. 3750). 

Congress cannot set agricultural funding 
levels because these organizations are inde-
pendent agencies. It can, however, direct the 
U.S. representative to each bank to lobby for 
making agricultural development even more of 
a priority. Twenty-seven percent of the World 
Bank's assistance to Africa went to agriculture
and rural development between 1981 and 1985, 
and in 1985 the AfDF allocated 38 percent of 
its funding to agriculture. Because appropriat-
ing money directly for development of African 
agriculture is not a possibility, congression.1 
oversight, backed by appropriations activity, 
*will remain an important way to influence these 
organizations. 

Congressional Oversight and a 
Resource-Enhancng Approach 

More effective congressional oversight is cru-
cial to the implementation of an approach to 
enhance low-resource agriculture via bilateral 
and multilateral programs. Congress has legis-
lated many elements of such an approach and 
appropriated funding for agricultural develop-
m nt. But concerns remain regarding AID and 
the World Bank's apparent difficulties in car-
rying out programs which support resource-
poor farmers herders, and fishers. 
oordinaing and Improving Oversight 

knowledge facing Members of Congress and 
their staff. Individual members and small staffs 
have little time to respond to complex long-term 
development issues when these are only one 
part of their wide and demanding responsibil
ities. Responding to inadequately prepared
oversight activities may divert donor agency

storosf anhdntih adverse impacts -ondou ii-afd-h-ave 
velopment programs. These problems are ag
gravated and others are created by the many
congressional actors involved in development 
assistance oversight and the lack of coordina
tion among them. In addition to individual 
member queries, seven committees (and addi
tional subcommittees) have direct jurisdiction 
over U.S. agricultural assistance, and still others 
have oversight authority. 

This duplication of effort also at times results 
in contradictory directions from Congress. It 
could be reduced by increasing formal and in
formal cooperation among those currently in
volved in ov.rsight. Such cooperation has the 
potential for increasing the quality of oversight
without increasing the energy and money spent 
on it, helping maintain consistency in U.S. pro
grams as individualsand issues change, and 
reducing the wasted resources involved in AID 
and others having to respond to similar requests 
from different sources. 

To improve the quality of information avail
able, interested committees could improve their 
expertise in development by establishing 
groups of development experts to advise them 
on AID and other donors' work. Congress could 
increase its consultation with persons having
long-term AID experience in the field and in 
Washington, DC. This could be accomplished 
by increasing informal contacts, increasing the 
provision of congressional fellows from AID, 
and by having congressional staff attend meet
ings of AID mission directors and development 
officers in the field. 

Oversight could also be improved by increas
ing the availability of information concerning
how and where assistance is used. The Con-

Cordinating.........-...
and ron Oesg.gressional Research Service's computerized 
In-depth and long-term oversight is hampered foreign assistance budget could be expanded

by the time constraints and lack of relevant to provide a better view of where money is be

~~ , ; , . . 



ing spent. AID's own ability to provide infor- Alternatively, they require substantial paper
mation on its agricultural work in Africa is se- work to qualify for an exemption. For fiscal year
verely constrained by the lack of a central 1988 Congress addressed this concern by ex
disaggregated database. empting the new African DA fund from the re

the ofurde to buy only U.S. products.versghtstriction 
Reducing the Bur n of O g Another way to reduce AID's reporting bur

,Congress has placed a series ofreporting and-: den would-be-to modify-the-requirement-that---
proocurement requirements and restrictions on AID notify Congress of funding changes. AID 
AID's work. According to AID, these have used has argued that since only about 3 percent of 
up large amounts of resources while reducing such notifications are of interest to congres
their ability to respond to the diverse conditions sional committees, notification of low-level 
in Africa. Though a detailed analysis of AID's changes in funding, perhaps of 10 percent or 
operations was not included in this assessment, less of a project's budget, could be eliminated 
other OTA work indicates cause for concern (67). Congress did reduce reprogramming not
(64). AID has testified that at least 200 person- ifications for DA in the fiscal year 1988 ap
years are necessary to respond to congressional propriations. Evaluating the impacts of this re
reporting requirements and information re- duction and the "buy-American" exemption for 
quests regarding AID's work worldwide (67). Africa will be important for considering their 
These requirements and restrictions include: extension and possible expansion. , 

* notification of reprogramming of funds; The issue of congressional earmarking for the 
* responses to information requests by mul- use of funds is more controversial, Disposing

tiple committees and individual members; of formal earmarks and reducing pressures for 
* mandated reports; informal earmarks would increase AID's flex
a procurement requirements (e.g., buying ibility, but it is uncertain that AID would use 

only U.S. products unless a time-consum- that flexibility to carry out Congress' intentions.
ing waiver can be obtained); AID's failure to address the needs of resource

e restrictions on aid to individual countries; poor agriculturalists, despite congressional
0 restrictions on aid aimed at increasing pro- direction to do so, raises concerns about the 

duction of specific commodities; effects of providing AID with additional flexi
* informal earmarking of funds; and bility. Earmarks are a visible means (though not 
* formal earmarking of funds, necessarily always an effective one) for Con

gress to ensure that assistance funds are spentDirection on the use of funds and effective in accordance with congressional direction. 
congressional oversight are crucial responsi- Congress has done away with the majority of 
bilities of the U.S. legislative branch of govern- earmarks for African DA for fiscal year 1988. 
ment. But opportunities clearly exist for Con- While three spending targets (each one 10 per
gress to reduce the unnecessary burden of its cent of the fund) are set for health, voluntary
demands and restrictions on AID. Previously family planning, and renewable resources, the 
discussed steps to improve the quality and fund provides AID with increased flexibility
depth of oversight such as clarifying priorities, to program remaining money, A successful out-. 
coordinating oversight, and reducing pressures come for this greater flexibility will depend on 
to use aid for non-developmental purposes more responsiveness on AID's part, and on 
would be likely to also decrease oversight's bur- more effective, less burdensome oversight. Con
den. Other congressional actions that could in- tinuing and increased flexibility can then be 
crease AID's effectiveness include reducing the based on AID's carefully monitored per
need to buy only U.S. equipment and commodi- formance. 
ties These restrictions often result in the ac
quisition of goods which are more expensive Congress can also increase the effectiveness 
and often inappropriate to African conditions, of its albeit less direct oversight of multilateral 
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development agencies receiving U.S. funding. in which the Bank is improving its capability
For example, changes occurring at the World to do environmental analysis was partly the re-
Bank offer Congress an opportunity to en- suit of congressional pressure. 
courage reforms there. A major reorganization4 

THREE CATEGORIIS-OF DEVELOPMENT ASSISTANCEFOR- A
 
RESOURCE-ENHANCING APPROACH
 

Three distinct though interrelated categories 
of aid or recipient groups offer substantial op-
portunities for development assistance to ad-
dress the needs of resource-poor agricul-
turalists: 

I. local level activities, including support for 
local institutions, households, and individual 
agriculturalists; 

2. the formal agricultural institutions sup-
porting agricultural development including 
those providing research, education, extension,
and marketing; and 

3. national policy formulation and implemon-
ation.including assistance for the development

of supportive national policies and of national 
capabilities to create, implement, and evaluale 
tho. -development 

After evaluating the general lack of success 
of U.S. efforts to support African agricuiural
development, most experts agree on the need 
to refocus on the "small farmer." General agree-
ment also exists on the need to address all three 
categories listed above, but t.hatU3..-supported 
organizations have differing abilities to work 
with each of them. 

Development Assistance at the 

Local Level 


The ommn mot crren 

at the local level is to increase the food secu-
rity of the farmer, herder, or fisher while set-
ting the stage for further development (34,54). 
To do so it will be necessary to develop new 
technologies and make them available along
with appropriate existing ones in order to in-
crease agricultural production and income, 
This is a two-way process which allows agricul-
turalists to take advantage of opportunities 
offered by agricultural institutions and govern-

The common goalgal ofo most current assistanceasistnce 

ment policies while communicating their needs 
to make the institutions and policies more ef
fective. However, in the majority of cases lo
cal level assistance provided by major donors 
has not been successful in supporting devel
opment because the assistance has not been 
appropriate to local conditions nor dpplied in 
a way that would be sustained by the resource
poor farmer (1,30,65,72], Two lessons have been 
learned from this lack of success. One is that 
assistance activities must work with technol
ogies that are appropriate to local environ
mental and socioeconomic conditions (dis
cussed in ch. 5). The second ]eqson is the need 
for farmer participation to ensure that assis
tance is appropriate to local conditions and that 

started with external assistance 

will be maintained (7,19,41). 
Major donor organizations (e.g., AID and the 

World Bank) have not been effective at work
ing at the local level nor with local institutions 
whose membership includes resource-poor ag
riculturalists. But certain other US.-funded 
organizations have been more effective, These 
include: U.S. private and voluntary organiza
tions and the Peace Corps. Both have become 
increasingly active in bridging the gap between 
local organizations and the major donors. At 
thethe same time,non-farmlocal African organizationssector are alsoandrural private 

n . . o 
emerging as effective actors in their own right, 
U.S. Private and Voluntary 
Orgnizatins 
r
 
An estimated 300 U.S. private and voluntary

organizations (PVOs) had African programs
and were carrying out 2,700 projects in 1985. 
About $460 million was spent by those PVOs, 
60 percent of it from U.S,Government foreign 
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SThe U.S. Peace Corps like U.S. PVOS and loa Arcngo pprvides assistan e w ith local level projects such as; , 

assistance(50 pe r n emergency f a l level (18,28,7,55). These include theiral
and lo percent in development assistance) (28) ity to: 
UnderSecton -123 of the Foreign Assistance wor 4with r C poor e d .1 c . i-

Act of-1961,.as amended, a minimum of 131/2wr ihle orudrifcut€niii i 
percent ofth~e funding for the six Development . tio ns and help make public resources avai!l-i: ! ii 
Assistance functional accounts , the Saheil Do:- able to :them, .. .. . • : i :i: 

'iVelOpment Program, and International Disaster : : * work with indigenous organizations, ::.;:i!. 
Assistance are tol be made available for the * understand local conditions, ::i!:ii~i 
::activities of private and voluntary orgzaniza- address equity issues,, - ,
ri tons.: pvos receivedo, fro "e work in regtions where development has :$62.8 millio,,nlv: I's, 

i.Africa Bureau in fscal ypar 1986, and in fiscal : b.een neglected,, . . :.-. h 
i!!;i"iyear1987 they received an estimated $42 mil- e use a participatory procuss, - , :i 
io[!:i:!n (24),The decline in emergency needs and * use flxile,eraprah: . - .:'i,.:ii:-"the recognition that relief alone would ntot solve " , b fl xbl, .! : . r '':,::
!~':the root causes of famine have led PVOs to in-: o work insmall projects, :and .. -:;
 

ci,,))reoase their attenition to long-term social and * extend a proven technology (when favora-:
 
!ieconomic development, with dgriculture being. ble p!
9eiolicy and infr*astructural conditions 

,'. an im portant subset of that w ork :.: ! :: exist).: .; ,,;ri "i ::! .': : :i: 
:i~i.sPVi are comnycnierdt aes Caution is necessary,howeverrIn assuming thati 
o,:?:i~iral :these general strengths ap~ply to each ~individ-isgnfcant advantages and strengths appro-.: 
pr...iat to aiproach at the~ ual PV0 o~r.PVOprojecltgiven.their tremendous !i!aresource-enhancing 

http:of-1961,.as
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diversity and differences from country to coun- sources at the mission level, known as umbrella
 
ry and project to project even within a single projects, that require less paperwork for small
 

oriiganization. :VO projects, :n conjunction with these efforts
 
at increasing PVOs' ;effectiveness, there re

i These strengths, AID's difficulties in work- mains the more difficult task of evaluating in
c,,ing with the resouirce-poor agriculturalists, and dividual PVCs on their actual abilities to sup-

an-inc~reaigly~poiticallyacive~p-VO commu- -- ;-port-deelopment,atthe local level-A-kfurther-
nity have motivated Congress to consider in- challenge is present in the growing abilities of 

"creasingthe role of PVos in U.S.-supported de- African indigenous organizations. PVOs may
 
velopment in Africa. However, as their role is need to play a more supportive role by supply
increased, certain common PVC weaknesses ing resources, training, and other assistance to
 
should be acknowledged and addressed such organizations rather than directly imple
(1828,47). PVOs often: menting their own projects.
 

e are unable to reach the very poorest, 
* lack technical expertise, The Peace Corps 
* fail to address the role of women, The Peace Corps has volunteers and pro

lack imlovation, grams in 25 African countries (68). Its overall 
* depend too much on the continued pres- and Africa budgets have both increased stead

ence of individuals capable of mobilizing ily since 1980 (table 6-5). The Peace Corps' man 
the population, date is to support the personnel needs of de

* lack project replicability and sustainability, veloping countries (especially for meeting the 
K,* have poor or nonexistent project evalu- basic human needs of the poor) with trained
 

ations, Americans. Additionally, its goals are to pro
* lack wide-scale impact, and " mote a better understanding of the United 
* are difficult to coordinate because of their States within the developing countries and a 

large numbers. better understanding of developing country's

Some PV s are. maing: efforts to overcome societies by the American people (Public Law
S:ome Vvus are making efforts to overcome. ,^. .. ...... ' ": '" 

these weaknesses. For instance, some are be- 87-293 as amended), Its programs respond to i 
inghlinked with formalresearch organizations ....locally identified needs, emphasizing individin... like1 wit rma reeac orLganizations..... ual training and strengthening local organiza-,:,, ; 
to overcome their lack of technical expertise., a riigadsrnghnn oa raie 
In this way, PVOs are involved in testinge tions (68) In Africa, the Peace Corps empha
extending technologies to farmers while trans- sizes agriculture, private sector development, 
mitting needs and ideas back to the scientists. health, and education. 

Also, AID has facilitated the work of PVOs in With 25 years of experience in people-to
some countries by setting up quick-funding people work, the Peace Corps has come to be
 

Table 6-5.-The Peace Corps In Africa, 1980.87 

Obligations Obligations for 
worldwide Africa Volunteer years

Year (millions $) (millions $) In Africa 
1980 103,3 38.6 2,035,
1981 104.7 38.8 2,048
1982 104.7 40.6 1,989
1983 108.5 40.9 2,1148 
1984 115.0 43.6 2,086 
1985 129.5 47.0 2,124
1986 124.0 46,3 2,236 
19 8 7b 130.0 48.8 2,175
aEstimate
 
boatafor 1987 are estimates and don ot InclIude dat afrom the $7.2 milIIon supplemental appropriat Ion received Infiscal year 1987,
 
SOURCES: Agency for International Development, CongressionalPresentations, fiscal years 1982 through 1988; Peace Corps,
 

Congressional Presentations, !iscal yea-s 1982 through 1988. : 
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appreciated by the African governments seek- rather than anecdotal evidence, will require an 
ing its help, many requests for volunteers re- improved evaluation system,
main unfilled, It has identified skills needed to The Peace Corps' African Food Systems Iniwork at the local level and developed the abil- tiati e rs a a toed ose
ity to train its volunteers in local languagesand ite (AFsi) is anattempt torepond to some 
culture. Most volunteers work in conjunction of these problems by developing long-term (5

to 10 years), localized approaches to food secuith Africangovernment Dprgrams-jandareie---a a 

vide links between national nd localorgani- laboration with AID and PVOs. For example,
zations.tRecognizing the technological con- AID has supported individual members of the
 

zatons Reognzinth tehnoogial on- Peace Corps AFSI programming teams. The,
straints facing agricultural development, the Peace C h 
•Peace Corps has made efforts to recruit an in- Peace Corps has committed significant resources to AFSI and will need continued fund.-: 
ircreased number of technically trained vol- ior cess AFSI 
unteers. ing for its success. Currently, AFSI operatesin Lesotho, Mali, Niger, and Zaire with a fiscal 

year 1987 budget of $1.9 million. During its firstBecause of these abilities, the Peace Corps 2 years fiscal years 1986-87, 162 Volunteers
 
may have an even greater role to play in en- wer 9 of tmennteir
:haninglowresurce'agiculure In ddiion involed, wwere involved, with 99 of them beginning their.
 
to cing low-resource agriculture. In addition 
 tours in fiscal year 1987. The program is proto its direct work with resource-poor farmers jected to expand to Guinea, Senegal, and the
and herders, it also is in the position to be an 

Central African Republic in fiscal year 1988.One potential weakness of AFSI, like that ofdonors; formal agricultural organizations; lo- thePeace Corps generally, is that evaluation 
cal organizations; and individual farmers, has not yet become a well-defined, integral com
herders, and fishers. For example, AID is pro- hsnetb 
viding small-project assistance funds for local ponent. 
groups associated with volunteers. Such an ap
proach increases the resources available to the Local African Oganizations 
local groups but it has a potential disadvantage Many donors over the past decade, have come
in that it could change the Peace Corps' role to recognize that indigenous groups can be ef
(and the African perception of it) to a funder fective at the local level. Most often local groups
rather than a provider of skills and training, have received donor assistance to carry out 

donors' activities. To some donors, however, 
The quality of the Peace Corps' agricultural tocal organizations are being seen as increas

work varies from country to country and pro- ingly capable partners that can implement their 
gram to program. The short-term nature of its own programs.
2-year volunteer tour and high volunteer attri- Do,
tion contribute to this unevenness as does the e this g arns h 

'slack of effectivei memory. these groups' potential has been largely unagencyslackensttutonal mtapped, especially by the major donors who in-Short tours of service for staff add to these prob- stead have focused on supporting more formal
lems. High turnover rates, in part due to the government agencies and institutions (7,18,19, 
:madeshort tourslong-term,but alsoplanningto otheranddifficulties,implementation,have 4) fiafican Development Foundation is2). Thh eeomn onaini .!madeclon-te-m planning and implementatio not among the U.S. organizations included indifficul. -these discussions since it is the subject of a sep-

The overall impact of the Peace Corps' work arate OTA assessment. It is, however, one of 
is difficult to judge because it lacks an internal the U.S. agencies attempting to maximize the 
formalevaluation process. African conditions role of indigenous organizations (66). 
are changing rapidly and it is not clear whether Local organizations (also known as local
Peace Corps programs are keeping pace. Ef- membership fi titutions or grassroots organi
fective future work, based on actual strengths zations) are diverse, Some are informal, self

L76-578 0 -88 -4 0L 3 
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help groups; others are formal and organized 
at the regional or national level. They may be 
organized along single interests lines to man-
age a common resource, such as water-use so-
cieties and pastoral associations. Or they may 
provide a single service as in the case of mar-
keingco_operatives and r otting crdita so-
ci , They may be organized for multipleations 
functions and act as indigenous voluntary de-
velopment organizations comparable to non-
African PVOs (7,19). Approximately 100 such 
groups from 18 countries in May 1987 formed 
the pan-African Forum of African Voluntary 
Development Organizations (FAVDO).FAVDO 
hopes to link these organizations and to pro-
vide help in identifying development needs and 
mobilize African and non-African support. 

Local organizations can enhance the effec-
tiveness of development assistance programs 
by increasing their relevance, cost-efficiency, 
and sustainability. These groups can be effec-
tive in transferring information on local needs 
and conditions to outside development agen-
cies while also representing farmers to donors, 
the private sector, and government agencies. 
They can mobilize resources such as labor, 
managem6nt, and money for development 
work and thus reduce demands on overbur-
dened government organizations and reduce 
the need for external support of recurrent costs. 
In addition, working through such groups al-
lows donor assistance to reach more farmers. 
Sustainability can increase where group mem
bers are involved in the design and manage- 
ment of assistance activities since such involve-
ment often leads to greater commitment to 
implementing the work and maintaining it once 
outside assistance ends (7,19,23,71). 

Certain conditions for successfully working 
with local organizations are being identified. 
Local organizations can best support develop-
ment if: they are involved in project decision-
making; they retain a high degree of self-
reliance and autonomy; the r members and ben-
eficiaries maintain a degrea of control over the 
organization, and the organization can shift 
project activities to meet the needs of its bene-
ficiaries (71). They cannot be successfully 
forced into existence or managed by donor 

* * *, .° " - ; " ' " 

organizations or national governments because 
their success depends on membership commit

ment. Their effectiveness can be destroyed, 
moreover, by attempts to co-opt them into larger 
bodies, by pushing them to exceed their capac
ities, using them only as implementors of donor 
activities,oib..orunding. 

Large donors and national governments may 
find working directly with local and intermedi
ary institutions discouragingly difficult (7). The 
formatn and development of these groups is 
not predictable and takes time. Program fund
ing needs are comparatively low, increasing the 
proportion of funding used in administration. 
It is often difficult for large donors working 
with local organizations to spend all their funds 
within a required timeframe (usually on an an
nual budget cycle),.'dso, significant donor re
sources are needed to identify and evaluate 
these groups. Despite these drawbacks, in
creased support for large donor organizations 
will be necessary as the number and abilities 
of these local groups increase and their needs 
outstrip the capabilities of smaller donors (e.g., 
PVOs) who presently support them (48). Large 
donors may also have a role in linking these 
organizations with formal agricultural institu
tions so that the formal institutions better ad
dress their needs.. 

The African Rural Non-Farmi 
Private Sector 

Though even more diverse and often more 
dispersed than local organizations, the rural 
non-farm privato sector could have significant 
direct and indirect positive impacts on re
source-poor agriculturalists. The non-farm sec
tor can be defined as all economic activity apart
from crop or livestock production. Data on 
these activities are sparse and country-specific, 
but it appears that the majority of rural non
farm enterprises are small (95 percent have 
fewer than five workers), have modest capitall 
requirements and show seasonal fluctuations 
in output and labor demands (25). 

Typically, 10-20 percent of rural employment 
(with a range from 3-73 percent) and 25-30 per
cent of rural income are derived from rural non

" " , ' " 



farm activity. Because non-farm earnings are 
converted to money more often than agricUl-
tural products, they constitute a large share of 

bcashincome, often 50 percent. Surveys have 
shown that 15-65 percent of farmers also have 
secondary employment in non-farm enterprises
and that farm households.devote 1540-percent
of their working hours to income-generating 

'p 	 non-farm activities. These activities also pro-
vide women, especially in poorer households, 
with opportunities to earn income (25). 
comesthes onfrmg prvate s et aso in 

emsi the noer-am prUvaltemploytr a p an desthe agriculturalist with agricultural inputs, mar-ketSforproducts, and consumer goodsL The 
first forms a relatively weak market because 
fi frma rius relativei mat buse 
of African agriculture's relatively.small use of
inputs but could increase if more appropriate
inputs were made available and if credit sys-
tems were improved (25,32), Providing a mar-
ket for products is the most significant of the 

* 	 three roles, Local processors and particularly 
distributors purchase a major share of commer-
cialized produce in many areas. The market for 
consumer goods and services provided to farm-
ers by the private sector is seen as an impor-
tant stimulus to the growth of the rural non-
farm economy both because of its potential high
growth rate as farmers' income rises and due 
to the large amount of labor it could absorb with 
such growth (25). 

Four means have been identified for support-
ing the development of non-farm enterprises. 
First, and most importantly, increasing agri-
cultural productivity and income would in-
crease agriculturalists' demand for goods and 
services while also providing secure food sup-
plies for non-agricultural workers. Second, na-
tional policies can be redesigned to avoid dis
crimination against non-farm enterprises in 
such areas as credit availability, tariff struc-
tures, access to foreign exchange, licensing re-
quirements, and restrictions on the goods or 
services they can provide. Third, direct assis-
tance to non-farm enterprises can be provided
in forms such as credit, technical assistance, 
and training in marketing and management. 
Evaluations have shown these types of pro-
grams to be cost-effective if they focus on one 

major constraint to the enterprises instead of 
trying to address all at once, Fourth, rural in
frastructure (e.g., roads, water, transportation, 
and electricity) can be improved, though it is 
not yet clear in what sequence the infrastruc-
Lure should be provided (25). Controversy ex

L__stsoverthe. attentionpaid o-infrastructural 
development. Some see it as essential for in
creasing the adoption of new technology (i1),
but others argue against significant assistance 
for infrastructure because it may divert capi
tal from agricultural production and often ben
efits urban areas more than rural ones (36).
Some do not consider AID to have a comparative advantage in infrastructural work even 
though such projects have been used as an ef
fective means to absorb sudden increases in 
assistance to a country (30). 

The potential of the indigenous private sec
tor in a resource-enhancing approach varies sig
nificanly across Africa and, therefore, the sec
tor's needs for assistance vary as well. Much 
of the current private sector assistance provided 
by major donor organizations overlooks non
farm rural enterprises and little national pol
icy reform work has been geared toward their 
support. 

Major donor organizations have been direct
ing most agricultural policy assistance at larger, 
more formal marketing and input supply serv
ices, such as government marketing boards andparastatals, sometimes with the purpose of turn
ing them into private firms. Parastatals' roles 
are decreasing in many countries because of 
increasing budget deficits and these efforts by
donors (21). Such privatization has contributed, 
in some cases, to increases in agricultural pro
duction (43). 

Important to private sector assistance will be 
opening the marketplace to multiple private sec
tor enterprises and not just the conversion of 
non-viable public monopolies and their replace
ment with private ones (2). In some cases the 
public sector may continue to be necessary to 
serve resource-poor farmers and herders in 
commercially unprofitable and geographically 
isolated locations, Private sector assistance 
needs to be monitored and evaluated as to 



whether benefits are being captured primarily 
by larger enterprises. 

t 
DvlpetAssistancenSupr

of Formal Agricultural Institut ons 

The development andteghng ofAr-
can agricultural institutions (research, educa-
tion, extonsion, credit, marketing organiza-
tions, etc.) is a second high priority category 
of assistance in a resource-enhancing approach. 
Supporting the development of agricultural in-
stitutions offers several general benefits, First, 
well-developed African institutions will be 
more efficient than external donors in provid-
ing direct services to agriculturalists. Second, 
development programs are more likely to con-
tinue after donor assistance ends if in-country 
institutions are capable of maintaining them, 
Third, sound national policies and good eco-
nomic management can be encouraged and 
supported by donors, but their implementation 
and follow-through will primarily depend on 
the abilities of the African institutions, Fourth, 
the ability of recipient countries to absorb and 
use foreign assistance inecapacity of their institutions (71).

capacity of tir instituFaso, 
Agricultural development will depend on 

strengthening African institutions in such areas 
as research, education and training, policy anal-
ysis, and administration (38,46). Equally impor-
tant for the development of low-resource agri-
culture will be the ability of these institutions 
to address the specific needs and constraints 
of resource-poor agriculturalists. 

Support for staff training and other institu-
tional development of agricultural institutions 
will require relatively high levels of long-term, 
stable funding usually available only from 
larger donor organizations. Cooperation and 
coordination among donors working with each 
individual institution and between institutions 
providing interlocking services to the sameagriculturalists will also be essential, 

Training 

Training is a major focus of AID's effi ts to
strengthen African agricultural institutions, It 

provides training to African professionals 
through numerous programs in the United 
States, in the recipient country, and in other 
developing countries. Data on the total num
ber of people trained in-country or in third 
countries are sparse, but the numbers are con
iealebmuems I 

a training element. From 1980 to mid-1987 , 
3,523 Africans received short- and long-term 
agricultural training in the United States, pri
marily at universities (59). 

AID funds training in several ways. Individ

ual bilateral projects programmed by the mi 
sion can havetraining components. Centrally 
funded programs overseen by AID's Science 
and Technology Bureau (e.g., the African Grad
uate Fellowship Program, the African Man
power Development Project, and the Sahel 
Manpower Development Program) also provide 
training. Finally, AID supports agricultural' 
schools in Africa that provide training for 
faculty and students, As part of its 1985 "Plan 
for Supporting Agricultural Research and 
Faculties of Agriculture in Africa," AID issup
porting sev.n schools of agriculture in Came
roon, Kenya, IZimbabwe, Uganda, Burkina

Sierra Leone, and Lesotho (the first three 
receive high levels of support), In all seven 
cases, the actual training is being carried out 
by U.S. universities under contract to AID. The 
Africa Bureau spent between 4and 7percent 
of its agricultural portfolio on training (1979
87) (table 6-6). Data for overall AID African 
training expenditures are not available. 

Several factors are important for such train

ing to enhance low-resource agriculture. Assis
tance for training needs to: 

- build increased understanding of the spe
o u r an indn oftespe 
ci features and needs of low-resource 
agriculture, women a 

* ensuretat w en at men are traine
oortnit a men etrieinin working with women's needs;,: ' 

* provide as much training as possible in 
Africa, 

* support changes in African curricula to 
ensure their relevance to African low
resource conditions, and 
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Table 66,AID Funding for Agricultural Education and Training
 
In the Africa Bureau s Agriculture Portfoliob, 1979-87
 

1979 1980 1981 1982 1983 1984 1985 1986 1987(est.) 
~ 9Expenditures

Total (millions $) .. '..' ' 5.9 7,6 14.6 15.1 14,8 14.0 13.0 14,9 23,8
As apercent of total 

agriculture portfolio .. 5.00 4,3 6.0 7.7 6.2 5,6 5.3 4.9 4.9 

Total (millions $).... .... 14.1 14.4 14.6 20.4 17A4 12.7 14,5 16.6 21.1
As a percent of total 

agriculture portfolio . . 6.4 5.4 -5,2 6,5 3.7 3.6 4.75.5 	 6.7 
ahesa are funds for training Indivlduals A separate budgetary category Contains funds for the infrastructura needs of training institutlion.bIhe agriculture portfolio includes Africa Bureau funding from DA and ESF, It does not include P. 480 funding nor funds used by other Bureaus. 
SOURCE: U.S. Agency for International Development. Africa Bureau. Agriculture and Rural Development: Functional Review FY 197&197? July 148,updated 1987 

* 	educate Africans at U.S. institutions able InstltutlonBulidIng 
to provide suitable knowledge while sup- Support for agricultural training will not have 
porting graduate and postgraduate re- its full impact if African agricultural institu
search in Africa. tions are not developed concurrently At 

present, many trained Africans find their skills
Que, (ionshave been raised concerning the rele- unused or underused because they have no in-
Vance of AID-supported training to African stitutional base from which to work. Therefore, 
conditions. Although U.S. assistance has led support for building African institutions them
to large numbers of trained Africans, it has not selves is an important adjunct to training. Ex
yet had a major impact on the rural sector (26). perts agree that the provision of institution-
AID relies heavily on U.S. universities, espe- building assistance can be most effective if it: 
cially State agricultural schools, for training,
Although the existence and abilities of these • provides long-term support (for 15-25 years) 
universities is one of the strengths of U.S. de- combined with steady levels of funding;
velopment assistance (30), there are also draw- * provides core funds for institutions to 
backs, The majority of U.S. schools operate in cover costs not met by funds from individ
ways not necessarily relevant to African agri- ual projects; 
cultural needs (4,56). For example: * develops incentives and provides funds for 

policymakers, researchers, and extension 
0 Low-resource agriculture is not a focus of agents to do field work; 

most U.S. schools, * links research, extension, educational, and 
* African technical needs often require policymaking institutions with one another 

different technologies and often focus on and with local institutions; 
different crops than those usedbyU.S. agri- * uses flexible approaches that can match 
culture, changing local needs; 

.	 & supplies newly trained Africans with start-The resources a student has available and 
comes to depend on at U.S. universities up funds and support for collaborating 
m. rnot be available upon return to an Afri- with senior scientists; and 
can inostitution. develops methods for institution-building 

a U.S. agricultural disciplines tend to be nar- that promote links between agricultural in
rowith little opportunity to engage in* 	 -~o, stitutions ,..and ... agricul:row," v•" tuiralis's resource-poor 


.
broader problem-solving work. 	 t 
* U.S. schools genorally provide few incen- The results of past donor attempts at 

tives for doing international work or for institution-building have been mixed. The ! 
* supporting long-term efforts. 	 World Bank Is among the most active donors 

., 	 -,:: ,- / • ,"(: : i Y : 1 :- ,: :: ,. :,1 :, ,i- i -::'
 1 
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in this typo of program but evaluations of its 
work have been critical of its methods and re-
suits Only 50 percent of the World Bank's agri-
cultural projects achieved some degree of suc-
cess in institution-building in 1985, adrop from 
the 63 percent success rate over the period 1979-
84 (74). The Bank's institution-building objec-

-tivesv6 h6ave-6ftehi f6k'd-oi : 
projects, taking a backseat to production goals 
and the need for rapid disbursement of funds. 
The needs of recipient institutions have not 
been well analyzed and foreign technical assis-
tance has been used to circumvent institutional 
problems instead of working to solve them. 
Overall, the World Bank has not been effective 
at supporting development of agricultural in-
stitutions such as universities, researcl insti-
tutions, and co-ops nor has it been successful 
at linking farmer organizations with support-
ing institutions (71). 

The World Bank recently completed a do-
tailed analysis of ongoing African research and 
research needs which in part details the impor-
tance of long-term strengthening of African na-
tional research systems, universities, and train
ing. Although this work makes it clear that 
research must address the actual conditions 
faced by the small farmers there is little recog-
nition of the role farmers, their organizations,
and their knowledge can play in supporting 

~ 

. 

technology development and diffusion nor does 
It suggest a role for the World Bank in linking
farmers, herders, and fishers to African na
tional research institutions (77,78). 

Nove rtheless, positive changes in the World 
B3nk's efforts can be seen in some of its work 

tiltii-a
- begu n the 190s;-A-numberof projects have
begun with more thorough analyses of the re
cipient institutions' needs, with institutional do
velopment their primary goal, and with long
term training programs (71). The World Bank 
also has increased lending for African agricul
tura institutions providing research, extension, 
training, credit, and marketing services (34,71, 
79). Despite these improvements, evaluation of 
the World Bank's East Africa portfolio found 
that promoting agricultural growth will require 
substantial additional investment in training, 
and in building and strengthening agricultural
institutions. According to the study, major ef
forts are needed to increase institutions' capac
ities to provide a full range of services, and per
form the data collection and analysis on which 
to base critical decisions (35). 

AID is considered to have a comparative ad
vantage in providing assistance for institutional 
development, although its work too has had 
only moderate success and its emphasis in this 
area is insufficient. For example, a recent evalu
ation of AID's work in six African countries 
found that 13 percent of assistance was spent 
on education and training while only 2.3 percent was spent in support of agricultural re
search (30). 

AID has taken several steps to improve its 
ability to provide assistance for institution
building, especially agricultural research. The 

w agency estimates that $55 to $60 million are spent 
annually for these purposes by all bureaus, This 
increased emphasis is shown by Africa Bureau 
funding (table 6-7). AID released its "Plan for 

i Supporting Agricultural Research and Facul
ties of Agriculture In Africa" in May 1985 as 

- "another part of this greater emphasis on train-Photo ciodlt: BOttsU, Food and AgdiCultureOrgahltaton ing and research institution.building. The plan
*Aresource-enhanclng approach to African agriculture focuses U.S.-supported research by directing
places a high priority on supporting African research 

Institutions. This Is a laboratory of the Burundi the majority of AID's resources to 22 countries,
Ministry of Agriculture and Fisheries. 8 agricultural commodities, and a small set of 
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143' 

Table 6-7.-AID Funding for Agricultural Research and Research Capacity In the 
Africa Bureau s Agriculture Portfolio', 197987 

1979 1980 1981 1982 1983 1984 1985 1986 1987 (est.) 
Expenditures 

Total (millions $)........ 
As a prrcent of total 

portiollo ............. 

10.4 

8.8 

16M2 

9.2 

25.8 

10.6 

26.6 

13.6 

29,5 

12.4 

29,1 

11.7 

30.2 

12.2 

37.8 

12.5 

51.0 

10.5 

rclat (millions $)...... 31,3 32.5 46.0 45.9 39.8 40.1 34.3 44,11 45.65 
As i percent of total 

portfolio 
1417 

.. 42 
12.7 1 6 

.8.6 ...........1 51.4 
T'heagriculture portfolio includes Africa Bureau funding from DA and ESF. It does not Include Public Law 480 funding nor funds used by other Bureaus. 

SOURCE7 Agency for Inlernalional Development. Africa Bureau, Agriculture and Rural Development; Functional Review FY 1978-1987, July 1986, updated 1987. 

research problems. For example, the plan em- velopment. Farming systems research is pro
phasizes mixed croplanimal farming instead of sented less as a vehicle for farmer participa
assistance to pastoralists due to past failures tion than as a means to ensure the acceptability 
in range management. In 8 countries that have of new technologies. Also, serious questions 
relatively strong research capacity, assistance have been raised regarding AID's commitment 
will support increased capabilities to produce to farming systems research. Another concern 
technologies. The 14 other countries with lower is the reduced number of commodities to be 
research capat."y are to be supported in devel- researched. While this reduction can help fo
oping their ability to import and adapt techrol- cus resources it also means that regionally im
ogy. In addition, research networks are to be portant minor crops playing a large role in Afri
supported that address regional needs that sup- can nutrition and making up an important 
port countries with the weakest research sys- component of many farming systems may be 
tems, and that provide links with the Interna- neglected. Also, too little effort has been given 
tional Agricultural Research Centers. Currently to research and development of technologies 
AID is supporting work on all 8 commodities, for processing well-adapted tropical crops into 
and is active in 7 of 8 "technology generating" desired food products (5). Parallel attention to 
countries, and 13 of 14 "technology adapting" research for livestock systems, fisheries and for
countries. estry, upon which many low-resource agricul-

AID's approach to institution-building Is turalis s depend, has also been lacking. 

based on its understanding of thie importance A significant common weakness of much 
of improving African technical capabilities; that donor assistance to African agricultural insti
successful technology development requires a tutions has been the failure to promote links 
long-term approach; and that farming-systems to resource-poor agriculturalists. The lack of 
research is one way to bridge the gap between impact of agricultural assistance as a whole can 
researchers and farmers, herders, and fishers, be traced in part to a failure to develop tech-
Overall, AID has developed a strategy that em- nologies relevant to African agriculture, Afri
phasizes small farmers, food crops. and in- can extension agents find themselves with noth
creased donor coordination. Many of the prom- ing to offer farmers and herders. Evaluations 
ising technologies identified in this report are have shown that donor support for technology 
being supported by AID (53). development has been inappropriate for 

SAID's research plan is an important step in inappropriateness include{(6,14,40,72) :.:.i:)resou rce-poor agriculturalists, Reasons for thisAI'.eerhpa .sa 
focusing attention on the technical needs of n re cu 40 
African agriculture. However, the plan may be a failure to analyze if the technology was tat
too narrow in several respects. The AID Plan, lored to the needs of resource-poor agricul
much like the World Bank's approach, does not turalists, for example, by avoiding expen
address the role of the farmer in technology de- sive inputs or minimizing risk; 
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ignoring the importance of other farm 
operations, local cultural and ethnic fac-
tors, and the local environment; 
ignoring the effects of the new tech nology 
on recipients;
ignoring gender differences and not ensur-

Ing female participation; 
&-ldkik ri-ei-in iini-aon-farm .nti 
testing; 

an absence of multidisciplinary research; 

an emphasis on short-term projects; and 

failure to account for national policies, 


If future technology development byAfrican
institutions is to avoid repeating these mistakes,
aildin an be done in a to howinstitution-

. a wy s v o 
developing low-resource agriculture. Develop-
mentorganizationsneed to address this issue 
and draw together the expertise of the univer-
sities, the private sector, international agricul-
tural research centers, and African institutions 
that have worked in this area. 

An important part of drawing together this 
expertise will be an increased cootdination of 
efforts. Coordination of research activity is par-
ticularly necessary to prevent duplication of ef-
forts by the large number of donors, national 
governments, and networks involved in re-
search. An example of increased coordination 
In research is the Special Program for African 
Agricultural Research (SPAAR), established in 
1985 by 15 major donors to support coordina-
tion and strengthen African national research 
institutions. It has a small secretariat located 
at the World Bank and six working groups: re-
gional research networks; promising technol
ogles; an information system on donor-funded 
research; guidelines and strategies for build-
Ing national research capabilities; forestry; and 
education and training (77,78). In addition, 
SPAAR supplies small grants to African sci-
entists through the International Foundation 
for Science in Stockholm,. 

The Iternational Agricultural 
Research Cetr 

Thirteen International Agricultural Research 
Centors (IARCs) located worldwide, with a 

I. 3; 
' ' = I I,.f ~ ,,,:l1, 1 i! ,¢ .,,1 : 

combined budget in 1986 of $235 million, are 
supported by 39 national, multinational, and
private donors under the auspices of the Con
sultative Group on International Agricultural 
Research (CgIAR). Each has responsibility for 
certain food crops, animals, or farming systems
and all have progrmsncerning Afria 
.are internationally staffed and independent of 
their host governments. Four are located in 
Africa: the International Institute of Tropical
Agriculture in Nigeria, the International Live
stock Center for Africa in Ethiopia, the Inter
national Laboratory for Research on AnimalDiseases in Kenya, and the West African Rice
 
Development Association in Liberia. Seven
 
other centers have personnel stationed in Africa
 
and two centers research African policy and
 
research management issues. With increasing

international attention on Africa, the centers
 
have increased their African work, and about
 
50 percent of the CGIAR system's resources are
 
now devoted to Africa, Questions have been
 
raised, however, about the propriety of an orga

nization with worldwide responsibilites spend
ing such a large percentage on one region (29). 

AID has funded the CGIAR system since its 
founding through contributions to core fund
ing and through special projects. From 1978 
to 1986, AID funded at least 25 percent of the 
system's annual core budget. U.S. core contri
butions peaked in 1986 at $46.25 million and 
declined to an estimated $40 million (21 per
cent of the core budget) in 1987 (60). The United 
States also supports specific projects at the 
centers. U.S. funding of such projects totaled 
$14 million in 1986 (10), 

In addition to the CGIAR system there are 
approximately one dozen other international 
agricultural research centers. Those with rele
vance for African agriculturalists include the 
International Fertilizer Development Center,
and the International Soybean Program, both 
in the United States, and the International 
Council for Research on Agroforestry and the 
International Center for Insect Physiology and 
Ecology, bo*th in Kenya. 

The CGIAR and non-CGIAR centers' work 
In Africa have hrd less than their anticipated 

" : , ' '; 
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. .cause national research institutions often adopt 

v • approaches used by the international centers 
A (31), 

%Whilethe CGIAR system claims to he increas
ing its attention to on-farm conditions, criti
cis ain that centers have not fully in

p le , c o n c ern s .... pl men t ed t i s shift. or x a mr / :.: 

have been raised about the relevance of on
station work for the farmer. Some feel that too 
little effort has been made to grow diverse va
rieties in farmers' field (or under simulated 
farmer conditions). Plant breeders have not fo
cused on ensuring that improved varieties pro
vide stable yields throughout the area where 
they are to be grown and on ensuring that their 

Photo creadi: Donald PlucknettfConsult,,tiveGroup on resistance to pests is durabl e (5). A further con
iternational Agricuitural Research straint is the lack of commitment to including 

Scientists from the International Center for Tropical the farmer as a partner in research and even 
Agriculture (CIAT) and the Rwandan national research 
system cooperate on bean research, Such collabora- to talking with farmers and consumers to guide
tive work is Important to increasing the benefits of the setting of objectives early in a crop or live
research sponsored by the International Agricultural stock breeding program.


Research Centers.
 

The issue of where to focus research is also 
impact on agricultural development. Recently, unresolved. Arguments in favor of directing re-
CGIAR has reevaluated its goals and research search to the most favored geographic areas to 
methods and has determined ways in which reap the quickest and most economical results 
to increase the impact of its work (8,11): contrast with arguments to increase research 

on the more marginal areas where large nurn
* 	including multiple new crop varieties, each bers of people live and raise their food (11,37). 

adapted to different local conditions, "f- Disagreements between centers located inside 
, 	 stead of one or two single "breakthrough" and outside Africa over responsibility for spe

varieties; cific commodity research, for example, maize, 
* addressing farming systems and moving have also hampered the system's work and need 

the location of research away from re- to be resolved. Overall, the centers would ben
search stations to do so: efit from stronger. ties to African and non

* 	modifying research goals for new technol- African scientists through better communica
ogles which reduce the farmer's risk in tion and joint projects (5), 
addition to increasing production: and 

* 	strengthening African national research The CGIAR system has played an important 
centers. educational role, providing training to about 

6,200 Africans between 1962 and 1984 through 
These new attitudes are reflected in the centers' short courses, degree programs, and post
increased outreach programs, incteased work doctoral work. This figure underestimates the 
on farmers' fields, attention'to AL ican crop and actual number trained because it counts only 
livestock varieties, research un African farm- those trained at the headquarters of each con
ing systems, and attention to environmental ter (9). Training makes up about 12 percent of 
sustainability. rho centers are working toward the funds CGIAR spends in Africa (29), How-. 
an improved balance between field work and ever, training programs need to increase em
work done at the experiment stations, The of- phasis on training women who make up less 
facts of these changes are Important also be- than 10 percent of those trained by the system 



(8) .Training impact also would be improved agriculture-specific policies identified as'conif the centers' increased their collaboration with straints to broad economic development. TheyAfrican universities (29). and other donors supply large amounts of non
ecproject lending, cash, and commodity aid to en

portance of supporting the de elopment of na-governments agreement to 
tional research systems but it spends only 1. institute changes such as (76,57): 

t
- so 
port (11). In addition, only a small part of its 
training hasbeen related to institution-building 
at the national level. The International Service 
for National Agricultural Research was estab-
lished in 19803 as the lead center in support of
national agricultural research systems. Al-
though its impact has not been evaluated, de-
mands for assistance have outrun its capacity
to respond. Institution-building is seen as a high
priority for future CGIAR work (11), but ques-
tions remain regarding how much the system
is 	willing to divert from its primary focus on 
research. The centers will remain important 
sources of agricultural research and training
and have potential for support and strength-
ening national research institutions. However,
donors' assistance to the international centers 
can complement but cannot substitute for 
directly supporting the developnment of national 
research systems. 

Development Assistance To Support 
National Level Policy Reform 

A third focus of development assistance in 
a resource-enhancing approach involves a wide 
range of programs that support African policy
reforms at the national level. One lesson learned 
in the 1970s by donors was that assistance for 
local and institutional development can be off-
set by unsupportive and counterproductive na-
tional policies (33). Such policies have resulted 
from multiple factors but include a lack of ac-tention to the needs of low-resource agriuul-ture, over-investment in other sectors, and a 
dependence on export agriculture to finance 
other efforts. National governments and donors 

contributed tot
ave these errors, 
AID and the World Bank have placed increas. 

ing importance over the past decade on the need 
to adjust national policies (tables 6-8 and 6-9),
concentrating on a set of macroeconomic and 

exchange rates and
restrictions on imports,

9 reducing government expenditures,
removin gbiased tax and trade policies, 

• increasing farmgate prices that are below 
national and world markets, 

* 	 reducing the monopolies of both state mar
keting boards that maintain low com
modity prices and inefficient agricultural
input distribution organizations,

* 	increasing opportunities for the private 
sector,
 

* 	 cutting subsidies for costly agricult al in
puts used primarily by the richest farmers, 
and 

e 	cutting consumer food subsidies. 

Theoretically, these policy reforms could help 
resource-poor farmers significantly by ending
policies that are favorable to large farms and 
encourage food imports, and by increasing farm 
prices, investment in infrastructure, and the 
efficiency of the market (30). It is not clear, how
ever, if current policy reform efforts are hav
ing these impacts. Reform is often focused on 
broad macroeconomic changes and, in some 
cases, has not yet been tailored to adjust agri
cultural policies more specifically (16). Where 
changes have occurred in agricultural policy
their impacts on resource-poor farmers are 
unclear. 

The swift rise in funding for policy reform 
has outpaced efforts to evaluate its impacts. Pro
?rmhaebnbsdonyptssrgr
igrams have been based on hypotheses regard,in responses to policychanes rather thanofnc 
dataofactualgresponses. Thislacktomcroecow ; 
macroeconomc nalysis inadequatey linked 
t 	 aclfarmer behavior (34). The deficiencies
of microeconormic analysis and lack of adequate
evaluation of policy reform's impact on re
source-poor farmers leads to concerns over how
quickly reform has become a priority for de

l 
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Table 6.8.-AID Funding for Policy Reform and Economic Stabilization !n the
 
Africa Bureau's Agriculture Portfolo, 1979.87
 

1979 1980 1981 1982 1983 1984 1985 1986 1987 (est) 

Expenditures 
Total (millions $)......... 7.9 39.6 57.3 18.0". 60.5 69.7 79,5 108.4 170.9 

SAs a percent of 
agriculture portfolio .,. 6.7 22.5 23.6 9.2 25. 27.7 32.1 35.9 35.2 

Obligations 
Total (million $) .,........ 26.9 57.9 47.9 60.7 81.4 124.3 172.9 123.3 90.2
 
As percent of total 

agriculture portfolio .. , 12.3 21.9 17,.1 195 25.8 36.0 43.2 34,9 28.5 

77-he agriculture portfolio includes Africa Bureau funding from DA and ESF. It does not include Public Law 480 funding nor funds used by other Bureaus. 

SOURCE, U.S, Agency for International Development, Africa Bureau, Agriculture and Rural Development: Functional Review FY 1978.1987, July 1986, updated 1987. 

Table 6.9.-World Bank Policy Reform Lending to Sub.Saharan Africa, 1984.87 

Fiscal Commitments to Reform Reform lending as a 
. year Sub-Saharan Africa lendinga Percentage of commitments 

($ millions) ___ _____ 

1984....... 2,338 819 35% 
1985 ...... 1,598 193 12% 
1986 .......... 2,582 1,210 47% 
1987 ....... 2,285 1,261 55%.. 
alncludles IDA anid IBRD lendinG, 
SOURCE: World Bank, Special Office for African Affairs. 1987. 

velopment assistance. Results from initial for a higher or lower than official price in pri
evaluations have not yet confirmed the theo- vate or informal markets. In response to rais
retical benefits for resource-poor agricul- ing the price of one commodity, farmers may 
turalists and in some cases have proved that grow more of that commodity but less of other 
the initial assumptions used are wrong (17). important crops. Price policies are important 
While some evaluations show that policy re- but require careful microeconomic analysis on 
forms in, conjunction with other conditions a country-by-country and even local basis. Blan
(e.g., good weather) can lead to increases in na- ket pricing policy changes thus do not seem 
tional crop production, it remains difficult to to be a wise strategy for the entire continent. 
link reforms specifically with increases in Initial results show that reform may actually 
resource-poor agriculturalists' income and pro- hurnsegments of the rural population includ

duction. Where sc lik can betmade, it apu. i 
pearsh hem s inst cya be .adref a- ing resource-poor agriculturalists. Macroeco

ares ta thep ori y n efic.alrs (2 mal9 nomic reforms have been encouraged by donors 
farmers are the primarybene seficiaries(22,69,70). without full regard to the negative effects on 

Within policy reform activities, the basis for poor people's income and welfare (especially 
the current emphasis on pricing has also been children) caused by deflationary effects on the 
questioned, Real prices for food and/or export economy and reduced government spending 
crops were already increasing in many Afri- (12). In addition, increases in food prices also 
can countries in the 1970s and declining real may have had adverse impacts on the poorest 
food and export crop prices were not common farmers. For example, about 40 percent of the 
(20). Also, price reforms may have less impact farmers in Mali are net food buyers who per
on total production and food security in real-, form non-farm work to be able to afford enough 
Ity than they do in theory. Depending on the food. Increased food prices have forced them 
circumstances, farmers often sell commodities to spend more of their income on food (17). At
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tention to how reform affects farmer income ing their support for policy reforms, their supcould help avoid such negative impacts. Reform port to improve African capabilities to partici
needs to be more concerned with maintaining pate in these decisions has not kept pace (33,economic growth to provide increased jobs and 38). For example, AID's Africa Bureau expend
incomes, It should also include provisions for itures for building African policy capabilities
'. supporting programs (e,g., nutrition or health) reached a high in 1981 and have declined since,
for vulnerable populations_ £2,73J. although overallspending for.reforms has con-An important component for--success ot tinued to increase (58), The World Bank hasSrformp or is-the rolationshipr the sccess of come under strong criticism for failing to drawdoordonor anrorsn ational en KAernmanid natioinal African governments. It' ity of African governmenton and further develop the analyticalsw~ 3)capabil
is commonly believed that reforms require i nts as we, (5).
donor pressure and stringent conditions to en- O 
sure African governments' compliance. How- Opportunities exist to use policy reform proever, such pressure can constrain actual re- grams to enhance low-resource agriculture, ASi
forms and replace real change with complex hp n rimiagreements and..paper.. gains (3), Instead of this nation against small, private, rural producers: :: and enterprss Doo isa has already.pressure, a more cooperative approach between Donor aistancandAfricangovernmentscouldtakedonorsrr African goenen increased government attention to the agriculadonrsea d ae tural sector in general. An example of positive
on thefact that governments will support re- donor assistance to reform programs is being
formsthatare in their own interest, and that carried out by the United Nations Development
mntaining refinhequires African support, Fund for Women (UNIFEM) which has begun
intainng reform requs A a s . sending consultants to round-table discussions 
Few African governments currently have the organized by the United Nations Development

capacity to gather and analyze data necessary Program (UNDP) where African governments
to plan reforms, to implement them, and then and donors discuss policy reforms. UNIFEM's 
to modify them as conditions change. But the participation at those round tables has led tocontinued responsibility of expatriates for these increased data collection on women's activitasks makes policy reform expensive, less sus- ties, promoted women's needs in policy doci
tainable, and sometimes inappropriate to local sions, and helped governments and donors find
conditions. While donors have been increas- ways to include women in their work (39). 

AID AND A RESOURCE-ENHANCING APPROACH 

The U.S. Agency for International Develop- AID's Strategy
ment (AID), as the principle U.S. implement- Under AID's current strategy for African
ing agency for economic assistance, would have development, a resource-enhancing approach 

to enhance an .;  c hou pp::reachlead responsibility for incorporating ap- b nt , gh aitsi proat inlow-resource agriculture could be initiated, thoUgh its implementation :)'into u.s. foreign assistancinto. U.. fo egn a s t nc . Te barleThe broad roles wouldi. AI require' a tv somee. Agcchanges and more claritylu a .. lop...ment
of AID in implementing such an approach are in AID's activities. Agricultural developmentdiscussed in the first part of this chapter. Some AID's strategy for development ingeneral and specifically 
more specific questions regarding AID's Africa for Africa Is set out in three documents: 

strategy andto the institutional factors that affect - 1984 Africa Bureau Strategic Plan (51),stsabty nd t iplemen resourceehanfci th 
- the 1985 Blueprint for Development; The Strategic Plan ofabil"ioimplement its a reso'urce"-""h.n'"g : the Agency for InternationalDevelopment, (54) andapproach are raised here. , - the 1986 U.S.AssistanceStrategy forAfrica 108741990(57)., 
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is one of AID's top three priorities in its stint- volopment specifics. The other issues are 
egy for African aid (57) and support for agri- treated similarly; they are recognized as being
culture comprises over 50 percent of the Africa important but information is lacking on how 
Bureau's budget (table 6.10). With agricultural AID could make them integral parts of its de
development a priority, several areas are al- velopmont activities. 
ready receiving attention that would be part of ---... .. 	 66s ........ ...... 	 ..presource-enhancig ach:gypaper----	 . . . .notacow 

policy ref~orms favor~able to. ~'tlii~ h resources can provide mpor[an-op.. ,d
-polcy reforms favorable to farmers, portunities. While AID's overall strategy as

* agricultural research, 	 sumes that local resources can be used more 
* linking research to farmer needs through productively (i.e., reforms in agricultural pol

farming systems research, 	 icies can stimulate increased production), it 
*training 	 African researchers and provid- does not focus on direct support for develop

ing support for African research organi- ing and making improved use of those re
zations, and sources. 

* 	attempting to relate natural resource and 
agricultural 	 issues. Of additional concern, AID's strategy docu

ments have attributed less importance to ceroBUt whether AID activities actually will sup- tain of these issues over time. For example, lo
port low-resource agriculture dpenads, in part, cal participation and sustainability, while 
on how successfully AID can address certain mentioned in earlier reports are not included i 
seificis, inc ig: participation, sus- in the 1986 strategy. A 1978 agricultural devel
tainability, local institution building, support opment policy paper and a 1981 Africa Bureau 
forwomen in agriculture, reducing rsk, and food sector assistance paper address many of 
the technical needs and labor constraints fac- these issues but they are no longer explicitly
ing farmers. AID has identified the importance contained in AID's most recent strategies 
of these issues in several cases, but has been (49,50).
less effective in implementing its findings. For (4.,50).
example, the 1984 Africa BureauStrategicPlan To a large extent, these issues have been 
highlights the importance of local participation replaced by an emphasis on policy reform and 
in development activities, including agricul- economic stabilization. Central to AID's cur
tural research, but does not incorporate this ront strategy is the concept that accelerating
conclusion into the report's agricultural objec- economic growth is the best means to support
tives, The 1985 Blueprint for Development African development. Economic growth, ac
again identifies the need for local involvement complished by increasing income, is seen as 
to help ensure successful development but does the best means to eliminate the extremes of pov-



not include it when discussing agricultural do- e rty and to meet basic human noeds, The tacti-

Table 6.10.-AID Funding for Agriculture In the Africa Bureau's Budget, 1979.87 

1979 1980 1981 1982 1983 1984 1985 1986 1987 (est.)

Expenditures

Total (millions $) .....,..:.118.2 175.7 242.8 195.9 237.8 251.5 246.9 302.1 485,7
Agriculture portfolio as 

percent of Bureau budget 69 63 63 50 47 52 53 54 56 
Obligations.

Total (millions $)... . 218.9 264,8 280.9 	 311.9 345.5 400.0 3533315. 	 317.1 
Agriculture 	portfolio as
 

percent of Bureau budget 69 64 60 50 51 50 48 50 59
 
souRCs Agency for Internatiooal Development, Africa Bureau,Agricultureand Rtal Development: Functional Review FY 197a-1967; updated July 1987 .
 



cal mechniss storeach accelerated econmic 
growth are primarily macroeconomic and sec. 

!torspecificchanges in African national pol-
icies. Under this view, U.S. development assis-
tace principally should be used to support and 
encourage African policy reforms while help-
ing'gto stabilize the economy(e.g., through hal-
ance of payments'aid) areforms can be 

~ "' .~..... .... 

As policy reform has become central to AID's' 
strategy, other concerns have received lss di-
rect attention. Low-resource agriculture -an-
not developwithout supportive policies, and 
failures in agricultural development have been 
due partly to flawed national policies. But, as 
already discussed, policy reform that is not well-

,:linkedto supporting low-resource agriculture 
may divert the benefits of development fund-
l .ingto other groups and may indeed be harm-
ful to low-resource agriculturalists, 

AID's Operations 
The ability of AID to implement a resource-

.enha.ncingapproach will depend not only on 
heclarity anncappropriateinessfitp sitrateybut also on its operational capabilities. Past 

OTA work has identified a set of" well-known.. . 
constraints affecting AID operations (box 6-2). 
Besides these constraints (which need to be 
dealt with by AID), several promising trends 
in AID's operations may affect AID's re 
ability to address low-resource agriculture. 
They include: 

* 	increased decentralization of decisionm ak-
ing to the field, 


;
sa shift to longer term support and greater' 
* flexibility, and ' 

.	 support for sustainability of activities and 
improved use of evaluations. 

SIncreased Decentralization 

AID's recent moves towards decentralization.i 
'havegiven field missions increased authority 

to make and implement decisions. AID field 
person nel give the agency a comparative advan-
tage over donors who do not have permanent
field offices (30). Field staff gain on-the-ground
knowledge and can have the day-to day inter-

'4, 	 ,'','"--' 

actions with African polic~aMakersand imple
mentors necessary for collaborative decision
making. AID has attempted to cut paperwork
requirements by giving missions increased au
thority over project approval. At the same time,
the nimber of new projects has been reduced,
AID -Iso has increased average staff tours by
13t_9 monthsand-increasedatheuseo fo reign. 
nation als in an attempt to'maitain continu
ity. Short tours of duty are still the norm in 
Africa, however, and increased rewards may 
be necessary to encourage staff to stay longer 
in the posts in Africa that they view as less 
desirable, 

Decentralization's potential contibutions to 
a resource-enhancing approach are jeopard
ized, however, by concurrent personnel cuts 
and an attrition rate that exceeds hiring. Staff 
levels (including direct hire staff and foreign
nationals) dropped 19 percent between 1981 
and 1985 (61). Mission staff in the Saliel coun
tries of Western Africa were cut by 25 percent 
in 1985 (67). Fewer personnel make it difficultfor missions to carry out the detailed work nec
ssary to address local condiins andtocn

sider alternative programs (30). Technical staffhave been cut the most and those remaining 
-".face the problem of being overworked andun 

able to make use of their technical skills or to 
.aUpvua t 

pdaterthem. Evaluatiob activ tis 
partiularly hard hit byestaff reductons. 
Shift to oe Term Support and 
Shift to Longer Term Support and 
Greater Flexibility , h st te t its a " n b e 

AovrID has stated that its actes need hbe
carried otoverlongerperiodsoftimeandhas 
now provided for project commitments of up, 
to 10 years as well as for multiple extensions 
of shorter projects. Longer project commit
ments will be necessary particularly for suc
cessful agricultural research and the develop

m t of Afica institutios.. 
To a lesser extent, AID is also recognizing 

the need for more flexible implementation, Les
sons learned from planning and implementing 
past projects and programs have led to calls 
for less pre-planning and more flexibility to 
change activities during project implementa 

- ' 



Box 6-2.-Constraints on AID's Operations:- Lessons From the Sahel' 

The challenge for future development efforts in Africa is to move to new modes of assistance that 
are more consistent with-the nature of the region and the long-term goals of food security, environ
mental stabilization, and economic-growth. The United States can continue to play a key role inithis 
multinational development effort if it can incorporate the past decade's experiences into a more effec-
tive strategy. However, the Agency for International Development's (AID) effectiveness in applying 
the lessons of the past decade face constraints in four areas: 

* the ambiguity of some AID policies and strategies,
 
a internal institutional characteristics of AID,
 
* the sometimes adversarial nature of AID's relationship with Congress, and 
* the lack of agreement about the role cf develo?-ment assistance in overall U.S. foreign policy. 

These constraints can bf, illustrated by examining AID's role in the multinational development ef
fort in the Sahel region of Africa. After '10 years of assistance, AID's Sahel strategy has undergone 
much change in attempts to improve on failures. The most recent strategy statement incorporates 
many of the past decades' lessons: it places high priority on agricultural research and production, 
policy reform, health and family planning, training, infrastructure, conservation, and environmental 
protection. In addition, it calls for coordination among all donors. However, AID's strategy is at times 
ambiguous and its implementation sometimes is not consistent with the past decade's lessons and 
existing congressional mandates for foreign assistance. For instance, the changing focus toward pol
icy reform, institutional development, and infrastructure-although consistent with the lessons 
learned-could signal a retreat from direct assistance to the poor, depending on how that focus is 
implemented. Despite the high priority stated for agricultural research, AID has no Sahel-specific 
research strategy. AID has not seriously addressed the issues of effective farmer participation or given 
adequate attention to the specific role of women in Sahelian production, processing, and distribution 
systems. Although the United States is the largest single donor of food aid in the Sahel region, there 
is little effective integration of food aid into overall assistance strategies. 

AID's effectiveness in implementing its strategy also is constrained by internal institutional charac
teristics. One basic problem is that the numbers and skill levels of AID's staffing in the Sahel have 
not been commensurate with the level of U.S. commitment Although French language and Sahel
specific technical skills have improved, they are still inadequate. The proportion of managers to tech
nicians is high and too few personnel have appropriate skills in agricultural and environmental sci
ences, macro- and micro-economic analysis, and human resource development. The use of outside 
contractors, particularly from U.S. universities, has increased the talent pool, but quality is still un- ' 

even, turnover is high, and institutional learning is limited. Sahelian staff are often underused and 
AID contact with beneficiaries and counterparts is often inadequate. 

Another problem is that AID's program and project design systems are cumbersome, slow, inflexi
ble, and often directed toward short-term, physical objectives rather than longer-term development 
goals. Sahelian input, be it governmental or local, is often pro farina. 

An additional institutional constraint affecting AID's performance in the Sahel concerns AID's rela-
tionship with Congress. Congress played an important role in the original U.S. commitment to the 
Sahel and has continued a high level of interest and support. Nonetheless, aspects of the Congress-
AID relationship actually constrain the attainment of foreign assistance goals. For instance, congres
sional policy mandates to AID under the Foreign Assistance Act and other legislation are cumulative 
and without priority. While each may be desirable in itself and the impact of many themes (e.g., basic 
human needs, the environment, women in development, child welfare) has been at least partially ef
'fective, their number and frequency of changes hamper the development of consistent, long-term 
strategies. Consequently, these mandates sometimes are not taken seriously. In another area of con

'As part of the assessment of low-Retource Agriculture tn Africa. OTA in 198B released a spimitsi rsporl addressing U.S. assistance io theSahel Contirning the 
Commitment Agricultural Deelopinent ih the Sahel OTMA308 (Springfield, VA: Nationad Troic-e l information Service, August ihi%box summartzes then 186.J 
conclutions of that work concerning AID's oper.tions . 

I 
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Box 6-2.-Constraints on AID's Operationi:-Lessons From the Sahel'-(Continuted) 
cern, procurement and financial controls pre often unrealistic relativo to African realities, and theydo more to increase costs, create delays, and tie up AID and Sahelian management time than to accomplish their intended purposes. In addition, extensive congressional oversight-and sometimes
over-attention to management detail like requiring notification of minor project funding changesnot only increases paperwork, it re(tri[s the agency's flexibility to respond to evolving needs and
opportunities,. 

F,,Sign 
 policy createsa fourtst of-constraints for development assistance goals. TheSahel Development Program, for example, was born of the U.S. commitment to humanitarian concerns and a vision of long-term social and economic development. Yet itis not uncommon for short-term foreign policy objectives (e.g., political or commercial objectives)to conflict with this long-term perspective. Increased bilateralism, the use of conditionality with re
sp ect to political stances rather than development performance, and assistance tied to U.S. comnmercial interests all act to reduce the effectiveness of U.S. commitments in the eyes of Africans and other
international donors. 

tion, Critics argue that excessive pre-planning 
leads to problems because plans may be over 
4 years old before being initiated or there may
be a reluctance to change pre-planned activi-
ties despite significantly changed circum-
stances (14). "Rolling designs" have been pro-
posed as an alternative. In these, an activity, 
though still planned in advance, can be changed
by its implementors to respond to local capa-
bilities and constraints (41). Under a rolling de
sign, on-going contact with' recipients is used 
to monitor the need for changes and continu-
ous reevaluation is used to modify the activityaccordingly Inaddition,the rolling designimay
yercome
a rinelp problems caused byAID sstruc-
hel epro obles aud biD's.trucon 
ural separationi 

where implementors may be faced with activi
ties designed by others and unsuitable for the 
evolving conditions in which they work. 

Support for Sustainability of Activities 
and Us. of Evaluation 

AID has increased its attention to ensuring
that development activities will continue once 
donor assistance ends. The prior AID Admin-
istrator, M. Peter McPherson, dubbed sustaina-
bility one of the "twin engines of development,"
along with economic growth. AID, like other 
donors, has had difficulty in making its projects
and programs sustainable (14). This is in part
due to operational problems (e.g., African and 
U.S. staff turnover and the short time period
of assistance) which interrupt building in-

digenous management ability, but it is also due 
to a failure to provide sustainable technologies 
for resource-poor agriculturalists. Increasing
the sustainability of AID's work will necessi
tate more effective support for institution
building, coupled with a better linking of sup
ported institutions with the needs of low
resource agriculture. 

At ifm 

tion and evaluation systems since the early 
1970s (30) and it can go farther in this direc
tion. Two problems still plague this work. First,until an AID-wide data system is created thatincludes the Africa Bureau, the central bureaus, 
and the missions, it will not be possible to de
termine in full how much money is being spent 

to support agricultural development in Africa 
and how it is being spent. This problem is par
ticularly acute for Public Law 480 local cur
rency funding. Data currently available in
different publications commonly are con
tradictory. 

Second, and more important, too little use 
is made of evaluations when designing new 
work. For example, a review of AID's livestock 
program in Kenya between 1960 and 1984 
found that the work failed to take advantage
of lessons learned by the British and instead 
introduced technology without regard to the 
local environment or existing herding systems.
When the AID projects began to fail, evalua
tions noted the need to address these two points,
Yet this information was not used in the devel



opment of later livestock projects and these also tralization; longer and more flexible support;
failed, leading AID to drastically curtail its live- and increased attention to sustainability, infor
stock work in Kenya. Part of the reason for poor mation systems, and the improved use of evalu
design was the pressure to obligate an existing ation will all need to be reinforced if the agency
budget quickly, but more important was AID's is to piay a more effective role in a resource
failure to draw on past evaluations to improve enhancing approach to African agricultural de
future work (16). AID's moves towards decen. velopment. 
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'i; Technology alone is not the answer to Africa's need (or food security, but it can ,
 
,. 
 play tin important role in equipping the continen t to mieet the challenges ahead. Chapter i!! 

S 
5 looked generally at the opporanities available lo use technology to enhance low-resource •agriculture in Africa. It concluded that the technologios offering the motpoms.o

•: contributing to the fodSCiiyof resource-poor farv.iers and herders share some com-;::mon characteristics: they are technically and envirin mentally Sound, socially desira- il
i ble, economically affordable, and sustainaable, 'i 

By meeting this broad spectrum of condiflons, a technology or technology package.,, ;not only stands to be scientifically successful {tidal is, it effectively increases p~roduction;, : !i! reduces44degrmaation, inhibits losses, or otherw ise helps meet food production needs);.',.:4!4 
... but it is more apt to be socially acceptable:. A technology cannot have a significant im-.... 
,pact!:: in the long term if it is not accep table to and aotdb h epewoms s t 

,,if!i :Using the concepts Outlined in this report, eTA identified a range of technologies . 
., .that offer promise to improve food secuity in Africa, These technologisme ait;::of; needs, from improving soil and water management to reducing post-harvest losses 
: ;!The list is illustrative, not comprehensive. Chapters 7 through 11 examine these promis- i!:):;

:i: ing technologies, which fall into five general categories: i,- : : 
::i*:- tehooist 

:,,~~"technologies 
mprove the use of soil and water iesoUtcos, 

to improve cropping practices, . 
"1 

,: 
~ ~~:r * 

::i~i':; 
L technologies to imparove the use of animals, and

* technologies to reduce losses. :; 



aI
Improed Uen,, f'So 



CONTENTS
 
Pago 

Soil ard Water Management ..... ...................... 1...1o
 
Sunimary m... ....... , ... . ............ 1
 
Technologies To Increase Water Availability .................. 162
 
Technologiesro Deal With Excess Watei ....... ..... ...... 165
 
Potential ................................ 1 8
. 1........ 

Problems and A pproaches ... ......... .......................... 169
 

Improving Soil Fertility....... ........................... ...... .170
 

Organic Fertilizers ................................... 171

Inorganic Fertilizers . ..... ;................. ............. 174
 
Potential for Improving Soil Fertility.. . ........... ... ..175
 
Problems and Solutions .... ................ ............... 177
 

Small-Scale Irrigation ............ ........ ................... 178
 
Summary ................................... .............. 178
 
Gravity Diversion Systemns . . . . . . . . . . . . . . . . . . . ..180
 
Water-Lifting and Pump1Iing Systemns..................... ....... 181
 
Potential ................................................ 184
 
Problems and] Approaches .......................... .......... 185
 

Chapter 7 References ..................................... 187
 

Box 
Box 	 l"Iye 
7-1. 	 Handpumps . ... . 183
 

Figures 
Figure 	 Pag. 
7-I. 	 Contoured Microcatchnients to Control Soil Erosion 

and Water RunoffL .. ................. ...... ... ....... .... . 163
 
7-2, Three Types of Microcatchments ........................... 164
 
7-3. Simple and Inexpensive "Fanya juu" Terraces ................... 166
 
7-4. 	 Increased Maize Yields in an Alley Cropping System Using Prunings


From Loucauna Jeucocephala, a Nitrogen Fixig Tree, and Varying

Rates of Nitrogen Fertilization .............................176
, 

7-5. Response of Maize to Nitrogen in Different Climatic Zones.......... 

Tables 
Table Page
7-1. The Effects of Plowing and No Tillage on Soil and Water Loss......168
 
7-2. The Effects of Mulching With Crop Residues on
 

Water Runoff and Soil Erosion ............................... 168
 
-3. Conservative Estimates of Biological Nitrogen Fixation Rates for
 

Different Fixers .................................... ...... 171
 
7-4, Effect of Manure and Conmercial Fertilizer on Sorghum Yield at
 

Saria, BurklnaFaso............................. ....... 176
 
7-5, Estimates of the Distribution of Small-Scale Irrigation Technologies
 

In Afric ......................... -.. . . 170.
.179
 
7-6. 	Distribution of Modern and Traditional Irrigation


in SubSahara Africa .. . . . . . . . . . . . ..... 184
 



77 

A --SOI1L A ND W~T Od446 UH 

Sur. mi ry 
.iria's nlIs or, ul(Wfr iu(eso I to ) ii(le,ii(:itntI sel )rducIl ion Io feed Ihe coinIiinent's

-rwin gtpopilIitioi. l) iett ntiwo n:rbsisolug iiwt (, fariers have shortened fallow periods
tli \'I(oil lauitls alrea(y ill1 tl l have ( i i It 1( (:1ift\ivpiti n 1)ilo() lands of narginal produ(;

!ivity. Tlit resIut is thati Illiill' ;i;31tiliillif kindst, ilo m w slhoing sig s of wh pnspread envi-
Iolion i;lil degrafition '3i,72). U;itl, i:ked (orosiol is just one Iype i)lofegradation and it (,all
lowt'r the prouiictivityy f (:rops al(! !' iinqel id by rU(fuii ng tIle availabilitv of v at(er, nutri
(illts., and m(II4a u n: 1t til, Ifi- 801, ', -' soil e rosioin has al riad v re(duiced (:rop yiel(s ill so0nl
,I ,ts JHil l on ili d erI,,iol will i) ii i1310! ol)5thiclt Io ichieving, food security (76). 

i'-'t v irsi '\I ri) '3s ,iviroillnt l tf cii 0: \li i i l ( -I;stlyTv'o ,aill per!s)e:tive!on the cost 
, d d(dl -sing Moil I(Jsi-t hi. it in 01111 ton ,waililie tll I.S. situiintio . The J.S. Fe leral(overn

h5lnl'nt Ili],; :l)ent at least !, billion to iihlnaio an aray of soil c(ilservaliron pi rain- silc(e
Ihe I 930s. Ytl! s til ('r 1 i :in i we,; tton hea )rofl:n iii the IInited ,hiales (32,38), and w'hal 
,t i(.( ss l] t lias I w(e is iltrioilf)l Irii arilv to la ioial) olicjies that (; ,':lage farllers 

11) k hi li-risk l mi , ill If pr (1I)ilch )li. Pi!o' ia is that rl iuc to(Jay's 1)i'o(l t(:lion to ill
(ict;iw toiliorrov"; ,..olild no! ik! po tir iil lilo;t African countries given existing food 

Thus, ,lntiin';t1 ,\ trica's lonviroim)n~ ilal proulems will have to focus on (:onisluvi'ilin
ilflldir(es tlhalt i(:rease, )- at leA (I;) not redu(:ct ctiirrerit prodluction significantlv. Resource
)oo'r hirlllls aiid herders woull fird it diffil:uhl to absorb the additioal costs thi may arisefrolil iipiiiltetll i ticoelsu.rvat 1(1 inleasures. Since good coniservation practies often benefit

all seggments ofthe population , gA, Ilrncni and private organizations also must he prepared
to assule responsilbility and (:ootn for regeneraing and nwainlaininX a healthy resource base. 

'T'lie following Iiscutssion has been organized according to whether the technologies are 
used p)rimarily to increase 'ater avai'ilbt)ility or to (eal with excess water. Recession farming,
[ni(:rocatchient;, building bunds and planting on the contour, and tied ridges all deal with 
increasng water availability. Irainage, terracing, inininiuni tillage, mulching, and other soil
(onserving vegetation practice.s deal with ex:ess water. Note, however, that while it is con
venient to group he(:hnologies accorioiIng to their priimary fu"icton, a technology frequently
serves multiple firposes. Mushing, for exaiiple, helps deal with excess water a,; well as
relucing, water rnillif1. In the proress, it also (:onlo(ls soil erosion. Moreover, it is an effec
five way t( increase soil hinisture, improve soil fertilkity, and reluce weed problems, In addi
ion, while the dis:ussion of teclnologi(s for incr(easing water availability emphasizes the a ridsemi-arilZone, seascona l water shortages can occur in any zone including the humid 

low!ands. Similarly, excess water and reoltling soil erosion can .bea proltlein even in arid 
areas during lhe heavy storms of' the rainy season. 

AI , hill l I,, I iim,.'ii?, oil th. ( ) )), I ..d h)',i'll l1b is ll),( O'TA\ r.lilo l rep lp P'll l, lhitemationA[ In tihflo for Tropical Ag~ri
i:tiltiri i, !',mdi, Nig(,iki; L.iwiinllce A. ( I;!n$%rl-tly, W o ,' ! ] kd C,d( anldChA ID; i 4'rV)IIM A; ldNlaillo k, Desort Agricsultural 
F l, ' 5v, tit,. iTw .:)-, AZ lulLp.Aj.. hit., 
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Improving the natural resource base is an essential stop not only to ensure the well-being
of the vast rural population, which can seldom afford to purchase inputs such as fertilizers 

~and irrigation, but also to open the door to changes that make greater use of external inputs 
i.possible when they become affordable. Africa is less able than other regions to pay the ex
>pense of conservation prog.rams, yetlit can least afford to ignore natural resources conserva

tion. The technologies discussed here are among the most efficient and affordable means 
available for managing soil and water resources for the resource-poor farmer. 

Technologies To Increase Water 

Availability 


Recession Farming 
In this traditional p~ractice. crops are grownl 

on saturated floodplains as the land becomes 
workable after annual floods. As the flood water 
recedes, farmers use planting sticks to make 
shallow holes up to 1 meter al)art as sites to 
plant seeds from several kinds of crops. The 
mixture of plants that emnerge rely on flood 
water stored in the soil. 

The flood recession svsten works well for 
crops that have . shot[ rowing season suichas many varieties 
Sheavy clay-rich f sorginow and millet. Only

soilstoward 
for this type of farming because they are floode( 
long enough to absorb sufficient water and have 
the physical conditions to retain it (48.t 

nRecession farming ois useof throughout Africa 

wherever possible because it is an efficient and 
productive -ystem. It is commion along major 
rivers as well as on the margins oistemporary 
ponds and lakes that line tributaries (4).1 is 
particularly important ini West Africa. wvheretavlably otat an the Senegal,the availability of water along the Senegal. the 

Volta, and Niger Rivers contrasts sharply with 
the otherwise arid conditions typical of the re-
gion's rainfed farming. 

poor farmers may be undermined by other -eo-

velopment interventions to manage water, ! 
particular, construction of large-scale dams that 
eliminate annual flooding downstream can seri-
ously interfere with recession farming. These 
impacts seldom seem to be accounted for in 
calculating costs and benefits of large-scal. pro-
grams, It may, however, be possible to recon-

ce these conflicts better and sustain future 
benefits of recession farming. For example, a 
controlled artificial flooding of the Senegal 
River is being attempted to enable farmers to 
continue recession farming in conjunction withdeveloping new large-scale irrigation systems 

21r. 

Water Harvesting Microcatchments 
With these techniques a portion of land serves 

t as a catchment area to produce runoff used for 
growing crops on the remaining land and for 
mneeling human and animal water needs (11, 
16,61,70), One approach uses modified furrows 
in which normal row spacing of crops is dou
bled, with the space between the rows slopedthe plant. Excess runoff may be caught 

to 
na teservoir and used for supplemental irri-

Microcatchments a few meters in size are alsoecletcnevto esrs(5.Te a 
excelhet conservation measures (75). They can 
be placed on the contour to form an overlap
ping network that conserves both water and 
soil (figure 7-1). Where it is difficult to deter
mine the contour, small microcatchments in 
the form of Vs or half-circles can be positionedto catch runoflf (figure 7-2). 

As with all tecl.nologies that concentrate rain
fall, care must be taken toensure that too much 
rwater does not collect during heavy rains. Pro

visions can be included to allow excess wc~eo, 

to escape safely and thus provide proecti. 
against potentially severe erosion. 

Water harvesting microcatchments have been 
introduced into several places in Africa: Cape 
Verde, Burkina Faso, Kenya, and Niger (61,73). 
The Peace Corps and several private voluntary 
organizations (PVOs) have promoted their use 

http:esrs(5.Te


FigUfe 7. --COntOUrOd MIUOraCatchrentS to C'mirol Sot r!io and W;Awn Runoff 
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Fligure 1.2.-Three Types of Microcatchments Tied ridges often havo been introduced in 

conjunction with fertilizers, resulting in signir
scant yield increases. For example, resea 
tions in Burkina Faso showed increases of 1,000 
kg/hia for maize, 930 kg/ha for sorghum, and 
970 kg/ha for millet using a tied ridgelf tilizr 

S Wf t t However, on-farm trial",,combination (23,68). 

2m 

4 

"P 4; 

'mrc t 
,4< ,!,....... 

Wi ,' 
i 

' 
/ 

4,.stantially 

c!.C6I6OtOurmcrocatchrnent 

SOURCE: J Taborand S Diby, 'Soil and Soil Management tor Agriculture, Foie 
airy, and Range in Mauritania." Mauritania Agricultural Researchj 
Projuct 1

1,ajpofled by the US. Agency for In ernational Developmen! 
(Tucson, AZ College of Agriculiure. University of Arizona. April 1987). 
rn-meter 

tional practice of usin0 lines of rocks to slow 
runoff, The new bunds trap topsoil, organic 
matter, and seeds, and they have been success-
ful in heloing revegetate the barren, encrusted 
wasteland that now covers an estimated 15 per-
cent of this area (26,89), 

Tied Ridges 

Tied ridges are a variation of the microcatch-
ment approach for trapping and holding water. 
Again, ridges art, built to follow the land's con-
tour, but in addition, the furrows between 
ridgus are linked by cross ties (small dams) to 
create closed microbasins 1 to 5m long (see 
photo). The cross-ties are kept lower than the 
ridges so they act as spillways in the event of 
heavy rainfall. The small basins retard runoff 
so water has rmore time to infiltrate, and soil 
water storage is increased. This practice is par-
ticularly effective in areas not subject to high-
intensity rains, on freely drained soils, and on 
gentle slopes. 

in the same area only produced increases of 
-0 too40percnt of searchtaton-results-and 

at these low levels the additional labor require
ments discouraged use of the technology (49, 

68). Recent work by the Interiational Institute 
> of Tropical Agriculture (IITA) and the Semi 

. Arid Food Grains Research and Development 
4i<4 4; 4(SAFGRAD) project suggests that a mechani

cal ridge-tier, using animal taction, adds little 
to farmers' labor and can increase yields sub-. 

(65). Purchasing and maintaining ani
mrals can be a problem, however. Animals must 
be strong enough to work at the beginning of
the rainy season, yet most will be undernourished 
from having just endured the drv, "hungry"
season. 

Even when built properly, tied ridges are sus
ceptible to excess water buildup from heavy 
rainfalls. Rushing water can break over a suc
cession of ridges causing deep rills or gullies, 
Under these circumstances, runoff control 
needs to be augmented with other practices 
such as drainage improvements or terracing. 

Tied-ridge technology was introduced into 
West Africa in the 1950s and is being actively
researched (65). The technology is also present 
in the drier parts of eastern and southern Africa, 
including parts of Malawi, Botswana, and Tan
zania (13,69). The technique's heavy labor de
mand has restricted its usc in all of these areas, 
but this constraint should be lessened with the 
advent of the IITA/SAFGRAD mechanical ridge
tier or similar devices. The increased soil mois
ture that results from tied ridges reduces the 
economic risks associated with purchase of 
commercial f6rtilizers, and fertilizer use, in 
turn, contributes to yield increases that can help 
pay for the cost of this combination of tech
nologies. 
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tide of reasons, ung poor rainfall 	 .e- a 

ords, lack of space, high costs, and shortage 	 "Fanya Juu" Yerraces 
of technical personnel to design and Survey the 

drains properly. Therefore, erosion control 
using drainage is often ineffective. In fact, 

'drainscan aggravate problems because failed 
structures can allow sheet erosion to worsen 

into gully formation. 
Watersa tsoils aso cn to ex- "ub~de 

cessive rainfall which infiltrates the surface 
layer but is trapped by an impermeable layer 
below. Under these circumstances it is impor
tant to reduce the amount of incoming surface 
water, Diversion bunds or ditches, built on a 
slight diagonal to the contour, can be used to 
intercept runoff and divert it at a non-erosive 
velocity to a suitable disposal point (74). r 

Proper drainage can inc:ease the availabil
ity of arable land substantially. In Rwanda, for 
example, where rural population densities are 
high, artificially drained lands along valley bot-
toms are widespread and contribute signifi
cantly to the country's food production. In addi
tion, because water tables remain close to the 
surface during the drier seasons, these zones 
often remain in production when adjacent 
lands are dry and idle (41). 

Terracing 
Terracing agricultural land is one cpproach 

to slowing water runoff. It is important in hu-
mid areasto prevent excessive infiltration lead-
ing to mass movements of saturated soil. Thus, 
adequate drainage must be provided in terrace 
design. 

Figure 7-3 shows an inexpensive and simple 
;:way to build a terrace': 

1. leave vegetated strips of noncultivated land 
spaced across the slope between cultivated 

, 	 areas; 
build a cutoff drain immediately along the 
lower edge of the noncultivated strip; and 

3. allow erosion on the upslope part of the 
field and deposition along the edge of the 
vegetated strips to create terraces over a 
5 to 6-year interval (86). 
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; eosion 

r Work by erosion 
(m.aintenance) 
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SOURCE Larry Lew|s and Leonard Berry, Afran Environmenis and Resources 

(Boston, MA:Allen rwnl187), 

One place where terraces have reduced soil 
erosion is in the Kenyan Highlands, where they 

,are termed "fanya juu." More importantly from 
the farmers' perspective, however, is that they 
also have increased crop yields. For instance, 
in Machakos, Kenya, maize production increased 
50 percent when terraces were installed, This 
increase probably resulted from the combina
tion of soil saved and water and nutrients re
tained' by terracing (40) Such substantial in
creases are essential to balance the construction 



costs of..terraces and the planting space they 
t- up. .ak 

terraces areInot new.to Kenya.
"Fanya juu 

During the colonial period a large number of 
"ch terraces were built often using forced Ia-

bor Largely as a backlash, the terraces were 
either destroyedor lefttodeteriorate bythepeo-
pie after Indepenadence However, encouraged 

-- by-funding fromawdis.develpmentagency 
farmers have revitalized "fanya juu" terracing 
in certain areas and many farmers have con-

'tinued these efforts after external funding ended, 
This suggests that the benefits now accruing 
to farmers are attractive enough to justify the 
labor needed to build and maintain the terraces. 
The Kenyan government has only needed to 
provide technical assistance to align the tar- 
races. Unfortunately, "fanya juu" terraces can 
bebuilt only where topsoil is abundant, and 
these areas are few. Labor requirements are 
considered too costly to construct and main-
tain these terraces in most areas (41), 

Minimum Tillage, Mulching, and Other 
Soil-Conserving Vegetation Practices 

These practices-all of which achieve heir 
benefits through the presence of an organic 
cover on the soil-are among the most effec-
tive methods of conserving water and reduc-
ing soil erosion (36,37,39,41), In contrast to engi 
neering methods, soil .conserving vegetation 
practices require minimal soil manipulation. 

Maintaining adequate cover is important par-
ticularly at the start of the rainy season in the 
humid tropics and always important in areas 
of steep slope (> 15) (12). Where slopes exceed 
15 degrees, vegetation and engineering meth

errcig, ee 
,for effective soil erosion control (41). Some 

odss sch tobeIngae 

as,haaluablehihwever, are more,vaua l ifleftnnat-lef in.na.t-

Kural vegetation, Steeply sloped watersheds, for 
example, may provide more important services 
than would be gained by converting them to 
agricltural land., 

i. 

Soil coyovrving vegetation practices should 
be emphasi7ed as the first approach for man-
aging excess water given the general constraints 

on ctpital, labor, skills, institutions, and infra
structure existing for most resource-poor farmers. 
However, these practices inevitably involve 
trade-offs for the f 

Minimummtillagesometimes calledcs 
vation tillage, involves seeding through crop 

r residue or sod withoot plowing. Plowing and 
other forms of cultivation break up the soil and 

-. temporarily-increase watrnfiltration while-,--
lowering run-off. However, soon after being 
tilled, soil structure generally breaks down, 
decomposition of organic matter accelerates, 
and erosion potential increases(6). Minimum 
tillage is an effective tool against this erosion. 
By leaving a cover of vegetative matarial, the 
soil is less suoceptible to wind and water. This 
technique also allows farming on steep slopes 
that are severely erosion-prone. For example, 
minimum tillage maize can be grown on a slope 
of 15 percent while allowing erosion of substan
tially less than 1 mt/ha (table 7-1) (27,36). 

Minimum tillage should be encouraged as a 
substitute for plowing throughout African hu
mid areas. In addition to controlling soil ero
sion, the practice lowers the maximum soil tam

perature, helps maintain high levels of organic 
matter, and reduces the need for labor inputs 
during the planting season (36). Herbicide .:e
quirements for weed control are high, however, 
and these chemicals sometimes are not affoid
able or accessible to resource-poor farmers. 
Heavy herbicide use raises further concerns 
regarding environmental and human health, 
Plowing in arid areas sometimes is more appro
priate than minimum tillage because plowing 
increa -sinfiltration in compacted soils with 
low organic matter content (36,46,58). 

In minimum tillage systems, crop residues 
left behind from the previous season's harvest 
act as.....a mulch and can.. reduce water_..run-off. , ..
 
and soil erosion dramatically (table 7-2) (36).
 
However, crop residues in Africa, such as cereal
 

-
 stalks, often are needed for fodder, cooking fuel,
 
or building material. The amount of mulch cau
 
be increased by managing the crop sequences
 
and combinations or growing a cover crop spe
cifically for this purpose. Mulch material also
 
can be brought in from elsewhere and added
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Table 7.1.-The Effects of Plowing and No Tillage on Soil and Water Loss8 

Water runoff (mm)b Soil erosion (tofl/ha)b Maize grain yield (tonlha) 
Slope No tillage Plowed No tlliage Plowed No tillage Plowed 
1%....... .......... 11 55 0.0 
 1 4.5 3;6
5%.................. 12 159 0.2 8 4.5 3.8
 

10% ................ 20 52 0.1 4 4.0 3.6
 
15%a ............. 21 90 0.1 24 3.6 3.0
 
8Malze production A theInternalional Instltuta of Tropical Agriculture, ibadan, Nigeria, The season's rainfall (1973) was 526 mm.
 
bm- millilmeters; ha - hectares
 
SOURCE: Rattan Lai, 'Managing the Soils of Sub-Saharan Africa, Science, vol. 238. Mar, 29, 1987, table 6, p, 1073.
 

Table 7-2.-The Effects of Mulching With Crop Residues 
on Water Runoff and Soil Erosion8 

Water runoff (mm)b Soil erosion (tonlha)b
Slope No mulch Mulch No mulch Mulch 

1%............ . . 412 0 9 0,0
5% ....... 483 11 134 0.2 
10%............. ..... 303 21 137 0.2 
15% .... ... ... ... .. 375 20 96 0.7 
aResidues were applied 6 Ionlhectate and the season's rainlail was 1022 millimeters. 
bmm - millimeters; ha - hectares
 
SOURCE: Rattan Lal, "Managing the Soils of Sub-Saharan Africa," Science, vol. 236, Mar. 29, 1987, table 4, p.1073"
 

to the field. Alley farming (see ch. 8), for exam- as much as one-half of the area in many arid 
ple, may serve as a source of tree prunings that and semi-arid countries could use water har
can be used for mulch and other purposes (36). vesting technology (1). During years of normal 
Animal manure is another source of mulch. rainfall these practices will improve the soil but 
Although obtaining and transporting large may not bring any significant increases in yield, 
amounts of manure can be a serious obstacle, However, in years with below average rainfall 
the benefits can be a key factor supporting a they can help stabilize production because they 
farmer's decision to incorporate animals in the have improved the moisture retention capac
farming system. ity of the soil, Crop yields from a water har

vesting scheme in Burkina Faso were little more 
Potential than yields obtained from traditional farming 

methods in 1982 when rainfall was about 450The technologies discussed above could con- mm .But in 1983, a drought year, the yield from 

tribute to the sustainable use of soil and water fields using the technology was 48 percent 
resources. Although they commonly offer only greater than on neighboring farms (61). In the 
a mnodost economic advantage in terms of in- Lake Region in Tanzania, results from 14 trials 
creased production, especially during years between 1939 and 1946 showed that cotton, 
with normal rainfall, they offer the great advan- maize, and sorghum yields in ridged plots were 
tage of helpingto stabilize production during almost always higher than in flat cultivated 
years of too little or too much rainfall. Equally plots. The only exceptions, 1942 and 1945, were 
important is their long-term value in safeguard- years of above-average rainfall, Yields from 
ing the soil resources upon which future pro- ridged plots in the drier years were impressive,, 
duction will be based. especially considering that the unridged plots. 

availability can be increased and made suffered crop failure (6). 

; These soil and water managemept technol
.Water 

more reliable in virtually all areas that suffer 
from inadequate or orratic wo P'supply. A sur- ogies are relatively non-capital-Intensive. La
vey based on rainfall and soil data suggests that bor, for the most part, can be supplied by 



farmers during the off-season. Men, women, 
and children all can be involved in their con-
struction, operation, and maintenance. 

These technolois also ca be usedo eThhe ntenoloves asocan b used toyen-ve 
hnce th intnensive production provided bY 
small home gardens. For example, preliminary 
data collected in Gape Verde show that an in-
tensive garden of only 500 square meters with 

-- adequate -water-for -two-crop-seasons peryear
will provide all the food required for a family 
of six. Developing and storing water Supplies 
to accomplish this is a realistic goal (48). Home 
gardens traditionallyeealshave beenpcs tendedtebywomen to prdc n 

o oprodue vegetables,spices,and other 
specialty crops. Improved water management 
technologies will reduce the time spent carry. 
ing water from distant sources, and the surplus 
food and specialty crops produced can be sold 
in local markets, thus increasing the income 
available to women and their families. 

Problems and Approaches 

A major challenge facing agricultural devel,, 
opment in Sub-Saharan Africa is the ability of 
poor rural populations to meet their immedi-
ate food needs without undermining the long-
term sustainability of the resource base that sup-
ports them. The soil and water conservation 
technologies described above would involve in-
vesting resources today in order to provide con-
tinued benefits in the future. This trade-off 
could be very difficult for African farmers, as, 
well as African govrnments, faced with im-
mediate needs for short-term survival, 

While these problems are difficult to solve, 
some successes exist. For example, the Govern-
ment of Rwanda and international conserva-
t groups are cooperating to protect moun-
tain gorillas and.....farmers'...water: supplies despite' .... 

pressure to clear forested park land for addi- 
tional settlement. The Parc National des Vol-
cans was Africa's first national park, estab-
lished in one of the poorest and most densely 
populated cotntries. 

One-half of the park's original area already 
had been cleared for agriculture by 1969 when 
deforestation was proposed for approximately 
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one-half of the remaining area. Analysis sug
gested that clearing would provide land for only 
3 months' population growth under the most 
optimistic conditions. Further, studies showedthat economic arguments existed for retaining 
the forested watei shed, which provides clean 
water supplies for human aid 'livestock con
sumption, keeps water tabEJs high enough to 
enable local farmers t etmultiplxicops, 
evni tedy esn and which will be 
needed to ensure the full productivity of a pro
posed hydroelectric dam downstream. Also, the 
park and the mountain gorillas havi stimulated 
major
ajor tourist industry, contributing approx

imately $1 millionn annual revenue, Rwanda'sthird largest source of foreign revenue and the 
fastest growing economic sector (50,87). 

The proposal to clear additional land was 
abandoned in 1979 and several steps were taken 
to ensure the park's protection. Guards were 
hired to stop wildlife poaching and gorillas 
were habituated to humans so that tourists 
could be assured of seeing them. Also, long
term education projects began to gain the sup
port of local people. Thousands of Rwandans 
were educated regarding the significance of the 
park via posters, calendars, radio broadcasts, 
and slide and film presentations (87). 

Ultimately, the success of such projects de
pends both on ensuring that local people share 
in the benefits, as well as the costs, of conser
vation measures (e.g., by taking part in the tour
1st industry) and on providing alternatives for 
the people who would have gained land or in
come from other proposals. AID's work in Latin 
America suggests that poorer farmers can suc
cessfully implement conservation projects when 
these factors are accounted for (85). 
Increased attentn by development assis

Ia se.tt.io.y.eelpen .sss.tance agencies could speed development and
 

an aeicu speed dvlpe .a 

implementation of small-scale water and soil
 
management systems, but the approach would
 
need to be long term, Site-specific adaptive re
search is needed to diffuse these practices suc
cessfully. One project entitled Technologies for 
Soil Moisture Management, funded by AID's 
Science and Technology Bureau and imple

* mented through the U.S. Department of Agricul

76-5780- 88 - 5QL 3
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ture's Agricultural Research Service, is expand- adoption rates, Another specific need is for a
ing its efforts in Africa and is planning on-farm land classification system that can be used in
triais to study the economic viability of several tropical Africa. The Land Capability Classifiof these technologies (53). Pilot projects are cation developed for conditions in the United
needed in several locations to adapt the tech- States (33) often has been applied to tropicalnologies to the different agroecological condi- areas (20), but generally is not suitable for Afri
tions of Africa. Newsletters, other publications, can conditions. For example, the system classeminars, and workshops, for example, could sifies all lands with slopes greater than 7 degrees
link regional pilot projects andp ractitionersof asunsuitabl for.cultivatioonThis is too restric--.-

(1)noloIgiestl0jmproved and expanded . +tive for Africa, where manual cultivation isextension efforts also will be required. Short common and erosion potential is lower as a re
courses could be provided in-country to increase suit, Other aspects of Africa's farming systems,
the number of professionals and paraprofes- precipitation patterns, and soil attributes dif
sionals skilled in using small-scale soil and fer greatly from conditions for which the U.S.

water management methods (47). land classification system was devised (41). An
 

applied land use classification system for Africa
These conservation technologies stand to could build on the U.S. Department of Agricul
benefit from the more general research needs ture's efforts to adapt the Soil Classification Sysdiscussed in chapter 5. For example, farming tem and map Africa's soils (8)but also shouldsystems research is needed to improve under- take advantage of indigenous methods of classtanding of factors determining technology sifying the land according to its uses (75). 

IMPROVING SOIL FERTILITY 2 

-ZLow soil fertility is a major conistraint to improving African agricul~tural, productivity i
V(78. Fer~tilit leesvr hogottecnietute are generally lowi because of.-.ofi+1i of +'filcai' 

- tyof; practices thadptiith &4i1-Cn6-:i.+al farmrf eso rce. exampie, e soi 

ingsoindeosiny eduinglechig f ntrents elow, crops root~zone''" 
Orane rktir:ls can imrove orhelp maintain soil 'feiliy Fo~m pe leuesI 

. _:e yer(ay ntetropics~(1)Adnutrient losses ate res~anber'u~ ya_ 
mlca's50 pret'heni crop residues are~left iiplaceor returzied(8] Mius reanoer, 

-~option for adding nutrinsto sils, Nutriensaerlae h he decompoi-,-_r6riauallU gpe iods , to ;,,.'.re Gstte land (36:_,59):.-, But pra is. lessz. via le in
his tic now much ofDI. Afric.

IV61ndhav'e f~v6Mable"8 6il structurethereby promoting root' eve i~n e s 

InentoaksM'irDvlp it deie;~ d hald.(AL~ (apA) 



arbuscular mycorrhizae, i grou of naturally occurring fungi that live in association with 
plant roots, are not fertilizersperse but they are another biological means by which nutrient 
availability can be increased. These fungi improve plant roots' ability to withstand dr'ought
and to absorb phosphorus from the nutrient-poor soils (82). 

The use af inorganic fertilizers, as well as organic fertilizers, will be necess'iry if Africa 
is to feed itself, Currently, inorganic fertilizers-phosphate rock arid more highly processed
commercial fertilizers-are used litvery low levels in Africa (82), Numerous economic and 
institutional obstacles are responsible for the current low consumption rates and deter rapid 

Development assistance could continue ir,'its efforts to encourage increased use of comr
nercial fertilizers, but it also could increase emphasis on organic fertilizer alternatives. These 
techniques are less capital-intensive than those that rely heavily on commercial fertilizers 
and substitute labor and management information for cash (15), An important long term 
benefit of these practices is that they increase soil organic matter-and soil organics act as 
si, es to hold nutrients-thereby increasing investment returns from applying phosphate rock 
and more highly processed commercial fertilizers when available, 

Organic Fortilizors t'tn (d .'t"uriti i-0it '.gll'vi:a: he cxjtet;ltId 

Biological Nitrogon Fixation II hOler itv ,'lat .ih, fIr Lt:tdiht, other 
n'tI fi\V[ I), ne''Jliuhge ~l t tt ni N t' i.tt', .q, 'At) h* p i'ti ls, atl ltra ge itg wvilh a 

ems bx wxhitt~t fll Uilr~l ]~d ,~,llr~;~, ith ; Ivt . 'int.tii (,11~i tlitfl~le, t()\ 'lll. utIet)1 
ICI~~~~00] {o )''t '' *."[ it-lld fohi'ig lotllv Milt it 

iiistingo lngl luh l u l.t intfoiiSltpHitiL >lrl :; uiitthd iirrgeli I lJt soil. 

")ee;-ited like Acixa(:ia exltlrdc,i -;e nutriets 
SSvlnbintil: the mniA "ndlle l'tothorw,ise eond the rteach of anfluttlihAwl)t'liasi ehil 

host plant i ati ilille cr[ops, while th.itizing the suil and reducingl'rl relati;n'tsip 

,WHl, icial to boil| partners: , t..i oni
rl , niph-', i ts iP t.h. 9). These nutrints then en-

Awllaa svt"nhi%is, Table 7.3.-ConservativeO Estimates of Biological 
2. ,,ssociativ: the mi(rga ntni rfnl Nitrogen Fixation Rates for Different Fixerssviitioticadll a,sotiatt(d with tonit s.s..sL' 

3. Fre-living: Ihe r :tic-,.ga.tikma. t4roqen fer . .. akg Nisha/Y.Obse c:rn-
Gram lequmes 50-150|iiht~telv ilepe, d n ) t ! It Forage legumes and covr )r 100-250 

Jiving bacterIa or hit gren algae. Tree and shrub legurmes 75-150 
Anabaena.Azo a ,YmbcO,t 50-100 

mi Universal and as ,a I eTese 1)i(1 :esisea u Jlit i r I)ae it- Non-symbiotic and"itsac.:crue; to' 'Ia iiswiI hon active i termv ni-ron fixatitnl 10-30 
q' lili , .. 'li n (I:W~ql~l e iio s h F-ee-hvying fixers .. .. 51
 

tiConl Hoevr __ thet ~ .
(VAt'(I nana nlet lteoisiolis Ii, ~ : 
iiine'r concernin g crop sele(ct ion i t 1 , . m~s ....... .-.,',,t.....[f ill ,, ,n-.- ,> a . ... 


praclices atffecl the vxhent of these benel its. Tht! .(Jay . ",
., ,, , ' 

qU a n Iit i0S of n1itrogen) fixed Vvmyid ly, t(h~ I*!t.ilme~tr,:{in '..*r Ia'
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rich the topsoil as fallen leaves decay and as 
manure from leaf-fed animals is recycled, The 
soil i when trees,also enriched indirectly
rather than crop residues and manure, are used 

the sourceeasof fuel for cooking and heating 
needs. 

The biologically fixed nitrogen available for 
crops may be less important than other bene-

romBNF- When leguminous crops are har-
vested, between 60 and 90 percent of the accu-
Smulated nitrogen is taken from the system. In 
grain legumes, for example, the majority of 
fixed nitrogen is harvested with the seed, which 
on average contains twice the level of nitrogen
than the plant as a whole (19) and makes a crit-
ical nutritional contribution to people's diets. 
Probably no more than 60 percent of the nitro-
gen left in organic residues after harvesting is 
available for the next crop, or 6 to 24 percent
of the total nitrogen accumulated by the plant
(18). Thus, the principal benefit from legumes
that are harvested arises from the fact that they 
can be grown without the addition of nitrogen
fertilizer. Crops that are able to fix nitrogen are 
"free" in terms of outside nitrogen demand. The 
surplus they leave for the following crop is a 
small but significant bonus to the resource-poor 
farmer. In contrast, "green manures"-nitrogen-
fixing plants specifically grown to be plowed 
or hoed into the soil rather than harvested-
can provide the majority of nitrogen needed 
for the subsequent crop. Leguminous trees and 
shrubs also can be used as a valuable tool inIJ
reforesting degraded lands (18). 

It would be difficult to find a farmer or herder 
in Africa who does not reap the benefits of BNF 
in one form or another. Scattered native legu-
minous plants grow on abandoned land, and 
many traditional farming systems include a 
leguminous crop in the rotation (e,g., millet/ 
cowpea and maizelcowpea in West Africa and 
maizelbean in East Africa). However, resource-
poor farmers and herders do not receive maxi-
mum benefits from BNF. The greatest poten-
tial seems to be in developing: 

" legume-based pastures for fodder produc-
tion (see ch. 11); 

" increased use of leguminous trees in agro-

? : '. : : .:i .! ;¢;LL <;! ' : : '; ' : " ; : i-!i';: ',' -: 


forestry systems, such as alley cropping 
(see ch, 8); 

* legume-based cropping systems; and 
* increased use of Azolla in rice fields. 
Advanced research on related topics, such 

as gene transfers, primarily is occurring at in

stitutions outside Africa and, if successful, may
in time find its place in the African context, 
Current B ,Ftech nology is principally related 
to inoculating plants with effective strains of 
Rhizobium, selecting and multiplying the 
micro-organisms, and manufacturing and ap
plying the inoculants. Little inoculant is used 
in sub-Saharan Africa. However, some inocu
lated legumes, such as soybeans, have been in
troduced from other areas and are routinely
used by commercial farmers in Zambia, Kenya,
Zimbabwe, and Rwanda (82), 

Azolla is a genus of small aquatic ferns that 
are capable of forming svmbiotic relationships
with a blue-green cya obacteria, Anabaena 
azollae.The fern provides nutrients and a pro
tective leaf cavity for the Anabaena, which pro
vides fixed nitrogen for the fern. The Azollal 
Anabaena association thrives in the aquatic
conditions present during rice production
conditions that prohibit the growth of most le
gumes. The fern grows extremely quickly, dou
bling in weight every 3 to 5 days. When it is 
incorporated into the soil, this "green manure" 
isarich source of organic matter,nitrogen,and 
other nutrients,many of which mght otherwised 
have been washed away. In addition to actingas a soil amendment, Azolla suppresses weeds, 

can be used as fodder, and is even used to a 
limited extent for human consumption in Asia 
(45). 

The use of Azolla in rice production, a well
established practice in Vietnam and China, is 
only in an experimental stage in Africa. The 
West African Rice Development Association 
has led in the research and extension of this 
technology, but it still is only used by a few Afri
can farmers (81). 

V sicular.Arbuscular Myco.hiz.e 
Mycorrhizae are beneficial species of fungi

that penetrate plant roots resulting in a symbi 

. : : - ;' . ' .; : -7 ! 7:1: : "
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otic relationship between these fungi and the to offering other benefits (ch, 7). "Green ma
host plant that can lead to increased crop yields. nures" are crops grown specifically to be

One type-the vesicular-arbuscular mycorrhi- plowed back into the soil. They sometimes con
zae (VAM)-are the most important group of sist of grasses, but since they more typically

these fungi for agronomic crops, Maize, cow- are legumes, they were discussed in the preced
pea, and onion, for example, cannot take up ing section on biological nitrogen fixation.
 
phosphorus from low-phosphorous soils unless
 
their roots are infected with VAM. The VAM With the exception of "green manures,"


j_-actas extensions ofthe plant's root system, pro--. which. make inorganic minerals more accessi-
viding an increased surface area for absorbing blo for plant growth, manuring does not, in it
nutrients. This is particularly useful for the self, generate nutrients (57). The conversion of 
more immobile nutrients such as phosphorus, forage to manure (e.g., by cattle) results in a 
zinc, and copper. Mycorrhizal activity is on- net loss of organic matter and minerals, For 
hanced by the high temperatures, low moisture, example, results from a study on a Rwandan 
and low phosphorus-conditions encountered farm show that 3.8 tons of dry forage contain
in much of semi-arid and tropical Africa (34). 	 ing 370 kg of minerals produces approximately

2 tons of dry animal manure containing onlyVAM, like BNF, benefits farmers and herders 300 kg of minerals (67). On the other hand,
in Africa through natural processes without de- manuring is an mportant means of transfer
liberate management. Improvements in mycor- ing nutrients from pastureland to cropland, or
rhizal technology will help farmers make effi- returning some of the nutrients that animals 
cient use of phosphorus from all sources in harvest to the field. The benefits are largely at
Africa's phosphorus-poor soils, however. Un- tributable to the increase in soil organic mat
like BNF, though, it has provbn difficult to cul- ter and include (5):

iure VAM on artificial media, and therefore it
 
is best done using roots of susceptible plants • improved soil macro-structure;

(52). It is difficult, though, to'obtain pathogen- * increased water-holding capacity of the

free inoculum i quantity with these methods. soil, particularly the topsoil;

Additional work needs to be done before VAM 
 - improved infiltration and erosion control;
technology will find its entry into African agri- prevention of soil hardening;
culture. It seems that VAM is not likely to re-

* 

° improved soil cation exchange capacity,
duce the need for organic and inorganic fer- of particular importance for the sandy soils
tilizer but is more likely to play a role in concert of west and southern Africa;
with those other inputs to improve efficiency * increased supply of slowly releasing inor
of phosphorus use (82). ganic nutrients; 

- prevention of phosphate fixation by iron
Manu riand aluminum oxides; and 

refers totheh reycling offogncfororganic af.*ManuringManuring reest eyln developmentmicrobial ofactivitya favorabicin theenvironmentsoil. 
material so that the nutrients in animal and .... 
plant wastes are used to improve soil quality. Despite the relaiively high number of animals
Although this section focuses on the use of live- per capita in Africa, the use of animal manure
stock wastes as manure, several other types ex- is not great. In arid areas where cattle hus
st. Night soil," human excrement, is an im- bandry is strictly nomadic, collecting dung is 

portant source of soil nutrients in densely impractical and it would be uneconomical to 
populated Asia, but its use is culturally unac- transport this material to crop growing areas.
ceptable in much of Africa. Household litter Moreover, the wisdom of exporting nutrients
containing organic wastes such as food byprod- from the low-fertility rangelands is highly ques
ucts also is a source of nutrients and its use tionable. Under semi-nomadic husbandry prac
in African gardens could be increased. Crop tices, however, an association can exist be
residubs can improve soil fertility in addition tween herder and farmer, whereby cattle ar 
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allowed to gilaze crop stubble in exchange lor
 
their manure. This system has been shown to
 
be more economical than if the farmers owned
 
and managed the livestock (9).The practice can
 
help naintain soil fertility, but is insufficient
 
to allow sustained cultivation without addi
tional nutrient input.
 

Even on faqis where crops and animals are-,---prbdUced,manuringsometimes-isnot common -'I presumably because it is not economically via-

ble (30,35). Manure requirements for crops are i 1 '.. 
high (e.g., from 5 to 20 tons of fresh manure _.w 4 
per hectare) (25), and managing manure is labor- 4f 
intensive and requires transport and tools. . .. 
Therefore, manuring has more potential for use 
in vegetable plots and home gardens than in 
the larger, more distant fields used to grow 
cereals and other staples. The primary reasons 
for keeping animals are for security, traction, 
imeat, or milk (see ch. 11), but manure can be - " "- -: .. 

a byproduct that makes the adoption of animals ;. . 
more attractive. Photo cred,: Banoun &Caraccloo/U.N. Food and Agriculture OrganlzaTion 

The most effective means of collecting ani- Farmers applying inorganic fertilizer 
to a yam field InNigeria.mal manure uindnubtedly is by keeping animals 

stabled day and night. This yields about 8 times 4. production of partially acidulated phos
the animal's weight in manure per year. Alter- phate rock to improve solubility. The most 
natively, the animal can be stabled only at night, processed forms involve substantial cost 
in which case it produces 3.5 times its weight and energy to manufacture. 

manure perye;(1)inin 	manure p a' () . The most highly processed forms of fertilizer, 

Inorganic Fertilizers 	 commercial fertilizers, are sometimes called 
conventional, chemical, petrochemical, or fos-

Phosphate rock is not used abundantly in sil fuel-based fertilizers. In addition to minerals 
African agriculture, but can be a locally impor- found in rocks, commercial fertilizers use com
tant fertilizer, especially on acid soils. It can pounds present in fossil fuels as their raw ma
either be applied directly or processed before terials. Fossil fuels are also ur~od to supply the 
use. Several factors affect plants' ability to use energy necessary to process the materials. 
phosphate rock. Some of these factors are re- Therefore, commercial fertilizers, especially

J; lated to the chemistry and mineralogy of the those high in nitrogen, are comparatively ex
rock, others to the properties of the soil, or to pensive to pi9duce. However, they can be an 
the physiological makeup of the crop, The extremely convenient method of supplying 
mineral can be used in several ways, in increas- minerals in forms very accessible for plant 

;; ing order of the degree of processing required: growth, 

1. direct application of finely ground rock; Current commercial fertilizer use in Sub
2. 	development of granular forms of the rock Saharan Africa is the lowest in the world, The 

to improve handling characteristics; region contains approximately 7 percent of 
3. combination of the finely ground rock with world population, but uses only 0.9 percent of 

other materials such as elemental sulfur, world commercial fertilizer supplies, The aver
manures, and compost; and age consumption rate is about 6.4 kg nutrients/ 
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ha/year; by comparison, in 1983 the average 
consumption rate was 85kg/ha/yr for the world, 
33 kg/ha/yr for Latin America, and 81 kg/ha/yr 
for Asia (25). National consumption rates vary 
considerably in Africa, however. Three coun-
tries-Nigeria, Zambia, and Zimbabwe-account 
for 50 percent of the total consumption in Sub-
Saharan Africa Much of this fertilizer is used 

n -cashc op rather thann. calfood crops.
With the exception of a few countries such as 
Nigeria and Niger, about one-half to two-thirds 
of the fertilizer is used on crops grown priimar
ily for sale. :: :: Allot 


of the mineral resources needed to man-
Al 

ufacture commercial fertilizers occur in vary-
ing amounts inSub-Saharan Africa. Data sug-
gest that adequate quantities of phosphate and 
nitrogen raw materials may exist, but potash 
and sulfur resources ae inadequate to meet the 
region's needs (82). It is not known ifexploita-
tion of these resources is technically and eco-
nomically feasible under present conditions. 
The advantages of using indigenous resources, 
even in times of adequate world supply, include 

* 	 supply security, foreign exchange savings, r,-
duced transportation cost, and employment;:: generation. 

,Manures 

:": 	!! i "
.... 

Since phosphorus deficiency has been iden-

tified as a major soil constraint in Africa,-
tional and international research organiza tions 
have shown interest in developing the depos-
its of phosphate rock that exist in 26 Sub-
Saharan African countries (51). However, only 
two countries, Zimbabwe and Senegal. produce 
phosphate fertilizers in any significant qun-
tity, and farmer use remains low despite efforts 
such as those in Senegal, Mali, Burkina Faso, 
and Niger to provide farmers with phosphate 
rock at prices lower than imported fertilizer 
(82) Also,excluding deposits in eastern Sene-
gal, Mali and Niger, most of Africa's known 
deposits are "unreative"-their natural form 
is not conducive to plant uptake and therefore 
requires considerable processing. And in the 
dry, dusty, and windy environments of the Sa-
hel, application of finely ground phosphate 
rock-the most effective forni-is too labor-
intensive .
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Tho full benefits of phosphate rock are real 
ized for several years after application.This 
may moan that returnto investment on the la

bor and capital costs is more favorable than mi
tial calculations might suggest (53). However, 
farmers may find it difficult to captUre these
 
residual benefits unless they can develop appro
priate crop rotations. Problems associated with
 

J-armer unwlingness.toimake such investments i-.
 

" 


without secure land tenure can further under
mine adoption of this practice (82). 

Poterlia for improving So1iFertility . . . . 

Organic Fertilizors 
Organic fertilizers can play an important role 

in ensuring that soil fertility is adequate for pro
ducing stable yields of African crops. One ap
proach is BNF, which can he promoted through 
wider use of legumes in intercrops and rota-
Iions, agroforestry systems, and in fodder pas
lures, and greater use ofAzolla in rice produc
tion. Even if a crop is not able to fix nitrogen, 
nutrient loss can he reduced by as much as 50 
percent if crop residues are left in place or 
returned to the soil (82). 

can increase yields substantially,
but 	economic analyses have rarely been con- ii 
but eco.oic analyses have rrel beompico 
ducted. These analyseswoul be complicated 
because of the indirect effects of manuring on 
improving soil quality (29). Manuring can be. 
expected to become more widespread in the 
future as animals become more fully integrated 
into farming systems, 

The decomposition of plant and animal wastes 
in soil has other important benefits: gradual re
lease of nutrients atnd increased water reten- .( 

tion. Furthermore, soil with adequate organic 
matter can take full advantage of phosphate
rock and more highly processe 
tilizers, increasing yields beyond those obtained 
by adding organic matter or commercial fer
tilizer alone (table 7-4; figure 7-4). 

inorganicFerllizors
lInog Ferti izers 

The known reserves of phosphate rock that 
are economically accessible with current tech

.. .	 I* I I": 



Table 7-.Effect of Manure and Commercial Fertilizer on 

Sorghum Yield at Saria, Burkina Faso 

Sorghum' yield (kglha)a
Treatment Without nitrogen With 60 kg/ha nitrogen 
Without manure .......... ...... .. 1,831 2,796
With 10 tons of manure per hectare .,...... 2,409 3,591 
aKgfha - ilogram per hectae.
 

SOURCE Cristian Pled, "Food Crp Ferllization and SoilFertility:
The IRAT Experience,"Appr p iat Technoogies for Faers 
in Semi-Arfd West Africa, Herbert Ohm and Joseph Nagy (ads.) (West Lafayette, IN: Purdua University, 1%85),table 

, 89. p 

Figure 7.4.-Increased Maize Yields in an Alley
Cropping System Using Prunings From Leucaena 

lucocephala, a Nitrogen-Fixing Tree, and 
Varying Rates of Nitrogen Fertilization 

Leucaena prunings Nitrogen fertilizer 
and nitrogen fertilizer without 

Leucaena prunings 

(D'less 

- T-]made 

a)= 


- .products P" 

SOURCE:nteatiolInttuteoT Agricutue.1Aechghgto 
1984 (lIbadan, Ntgeria: IITA,1%). 

Small-sized granulation of the fine rock pow
ders (minigranules) using binders may be an 
effective way of avoiding the dust problems
associated with using the fine powder. The 
adoption of this technology will depend on the .
cost of peletizing
 

Reducing the amount of acid needed to di
gest the rocks fully (partial versus full acidula
tion) results in a product that is only slightly 

reactive than the fully digested material. 
In several field trials in various parts of tropi
cal Africa (2), partially acidulated products 

from normally unreactive phosphate 
rocks produced similar yields as the fully acid
ulated superphosphate. Because savings exist
in acid consumption during the production, 

are expected to be cheaper than im
ported commercial fertilizers. 

Little question exists that Africa will have to 
increase its use of commercial fertilizers if it 
is to decrease the gap between food demand 
and supply. The ability ofcommercial fertilizers 
to increase yields is undeniable (figure 7-5), but 
two major concerns arise regarding their use 
in Africa. First, few economic analyses of fer

nology are small in most sub-Saharan countries, 
;However, these reserves are large enough to 
meet phosphate fertilizer requirements of some 
countries for decades. Significant yield in-
creases are possible even using unprocessed 
phosphate rock, For example, the application 
of 30 kg P2O(ha of indigenous rock in a trial5
in Niger almost doubled the yield of millet (from 
300 kg/ha to almost 600 kg/ha). Similar results 
have been obtained in many coastal West Afri-
can cuuntries and in Kenya (2). 

4 

tilizer use under African conditions have been 
done, and those studies that do exist mostly re
flect the ideal conditions found at agricultural 
research stations (e.g., deep plowing, complete
weed control) (49). The high cost of commer
cial fertilizers and the variability of response 
under on-farm conditions, especially rainfed 
agriculture, argue for extreme caution when 
extending this technology to farmers with lit
tle margin for failure. Second, some studies of 
the long-term effects of continuous use of com
mercial fertilizer on the soil suggest that it can 

4 
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Figure 7.5.-Response of Maize to Nitrogen in cropping systems, and by better integratingDifferent Climatic Zones crops and livestock in African farming systems 
3,5W (see chs. 8 and 10, respectively). Improving ben

efits of biological nitrogen fixction in African 
3 farming systems will require increased support 

for training African professionals and techni
6250 cians, and increased research relevant to Africa, 
In for example, on legumes in multiple-cropping 

200 systems. Such research and training-could-be-
V : supported through the funding of an interna

1,500stional BNF Resource Center (18). 

1,00 Increased use of inorganic fertilizer also will 
--- ... be essential to meet Africa's future soil fertil

0 20 40 60 806 0 140 16 180 ity needs. The fertilizer sector in Africa is inits infancy. One constraint is the lauk of con-Kilograms Nitrogen per Hectare sistent, long-term government and donor pol-
SOURCE: Paul Viek, A. Mokwunyo, and M.Mudahar,' Soil Fertility MaintenanceIn Sub-Sahaan Africa," contractor report prepared for the Offic ot icies regarding fertilizer use.African govern-

Technology Assessment (Springfield, VA: National Technical lnflw& mnsaeete ~~r~ae nilnlion S ,ct, r ments are either ill-prepared oiunwilling to 
create such policies. Donors sometimes exacer
bate the situation. For example, until 1983, the 

actually depress yields unless large amounts policy in Rwanda was to deemphasize fertilizer 
of organic material, such as animal manure, use. FAO and the European Economic Com
also are added to the soil. Trials in Burkina Faso munity helped convince the government that
showed steadily declining sorghum yields over fertilizers were qn essential ingredient for the 
18 years due to soil acidification, potassium future and Rwanda proclaimed 1985 the year
deficiencies, and aluminum toxicity (63). These of the fertilizers. However, U.S. AID and its
findings tend to reinforce the need to view in- Germaji counterpart, GTZ, adhered to the 
organic fertilizers as supplements to. and not earlier policy that gave a low priority to fer
replacements for, organic fertilizer. tilizer use. In the meantime, Rwanda still lacks 

a comprehensive, long-term plan for the devel-
Problems and Solutions opment of the fertilizer sector (82), 

Low soil fertility is one of the principal ob- Most countries in Sub-Saharan Africa i ,,ac
stacles to sustained crop production in Africa. ing fertilizer supply and demand problems (56,
Alleviating this constraint will require a con- 90). Frequently, fertilizer is not available at the 
certed research and development effort. Cur- right time and place, and many countries are
 
rent approaches to soil research are largely frag- unable to meet even low fertilizer demands or
 
mentary and a coordinated effort is needed that reduce supply fluctuations. Factors contribut
addresses the problems and options of ensur- ing to low fertilizer demand include:
 
ing soil fertility maintenance in different agro- * low crop response;

ecological zones. 
 lack of knowledge on fertilizer pracices; 

Increasing the use of organic fertilizers should * high fertilizer cost and lock of cash or 
be an integral part of this strategy. Optimizing credit;
the use of organic fertilizers is particularly im- e high risk of losing money as a result of the 
portant for those resnurce-poor farmers in iso- variability in crop response and p-ics;
lated regions, where input deliver systems are - low crop prices; and 
problematic. Considerable opportunity exists - lack of complementary farm inputs such 
to increase organic fertilizers use by expand- as fertilizer-responsive crop varieties, water,
ing use of legumes in agroforestry and inter- and insecticides. 
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Successful fertilizer progias require soil fer-

tility maps, geologic reserch On important 
mineral deposits, establiq ment of soilelsting 
laboratories, forrulatioii of soil- and crop-

,specific and ml-fertilizer recomriendations,
tiation of' well-designed fertilizer demonstra-

tions under farmers' field conditions. At pres-
ent, fertilizer recommendations for specific 

iatic conditsjrnops, f4 tng prific
tices, and soil conditions generally do not ex-
ist. Current government recommendations not 
only may be inappropriate but actually may be 
counterproductive. 

Accomplishing these tasks would require 11 
nialor commitment of resources. Accordin, to 
the International Fertilizer Development Cen-
ter, an estimated 1,600 people per year arenebded oveverthh yerstoer work innsbsub-et2 owrneued net 2 

SSaharan Africa's fertilizer sector, including for-
prdutAfrica'sfertilizer ret ,ancdi er-


tiizer productin m g ad u. 

*Fertilizer research programs are likely to be 

more effective if they adopt a farming systems 
*approach that emphasizes the economic feasi-

bility of fertilizer use and includes on-farm 

trials, Effort should be directed at reducing 

variability iiicop's response to fertilizers but 
economic analyses should not fail to include 
the risk associated with fertilizer use, Also anal 
yses should be realistic about portraying field
not ideal-conditions. When farmers use fer
tilizers on their own fields, their financial 
returnstypically areonly one.half totwo-thirds 
A----t Lundeexuperimentalcondiogaivu 	 ns..,
Infadditionfarmers generally pay more for fer
tilizers than the official, govern ment-sanctioned, 
price (49). 

In situations where economic analysis sup
poiigcredit at a market rate inerstports ferti!izer use, credit may be needed. If so, 
providing creduiteficret oferinteres 
should help reduce inefficient fertilizer use Asant alternate Strategy, fertilizer sales on Creditcould be linked with crop marketing, that is,
colbeindwthrpmakightis 
farmers could repay the fertilizer loan after har
vest from receipts of crop sales. This idea has 
been used successfully by cooperatives in sev
eral Asian countries. Private traders, who are 
also fe:tilizer dealers, often practice sucha sales 
strategy (82). 

SMALL.SCALE IRRIGATION' 

Summary 
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~ the Ditiuio. Table7 Eti'9of fSallScale Irrigation Technologies In Africa 

Typeofsystem/iocation Number of users Area (inhectares) Number of schemes ' 

'Chnee aystems'~~ 

Tanani .......N a 17,00NK
 
.......... NHg~nd~~ 5,000NK
NK 

Vlsa ig ns,...... NK 700,000 NK
4t,& L&.1jwer Shabelle River (Somalia) NK 16,000 NK
 

Polda,,, syosems.

LliioUpe G61nea coastal lowlands ....... 700,000-900,000 NK NK/


~SoutheastLake Chad .... NK 4,000 NKPl,.~....... 


'WaterIiting systems J 
~Burkin1a Faso ... ,, NK 6,200 600ir
 
Chad................. ............. NK 2,500 NK 


Coastaliwest Africa N ,0

Gambia ............................. NK 10,000 NK


SSouthern Africa
 

7Mechanized water-pumping systems

'Zlmbabwe .................. ~. 7,000 4,700 

9 7v.
6 

Nigeria ... ... NK 800,000 N

Niger... ... .. ... ....... NK 36,500 500+

Sudan .. .. . .. . .. ... .. .. NK 140,000 NK
 

"' Chad .. . . . .. . . . . . . . . .. NK 8,000 NK
 

N1( - no I nown.
 
SOURCES; Compiled from anumber of references in: A.S. Waidafein, "Low-Resource, Small-Scale Irrigai ion in Africa," contractor report to the Office of Technology
Assessment (Springfield, VA: N.ational Technical Information Service, December 1987) and A.S. Waldsaln, personal communication, revisions to OTA con,

tractor report, 1987, 
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system, from streams, springs, and lakes, by a 

network of channels. [ndividual fields are di-

i!L..vided from each other and in:irated from the 

:channerls by low bunds. Fields are usuallyGrflodedby breaking the bund at one point to 
hallow waer to enter. The break is closed off 

mud, Wattle, or a sack filed with sediment 
aterndiveteintg. waoerris being used,thein effect, toextend the rainy season and reduce 


the risks of crainfediagricultureaIrrigaion, plUs 


rainfr, pclh y astema re d omnehet, 

phaner Tbyear b e eiged , breusuillt,
operated, and maintned primarily wih local tlabor, and the users can meet most institutional 

sit iwater
operating costs typically are, 
icThe main locations usieg gravity diversin 
thanneled irrigation systems are the highlands
iof East Africa and Madagascar and the Mid-
de and Lower Shabeelle Valley in Somalia. In 
Somalia, about half he land on theMiddle and 
Lower Shabeelle is irrigated by gravity fed than-
neis,.The technique is used in Tanzatnia on an 
erstimated 117,00ha, or 82 percent of all ir-

fhe i million ha under irerated land (55), and in Madagascar..on 70 per-aitfhe ian rgation bratyiontrst 

coversl mregthon 4 percent 800toohla, 
of.; Af; East and.Magac, te Mdica an 

ofeinrigae lSah n yle31.1 
Many ohose syatms suchasthose aln 

ehiu sue]i az-nao 7es n 

the Shabeelleestimated iv in Somalia,2p haedbeen11,6 io re tofali-

rigated lan (5 '1, an inMaagscron70p-


hefln t re 
ci a naOsob%eswP u'-a,-, 

favorable systems of justice and administration 
(14,31,60). The most important constraint to
wider use, however, is that although investment 

:equirements are small, returns on investmentelso are small. These systems do not include 
storage, sowater is only available seasonally. 
wwith 
Poldered Systems

Poldered systems are made up of an initer
secting network of char nets builtron lowlying 

swampy plains to help conduct the inflow and 
outflow of water. The preurs o polderedsysso ae Upper Guinea casts to draincwate 
t the,s the i ony aiseasondrn alt 

inland, especially at high tides, during
the dry season. Sea water is permitted to enter 
the polders in thedry season, after harvest, to 
maiting soil plasicity. Salts are leached from 
the soil by flooding the channels with fresh 
water at the beginineg of the next rainy season, 
After the soil has been de-salted, the polders 
are closed and crops planted Farmers use the 
residual moisture from the river water in con
junction with rainfall to produce their crops 

(42,43,44). tes rn aeCd a rt , 

managed differently. They are created by build
ing dikes to trap water between two islands in 
the lake. Water nfiltrates the lakerottom and 

tpeople plant inbthe exposed moist, heavy clays.
rsiulmitr rmte ie ae7h ncn 

Later, they open the dike to flood the land agaijn to ihrinalt rd c h i rp 
(4,4,4) 



and wash out accumulated salt (3). As with the
 
channeled systems, the poldered systems are
 
technically and institutionally within the con- ~
 

L'trol of~he~us ers._The cost-of technology-is low--
in cash terms, although labor costs can be high.
 
Most existing poldered systems support sub

-sitence production, 

just as with channeled systems, poldered sys
tems date back to or even precede the colonial
 
era. However, the Lake Chad polders have
 
fallen out of production in recent years. Asuc

acession of drought years has caused a major
 
recession of the lake's shores and empoldered
 
areas now may be many kilometers from the
 
water's edge. In addition, many polders in
 

', Guinea-Bissau were destro{ ed during the war 
for independence, which ended in 1974, 

Polder technology is feasible only in well
watered, lowlands with rich soils. Because of 
their particular ecological requirements, little 
extension of these systems is possible. Rain 
often is critical: in coastal areas, lack of rain -tso lysPhoto credit. Glore Hondle 
means that saltwater will not be flushed down- Water pumped by hand, by small engines, or by windmills 
stream and salts accumulate; and in the Lake Irrigation for vegetable gardens such as this-provides 

Chad region, without rain the lake level can-onInBtw& 
not rise enough to flood the polders. P6,, ,ir only 0.25 to 0.5 hectares this way. The scale
technology is used mainly for subsistenceo el 
However, some production is on a large enough o smathths : mfigaiol wteholongened 

;,scale to produce substantial surpluses for mar- practicmally noa tistitrigtion suppot. ned
 
ket. Since the polders are virtually surrounded prcialnonstuoalupr.
 
by water, these areas tend to have relatively easy These water-lifting systems are usually oper

'water. access to markets in areas where mar- ated seasonally to supplement rain-fed food proket roads may be lacking, duction or livestock herding. Also, they may,
operate during the dry season to produce high

Water-Lifting and Pumping Systems value crops for market, 'such as vegetables. " 
However, sometimes small water-lifting sys-'

Water-Lifting Systems' tems are operated year-round for additional 
Water-lifting technologies available to resource- uses, In Chad, for example, in addition to the 

poor farmers and herders include calabashes, usual dry season crop of vegetables, maize ger
buckets and pais,'tin cans of various sizes, pad- .inates with help from a water-liftingsystem 
dles, waterwheels and shaddoufs (a traditional tematuresunder ramfed conditlons. Thus,
water-lifting device), and handpumps. All of water-lifting systems maeposible a s 
those technologies depend on a relatively high' roin season ,taeffdctieland 'xndt 
water table since they use human or animalcrops 
energy to lift water from hand-dug wells into Irrigation technologies that rely on human 
the'main channel of the irrigation system, As or animal power to feed water into the systema 'general riule, because, of 'the physical limits are scattered scross Africa, concentrated in K
of liu n drawing power, one well can irrigate low-lying areas where the water table is rela
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tively close to the surface.,They are especially 
common across theSahel from Senegal to Su-nu 

a iiimerf ~stes eist 
n o r h e r i-Tog o n o r h e r Gh n a a re fd-tro mg- --

ou rina~ (smalltdms alfrobaras.' tarevilagebarage (small,.* / r.,. ......das th.at:: stor 

water- runoff. Water-lifting systems are rela-

lively scarce in eastern and southern Africa 

where the water table generally is deeper and 

soils rockier and more difficult to penetrate 


ocwithwells,
•i'! Although isthe technolog not :new, most of 

lthewghathetechnolgy s notfiew,riSof 
tewater-lifting systems inAfrica arerelatively 


recent, They have developed rapidly in the Sa-

hel since the onset of the series of drought years 

starting in the late 1960s. Systems in southern 


"Mauritania date from the mid-1970s, and use
 
<of the shaddouf water-lifting devices in the Lake 

Chad basin dates from the same period. These 

recent systems are being used by small, scat-

tered groups. Herders in Chad from the north 

: .and
east came to the shores of Lake Chad to 

practice shaddouf cultivation when they lost 

)their,herds. People in northern Burkina Faso 

and southern Mali are using water-lifting tech-

nologies to grow potatoes to compensate for 

the drop in millet and sorghum production 

caused by recent dry conditions. Rural farm 

families using these systems tend to be less well- 

off than average (with the exception of the
Niaes area in Senegal and some parts of Ni-: 

LNyeranenal som......pt of 

ger). Better-off families either had resourct.8 to 


2invest in pumping or managed to preserve their 


livetoc, 
Water-lifting technologies can be profitable 

where markets are nearby because of their low 

costs for construction, operation, and mainte- 

nance. Recent advances in developing inexpen-

sive and reliable handpumps, however, are par-

ticularly encouraging (box 7-1). Even undcr 

these conditions, though, handpumps are often 

used only in the off-season to produce a small 

crop or during droughts. People may try to ex-


..pand their operation by investing in pumping 
ja market and production opportunities de 

i~velop, Therefore, water-lifting technology can 
b . r n i. , toward,nda t so 

intensified, highly mechanized, agriculture 

using harndpu~mps, 


"N 

Mechanized Water Pumping 
Mechanized water pumping makes it poslI.si

ble to draw reaivelylarge quantities of water ~ 

-fro nf-7,- l ls' or rivers. Pumr-nping _s 'ihemes a re 
operated by a wide variety of users, such as privato entrepreneurs, cooperativesand llage::
 
organzatons. The cost ofbi, operatn g,
 
ar erviin the posmf b s his practing
 
andoexpnsiv tha phum rmwac ts irriatic
 
more expen e a oe ow-cos n
 
technology. Typically, only a minority of the 
local population benefits frcm pumping schemes
 
because of the rigorous implementation re
quirements (e.g., initial investment costs). How
ever, in some cases, whole villages are involved.
 
Despite the expense, pumps are capable of gen
erating significant returns for their users.
 

Mechanized pumps, because of fuel costs, 
usually are operated only during the dry sea
son to grow high-value crops for market. Also, 
mechanized water pumping systems tend to be "'i 
concentrated within convenient transport dis
tance of large markets. More than other low
technology irrigation, they need support serv
ices, such as trained mechanics, to stay in 
operation. 

Water pumping using small diesel engines
 
to power pumps is the most widespread and
 
rapidly expanding low-resource technology
 
11sed in African irrigation, and examples are
'e ' 
scattered Africa-wide (84), Thair presence is a
 
function of three factors: availability of water,
 
access to credit for the initial cash investmnt,
 

3, acossto lucrative markets.
 
Water pumping systems are common along N>!4
 

Africa's largo rivers; for example, at least 400 
such systems exist in Senegal, Mauritania, and 
Mali along the Senegal River. People also pump 
water from lakes and holding ponds. The In
ternational Irrigation Management Instituie 
estimates that private pumping schemes In Su
dan provide water to 134,000 ha (28). These 
schemes in general are so dispersed or isolated.1< 
that it has been impossible to survey them, but 
thousands of pumping systems, no doubt, ex
1sthogutroiaAfc.
ist hroughout tropical Africar..ser 

Constraints to their wider use include the ex
pense of purchasing and operating pumps, lack) 

http:poslI.si


- - - - Box 7-1.-Handipurps 
Manual pumps have long bean recognized as one of the most ro ising,.A/. weoptnsfr_y of obstacles have hindered reliable hand

pump operation In many developing countries. Many imported model. woern simply too costly; spareparts were expensive and hard to get; breakdowns wore frequent; and maintenance and repair sys
temslwhore available-were overly centralized and burdensome. As recently as a decade ago, theUnited Nations Children's Fund (UNICEF) reported that at any given time 70 to 80 percent of handpumps installed in India were nonfunctional. The performance records for handpump projects in
Africa were equally disappointing. -

However, handpumps do show promise. Through a network of field-testing activities in some 
17 developing countries supported by a collaborative United Nations Development Program/World
Bank project, a half-dozen countries across three continents are now producing handpumps locally.The "handpumps project" also has provided detailed information for a comprehensive manual whichwill aid in handpump selection, design, and use in countries throughout the developing world. 

From India to Malawi 
Beginning in the late 1970s, UNICEF supported local production of an innovative design calledthe "Mark It" which set now standards of reliability and cost-effectiveness at the village level. At

least 150 million people in India are presently served with safe water supplies using almost half a 
million Mark II pumps. 

Soon, experiences and lessons learned in India were carried to a local production programme
in Malawi under government and project sponsorship. The now "Maldev" design spread rapidly across
the country. However, like the Mark 11.the Maldev pumphead relied on fitted metal bearings whichsuffered rapid &0,teriorationand w,re difficult to properly replace at the village level. 

From Malawi to Kenya 
A technical team in Nairobi, working with local maunufacturers and the DuPont company, produceda modified Maldev design featuring injection molded plastic bearings, Working through other design

problems with the Malawi pump, the Kenyan team begarfield-testing the "Afridev" pumphead, prov
ing that the plastic bearing concept could be cheaper to maintain and easier to repair at the village level. 

The Kenya Water for Health Organization was enlisted to train rural women in proper use and
*maintenance of the prototype pumps. By the end of 1986, the first 200 Afridev pumps were rolling
off the production lines. 

According to World Bank regional project officer, David Grey, the Afridev system represents a 
majcr 	7onceptual breakthrough because:
 

i., It's designed to exploit the benefits of modern materials and technologies, especially plastics. It is suit.
able for local manufacture in developing countries, It's easily maintained using minimal skill and few tools.
It features a universal small diameter, long stroke cylinder for all well depths, simplifying spare parts requirements and minimizing stress forces, 

The total cost of the complete pump assembly is no more than US$400, and most of the below ground

components for the system are 
made of standard PVC plastic which is readily available in Kenya

and other east African countries. The cost of locally-produced replacement bearings Is only US$4
 
for a complete set,
 
Back to Malawi-and Beyond 

Through the collaborative network set up by the project, the improvuniontt featured In the Afridevsystem wer soon being carried back to Malawi, There they were integrated into the local manufac
turing procosses and taken to the village level where women, once again, are becoming thecentral
personnel for pump maintenance and repair, The Afrfdev design is also being adopted in Ethiopia
and Tanzania whore project officials feel confidentthat local production and use can beginin 1988. 
SOtJRCM Anonymous, "Iiandpumps Across the South," Cooperat Ion South, 14o. 2, 1087, pp. 3. 17, 



of credit; shortage of spare parts, and local in- reducing risk of crop/animal failure by in
~capacity to repair equipment. Appropriate engi- ,creasing dependability of water supply; ~ 

ne~erifg is also a major shortcoming with manyi * enabling the production of a second crop 
ipumping -schemes.I'he-canal-ayout-of 7nnny---- bylnteigto-rwn'saa,--rd*--schemes is not well planned, and consequently, increasing income for the above reasons,they distribute water inefficiently (84). 	 including production of new crops, par

Poten~tial 

FAO estimates that 5.3 million ha, or 4 per-
cent of the land classified as arable and under 
permanent cultivation, are under irrigated cul-
tivation in tropical Africa (77). From 43 to 50 
percent of this could be considered low-resource
a:gricltur (77, ,7bl -6 .agricuure (77,7) table 7-,-6). 

The topography of Africa is not conducive 
Sto large-scale irrigation, in contrast to Asi, for 
example, which had at least 56 percent of the 
world 's irrigated cropla nd in 19 81 (88). Oth e r 
than the interior delta of the Niger River, no 
large alluvial plains exist in Africa with multi-
season water supplies and soils with adequate

> 	clay content (84). Systems already exist in much. 

of the limited area where large irrigation 
schemes are feasible. Therefore, the remaining 
opportunities for irrigation development in 
SAfrica are primarily of smaller scale (84). 

Small-scale irrigation can contribute to food 
security in a variety of ways: 

increasing crop or livestock production; 

ticularly vegetables. 
Small-scale irrigation projects commonly are 

less expnsive than larger schemes (71,77), and 
may be less susceptible to health problems 
caused by disease-carrying organisms that 
flourish in standing water. Management needs 
for small-scale projects usually are easier to 
satisfy, Research organizations, developmentagencies, host governments, and users gener

ally agree that these technologies have great po
tential under the right ecological and demo
graphic conditions (84).

FA ... .... e of. .. ... . .. .......... 
tAe estimates expansion ofirrgation through. 
thbelitear 21oncldxaveirage scome50,oha/yr. 
Rehalia ion of e adexistng s woul 
25;000 ha/yr and expansion of traditional hand 
s49ll-sal... irigaioncoud.rech5000a/ 
(49,:4,7.-

Among the low-cost irrigation technologies, 
diesel pumping has the greatest technical po
tential for increasing productivity and it can 
be used underthe widest environment~i con
ditions. However, it is also the'most expensiveand the most dependent on outside resources, 

Table 7,6.-Distribution of Modern and Traditional irrigation In Sub-Sahara Africa 

Modern and large. Small-scale and . 
& medium-scale traditional Total 

Regions* - . Million hectares 
Sudano-Sahelian Africa ........... 1,917 340 2,257 
Humid and Sub.humld West Africa ..... .144 1,190 1,334 
Humid Central Africa................ 18 60 78 
Sub-humid & Mountainous East Africa. 282 910 1,192 

..Sub-humld & Semi-arid Southern Africa 308 150 458 
Total .......... 2,669 2,650 5,319 

'Countries Included In FAD regions. 
I.1I Africa:Sudano-Sahelian 


Burkina Faso, Cape Verde, Chad, Djibouti, The Gambia, Mall, Mauritania, Niger, Senegal, Somia, Sudan.
 
2. Humid & Sub-humid West Africa: 

Benln 'Ghana Guinea, Gulnea-Bissau, Ivory Coast, Llburia Nlqeria Sierra Leona Togo. ' 

3.Humid Centra Africa: 
. 

Cameroon;Central African Republic, Congo, Equaf ria Guinea, Gabon, Sao Tome & Principe Zaire. 
4.Sub-humid &,Mountainous East Africa. 

Burundi,' Coioros Ethiopia, Kenya, Madagascar, Mauritius, Reunion, Rwanda, Seycheles, uganda , 
5,Sub-humid ,.. Semi-arid Southern Africa: 

Anglola, Botawana, Lesotho, Malawi, Mozambique, Nanibia, Swaztiand, Tanzania, Zambia, Zimbabwe. 
SounCE. u.N. Food and Agriculture Organization (FADO,AircenAqricultur. The Next 25 Years, Annex IV,Irrigationend Wafer 

ConfmI. FAD, Some, 1906, p, tO 

F.-' 
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d1yic l'sithe

less expensive technologies-channesd,' 

poldered, and water-lifting systeins-ha' e less.", 
udpotentian 

, mThe 

forexpansion, primarily becaiuse of 
----- coenvironmentalconsiderations-butll 
improved by technical assistance. Furthermore, 
these approaches can serve as first steps toward 
l onS-term intensification of food production, 
Access to markets for all these technologies 
:iwould be an important incentive for users to 
incur the cash and labor costs of intensifying 

aproduction (84). 

Small-scale irrigation could make a particu-
larly important contribution in Africa because 
it decreases farmer vulnerability to drourt,-
induced crop failure by ensuring a more relia
ble water supply, However, increased costs andPrbesadArpocs 

;-reliability of outside inputs have astrong bear-PrbesadA ro ho 
Sing in defining the economic advantages of im-
Sproved water supply schemes. Irrigation gen-

erally requires greater inputs of time, effort, and 
capital than rain-fed agriculture or livestock 
her ding systems normally practiced in tropi-
cal Africa. Shortage of labor is cited as a major 
constraint to irrigation development in Africa, 
except in more densely populated areas where 

.. labor supply is readily available (84). Evaluat-
ing these sorts of considerations, as well as 
examining a range of water supply options that 
best accommodate local conditions, should pre-
cede efforts to extend irrigation technology. 

Caution is also needed when introducing 
small-scale irrigation to minimize problems of 

social inequities that irrigation technologies can 
Even under the best of conditions,create (4). 


low-resource irrigation will be possible only at 

particular sites that represent a relatively small 

part of the cultivable land. Pressures, tensions, 


/and competition may develop around these 
sites for access to land, Avoiding such conflicts 
may require that local and national govern--
ments address complex and difficult land ten-
ure issues, The impact and contributions to 
women's economic activities should also be 
specifically considered. -

Several factors have appeared in recent years 

to create a promising environment for the ex-
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African governments and development

agencies are investing in it; 
the policy climate is becoming more fa

-....- the---vorablt; re-----ot 
# roduction crises in many countries are 

motivating donors, host governments, non
governmental organizations (NGOs) and 
local citizens to expand irrigation, 

s 	the increasing priority of food self-suffi
ciency encourages expansion; 

* 	 the international research community has-C 
recently launched a series of research pro
grams on it; and 

* 	 it is well-suited to diffusion through NGOs 
(84). 

Much agreement exists among African gov
ernments and development agencies over the, 
necessity of developing the irrigation sector, 
The nature of this development is less clear, 
however. Many African nations envision new, 
large-scale irrigation projects (62). Yet, these 
types of projects are proportionately more 
costly and are associated with numerous health, 
environnlen l, and social problems (C3,77). A 
growing consensus places increased emphasis 
on small-scale projects. However, development 
assistance has not given high priority to these 
low-cost irrigation technologies (84). The chief 
reasons are their locale-specific applicability 
and requirements and the high cost of admin
istering the project relative to he other project 
costs and economic benefits. 

NGOs have an important role to play in the 
diffusion of low-resource irrigation technol
ogies and can serve as intermediaries for AID 
and other large development agencies, NGOs 
are interested in, and well-suited to, assisting 
in the design and implementation of low-re
source irrigation projects. Technical expertise 
varies greatly among NGOs, however, and 
many could benefit from technical assistance 
and support from the major development agen
cies (84). 

The potential for expanding low-resource ir
..... so rdt atibnsy
pansion.of low-resource irrigation:::i~:, ;-, rigation systems in Africa stems in large 

http:pansion.of
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ure from the user's ability to retain indepenid- aversion and long-term sustainability ofonce and flexibility in operating them. Keeping production.the costs of developing, operating, and rain- Technical: More needs to be known abouttaining the systems low is essentiaIAn- his ~r~igroundwaterhydrology and-surface w'ater----rexpandingthpotnial of low- resources, including salinity levels andresource irrigation technologies should enable recharge rates. France's Office of Overseasadaptations to meet a diversity of conditions. Scientific and Technical Research (OR-This may mean devoting as much attention to STOM, by its French acronym) carried Outhuman resource development as to construc- a series of hydrological studies in the Chadtion activities themselves. portion of the Lake Chad basin in the late 
Although small-scale irrigation is inexpensiveAand 1960s and early 1970s. The U.S. Coastallocally, it will require significant levels of fund. 

Geodetic Survey performed similar research in the mid-,96s in the NigerianIng to reach its potential on a broad scale. The part of the basin. But reliable hydrologirough estimate provided by FAO for develop- cal data are unavailable for much of Africa.ment of irrigation, large- and small-scale, calls Extension of low-resource irrigation willfor "US$475 million per year, or a total of $12 have to be pursued cautiously in the abbillion through year 2010, while incremental
operating costs of irrigation would amount to sence of information on water supplies.an additional US$130 million" (77). Initiation Training and Extension Servicesof rural credit programs to underwrite individuals and groups to implement irrigation schemes Beyond the lack of knowledge and technicalis an important additional cost. Resources also training in groundwater hydrology, the potentialwill have to be allocated for research, training, of irrigation technology suffers from a shortage
extension, and policy support if small-scale ir-
irigation is to have 

of Africans trained in agricultural engineering.a large, beneficial ;mpact. Villages, small groups, and private individuals 
without this expertise will find it difficult toResearchtion~ 

systems.
 
Some research is underway. For example, the tin sss.
 

Club du Sahel is launching a study to update 


Research .obtain assistance in laying out efficient irriga-

Training is also needed to help develop newits research of almost a decade ago on irriga- or modified low-cost technologies to increase
 
tion in the Sahel, and this will treat low-resource the performance of jw-resource irrigation sysigationfor the first time, Funding levels will tems. For example, this could include ways todetermine how quickly these other important increase the efficiency of using the shaddouf,topics will be addressed:

"" <" .... or low cost ways to reduce water infiltration~~~~~~in!canals.......... 
 . ........ ...... :
Ie:. Farming Systems Research: To encourage Resarcer a funding also awider adoption of low-resourceigation Researchers and fundin nalso are neede totechnology, studies are needed of the role develop baseline data on the evolution of theseof irrigation in farming systems, Too often, technologies and to estimcie their potential withstudies are done on the management of ir- increased confidence.
rigation systems, but not on the relation Most African extension services are poorlyof this activity to other agricultural and prepared to mobilize local groups to design,non-farm activities. Such research could 'build, operate, and maintain low-resource irbe a precondition for the design and Imple rigation schemes, Extension personnel, in genmentation of an irrigation scheme. Farm- eral, have not been trained to see low-resourceing system studies coild catalog local re- irrigation as a system with complex relationssources, give a socioeconomic profile of to other aspects of souioeconomic life. For oxbeneficiaries, and evaluate their strategies ample, extension stalf commonly have narrow 

ies oad ma no 

7 
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2'in community organization. Yet, in principle, *Problems or' land title and tenure can be 
extension services would be the key link be- serious constraints inhibiting the growth 
tween irrigation planners and organized groups of small-scale irrigation (84). Without se

Q~h~cure land tenure, farmers are unwilling to 
make necessary investments to develop 

PoO~Ily Reform and maintain irrigation systems. Changes 

Several areas of government policy, in par- in l tenure regims, hoe, should 
account for those shifting cultivators and

ticular, tax policy, land tenure issues, and de-
on private versus parastatal control, pastoralists dependent on traditional or

cisions 
communal systems of property rights. Sim

have major effects on irrigation. Issues forAfri-
can 	 Afr.- ilarly, provisions could be made to dis

an.governments include: courage land speculation that displaces 
Ensuring that inputs needed to foster irri- poor farmers or herders in the wake of in
gation and agricultural intensification are creasing land values resulting from irriga
not so heavily taxed that they become un- tion projects. 
affordable. Many African governments * Improving the efficiency of many parasta
now are concluding that it is counterpro- tal organizations or backing privatization 
ductive to heavily tax imports that support efforts to transfer control from pnrastatal 
food production. However, many need sup- organizations to local organizations and 
port in analyzing their tax policy for its ef- other users. Many low-resource systems in 
fects on the extension of low-resource ir- Niger, Mali, Sudan, and elsewhere are ex
rigation. cellent candidates for privatization (84). 
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Varlos'Typos of lEtercropplg Table 8-!.-Examples of Common lntercrops in the 
Agroecological Zones in Sub-Saharan Africa 

Intercropping, as discussed in this chapter,
 
is the growing of two or more crop species or Zone Crop mix
sam e_" + - - + 	 '
.:'-arie e+s simuidta-_-ne--+. .y field. U hisi :-or+-::7::,'dd. e-r--: : L :' ilelog u .. . ... in the a d.. . : +:+.m~ L sorrhum~cowpeaa........' +---Tieessmlinosyithsaefld(TiLja 	 Arid and semiarid millet/sorghum 
can i-lu e agroforestryte use of trees in 
nter ro ,,ich. discussed in thefolow-.tecops, which isis discussedin te olUloUw-

ing section). Various types of intercropping sys-
tems exist: 

J 	Mixed intercroppin:a variety of crops are p:lanted with no d 	 c rw a 
planted with no distinct row arrangement.


* Row interr-ropping:crops are planted in'hros,ei :r'; r~~rSI- . ..,, ,, A t? . - i+ 
rows, either adjacent rows of different 
crops, or mixed withn the row.copsl o mixed witnin tB.. 

* 	Stripcropping: several rows of a crop are 
grown-'-- together.. forming a strip.u ,.oStrips, each;i o "o. ..""=b ze,9ll

having a different crop or variety, are wi 

re wide 
enough to permit independent cultivation, 
but close enough to interact agronomically. 

* Rely tercrppng,growing two or more 
.y i roKterroppng:crops simultaneously during part of the life 

cycle of each. A second crop is planted af-

ter the first crop has reached its reproduc
tive stage of growth but before it is ready 
for harvest. If crops are planted succes-
sively in the same year, but with no signif
icant overlap in time, the system is called 
sequential cropping (7). 

Food and export crops are grown as inter-
crops throughout all agroecological zones of 
Africa (table 8-1). National statistics rarely iden-
tify the production system, but studies clearly 
indicate that intercropping accounts for the 
majority of Africa's agricultural production (ta-
ble 8-2). 

In arid areas, two or three species commonly 
are mixed, but in wetter zones the systems be-
come increasingly more diverse (47). The diver-
sity of crops produced in the humid lowlands 
is illustrated in Zaire, where farmers sonetimes 
grow 80 v,.rieties of 30 different species, In one 
study, this included 27 varieties of banana and 
plantain and 22 varieties of yams and other root 
crops (13). In another example, Nigerian farm-
ers designed a system of mounds which allowed 
them to plant crops with differing soil mois-

:' +.r+ " ,'.." k ' ... 1 


,
 
'Subhumid uplands maize or sorghumlbeans or€ ,-cowpea 

rlcelcassava 
Humid lowlands root cropslmaize/food
 

legumeslperennlal crops
 
Tropical and subtropical 	 maize or sorghum/beans or 

highlands 	 other food legumes

bananas/coffee
 

+ SOURCES: Dayld J1.Andrews, "lntercropp inInlow-Resource Agrculture InAfi."c a," co ntrac t o r rep ort prepared for the O ff ice of Tec h nlo ogy As s e ss- , r 

ment (Springfield,VA: National'Technical Information Service,
Deember.1967), . ...

Okbo and DJ. Greenland. "Intercropping Systems inTropical 
Afnca Multiple Cropping R.I, Papenrick, P.A. Sanchez, and G.B. 
Trplett Amercan SocietyofAgronomy Publ. No 27 (Madison,Wl: Amerca Society of Agronomy, 1976), pp. 63+01; -
D.R. Harris, "Traditional Systems of Plant Food Production and the 

,gins of Agriculture InWest Afica,"OriginsofAfrican PlantDones. 
licaton, J.R. Harlan, J.M.J. De Wet; and A.BL Stemler (eds.) (Mou. 

' haries Francis (ed.), Multiple CopplngSysftems (New Yor, NY: Ma-
Ailian Publishing Co,, 	 .d,);
G.Stiner, Infercropping In Tropical SmallholderAgriculture with

Secil_Reference to WetlAfria, Deutsche GeseIlschaft fur Tech. 
nische Zusammenarbelt (GT), eonn,West Germany, 1982. 

ture requirements and thus greatly diversify 
their production (figure 8-1). 

Bimfits Of Imterroopplg 

*odiuc- isk and Improves 
Productin Stability 

A principal reason why farmers have adopted 
intercropping is that it reduces risk, i.e., it in
creases the reliability or stability of production 
(1,16,30,36,41). Millet, for example, is less sus
ceptible to drought than sorghum, with which 
it is often intercroptied. The two crops also dif
fer in their susceptibility to diseases, pests, and 
weeds. Thus, growing both increases the likeli
hood that there will be some harvest regard
less of the damage of that season's pests or 
weather. If one crop dies, the remaining crop 
can help compensate for the loss by using some 
of the water and other resources that become 
available. Moreover, since different species 
usually are not planted at the same time, the 
farmer can compensate for the failure of the 
first crop by increasing the density of subse
quent crops. 

+ ,, 	 . .p ( + -


T/ +", . ( "r:',+ 'r: ,'.+[ . +: 	::" :r , . + t," " ' : , : ' ... , . rt'" +J + 
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Table 8.2.-Intercropping of Cereals In Africa (percent Intercropped) 

,ereal 

vaize........................ 

Aiilet ...... .................. 


iorghumn.................... 

iA-not available

Ghana- Ivory Coast Nigeria Sierra Leone Uganda 
84 
87 

80 
81 

76 
90 

NA 
NA 

84 
NA 

95 72 80 NA 46 
OURCES: Davl J,Andrews "lntercropplng in Low.Resource Agrictlture InAfrica." contractor report prepared for the Office of Technology Assessrmint (Springfield,

VA: National Technical Information Service, December 987).
M,Rao, "Cereals In Multiple Cropplng,* Multiple Croppkng Systems, Charles Francis, (ad.) (New York, NY: Collier Macmittan, 1986).D.S.C. Spencer, "Rice Production and Marketing InSlerre Leone," I.M.Ofori (ed.) Factors of Agricultural Growth inWest Africa, Procedure of Internal Confer. 
ence, Accra, Ghana, 1973. 

Figure 8-1.-Growing Thirteen Crop Species on 

and Between Raised Mounds in Nigeria 


Ca R 
R D22 R R 

R.Ca R 
- 6 ~15 

Pk.W ~ , D4O V' 
R,4 R 'cies 

-resources 

2 	 ' 

D2 	 'of

bD3: 

M 

R 1a 

00 0.6 1.2 1.8 2.4 3.0 
Distance, m 

Ca-Cassava Pk-Pumpkin 
G-Groundnut R-Rice 
L-Lagenarla D1-Dloscorea rotundata 
Pp-Pigeon pea D2-D. aiata 
V-Voandzela D3-D. bulbifera 
Cu-Melon D4-D. cayenensis
M-Maize 

URCE: 	8. Oklgbo and C. Greenland, "tnercropping Systems in Tropical
Agriculture," Multiple Cropping, R.Papendick, P. Sanchez, and G.

(ds.)
TrplettAmerican Society of AgronomySpecial Publication Num. 
63.101, 	 Society Agronomy 1976) 

Increases Yields Per Unit of Land by
More Efficiently Using Natural 
Resources 

Intercropping also provides yield benefits 
over monocropping, usually measured as nu
tritional or economic gains, that can average 

to 20 percent or in some cases more (51). 
One explanation for increased yields is that spe

and varieties differ to some extent in the 

that they need and how they obtain 
them (23). Differences among crops in their 
shoot and root geometry can allow mixtures 

crops to exploit more of their environment
than is possible in monocropping (48). 

Competition between crops in the same field 
can have a negative impact on production but 
this problem is reduced when the selected 
plants differ in their life cycles and critical 
growth periods. For example, pearl millet and 

traditional cowpea variety are often inter
cropped in the West African Sahel. Millet is 
planted with the first rains, and cowpeas 
planted only when the millet is well established.
As a result, cowpeas offer little competition to 
the millet. The cowpeas are at first suppressed
by the millet but this is of little consequence 
since cowpeas can only begin to flower after 
the rains end. By then, the millet is ready to
harvest. The cowpeas continue to grow and 

flower after millet harvest so long as stored soil 
moisture is available. If rainfall is below aver
age, cowpea pod yields will be low, but there 
will be hay for animals. In good rainfall years, 
the system has the flexibility to use the extra 
moisture efficiently with repeated harvests of 



cowpeas. Thus, the total growing season, whether 
short or long, is used more fully. 

Intercrops containing legumes can help re-
store nitrogen to the soil. Unless the legume 

-is-earliemniaturing than the cereal there is no 
immediate transfer of fixed nitrogen from the 
legume to the cereal, but there is the beneficial 
residual effect of the legume on the next year's 
cereal crop. Legumes grown alone would also 
be able to add nitrogen to the soil, but the higher 
risk of increased damage by pests and disease 
can prohibit resource-poor farmers from rais-
ing them as monocrops. 

Increases Returns to Labor and 
Spreads Labor Requirements, Thereby 
Reducing Labor Bottlenecks 

Another important advantage of intercrop-

ping is that it reduces labor bottlenecks and 

gives a higher return on the labor invested (35). 
Labor requirements are spread out because 
planting, weeding, and harvesting schedules 
are different for each crop. -

Reduces Erosion and Runoff 
Intercrops can reduce water runoff and soil 

erosion where they provide more continuous 
coverage of the soil than occurs in monocrop'
ping Also the deeper layers 'if vegetation can---
reduce the impact of heavy rains and allow 
mote water to infiltrate the soil (28,45). In one 
study, intercropping maize in cassava on a 15 
percent slope reduced runoff and soil erosion 
relative to cassava alone by 38 percent (2). Wind
induced soil erosion and damage also can be 

reduced with intercrops. For example, on sandy 
soils in western Sudan sesame is planted with 
sorghum or millet when the cereals are large 

enough to shield the sesame seedlings from 

abrasion by windb6,ne sand. 
High Adoption Potential of

ofi povements 
l 

The long history and widespread acceptance 
of intercropping by resource-poor farmers 
makes it an excellent candidate for develop- 

ment assistance. Unlike many other technol-
F m n p a ogies, the potential of intercropping can be real-

Furthermore, intercropping can reduce weed 
problems (6,13,20). In Nigeria, for example, a 
native legume has been intercropped with 

maize to suppress weeds. Since farmers in this 
pmarte o Afpra deted Sinefar mter ti 
part of Africa devote nearly half of their time 
to weeding and the amount of land a family 
can cultivate is normally controlled by how 

much family members can weed, intercropping 

can Ibe very advantageous (3,21,35). 

Improves Control of Diseases and 
Insects 

.Intercropped crops typically suffer less in-
sect and disease loss than monocropped ones 
(5). Pest populations remain lower and they in-
flict less damage in intercropped systems (9, 
43) (table 8-3). One reason for this is that the 
diverse crop environment provi les shelter and 
necessary food sources for predators and par-
asites of the pest insects (42). In addition, pests 
and diseases damaging one crop may not be 
able to survive on other crops and intercrop-
ping decreases the number of plants on which 

they can live and makes those plants harder to 
find. 

ized without many of the typical constraints 
involved in transferring technology from the 

,
r 
research station to the farmer. Perhaps the 
strongest argument for improving existing in
tercropping practices rather than trying to sub
stitute monocrops is that all interventions

e.g., new varieties, fertilizer, pest and disease 

management, animal traction-have a good
chance of success when they build on an al
ready familiar base (17). 

Reaearch Needs and Constraints 

for Intercropplng 
Despite increased attention to intercropping 

over the last 20 years, it remains inadequately 
researched. Currently, only an estimated 10 per
cent of AID's research and extension efforts 
in agriculture involve intercropping (12). The 
knowledge base, research investment, and ex
tension er orts for intercropping are insufficient 
given its prevalence and, importance to food 
production as compared to monocropping
P 

The low level of attention and funding de-, 
rives from the negative attitudes concerning in
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Table 8-3.-Possible Effects f Ilntercropping on Insect Pest Populations 

actor Expianatlon 
terforence with host.seeking behavior: 
amouflage A host plant may be protected from insect 

" - pests by the physical presence of other_ 

'op background 

asking or dilution of 
attractant stimuli 

)pellent chemical stimuli 

--oerlapping-pat. 

Certain pests prefer a crop background of a 
particular color and/or texure, 

Presence of nonhost plants can mask or 
dilute the attractant stimuli of host plants
leading to a breakdown of orientation, 
feeding, and reproduction processes. 

Aromatic odors of certain plants can disrupt 
host-finding behavior, 

ferference with population development and su.vival. 
achanical barriers Companion crops can block the dispersal of pests across the Intercrop. Restricted 

dispersal can also result from mixing resistant and susceptible cultivars of one crop, 
ick of arrestant stimuli The presence of different host and nonhost plants in a field may affect co!onization by

pests. If a pest descends on a nonhost it may leave the plot more quickly than If it 
descends on a host plant. 

[croclimatic Influences In an intercropping system favorable aspects of microclimate conditions are hlghly
fractioned, therefore insects may experience difficulty in locating and remaining in 
suitable microhabitats. Shade derived from denser canopies may affect feeding of 
certain insect: and/or increase relative humidity which may favor entomophagous
fungi which feed on pests. 

otic influences Crop mixtures may enhance natural enemy complexes leading to a greater abundance 
of natural enemies of pests in intercropping than in monocropping.

uRCE: Compiled by M.Altieri ard M,Liebmmvn, "Insect, Weed, and Plant Disease Management InMultiple Cropping Systems," Multiple Cropping System1s, Charles 
Franclsied ) (Neov Yo"%, 141: Macmillarn PNblishng Co., 1986), p.188, Daa from V.Hasse and JA. LitsInger.,"ihe influence of Vegetational Olversiiy cn Host 
Finding and Larva, Survivorship of the Asian Corn Borer, Osriuia furnacalis,-IIRIt Saturday Seminar, Entomolony Department, Internatlonal Rice riosearch 
institute (IRRI), Los anos, Philippies, 1981. 

rcropping and the difficulty in researching 
Negative attitude include the belief that in-
rcropping is a primitive technology and the 
tion that intercropping can only absorb tech-

cal changes specifically researched for it. 
ich attitudes are inconsistent with research 
sults however. A number of areas exist where 
tercropping can benifit from research de-
:ned for monocrops. For example, thr, re-
onses of cereals to low levels of fertilizers 
e similar whether they are monocropped or 
tercropped. Row intercrops can also make 
e of advances in monocropping in such 
alms as new plant varieties, fertilizer and pes-
:ide applications,..... and animal traction,:.main . . 

Research on intercropplng can encounter 
iique difficulties. In some cases this is sim-
Va function of having been neglected. Inter-
opping is a reiatively new research area and, 

Example .:.. 

Bean seedlings camouflaged by 
standing rice stubble helps limitlraefo b an is' 

Aphids, flea beetle, and Pieris rapae 
are more attracted to crops, (e.g.,
cabbage) with a background of bare 
soil than to plants with a weedy 
background. 

Phyllotreta cruciferae (flea beetle) can 
b3 diverted from collards to 
intercropped wild mustard. 

Grass borders repel leafhoppers in 
beans. 

therefore, a smaller knowledge base exists. In 
other cases it is more a function of understand
ing the complexity of intercropping and the 
multiple interactions of crop species. Address
ing this complexity is difficult because the 
majority of plant interactions probably takes 
place below ground. The complexity is further 
increased as specific types of intercrops are 
often adjusted to meet social needs (e.g., labor 
constraints), therefore, efforts to understand in
tercropping as an agricultural system must also 
draw on social science research. 

Aslng as the majrity ffarms remain small, 
prAducion per m it of am r i ll, 
p din prnt and llor ill reimportant and will favor thle retention ;mnd 

improvement of intercropping. Specific inter
crop combinations (though not the practice of 
intercropping itself) are relatively site-specific, 
Thus', improvements must necessijrily come 
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from research at the farm level. Areas for site- weeding, transportation, and manure pro
research include: determining opti- duction.p It willespecificlead to an emphasis on row 

mum plant densities, crop combinations, and cropping. Other problems associated with 
relative planting dates, and the best means to the incorporation of animals into farming
provide plant nutrition through use of organic systems also will have to be resolved (see---an i norganic-fertilizer,- c . ........................ ..... .... 

lNotwithstanding theneed to emphasize lo- * Basic research: Apart from on-farm re
research, the following gneral research search designed to give results for quick

alresarc theofoowng gentherproeeh use by extension services, a need exists to 
areas are also important to: the improvement understand more.clearly how intercrop
,ofintercropping, ping works-what is the nature of compe-

Testing improved varieties for intercrop- tition between species over the season, and 
ping: Although the best approach would what are the long-term environmental ef
be to breed varieties specificaly for an in- fects. An important research need is to un
tercrop situation, this is a long-term solu- derstand competition for soil moisture and 
tion (12). For now, improvements can be plant nutrients and resultant soil changes.
achieved by testing and selecting for the Support could be given to institutions ca
best combinations from the existing range pable of using advanced research technol
of varieties (52). ogies such as neutron probes and isotope

@Incorporatinganimaltractionwith inter- labeled fertilizers needed to study below
cropping:This is important for ciltivation, ground interactions (7). 
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~n hedgerowsto mark,field or gardn boundaries, to control livestock moveent, andt 
to produce fuelwood and building material when they are pruned (53). Also, trees and
shrubs can be planted on contour lines on sloping fields as a soil and water conservation 
practie. Linear plantings commonly are sited along roads, trails, and waterways (18). 

Sadditionto these..... wh.to higher andmore stable cropY ld p ause.--.
7fimprovemoentisifland water use, trees in agroforestry systems supply several products

to resource-poor farmers and herders, An important product for livestock production is fod
; der. The protein-rich prunings can improve animal nutrition, which is considered a major

constraint to improving the health of African livestock (see ch.11), Agroforestry can supply
numerous other products that may be consumed directly by a household or sold to generate
income (18,53). 

Agroforestry's contribution to the food security of resource-poor farmers and herders can
be improved substantially. Development assistance for efforts to integrate ageiculture, for
estry, and livestock will be essential if this is to occur. Agroforestry programs have shown 
enough success to justify expanding such efforts. Key factors contributing to the potential
importance of Ggroforestry systems are: 1) they fit well into existing African farming sys
tems, 2)they meet numerous needs of resource-poor farmers and herders, and 3) these tech
niques are less capital-intensive than many other teclhnologies. 

The Role and Nature of 

Agroforestry 


Agrofolestiy systems c:a,) help alleviatle tl
of the most imporhnt constraints in African 
agriculture-low-fertility soils: inisufficient, or-
ratic water availability; and lack ot aninial fd-
der. Leaves from trees and shrubs, and to a 
lesser extent branches and roots, increase soil 
organic matter as they decompose. This organic 
matter improves soil structure, soil fertility, and 
soil water-holding capacity. The deep root sys-
tems of trees enable them to use nutrients ill 
the deep soil layers, Some of these nutrients 
have leached down from the topsoil, a tur 
lem that is especially severe in degraded soils. 
The recycling mechanism of trees and shrubs 
brings these nutrients back to the soil surfac:e 
where they again can become available to shal-
low-rooted annual crops; {34,50). 

Trees and shrubs used in windbreaks can in-
crease water availability by reducing wind and 
thereby reducing evapotranspiration. Also, 
their vegetative canopies reduce the impact f 
heavy rainfalls, cut un-off, and thus increase 
infiltration of water into the soil. Also, more 
water remains available for plant growth be" 
cause the shade provided by trees lowers soit 
temperature, which in turn acts to slow decomn-
position of oganic matter (32). 

;3y irnrv\,ing soils and increasing water 
iivaiilabil ity, ag,,ofo(restry systems c(onlributh to
higher and more stable yields of crolis and for
age. Tree and shrub pruhnings also contribute
to liveslock nutrition. Since poor nutrition is 
considered a inai,.,r constraint to improving ani
14i heallh, the protein-rich browse possible
from agroforestry is all iInportant considera
tion i lpromoting its tuse. 

Agroforestry systems provide many of the 
products resource-poor farmers and herders 
formerINl obtained from forests: firewood and 
charcoal; )osts, poles, and construction wood; 
fruits, nuts and edible leaves; fiber for mats,
biketsn andropes; and plant materials for 
nwdicies, dyes, and cosmetics(18,53). These 
goods may either be used by the household or 
sold. These benefits of agroforestry will (on
tinue iogrow in importance as remaining for

ested areas of Africa continue to succumb to 
hunman lopulatiol pressures. 

Dispersed FioIdTroe Interropping 

Dispersed field-tree intercropping is the sec
ond most widely practiced general agrofores
try lechnique in Africa, (Traditional shifting
agriculture that relies on trees to restore soil 
fertility, is the most common.) Numerous vary

76-57 0 - 88- 6 : 0, 3 
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ations exist on the mixture of species and the 
patferns in which they are planted. 

hepractice is used extensively by restinuously
pyepracice is usedextensely byresource-

oorfarmers in Semiarid regions, particularly 
hi West Africa, "farm trees" are grown within:-andadlacentto- crop felds. Wen na tuIral re--...

generation is relied on, the trees appear to have 
a random arrangement. When clearing the bush 
for a new field, certain species are preserved. 
These most commonly are food-produci, g trees 
(fruits, nuts, leaves, etc.) such as the shea tree 
(Butyrosperinumparkii)or the locust bean (Par-
kia biglobosa).Such savanna species, however, 
commonly do not regenerate well under natu-
ral field conditions (18). 

Acacia albida is a particularly beneficial tree 
used widely in the semiarid areas of the Sahel. 
The most unusual feature of this nitrogen-fixing 
tree is that it loses its leaves during the rainy 
season, making it possible to raise crops, such 
as sorghum and millet, directly under the can-
opy of the tree with little competition for light. 
Crop yields are much higher under the tree than 
outside the canopy (table 8-4). 

Acacia albidaalso benefits livestock produc-
tion. Its pods and leaves provide more fodder 

per unit weight than meadow hay, rice straw, 
or groundnut tops (11), and Acacia fodder is 
produced during the dry season when annual eis 
grasses have disappeared (32). In addition, live-
stock concentrate near the trees and their ma-
stork furtenrtenrhes the treso anm nure further enriches the soil (32). 

Where the proper balance has existed be
tween Acacia albida,crops, and livestock, the 
system has been able to support several times, 

Table 8.4.-Grain Yields Under the Crown of 

Acacia albida Compared to Grain Yields
 
Outside the Crowns (kilograms per hectare)
 

Yield without Yield with 
Grain Acacia albida Acacia albldab 
Millet.. 810 1,110 
Millet ........... 457 934 
Millet ........... 820 1,250J 
Sorghum ........ 457 934 
aData Is from Senegal and Burkina Faso. 
bl'wentyflve to forty mature trees per hectare. 

SOURCE: Michael McGahuey, Impact of Forestry Initiatives In the Sahel: Effect 


of Acacia aibida on Millet Production in Chad (Washington, DC. 
Chemonlc5 International, January 1986). 

the average human population for Saf(elian 
West Afric1 (39). For instance, millet was con

.ropped in Sudan for 15 to 20 years
in association with Acacia albida, compared 
to only 3 to 5 years without the tree (32). 

Ntrlrgnrhno7cca racaa" 

has declined over the past 20 to 30 years bo
cause of extended drought and grazing pres
sures. Few Acacia Aida still exist in areas re
cently cleared for farming, but their number 
is slowly increasing in existing farm fields be
cause some farmers are protecting the seed
lings. It may take about 10 years before the new 
trees have much effect on crop yields, but the 
benefits last the remaining 70 to 90 years of the 
trees' lifespan (25). Even on old fields where 
the tree is common, the tree cover is often far 
below that which would give optimum yields 
(18). 

The list of'useful trees, however, does not end 
with Acacia albiba. For example, one investi
gation of trees and shrubs in the Sahel identi
fies some 114 multipurpose species. The use 
of Balanitesaegyptica in agrosilvopastoral sys
tems (i.e., that combine crops, trees, and live
stock),temns,, or Acacia senegaltwo in bushexamplesfallow sysprovides more of 

traditional production systems that integrate 
treestio8a. podu c tion fatrte 
tsees (38). However, a combination of factorscontributing to the decline of manyspecies,' 

i uting to th dcie oay pis
inldn pce that have historicallyr pro
vided food during recurrent and critical foodshortage periods, or products for local use and 

, 

1 M IN 

Photo credit: Mike McGahuey 

The millet growing under this Acacia tree In Chad Is 
denser, taller, and greener than that in the foreground
because Acacia Increases soil fertility and water avail. 

ability for the Intercropped cereal. 
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.trade (44) Indigenous information on use of however (19). Of par~licular interest is the evi
<these resources is also being lost. dence of farmer adaptation and experimenta

tion with introduced iigroforestry systems, sug-

Aliey Cropping gesting the ability to t!ailor systems to variable 
-\ Alleygroppi giamoder groresry tech- circumstances and needs (37). 

n.lique developed from well-established tradi- Alley cropping probably will find its great
tional practices. Its precursor, the bush fallow est acceptance in areas where land scarcity is 
system of shifting agriculture, is an indigenous the most acute, that is, where shifting agricul
form of agroforestry that has been practiced ture is no longer possible. It will require adapt
for centuries. Fields were cropped for several ive research for the seasonally humid and high
years followed by an extended woody fallow land areas and major modifications before it 
when deep-rooted trees and shrubs played a key can be used in the semiarid zone where water 
role in restoring soil fertility. In the past, with competition between trees and crops would be 
low human pcpulation levels and land freely a constraint. Furthermore, none of the species 
available, this represented an ecologically used for alley cropping in the humid zone seem 
sound system of subsistence agriculture. Today, suitable for the non-irrigated semiarid zone, and 
however, few areas remain where the popula- likely alternatives are not readily apparent. This 
tion/land balance permits land to be loft fallow is especially true for hardy, fast-growing 
for the necessary 15 to 30 y3ars to restore fer- nitrogen-fixers (18). 
tility. 

Scientists at the International Institute of Windbreaks (or Sheiterbelts) 
Tropical Agriculture (IITA) incorporated the Windbreaks are uniform rows of trees planted 
desirable features of bush fallow into a conti.nu- in fields perpendicular to the prevailing winds 
ously productive farming system for the humid to reduce evapotranspiration, soil erosion, and 
tropics. Rows of nitrogen-fixing trees or shrubs, wind-induced crop damage, Windbreaks are a 
such as Leucaena, Gliricidia, and Calliandra, virtually unknown practice in traditional low
are planted 2 to 4 meters apart, and the space resource agriculture in Africa, but are receiv
between is planted in an annual crop like maize. ing some attention among the development 
The shrubs are pruned frequently, with the agencies. The Majjia Valley Windbreak Project 
trimmings used as mulch, fodder, or fuelwood. in Niger is one of the most successful projects 
Yields of maize stabilized at about 2 tons/ha af- in the Sahel. The project, begun in 1975 with 
ter 6 years of continuous alley cropping; with- the assistance of the private voluntary organiza
out alley cropping, the yield was no more than tion CARE, has established about 350 kilome
one-half ton/ha (24). An especially promising ters of windbreaks to protect some 3,000 hec
shrub for use on waterlogged soils is Sesbania tares of rainfed millet and sorghum fields (10). 
rostrata,native to Africa. Rice yields were in- Early evaluations of this project indicate that 
creased 55 percent with the addition of the Ses- crop yields had increased 23 percent, while a 
baniaprunings, comparable to the addition of more recent estimate is that they increased 15 
120 kg nitrogen/ha (33). percent. Both estimates take into account the 

6 percent of farmland "lost" to trees, The most
Although experimental results such as these 

indicate the technicaltefeasibility of alley crop- is that the trees are now larger, depressing crop ii!';tehnial.. . easiiliy o ally cop- likely explanation for the differing estimates 

ping, farmer acceptance and adoption is in the o:erystages ofeauto.Alley cropping isearly stgsof evlution Ale.rpigi yieiilsing forbynutrientscausing (53).more shading and compet

more labor-intensive than traditional methods 

and requires a considerable change in farming The small average field size and the need to 
practice. Farmer participation in farm trials orient the windbreaks perpendicular to prevail
organized by IITA and the International Live- ing winds makes it impractical for an individ
stock Center for Africa has been enthusiastic, ual farmer to establish windbreaks. To be suc

http:conti.nu
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cessful, a group of farmers, ideally an entire 
village as was done in the Majjia, must cooper-
ate in the effort so that windbreaks can extend 
across adjoining fields. Another constraint in 
windbreak establishment is that they need pro-
_ectionfrom livestock..Livestockinsemiarid.. 
regions usually are left to roam freely during 
the dry season. Windbreaks or other field plant-
ings dispersed over large areas are difficult to 
protect from grazing. The villagers in the Maj-
jia agreed not to allow grazing during the ap-
proximately 3 years required for the tree 
branches to grow out of the reach of livestock, 
This was enforced by guardians hired with 
project funds, Also, rights to the trees can be 
controversial; ownership of the windbreaks in 
the Majjia Valley and the distribution of wood 
products harvested from them are still un-

metal fencing (27). Fences in the semiarid re
gions formerly were made with readily avtii
able thorn bushes chopped down and arranged 
where needed. With desertification and in
creased demands on resources, thornbushes are 
increasingly-in scarce supplyi Thuslive fenc-,---... 
ing could be advantageous, especially around 
dry-season gardens which must be protected 
from free-ranging livestock Unfamiliarity with 
live fencing techniques seems to be a signifi
cant constraint in many areas. 

Other linear plantings do not necessarily have 
to be as densely planted or require as frequent 
pruning as live fencing. Encouraging the plant
ing of multipurpose trees and shrubs along field
margins oten is easily achieved because many 

farmers want to define the limits of their prop
erty clearly. Field border plantings may be a 

rsolved hyarsftedfr tproeoct's start (18).resfirst step toward more integrated (e.g., of crops, 

The Majjia Valley project started out in re-
sponse to a request for assistance from local 
villages. It began on a small scale working 
closely with forest service agents and villagers, 
The project has developed enthusiastic support 
from villagers who have seen the benefits first-
hand. Now:60 farmer-owned, private nurser
ies exist in the valley and these help respond 
to requests for assistance from surrounding vil
lages (19). Periodic partial harvesting uf the 
windbreaks could make the participating vil-
lages largely self-sufficient for their wood needs 
(18). 

Live Fencing and Other Linear 
Plantings 

Another agroforestry approach is to use trees 
or shrubs to form live fences or hedgerows to 
mark field or garden boundaries and control 
livestock movement. These also can be pruned 
to produce fuelwood and building materials 
([53). Live fencing requires a large number of 
closely spaced plants and frequent pruning. The 
use of live fencing varies greatly between re-
gions. In some places it is almost unknown, yet 
in the Fouta Djalon Highlands in Guinea there 
is a social caste who make their living estab-
lishing live fencing (18). 

Live fencing, although labor-intensive to 
establish, provides a low-cost alternative to 

trees, and livestock) agroforestry techniques. 
A second step can be planting trees and shrubs 
on contour lines on sloping fields as a soil and 
water conservation practice. Linear plantings 
also commonly are established along roads, 
trails, and waterways (18). 

Potential for Adoption 

Agroforestry offers strong potential because 
it tends to fit well into existing African farm
ing systems and meets numerous needs of re
source-poor farmers and herders. Agrofores 
try can contribute to improved management of 
soil and water resources, leading to increased, 
more stable yields. The multiple benefits-food, 
fodder, fuelwood, building materials, and in
cone-possible from agroforestry systems also 
can reduce pressure on natural forest and graz
ing lands. 

Agroforestry techniques are rarely capitial
intensive compared to many other technologies, 
thus encouraging farmer and herder expri 
mentation and adoption. If seedlings are pro
vided by a service or project, the main inputs 
from the farmer or:herder is labor. An impor
tant fringe benefit of agroforestry development 
is that by increasing soil organic matter it en
hances effectiveness and reduces potential 
waste in commercial fertilizer applications. 
Most tropical soils are characterized by highly 
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!i: Lve fencing protects gardens and prevents the deforestation that arose from cutting thorn bushes fo fences, :" 

oxidized, low acvity clays that are unable to . 

bind nutrients in a form usable to tie plants,
The addition of organic matter to the soil im-
proves its ability to retain fertilizers until crops 

.,.can make use of them. 
.:., . , . . , , : ,-: .trie

' N ew ly dev elo ped , sy nth etic, w ate r-abso rbing,-
po ym r .ied to i . a w a e -a rb nappl:, .os 
laoyer athe tzon may watroorben-
istrumnnta n afrsttionaefforvts priualy, 

' in-th.,e ard . z .... ex erme ",ti.m-a con-vn 
ductedrin Sudla, the nervivalperidoetscon-

dlings was increased fivefold when polymers,
a,!!ble to hold 400 timaes their weight in water, 
were used in the soil mxueThprsnsr-Problerns 
ival rate for tree seedlings in Sudan is no more 
than 50 percen t and in Ethiop ia the perform - 

ne is en worse, with only 15 percent sur-
vial r~ecorded among 500 inillion seedlings. At-
a oto 4t 2c nsp rte ,t en wt c 
iue could ibe :a cost-effective wa'y of ira-
prving afforestationi efforts (8),: . :: ',' 

Despite its promise, development assistance 

agencies have become interested irn agrofores- .;i: 
try only recently. PVOs, and CARE in particu-:: 
ar, have been innovators in agroforestry. CARE'

has 13 agroforestry projects in 11 African coun-i 
s {(2 6). Fe w projec ts are a s m u ch a s 10 yea rs ' . 

, -- - , • -. , . . , , : old, but these have already m ade substantial ::: .,
progress toward developing stable, sustainable" 7 
f"arming systems. It app~ear~s that developmenti 7.i 

agencies have only scratched the surface of -. .; 
agroforestry's potential forimprovin the lot : I 

of' th rsuc-orariculturalist in Africa. :.: 
• .. . - .,.: 

. . 
and Apoce 

::":; :'::)i ) 

Inerin;Aiclu"-oet i : .::i 
.nog a t n. . . . i ul u o. o.,.o. . ry , . 

and Li.vestock'" -: 
: One of the mo~st serious obstacles to promot--.;i! 

i gagroforestry as a sustainable landuse sys-; :item is institutional. The fact that: agricultural 
educiation and adinistr~ation typical are ' 'ur-" 
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suei!d along narrow disciplinary lines creates 
fundamental problems for agroforestry-byde.f-

:inition an integrated production system requir 
ing interdisciplinary research, In simplest 
terms, the dilemma this creates can be charac- . 

kterized-the-following-.way: -

Agroforestry is institutionally considerud a 
sub-division of forestry. Forestry institations 
deal with forestry and forest land. The major 
potential of agroforestry lies in the integration 
of trees into agricultural and pastoral lands. 
The development of these lands is the mandate 
of agricultural institutions. Agricultural insti-
tutions are not mandated to deal with agro-

t (9 

Even forestry departments have until recently 

shown considerable reluctance in promoting 
agroforestry. Foresters now seem more willing 
to support agroforestry, realizing that farmers 
faced with insufficient crop yields will not de-
vote land and energies to tree plantations solely 
for firewood production. Those few projects 
such Pro 
that have involved tree planting on farmers' 

-fieds~t inceasecropyiels hae enoyed
fields to increase crop yields have enjoyed 
much greater success than projects that have 
just emphasized maxdmizing wood volume/ha/ 
year. 

The agriculture, livestock, and forestry serv-
ices of most African governments are as 
strongly separated among disciplines as, and 

..in part because they reflect, their Western coun-
try counterparts (531. The need to improve in-

*tegration of these agricultural activities is par-
ticulary important in the case of African 
agriculture. Such institutional changes cannot 
occur overnight, but increased integration and 
cooperation among disciplines could be 
strongly encouraged, among agr'icultural as 
well as social sciences, For example, develop-
ment assistance could ensure that participation 
by all relevant government services be negoti-
ated in the project planning stage, even though 
this may make the project administratively 
more burdensome. Funding could be provided 
for multidisciplinary agroforestry workshops 
that include foresters, agronomists, livestock 
specialists, and social scientists. 

The number of schools offering agroforesty 
courses in developed countries is increasing, 
but still is small, Probably no more than six 
universities in the United States offer instruc
tion in agroforestry, usually a single, recently 
cqi.-.created, course (46)..This shortage is paralleled 
in Africa. Development assistance agencies 
could support agroforestry courses as part of 
degree programs in tropical forestry. AID, for 
example, could provide funding to selected U.S. 
universities to develop or bolster agroforestry 

curcla Sort fr reo al o es 
schools for the different agroecological zones 
could also be promoted. 
Obstacles of Land and Tree Tenure 

Farmers rarely will plant trees, let alone pro

tect and care for them, if they have no assur
ance that they will reap the benefits. This makes 
agroforestry difficult for those farmers who lack
 
grofrerit for those farmers 

secure rights to their land. Few poor farmers 
actually hold title to the land they cultivate, as 
central governments generally claim most of 
the land. In practice, however, most of the farm
land is passed down from one generation toanother and remains under family control (18).::i 
am 

A large percentage of farmland ii some areas 
is cultivated by families who borrow or lease 
farmland. The landowner in such cases may
forbid tree planting by the tenant if local cus
tom associates tree planting with land tenure 
rights. Lack of land and tree tenure is especially 
problematic for women, who could benefit 
greatly from having an improved, more acces
sible supply of fuelwood and fodder Even 
where land tenure is well defined, land and tree 
rights may be separate. 

Communal farmland has also been the tar
get of a number of efforts to mobilize tree plant
ing efforts, but the track record of these efforts 
is not good. What belongs to the group is no 
one individual's responsibility, and the care and 
protection needed by young trees is too often 
lacking on communal lands (18). The problem 
can be particularly acute in the case of com
munal grazing areas, Development assistance 
efforts will be more successful when they take 
local land- and tree-tenure practices into ac

4nd4 local~ 4n r
treteue 


7 



~j 4 ~ 207 

count in the design of agroforestry projects. The 

72rights to use the trees need to be defined as part 
of the project design. African governments may 
need to reassess their land tenure and forestry 
legislation if agr6forestry is to r6ach its po-

ntial.... _ 

Encouraging Investment In 
Agroforestry 

The payback period varies considerably for 
different agroforestry techniques. Alley crop-
ping may start to improve yields during the first 
year or two. A live fence, if managed properly, 
may become effective in 1 or 2 years. Wind-
breaks may begin to produce results in 3 or 4 
years. Some fruit trees used for intercropping 
may begin to bear fruit in 3 years. The shorter 
the period before benefits are realized, the more 
likely farmers are to invest scarce land, labor, 
and capital in agroforestry initiatives. Thres-
hlds of investment are obviously highly varable and will depend on such factors as level 
of investentswl eqed, sucfad rs tat maylof investments required, added risks that may 

be created, how and to whom benefits are de-
rived, or previous experience with'innovation, 
A better understanding of these economic 
trade-offs from the farmers' point of view is in 
itself an important research area that could also 
help "calibrate" research priorities in experi-
ment stations to what is needed and adoptable 
by farmers. 

Other agroforestry techniques may take much 
longer to produce a return on investment. For 
example, Acacia albida intercroppping may 
yield few benefits for the first 10 years, although 
the long-term benefits may be very substantial, 
particularly in light of increasing demands be-
ing placed on the resource base. Few resource-
poor farmers have the luxury to approach in-

vestment decisions using such a long-term per

spective, however. Under such circumstances, 
supporting agencies may need to underwrite 
costs until farmers and he; dersbegin to ral
ize benefits. Expanding markets for agrofores
try goods also may provide incentivesand sup
port the sustainability of such efforts. In other 
cases, however, continued support may depend 
on more permanent forms of government in
centives or restrictions, the costs and benefits 
of which should be viewed within the context. 
of long-term national interests in sustaining the 
natural resource base. 

Support for Decentralized, Locally 
Managed Nurseries 

Most seedlings for agroforestry plantings are 
produced in central nurseries, usually in co
operation with national forest services With
out development assistance, forest services of 
many African countries are incapable of pro
ducing and distributing the quantity of see
dlings necessary for large-scaler a plantings. More],mn o 


importantly, many are not capable of helping 
large numbers of widely scattered farmers, each 
needing small-scale plantings. Even if farmers 
accept a particular agroforestry technique, it 
will do little good if they have no source for 
the required seedlings. Improving local capac
ity to produce seedlings would give farmers bet
ter control over access to desired tree species, 
and would greatly reduce the significant logisti
cal and transportation problems involved with 
centralized nurseries. A few projects have be
gun to encourage and support the creation of 
local village, school, and private nurseries. The 
CARE Koro Village Agroforestry Project in 
Mali, the AID Community Forestry Project in 
Guinea, and the Somalia Community Forestry 
Project are examples (box 8-1). 

Box 8-1.-Community Agroforestry in Somalia 

For the first time, women have become an important force in a major agroforestry project in north
west Somalia-an area hit hard by desertification and a fuelwood crisis. At least 7,000 people, includ
i1ng members of the Somali Women's Democratic Organization (SWDO), the National Range Agency 
(NRA), and local residents and refugees have learned a variety of skills that can be used in future 
development work. In addition to planting some 300,000 trees, skills have been learned for establish 

- I. establish 



ing and managing local nurseries,,collecting and analyzing data, and coordinating large communitybased reforesiation and conservation activities. Some 60,000 persons have benefited in 2 years.
Associated enterprises include producing and marketing fueiwood and growing vegetables between rows of newly planted trees. The trees fix nitrogen in the soil; protect the vegetables from windand soil erosion; and produce green manure, mulch, and firewood. The firewood provides fuel, andthe vegetables improve diets, and both will be marketed by the women. Feasibility studies are alsolooking at beekeepinglhoney production as another incoie-geonrating entarprise.because the troes-l 

The communities involved want to expand their forestry and agriculture activities. Plans for waterreservoirs and irrigation systems are underway. The Overseas Education Fund (OEF) has providedextensive training to SWDO members and NRA extension agents in program design, implementationand management, technical agroforestry, and small business management and marketing to enablethem to carry out programs in other parts of the country. Training materials have been published
for use in similar efforts in the region. 

A 	factor in the success of this project is the government of Somalia's recognition of the importance of conservation issues. This region of Somalia has suffered for many years from severe droughtand desertification caused in part by mismanagement of natural resources. Because of the scarcityof trees, supplies of the region's most important source of fuel-firewood--were very low and werefurther depleted by an influx of refugees from Ethiopia. In response to this crisis, the governmentdeveloped a 5-Year Plan (1982-86) which gives anti-desertification and forestry top priority. OEF, inturn, launched this 2-year pilot agroforestry project with funding from AID, 
The refugees are mostly women and children who came from Ethiopia. While only 43 percentof the over 500 Ethiopian refugees and Somalis hired from the local communities are women, thisis considerably more than the usual number of women engaged in paid manual labor in rural Somalia.This is probably the first time that the men 

that 
in the project have had so many female co-workers, or so many had access to training in technical and management skills. 

SOURCES: Oersei, Edatiun Fund intrnatwild. W hlhlIttin. DC., Pres'sRdeasf Dec. 11,198i; OEF I[WIerntallona] AnjualReport. Irn6: OEF InternationalFinal 
Rnport: Conmtmity) FiorIr, h R esghe4 Relit&lAreaS. 1987 
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Chapter 9 

Crop and Livestock 
Genetic Improvement 

SUMMARY 
Historically, agriculture has benefited from and relied on breeding and genetic adaptation

to improve crops and livestock. For some 10,000 years, farmers and herders have selectively
chosen offspring from those plants and animals that performed well. In time, breeding be
came a highly sophisticated science. Eventually, agriculture evolved from choosing the most
appropriate crops and animals for the environ'mjnt to altering the environment to improve
animal and plant growth and nutrition. 

Low-resource farmers and herders have developed considerable expertise in the manipu
lation of agricultural environments to enhance and stabilize plant production. These activi
tties primarily involve adapting micro-environments to their needs through such practices 
as shading, mulching, and wind protection (43). Farmers also engage in some of the steps
in plant breeding, making selections within plant varieties in order to take advantage of differing 
micro-environments (e.g., type or moisture content of soil). This process of fine-tuning vari
eties to local environments, is largely responsible for the high degree of genetic diversity
in traditional varieties and landraces (see box 9-1). 

[ Box 9-1.-Definitions of Common Breeding Terms 

Local varieties or breeds (also called traditional varieties or landraces): All varieties and breeds thatare grown today, even i] the rost isolated areas of the world, have b)enefited from continuous selec
tion by farmers and herders. Local ones, however, are considered "unimproved'- to contrast them 
to those that have been "improved" by modern scientific research. 
Improved varieties or breeds' Varieties and breeds developed through sciontific re.earch. One major
difference between improved jnd local varieties and br ods is that the former have more identifiable 
and uniform traits, whici: can be replicated monre closely
Open-pollinated improved varieties: A subset of improved ctop varieti-s distinguished from hybrids
in that the farmer is able t ) set aside some of the harvest to use as seed the following year, The tech
nique for developing these ,'arieties generally consists of bringing togelher a gone pool of varieties 
within which most of the desired traits arc ropresented, mnd upgrading the uniformity and level of 
performance of the pool by systematic selection-
Hybrids: 1vbrids are a subset of improved crop varieties that rusult from crossing separate pure lines. 
Improveniont typically are much greater than for other improved varieties, but because they do not 
retain the r superior performance in subsnquent seasons, new seeds must be bought cach year in 
contrast to open-polinated varieties. I 
HYVs: High yielding varieties are another subset of improved varieties. tI YVs are bred to respond
to increased int~uts and are typically short-stemmed, allowing them to produce more grain without 
tipping over. When crop plants fall they become more difficult to harvest and more susceptible to 
pests and diseases. IiYVs, associated with the Green Revoltion, were bred to take advantage of irri
gation and fortlier. 
Crossbreeding: Any livestock improvement system that aims to exploit the complementarity between
 
two dislinct breeds or varieties.
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Witli the advent of now agricultural technologies and inputs, the balance between adapt
ing varieties to suit the environment v. adapting environimnls to suit the varieties shfttd
 
heavily toward the latter. !iatr
greater manipulation of the environment was undertaken, such 
as wide-scale regulation of wate,', nutrients, and pest populations. The shift is best illustrated 
by the Green Revolution techinologies, where the performance of higni-yielding varieties (HYVs) 
were predicated on extensive use of irrigation, fertilizers, and pesticides. Equivalents i the 
area of livestock develop t incd td_,,trinar tervntion.-or-disease-eradication pro-. 
grams to enable higher producing breeds to survive where they previously could not, 

Disappointing results in Africa's ability to benefit from these Greer, Revolution technol
ogies has led to reexamination of strategies for increasing crop and livestock productivity
in African farming systems--in particular crop and livestock breeding. AfricP has been largely
bypassed by the Green Revolution as well as by more conventional plant apd animal breeu
ing (9,10) (table 9-1). Much of the continent has low water availability, infertile soils, and 
severe pest and disease problems. Except for restricted cases, institutional and economic 
limitations prevent the usie of the Green Revolution technology packages designed to com
pensate for these serious environmental constraints. Only about 1 percent of Africa's cereal 
farmland is used to grow high-yieiding varieties, and only about 10 percent is growing im
proved varieties (48,59). A similar situation exists for animal breeding, which hos had little 
impact on resource-poor farmers and herders in Africa. 

Breeding, however, can be expec:ted to make a major contribution to agricultural develop
ment in the future, For example, new improved crop varieties exist that can reliably increase 
yields because of their resistancf Iomaior pests and diseases. Dramatic i-ocreases in milk 
production have been made possible in some favorable regions by cros.;i r African breeds 
with exotic dairy breeds. Based on agricultural development outside of Africa, and prelimi
nary acconplishnments within Africa, research to improve crops through genetic improve
menl represents one of the best investments for enhancing low-resource agilculture. This 
is less true for livestock, however, where improved management (e.g., attention to nutrition, 
disease, and climatic stress) is a prerequisite to gains through genetic improvement (6). Goats 
and sheep, however, show considerably greater promise than cattle (33). 

Realizing the full potential lossible from genetic improvements will require changes in 
many segments of the agrico:ltural economy, such as improving incentives for farmers and 
herders to increise productio;i, and making it more cost-effective to adopt improve i vari
eties. Several necessary chinges closely related to breeding include: 

'fec !'asing the wi la ) that currentlv exists betwen on-stztion and on-larfm results, 

Tab , 1 G m:n- Y oi Per Hectare by Reg on, 1950,52 and 1980-82 

A fdc, ;'57 1044 3 



choosing appropriate breeding strategies that more closely reflect the conditions and 
potentials of low-resource farmers and herders, 
*establishing a better match between research funding for agricultural commodities and 
their importance for Africa's food security, and 

* addressing needs for improved seed multiplication and distribution,' 

Several factors restricting wider use of improved varieties, for example, poor transporta
ifirrastruc tk, ---will- -requrfe 6uire a long time toresolve. In thmeaiitime at 

fordable, immediate, and significant advances can be obtained by improving agronomic and 
livestock management practices for traditional or improved varieties (4,14,34,57). Since in
efficient practices sometimes are the limiting factors, improvements in them may outweigh 
those from plant or animal breeding. Even so, the gains resulting from the use of these im
proved practices for improved varieties typically are greater than for local varieties. 

CROP BREEDING' 

Crop breeding is the process of selecting trails 
from pat:'nt plants to produce offspring that 
are "better" ac(:ording to some predetermined 
criteria. The most important obiectives for crop 
breeding for resoiu ce-poor farmers in Africa
include: 

* higher Yielding Under farmer conditions: 
* yield stability from season to season; 
* pest and disease resistance; 
* tolerance to environmnnt:0 stress, 
* improved quality, storage, and ease of proc-

essing; and 
adaptation i r systens,
eluding intercropping. 

Breeding objectives may differ according to 
clientele. A variety used primari!y for home 
consumption (often grown lby womein) would 
probably concentiate on yield stability, storage
and processing characteristics, and nutritional 
quality. When breeding a variety for cash gen-
eration (often produced by men). it may be more 
appropriate to emphasize responsiveness to 
management and inputs, 

eserch 
breeding iml)rovements and it can require as 
much money and time as it took to develop the 

Mainenace s ncesary toone-fifth 

This material on crop breeding is based primarily oi ( i A 
contractor reports preparel by Il)avid Andrews, IniversityI , 
of Nebraska, lIncoln. NE, Fred R. Miller and John A .lmn, 
Texas A& I Unilversity, College Station. 'X: Sherman F, Pas. 
ly, University of Florida, Gai lle,vii~e. Fl.; ivar " liuddenha' 
gee, I !F.'i. rslty ofCalifornul. Davis, CA: Waltr A, Hill and Con- 

improvoments initially (39). Also. when an ini
proved variety is introduced into a new envi
ronment. a minor pest may cause unanticipated 
datnage, necessitatin g additional research to 
improve host resistance. 

The Potential of Specific
 
African Crops'
 

Millet 
Millet is grown on 15.5 million hectares in 

Africa, producing 8.8 million metric tons or 
(foodgrains per year (47). Although it is often 

grown with sorgham in the arid/semi-arid zone, 

millet can be produced in areas too dry even 
for sorghum. Two species-pearl or bulrush 
millet (Penniseluni ainericanum)ian finger mil
let (Eleusine coracana)-native to Africa ac
count for 95 percent of production, the former 
being about four times as prevalent. Pearl mil
let is the only major food crop that can be grown 
on the sandy soils from Senegal to Sudan. It 
is also grown in the drier areas of eastern and
southern Africa. but production there is only

that in West Africa. In contrast, fin-

Avhm e the pitentia! of m oed varieties is discussed, it is,r 
based on estimates of crop breeders contacted by eTA. arid data 
on c 'rrentyields from the U.N Food and Agriculture Organiza. 
tinlFAO. Estimahesassurme the use of improvedicedsand itn
proved nanagen onlt ptiacti~te-. These discussions are often 
framed around yield enhani oment, but it i!; hnpotlant to note 
that these yield estimates take into a(,count miprovements that 

rad Housi "Tuskpegee University, Tuskegee, A, (app, At als reduce !osses to pests, drought, et. 



216 

ger millet is grown in the moister areas of east-
ern and southern Africa, principally in Kenya, 
Uganda, Tanzania, Malawi, Zaire, Zambia, and 
Zimbabwe (40). Alternative crops such as sor-
ghum and maize are also commonly grown in 
these moister areas, 

Omillet-species areofrestricted 
local importance; for example, "R urua" or "Fo-
nio " (Diitariaiburua)is an important famine 
food in several west African countries and "Ter' 
(Eragrostistef) production is about 145,000 
tons/year in Ethiopia. 

Millet production turrtntly averages about 
500 to 700 kg/ha/yr but this uould be doubled 
in 20 years by a combination of new varieties 
and improved cultivation practices (4). Con-
vincing theoretical, experimental, and on-farm 
evidence exists to support such claims (16). 

Genetic improvement could increase yields 
by perhaps 1 percent per year. Yield potential 
in unimproved varieties exceeds 3 tons/ha/yr 
(28,29). Currently, however, these landraces 
produce a low proportion of grain compared 
to total plant biomass, therefore much of the 
breeding effort is directed to improving this ra-
tio. Higher yielding and disease-resistant vari-
eties of pearl millet are now grown on half of 
India's 11 million hectares. Yield increases of 

.	 20 percent were obtained over the last 2 dec-
ades from crosses between African germplasm 
and Indian breeder stocks. Similar sources of 
variability also have great potential in Africa 
but are more difficult to exploit because Africa 
faces greater disease and pest problems. 

A number of improved varieties have been 
released in Africa, but widespread adoption of 
these varieties has not occurred. However, the 
precise extent of adoption is not well-docu-
mented and the degree of farmer-to-farmer 
spread not known. It is doubtful that more than 
10 percent of any African country's cropland 
is planted in improved varieties, although this 
figure may be higher in Senegal (4). 

On-farm evidence shows that large differ-
ences in yield exist between adjacent fields be-
longing to different farmers. Since both receive 
the same rainfall, tho major difference is at-

t:, 	 - . , . .. . -. 

tributed to management and previous crupping 
history. The best fields in a given locality al
ready are giving double the average yield. Many
agronomists agree that low soil fertility and 
inadequate, untimely management, not crop
water availability, are currently the major on
farm factors restricting production (16). 

Sorghum 

Sorghum evolved in north-eastern Africa 
some 2,000 to 4,000 years ago. The sorghum 
belt extends from approximately 7 to 15 degrees
north latitude from the west coast to the east 
coast. It is the primary source of dietary energy 
for the majority of the region's poerest people. 

Although sorghum is thought of as a rrop for 
arid and semi-arid regions, it is also important 
in 	some wetter areas: the highlands of East 
Africa from Ethiopia to Burundi and Rwanda;
semi-humid areas of West Kenya and Uganda; 
and in areas of the Guinea Savanna in West 
Africa. It is the first or second most important 
cereal grain in much of Africa, sharing impor
tance with millet throughout the arid/semi-arid 
zone and with maize in the wetter areas. 
z oe dbni ig In t wet te r op, 

Sorghum breeding is an art as old as the crop, 
but rather young in terms of modern science. 
The germplasm base is extremely broad, but 
still vastly underused, and since sorghum is of 
African origin, Africa stands to benefit greatly
from additional research. 

Plant breeders do not agree on the extent to 
which current sorghum yields can be increased. 
Part of the disagreement arises because the esti

mates are derived from different starting points 
-sorghum is grown under a wide range of envi
ronmental and management-intensive condi
tions. Based on a weighted average of U.N. Food 
and Agriculture Organization data for Sub
baharan Africa, the average yield for sorghum 
is 780 kg/ha/yr (49). Productivity in Sudan is 
about 20 percent lower than the average, while 
neighboring Ethiopia averages 1,350 kg/ha/yr
(49). Gains of between 50 and 100 percent are 
possible on fertile soils with moderate rainfall 
simply by using existing improved varieties (34). 
The 100 percent estimate, a doubling of the cur
rent level, assumes 10 to 15 years of additional 

. 
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* C is even lower in West Africa (34). Some crop 
breeders believe that hybrid sorghum is appro

r priate only for a small area of Africa, and that 
,- research and extension efforts should reflect 

this, placing increased emphasis on improving 
non-hybrid sorghum varieties for most of Africa 
(3 4).,- -

Maize 

Maize, although not native to Africa, is 
planted on more land than any other cereal (56), 
and it is undoubtedly the most important grain 
in the subhumid tropical uplands and the high
lands. Its ecological requirements overlap con
siderably with sorghum, but it is not as drought 
tolerant. Maize consumption tended to be re
stricted to urban areas in the past, perhaps be-

S cause of food aid and imports. Increasingly, 
I however, maize is becoming more widespread, 

a trend that is likely 'o continue given its pro-
Juctivity. 

Maize yields in different African countries 
vary dramatically but the average is 1,1bu kg/ 
ha/yr (49). Countries that do not make wide use 
of improved seed typically average 600 to ;00

Ph,oto crdit,,ae.O,,, o,,,,,, o, I Iu,., o, a,ocrop oc,,o kg/ha/yr, whereas in Zimbabwe where im-

Sorghum are used 
and its growers stand to benefit greatly from 

improved earietles, tial increases in yield for low-resource farmers 
is difficult, however. Adoption rates for im

successful breeding improvements. Related im- proved maize are generally high, so maize 
provements in management could result in yields could double in many areas in the near 
yields of 4,000 to 8,000 kg/ha/yr in areas of rea- future (17,38). The continued spread of hybrids 
sonably good soil conditions, with yields reach- that began in the mid-1960s should allow even 
ing half this level on the acid soils of Mali, Niger, greater increases (56,60). The area planted to 
and much of West Africa (34). Other researchers hybrids in Kenya, Zimbabwe, and Zambia is 
are less optimistic, perhaps because their focus exceptionally high, and can be attributed to the 
is on the difficulty of extending the entire pack- advanced infrastructure, incentives, and inputs 
age which consists of the new variety, new man- that favor the use of improved maize in these 
agement practices, and increased use of inputs countries. The estimated amount of land in 
such as fertilizer. These more pessimistic views Africa now devoted to Kenyan and Zimbab
place possible production levels at between wean improved maize varieties could be dou
1,500 to 3,000 kg/ha/yr using improved varieties bled (49). 

ahum is an Important cereal grain In most of Africa three timesseedshigher (49). Estimatingthe averagetheis nearlypoten

! and management practices (3,32,41),ampNigeria is making extensive use of disease-

Sorghum hybrids are uncommon except in resistant maize materials developed by the In-
Sudan and Zimbabwe. The adoption rate for ternational Institute of Tropical Agriculture. 
hybrids and other improved varieties in most In addition, recently developed Tanzanian and 
of East Africa is only 5 to 10 percent, and it Zambian varieties and hybrids are streak-virus 
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resistant and will be useful in large areas in lems hinder irrigation in Africa (see ch. 7). Ex
neighboring countries (17). Breeders have had pansion into wetland areas offers the greatest

little success in increasing maize tolerance to potential for production increases. However,
 
drought, but several improved varieties mature current rice improvement efforts for Africa do
 
more quickly than local varieties and, therefore, not reflect this (7).
 
are less affected by the onset of the dry season.
 

- Food Legumes ------

Two species of rice are grown in Africa: A diverse group of legumes are grown as 
_Asianl rice ( z aaw h st crops in Africa, including cowpeas, common(Oryzasativa), which intro-Asian rice 	 was beans, lima beans, soybeans, groundnuts (pea.	 ,:,duced, and African rice (Oryza glaberrima). nt) abragonntpgo es 

Rice is the fourth most common crop in Africa nuts), bambarra groundnuts, pigeon peas, 
in terms of hectarage after maize, millet, and chickpeas, and a number of other minor spe
sontrhum (56. Itaisrowtroughout ia cies. One or more legumes grow in each agrosorghum (56). It is grown throughout Africai';wherever water is adequate, including riverba- ecological zone, and many of these crops canbe grown under a wide range of ecological con
sins within the arid and semi-arid zone. How- b groe dnge o example,cn 
ever, it is a major food crop of only a few Afri- ditions. Bambara groundnut, for example, is 
canone of the most drought-tolerant legumes, but

it also grows in the rainforest environment and
Three major forms of rice cultivation can be in cool, moist highlands. Typical of other food 

distinguished for Africa: dryland, wetland, and legumes, this crop contains two to three times 
irrigated. Dryland (or upland) cultivation is more protein than cereals, yet it is considered 
practiced where rain is the only source of water, a "poor people's crop" and is among the most 
It comprises about 40 percent of the paddy pro- neglected by science (35). Legumes are also val
duction in Sub-Saharan Africa's 15 major rice- uable sources of oil, and are important in ani
producing countries. Wetland cultivation (e.g., mal nutrition.
 
in swamps, mangroves, and deep water) occurs
 
in all four major agroecological zones and rep- Many legumes are able to fix nitrogen and,
 
resents about 45 percent of paddy production. therefore, can thrive in nitrogen-poor soils. This
 
Only about one-sixth of the region's rice is ability makes them well-suited to crop rotations
 
produced using modern irrigation and, 60 per- and enhances their benefits in intercrop situ
cent of this occurs in just one country- ations,
 
Madagascar (51).
 

Dryland rice, which occupies about half the The major research emphasis has been and 
area planted to rice in Africa, is low yielding should continue to be stabilization of produc
and depresses the 1,450 kg/ha annual average tion through increased disease and pest resis
for rice in Africa (49). Some improvements have tance, development of short-cycle varieties, 
been bred into dryland varieties (60), and addi- such as the60-day cowpea variety developed 
tional research emphasizing disease resistance by the international Institute of Tropical Agri
is justified. Greater potential exists, however, culture, and improved nitrogen-fixing ability. 
for improving rice production in other agroeco- Major advances in yield potential may be possilbut will Ibe Isecondayt hs othrcn 
logical zones (7). High-yielding varieties are sibe, barYtOtheseother con
used on approximately 4.7 percent of the area siderations (7). Potential also exists for expand
planted to rice (9). For these rice production ing the use of legumes into new areas; for 
systems, as for dryland rice production, breed- instance, lima beans could be introduced to the 
ing for disease resistance is important. seasonally or continuously humid tropics, pi

geon peas could be used in the arid/semi-aridYields could be increased in many areas by zone, and chickpeas could be grown in the 

improving water control, but significant prob- highlands. 
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Roots, Tubers, and Plantains mated 96 percent of the world's yams, concen-

Root and tuber crops are major sources of trated in Africa's "yam zone:" Nigeria, Benin, 
food energy for at least 200 million people in Togo, Cameroon, Ghana, and the Ivory Coast 
Sub-Saharan Africa, particularly in the humid (18). Despite the high labor cost to produce 

and highland areas (5). For example, they ac- yams, it is a preferred food in these countries, 
count for at least half the calories in people's a highly valued cash crop, and an important 
diets of Zaire, Congo, and Gabo (56).Many source of income for resource-poor farmers 

- -(22)fcl -Although- almiosallyams- produced-are-o producersolocalevarieties, adoption ofuimproved'varietie
ories, much more so than maize on a per-hec- local v - ..of .. varieties 
tare basis. For example, compared to maize, may spread with the help of a recently devel
cassava produces 2.2 times as many calories/ha; oped method of producing "seed" yam (con
yams produce 2.7 times as much; and sweet ventional tubers used for planting weigh about 
potato produces 1.5 times as much (52). 800 grams, whereas the new ones weigh about 

30 grams). The "minisett technology," as the 
Cassava (Manihotesculpntum) is the most International Institute of Tropical Agriculture 

widely grown root crop, and it is adaptable tc has labeled this breakthrough, can increase the 
a wide range of agro-climatic and soil condi- amount of planting material available, shorten 
tions. It is able to survive on marginal soil and the period during which the land is occunied 
sois often grown as the last crop in a rotation with yams, and allow for healthier plants-and 
sequence, before the land must be abandoned more uniform stands. The end result has been 
to fallow. Even though it can be grown under higher yields and economic returns (5). 
humid conditions, cassava is fairly drought 
tolerant (20). Cassava accounts for approxi- Sweet potato (Ipomea batatas) is grown 
mately one-third of the total staple foods pro- through out Sub-Saharan Africa, but is a ma
duced in Africa and its leaves are a preferred jor staple in only a few countries: Burundi, 
green vegetable that provide high-quality pro- Rwanda, and Uganda. Although it grows well 
tein, minerals, and vitamins (52). It can be under a variety of ecological conditions, its 
stored in the ground safely for up to 36 months, sweetness limits its acceptability (22). As with 
thus making it available to farmers anytime of cassava, the crop can be used for animal feed 
year (18). as well as human consumption. Improved 

sweet potato varieties exist that are resistant
The tolerance of cassava to extreme stress, to weevil, disease, and nematodes, but adop

its efficient production of calories despite low- tion rates remain low (22,25). 
resource requirements, and its year-long avail
ability and compatibility with other crops will Aroids such as cocoyams (Xanthosomaspp. 
continue to make cassava an important corn- and Colocasiaspp.) require an ample water sup
ponent of diversified farming systems (20). Cas- ply and, thus, tend to be concentrated in areas 
sava yields in Africa average 6.4 t/ha/yr, com- of high rainfall. They are important in four of 
pared to the world average of 8.8 t/ha/yr (19). the humid countries: Cameroon, Ghana, Gabon, 
Improved varieties exist that are high-yielding, and Nigeria (52). Although several clones of 
resistant to disease and insect pests, good qual- cocoyam resistant to diseases have been iden
ity for consumer acceptance, and low in cya- tified and are being incorporated into breed
nide content. The amount of land planted with ing programs, virtually no improved varieties 
these improved varieties is still very low in are being used by farmers (22). 
Africa, but their use is increasing as evidenced Plantains also are widely grown, particularly
in Nigeria (22). in forest areas and in home gardens, They ara 

Yam (Dioscoreaspp.) requires fertile soils and a major energy source in a few rural areas such 
is produced chiefly in the more humid coun- as those in Rwanda and Uganda. Plantains are 
tries of West Africa. Africa produces an esti- an ideal crop to raise following forest clearing 

V,
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because they need little land preparation and 
they provide useful cover within intercrops.
Plantains can be grown on steep slopes un-
suited to root crops and cereals (52). 

Although cassava can be stored underground,most moobr, and plantain cropasare diffi-t, , ad p . i p amuch 

cult to store. In terms of production, yield en-
-......... .. ik.l--. r6.iii-s f ---- 

rected at increasing pest and disease resistance, 
Improvements in quality, for example, reduc-
ing the cyanide content of cassava and the sugar
level in sweet potatoes, is another promising 
avenue for plant breeding (22). 

Potential of Crop Breeding 

The genetic code carried in the seed is espe-
cially valuable to the farmer with limited re-
sources, since this is potentially one of the least 
expensive inputs that can be purchased for a 
large aima (15) 

The potential benefits to resource-poor farm-

ers in Africa from crop breeding are high. Im-

proved varieties offer a relatively inexpensive 

way to improve productivity markedly (4,15). 

A combination of factors are beginning to of
fer hope for higher, more stable yields: resis-

tance to several pests and diseases has been 

bred into many major crops; new crops can
i:make more efficient use of internal and exter-
make moreleefur t -usemofeinternalmanurexter--ies 

nal resources; and more quickly maturing va-
rieties allow additional flexibility in crop rota-
tions and increased stability under variable and 
often adverse climatic conditions. New priori-cimaic cndiions Ne
2; oten dvese priri-

ties in research, if they can be fostered, could 
lead to substantial improvements in food qual-
ity, processing, and storage, 

Significant improvements can be expected 

to result from breeding because comparatively 

little research has been done on African crops, 

so the potential seems virtually untapped. Land-

races-unimproved varieties now in use-are 

well adapted to produce high-quality grain and 

maximum biomass from limited resources. 

However, they often are inefficient in terms of 

maximizing grain production. Landraces typi-

cally have harvest indexes (the proportion of 

grain biomass to total plant biomass) of about 

20 percent while HYVs can reach 40 percent 


or more (4). Crop breeding can substantially in
crease grain yields by improving the plant's

ability to partition the biomass it produces into
 
grain. However, minimal research has been
 
conducted on most of these crops to date, so 

. crop grown. foual Sicwork remainsar and progressfodewillandbe othegrad
ual. Since crops are grown fr foeranu other
 
purposes-besides-hum an consumption, these--
multiple objectives should be reflected in breed

g prioites 
Rewards from breeding will be increased if 

they can be used as catalysts to bring about ad
ditional agricultural changes. Yield increases 
can begina cycle of economic growth. For bx
ample, a crop yield increase from 600 to 800
 
kg/ha represents a 33-percent: gain in produc
tivity. But the farmer's profit may be doubled,

tripled, or even increased tenfold, depending
 
on the initial break-even point. Thus, the farmer
 
has more income to purchase, among other
 
items, additional inputs that will further in

crease yields, reduce drudgery, etc. When lo
cal entrepreneurs are stimulated to produce
these inputs, such as small-scale machines, the 
development process is further enhanced. 

Crop Breeding Cautions 
C br 

Crop breeding often has resulted in replacing traditional land race mixtures with pure ,: 
lines of improved varieties. This practice canincrease a crop's vulnerability to new epi
demics and environmental stresses. First, since 

appropriate breeding emphasizes resistance topests, improved varieties should be,less susce, -: 
pest dvare houldibe lesssucep

tible to pest damage than original landraces. 
However, the ongoing co-evolution of pests andtheir host plants requires continued genetic in

put from traditional varieties to maintain the 
gains from breeding (39). A recent proposal 
calls for incorporating landraces and wild rela
tives of crops into development assistance ef
forts. Traditional cropping systems can be 
"modernized" while still serving an important 
role as crop germplasm repositories (2). Sec
ond, the risk of a disease or pest epidemic in
creases if the mixture of varieties planted in 
an area is replaced by any one variety, regard
less of whether it is an."improved" one or not. 
Therefore, many varieties should be used rather 
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than planting extensive areas with one genetic 
type. 

Another caution to consider when introdu-
new v'ai sink,i&ne c-a onetiesthaet they shouldwhe lntad-not ad-

versely affect the biological equilibrium be-
tween the crop and pests and diseases. The first 
sorghum hybrids used in India carried no re-
sistance to Striga, a major parasitic weed, Seeds 
from the weed are now much more abundant 
than they were traditionally, and they persist 

in the soil for 10 years. Striga generally is a more 
serious problem in Africa than Asia. Thus, the 
potential for a similar incident to occur through 
the careless release of a crop variety with in-
sufficient resistance is greater in Africa (4). 

Sciett cyieldsto antict social ffo their 
try to anticipate the social effects of their work., 
The Green Revolution in Asia has been criti-
cized for increasing existing social inequality. 
An evaluation of the Consultative Group on In-
ternational Agricultural Research (CGIAR) sys-
tern, however, disagreed, arguing that reduc-
:tions in the price of grains favor the poor more 
than the rich who spend a smaller portion of 
their income on food. They go on to caution, 
however, that "technological advance, while 
vital for the development of agriculture and the 
economy, is a poor instrument for redistribut-
ing wealth" (27). Another social issue involves 
the need to understand demands on labor, in-
cluding household division of labor. A critical 
issue in regard to the expansion of root crops, 
for instance, is the potential increased demands 
on women's labor. Since women have re-
sponsibility for producing and processing most 
of these co.ps, any expansion should also be 
accompanied by improved production tech-
niques, improvements in extension and local 
proceing facilities, and increased access to 
credit (52). The role of biotechnology in plant 
breeding may raise similar equity issues (box 
9-2). 

Problems and Approaches 

Many non-technological factors that impinge 
* 	 on food production, such as the need for Afri-

can governments to improve incentives for 
farmers to grow food, also apply to the issue 

of crop breeding. Markets for inputs and out 
puts need to be developed and stabilized wher 
ever possible. Concerns are also expressed re'
gs the distortion of tastes ', ,;( garding,. ,,..:': local and 
demands that result when donors supply food 

aid in tho form of crops that cannot e grown
locally, TA has identified several problems..-more- specific to-crop-b rooding.--------, 
m e pci cocrp r dn.--, 
1.Dersingthe Gaps Beween
 

Onstation and Onfarm Resultes
 

One of the most striking features of African 
agriculture is the small impact that improved 
varieties have had, despite the dramatic rtsults 
achieved at experiment stations. On-station 

commonly are on the order of 40 to 60 
percent greater than on-farm yields (31). Several activities could help reduce the gap be
tween on-station and on-farm results: 

° Collectbaselinedata on present croppro
duction levels and constraints:Farming 
systems research (FSR) can ensure that 
breeding objectives are developed with 
farmer input, based on knowledge of the 
farming system in which the improved va
riety will be used, and that the varieties are 
viable when used under the conditions and 
constraints facing the farmer. FSR teams 
should evaluate improvements such as im
proved processing ability, not just yield in
creases, resulting from use of improved 
seed. 

• Include a mix of naturalandsocial scien
tistson the researchteam: It is particularly 
important that women be well-represented 
among researchers and extensionists. Afri
can women have primary responsibility for 
consumption decisions and, therefore, 
strongly influence the adoption of im
proved varieties, 
Identify improved varietiesthat ha. per.
 
formed well undersimilaragroecological 
and socioeconomicconditions:These va
rieties from Other continents or simply
from other parts of Africa need to be ex
tensively screened under local conditions 
increase on-form rusearch and triais: A 
proper balance is needed between creat
ing appropriate genetic variability orn the 

4" l
 



Box 9-2.-Biotechnology's Impact on African Agriculture 

Biotechnology includes a variety of methods for introducing and reproducing new genetic v'aria
hon in organismsas well as a number of industrial applications of biological processes. Specific tech
hologies related to plant breeding include tissue culture and other techniques for propagating plants;
fusion of plant cells (protoplasts) either within or between species; and precise recombinations of 

---DNA'tho genetic'material (53).These tachniquos-couldeiablo lant breeders to wwtkfa iit5a-Iida  .
 
plants more precisely to specific situations, and to introduce new traits into crops either from other 
plants or from micro-organisms. In some cases, plant cell cultures could replace field-grown crops. 

So far, certain types of biotechnology have moved rapidly into commercialization and are used 
in developing as well as developed countries. For example, some Kenyan farmers grow potatoes from
 
materials provided by the National Plant Quarantine Station in Nairobi. These materials originated

in tissue cultures sent from the International Potato Institute in Peru. Other, more complex biotech
nologies ha,,e been slower to develop than expected Signlificant impacts on plant agriculture are ex
pected first in developed countries in 5 to 20 years (13,54). 

The application of biotechnology to plant breeding in Africa continues to:0e small. Many methods
 
rely on highly trained technicians and expensive laboratory equipment that is currently beyond the
 
capacity of most African countries to purchase and maintain. Many plant breeders argue that African
 
nations should draw on others' research results-especially those of the International Centers and
 

*the developed countries private sectors-rather than develop their own facilities. Enthusiastic sup
port, including that of several African countries, for the new International Center for Genetic Engi
neering and Biotechnology suggests that developing countries prefer to develop their own capacity

for biotechnology to a certain extent (37).
 

Plant breeding and other changes in African agriculture due to biotechnology are likely to be
 
important in the long-term (13). Significant issues related to biotechnology's availability and use will
 
have to be resolved, though, For example: Unlike many plant breeding improvements in the past,

biotechnology is concentrated in the private, not public, sector of developed countries. How can in
terested countries ensure access to the benefits of this research. What long-term relationships with 
U.S. firms and/or universities might be possible? How might African governments and farmers derive 
greater benefits and incentives to maintain the valuable germplasm resources contained in the di
verse genetic base of their agricultural and wild species? How can biotechnology's benefits be pro
vided to resource-poor farmers and herders when they are not major consumers of it6 products, nor 
are they likely'to have the skills, money, and market experience to take Full advantage of new meth
ods? Perhaps most importantly, how can African countries prepare for the possibility that major ex
port crops such as pyrethrin and cocoa, and the livelihoods of the farmers who produce them, may

be displaced by genetically engineered products in developed countries?
 

experiment station and adaptive research 2. Choosing Appropriate Breeding 
under on-farm conditions. Experiment sta- Priorities 
tions allow for research under more con
trolled conditions, such as artificially high- The research agenda chosen by crop breeders 
pest pressures. On-farm trials increase the can enhance this discipline's contribution to 
probability that new varieties will be use- African food security. The new emphases on 
ful under farmers' conditions and increase ensuring that improved varieties meet the ob
rates of adoption. Farmers' fields can also jectives of resource-poor farmers and fit into 
be used to preserve diverse genetic ma- their farming systems are particularly critical 
terial. for Africa. A consensus is emerging on the ob
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Photo credit: Donald Plucknett/Consultatlve Grouo on International Agricultural Research 

On-farm research is crucial to increasing the impact of Improved varieties. In Rwanda, this farmer and scientist work 
together to test different crop combinations and various soil and water management schemes for growing 

cassava, plaintaln, and maize. 

jectives of genetic improvement programs that Tolerance for environmental stress: Breed
will most benefit resource-poor farmers and ing can improve crop tolerance for adverse 
herders: environmental conditions, rather than re

quiring that the environment be modified. 
9 Varieties that are higher yielding under * Improved quality, storage, and ease ofproc

farmer conditions: Researchers are paying essing: Criteria for improving quality in
more attention to developing varieties that clude increased protein content and fewer 
produce a reliable yield under the varia- toxic and anti-nuti'itional factors. Adoption 
ble, often adverse conditions of the farmer of varieties will be enhanced by efforts to 
-and less emphasis on their ability to yield ensure that the harvest can be stored and 
well under the ideal conditions created at processed to fit local consumption pref
the experimental station, erences. 

- Yield stability: An improved variety must * Adaptation to diverse agricultural systems, 
be able to produce in bad years. This trait reflecting the multiple uses of the products: 
is a prerequisite to breeding efforts directed Improved varieties will be used more by 
at maximizing yields under a range of envi- resource-poor farmers if the improvements 
ronmental conditions. address their needs and fit their practices. 

* Pest and disease resistance: Protecting For example, while the grain from cereals 
crops from pests and diseases can be one is used for human nutrition, the stalks are 
of the most effective means of increasing a valuable source of fodder, cooking fuel, 
and stabilizing production. and building material. 



Even when an improved variety is shown to 
do well under farmers' conditions, a complex 
of factors influcnce adoption rates. For exam-
ple, a newly developed sorghum hybrid 
(Hageen Durra I), released in Sudan, has gen-
erated excitement because it is capable of

'-
-geatl.,Fyi rasig e1 dslundr...p.i..eii:ei'i 
conditions. Although the hybrid yields less un-
der resource-poor farmers' conditions, it still 
has been an important factor in raising produc-
tion in Sudan. According to recent reports, 
however, it is suffering a serious setback. Now 
that food is more plentiful in some regions, 
farmers are returning to the traditional vari-
eties because they are preferred for preparing 
a favored food, Kisra (30). Another factor in the 
shift is the inability of farmers to sell surplus 
sorghum at a price that justifies buying the more 
expensive hybrid (11).Even with improved va-
rieties that the farmer does not have to buy each 
year, adoption rates are still low. Probably no 
more than 10 percent of the land in Africa 
devoted to cereal production is planted with 

varieties (49).(4). 

3. Matching Crop Research Funding 
With Importance for Food Security 

Along with the shift in breeding priorities, 
there could be a redistribution of research fund-
ing so that attention to various crops would 
more closely reflect their respective contribu-
tion to the food security of the African people, 
The level of research that has been directed 
toward many African crops, particularly food 
crops, is low. 

Table 9-2 presents rough estimates of re
search expenditures by commodity, expressed 
as a percentage of the value of production to 

- the commodity. The data indicate that while 
certain export crops, such as coffee, cocoa, and 
sugar, have received substantial attention, food 

-crops, particularly cassava and sweet potatoes, 
have been largely ignored, not only in Africa, 
but throughout the developing world. It is also 
notable that livestock have received consider-
ably, more attention in Africa, based on their 
relative economic value, than food crops (42). 

Crop breeding research to improve food secu
rity should also direct specific attention to those 
crops most important to the resource-poor 
farmer, largely neglected to date. Only about 
15 African scientists are concerned primarily 
with millet breeding on some 15 million hec

ii bFbutL 66f6'an-l''u r--cou-Ire About 100 
breeders work on millet for roughly the same 
area in India. An acute need exists for all cate
gories of scientists in Africa but it is not un
realistic to hope that 25 additional millet 
breeders could be trained by the year 2000 (4). 
In addition, the food legumes and the root 
crops, tubers,'and plantains have been espe
cially neglected. A key factor causing this ne
glect is-:ie predominant subsistence use of 
these crops.. 

Inthe short term operating funds could be
 
increased for existing scientists.A supplement
 

pay most operating costs (fuel and cultivation, 
consumable field and lab Supplies), buy basic
equipment, and provide and run simple seedsoaimproved 

4. Improving Seed Multiplication and 
Diutribution 

In order to achieve benefits of improved varie
tal development on a wide scale, African coun
tries need to develop or gain access to viable 
seed industries. Currently, few African coun

tries have adequate seed industries-public or 
private-that can handle, process, store, or mar
ket seeds. Moreover, few have mechanisms to 
test improved varieties in farmers' fields, or 

have adequate seed laws to encourage .indige
nous seed industries or promote private exter
nal investments (38,50). 

Low seed multiplication capability is a ma
jor obstacle to wider use of improved varieties, 
especially maize, but also for millet, sorghum, 
and rice. Also, low multiplication rates or 
genetic purity problems exist in crops such as 
groundnut, cowpea, and cassava (3). As a re
suIt, farmers are unable to obtain improved va
rieties despite crop breeders' successes. Local 
seed production and distribution is preferred 
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Table 9.2.-Research Expenditure as Percentage of Product Value, by Commodity, 
for Selected Countries In Different Regions of the World (avirage of 1972.79 period)a 

Region 
Latin All International 

Commodity Africab Asia America countriesc centers 

Starchy Staples: 
Wheatd-.......... 
Rice ..... 

. . -. 1,30- .0,32 
1.05 0.21 

-1.04-. 
0,41 

.. 0.51 
0.25 

'1..0.02.. 
0.02 

..-

Maizes ..... ....... 
Cassava ..................... 

.... ... 0.44 
0.09 

0.21 
0.06 

0.18 
0.19 

0.23 
0.11 

0.03 
0.02 

Potatoes ................... 
Sweet potatoes ....... ........ 
Field beans .................... 

0.21 
0.06 
1.65 

0.19 
0.08 
0.08 

0.43 
0.19 
0.60 

0.29 
0.07 
0.32 

0,08 
0.00 
0.04 

Other Food Crops: 
Vegetables ......... ............ 1.56 
Soybeans . .................. 23.59 
Citrus .......................... 0.88 

0.41 
2.33 
0.51 

1.13 
0.68 
0.57 

0.73 
1,06 
0.52 

0.00 
0.00 
0.00 

Export Crops: 
Cotton .......................... 
Sugar .......................... 
Cocoa ......................... 
Bananas ................ ....... 
Coffee ......................... 
Groundnuts ..................... 
Coconuts .................. 

0.23 
1.06 
2.75 
0.27 
3.12 
0.57 
0.07 

0.17 
0.13 

14.17 
0.20 
1.25 
0.12 
0.03 

0.23 
0.48 
1.57 
0.64 
0.92 
0.60 
0.10 

0.21 
0.27 
1.69 
0.27 
1.18 
0.25 
0.04 

0,00 
0.00 
0.00 
0.00 
0.00 
0.005 
0.00 

Livestock: 
Beef ............... ........ 
Pork ........................... 
Poultry ........................ 
Other livestock .................. 

1.82 
2.56 
1.99 
1.81 

0.65 
0.39 
0.32 
0.89 

0.67 
0.60 
1.12 
0.42 

1.36 
1.25 
1.64 
0.71 

0.02 
0.02 
0.00 
0.00 

NOTES: 
aData on research expenditures by commodity have to be estimated Indirectly and are consequently very rough. Data may 

vary considerably according to different sources (421.
bIncludes Egypt, Ghana, Kenya, Nigeria, Sudan, Tanzania, Tunisia, and Uganda.
 
CTwenty.six developing countries accounting for 90 percent of developing country agricultural research expenditures (excludc 

Inq China).
dMost of the wheat research In Africa was carried out In North Africa. 
elncludes millet and sorghum research for Africa. 

SOURCE: M.A. Judd, JK, Boyce, and R.E. Evenson, "Investing In Agricultural Supply.' Economic Growth Center Discussion 
Paper No; 442 (New Haven, CT: Yale University, 1983. Ascalculated by John M.Staatz, "The Potential of Low-Resource 
Agriculture InAfrican Development," contractor report prepared for the Office of Technology Assessment (Spring
field, VA: National Technical Information Service. December 1987), 

because of the need for local adaptation, but digenous seed multiplication industries or have 

this may not be possible in many countries, capitalized on the use of imported high-yielding 

Greater private sector efforts could obeen- varieties. In Sudan, a dozen local farmers/ 
couraged in this area but an obstacle is that few businessmenlentrepreneurs independently at-

African nations have adequate seed laws to pro-	 tempted to produce Hageen Durra I in 1985 and 
1986, but it remains to be seen whether the eftect companies' investments (38). 
fort is successful (3). 

The potential for promoting private seed com-

uneven in Africa. For poorer Some concerns have been expressed over unpanies is very 
countries where markets and infrastructure are desirable consequences of seed laws that grant 

weak, private investment is unlikely. In such varietal patent protection needed to encourage 

cases reliance on public efforts and access to private investments in developing countries. 
Cited adverse effects include negative impactsgermplasm from international centers is most 
on research activities at international centers,important. A few examples exist where coun-

tries have been 3uccessful in developing in- establishing monopoly powers, and reducing 
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germplasm diversity. Theie is disagreement lic plant breeding efforts (e.g., national and inover the existence or extent of such negative ternational research center,,) help to counter 
effects, but research shows that support for pub- them (55). 

ANIMAL BREEDING
 
Although the donkey is the only major live-

stock species that originated in Afi ica, a diver-
sity of animal breeds are now present there. 
Centuries of exposure to the wide range of envi-
ronments and diverse management systems on
the continent have allowed livestock to evolve 
and be actively selected to meet a range of 
needs. Some 50 varieties of cattle and similar 
numbers of goats and sheep have been identi-
fied (60), African livestock have been bred spe-
cifically to be able to cope with environmental 
stress and serve multiple uses. Not surprisingly,
Africa's livestock tend to be late maturing, slow 
growing, andl modest milk producers (6). 

Although African livestock breeds generally 
are less productive than temperate breeds, they
typically outperform them under the harsh envi-
ronmental conditions and low-input manage-
ment systems that exist in much of Africa. 
Therefore, little potential for genetic improve-
ment to increase milk or ineat production ex-
ists without reducing nutritional, disease, and 
climatic stress (6). Genetic improvement and 
use of exotic breeds will become more viable 
components of intensified systems as animal 
health, nutrition, and management are ira-
proved. Considerable potential exists to im-
prove milk and meat production of ruminant 
breeds in certain favorable areas, specifically
in highland regions. In lowland regions, envi-
ronmental factors have led to management sys-
tems that typically provide little supplemental 
feed or health care, so the potential for produc-tion improvements is modest. Some potentialtionimpovemntsis odes. Sme ptenial 
exists, however, for genetic improvement in dis-
ease resistance, 


The presence of tse-tse fly, which carries the 
disease trypanosomiasis, severely restricts cat-
tle raising in about 40 percent of Africa. How-
ever, 5 percent of Africa's cattle, sheep, and 

goats display genetic resistance to the disease, 
so there is some opportunity for livestock breed
ing, evaluation, and selection programs to on
hance this characteristic (see ch, 11). 

Most livestock breeding programs in Africa 
have focused on cattle. Recently, small rumi
nants, and to a lesser extent camels, are being
recognized as components of improved low
resource management systems. Breed improve
ment programs have stressed cross-breeding
and introducing exotic breeds because these 
approaches provide visible and rapid gains in 
upgrading local stocks (23). However, few of 
liese'efforts have proven successful. 

Resource-poor farmers and herders generally
have not benefited from this emphasis on ex
otic cattle breeds, For poor rural people, ex
otic cattle are usually impossible or unattrac
tive investments: they come in large valuable 
units which are not divisible while alive and 
which do not store well when dead. Only house
holds already well buffered against contingen
cies can risk capital on exotic cattle. In con
trast, the animals usually owned by poor rural 
people are cheaper arid smaller. They may be 
native cattle, somewhat resistant to local dis
eases, or other species of animals (8). 

While crossbreedingwith exotic breeds and 
development of compoite breeds (whore envi
ro tl conditions allow) can enhance per

nmena 
formance, recent research shows indigenous
livestock to be more efficient producers thanpreviously thought, thus warranting further in
pviusl t
vestigation (60). Concern exists, however, thatthe lack of national breeding policies and the 

prevalence of indiscriminate crossbreeding 
programs are currently threatening a number 
of these potentially useful, indigenous livestock 
breeds with extinction (1,23). 
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The Potential of Specific African 

Animals 


Cattle 

African breeds of cattle fall into three main 
groups-the humpe4.-Zebu. nAhenorth. fle 
humpless cc taurine breeds that predominate 
in the tsetse fly-infested humid and sub-humid 
zones, and the s'nli cervico-thoracic-humped 
Sanga commo in the southern and eastern 
Savannah reg'.ns (6). Compared to temperate 
breeds, the potential to increase weight or milk 
production through genetic manipulation is 
generally low in these breeds (12). Because of 
these limitations, efforts to meet increased de-
mands for livestock production, particularly 
cattle, have focused on crossbreeding and in-
troducing exotic breeds. These breeds also fall 
under three basic groupings-Zebus (e.g., Sa-
hiwal and Brahinan types) from Asia and Amer-ica,European beef and dairy breeds, and exotic 
ZebulEuropean hybrids such as the Bonsmara 
and Santa Gertrudis (6,44. 

Despite considerable research on breed im-
provement in virtually every country in Africa, 
during colonial and post-independence periods, 
only some 3 percent of Africa's cattle herd has 
been affected (60). Most of this small improve-
mont has occurred on cattle ranches and smell 
dairy farms in a few select countries (e.g., Kenya 
and Malawi) (50), Surprisingly, little is known 
about the comparative performance of the vari-
ous breeds (6). A review of some 500 papers 
on livestock research published between 1949 
and 1978 show that only one-fifth have any com-
parative data and only one-quarter had data thaenabled direct quantitative comparison (i.e.,
enbed diroet quantitae par isy ide., 
based on some common productivity index) 
(45), 

Notwithstanding this poor track record and 
paucity of data, a few success stories exist. The 
case of development of dairy farming in Kenya 
is perhaps the most notable (21). In certain high-
land regions in Kenya, the use of cows cross-
bred between local and European dairy breeds 
has brought sixfold increases in milk yields. The 

number of these crossbred cows has increased 
significantly, averaging 14 percent per year be
tweon 1960 and 1975. Kenya Cooperative 

Creameries has emerged as a successful dairy 
enterprise supplied by a network of some 300 
smallholder cooperatives. The success of this 

-- enterprise isl-ttributod to; favorable climate,-
good infrastructure and markets, and support 
from government and extension services. Fur
ther increases may be possible in other high
land regions with similar favorable conditions. 
For example, preliminary efforts to intensify 
milk production in the Ethiopian highlands 
seem promising (33). 

Less dramatic, though more widespread, ben
efits may result from cross-breeding with breeds 
more suited to tropical conditions. For exam
ple, Sahiwal cattle from Pakistan were first in
troduced into Kenya almost 50 years ago and 
have since become a significant breed in some 
semi-arid regions (1). For much of Africa, how
ever, the potential value of introduced breeds 
is small. As one assessment of prospects for 
breed improvement and conservation in the Su
dan reported (36): 

[Alny genetic improvement programme, in
volving crossbreeding or importation of purebred
European cattle to the country for replacement
of indigenous cattle, is not only impracticable but 
also undesirable. The use of exotic stock is at best 
a restricted activity in certain farms that can af
ford provision of improved feeding and manage
ment conditions not at present available in small 
farms and nomadic/trans-humant herds, 
A need to focus increased attention on in

digenous breeds Is evident. However, many 
genmes continuecin e tot e eross-crossgovernments emphasize 

breeding and introduction programs despite a 
poor record of genetic improvement to date, 
and despite a basic lack of knowledge about 
breeds appropriate to the region (60). It is be
coming increasingly clear, however, that prl
ority in breeding activities should be shifted to 
emphasize local stocks, particularly gathering 
and evaluating field data to establish their 
merits, limitations, and potential for im
provoment. 
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Photo creditDonald Pfucknett/Consultative Group on International Agricultural Research 

Gambian N'dama cattle are typical of several Indigenous African breeds-they possess valuable genetic traits 
(inthis case, tolerance to trypanosomlasis, a widespread disease). 

A related priority for African livestock de-
velopment is to take action to avoid extinction 
of various African breeds, Some efforts already 
have been launched, but potentially valuable 
genotypes continue to be threatened for a var-
ety of reasons (table 9-3). Theie is a need for 
additional national and international breed con-
Sservation efforts (23,55).

s i n)ing 

Small Ruminants and Camels 
crops" l " 

Just as the so-called "poor peoples crops" 
(e.g., roots and tubers) have been largely over-
looked in crop research, small ruminants (e.g., 
sheep and goats) and camels have suffered sim-
flar neglect despite their impor.inn role in pro- 
viding animal protein In African diets. Inter-
est in these animals is increasing, however. 
Within the last few years, for example, the In-
ternational Livestock Center for Africa has 
organized a Small Ruminant and Camel Group

,''toidentify, disseminate, and promote research. 
Also promising is the work of the Small Rumi
nant Collaborative Research Support Program 
(SR-CRSP) in Kenya, particularly its emphasis 

on training African scientists in small livestock 
research.
 

Research from the Small Ruminant and Camel 
Group suggests that the reproductive perform
ance of small ruminants within traditinnal pro
duction systems can be improved (26). Increased 
attention should be directed toward deemphasiz

breeding controls that limit lambing or kid. 

ding to once a year because evidence exists that 
non-seasonal breeding among indigenous breeds 
can provide higher reproductive output. To op
timize annual reproductive rates, livestock 
breeders may want to manipulate intervals be
tween birthings, average age of breeding females, 
as well as litter size (26), Improved reproductive 
performance has also been obtained from camels 
as a result of improved management and nutrit
ion-reducing intervals between births from 26 
to 18 months These improvements reinforce the 
notion that better animal husbandry holds more 
immediate potential than genetic improvements. 

Diseaso aggravated by poor nutrition is the 
major constraint on small ruminant production 
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Table 9.3.-Endangered African Cattle Breeds 

Breed Location Main use 
Maturu Nigeria Meat, draft 

Lagune 	 Benin, Ivory Meat 
Coast 

Mpwapwa 	 Tanzania Milk, meat 

Baria 	 Madagascar Milk, meat 

Creole Mauritius Milk, meat, 
draft 

Kurl Chad; Milk, meat 
Nigeria 

Kenana 	 Sudan Milk, 

Butana 	 Sudan Milk 

N'Dama 	 Gambia, Meat 
Senegal, 
Guinea 

Reasons for decline in number 
Crossbreeding; lack of Interest by farm-
ers as tractors become available; 
Nigerian civil war 
Crossbreeding;lack of interest by farm-
ers becaiise of small mature size (125 
kg)andowmilk yields.... 
Lack of sustained effort to develop and 
maintain breed 
Crossbreeding 

Crossbreeding 

Numbers greatly reduced by rinderpest 
and drought; political !ntability 

Crossbreeding; loss of major habitat to 
development scheme 
Crossbreeding 

Crossbreeding 

Trais that Justify conservation 
Trypanotolerant;' hardy; good draft 
animal; low mortality; short calving In
terval 
Trypanotolerant; adapted to humid en, 
vironment 

Adapted to semi-arid plateau of central 
Tanzania 
Adapted to local environment; 
humpless 
Adapted to local environment 

High milk production potential; able to 
zwim long distance; tolerant of heat 
and humidity 
Good dairy animal; adapted to hot, dry 
environment 
Good dairy animal; adapted to hot, 
semi-arid environment 
Trypanotolerant; efficient meat 
producer under poor conditions 

'Ability to Survive Trypanosome infection Ispread by tesatse flyt that causes A'nican sleeping sickness in cattle. 

SOURCEs 	 K.C. Adenili, 'Recommendations for Specific Breed$ and Species for Conservation by Management and Prntefred Techniques" U N Food and Agriculure 

Organization, Animal Genetic Resource Conservation by Management,Data Banks and Training. FAg Animal Production and Health Paper No 41 lRomer 
FAO, 1984). pp 89.98 anti R McDowell Visiting Piolesso, Department of Animal Science, North Carolina State University. Raleigh. NC, personal commuol
cation, 1981. 

(57). Breed improvement and selection is thus 
important primarily as a component of im-
proved management systems, An integrated re-
search approach to developing improved pro-
duction systems would have to consider a 
variety of needs. For instance, in a project to 
enhance goat milk and meat production, cross-
breeding and upgrading indigenous breeds 
were done in conjunction with improving nu-
trition and management (58). Preliminary evalu-
ations suggest that low-cost improvements 
could double production beyond that of using 
large ruminants (24). Although most research 
is focused on areas where the environment isfavrabe, mprvemntsareals PosibC~ 
favorable, improvements are also possible in 
less accommodating environmen Its (46). 

Research on small ruminants in Africa has 
shown consistently large variation in output 
among different flocks of sheep and goats 
within various regions-as much as fivefold 
differences between the best and worst flocks 
(57). These differences are principally a func-
tion of individual management. This suggests 
that significant increases in productivity and 
improvements to human welfare can likely be 

achieved by low-technology, low-cost packages 
based on improving existingmanagementprac
tices and existing biological potential within 
traditional systems already found in Africa (57). 
Figure 9-1 outlines, in general terms, a set of 
"improvement pathways" based on thu best fea
tures of an existing pastoral system in Kenya. 

Poultry and Swine 
du is ubiquitous in Africa, 

but the intensity of production varies geatly. 
But thent st product vare gratya 
By far the most prevalent is the traditional 
scavenging system using local breeds nd littlesupplementary feed, water, or veterinary care: 
(50). Since the threat of a disease that can 
quickly wipe out entire flocks is ever present, 
farmers are discouraged from maintaining 
large numbers of fowl or investing much in sup
plementary care. However, research on 
progressive intensification of traditional, low
input management systems suggests that ma
jor Increases in production would be possible 
given access to adequate health services (table 
9-4), Use of improved or introduced breeds may 
be important only in the latter phases of inten
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Figure 9l.-Potential Improvement Pathways for Traditionally Managed

Small Ruminant Flocks on Maasal Group Ranches
 

* Identify best flock:
Isolate responsible factors: 

extend to other flocks 

Identify causes 

Select against Select for 
young mortality 

twinning In 
sheep 

twinning in 
goats 

Pathological Nutritional 

Institute Attempt to assure 
Manipulate flock structures veterinary better food supply

(cutting of old females countermeasures (milk + fodder)
and sale of surplus young females)

to obtain maximum production 
Qf young Select within flocks

(parturition interval + litter size) 

t 

fastest growing males
 
and breed from them
 

(growth rate)
 
and their dams
 

(milk production)
 

Stratify 111ocis 
to 

control breeding 

SOptimization of 
parturition interval 

In goats 

seasonal breeding 
In sheep 

NOTE: Open arrows Indicate alternative o rsecondary patrwaysr

SOURCE: rTrevorWilcn, "Goats andSheep; theTraditional Livestock Production systems intSeDm
iAr d Northern Africa:

Their importanc e,Productivity and Constraints on Production," Livestock Development InSub-Saha ran Africa: Con.stratinta. Prospei.,s, PoliCy, J. Simpson and P.Evanelou (eds.) (Boulder: CO, Westview Press, 1984). 

sification. Research on marketing strategies, in cakes). African swine tend to carry a number 
support of such increases in production poten- of diseases and parasites transmissible to
tial, would also be necessary. humans and, thus, intensive management in 

Swine production is a relatively minor .com- close proximity to humans may present healthproblems. 
ponent of livestock production in Africa, con- p
centrated primarily in West African coastal It is likely that most gains in pig production
areas. Breeds are nondescript Iberian types in- in Africa, derived from use of exotic breeds,
troduced by the Spanish and Portuguese, well will occur as a result of large-scale Western pro
adapted to scavenging production systems and duction technologies located near urban cen
resistant to many diseases (50). Some improved ters where demand exists. Swine production,
breeds (e.g., Large White) have been introduced as well as poultry production, represent per
subsequently, and productivity increases have haps the only examples where direct introduc
resulted from improved management and feed- tion of large-scale livestock production tech-
Ing (e~g., with manioc, bananas, and oilseed nology has proven widely successful, 
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Table 9.4.-Poultry Productivity Under Different Management Systems 

Outputs 

System Characteristics 
Eggs 
hen/yr 

1 yr, old 
chicks/hen 

Eggs for 
consumption 

: Traditional Scavenging; no water, feed; 
Inadequate night shelter. 

20-30 2-3 0 

-:Improved traditional..-. Regularwaler~and grain; 
* Step 1 improve night shelter; care of 

hen/chicki In first week; 
40-60 4-8 0 

Newcastle vaccination. 
Improved traditional 

tep 2 
Same as Step 1 plus further 
Improvement In feeding, 
watering, and housing.
Treatment for ecto- and 

approx. 
100 

10.12 30-50 

endoiarasites. Additional 
vaccination as Indicated. 

Improved traditional 
Step 3 
(semi-intensive) 

As Step 2 but with Improved 
breeds; complete diet; 
hatching by local hens. 

160-180 25-30 50-60 

SOURCE: UN. Food and Agriculture Organization, AfricanAgriculture: The Next 25 Years: Annex Ill Raising Productivity (Rome: 
1986) 
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Chapter 10 

Improved Use of Animals 

SUMMARY 

A'nimalsfiguro prominetly i-r Acan ioconomies- rpresenti nga estiin ted $1o bil hiii 
in annual production of livestock products and services. An additional $3 billion is derived 
from fishing (40). Numbers of cattle and goats per person are considerably higher for Africa 
th'in the world average, although production per animal (as well as for sheep, poultry, and 
swine) is significantly lower (40). 

African livestock serve a variety of important functions beyond producing meat and milk, 
although the latter typically is of primary importance (box 10-1). Also, animals are raised 
in a variety of ways: 

" about three-quarters of Africa's livestock are raised on small farms where crops are 
the principal source of subsistence, and animals provide a major source of cash income; 

* only 6 percent are reared on commercial ranches (table 10-1); arid 
" another 20 percent are herded in pastoralist systems where livestock provide the ma

jor source of both food and income. 

The estimated 16 million African pastoralists have developed a number of specialized lech
nical and social responses to deal with an inherently risky livelihood. Studies show that Afri
can pastoralist systems use scarce resources effectively. Although production per animal 
is low by normal world standards, African pastoral systems are generally more productive 
than ranching systems in Africa. Australia. or the United States when measured by other 
criteria, including food production per unit of land (2). Nonetheless, these systems are not 
self-sufficient in food production and depend to a significant degree on market links to buy 
food from farmers. Nomads, for example typically derive about one-half of their diet from 
milk. 16 percent from meat, and 34 percent from purchased cereals and other food (49). 

He!ping pastoralists presents unique challenges for development assistance because of 
pastoralists' mobility, their harsh and unpredictable environment, and their relative isola
tion from national economies (box 10-2). Any improvements in productivity are bound to 
be marginal. The primary potential of technologies to support pastoralist systems lies in the 
improved veterinary support and animal nutrition that are examined in chapter 11. This 
chapter focuses on the mixed ciop and livestock systems that account for most African live
stock production. The practices discussed-irtegrated crop/livestock systems using small 
ruminants and improvements in animal traction and aquaculture-can enhance the contri
butions that animals within farming systems make to resource-poor agriculturalists. 

Major issues in African low-resource fisheries development are briefly outlined in box 10-3. 
OTA's analysis of fish production technology, however, is restricted to aquaculture develop
ment (this chapter) and technologies to reduce post-harvest lossus of fish (ch. 11). Technol
ogies for marine and inland fisheries development are not considered here. However, an 
analysis of various marine and inland fisheries technologies for developing countries is the' 
subject of a recent report by the Board on Science and Technology for International Develop
ment (35). 

Aquaculture-or fish farming-is not a common tradition in Africa, and represents only 
a fraction of Africa's total fish catch. Nonetheless, aquaculture holds particular promise for 
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Box 10-1.-Contribution of Livestock to Agricultural Development 
Livestock, particularly in the farming systems context, provide many other benefits in addition 

to food. Food may not necessarily be the greatest concern for resource-poor farmers and herders. 
Development efforts in the past have usually been aimed at the improvement of livestock productivity 
for meat, however. 

AnimalTration.-Livestockare a major supplier ofdraft power-ii theithird-world. Livest
provide an estimated 75 percent of traction power-ranging from a low of about 10 percent for Africa

lk 

to as high 	as 99 percent for India. The use of animal traction will continue to be of importance to
low-resource agriculturalists due to the high cost of fossil fuel and mechanical equipment and the 
ability of draft animals to use low-quality crop residues for their subsistence. 

FoodReserve.-The food reserve or insurance against crop failure provided by livestock is impor
tant, particularly in those areas where climatic variation causes frequent fluctuations in crop produc
tion. During droughts, animals provide food, while during good years the hevds are increased. Al
though herds will fluctuate in size they provide security from climatic-induced crop failure.. Usually
enough of the herd will survive poor years so that the size can increase when climate improves. 

CapitalAccumulation.-Livestock serve as a bank which can be converted to cash as needed.
The fund can be used for emergencies and medical expenses, school costs. taxes, and making invest
ments in agricultural resources. Draft animals are often rented as a source of family income. 

Value-Added.-Livestock convert low-value household and community-owned forage and family
supplied labor into high-value products. In extensive grazing systems, cattle, sheep, and goats graze
on land which has no value for crop production. In intensive, confined systems (pen feeding) small
ruminants are fed low-value crop residue and hand-collected forage harvested from land unsuitable 
for normal crop production. Children and women provide labor for these enterprises thus adding 
to family income and food supply. 

Manure.-Most animal manure is valued as a source of fertilizer for crop production, and some 
types are used as building material and/or as a source of cooking fuel. As a source of fuel, manure 
reduces the pressure upon forest resources which are sev.i'Ay depleted in many parts of Africa. But 
its fertilizer benefits are lost when burned. 

Social Equity.-Because land is not equitably distributed, development of crop agriculture has 
not benefited the landless. Ownership of small livestock may not require land ownership because 
of availability of public land or the development of backyard intensive projects. Animals provide op
portunity for food and income for the landless. Because livestock products are purchased by urban 
people who have wealth, they will provide a channel for income to the poor.

Export Earnings..- I,ivestock products are a potential source of foreign exchange. Many African
countries produce meat, hides, and fiber in excess of domestic needs and export provides important
foreign exchange for the domestic economy. 

SOURCES: 	Robert E. McDowell, Ruminant Products: More Than Moat and Milk (Morrilton, AR: Winrock International Livestock Research
and Training Center, 11177; R.W. Rice, "Domestic Livestock In Arid Lands FSRIE," Department of Animal Science, University of 
Arizona, unpublished manuscript, n.d. 
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Box 10-2.-Pastoralism in Africa 

An estimated 6.8 million people in West Africa, south of the Sahara, and 9.3 million people in 
eastern rand southern Africa depend on pastoral herding as their principal livelihood (30). Throe gen
eral categories of pastoralist production are (9,49): 

Nomadism: Pastoral systems almost entirely dependent on livestock and that do not involve 
a perianet-ipla e of residet -practice uf rgular cultlvatlon-7 

* 	Transhumant Pastoralism: Pastoralist maintains a permanent residence for several years near 
which a few crops are typically cultivated. Animals are usually herded by adult male members 
of the household, sometimes migrating over hundreds of kilometers, in order to obtain ade
quate forage and water. 
Sedentary Pastoralism: A form of mixed farming where permanent residence is established 
and crops are grown, but livestock production is the dominant enterprise. 

These three forms of pastoralist production have been described as "three different ways of life 
(that) are specific human answers to the painful choice between high-quality forage and drinking 
water" (2). This characterization stresses the importance of water and soil nutrients in determining' 
the form of livestock production in the arid and semi-arid Africa where pastoralism prevails. Water 
is the limiting factor in the driest region (i.e., below 300 mm rainfall). In these low rainfall areas, 
the growing season may only last I month but the vegetation producc-. is nutrient rich. Nomads and 
transhumant pastoralists try to take full advantage. Availability of soil nutrients quickly replaces water 
as the limiting factor in wetter regions. The increased quantity of available forage in the wetter re
gions cannot compensate for poor nutritional quality of forage due to inadequate availability of nitro
gen (as well as reduced digestibility and phosphorus content) (2). 

Researchers have also identified a wide array of adaptive strategies employed by pastoralists to 
ensure reliable and adequate production throughout the year in their unpredictable and unproductive 
environment (7,8). Briefly, these include: 

e Movement: Movement is an obvious but essential aspect of pastoralist productiun that enables 
herders to take optimal advantage of patchy, fluctuating, and low-density resources. Pastoralists 
also tend to divide herds into smaller groups to further optimize use of scarce resources. 

* 	Use of Resource Reservoirs: Pastoralists depend on pockets of higher biotic productivity (e.g., 
highlands, swamps, or rivers), as forage and water availability in the broader range become 
scarce-either seasonally or because of poor rainfall. Social mechanisms commonly evolve to 
help control use of these resources. Because of their greater agronomic potential, these areas 
also tend to be the focal points of farmer encroachment or other agricultural development schemes 
that can undermine this critical resource for pastora!ists. 

e 	 Species Composition and Herd Structure: Multi-species herd composition provides effective use 
of available browse as well as providing pastoralists with consistent supply of food due to differing 
periodicities of growth and reproduction, and differing lactation patterns. Mix of different spe
cies is also a function of plant productivity and rainfall (e.g., higher proportion of cattle in more 
favorable areas or years). Herd size is typically maximized to the limits of available labor, while 
composition of household labor (i.e., age and sex) may also define herd structure. 

0 	Social Systems and Interactions: These include the various ritual, political, juridical, and eco
nomic relationships that have developed to enhance efficiency in the use of resources and to 
provide insurance against disaster. Examples include various forms of resource sharing and 
redistribution. 

Disturbing trends in land use and livestock ownership have emerged in Africa that raise serious 
concerns for efforts to promote food security among Africa's herders. Taken together they suggest 
a growing vulnerability to drought and famine among increasing numbers of poor pastoralists that 
depend primarily on their livestock for food and income. 

First, pastoralists arc among the biggest losers in Africa's growing competition for agricultural 
land. Pour farmers continue to expand into new areas due to population growth or displacement 
after giving up land to commercial production, Many have moved onto grazing land traditionally 
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used by pastoralists. This, in turn, has forced pastoralists onto still poorer land, In addition to reducing productivity and increasing vulnerability of production to drought, this trend has resulted in a
shift front what was largely a complementary relationship between farmers and herders to one
increasing conflict over resources (13,18,28). 

of 

Second, a marked trend toward increased economic diffo ntiation is occurring in pastoralist
communities. Specifically, ownership of herds is being hoavi!j concei,... ted among a few wealthy-,,-.,-stockLowners and.increasing tnumbers of-pastoralists are-he(oymingpaid-laborersto- herd for theseoften absentee, owners, Although this trend raises specific equity concerns, it also raises concern 
over sustainability in emerging systems (18,49), 

The intensity and specifics of absentee herd ownership vary but its occurrence has important implications for local ecology since this group of "part-time" pastoralists usually operates outside the indigenous
management system, and is likely to be less concerned than local herders with long-term conservation 
and grazing control (28). 

Technical or institutional success stories in assisting Africa's pastoralists are rare. Not surpris
ingly, a high degree of frustration has emerged over the little progress that has been made in improving pastoralist production despite considerable investment. The fallout seems to be a retrenchment of development assistance eflort in support of pastoralists. The argument made is that development
funding is better spent where chances of success are more likely. In neglecting the development needsof this group, however, human impoverishment and land degradation are likely to accelerate. This
dilemma has led to serious reevaluation among livestock and pastoralist development experts of whereand how things have gone wrong, but questions of how best to proceed remain unresolved (12,45). 

Some potential does exist for enhancing pastoralist livelihoods and improving their food security,but exploiting it may require a different approach and different expectations than have been appliedto date. A growing consensus is emerging that development goals should shift more toward enhanc
ing the subsistrnce base of pastoralist produLction syttms, rather than focusing on increasing meatproduction for commercial markets. Increased attention should be directed at smaller scale interventions and incremental improvements, rather than large-scale interventions. Also, failu=.- to improvesignificantly on traditional production systems should be seen as testament to their effectiveness andsuggests that building off existing systems-rather than replacing them-and tapping the knowledge
base of pastoralists themselves is a rational approach to finding solutions (11). 

Too often development efforts have focused on introducing a specific technology without assessing its broader impact on the larger production system or its desirability from the perspective ofthe pastoralists themselves. Greater appreciation now exists of the critical role of social and institu
tional devices that enable the direct participation of pastoralists in the definition, design, and management of projects (13,27), The emergence and support of local groups such as pastoralist associations Is seen as a response to the needs for pastoralists tu gain ,igreatcr voica in regional planning
and political decisions affecting them, They also provide institutional mechanisms to assist herdersin stemming the tide of expansion of sedentary farmers onto critical dry-season grazing areas. Such
issues also relate directly to the need to address changing patterns of land tenure and communal 
resource use (46). 
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Box 10-3.-Fisheries Development in Sub-Saharan Africa 
Fish, on average, provide about 12 percent of animal-derived protein in the African diei, three 

times as high as in Latin America and four times as high as in the Near East. Sub-Sdharan Africa's 
approximately 2.7 million metric ton fish catch in 1984 was derived in almost equal parts from marine 
and inland fishL ies (43). Africa's marine fisheries production declined between 1976 and 1984, while 
inland fishery production has increased about_8 percen during the same nfrod, While iare-scahe 
maine is ries iave ncreased in importance in a few African countries, traditional small-scale (or
artisanal) fishing still accounts for 85 to 95 percent of Africa's total fish catch (9.35,43). 

Further development of Africa's predominantly small-scale fisheries faces many of the same prob
lems as efforts to enhance low-resource farming and herding, Factors intrinsic to fishing operations, 
including low productivity and consequent low incomes, make investments in improvements diffi
cult. Productivity is also hampered by the fishers' poor access to markets, transportation, and credit. 
A recent study of technologies for low-resource fisheries suggests that the most effective technologies; 
are generally those that: 1)are adaptable to solving specific local problems, 2) mitigate against ecologi
cal or social disruptions, and 3) are economically feasible and desired by the community they are 
intended to serve. The study also concludes that projects promoting new mechanical or fabrication 
technologies should include a training component, service support, and emphasize locally available 
components and spare parts (35). 

Productivity of traditional fisheries is being undermined by deteriorating natural resources. Over
fishing and disruption (e.g., pollution) of spawning or feeding areas, conimonly due to impacts of 
large-scale commercial operations, are major causes of this deterioration, Deforestation in coastal 
areas has also made certain woods that are preferred for boat construction increasingly scarce (35). 

just as low-resource farmers and herder3 have been largely neglected by natior,al and interna
tional agricultural research, so too have the low-resource fishers been neglected. For example, studies 
show that although some 70 percent of the marine catch off West Africa is taken by small-scale fishers,
this group receives no more than 20 percent of government fisheries funding. Considerable bernifits 
are identified in supporting these small-scale fisheries, including creating employment, effective use 
of local investment, and production of high-quality products using little energy and causing little pol
lution (42). Evaluation of the euonomics of large- v. small-scale fishing in Africa is scant (9). One soch 
comparative study for Sierra Leone, however, concluded that small-scale operations were more profita
ble and could pre'uce fish at a lower cost per ton than large-scale firms (26). 

The Fishery Committee 10i the Eastern Central Atlantic, a regional fishery organization set up
by the U.N. Food and Agriculture Organization, has suggested numerous mechanisms to promote
and protect African small-scale fisheries. Designating in-shore areas specifically for use by low-resource 
fishers, as has been done in Cameroon, Mauritania, and Senegal, is one mechanism, Developing credit 
fo fishers to purchase)canoes, nets, and motors is another. Interventions must be preceded by assess
ments of possible negative impacts on communities, however (42). 

The neglected role of women should be integral to such investigation (24). Though they seldom 
go out in the boats, women play a critical role in shore-based fishing (e.g., 95 percent of the work-force 
in Ghana and Togo)-with principal responsibility for processing, transportation, and marketing Fur
thor, women commonly are major owners and investors in boats and gear, the principal source of 
wealth among low-resource fishers (9,42). 

production on small farms: generally speaking, those African countries with the greatest' 
Increase in stock numbers also experienced the highest cereal production increases (5). 

Divrified productioni systems that includo livestock (or fish) and crops also offer increa~d 
secrity of production,PFr examnple,' producing millet as the staple grain In,the, noirthern 

.,.Sahel is onuly possible because of the added food security provided by livestock reaing since:
m2ill1et crops often fall (4) Combining several types of livestock-for instance, cattle, goats;~ 
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and sheep-furthor reduces vulnerability, provides a more consistevt food supply, and can
make more efficient use of available forage. Aquaculture has also been identified as a means 
to provide the rural poor with supplemental year-round food, even in many marginal areas (34). 

Another element in the interrelationship between crops and animals is that crop residues 
are often a critical source of animal feed in low-resource agricultural systems, Pastoralists
commonly establish reciprocal relationships with farmers so they can gain access to post

-harvest.fodder,4The'fa rmors benefit from 'the manure deposited in their fields or other remu nor
ation such as milk or cash (28). Cattle in semi-arid and sub-humid zones of West Africa spend
about 40 percent of their time feeding on crop residues, and these residues account for nearly
half of their annual feed (31). This use of crop residues as fodder has important Implications
for crop breeding strategies. 

Africans typically are large consumers of milk and sub-Sahiaran Africa has a rapidly en
larging deficit in milk self-sufficiency, At least 3 million tons are imported into the region
each year commercially and through food aid (32). In light of the high demand for milk in 
Africa, increased attention should be directed toward better systems for producing, process
ing, and marketing milk. Potential is high to increase production under small farm condi
tions, but improvements in transportation and infrastructure, and other incentives will be 
needed (32). 

Although most African farmers raise crops and livestock, these activities are seldom in
tegrated well enough to makeuse of the full potential of mixed systems. In other developing
regions, particularly in Asia, the complementary benefits provided by integrated crop/live
stock production have been developed to a much greater degree. Integration in Africa has
only occurred to any significant extent i the tropical highlands, where population pressure, 
scarce resources, and sparse land availability has motivated more intensified management
systems. Livestock generally receive minimal management in most of Africa, mostly roam
ing free and scavenging for much of their food. Crop residues, household food scraps, and 
backdoor garden residues all provide feed supplements. However, growing crops and rear
ing livestock for the most part are separate activities. 

Livestock rearing isundertaken as a secondary activityto crop production in most of Africa's
mixed systems. Consequently, when labor, land, and capital are serious constraints, as is 
the case for resource-poor farmers, crops take precedence over animals. This helps explain
why livestock generally receive tile supplemental nutrition and health care, as well as mini
mal management. Providing resource-poor farmers with options to enable them to invest
additional resources in their livestock is a major challenge to developing more productive
crop/livestock systems. Integrating livestock into alley cropping systems and establishing
small but intensive fodder gardens are two promising avenues being promoted by the Inter
national Livestock Center for Africa (ILCA) and some national governments (36). Initial re
sults from work by he Small Ruiemnint Collaborative Research Support Program, supported
by the Agency for Internationa'A Development (AID), are also providing promising results 
in this areea (48). 

Food production for many resouice-poor farmers, particularly in semi-arid and sub-humid zones, suffers from insufficient or untimely access to animal power to plow fields (37). Plant
ing may be delayed and yields consequently decreased in cases where draft animals need 
to be leased or borrowed (16). The ability and. willingness of resource-poor farmers to invest
increased labor and other resources into managing draft animals naight be enhanced where
animals can serve multiple uses-sowing, weeding, harvesting: and transportation (49). To
accomplish this, animal traction equipment needs to be designed in appropriate scale and
affordable types. This must accommodate the smaller African oxen, and use equipment that
 
can be produced and repaired locally (49),
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OPPORTUNITIES FOR IMPROVED USE OF ANIMALS
 

Mixed Crop/LivestockSystems and livestock through the use of legurninous 
Using Small Ruminants browse trees (ch. 8). The second is referred to 

as an intensive Feed Garden Approach and is 
Small ruminants-sheep and goats-are aval- directed toward regions where land is scarce 

uabla assetforresource-poor farmers.-Theyare, and ani mal confinement is ppropri ate or nec--
generally vell suited to small mixed farms be- essary (36). 
cause of the low capital investment per head, Both systems are based on the premise that 
contributions to nutrition and family income small ruminant production must occur within 
(in small but timely amounts), and minimal the context of existing agricultural sy tems. Re
competition for land and labor (47). Research searchers thus have stressed the need to keep 
on their actual contributions is scarce, however, demands for cash, time, and management to 
Increasing attention now is turning to the corn- a minimum, as well as focusing attention on 
plemnentaryroles small ruminants can play in those areas where land scarcity makes in
integrated cropllivestock systems, particularly creased management more acceptable. 
in medium to high rainfall areas. 

Although research on both systems is incom-
Rearing of small ruminants in mixed produc- plate, preliminary results are promising. As 

tion systems often is a minor enterprise rela- Africa becomes increasingly populated and 
tive to crop production. For example, African livestock grazing is restricted in some areas, 
women primarily engaged in food preparation livestock production will have available more 
and processing may complement these activi- labor but less land. Efforts like the two ILCA 
ties by rearing small numbers of animals using models will become increasingly attractive to 
household wastes as feed supplements. Produc- and necessary for resource-poor farmers, espe
tion efficiency could be improved, however, by cially as greater confinement of animals in
taking greater advantage of possible com- creases the need for "cut-and-carry" fodder 
plementary interactions between small rumi- operations. 
nant and crop production (17). 	 On-farm Investigations of alley farms in Ni

* Small livestock are able to convert low- geria show greater flexibility in how farmers 
value crop residues to high-value animal use the system than had been anticipated by 
products (e.g., milk and milk products, researchers (36). This suggests that alley farm. 
meat, hides, etc.). ing is adaptable to'meet a variety of objectives 
Animal manure provides an effective under low-resource conditions and that trade
means to convert forage to fertilizer, par- offs In inputs are possible, enabling farmers to 
ticularly for small hom garden plots, adjust systems to meet their particular needs 

* Rotations or intercroppmng of food crops or limitations. The Nigerian government has 
* 	 with forage crops (f ;pecially leguminous now initiated its own program to promote al

species) enable farmers to produce high- ly farming. 
quality animal feed, as well as increase soil The intensive feed gardens have not beeni fertility and control crop disease, Inesv Th edgreshv o on 
ertilithand onstrl cp isenae - thoroughly evaluated. However, some investi-

ILCA has been testing ways to enhance effi- gations have shown that when the fodder crops 
clency in low-resourco farming systems by in- are rotated to food crops after 2-year intervals, 
creasing crop/livestock integration in existing the enhanced soil nitrogen and organic matter 
farm enterprises (see box 10-4). Two general can boost sorghum yields up to 300 percent (32). 
approaches have emerged. One is an integrated The system could offer a sustainable rotation 
alley farming approach based on work con- that would be highly beneficial to low-resource 
ducted at the International Institute of Tropi- farmers (32)-particularly under conditions 
cal Agriculture in Nigeria, which links crops where alley farming may not be possible, where 
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Box 10-4.-Two New Farming Systems Using Small Ruminants 
Alley Farming in Humid Nigeria


Throughout much of the humid 
zone of West Africa, snall ruminants are kept in free-roamingvillage flocks with low management Inputs and relatively low productivity. ILCA's Humid ZoneProgramme has developed for this region an improved sheep and goat production system that is closely--.ntegrated. with.crop production. 
The new system employs the fast-growing leguminous trees Loucaena leucocep~halaand Gliricidiasepium as animal feed and as a means of maintaining soil fertility, The system uses alley croppingtechniques in which crops are gi'own in 4-m wide alleys between rows of Leucaena or Gliricidia,.During cropping years, 75 percent of the tree foliage is applied to the soil as mulch, while the restis fed to small ruminants. The cropping system is periodically fallowed for 2 to 3 years, and duringthis period the natural vegetation. as well as the tree foliage, is eaten by small ruminants. 
The Humid Zone Programme is evaiuating 16 alley farms in different villages. All farmers includeLeucaena and Gliricidiatrees that have been established from seed. At least 40 accessions of Gliricidiawere collected from Costa Rica during 1983, some of which are now producing fresh weight yields

160 percent higher than the local types. 
Nigeria's Federal Livestock Department is starting a pilot development project in which 60 participating farmers will practice alley farming on their own land. The farmers will also adopt an im

proved animial health package recommended by ILCA, which includes vaccination and dipping to 
prevent common diseases. 
Fodder Banks in the Subhumid Zone 

Iivestock producers in the Vest African subhumnid zone have great difficulty feeding their animals during the long dry season. Fodder is scarc , and of poor quality, and cattle commonly lose 15
percent of their body weight before the r:ins return. Milk yields and reproductive performance fall

and mortality rises.
 

Supplementary foodstuffs are scarce and expensive, hut home-grown legume forages are likelyto offer a solution. However, livestock owners have little aucess to land, few implements for cultiva
tion and little money to spare fur fertilizer. 

ILCA's Subhumid Zone Programme has addressee these problems by introducing "fodder banks"of forage legumes which are cultivated and partially fertilized by the animals themselves. Large numbers of animals are crownied onto the 2- to 4-ha foduer bank areas at the ,art of the rains. They grazethe remaining vegetation, their hooves break up the soil surface and their dung and urine providefertilizer to help in the establishment of the forage legumes. The fodder bank is then sown with successfully tested varieties ofStylosanthes (e.g, lucerne and style) and 150 kg/ha of phosphate fertilizer.By the end of the rainy season such fodder banks yield 4 to 6 tons of dry matter per hectare, with a crude protein content of at least 13 percent,
The fodder banks are made available to animals periodically during the dry season, giving highquality feed and boosting production at a time of the year when the animals are accustomed to only

a small amount of low-quality grazing. 
The ILCA package has been enthusiastically received by local herders and by Nigeria's FederalLivestock Department. Now 23 fodder banks exist in ILCA's case study areas, eone of which havebeen started by the pastoralists themselves after seeing the success of banks grown by ILCA's team. 

SOIURCE: inernaional ve.ttk Cnlr for Africa t-A. ILCA AA t Report PlM 1J; ImprovingI.iives-tock and Crop-Litt-.e( SYvtely, inAfric a, Addh. Aba.a. Lthiopia. 195.1. 



land is particularly scarce, or where the nui-
hers of landless Africans are increasing, 

asimilar vein, researchbegun in1979 Ol 
nsimilarein, rsearchbegvate 
dual-purpose (milk and meat) goat production 
systems in Kenya suow promising results inde-
elow-cost low-risk technologies able 

to accommodate the land, labor, and capital 
constraints faced by resource-poor farmers (48).
In this work, the major factor limiting improved 
production was found to be the poor quality 
and scarcity of feed, especially during the dry 
season. To compensate, the researchers intro-
duced an indigenous legume, Sesbaniasesban, 
which provided supplemental protein for goat 
diets, improved soil fertility and provided fuel-
wood and a living fence. Introducing sweet 
potatoes into the system and using its vines as 
supplementary feed was also found to be ef-
fective, 

Despite these promising results, a number of 
problems need to be addressed. Paramount is 
the need to incorporate veterinary care into 
such programs (ch. 11). Peste de Petit Rumi-
nant (PPR), a respiratory disease, poses a par-
ticularly severe threat because it is widespread 
in Africa and can wipe out an entire flock or 
herd quickly. Preliminary results show that in-
noculating small ruminants each year with tis-
sue cultured rinderpest inoculation can con-
trol PPR under village conditions (36), but the 
problem remains whether resource-poor farm-
ers are willing to invest in vaccination. Unpub-lihilld cost-benefit data suggest atnractive re-


turns (36), but other social, technical, and 
institutional factors must also be considered,inotttenal hih iso eftieelastosi::not the least of which is the effectiveness o01' 
extension services in reaching low-resource::farmers. -yield 

Animal Traction 

Animal traction refers to the use of animals, 
primarily cattle, for larming activities like land 
preparation; sow; ig, weeding, and harvesting 

d >4*: 

crops; and transportation. Substituting animal 
for human power can reduce human labor 
while increasing the farmer's ability to cultimore land per day, and with less drudg

er 
ery. Savings in labor, however, are offset to 
varying degrees by the work needed to main
tain the animals . .. .. .. 

Some 10 to 20 percent of Africa's farmers use 
animals for traction, but the practice is stead
ily spreading. The area cultivated by animal 
traction is estimated at about 15 million ha, or 
15 percent of total cultivated land. This aver
age figure masks major variations at a regional 
level; the proportion cultivated by animal trac
tion varies from no more than 2 percent in cen
tral and West Africa to 42 percent in eastern 
Africa. It reaches a high of 90 to 100 percent 
in Ethiopia and Iotswana (41]. 

Even on farms where animals are used for 

plowing, manual labor is often relied on for 
other farming activities. For example, only 5 
percent of farmers who plowwith animals use 
them to pull mechanical weeders(41), Overall, 
animal traction makes only a small contribu
tion to the overall power requirements of Afri
can agriculture, which is still about 90 percent 
dependent on human labor. Several West and 
Central African countries are nearly 100 per
cent dependent on human labor. 

Although animal traction can be used for 
deep plowing,which sometimes can lead to increases in crop yields, few farmers use the tech

nology to improve tillage. Rather, animals are 
mainly used to expand the area cultivated and
improve labor efficiency, and these factors leadto increases in overall production rather than 
to increasesnoera pction rteincreases per hectare (38). . 

It has been argued convincingly that the 
acceptance and viability of animal traction, as 
well as use of tractors, is a function of the type
of fallow practiced by farmers (38). The ability 
to benefit from animal traction is hampered by 
the presence of tree roots and stumps in regions 

-
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where tree fallow prevails, This suggests that 

animal traction or tractors become more via-

ble under progressively more intensive bush-

fallow and grass-fallow systems (38). Studies 

of the relationship between fallow type and 

shifts from hand cultivation to animal traction 


_-provide the following general observations (38)-. 


The transition to the plow would not be 
cost effective in f6rest and bush fallow sys-
tems due to the high overhead costs re-
quired for removing stumps and for ani-
mal maintenance. 
A distinct point exists in the evolution of 
agricultural systems where plow use be-
comes economically feasible. 

" 	This point is conditional on soil types and 
soil fertility: the transition would occur 
sooner for hard-to-work soils (clays) and 
for soils which require high labor inputs
for maintaining soil fertility, 

The high costs involved in buying animals 
and equipment can deter resource-poor farmers 
from adopting animal traction. Oxen and equip-
ment may cost one to three times a farmer's 
annual income, depending on the amount of 
equipment included (20,38). 

Although animal traction can be used to dou-
- ble or triple rates of return by using mechani-

zation to free up labor, it can be as long as 5 
* years before these rates are reached (21). Also, 

the economic return from animal traction 
seems to decrease if too much equipment is in-
troduced at once or if it is too complex (20).
For example, in some cases earnings per worker 
and even per hectare on the highly mechanized 
enterprises (ones using a seed drill, hoe lifter, 
and cart) can be lower than on farms using only 
a seed drill). 

Where draft animals are already in use, in-
adequate or untimely access to draft animals 
can result in a failure to plant at the optimal
time and, thus, significantly roduct yield (37).
Making more efficient use of draft animals can 
make important contributions to improving
yields. Improving animal health offers one im-
portant avenue to increased efficiency (ch. 11).
Improvements in, and diversification of, ani-
mal traction equipment offer others. 

ILCA has modified the traditional Ethiopian
maresha plow so that it can be pulled by one 
ox instead of two in one attempt to address the 
problem of insufficient draft power. This sim
pie change could have significant impact in a 
country where only one-third of the farmers 
own two-oxen.Using-the new-plow, a single--
well-nourished ox can plow 60 to 70 percentof the area normally covered by two oxen, and 
the farmers can make the inexpensive plow
modifications themselves (19). Initially en
thusiasm was high based on result from tests 
at the research headquarters. However, subse
quent on-farm studies identified a number of 
problems that have dampened expectations and 
reinforced awareness of the need to promote
increased farmer participation in technology 
development (29). 

Increased attention is now being directed to 
other modifications of the maresha that, l'ased 
on on-farm trials, offer great promise (23). One 
modification is the development ofa terracing
plow that could make important contributions 
to efforts to reduce soil loss, increase water con
servation, and provide stable crop yields.

Another modification is the development of 
a broadbed and furrow maker that could pro

mote better use of the nearly 100 million hec
tares of Sub-Saharan Africa's vertisols. Vertisols 
are clay-rich soils that have a very high water
holding capacity and thus, when wet, tend to 
get waterlogged and sticky. When dry, they be
come hard and cracked. To grow anything be
sides a few waterlog-tolet,.t crops, elevated 
beds need to be built to increase water drain. 
age and evaporation. Making such broadbeds 
in these difficult to work soils is traditionally
done by hand, and requires labor inputs of 
about 60 hours/ha. The maresha broadbed 
maker, costing about $25 for modification, can 
cover the same area in about 16 hours using 
a pair of oxen. Although power requirements 
are about 50 percent higher than for the tradi
tional maresba, power needs are considered 
well within that which can be provided by a 
pair of local zebu oxen (23). Improvements in 
total labor productivity are estimated to be at 
least 40 percent, while measured yield gains
of bread wheat and teff were found to be about 
80 percent and 25 percent higher, respectively. 
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Increased use and modification of animal 
traction technology in crop production, includ-
ing plowing, planting, and weeding, show sig-
nifictant promise for increasing labor pr6duc-
tivity, Weeding-the second most important 
labor bottleneck after plowing-can be done six 

-to seven timesrfasterusing animaltraction cor-
pared to hand weeding (22). Increased atten-
tion could also be directed to other underde-
veloped uses of animal traction. ILCA for 
example has developed an ox-drawn scoop that 
can 1w used to dig and remove silt from ponds 
to store water for the dry season, or to develop 
aquaculture {19). Animal traction as a pump-
ing technique in small-scale irrigation schemes 
may also deserve greater attention as does ani-
mal-driven transport. 

Expansion and diversification of animal trac-
tion technolugy in promising regions will re-

J~ 

quire access to equipment and will increase de
mand for repair services and spare parts (38). 
Large factories in several countries, for exam
ple, Senegal, Mali,and Ivory Coast, have been 
set up to manufacture animal traction and 
transport equipment. These tend to be parasta

.- tal operations and ti r.production capacity.is-.. 
generally much higher than existing demand, 
As such, these operations tend to be subsidized 
and are given access to preferential credit terms 
(44). Increased use of animal traction may make 
such operations cost-effective in the future,. 
However, increased attention should be di
rected toward supporting small private, locally 
based, enterprises. Significant benefits exist in 
supporting the training of blacksmiths in equip
ment production, maintenance, and repair
where these artisans are widely dispersed and 
integrated into villages, and w'iere they pro
vide services directly to local farmers (10,38), 

4.4 

A 

AII
 

!;iTi-1'. ,Mastering the use ofInimal traction can take as long as 5 years for farmers unfam iliar with it, i : : 
r
ii~!:i:).!i:::L !,: :L . 1: Here a Sena galese farmer practices plowing durin!g the dry seaso n. i . : " " : ":r:~~!i 
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Aquacultur, farmer familiarity and competence in manag
!'e er r s to prhiractices by which fish ing aquaculture increases, efforts can bea oth t oraimsar ctie directed to emulate the more productive butmuchic ... a cultiv more complex "polycultures" such as those ofth like any other agricultural product, rather China. As with intercropping or mixed-speciest caught from rivers, lakes, or oceans, Land, herding, polycttlture ponds increase yields bewater, and climate combinations in many usthe mixofspecies more efficiently uses---placesin Africahavepotentialfor-fprtg available resources than can any one species


aquaculture. Appropriate technologies have (14).

been demonstrated that are profitable and with
in the management capability of low-resource One of the simplest ways to enhance fish profarmers (15). By regulating stocking and inl- ductionin ponds is by the use of fertilizers. 

- proving pond design, small pond systems can Chemical fertilizers or organic material can be
be the basis of modest managed fisheries, used to stimulate natural fish food production
 
Ponds built for aquaculture can be designed Fish may also be fed directly, but products that
to play a role in a larger soil and water conser- provide a nutritionally complete diet are usuvation program. Ponds help slow the erosional ally expensive and in short supply in less de

force of runoff water and can reduce down- veloped countries. The same is often true ofstream flooding. The water stored in ponds can chemical fertilizers. Nevertheless, some locally

he used during the dry season for watering available farm byproducts such as animal mastock, irrigation, drinking, washing, recreation, nure, cereal brans, and crop residues someand to support wildlife. Therefore, fish produc- times can be used to supplement natural foods
tion facilities can be combined with many other 
 in ponds to enhance fish production. Efforts 
uses, to increase aquaculture production should in

clude identification of these local feed/fertilizerThe miaagement used in aquaculture callbe resources and the design of production systems
extensive-using random stocking of available that take advantage of this local availability,

fish species into existing ponds-or intensive
using exotic species raised on processed feed Jntegrating fish, livestock, and garden proin ponds built with mechanization. Extensive 
 duction into a single system-a practice com
and semi-intensive approaches currently hold mon in the Orient-may be applicable in selectthe most promise for resource-poor farmers (6, cases in Africa. Local application may take van14,15). Many unsuccessful efforts to establish 
 ous forms. A typical situation might be for aaquaculture in Africa bypassed extensive man. farmer to have a few small fishponds, with
agement and attempted to introduce intensive water enriched with runoff from a small poulsystems (15). Extensive systems, however, are try or stock pen. The enriched water from the
better suited to and more likely to be adopted pond, besides producing fish, would also be
by low-resource farmers becomes of their lower used to irrigate and fertilize a vegetable garden,
capital input and lower financial risk (34). Garden wastes would then be fed back to the 

Farm systems could be studied to design stock or be put into the ponds. The diversity
aquaculture systems that are compatible with of such an integrated system reduces the risksfarmer labor and financial constraints. As associated with any single part of the system

and also provides a variety of products for 
household use or local markets. Small opera
tion can usually be built and maintained with 
family labor and can be programmed to keepIThe material on fisheries is based primarily on John Grover within existing demands for time and food, orand Stephen Malvestuto's contractor report (app. A)and an un- cash crop production. Such systems requireublished description of the US Peace corps' fisheries work

y.HarryReand )ohn Zarafonets, June 29, 1987, Washington, relatively little capital and remain in the con-Dar trol of the producng family. 

i!L :f. 7 V 
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Planners, however, must also evaluate and Experience with promoting integrated aclua
mitigate any potential adverse health impacts culture svstems in Africa is small, although in
that may arise from aquaculture operations- tial results ofthe Peace Corps' work in a few
both on the stock produced and on people. Dis- areas, suchl as Tanzania, for example, seem 
ease or parasite outbreaks are commonly the promising (14). Reviews of aquaculture devel
most severe constraints to aquaculture devel- opment elsewhere suggest that it is best ap

, 
-opment_
n-a~region Ji:-For example,-greater, proached-in stagesdIntegration of fish produc-

attention could be directed to evaluating the tion with other forms of animal husbandry may
threats of increased influenza pandemics that follow but may be too complicated during start
may arise from the spread of aquaculture oper- up (14). 
ations, particularly systems that closely inte
grate fish, waterfowl, and swine production The Peace Corps, initially with support from 
(39). Threats of introducing or exacerbating Oxfam and later from AID and the Zaire gov
schistosoiniasis is another important concern. ernment, have been involved in aquaculture in 
Agrochemical use in farming operation should Zaire since 1973. OTA asked the Peace Corps
also be evaluated to avoid problems of intro- to outline briefly what factors are most impor
ducing toxins (e.g., pesticides) that commonly tant for successftl aquaculture development,
accumulate in aquatic food organisms. Aqua- based on their experience (box 10-5). These les
culture operations can also generate their own sons seem to provide useful guidelines for sup
pollution problems, such as nutrient build-up, porting aquaculture development in other parts
for which mitigation plans may be needed (1). of Africa as well. 

Box 10-5.-Elements of Successful Aquaculture Development in Zaire 
The Peace Corp's Fish Culture Expansion Project in Zaire began in 1978, building off earlier work

and feasibility studies dating to 1973. The earlier experience demonstrated the technical and eco
nomic feasibility of small-scale Tilapia culture in family-operated fishponds. This work provided an 
understanding of local conditions, including the biology of fish production in the area and the culture[
and institutional framework around wbich the project was to be oriented. The following points have
been identified as the most important elements of successful aquaculture development based on at 
least 10 years of experience with the project. 

" Farmerinterestin andfamiliaritywith fish culture. In the project area, people have harvested 
river fish for centuries, They liked Tilapiaand were interested in the project. Although colonial
introduction of aquaculture was unsuccessful, many people were familiar at least with what 
fishponds were. Therefore, Peace Corps Volunteers (PCVs) did not have to introduce a com
pletely foreign technique.

" Tilapia culture is ideal as a first form of intensive animal husbandry. Tilapia are extremely
hardy fish, they rarely die from disease or mismanagement, and they reproduce in a wide range
of conditions. Farmers left their village for weeks at a time, In certain cases, and returned to
find not only that their fish had survived, but also had spawned. Little capital investment is
 
necessary. Fingerlings are inexpensive, ponds can be dug by hand when labor Is not needed
 
for tending other crops, and inputs are available locally (feed, organic fertilizer, and fingerlings
 

-* for restocking).

* Excellent technicalandlogisticalsupport,A technically qualified Associate Peace Corps Direc
:tor has been responsible for the project nearly continuously since 1974. Most PCVs have par

ticipated in pre-service technical training and are Involved in all planning processes. This tech. 
nical training not only has provided PCVs with the needed technical and extension skilll but
also instilled in the locals high levels of confidence, enthusiasm, motivation, and, perhaps most 
importantly, a sense of direction,

" PCVs set high standardsfor project ponds, High work quality standards are expected from 
participants in the demonstration ponds, This often means withdrawing support from those 
farmers who are unwilling or unable to meet adequate standards and commitments, The re

76-57 0 - 88- +. O 



maining farmerseach build sevet'el high-quality ponds that serve as models for other irterested 
farmers. Failure to set standards for pond operations has been a major shortcoming ofseveral 
other technical support programs,

" Focus on management, Even though the mechanics of fish culture are simplo and the r'sks 
Considfrably lower than with other forms of animal husbandry, the concepts can be difficult 
to understand. Concepts such as stocking, feeding, growth, and production rates-let alone 
pH and oxygen cycling-are unfamiliar to farmers that have never raised animals. Proper managem tis the reasonthat some farmers-proc uce twobto three ties miFrefishtlidji th iir nfghb6rs.

* Development of localinfrastructure.The Zaire fish culture project demonstrates that this type
of agricultural development is possible even with minimal national government support. The 
program's focus has always been on the individual farmer, Fingerlings are produced and dis
tributed locally, experienced farmers advise new farmers on site selection, pond construction
and management, and farmers meet regularly to ulscuss problems. Numerous seminars, meet
ings, and field trips are held before there is ever talk of forming a group. Farmers got to know 
each other and come to rely on each other tor advice and assistance. The result is the develop
ment of a local private infrastructure capable o!' taking over PCV responsibilities.

" Long-term commitment. A 10- to 20-year commitment may be necessary for introducing aqua
culture into a region, although shorter support periods may be possible for particular sites. 
The Peace Corps recognized the need for a long-term view when introducing the technology
into a village, and plans to be actively involved from 4 to 8 years depending on the village.PCV input is designed to last long enough for farmers to see pasitive results, but then it is phased 
out as local management skills are developed. 

lrry Ro" and ]0111 Zdralbmielis, unpiublishul (fast tludy. U,S. eHaF P'eac Coq)$p, Wash ngtownDIC, June V), 1987. 

POTENTIAL 

Improvements in existing low-resource farm-
ing systems for much of Africa will be predi-
cated on access to increased income so there 
is cash available to invest in inputs to enhance 
productivity, such as improved seeds, fertilizer, 
and labor. Livestock, particularly small rumi-
nants and poultry, provide the most important 
source of income for subsistence farmers. The 
improved diets that result from introducing ani-
mals into farming systems further enhances the 
production potential. So, too, do livestock sys-
tems that help modulate labor demand-i.e., 
those that can employ labor during periods 
of underemployment but dJ not place heavy de
mands on labor during seasonal labor bottle-
necks, 

Promoting improveii integration of cropand 
livestock production holds strong promise for 
Africa, For the region as a whole, an extra ani-
mal in the cattle population on a mixed farm 
correlates with an additional one-quarter hec-
tare of crop land, a 200 kg increffental grain 
output per year, as wnll as an additional 30 k3 

of meat and 38 kg of milk (3,4). Research also 
shows that integrating animals into a small farm 
increases returns over cropping alone, For ex
ample, maize grown solely for human con
sumption recovers 39 percent of the crop's 
energy nd 20 percent of the protein. When the 
materials left from food preparation are fed to 
an aninial, nearly 50 percent of the crop's 
energy and 30 percent of the protein is used. 
,mall ruminants offer particular advantages 
and opportunities within low-resource agricul
tural systems and deserve increased attention 
(49). 

Research on improved integrated crop/live
stock management systems isnew but shows 
great promise antd seems well adapted to meet
ing the ptrticular needs and constraints of 
resource-poor farmers. Development of other 
technologies, such as new or adapted imple
ments to make more effective use of animals, 
promises to provide improvements In produc
tion efficiency. Animal traction enables farmers 
to cultivate more land and reduce drudgery, 
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helps improve nutrition for the farm fami- achieved through divei'sification of food and 

ily.Animal disease, particu!arly trypanosomia- income sources made possible by mixed crop/ 
Sseverely limits animal use in much of Africa. livestock production. Aquaculture, for exam-
Disease control, particularly through expanded ple, potentially could be a part of farming sys
use of trypanotolerant breeds and improved tems throughout the humid lowlands, tropical 

systems (ch. 11), offer hope for highlands, and wherever else water is available 
future wider application of mixed cropllive- t6 supply small, year-round ponds. 

Also important for the resource-poor farmer 
+ is the increased food security that can be 

PROBLEMS AND APPROACHES 

Currently, about 75 percent of African live- ticularly for animal traction and integrated 
stock are raised on small, primarily subsistence, crop/livestock systems. Cattle production in the 
farms where animal nutrition is the most limit- humid zone will continue to be restricted by 
ing( factor in increasing animal productivity. trypanosomiasis, but small ruminant produc-
It is likely that this will remain the norm for tion using leguminous trees to complement 
some time to come (31), Improving efficiencies other feed sources seem promising although, 
by better integrating crops and livestock to fa- here too, there are disease problems to combat 
cilitate small-scale mixedmmeiatproduction is thus a broadly speaking, the need exists to bet! lgicl fcusforthe fuureMore 

Sogical focs fter account for the interaction between crops, 

Despite the predominant importance of live- trees, livestock, and wildlife-as well as the so
stock in arid and semi-arid regions, efforts to cial and cultural values that emerge at the in
develop technology for pastoralist systems terface of human and natural systems. Perhaps 
largely have been unsuccessful, with the pos- the single most important objective should be 
sible exception of veterinary interventions. A to recognize and take advantage of complemen
reassessment of goals and strategies is needed tary areas and mitigate against areas of conflict. 
so lessons learned from mistakes are better used One example is the potential links leguminous 
in planning future activities, Further,' solicit- trees and shrubs can play in simultaneously 
ing knowletdge and participation of herders providing access to high protein forage for live
themselves is now seen as an essential compo- stock, improving soil fertility for crops, and re
nent of successful interventions (13,45,49). AID ducing pressures on the surrounding environ
and others have expressed an emerging agree- ment by providing fuelwood, stabilizing soils, 
ment that the prime emphasis in the livestock and enabling more intensive production. 
sector at this time should be to support the sub- Conversely, an accounting is also needed of 
sistence base of pastoral herding rather than p , i. , 
to stress commercialneeds.meatto productionbe diece 45). In- possileplants thatdeleteriousmay be interactions.best for nitrogenFor exampl,fixationcreased...ateto , 

Sowar may produce forage that is toxic for animals 
resolving the resource conflicts between pas- (33). Plant breeders' efforts to increase grain 
toralists and sedentary agriculturalists. The 

yield may affect the needs of African farmersproblems that emerge where farmers move into 
grazing areas that pastoralists require for dry who use crop residues as a source of livestock 

feed. Farmers in Mali, for instance, rejected anseason browse are particularly acute, 
S _improved-variety of cowpea because the im-

The potential of livestock development in proved crop yield also significantly reduced the 
$wetter regions is more promising. Livestock re- amount of residue for fodder (49). In a similar 
main underexploited in subhumid regions, par- case, new bird-resistant varieties of sorghum 
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contained increased tannin, which rebduced the 
utility of plant protein. Plant breeders must con-
sider these potential 'trade-offs-and look at 
'!.Whole plant" uses in order to respond to the 
needs of low-resource farmers (31). 

Animal traction, although not prevalent in 
Africa compared to other developing regions, 

SIncreased use of animal traction has a signifi-
K cant role to play in the~fu ,ture of African agri-

culture. It is necessary, however, to consider 
environmental and sociological factors before 
promoting animal traction in an area. Struc-
ture of the soil, relative content of clay to sand, 
and erodibility are obvious consideratinns. So-
ciological factors more difficult to measure are
also important, however. For instance, consider 
the analysis below of the piroblemns encountered 
trying to promote animal traction in the Duko- 

lomb reionf Mli (5):common
lomb reionf Mli (5):than 

When elders of Dukolomnba,,upon being con-
fronted with the ox-drawn plow 'by the French,
told the laboringyoutho v teofttvlaetaah tt
"cow hoe," as it is called, would wear out their 
soil too quickly, they are, as we hj ve seen, niot 

lying. But itwasn't the soil that they were try-
ing to economize on. As the decision makers, 

' 

but not the laboreirs, in the family firm, these 
elders felt that with the labor-saying device of 
the plow they wouild lose control over the
youths, who feeling less needed by the family,
would drift away, either to the Ivory Coast or 
into their own separate firm, Thus in purchas 

price but also control over labor which he could 
use to advantage throughout the year. The 
youths were to be shamed into staying at home 
by the spectre of famine which would resultfrom their being absent during the moundmak
ing and the weeding season. Both elders anjd
youths concur on this explanation of Duko
lomba's early avoidance of the plow. 
Alhuhrsacantenogydvop
Alhuhrsacantenogydvo

ment in support of integrated crop/livestock sys
tems is scant,.that which does occur is more 

in the international research centers 
in African national research centers (31). 

This is a seIrious omnission from national re
search programs given the prevalence of mixed
f i A a e 
garing syro ms in Afcroitc ndteptetial,
ganfrmipoeco/lvsckntrton 
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Chapter I11 

improved Systems To Reduce Losses 

This chapter examines various technologies available to reduce pro- and post-harvest losses 
in African farming systems. The first section deals with the various elements of integrated 

...pest management-a strategy, that aims at integrating the best mix of available methods to 
control losses of crops due to pests. The second section examines technologies to improve 
animal health in low-resource agriculture, both grazing and mixed crop/livestock systems. 
Improved animal health has the potential to reduce direct losses due to morta!ity, as well 
as improve productivity of livestock. Veterinary support and improved animal nutrition are 
the major areas examined. The final section looks at a host of technologies, that fall under 
the general category of post-harvest technologies. Although many technologies specifically 
address themselves to reducing post-harvest losses, such as improved preservation and proc
essing, others are more important for their ability to reduce drudgery and increase efficiency 
of post-harvest activities. 

INTEGRATED PEST MANAGEMENT' 

- Summary 

Awide range of insects, mites, fungi, bacteria, viruses, weeds, vertebrates, and other pests 
Splague Africa's resurce-poor farmers and herders, In fact, an estimated 30 percent of ,the
production from some crops is lost in the field or in storage (1,13,56), Although only certain 
crops suffer. such severe pest damage and some experts find that tyical losses are lower,, 
ttproblem is still one with significant implications for food 'security. The vulnerability ofj 

esota pest-induced crop loss islikely to increase as more land isplanted with genetically 
uiform mnocultures and as the genetic base of crops narrows. 

Pests also present problems for public health and livestock.-MalariapersistsAs the most, 
wimportait Infectlous disease in Sub-Saharan Africa despite attempts to control the.vec rio 

'<oqitoes with insecticides and massive programs to distIribute antimalarial drugs (5). The' 
twonajor arthropod-born diseases of livestock, trypanocsomiasis (transmitted by tse'seflis) K4
and,Bst'Coast, fever (transmitted by ticks), prevent livestock production Inlag reso 

Pest control methods include: quarantines to prevent entry of new pests into neaw-areas;:9 
pest-rsistantvarieties of cro6ps and livestock; cultural controls, such as) crop rotations and 

1140 roping; biological controls-,and a variety ofbilogical anid chemical pestlcldis.!nto- &grated Pbst,Management (IPM) is~ apest control systern that draws on 'ths6ev'i'ou'post
conirt6ithodsito provide Uie most effective mix ofavailable techniques, (6,8): Crtria'for+ 

/deterning the otim~al iif hodsforiresource-poor farmer~s and herders hndciide( ,9,A3,71): 
a Tehia-fetvtes: ps aaeI kept to an accepitable level.
 
0 otefciees ehd are afford able 'and econoically advantageous.
 

'Ths aral is based priffirily'On the OTA contractor report prepared by Dale JBottrelUni~versity of Marylanld, (app. A). 
BI loia' pet6ie rer to tliOso deriVed fromn planits, bactea and iruses, an~d fungi. "Chemical" pesticides reifer to allte 
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*Sustalnability: systein is designed for long-term effectiveness, and required inputs are 
accessilbe~and reliable., 
* Safety: human anid environmental health are ensured. 

Developing IPM packages is expensive because they are information-intensive and require
trained scientists to research the basic biology of the pests,~their natural enemies, and how 
both initeract 'with the, host. Using the packages does not have to' be expensiv 'e,however. 
R~sucepo-~rlr-n-edr-arayprcie-ot oto -methods - hat -can-be~m--
poved by scientific knowledge, and the tasks of maintaining the systems-timing of plant
ing, cultivation practices, scouting the field for pests, and so forth-are well within the reach' 
of most African farmers, if they are given training and support (23). IPM may also help re
duce problems associated with uncontrolled chemical pesticide use in developing countries, 
These include human and environmental contamination arising from misapplication of pes
ticides and the high cost of imports when foreign exchange is scarce. 

Development assistance to Africa's resource-poor farmers and herders could benefit from 
a longer term, sustainable approach that calls for increased emphasis on IPM. Using chemi
cal pesticides alone is a common short-term approach, but a more diversified approach that 
draws on various pest control methods will be more effective over the long term. Chemical 
pesticides can be expensive and access to thom is unreliable for many resource-poor Afri
cans. Subsidies shift the economic burden to governments, but still drain national economies. 
Furthermore, free pesticides discourage farmers and herders from exploring sustainable alter
natives (58]. 

IPM is a concept of pest control that combines different aspects of available pest control 
methods. Central to IPM are efforts tc maintain pest levels at non-injurious levels, rather 
than trying to eradicate all pests. It is an information-intensive technology that requires bio
logical and ecological knowledge about the pest, its habitat, and the pest's natural enemies
e.g., their population dynamics, physiology-and constant monitoring of pest levels to keepi
them below predetormined economic thresholds, beyond which levels 'of damage are not 
affordable (50,72). 

IPM usually contains a variety of components, Quarantines offer the first line of defense 
against the introduction of new pests to an area. Pest-resistant varieties of crops are used 
to minimize damage and increase crop survival. Cultural controls include agricultural prac-
fices that deter build up of pest populations and/or encourage predators, and parasites ardi 



pathogens that act as biological controls on pests, Biological pesticides, which tend to be 
more target-specific and less dayiaging to the environment, are generally preferred to chemi
cal pesticides. Chemical pesticides, especially insecticides that kill pests and beneficial in
sects alike, are used conservatively; this better enables natural enemies to "track" changes 
in the population size of the pests-increasing or decreasing in number in response to the 
status of the pests, 

Options for Managing Posts inaniioti)and the cassava green mite (Mono
nychlilus tanajoacomplex) were accidentally

Quarantines introduced into Africa from South America in 
the 1970s. These exotic pests now infest at least 

Quarantines are regulatory techniques to pre- 60 percent of the cassava-growing area of Africa 
vent the entry and establishment of new plant and cause annual losses estimated at nearly $2 
and animal pests in a country or area. For ex- billion (22). The possibilities for inroduction 
ample, the cassava mealybug (Phenacoccus of exotic pests into new areas of Africa can be 
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expected to increase as the frequency of con- Cultural Controls 
tact among nations increases. Cultural controls involve manipulating farm-

Quarantines require a high degree of coordi- ing practices to alter the environment so it is 
nation at a national or regional level. A dilemma less favorable for the post or more favorable 
common to almost all Sub-Saharan countries for the pest's natural enemies. Virtually all 
is the inability to enforce quarantine regulations resource-poor farmers use cultural controls. In
at ports of entry. While most countries have tercropping, for example, is a widespread prac
someformn-of-q-ud-itinfregule i ce which helps reduce pest problems. Di ffer
effective (3). A study by the Food and Agricul- ent crop species can also be grown on a rotation 
ture Organization (FAO) of quarantine pro- basis, thereby disrupting the lifecycle of many 
grams in West and Central Africa showed that pests.,For example, groundnuts or other nema
the quarantine personnel were not technically ode-resistant crops are used to disrupt the pop
qualified because of inadequate training (60). ulations of this pest, which, if left untreated, 
Further, regional mechanisms for cooperation, can devastate cassava yields (22). Other tradi
so important in regulating the spread of pests, tional African cultural practices known to re
are not fully used because of political tensions duce pest populations include burning un
and poor communications. Their cost-effective- desirable vegetation, planting crops during 
ness in Africa cannot be addressed because pest-free times of year, and cultivating to con
data-e.g., on the origin, volume, and economic trol weeds (43). For example, Kenyan farmers, 
worth of the produce-are lacking (3). Quaran- recognizing the link between low soil fertility 
tine experts concur, however, that although and Strigaweed, use crop rotations and fertili
quarantine programs do not guarantee com
plete protection, if properly implemented they 
greatly rcduce the risk of costly accidental in
troductions. 

Pest Resistance 

Pest resistance refers to the use of varieties 
of plants and animals which are resistant, toler
ant, or unattractive to the pest. In recent years, 
plant breeders have bred resistance into, or 
identified resistance sources for, a range of 
basic African food crops, including sweet po
tato, yam, cocoyam, cowpea, sorghum, maize, 
rice, millet, and cassava. Recent significant ac
complishments in pest resistance include the 
development of cassava varieties that are ge
netically resistant to mealybug and green spi
der mite (21). Resistant cassava clones are be
ing distributed to Nigerian farmers, and seeds 
are being dispatched to national programs 
throughout Africa. Improved lines of cassava 
with resistance to the African cassava bacterial 
blight (caused by Xanthomonascampestrispv 
manihots)also have been developed. Several 
improved lines give yields up to 30 tons per hec- Photocordt Oonarr,,c ,,turaiRt a o 
tare (40) and have out-yielded local standard Pest resistance has been identified for a number of 
varieties by 2 to 18 fold primarily due to their Important African crops Including sweet potatoes like 
disease resistance (32,33). those being planted by this Rwandan woman, 



zation with manure to control this parasitic
plant which, if untreated, can virtually elimi-
iate yields, of cereal grains (11). These tech-

niques are often the least expensive and most 
effective methods for suppressing insects, dis-
ease agents, and weeds (3,17). 

iologic ControlI 

Biological control involves either the propa-
gation and release of new natural enemies-
predators, pathogens, and parasites-against 
target pests or the encouragement of practices
that preserve and increase the effectiveness of 
existing natural enemies. It is a process of rein-
forcing nature''s own system of checks and 
balances that can be used by the individual 
farmer. Traditional agricultural practices, espe-
cially intercropping, encourage natural biologi-
cal control of pests, and unless disrupted by
pesticides or other means, natural predators
and parasites keep many potential native in-
sect and mite pests in check. No one must pur-
chase this form of crop protection and it con-
tinues to benefit farmers as it has for as long 
as traditional agriculture has existed. 

a b a ccidesSClassical biological control, which involves 
propagation and release of new natural ene-
mies, has been applied in Africa to a relatively
small number of foreign insect, mite, and weed 
species, Whereas naturally occurring biologi-
cal control involves no cost and requires no in-
stitutional support to maintain, classical bio-
logical control involves costs to find, import, 
rear, and distribute the new natural enemies 
and requires institutional support to maintain 
the program. 

The Africa-wide Biological Control Project
of Cassava Pests, set up by the International 
Institute of Tropical Agriculture (IITA) in 1980, 
is the largest organized effort in biological con-
trol in the region. This project is responsible
for successfully introducing a parasite for con-
trol of cassava mealybug (Phenacoccusmani-
hoti). Since 1982, a parasitic wasp Epidinocar. 
sislopezi, imported from South America, has 
been released at 54 diffErent sites, The para-sli(ite has successfully established itself at mosts;itheheeasescesullyeaihed ilf9 aet 
of the release sites, covering roughly 9 percent 

:1:. 

of the total land planted with cassava in Africa,
and is spreading to other areas. In Nigeria,
where it has been studied most intensively
mealybug populations have been reduced to 
non-injurious levels wherever the parasite has 
become established. The parasite will now be 
released in other mealybug areas as part of a 
$20 million biological control program(9,15,

-26,33).ATW6rldiwidi, econo-i-c -etu-ns frorm c66las_
sical biological control programs are estimated 
at $30 for every $1 invested (49). 

Pesticides 

Pesticides include a variety of chemical sub
stances that can be divided into biological
(plant, bacterial and viral, and fungal-derived)
and chemical (synthetic)' pesticides. Pyre
thrin, derived from chrysanthemum plants, is 
a biological pesticide that was used in tradi
tional agricultural systems in Africa, and is now 
produced commercially in Kenya (74). In gen
eral, biological pesticides are a fairly recent area 
of research, and although they are currently a 
minor component of pesticide use, their impor
tance is expected to increase. Some new pesti

will blur the area further between biologi
cal and chemical forms. Future pesticides are 
likely to be based on insect pheromones, mi
crobial products, naturally occurring insect 
growth regulators, etc. (74). 

The primary bnefit of pesticides is they can 
be marshalled quickly to give rapid control of 
a thrseatening pest. For example, minimal ap 

a theinet Fo rme minmalcap
plications ofthe insecticide permethrin to cow
pea in Nigeria reduced the major Insect pest 
populations 50 to 85 percent and increased 
yield sevenfold (42). The dramatic impact that
pesticides can have was also illustrated by their 
role in controlling the 1986 locust and grass
hopper outbreaks. As late as August, these in
sects were expected to destroy the crops of tens 
of millions of Africans. Reuter News Agency
warned of an Invasion of "biblical proportions." 
However, by the end of October, 1986, cooper
ation and technology had been generally suc

'Biological pesticides can be modified and, then, also consli-:! 
ered "synthetics" but the term refers more often to pesticides 
without biological bases. 
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cessful in protecting crops in the affected re- though they use only 10 to 25 percent of the 
gion (3) In Senegal, for example, crop losses world's pesticides (2,6,12,19,37). 
were kept to about 5 percent (73). Pesticides Apart from the concern over health and envi
provide short-term control, however, and grass- ronmental impacts in Africa, increased pesti
hoppers and locusts are recurrent African cide use is being challenged by growing genetic 
pests For instance, desert locust outbreaks areps g ms. n , pe
occurring in 1988 and control is likely to be es org4ai. In 1984...,68e edstrei t 

-moredifficult than-in 1986, species worldwvide (428 arthropods, 50 weeds,!i!'i!:i: iiii.-.-:: i.... 150 p1. attcing7i~~ nem~liamoesweeal . 

Chemical pesticide use in Africa varies con- pests and plant-attacking nematodes) were 
one orsiderably among crops, pests to be controlled, known to possess strains resistant to 

and geographical reopn Le rso c ash more previously effective pesticides (54). Re-Scrops (cotton, coffee, banana, cocoa, etc.), usugofaegion.Large areas of cash 
 sistance has appeared in many serious pests 
croypl s receive affectingineArica(v)agriculture, livestock, and publically planted asoomonocultures, generally 

the greatest quantities of pesticides, but the health inAfrica (3).
 

chemicals are also used on some food crops,
 
especially the high-yielding varieties of cereal Potential
 
grains and vegetables. IPM is a strategy designed to provide the best
 

Concerns exist that use of chemical pesticides mix of available pest control methods and thus 
has been promoted more quickly in Africa than it is a responsible approach to pest manage
has the capability to ensure their effective and ment. In a sense, virtually all resource-poor 
sal use (3). In particular, critius point to the farmers and herders in Africa practice a form 
export by industrialized countries of pesticides of "integrated pest management." They depend 
that are restricted or banned for sale in their on a combination of traditional practices such
domestic markets. For example, about 25 per- ritewhnpsbl;adnacngaualy !domaestricarts. or eame, bout pherse as intercropping, using pest-resistant local va

* 	 cent of U.S. pesticide exports were chemicals rieties when possible, and enhancing naturally 
* 	 that have been heavily restricted, suspended, occurring biological controls over certain pests. 

or prohibited in domestic markets (6,67). Many However, IPM programs are just beginning to 
Sub-Saharan countries lack the infrastructure benefit from scientific advances in understand
to govern the importation, domestic use, and ing of the ecology of pests and are beginning 
disposal of pesticides. Of 15 West and Central t be implemented in a way consistent with lo-
African countries included in a 1985 survey, cal agricultural and socioeconomic conditions, 
5 had no laws to govern the importation or use Management information is the primary input 
of the materials. Even with pesticide laws, most required for 1PM. The potential of the technol
governments lack the infrastructure required ogy will depend, in large part, OnDhow success
to enforce them. Farmers are seldom prepared lly traditional and modern knowledge on pest 
to handle pesticides. Often they cannot read control can be merged. Farmers are an impor
or understand pesticide labels, or they use pes- tant source of information on local pest resis
ticides from unlabeled containers. They rarely tant varieties, many of which can be further 
possess (or wear) protective clothing or safety improved by scientific research. 

devices, and may carelessly dispose of the left- Implementing effective IPM programs 
over materials. African countries seldom have throughout Africa will take many years, but be
medical personnel and facilities trained to di- cause IPM represents an effective approach to 
agnose and treat cases of pesticide poisoning, pest management, benefits will accrue a coun
and extension efforts to train farmers on cor- tries move in the direction of using this method. 
rect use of pesticides are Often minimal (6,44). Some countries (e,g., Central African Repub
consequently, developing countries account for lic, Somalia, or Guinea) have little government 
up to 50 percent of pesticide applicators' acute infrastructure and few pesticide laws, delivery 
poisoning and 73 to 90 percent of fatalities, even systems, personnel, facilities, or cooperative 

' ;
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links with neighboring countries and interna-
tional centers (table 11-1). In these countries, 
a minimum of,10 years would probably be re-
quired just to create an organizational struc-

~ture necessary to develop and sustain an effec-
tive long-term effort in pest and pesticide 
management (3). ; 

Qu~ke~'rsu~s oiid~e e-pected in coun
tries (e.g., Nigeria, Kenya, Cameroon, Ivory
Coast) with more developed pest management
infrastructure, assuming pest management is 
given a higher priority and increased attention 
is given to an integrated approach rather than 
simply relying on pesticides alone. Greater at-
tention should also be directed to assessing 
what influence pesticide subsidies may have 
on adopting the best mix of pest management 
technologies. Nigeria, for example, has substan-
tial government and scientific resources. Pes-
ticide enforcement procedures and improved 
quarantine programs could be in place in a few 
years. Work toward developing IPM programs
for selected crops could begin immediately, 

drawing from existing scientific knowledge and 
farmers' experience and practices Within 5 
years, 10 to 20 percent of farmers of specific 
crops such as rice (where a rich knowledge base 
already exits) coti,d be using partial IPM packages. Within 10 yei rs, an estimated 50 percent
of the farmers could be using IPM technology 

As biological pesticides become better re
searched, they are likely to become a more im
portant tool in the IPM arsenal. For example, 
Neem trees (Azadirachtaindica)produce repel
lonts and feeding deterrents for a broad spec
trum of economic agricultural and household 
pests. Neem is being grown commercially in 
several African countries (69). Endod (Phyto
lacca dodecandra)is a plant that has proven
effective as a molluscicide. This plant, which 
can be grown in much of Africa, holds prom
ise as a control agent for schistosomiasis, 
snail-transmitted disease (69). Several viral-' 
based pesticides are important in IPM systems,
for example, in soybean production in Brazil 

Table 11.1.-Effectiveness of Plant Protection 
Countries' 

in 15 West and Central African 

Area of plant protection 

Percent of countries in category 
No 

Good Moderate Poor information 
Plant protection personnel ..................... 7 

Pest control equipment....................... 0 

Support facilities........................... 0 

Plant protection laboratories ....... .............. 0

Pest diagnostic laboratories ...................... 0 

Plant quarantine buildings, equipment. ............ 7 

Pesticides available locally ........................ 0 

Plant protection service .......................... 7 

Agricultural schools, training facility ............... 7

Specialized plant protection curriculum'............. 7 

Institutionalized research ........ 7 

On-farm, applied research ..................... 0 

Pest lists ................................... 13

Pest distribution knowledge .................... 0 

Pest biology knowledge ........................ 7 

Economic loss knowledge ..................... 0

Pest control knowledge ...... ......... 0 

Overall strength

Extension..... .......................... 7 

Research .,............................. 20 

Training . n..... r ...... A.r7.y were... .. ent ...
 

40 46 7 
47 47 6 
13 80 7 
47 47 6 
47 47 6 
40 40 13 
43 20 27 
20 40 33 
66 
33 

20 
53 

7 
7 

53 20 20 
13 74 13 
47 33 7 
47 40 13 
7 13 73 

27 40 33 
20 80 0 

40 40 13 
54 13 13 
46 40 7 

Countries Insurvey were Benin, Cameroon, Central African Republic, Congo, Gabon, The Gambia, Ghana, Guinea, Guinea 
rlisau, Ivory Coast, Uberia, Nigeria, Sierra Leone, Togo, and Zaire. 
SOURCE: PS,Teng, "Plant Protection Systems in West and Central Africa: ASiucon Analysis," unpublished report to the

U,N, Food and Agriculture Organization PiantProtection Service, August 1985. 
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and'coconut production in the South Pacific encein the development of IPM systems and 
(23), could serve as an important technical resource. 

Problems and Approaches Improved Infrastructure and 
Management

Interdiscilplinary Approach to Filling
Information Gaps A number of countries are hindered in their 

7,77-S ... ----- attempts to control-pests by Iheir!ack of-basio-Th development and implementation of infrastructure, resources, and personnel (44,
technically effective and socioeconomically 60). In spite of the obvious economic impact
and environmentally sound post control pol- of crop losses due to pests, governments gen
idies and programs is a major challenge facing erally have not emphasized improving plant
Africa. Meeting this challenge will require a protection as a means of increasing andiansur
now approach, where experts accustomed to ing adequate food security, A general trend ex
working in isolation in their own disciplines ists of under-investment in plant protection ex
learn to work with others in an interdiscipli- tension, research, and training relative to other 
nary team. Teams composed of traditional pest disciplines of agriculture (3). 
management disciplines (e.g, entomologists,
plant pathologists, weed scientists); basic biol- To date, the largest efforts to develop IPM 
ogists (e.g., ecologists, taxonomists, geneticists); systems for crop pests have been through the 
economists; and other social scientists are re- CILSS (The Permanent Interstate Committee 
quired, for Drought Control in nine West African Coun

tries of the Sahel) Integrated Pest Management
IPM requires much greater understanding of Project and U.S. Agency for International Do

the ecology of the pest/natural enemies/host velopment's (AID) Regional Food Crop Protec
complex than does the use of chemical pesti- tion Project (RFCP). Both focused on pest prob
cides. Gathering this information can be aslow lems of basic crops in the Sahel (the RFCP 
process, but it can be facilitated by taking Project also included Cameroon and Guinea 
advantage of farmer and herder knowledge. Bissau). Also, both projects served to increase 
Studying local pest control practices and how attention to crop protection issues and im
these fit into other agricultural activities can proved Sahelian institutional capabilities in 
allow research and extension personnel to im- IPM (70), However, the CILSS IPM Project was 
prove their effectiveness. Tapping the knowl- unsuccessful in developing IPM packages for 
edge base of African pastoralists, such as how the RFCP Project to extend because the projects 
the Fulanis keep trypanosomiasis, ticks, and suffered management problems that reduced
tick-bornediseases to low levels, may also pro- their effectiveness (70),
vide researchers with methods to reduce live
stock losses (16). IPM research personnel could Improving the Use of Chemical 
use farmers' fields for much of their experimen- Pesticides 
tation; extension personnel could organize
demonstrations of new practices in these same Development assistance often has relied on 
fields and extend the demonstrations to other chemical pesticides for quick "solutions" to 
areas where conditions are similar, post problems but often has ignored long-term

impacts (3). In some respects, pesticide prob.
The International Agricultural Research Cen- lems in Africa and in other developing areas 

ters and afew national institutions possess the have come about because of an error in the 
interdisciplinary expertise required to foster transfer of technology. Modern pesticide tech
this approach, Their efforts in breeding crops nology developed by and for use in the devel
with pest resistance and developing cultural oped world has been exported to developing
controls have already had a favorable impact. countries without adequate attention to whether 
Universities in the United States have experi- the institutional capacity existed to handle it 



~264 

(2). These problems are exacerbated by indus- reaction-approach to controlling major pest
!rialized nations' policies allowing export ol'un- outbreaks,
registered and highly hazardous pesticides. Al- Rl thnthou 

gh some people have advocated banning tecWtld Bank, and AID hlinromis fO 
export of such pesticides, this does not have the World isefoi 
the support of many exporting countries nor proving the safety of pesticide we in develop

iret r n or ing countries. The AO Code provides volunioring oun.trehoie tmortai soy- -tary guidelines for governments of exportig_er-ignt-ov:eheirchoi:ofmport.""and in tporhng nations on diibution and use . 

Pesticide use is encouraged also by subsidies of pesticides. The World Bank Guidelines prothat serve as incentives for farmers to use more hibit use of,highly toxic pesticides and unsafe
than may actually be needed, discourage farm- pesticide practices in Bank-tinanced projects,
ers from using alternative methods, and impede AID's policy on pesticide assistance requires
institutional efforts in IPM (58). In Senegal, 90 a risk-benefit evaluation of agricultural pesti
percent of all agricultural pesticides are distrib- cides proposed for use in AID's development
uted to growers free of charge by crop market- assistance projects, However, AID could
ing ioards and other agricultural agencies, The strengthen its policy of encouraging the use of 
rate of pesticide subsidy in Ghana is nearly 70 non-chemical methods and IPM systems. AID's 
percent (3). present funding of pesticides in development 

Development assistance could take a longer :projects could be reduced or eliminated in 
term view tlhat encourages sustainablesafer countries that lack proper infrastructure for 
solutions to predictable problems. For instance, handling tie materials.Itistoo early to deter!theFood and Agriculture OrganizationOrganization of the- of.the. guidelines, athe Foo and Arur ,..... AID but they represen stopmine the impact of the FAO, World Bank, and 
United Nations (FAO) and various locust con-tro ane s could cotibt. ad pguideing utity eprsent a stepby plain, i toward preventing pesticide abuse and should:-":trol agencies could contribute by placing in- serve as an important reference for othercreased emphasis on early-warning systems for donors and pesticide enforcementagencies in 

U locusts and other migrant pests, thereby en- Africa. 
couraging a preventative-rather than crisis-

IMPROVING ANIMAL HEALTH 
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Improved-understandinganid apprcciation' of traditional livestock systems have provided.
important insights for livestock developliaent in Africa, Increasingly, research illustrates the
value of indigenous livestock breeds and local practices. Development agencies arie more 
cogizant of the multiple values African alriculturalists derive from livestock, and are more 
aware of the need to consider these various uses when promoting livestock development.
Westtern livestock specialists are facing the fact that livestock development in Africa needs 
to be viewed from a perspective quite different from that to which they are accustomned: 

Because of the major focus (in industrialized countries' on meat or milk production, we look 
upon the thin, boney looking cattle arriving at slaughter markets in (d6veloping countries) as hav-.ing undergone gross mismanagement. However, when we recognize that the major strategy is 
to utilize animals for human subsistence, the emaciated animals entering the market can be viewed 
as having rendered valuable services ratherwell, The challenge for the developing countries isnot one of shifting livestock to a meat/milk economy but rather working within traditional sys
tems to increase overall efficiency of the total services rendered by the animals through such 
rrograms as health services (46, p. 13j. 

Veterinary Support 

Veterinary medicine has imade great ad-
vances over the last several decades, Mass drug
production techniques have greatly reduced 
drug costs and many side effects have been .e-
duced or eliminated (14). As the value of live-
stock relative to the ct of veterinary -.are con-
tinues to increase, 1he economic viaLility of 
investing in animal care has become increas-
ingly attractive, even to low-resou,'ce farmers 
and herders. For the nmost part, however, veleri-
nary services are highly subsidized by African 
governments in order to capitalize on eccn-
oinies of scale in mass immunization programs
(14). Subsidies also help to incroase national 
meat and milk production and therefore to 
lower consumer prices, 

Veterinarysupport services were among the 
first livestock projects promoted in Sub-Sa-
haran Africa some 60 years ago, and these types
of projects still predominate, One problem
caused by this heavy emphasis on veterinary
work is that while most epidemic diseases are 
now largely controllable 'and livestock )opula-
tions have increased as a result, other needed 
areas of technology (e.g., rangeImanagement 
and animal husbandry) and institutional back
up have lagged behind (14). Lack of effective 
disease surveillance and disease reportig ys-

laboratories also hamper progress in disease 
, (ntro][16). 

Develo)ment a:3sis'ance agcncies to (fate have 
focused their animal disease control efforts on 
trypanosotniasis (48). Trypanosomiasis, trans
mitted by the tsetse fly, afflicts humans N0eep
ig sickness) and animals (Nagana).The tsetse 
fly is present in 37 African countries, infesting 
some 9 million hectares or 42 percent of the 
total land area, Thirteen countries are almost 
completely infested (62). Altgether, some 45 
million people are estimated to inhabit infested 
land. The U.N. Food and Agriculture Organiza
tion (FAO) estimates that presently infected 
areas might eventually support up to 120 mil
lion head of cattle (or the equivalent of other 
stock) if the disease w,,ere controlled (48). 

Controlling trypanosomiasis by animal im
munization is at present impossible and treat
meats have in many cases produced drug-re
sistant rypanosomes. Thus, for now the control 
of tsetse and trypanosomiasis will rely cn a 
combination of other methods including 
ground and aerial spraying of insecticides, 
changing the tsetse's habitat through bush
clearing, disrupting the tsetse's reproductive 

lien, CralA -i R;,. ,lt i go, ,yr ibriaS neac (;I 

tems, as well as a lark of adequate diagnostic L oo. il(l Zirf• 
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, ycles through the release of sterilized flies, and 
the use of baited traps to reduce populations 

(48,76). Increased attention is also being
directed toward improved husbandry and man-
agement of animals that display some tolerance 
to typanosomiasis such as the N'Dama, Maturu, 
and Keteku breeds of cattle (16) (see ch, 10). This 
extremely. dynamic and constantly changing 

efforts to implement and monitor elaborate con-
trol and eradication programs. 

Some people are concerned, however, that 
an inordinate proportion of resources and fund-
ing have been focused on trypanosomiasis (16). 
While researchers generally agree that control-
ling trypanosomiasis would have major impacts 
on the potential for livestock development, 
many argue that development of a general vac-
cine to deal with this variation seems unlikely 
for some time because of the large number of 
strains present among the three African 
trypanosome species and their characteristic 
of changing forms in the bloodstream (16,59). 

In the meantime, a number of other diseases 
that may be more easily controlled have re-
ceived considerably less attention. Two such 
diseases are rinderpest and contagious bovine 
pleuro-pneumonia (CBPP). Vaccines for both 
exist, the former with a once-in-a-lifetime in-
oculation, the later providir- one year immu-
nity (so research on longer term protection is 
desirable). Other relatively neglected livestock 

'k.diseases in Africa include East Coast Fever and 
other tick-borne diseases, foot-and-mouth dis-
ease, streptothricosis, African swine fever, and 
various diseases caused by internal parasites, 
Box 11-1 identifies major livestock diseases in 
Africa and the availability of control methods. 

preventing and treting ani-mr eakthroughs am:ral health problemns have outpaced the ability 
ouditv t nac itytecheito distribute the.' veterinary technology in 

Africa. African extension systems face numer-
ous problems including a lack of adequate funds 
to get trained staff into the field to address 
clients' needs and ageneral lack of proven tech-
nologies that do not disrupt the delicate equi-
librium of interacting environmental, eco-
nomic, and social factors in African livestock 

..... ..... ..... ..... 

systems (14). A further problem is how the lack 
of interaction between veterinarians and other 
livestock scientists has created a narrow focus 
for extension agents. Most agents are trained 
in veterinary sciences and are seldom able to 
provide support on improved range manage
ment or animal husbandry. The benefits of vet-. 
erinary support could be enhanced if promoted 

management (14,16). 
Access to vaccine is fundamental to disease 

campaigns. A recent review of vaccine-produc
ing facilities in Africa found that relatively mi
nor investment in thiese facilities and rehabili
tating their equipment could result in adequate 
production levels of rinderpest and CBPP vac
cine for the region (30). Problems of inefficiency 
and improved quality control need to be ad
dressed; however. Vaccine for poultry (e.g., 
Newcastle vaccination), can be more efficiently 
and cheaply obtained in international markets 
(141. 

Animal Nutrition 
Livestock malnutrition is considered by many 

to be the single most serious limitation to im. 
proved livestock production in Africa. Nutri
tional stress, compounded by intestinal para
sites, is largely responsible for the high 
mortality (17 to 45 percent) recorded for calves, 
kids, and lambs in their first 3 months (14,45). 
Improving animal feed has thus become a ma
jor focus for African livestock development.
This emphasis is reflected in staffing at the In
ternational Livestock Center for Africa (ILCA), 
where plant agronomists significantly outnum
ber animal scientists and veterinarians com
bined (46). Investigation of forage species, treat

ment of crop residues to increase digestibility,and improved storage qualities in forage are 
important areas being studied, Another promisgaenefimstatnisridnsui! 

ising avenue of investigation is providing sup
plemental fodder for small rumina imxe 
production systems (see ch. 10). 

Improving animal nutrition in Africa con
fronts the same serious problems as in crop
ping systems-resource-poor farmers and 
herders' severe constraints on access to exter
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Box 11-1.-State of the Art: Control of Major Livestock Diseases in Sub-Saharan Africa 

Rinderpest: A virus affecting ruminants and occasionally swine. it has a high mortality and spreads
rapidly. A reliable, once-in-a-lifetime, vaccine is available but could be improved by making it thermo
stable, thereby reducing cost and reliability problems associated with current cold stcrage requirements. 
CBPP (Contagious bovine pleuro-pneumonia): A cattle disease caused by parasitic micro-organisms 
called mycoplasma. Immunity can be maintained for one year with vaccination but longer term pro
tection is desirrble. Treatment is also possible but generally not practical. 
-PPR(Peste-des-petitsruminants):-A viraldisease affecting small ruminanits tha t-cn'i-sulf-i nhigh
mortality and is increasing in prevalence. A once-a-year inoculation with rinderpest vaccine has good 
results. 
Anthrax, Blackleg, Pateurellosis: Available vaccines are adequate. 
African swine fever: A complex disease precluding intensive swine production in many areas, No 
effective control exists except slaughter. Research on control methods is needed urgently. 
Trypanosomiasis: No complete control exists. Because of the complexity of the pathogen, develop
ment of a vaccine has low probability in the next 10 to 20 years. Control of the vector (tsetse fly)
through use of traps or vaccine-impregnated screens is most promising. Aerial spraying is expensive,
clearance is seldom permanent, and may be environmentally harmful. Research on fly attractants, 
use of sterile male flies, and the search for tolerant cattle breads deserves high priority, 

Dermatophilosis (Cutaneous streptotrichosis): As yet this is an under-researched constraint to cattle 
production in the West African humid to sub-humid zone, and a major impediment to use of Zebu 
type cattle in infected area'. More investigation on control is needed. 
Gastro-Intestinal Parasites: They probably cause the greatest losses among livestock in the region,
especially in morbidity. Drugs for control are available but additional research is needed on integra
tion into existing management systems. 
Tick-borne Diseases: The International Laboratory for Research on Animal Diseases and the Interna
tional Center for Insect Physiology and Ecology (both located in Kenya) have had promising results 
in vector control for East Coast Fever. Research is needed to see if this initial success can be extended 

: to control vectors of piroplasmosis and heartwater in West Africa. 
SOURCES: World Bank, Western African Projects Department. Wst Africa Agricultural Research Review (Washington, DC: The World Bank,

February 1987); William M. Moulton. "Major Disease Deterrents to Improving the Sub-Saharan African Livestock Industry," ].R.
Simpson and P. Evangelou (eds.!, Livestock Dlevelofpment in Sub-Saharan Africa: Constraints. Prospects, and Policy (Boulder, CO: 
WVestview Press, 1984). pp. 70-9C. 

nal inputs. The need to depend on resources on maximizing their utilization rather than on 
internal to the system may be even more pro- achieving an optimal nutritional status for each 
nounced in animal agriculture, however. The animal. The difference between these two con
greater isolation of grazing systems, particularly trasting concepts is important The ... key task 
among pastoralists, necessitates a higher level is to use what is available In African smallhold
of self-sufficiency. In mixed crop/livestock sys- ings, rather than to seek the ideal feeds for Afri
tems, animal rearing is undertaken as a second- can animals (4). 
ary activity to crop farming, so resource-poor 
firmers are generally less willing to divert nea- Problems of animal nutrition are quantitative 
ger resources to animal improvements'.Urder- and qualitative. Quantitative improvements can 
standing these constraints has important lessons be achieved through proper stocking of range
for research and development assistance. lands, establishing improved pastures as com

plementary forage to native pastures, planting 
The principles underlying (the efficient use forage crops, promoting soil and water conser

of crop residues and pastures in Africa) cente vation practices, and through timely harvest 
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and storage of crop residues (75). Improvements 

in quality involves ensur1ng nutritional ade-

quacy of pastures, forages, and feed supple-

ments and correcting deficiencies through pas-

ture management, germplasm selection, and 

residue enhancement (75). 


Seasonal fluctuations in the availability and 
nufreitinadequacyof.feedsuppliesare among ... 
the most seriousnutritional problems for Afri-
can livestock in pastoral and mixed crop/live-
stock systems. Shortfalls are most pronounced 
in the dry seasons in arid and semi-arid zones, 
It is during this period when competition for 
animal milk between calves and people be-
comes most pronounced. The consequence of 
this is low weaning weights and high morbid-
ity for calves. Improving feed resources for 
calves and calving mothers can bring major im-
provements in calf survival rates. Finding ways 
to supplement feed during this period is criti-
cal to improving productivity and thus deserves 
high research priority. 

Domestic ruminants such as cattle, camels, 
goats, and sheep must be able to obtain some 
minimum level of energy from the plant mate-
rial they eat. These animals are not able to com-
pensate for nutritionally poor forage by eating 
more, so access to quality forage is essential, 
The level of plant material'or, dry matter that 
an animal is able to mobilize for energy is called 
its digestibility or DIG-a function of the total 
digestible nutrients of the plant (46). For do-
mestic ruminants, the required DIG value is ap-
proximately 45 percent. Only about 5 percent 
of the feed available on low-resource farms is 
typically of high nutritional content, i.e, with 
a DIG value of 55 percent or greater (46). Of 
the remainder about half has adequate nutri-
tional range (DIG 40 to 45 percent) and half is 
less than adequate. Research to increase the 
feeding value of plants and byproducts by 5 to10prcent thus could prove significant (46), 

10 percent thus c d ptages, 


The principal mechanism for increasing di-
gestibility is to provide the microbial organisms
In the animal's digestive rumrn track with an 
Improved supply of nitrog-j and other critical 
growth factors. T.ils canbe achieved by chem-
ically treating crop residues (e.g., with anhy-

drous ammonia or urea), supplementing crop 
residues with more nitrogen-rich forage (e.g., 
Trifolium) or both (4,46). Although these ap
proaches appear promising, more on-farm test
ing is needed to better assess socioeconomic 
feasibility under resource-poor conditions (76). 

Low nitrogen levels in many African soils hin-. 
derboth. plant-and, animal productivity, so. re-.,--, 
searchers have begun to focus attention on 
using forage legumes to enhance soil fertility
and provide a protein supplement for livestock 
simultaneously. Sonieefforts are being directed 
to improving protein sources within grazing
regions such as by planting nitrogen-fixing trees 
in conjuction with reforestation campaigns. 
Others are aimed at better extracting leaf pro
ten from legumes (69). The major focus, how
ever, is on more intensive agroforestry systems, 
such as using leguminous forage species as 
links between crop and livestock production 
(see ch. 10). 

Various forms of animal confinement, such 

as maintaining animals in stalls or tethering 
them, are becoming increasingly prevalent in 
more populated, land-scarce regions of Africa. 
Stall feeding historically has not been a part
of African agricultural systems, except in small 
enclaves such as the Mandara Mountain region 
of Northern Cameroon, on the slopes of 
Kilimanjaro in Tanzania; on the island of Ukaru 
in Lake Victoria, and on mixed-cropping dairy 
farms in Kenya and Rwanda, Another excep
tion is'the common rearing of small livestock 
in and around many urban areas throughout 
Africa (29). The primary constraint to animal 
confinement is that it is labor-intensive and thus 
it competes for labor also needed for growing 
crops. Confinement also tends to increase the 
incidence of animal health problems and mor
tality in the absence of adequate veterinarycare. 

avan-Confinement offers some significant advan :--
however. First, it Is possible to regulate

nutritional needs more carefully, assuming that 
sufficient fodder and feed-supplements are 
available. Second, manure can be collected, al
lowing it to be used more efficiently for fer
tilizer. Third, veterinary care is easier because 
the animals are contained (vaccinations and 
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:Inadequate animal nutrition is the most serious limitation to Improved livestock production in Africa. Livestork's fitness = 
S... for animal traction ismost important during the dry season when high quality food Is in short supply. : " 

:many other veterinary services are made eas- ,a75-percent reduction in death rates of sheep i! 
ii)ii:ier, and goats (35). In another case, veterinary pack- !ibut containment actually aggravates other 
:iproblems, such as ticks). Fourth, animal feed- ages for goat care brought economic returns_ ii 
iiiing efficiency is increased due to reduction of "of at least 20 percent (76).High returns are also : ;):
;iiienergy exponded for grazing. And last, confine- ".reported for the rinderpest 'campaigns and-ef- i 
:. '
ment generally produces higher quality meat. forts to combat foot-andi-mouth disease (14).Al]-!i

ii-::- ;- : though these returns on investment appea,-'at-: :: ,:: " 

L "
Potential Ga .ns Fgrom Improved 

!ii: :i.* Animal Health: - and willingness of resource-poor agricultural-:i 
:: ' -: :... " ists to take advantage of these services. / : : :~ 

:L':' tractive, research is still needed on the ability 

.. 
:im.:p rovem en ts in anim al health offer direct . ... ., ' ,
arnd indirect benefits for agricultural produc-

ii'tivity (14). One direct benefit is reduced mor- direct benefits. As noted above, shortfalls inl : 

ii: Improved animal health care also brings in-:i! 

!!itality,,Given the high mortality rates common feed during parts of the year and competition i 
ifor African livestock{(25 to 40 percent for young • between humans and calves for milk supplies !: 
:stock and 3 to 15 percent for: older stock), the causes high levels of pre-weaning mortality in ii 

iipotentiail for significant improvement seems African livestock. By improving calf nutrition : } 
:great. To illustrate, vaccination and dippidng during this period, -not only is mortality ,re-:
!iiicampaigns in two Nigerian villaggs reco-ded .duced, but indirect ben~dits are achieved such :i 
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as earlier sexual maturity of livestock, increased 
mature body weight, nad increased efficiency 
in overall feed use (5,14). 

The prospect of controlling tsetse fly or at 
least expanding stock of trypano-tolerant live-
stock could have major impact on crop and live-
stock production in Africa. Many currently in
festdt easaro.amrongthe mostarableand they 
potentially could support sizable human pop-
ulations. Increasing population densities in 
these regions can, in turn, help control rein-
festation. Some researchers note, for example, 
that as land is converted to cultivation, shade 
cover is decreased and the habitat becomes less 
suitable for tsetse flies, which require shade (57). 

Problems and Approaches 

Much of Africa may be witnessing a deterio-
ration in animal health services at a time when 
greater-not less-support is needed. It is un-
likely that governments will be able to provide 
significant increase in funding for livestock de-
velopment, The challenge for development ef-
forts, therefore, must focus on making more of-
fective use of existing resources, 

Incorporating Sustainability iho 
Eradication Program Planning 

Considerable resources and energy have been 
irected to livestock disease eradication pro-

grams in Africa, particularly rinderpest and try-
panosomiasis. In both cases, however, the a.ea 
of infestation has actually increased in recent yers.Headayas een adem paticlar 
years. Headway has been made in particular 
regions, only to be lost because necessary pro-
visions to contain the disease could not be sus-
tined. 

Serious concerns exist over the ability of Afri-
can governments to sustain disease eradication 
programs after donor-supported mass inocu-
lation campaigns are completed and the respon-
sibtlities, including costs, are transfered to na-
tional governments, The recent resurgence of 
rinderpest in Africa illustrates the problem: af-
ter a successful disease control campaign in 
the 1960s and 1970s, a serious resurgence has 
occurred because poorer African countries 

were unable to continue to vaccinate young 
stock once donor funding was discontinued 
(figure 11-1) (48). This suggests that criteria re
garding sustainability must be incorporated in 
program planning, especially in light of mount
ing interest in another major, rinderpst eradi
cation program. 

It is alsoevident that efforts to clear areas 
of tsetse fly infestation will continue as a ma
jar focus of livestock development work (66). 
Here too, provisions should be made to ensure 
greater sustainability, Attention to long-term 
land-use planning is essential if success is to 
be achieved and funds not wasted (57). Land 
should be capable of supporting intensive land 
use, since establishing permanent agriculture 
in an area is a first line of defense against rein
festation. This may require establishing ade
quate support services and infrastructure, as 
well as policy interventions. Further, the abil
ity of farmers to invest in animal husbandry 
and management-particularly in animals that 
display some trypano-tolerance-may be as im
portant as those technologies for directly con
trolling tsetse flies (e.g., traps and spraying) or 
trypanosomes (e.g., trypanocidal drugs) (16). 

Large-scale efforts to control trypanosomia
sis in a region must also address their sustaina
bility, for example, by making an assessment 
of potential adverse impacts. The FAO com
mission on African Animal Trypanosomiasis
recommends, for example, that tsetse fly con
trol or eradication be supported only in con

tion with 
juco i h land-use planning that accountsfor increases in the spontaneous settlement that
 
would undoubtedly follow a successful cam
paign 8).
 
paign (48).
 

Promoting a More Integrated 

Approach to Livestock Development 

Livestock development work has been ap
proached, for the most part, as single sector/sin
gle technology interventions. Interventions 
have generally failed to be examined for their 
impacts on the broader production sy~tom, 
potential adverse effects have been discounted 
and possible complementarity of coordinating 
activities among sectors has not been inves
tigated, In looking at the various obstacles to 
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Figure 111.-The Resurgence of Rindepest In livestock development, what at first may seem
 
Africa and the Near East an obvious solution, may in fact exacerbate
 

(Ter iuation of the JP 15 Campaign) problems (18), For example, solving livestock
inoof te JP 15 Cwatering problems in arid and semi-arid 
regions by drilling boreholes seemed an obvi
ous solution, but experience has shown other
wise because severe overgrazing occurred near 
wells. Similarly, veterinary interventions to ad

--- =:-dress problems-of-high mortality in pastoralist 
herds have also tended to lead to serious over
grazing and, in many cases, have worsened ex
isting problems. 

Programs are initiated without coordination. 
They are in the hands of technical experts, each 
of whom isconcerned only with his or her own 
area of expertise. There is no effort to relate 
the actions taken to the full cycle of activities 
necessarily involved ... What is needed is a 
coordinated approach. This means that such 
technical matters as disease control, land im
provement, and marketing operations are to be 
developed in a concerted, integrated fashion. 
It also means that the legitimate interests and 
aims of the pastoralists, including their use of 
livestock as factors in their social relations, are 

The situation after 1979 to date taken into account (18). 

A number of technologies able to enhance 
animal health under low-resource conditions 
have been identified. In humid and subhumid 
regions, cut-and-carry fodder operations seems 
particularly promising for more intensive sys
tems, such as livestock/agroforestry systems
and intensive forage gardens. In more arid re
gions, access to dry-season fodder supplements 
could significantly improve calf survival rates, 
Various forms of pasture and fodder improve
ments or improved conservation of crop resi
dues could meet these needs (31, 38). Cultivat
ing the potential of these various technologies, 
however, will require greater collaborative 
work than currently,exists among plant and ani
mal scientists, as well as other social scientists. 

The Importance of crop residues as supple
mental feed has particular implications for crop
breeders who, often divorced from the needs 



of the livestock subsector, tend to ignore the 
Countries reporting rinderpest importance of crop residues to resource-poor 

SOURCE: Delta McMilu,,,tfovernmont Assisted Land Seltnent; Status and farmers. Considerable variation exists in the 
re
Potentlal InAfrican Low-ResourceAgriculture,"°contractorreport p . digestibility of crop residues. Technology to 

pared for the Offtce of Technology Assessment (fprlngfield,VA: Na
tional Technical InformatIor Service, December 987). supplement or treat crop residues for increased 

, '"> "+k ' fo" [ ' = .. . v -- ': 24.'o : 
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digestibility is an important area for collabora-
tive research. Increased attention should now 
.,bedirected to on-farm research and testing; this 
will also require supportive socioeconomic 

Sanalysis to evaluate technologies' impacts and 
adoption under farmers and herders' con-
ditions. 

-,AdjustlngImbalances In Technical - ... 
tervices 

A number of imbalances in African techni-
cal support services have been identified that, 
if corrected, could provide more effective use 
of scarca resources devoted to improving ani-
mal health-especially among resource-poor
farmers and herders. These include excesses 
in funds devoted to veterinary support v, other 
areas of animal health; in research and exten-
sion budgets devoted to salaries v. operations;
and in soliciting students for livestock exten-
sion services from farming and urban back-
grounds v. from pastoralist communities. ..... 

Veterinarians comprise an estimated 70 per
cent of all African professional livestock work-
ers and heve bebn successful in setting research 
priorities for African livestock development,
Major advances have been made in controlling 
most epidemic livestock diseases as a result. 
Research for other animal health areas, such 
as animal nutrition, as well as related dis-
ciplines of range management and animal hus-
bandry have suffered relative neglect. Advances 
in these neglected areas are essential for resolv-

*ing the most important constraints now con-
fronting sustainable livestock development in 
Africa. This suggests that a more balanced al-
location of research activities could be 
promoted. 

Concerns also exist over the increasing pro-
portion of livestock services budgets being 
directed toward staff salaries. Although a gen-
eral underinvestment in scientific staff is widely
recognized, more specific concerns are ex-
pressed due to the relative emphasis on staff 
v. operating funds, and the ineffectual services 
that can result. One reason for this is that .r 
many African countries vocational school grad-
uates are basically guaranteed a civil service 

position. Because operating budgets are stag
nant or declining, the increasing number of per
sonnel have little money to support research 
or buy equipment (14). For the most part, staff 
are underemployed except for the few months 
during vaccination campaigns. Also, staff are 
heavily restricted in their ability to engage in 
field work and research, perhaps reflecting a 

-more-serious-problem.---
Another imbalance in livestock support serv

ices stems from the relatively few pastoralists
in such technical support positions. Students 
from pastoral communities are less likely to be 
solicited to become veterinary agents than stu
dents from farm or urban backgrounds (14). 
Important benefits may be derived from in
creasing training among members of pastoral
communities because of their greater familiar
ity with livestock problems and management
practices. Also, greater confidence may emerge 
between veterinary agents and the people they 
serve when veterinarians' backgrounds reflecttheir clients' 

Providing pastoralists with veterinary sup
port still presents unique challenges. These in
clude accommodating the needs of a transient 
people and finding trained veterinarians will
ing to live and practice in those conditions. One 
solution currently being investigated is provid
ing veterinary support via a pastoralist with 
some basic training and access to supplies, but 
who will live and operate within the pastoral 
community. Experience with grassroots veteri
narians-or paravets, as they are sometimes 
called-is still too new to judge their effective
ness, but initial results are promising. Experi
ence in Niger and the Central African Repub
hic suggests that frequent contact with 
government services and the existence of sup
portive institutional structures (egpastoralist
associations) tend to increase their effective
ness (14), 

Supporting Regional Coopration 

Increased cooperation in research seems es
sential in a region where a critical mass of qual
ified researchers per country is often lacking.
Establishing research networks thus becomes 
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very important. In addition to being able to link Production of animal vaccine is another area 
individual scientists, networks represent a where significant benefits may be derived from 
resource for national program development regional cooperation. For example, benefits 
through coordination, technical backstopping, may be derived from designating particular fa
training and printing facilities, and informa- cilities for primary responsibility for particu
tion dissemination (4). The proliferation of re- lar vaccines. This would reduce the need for 
search networks dealing with livestock and individual facilities to produce smaller amounts 
crop/livestock issues and the increased fund. of many different products. 

.--ing being devotedto these groups isapromis.. .... . 
ing development. 

POST-HARVEST TECHNOLOGIES 5 

Summary 
Post-harvestcrop losses: significantly reduce the food and icome available to repource 

~pob- .a6ricltralists~n'Africa. It is'difficult'to-esti'mat'efood losses with precisid ;,they are 
n.ake's the 'cocep6t of -avrageev&ton- sospeciicd to'a degree tha lio1~f l6*ssl 

almost meaniglss .53), Previous high estimates for o lest 20 per
&cent)are no longer acepted by most scie'ntists, althou gh losses can exceed this level in'spe

'~ 
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proven, traditional techniques and if they take into consideration the primary role women 
play in African agriculture,. 

Development assistance to improve post-harvst technologies can be most effective by using
an integrated approach that considers the entire production system and the interactions ofvarious farming activities, Assistance can then be directed to the greatest problems, which
will differ among farming systems. Such a location-specific approach also will enable assis
tarce to change, as necessary, to match the changes that accompany development. 

Opportunities for improvement 

Threshing and Shelling 

Rice. an important crop in humid regions,
is still harvestcd by hand on imost low-resource 
farms ai threshing is done tv trampling or 
hitting the rice-bearing straw iigainist a ha i 
surface-both inexpensive techniques. but 
labor-intensive and wasteful. SmalI, pedal
operated rotary threshers are iii use i, West 
Africa. This technique is fastr, r'educes waste 
because stalks can he refed ImOike. moe 
grain, and allows the hands to remain (ree m 
feed the thresher. But to illustrate the imper, 
tanoce of considerizig local co(lditions, ilese 
threshers may prove unsuitable in certain areas 
of West Africa where custom forbids womeii 
to sit astride. Where draft animals are available 
they can be used to power a simple t!hrIesher 
that increases outpul, considerably copntaredl
wii I traditional methods and has the advan-
tage of not requiring the ric saks to o 
lected into bundles ((ill. 

Small quantities of maize, another Afr'icmm 
staple, are traditionally shelled by hand--a proc-
ess that is laborious. tedious, but orticienl be-
cause little grain is damaged. Larger quantities 
are shelled by placing the cobs in a sock and 
beating this with Fstick. However, some hand-
held shellers are now availdble such as a 
wooden one developed by the Tropical Devel-
opment and Research hrlitute (TDRI) (61). This 
tool is simple, inexpensive, and mad-. from l 
cal materials, but it is tiring to use etensively
and only shells cobs of a standard size. Small 
rotary shellers seem suitable for resource-poor
farmers and are being introduced into rural 
areas of Kenya by the Un ited Nations Interna-

tonal Children's Emergency Fund (UNlICEF). 
Surv(ys show, however, that unless they havelarge amounts of maize to shell, farmers pre
fOr traditional methods because fi.w kernels are 
crushed. Simple machines to speed threshing
and shelling would seem opportune, ot the so 
cial consequences (e.g., reduced employment
for W lonienj must also be consid,ered (61), 

Drying and Storage
Food inst he dried properly before storage 

t r t deterioratio , inhibit grain gerni
mition, limit the growth of' fungi and bacteria, 
and reduce insect infestations. Over-dried crops 
are slbpec.t to breakage, discoloration, scorch. 
ifg. Md reduced nutritional value. Many dry
ing methods re available end the choice of 
method depends on several factors such as cli
mate, quantilv, intended final use of the food 
product, and the availability of fuel, For most 
staple foods, the basic methods available to 
resource-poor farmers are sun and air drying.
eot-p,

Some artificial drying is necessary when crops 
are ha rvvstel during tile wet season, 

Traditionally, grains suh as rice, millet, and 
shelled maize are simply spread on the ground
and left to dry ini the sun. One straight-forward 
way to speed this process is to lace the grain
omi a bick plastic sheet to increase the air ten
perature.1This 1rocess also is effective for root 
crops such as cassava; in fact, cassava drying
time can be reduced 25 percent by using a black 
plastic base. Where maize matures during wet 
periods, such as in the humid areas of West 
Africa, rapid drying is necessary to prevent
spoihge. l)rying cribs provide shelter from the
ai and allowmventilation through open sides 

(61). 



As farmers grow more improved, high-yield-
ing varieties of maize that niature when the con-
ditions for air and sun drying are inadequate, 
some artificial drying becomes essential. One 
simple dryer consists of a cylindrical clay struc-
ture with a thatched roof and a raised floor, 
Fuel is burned beneath in a firing chamber; air 
is drawn in, heated, and rises through the grain. 
Farmers'.-acceptance of.this -technology .-has 
been slow, however, because the dryer is hard 
to install and use, Other alternatives are in use, 
but a need still exists for low-cost dryers that 
can be built from locally available materials. 
Solar dryers are another option. The National 
Council for Science and Technology in Kenya 
has developed an improved solar dryer that pro-
vides equal drying on all sides without over-
drying. The dryer is made locally of black-
painted wood, covered with polyethylene, and 
has a metal drying chamber. Although solar 
dryers are inexpensive to operate, they do not 
operate effectively during the rainy suason (61).. 

Once a crop has been dried to a suitable mois-
ture level, it must be stored. Storage must pro-
tect crops from rain, theft, and attack by fungi, 
insects, and rodents. Cassava presents particu-
lar storage problems because it deteriorates 
within a few days of being dug from the ground. 
Traditional cassava storage methods include 
reburial, coating with mud, placing under 
water, or the daily watering of heaps of cas-
sava roots. An improved approach is packing 
freshly harvested roots in boxes of damp saw-
dust, which can be effective for 1 to 2 months. 

Tgrains inTraditional approaches for storing
Africa are often ingenious in their design and 

use of local materials (27,41,55,63). Generally, 
storage areas are built from mud, plant mate-
rial, stones, or some combination of these. They 
commonly have thatched roofs and are raised 
off the ground. In humid areas where the struc
tures combine drying and storage -functions, 
they are more open to allow ventilation (eg., 
open-sided cribs). Since rainfall patterns and 
harvests tend to be more reliable in Africa's hu-
mid regions than in its drier regions, storage 
facilities tend to be smaller, holding perhaps 
a 1-year supply of food. By contrast, in semi-
arid areas where harvests are far less reliable, 

storage granaries are commonly large, sibst.n
tial mud structures capable of holding 2 or more 
tons of grain for up to 5 years. Sealed, under
ground pits are sometimes used, Because dried 
grain is vulnerable to insects and rodents, 
farmers sometimes mix sand, limestone, or 
other abrasive minerals with the grain. This 
traditional method provides a relatively effec
tive.barrierbecauset affe ts.the iisects sut._ 
face in such a way as to cause subsequent desic
cation of th6upest. Mixing selected ashes, herbs, 
or dried animal dung also can protect stored 
produce against insect attack. Seeds of the 
Neem tree, which act as natural insecticides, 
have also bcen added to stored grain to repel 
insects (61). 

T .t . of i in stor 
Traditional methods of insect controlin stor

age are rarely as effective as modern synthetic 
insecticides and fumigants, although they are 
less expensive and safer. In.ecticides are now 
widely available in most coutitries and in some 
cases represent a cost-effective means of pro
tecting stored produce. Training farmers to use 
these products safely and arranging for relia
ble supplies presents a challenge to extension 
services, however (61). 

Processing 

Processed grains and other staple foods make 
up one of the most important parts of the diet 
of most low-resource farmers. Processing is the 
essential step of readying crops and other foods 
for consumption, and it usually involves sev
eral slow,laborious steps. Food processing inalmoitscasesis the responsibility of women.almost all casesisterpoiblyofwmn 
Many opportunities to improve processing ex
ist, with most focusing on reducing the labor 
involved. The following discussion gives exam
ples of these opportunities for different crops 
and commodities. 

Cereals.-Traditional milling of sorghum, for 
instance, involves soaking the grain to loosen 
the bran and then pounding it in a mortar to 
remove the bran. Sorghum grain is usually proc
essed into a porridge or partially fermented flat 
bread, These traditional foods take a long time 
to prepare and-they are losing popularity with 
urban populations, Sorghum, however, grows 
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:i such!asteemaeI igeria from reed or mud, are relatively effective but can be Improved... - ""(: 

well i seigm-arid regions and is drought resis- fermentation can occur.. The equipment used ,
 
tant: so new :processing techniques that.could is iinexpensive, but the process is time and la-:i

produce more marketable foods and encourage.,i bor consuming. Various types of hand mills are~i

w~ider acceptane -could relieve some depen- available, but rural women are increasinglyi

d ency on. imported food. TDRI; together withee~ making use of community mills. ; /; ii)

the-ena Industrial Research and evelop.-.ve"A is daily us. bt te :,.":, ilmnt Insttte...... fKITRDI lopng".. "...instant" Small am..ounts ofbl riceo cante b serossefor'rc o 
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tedious steps are involved: soaking the grain, ing increasingly popular in some West African 
~heating it until it cracks, then drying it in the countries (eg., Ghana) because of shortages of 
sun, In addition, rice prepared this way corn- other foods, 
monly has an unpleasant odor. The traditional T prep"r c 
method of winnowoing is to toss the rice ker- T p a i irst soak 

, nels and separated husks into the air from a days to reduce the cyanide content of the roots, 
flat, woodentray, The kernels fall back to the Then the root is peeled, chopped into small 
tray first while tho lighter husks catch in the pieces, and sun-dried. Chips are produced after 

and fall-to1-breezo Improved - yingfor3-to-l0 days, h chips arehe ground ..... _ oundlovt.. 
ods are being developed for both parboiling and in a mortar to make flour. Gari preparation is i 
winnowing. For example, hand-operated also lengthy but, once prepared, it is easy to 
winnowers-such as one that consists of a ver- cook and keeps well for several months, Peeled 
tical drum with a fan at one end-can be inex- root is washed and grated, then allowed to fer
pensive and easy to build. A new method of ment. Simultaneously, water is extracted either 
parboiling is also being developed which is by placing the mixture in bags under heavy 
faster and does not result in the unpleasant weights or some other pressure system. Next, 
smell (61). the fermented cassava mixture is sieved and 

roasted.
 
Legumes.-Legume processing can be par- Techniques are being developed to speed and


ticularly domanding. The traditional method
offhulling is to Soak thelegumes or mix them ease these various steps -Hand or pedal-With oil sun-dry them, and pound them in a operated graters are available now, Improved
pethl andr othehs a reuthen in- presses, too, are under development. Any modi
pestle and.mortar. The husks are then win-
inowed off. Small hand or power-operated fication to traditional methods, however, mustbe careful to result in a comnparable cyanide :! 
hullers are available, but these often split the reduction. c cyanid 
bean. Legumes are usually soaked overnight rdcin 
and then cooked for 1 to 4hours, a process that Oil Seeds.-Vegetable oils are an important 

Sis slow and results in the loss of valuable nutri- commodity and are often in short supply, Palm 
ents. Some precooked legumes-legumes that oil, in particular, is a major income source for 



have been flaked, pressure cooked, and dehy- rural women in the humid areas, While palm 
drated-are being developed but the level of fruits are harvested by men, oil processing is 
technology may be beyond the reach and ac- a woman's task. First, the fruits are boiled for 
cess of resource-poor farmers. 5 to 10 hours in an iron pot. The oily fibers are 

then separated from the rest of the seed by al-
One particularly important cash crop for ther pounding in a mortar or trampling in a
 

resource-poor farmers is the groundnut-or pit. These methods are slow and laborious. In
 
peanut. Unlike other legumes, they do not have traditional processing, water is added during
 
a hard husk. A wooden, hand-operated decor- fiber separation and the oil is scooped and
 
ticator, developed by UNICEF in Kenya, is sieved from the mixture of fibers, kernels, and
 
claimed to be three times more efficient than water. Then the oil is boiid in drums and left
 
traditional hand methods for removing ground- to cool, where any remainig vegetable debris
 
nut shells, sinks while the oil floats and c-,n be skimmed
 

off. 
Cassava.-Cassava is a root crop and imoar

tant staple that is processed into a variety of Several advances have been made in oil proc
products a',cording to local traditions and essing. Sterilizers, small boilers for steaming
 
needs, Processing cassava is one of the most larger quantities of seeds in shorter time, have
 
time-consuming and strenuous tasks faced by been developed, A palm-pounding machine
 
African women, and traditional methods can also exists. Several types of screw and hydrau
take several days to complete. fhe main prod- lic presses have been designed to make the fi
ucts are chips, flour, and garl, Gari is becom- nal stage of oil extraction easier and i9ss time
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consuming, but agap, such techniques are not 
in widespread usJe.' 

oil, and other seed oils 
are also importarit in various regions and are 
similarly difficuU to process, Simple improve-
ments graters and presses can increase out-
put., For, example, shea nuts are a locally im-
portant source of shea-nut butter, an edible fat,that-provides-incomefor- rural Wdrifien,Tfdi 
tional methods of producing the butter result 
in about 25 percent fat, A hand press developed
by the German Appropriate Technology Ex-
change (GATE) results in high-fat butter, re-
duces the time involved, and cuts fuel require-
ments. Although it is expensive to buy initially,
the press is estimated topay for itself in 2 years
becap.se of the extra income it generates. 

Milk.-Milk products are highly valued by
herders and farmers. Herders use milk and milk 
products as barter for food grain. Surveys have 

,	revealed many traditional systems of milk pres-
ervation, principally in the form of butter, ghee, 
or other fermented products (47),
TheInternational Livestock Centre. fori cIhe nteLArcenayioaLiVestCentre forAfrica 

(ILCA) recently organized a dairy technology
unit, whose focus is to research low-cost means 
of milk preservation (36).Working In the high-
lands of Ethiopia, the ILCA group has.devel-
oped an internal agitator fitted to the traditional 
regional clay milk churn that cuts churning
time in half and has increased butter recovery
from 75 to 92 percent, The program is also 
promoting the use of a locally producible
wooden press for making cheese, including
Queso Blanco, Halloumi, and cottage cheese 
!(36). More efficient cheesemaking is also result-Iiing from improved locally conStucted evapoi A s
ration coolers a resulto f these eromispn-,

raioncoolersgAs, aouresoheeupromireing
teologes, 13 countries have begun to direct 
attention to promoting similar improvements
in milk preservation (47). 

, Fisheries.-Other particularly important food 

sources in many countries are derived from ma-

rine and inland fisheries. Major coastal fish-

eries are found In West Africa, Mozambique,

and Tanzania, and inland fisheries are impor-

tant around Lakes Chad, Victoria, and Malawi. 

The inland delta of the Niger River In Mali is 

also important because seasonal flooding sup
ports a large population of migrant fishers. 

Fish is a highly perishable commodity and
heavy losses occur at every stage of the post
harvest chain. Losses occur during handling 
on boats and after landing; from blowflies dur
ing drying and beetles during storage; and dur
ing smoking, packaging, and trans)ort because7
 -f i ifhng 
caught is sold immediately, but a significant
portion is dried or otherwise preserved, espe
cially where it is transported long distances. 
For migrant fishermen in Mali, for instance,
3 to 4 months elapse between the fish catch and 
consumption. As much as 50 percent of the fish 
processed can be lost. 

The most common methods of fish process

0 i and spoilage, Much of the fish 

ing are air and sun drying, salting, and smoke
drying. The traditional approach to drying is
simply to spread the fish on straw on the beach 
and leave them in the sun. One improvement
is the use of simple racks that raise the fish off 
the ground and improve airflow around the fish.•Racks can be built from local materials that arecheap and effective. Another potential improve
ment underway is the development of solarder
 
driers. 

Salt drying, on the other hand, has the advan
tage of not only drying the fish, but preventing
microbiological spoilage. It is usually carried 
out simply by sprinkling dry salt between 
stacked layers of split fish or immersing the fish 
in brine. 

Smokedryin is widel used in W Africa
ad is trig ia l y ed u WestArica 
and istraditionally carried out over anrid of- fir e or in mud, wood, or oil drum ovens. The ::!heat not only dries the fish, but reduces blow
fly attack. Blowflies are a serious threat to fish
eries, particularly in the wet seasoni when dry
ing isslow.InSenegal in1984 ie-third f te
 
fish catch was lost to blowfly infestation, Phe

nolic compounds in the smoke that inhibit bac
terial action may also be deposited on the sur
face of the fish, While this approach is cheap,

it requires large amounts of firewood, an in
creasingly scarce resource Mdny different im
proved ovens are being introduced, such as the
 
Chorker fish smoker that FAO introduced In
 

http:becap.se


This smoker has a large capacity, is easy to make the ovens economically efficient; This
 
to operate, re.c.es smoking time, and isinex- improved fish catches are required, whch reistei~i~ ~dthough~h iire b nets, 	and other_sumprovmentsIw oats. 

skilled w'-orkers (box 11-2). gear. oats could be fitted'with engiies,but 
V SnergySources.-One f the ciritical needs their high ful consumption and need for main 

,-,,14nergytenance 	 sometimes is not suitable for resource'th) resource poor farmer is fuelwood and -	 " )rth :t....sou ... en.rgy for o ces. ing food. poor,o"',agriculturalists.. - -: ,sourcess ofof en ergy fior processing foda.; , :., At the, other end: of the
 
, J : Sulood is becomin creimn post-harvest ch ,n, improved methods of pack.
 

":of Reforestation efforts such s the aging and marketing would similariy be needed,Africa. 
country-wide tree planting initiative carried out The cotribution of imr0vd pst-hrvet 

by the Kenyan National Council of Women i technologies can be enhanced h'y focusing in
1977 are I' .6-term solutions. Ways to meet creased attention on African wimen (7,34,52). 
needs more immediately include: Most development programs ini the past were 

Briquetting, where cellulosic residues such directed toward men. Donor agepcies and Afri
as rice husks or groundnut shells can be can governments are recognizing the necessity 
pressed into briquettes and br nedHow of assisting women because if the technologyn,presse int briqette an bund How doe not.....with women's many duties, it stands 
ever,; any!:i(::iii~tinafi...development. .. of this type of. alter- chance of wsuccess:.. . . d ....... .... . .. .little 	 man. it stard . 
nativeenergy source should be careful not l chance of.success, 
to create problems with soil productivity 
and conservation uue to removal of resi- Problems and Approaches 
dues that otherwise would contribute to On of th o that has indered the 
soil organic matter. dOneo met oostac esth technes tho 

"~Solar energy, too, offers an alternativo al- dvlpeto othrettcnlge o 
though its role may be small. Solar cookers resource-poor agriculturalists is the low priority 
have proven relatively unsuccessful, in part that this subject has received from development 
because of the conflict with the local cus- assistance agen ies. Assistance typically has 
torn of cooking in the evening after the sun emphasized improvements in production; and 
has gone down, and in part because they the female-dominatedpost-production side of 
require direct sunlight and must be con- agriculture has lacked a vocal constituency. 
stantly adjusted as the sun moves, Solar Furthermore, food losses at the farm level,fas 
driers, although not yet used on any sig- compared to commercial level, most likely are 
nificant scale, may. prove more efficient, not as high as previously believed, and may ac

* 	Improved cookstoves,and post-harvest tually be acceptable to the farmer or fisher, De- ! 
technologies that use fuelwood more effi- velopment agencies may find it more rewaid

ciently 	(box 11-3) (8,10,28). ing to measure success in terms of reducing 
women's drudgery, rather than quantitatively 
measuring reductions in lost food. o.Potential 

The growing awariiess in the developmentN single machine or new practice will drasti-Scally improve the pOst-ba st operations of .communityica i mr ther opereo,nt a need to findand among African leaders of thesave more effective ways of ensuring 

laric famerso an buthniq that assistance rearde; isler ae 	 hes women, offers hope that 

loarge numepofeatiely imle tehiquemal i- priorities are becoming more balanced.. How-
O have the potentilto makemyriad small ......women still are underrepresented in exm- 2ever, 

provements. The impact of tochnologies can tension service positions and at higher levels, ,been anced ifther evUpm n is ased on : .... .. 	 ... .. ":7, b e.,ian,.dlf their developmen is bsed.on ;in the development assistance community..' 
an understanding of the entire production cy
cle. Fishing illustrates this point. As the capac A common feature of development failures 
,ifyfor fishpproessing is increased by improved has been the inappropriateness ofIntroduced 

Ivens, more fish have to be supplied regularly technologies, Not surprisingly,, traditional 
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Box 11-2.-Womeon Invent New Technology for Smoking Fish 
I-t Af.ricaas-i oth-rot.,umidzonies,-ti:difficil. prosorv fishProducts-since fresh- fishdeteriorates rapidly anid cannot be transported imimediately to centers of consumption. This causessignificant losses and reduces the amount of animial proteini, already scarce, that reaches the loc-alpopulaijon. Hence, the importance of the chorkor, an oven fo ' smoking fish named for the Ghanianvillage where it was invented in 1970 It was developed by locai wvomen with the assistance of a smallproject directed by the. U.N. Food and Agriculture Organization (FAO) and the Food Research Insti

tute in Ar'ccra, Ghana. 
T'ie chorkoi' is an improved version of the traditional cylindrical clay ovens that African womienuse Ior smoking fish. Although the traditional ovens still predominate, they are not very efficient,The women who use them work anl average of 5 hours a day to obtain only 10 'to 20 kilos of poor.quality smoked fish and they breathe in a large quantity of smoke in'the process. Furthermore, thetraditional ovens use enormous amounts of firewood, which is expenisive in many African countries. 
The women of Chorkor, aware of these problems, decided to modify the traditional cylindrical0 oven. A modified rectangular oven can be built of clay (which can be 'coated with a layer of cement 

to keep off rain], with sundried bricks, or with cement blocks mortared, like the bricks, with a mixtureuf sand and cement. It uses grills made of inexpensive Wire netting and wood frames. The w oodeniIr imes allow .15 layers of fish to be dried at once (compared to 2 to 3 ayers in the traditional ovens),anc can be arranged to form a chimney to facilitate circulation of heat and smoke. The oven hastwo parts, divic'a*d by a partition, which can be used to-gather or separately, This permits smokingfewve, fish, lif ciebired, and storing already-smoked fish in the section not in use. 
The advantages of' this oven over the'traditional ones are great. Itcan be built in 5 days fairlyinexpensively; it lasts longer (if the !rays are built wall and oiled regularly, and the frames kept frombrnint and protected from the elements, they can last up toc 3 years,-and a well-made oven can last up to 8 years); it can dry 240 kg of fish at one time (as compared to only 20 kg with the old system);and it gives a much mo 'reuniform and better-quality product. Moreover, it uses one-tenth the amountof wood that traditional oveins use, does not fill the eyes and lungs of the workers with smoke, and

takes much less time and effort to use. 
It is not surprising that the chorkor has been enthusiastically received, especially consideringthat the inhabitants of the West Coast of Africa prefer smoked fish to fish dried in the sun or salted.Smoked fish has a milder flavor, but since it has a higher moisture content, it spoils more easily ifit has not been preserved properly as happens frequently with traditional ovens. With the chorkorsystem, the smoked fish lasts up to 9 months because the chimney formed by the trays allows moreuniform penetration of smoke and heat. The chorkor is, consequently, not only an efficient inno'vation but also a socially useful technology, as much for the women who use th,-3 ovens as for the con

fr~i eSt llowISlayrs o
sumers. fih be rie at nce[co pare to2 t 3 lyer in he radtionl oens 

teAlthough it isstill not well-known outside its region of origin, the chorkor oven is spreading withtehelp of FAO and UNICEF to Guinea, Togo, Bienin, and Guinea-Bissau. In Guinea, for example,300 women are forming a cooperative for preserving fish with the chorkor and for marketing whatthey produce. Togo will install 10 chorkors in strategic locations on the coast, teach the Togolesewomen how to take advantag~e of the new method, and give them tecl-nical advice on construction 
of the ovens; some Tngoese women will go to Ghanaih 

to learn how it works. Guinea-Bissau hopesto spread the use of chorkor to all the islands of the Bijagoz archipelago.
 
It islear that the local costs of the raw 
materials for the co;3truction of the chorkor oen will vary from country to cou try. The same is true of customs, tastes, andsclimatic condition, needsof the local rural and urban populations, traditions regarding thduse of fish, and the fish speciesthat can be smoked, Obviously care must be taken in spreading use of the chorkor oven. But itisequally evident that the women of Ghana have made an important contribution to the devlopmeont

.of appropriate technologies. 
SOURCE Guillran "Womeno Almey,., Invent New T y for sukinpg Fisi," Cees, vol. 1, 5 Wnolos 20, No, andryFebrury 1987, pp, . T7. 
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Box 11-3.-1improved Charcoal Stoves 
o~elpi-ograis vMot.St - i-,Afy(;i~t] hIad-little .success.-distributhig at-bast-5,00 .to_8a000stovos,_-, 

Many of the designs were too expensive, ill-adapted to traditional cooking or heating requirements, 
or requiredmaterials and skills that often were unavailable. An important breakthrough in fuel-efficiunt 
stoves came with the U.S. AID-funded Kenya Renewable Energy Development Project, launched in
1982. By the end of 1985 the project had given birth to a new industry whose mairn producers alone 
had sold 110,000 improved charcoal stoves at a profit. 

The new stove is a modification of an existing one called a '"jiko." In contrast to the jiko, the im
proved stove is about 50 percent more fuel efficient- it costs 65 to 100 Kenyan shillings, but, lasts 
longer than the old one which costs 60 shillings. For the average Nairobi family spending 170 shillings 
a month on charcoal, the new stove pays for itself within 8 weeks, 

There was a high level of local participation in the design. Scrap metal artisans were consulted 
to make manufacturing easy. The stove is constructed of scrap metal, with an insulating ceramic 
liner, a built-in grate in the top half, and an ash chamber in the bottom, Pr .;types were test marketed 
in 600 households tr imake sure they were acceptable. 

The Kenyan approach has potential in countries where fuelwood is niarketed and is expensive. For 
tle poor and scattc,,..d rural populations that comprise much of Africa, adifferent approach is needed. 
The improved stove developed by the Burkina Energy Institute, for example, is basically a shielded 
version of the traditional three-stone stove. The improvement is a circtlar shield built of clay, dung,
millet chaff, and water that goes around three-stones that act as pot rests. The stove can be built in 
half a day to fit any desired pot size, and requires little, if any, cash. Fuel savings range between 35 
and 70 percent. Most women recoup the investment of a day's labor within I or 2 weeks. The low-cost,
high benefit, and rapid-dissemination method have brought some 85,000 improved three-stone stoves 
into use. 

methods have not been abandoned by farmers, 
herders, and fishers until an improved technol-
ogy has clearly been shown to be an effective 
improvement and has few consequent disad-
vantages. The most successful technologies 

have been those based on, or improvements of, 
traditional practices. This recognizes that tradi
tional practices are often well-adapted to ex
isting conditions and are already proven to be 
appropriate and acceptable to the adopters. 
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Chapter 12 
Epilogue
 

The decision by U.S. policymakers to assist that the United States assists African farmers 
resource-poor agriculturalists in Africa is one and herders for humanitarian, economic, and 
that will not be made in isolation. Instead, it political reasons. But the relative importance 
will be made in conjunction with the broader of these different motives has shifted and the 
objectives and goals of U.S. foreign assistance. role of development assistance in this context 
Congressional decisionmaking is affected by is increasingly unclear (9).l these broade concerns, Different regions and. 

oder Second, one committee specifically asked 
different interest groups compete for foreign how U.S. support for African and global agri
aid dollars. Congress' decision to provide funds cultural development affects U.S. farmers. This 
for one purpose may reduce the money avail- question echoes recent legislation, supported

bilateralbyqvarious farm groups, to restrict U pS
able for others. Cuts in domestic spending may 

USm-rr tict
necessitate additional changes in foreign assis-

tance. Thus, any decisions Congress makes to and multilateral assistance p nii::isupport a resource-enhancing approachmust 

question has generated considerable contro
s t s e c p hmodities also exported by U.S. farmers. The 

consider how this element fits into the nation's 
esinot atine. versy, especially given the problems faced by

underlying rationale for foreign American farmers in the 1980s, and it deserves 
Two broad policy questions are raised as a clear evaluation.
 

result of the congressional committees' requests
 
for this study'. First, the committees noted
 

Subcommittee on Natural Resources, Agriculture Research, and 

'House Select Committee on Hunger; House Foreign Affairs Environment; and Technology Assessment Board Members 
Committee: lHouse Science, Space, and Technology Committee, Evans, Hatch, Kennedy, Pell. and Udall. 

U.S. FOREIGN POLICY INTERESTS IN AFRICA 

Humanitarianinterests clearly top the list of However, the support stimulated by crises 
why the general public believes that the United fades quickly with improving situations, such 
States should provide assistance to developing as the return of rainfall to drought-stricken re
countries and 39 percent recognize Africa as gions in Africa. Yet people familiar with the 
a region deserving priority attention (6). An situation know the return of rain is only a tem
unprecedented outpouring of U.S. governmental porary respite in a deteriorating situation, Se
and private resources followed the 1984-85 tele- vore famine already threatens Ethiopia again 
vision broadcasts showing starving Africans, in 1988, where political and economic policies 
and these contributions surely saved many have exacerbated serious drought-induced food 
lives. As the head of the United Nations Office shortages, 
of Emergency Operations inAfrica, Maurice Humanitarian support will continue to be es-
Strong, said of the recent famine: "Certainly, sential during periods of crisis, but it will doi thousands and thousands did die, and hundreds 
ofthousands sufrd theusas iga nre s little to provide long-term solutt-.ns to Africa's 
of thousands suffered. But the big news is that food security problems. Many African farmers, 
35 million people who might have died, didn t herders, and fishers are now caught in a cycle 

(2). of poverty, malnutrition, and environmental 

'Africa recoived about 9 percent of U.S. bilateral foreign aid degradation that increasingly undermine,, their 
allocatd for fiscal year 19837 (18). future. Humanitarian assistance can be effec
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tive in responding to the symptoms of this con-
dition, but breaking the cycle requires prom-1
ing sustainable economic development, For 
.ostAfricans. enhanced agriculture offers the 

7most realistic opportunity to achieve this, 
A"bare majority" of Americans supports

U.S. economic aid to developing countries (8), 
a level that has remained steady for almost four 
decades (6). Such aid is commonly aimed at ad-
dressing some of the fundamental economic 
and social problems affecting poor countries,
for example, by supporting agricultural devel-
opment, family planning, and preventative
health care. Many people find that U.S. and 
African economic interests both can be served 
by promoting African economic development,
particularly through its agricultural sector. 

This mutual interest stems from the realiza-
tion that expanded U.S. trade opportunities 
depend directly on improved prosperity and 
purchasing power in developing countries,Conversel, poor economic pCoverelyipord e 	 ierfo rm e in t 
developing world has serious repercussions foreveloin 	 ":the S~ecnom cuntrisb
the U.S. economy. Developing countries bought
40 percent of U.S. exports and represented the 
fastest growing markets for U.S. goods by the 
end of the 1970s, Developing countries are 
likely to remain important U.S, markets because 
90 percent of the projected population increase 
of 2 billion people by 2010 is expected to be 
there. Mounting debt and falling commodity 
prices have slowed the growth of developing
country imports of U.S. goods since the late 

1970s 
 The impact of the 1980s recession on 
developing countries is credited with causing
one-half the decline of US. exports between 
1980 and 1985, as well as a corresponding loss 
of some 1.7 million U.S. jobs (26). Declines in 
U.S. agricultural exports alone between 1980 
and 1986 resulted in the loss of an estimated 
500,000 U.S. jobs in farming and related input
and service sectors (29). 

Whether Africa offers a growing field of trade
and economic cooperation for the United States 
will depend on the future growth of African 
economies. The continent is not now a major
market for U ,S products nor will it likely be-
come one in the near future (27), Therefore, U.S. 

economic interests in promoting food security
and economic development in the region can 
only be viewed as a long-term investment--so 

--- thatin the future healthierecon-oinies-, iprv e-d-7 
infrastructures, and larger markets, may lead 
Africa to a more prominent place in U.S. eco
nomic relations. 

U,S. economic interests, however, seldom as
sume such a long-term view. And short-term 
economic goals can conflict with efforts to en
hance low-resource agriculture. For example,
African urban markets receive approximately
$1 billion of U.S. agricultural exports a year,
mainly grain (22). American policy to expand
grain exports and African policies subsidizing
imported grains both act to keep urban food 
prices low and can reduce or destabilize prices 
for locally producod food (28), an important 
source of income for low-resource farmers and 
herders. It i] politically difficult, however, to 
promote policies to curtail certain U.S. exportsand African subsidies as a way to stimulate local agriculture--even in cases where this may
b tl ebe 	in the longer-term iinterests oof Africani andand ...U.S 	 eco alike (35).
 

' nomis aike (35).
 
The United States also pursues foreign pol

icy objectives in Africa based on a number of 
political and security interests (14, 34):

* A w itsb4 ia
 
* 
Africa, with its bloc of 46 nations, Can play 

a decisive role inginternational organiza
* The United States relies on Africa for im 

portant natural resources, now imorting 
port nl rou r n impotin 
more oilefrom Sub-Saharan Africa than 
from the Middle East or North Africa (22)
The United States also imports at least 90 
percent of its cobalt, bauxite, and man
ganese, with 25-50 percent coming from 
African countries (10, 32, 33). 

* 	The continent is strategically located, with 
deep-water ports, good airfields, and con
trolling positions in relation to major water
ways and air corridors, 

* Continuing regional conflicts make Sub-
Saiaran Africa a potential arena for con
frontatlon between external powers and 
economic st.,gnatton could lead to greater 
internal instability. 

= , '~- "I , 
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The U.S. support" democratic institutions to these changes because they have few re
and civil rights in'Africa. Particular atten- sources to re-invest elsewhere if they lose what 
tion is directed to dismantling apartheid they had invested in discontinued projects.

i- SouthAfricaforexample.- - - Alsosuch-experiences-may-undermne7heir-z 

U.S. political and strategic interests usually willingness to participate in future development 
ef orts. are pursued via diplomatic channels and shift 

from Administration to Administration. Con
gressional and Administration attention to Some U.S. programs, however, are less sus

these issues tends to be sporadic and center on ceptible than others to the impacts of political
 

single issues or regions with high visibility 15, pressures. For example, Congress stipulated
 

30). Volatility is also a function of political in- Foundation be
 
stability in many African countries (37). With independent of short-term U.S. political inter

ests. This approach seems particularly impor- :this, political winds can shiftquickly in U.S. tant for enhancing low-resource agriculture 

relations with African countries, and it is not t
 
un a fbecause 	 such support must be long-term and:unusual	i: for long-term development interests to deedal t e fecie 
be swept up in the process. 

Agricultural assistance program'-can be af- Thus, while it is true that the United States
 
fected markedly when Congress or the Admin- has humanitarian, economic, and political in
istration cuts or restricts funds or closes AID terests in aiding Africa's poor farmers and
 
missions for political reasons. Years of invest- herders, these interests often have conflicting
 
ment in agricultural research and development dimensions that alternately support and coun
can be lost because of these disruptions. Poor teract US. attempts to provide effective devel
farmers and herders are particularly vulnerable opment assistance,
 

THE EFFECTS OF SUPPORT FOR AFRICAN FARMERS ON 
U.S. AGRICULTURE 

US. farm trade suffered an overall decline agricultural development and, thus, techno
during the 1980s, with some commodities los- logical assistance to increase production and 
ing market shares to foreign competition. Some incomes., 
U.S. farm groups have voiced concern that sev- Recent analyses suggest that, in the long-term, 
eral developing countries are increasingly com- stimulating African develonment will have 
petitive in world markets and note that U.S. g. . ge.... 
agricultural assistance has helped these coun- greater benefits for U.S. agrilturegenerallyain 
tries improve efficiency (38), Legislators from than ia armers A strong correlaton exists 
farm states have used legislation to curtail .S. ,t ic ares a strog dcetion ex svts
supporttries whenforthecertainUnitedcropsStatesin developingexports theocoun-sao between ncreasedaarm production inreel oping countries and incresdariualtural im

wsae . ports (20). For example, annual net staple food 
ones. imports increased in volume by 133 percent be-

On the other hand, U.S. farm Interest groups iween 1061-65 and 1974-76 for 16 agricultur
generally recognize the importance of assist- ally successful developing countries-those 
ling developing countries achieve the broad- with the most rapid growth rates in staple food 
based per capita income growth necessary to production (3). Similar results occurred in a 
create demand and foreign exchange for buy- study of agricultural economies in Malaysia and 
Ing U.S agricultural exports. For many devel Brazil, usually cited as two of the most threat 
aping countries, such economic growth requires ening competitors to U.S. global markets (16) 

' 
5 .... 	 . .. " 



Despite rapid agricultural development in both 
countries during the period 1967 to 1983, Ma-
lay,sia at least doubled imports of food, feed
griinsand oilseeds, and reased-bUS 
farm, exports and imports, particularly of 
gr ains, Generally, the dollar value of per cap-
ita agricultural imports in agriculturally suc-
cessful developing countries grew 47 percent
between 1970 and 1980, while it grew only 37 
percent among agriculturally unsuccessful 
coentries, 

The conclusion to which all this evidence 
points is that for developing countries, increases 
in agricultural production are necessary forwidespread income growth, which leads to in-
cieases in agricultural imports. Because of this,
developing countries with the faster-growing
agricultural sectors were the faster-growing
markets for U.S. agricultural exports. Thus,
American agriculture has nothing to gain and 
much to lose from slowing down agricultural
development in developing counties (12). 
Cases exist were the positive link between 

agricultural development and agricultural im-
ports in developing countries has been severed. 
Macroeconomic factors (e.g., world commodity 
or tbaergy prices) and national policies (e.g.,
those that distort free-market mechanisms) are 
considered the major causes (20, 38). These ex-
ceptions do not negate the strong potential for 
encouraging mutually beneficial partnerships 
between U.S. exporters and developing coun-
tries but they do suggest the need for close, case-
by-case analysis. Such analysis, however, may
be hampered because the United States morn-
tors and evaluates other countries' agricultural
policies inadeqUately (24).policies<: inadequately-(2-).relevance 

Other problems can arise because net bene-
fits toAmerican agriculture does not mean onlythat all farmers and ranchers will benefit or ben-
efit equally. For example, Brazil is a growing
market for U.S. grain but it also is a growing
soybean exporter, which U.S. soybean growers 
note with alarm. The benefits of expanding
trade tend to be spread over a large Segmnt
of the population (e.g., to U.S. consumers),
whereas the costs tend to bemore concentrated 
(eig., among the producers of a given com-
mnodity). The latter groups are more likely to 

rally support and lobby for favorable policies, 
tipping public debate in one direction. 

cBlcommoditygroups-have effectively-re.
stricted U.S. foreign assistance from support
ing commodities that compete with U.S. exports.
Restrictions on bilateral assistance appear in 
the Bumpers Amendment to the FY 1987 For
eign Operations Appropriations Bill and a sim
ilar statement in the Continuing Resolution for 
1988 (HR 3750) restricts U.S. support for mul
tilateral development banks, The Bumpers
Amendment states that no funds shall be ex
pended under the Foreign Assistance Act for: 

... any testing or brooding feasibility study,
variety improvement or introduction, consul
tancy, publication, or conference training in 
connection with the growth of production in 
a foreign country atan agricultural commodity
for export which would compete with a simi
lar commodity grown or produced in the United 
States. 

Such restrictions protect particular interests 
but their broader effects can be problematic.
Sometimes U.S. interests in increasing exports 
may require supporting commodities grown 
overseas that are also grown by the United 
States, Also, the United Stdtes generates sig
nificant ill-will by trying to block all World Bank 
loans to developing countries to grow certain 
crops that will compete with U.S. agriculture 
(17). 

Also, broad-brush bans do not adequately ad-,
dre 

ss how American policy should vary based 
on different countries' development needs and 
competitive position. This issue has particularfor Sub-Saharan Afica where dovel
opment needs are great and where countries 
are unlikely to threaten U.S. exports, African
export capacity is not a significant threat to U.S,
producers and the types of crops grown are not,
for the most part, major U.S. export commodi
ties. Some provisions exist in current legislation 
to address such circumstances, For example,
the Bumpers Amendment contains provisions
to allow research and other support for con
peting crops if the production Is deemed nec
essary for the internal food security ofite de
veloping country in questbon (38). However, 
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indications exist that once broad research re- training are paid to U.S. citizens, companies, 
strictions are in place for a given commodity, and schools. These figures belie the peiception 

"-adefactoresearch ban may result for coun- that agricultural assistance onjy benefits its re
tresw- hiejrcire re uctionpreseints-lif-- -ii-e-cpntsryals0 raise questions w het i 
tie ornothreat to U.S. exporters,. high proportion of budget expenditures used 

for U.S. products and services is the most effi-
Africa cannot be isolated from the adverse cient and sustainable means of supporting Afri

impacts of existing restrictions on global sup- can development. 
port for U.S. agricultural assistance. Of particu
lar concern are prospects that restrictive legis- American farmers also derive direct benefits 
lation could have negative effects on the from government purchases of U.S. agricultural 
international research networks that have an commodities for food aid, as established Un
important role to play in improving African der the Agricultural Trade Development and 
agricultural development. In particular, con- Assistance Act of 1984 (Public Law 480). Since 
cerns exist regarding the consequencs for the their inception, Public Law 480 programs have 
various International Agricultural Research purchased U.S. farm products from virtually 
Centers (IARCs). every state at a total of at least $35 billion (31). 

The IARCs are institutions created specifi- Indirect benefits are more difficult to quan
clyto develop new in ad hno- tify but clearly are substantial. They includeogy on theworld's major food commodities, "reverse technology transfer" from developing 
with specific attention to developing country countries generally and Africa in particul",
needs, A number of these commodities are also often gained through U.S. involvement in 
major U.S. exports, for example, maize and ternational research, These benefits come in 
wheat. Sice the United States contributes 20 many forms, from specific technology, to re
to 25 percent of the IARC's core budget, a ma- search insights, to genetic material collected 
jor reduction in contributions could deal a se- while working with traditional varieties of 
vere blow to their capacity to generate, adapt, crops overseas. Examples include: 
and transfer technology to developing countries Barley is worth $140 million per year to 
and bolster national research in Sub-Saharan California farmers, Current varieties' re-
Africa and elsewhere (38). Reductions could sistance to yellow dwarf virus, a potentially 
also undermine the important role these insti- devastating disease, is due to a single bar
tutions play in international agricultural ley gene from Ethiopia (23). 
research and in conserving and distributing * Genetic resistance to wheat rust, another 
germplasm. Many future improvements in ag- major crop disease, comes from Kenya (5).
riculture are likely to be based on the IARCs' , A sizable portion of Nebraskan sorghum 
work-including improvements in U,S. agri- was derived from parental varieties intro
culture. duced from Nigeria in 1951 (7). 

Much debate regarding the U.S. role in agri- : In 1986, USDA released new pearl millet 
cultural assistance has focused on international germplasm that is resistant to two major 
competition for export markets, U.S. agricul- U.S. diseases based on a wild subspecies 

ture has additional, non-competitive relation- discovered In Senegal (1). 
ships with the rest of the world, however, and * U.S. ranchers from Texas to the Carolinas 

the U.S. farm sector receives directandindirect may benefit from a new breed of cattle that 
benefitsfrom U.S. development assistance.Ap- has greater tolerance to hot and dry,prnomaelyn7 pecn of fud fo drc weather, like its,West African and English 

bilateral assistance are actually spent in the parent stock (11) . 

,:Unlited Stvs (36). The figure for agricultural Genetic resources provide benefits to Amer
,aid may be ,i high as 90 percent (38). Expendi- ican agriculture beyond their use as breeding
tures for techiical assistance, commodities, and material for Improved yield or resistance. Leaf 

mi itO! a eO d~yil d i.! o tstn~eif 
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miners, an agricultural pest, cause at least $15illpon damage to Clfri'cop.A newly-
oved pesticide controlled up to 95 percent 

--4 	of-these-pests-in-USDA-et
dient originates in tropical African and Asian 
neem trees where it has been a traditionalme~ ~ ~~"I ansinetsfr...uis4.of, fightin 

eansects forcenturies (4). 

Other indirect benefits to U.S, agriculture 
come from supporting agricultural research in 
Africa. U.S. researchers, stimulated by experi-
ences with different kinds of agriculture over-
seas, exchange knowledge and research ap-
proaches. The new ideas coming from returning
university scientists, Peace Corps Volunteers, 
and from foreign visitors to the United States 
clearly are important: 

We need to forget the idea (rhetoric) that we 
are the technological leader in every area and 
thatour perspectiveshould be toshare our tech-
nology rather than to obtain it from others. To 
preserve our own competitive position it is im

perative that we tap into the new knowledge
being gentrated elsewhere(2) 

aring ystm esearch riginated oe 
e sIsatieiga------,,s,-wi-thmiuc-h-o-f th-e early -work'o curriiiin East Africa, Now, because of growing con

c f sa f ith U S icern for small farms in the United States in-: 
creased effort is beingdirected to applying 

farming systems approaches here: Colorado 
State University has farming systems work 
underway in western Colorado, and research
ers at Morehead State University see applica
tions in eastern Kentucky. Much of the univer
sities' expertise was first gained in Africa. 
Interest in reduced pesticide use has attracted 
growing attention to integrated pest manage
ment. Farmers in developing countries, includ
ing in Africa, have developed many agronomic 
practices to reduce pest problems without pes
ticides. These practices may offer important 
information for devising U.S. approaches (21). 

CONCLUSION
 

The main goal of U.S. development assis-
tance, although it is someiimes forgotten by ex-
patriates but seldom by Africans, is to work it-
self out of job. The Agency for International 
Devel.)pment lists 15 countries, in 4 regions of 
the world, as "graduates" from development
Sassistance (8). So the U.S. record is not with-
out its successes. Considerable frustration has 
ennt,-ged, however, due to the general ineffec-
tiveess of development assistance. The disap 
pointing record in.Africa, despite considerable 
infusion of funds, is a major source of this frus. 
tration. 

ii~is-al~i0": ti ' ::.- "*.vi: 
It is almost Inevitable that people looking at 

development assistance in Africa will try to 
make comparisons to the successes of the U.S. 
Marshall Plan to support rebuilding war torn 
Europe and assistance to Asia In the 1950s. But 
such comparisons are misleading, Institutional 
and other constraints-not to mention a diverse 

-and challenging environment-make develop
Sment assistauce to Africa fundamentally more 
difficult than was the case elsewhere, 

It is also important to remember that U.S. for
eign assistance reached as high as 3 percent
of the U.S. gross national product (GNP) in the 
late 1940s (25). It has fallen to about one-tenth 
that level today, and it is one-half of what it was 
only 20 years ago. The United States now ranks 
near the bottom of industrialized countries in 
terms of percent of GNP devoted to development
assistance, although the total dollar amount of 
U.S. aid is the highest (26).,Some experts fear 
that U.S. foreign aid budgets are now too low 
to meet U.S. interest.- in Africa's development, 
as well as broader U.S. interests and responsibilities overseas (101,) . : i ,:
bie overseas (19). 

Much of the American public, however, per
ceives that the United States spends too much 
on foreign assistance (6), Some Americans be
lteve that as much as 40 percent of the U.S. bud 
get goes to development aid. In fact, this fig 
ure is 1 percent or less (8), and farmers In Iowa 
alone received more federal loans and aid in
1987 than the World Bank provided for all of
Africa (13). 
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Whether the U.S. inves) too much or too lit- be a resource-enhancing approach for U.S. de
tie in meeting its interests in Africa is a subject velopment assistance. 

Kthat will continue to be debated. Expectations Nevertheless, the road to African food secu
• g, ev -i. .r-a f rdn,ty 	 on howthat........dramatice_,- short-term.. presults are possible-d , are rf seem s long and difficult. Decisions 


t if incrased funding to address the challenges areAfrican ones. But
was available. Further, when frustration over the United States has stated, in its foreign assis
the slow pace of progress leads to frequant shifts tance legislation, a desire to be a partnerin this 
in U.S. development priorities, long-term im- work. An a dsre to ena artfer 
pact is undermined. Stability of funding, then, work. And an approach that enhances low-re
can be as important as funding levels. The cre- source agriculture will be an important com

ation of the African Development Fund as well ponent of any effective U.S. development assis
as Congress' continued emphasis on agricul. tance effort, 
tural assistance are promising steps in what can 
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Appendix A 
The ASsessment's Contractor Reports
 

~Part-A Pr intplesi of Lo* Resour'ce 
Agriculture 

Report: "Low-Resource Agriculture in Sub-Saharan 
Africa: Principles and Concepts for Managing
Natural Resources" 

Coauthors: C. Gregory Knight, Department of Geog-
raphy, Pennsylvania State University, University
Park, PA and R. Dennis Child, Winrock Interna-
tional, Morrilton, AR 

Reviewers:, 
Miguel Altieri, Division of Biological Control, 

University of California, Berkeley, CA 
John H. Grover, Department of Fisheries and

Allied Aquacultures, Auburn University, 
Auburn, AL 

James Newman, Department of Geography, Syra-
cuse University, Syracuse, NY 

Roald A. Peterson, Fayetteville, AR 
M.J. 	 Trlica, Department of Range Science, 

Colorado State University, Ft. Collins, CO 
Gene 	 C. Wilken, Department of Economics, 

Colorado State University, Ft. Collins, CO 

Report: "Low-Resource Agriculture in Sub-Saharan
Africa: Principles and Concepts for Managing In-
land Fisheries" 

Coauthors: John H. Grover and Stephen P. Mal-
vestuto, Department of Fisheries and Allied 

, Aquacultures, Auburn University, Auburn, AL 
Reviewers: 

W. Herbert Allsopp, Smallworld Fishery Consul-
tants, Inc., North Vancouver, British Columbia 

Arthur J. Hanson, Institute for Resource and 
Environmental Studies, Dalhousie University,
Halifax, Nova Scotia 

Frank MeriwetherI Agricultural Research Con-ter, UniverSity of Arkansas at Pine Bluff, Pine
Bluff, AR 

'These contractor reports should be requested as Volume 2 (Contract
Papers] of this assessment from the National Technical Information 
Service, Springfield, VA 22161, telephone (703) 487-4650 NTIS ac
cession numbers for paper or microfiche copies are! 

. Part A: Principles of Low-Resource Agriculture, PB 88 201 280 /AS. 
- Part B: The USDA Data Base and the Potential of Low-Resource Agri

culture, PB 88 201 298 /AS.*Part C-I: Development Assistance and Low-Resource Agriculture, P1B 
88 201306 /AS, . .Institutions"

* Part C-2; Development Assistance and Low-Resource Agriculture, 
cont, PB 88 201 314 /AS.

; Part D: Technology Papers, Pi1 88 201 322 /AS. 
2Advoy Pan.,, alto#vi eo. o .,r ot,., 

76-578 0 -88 - 8 :.3 

Richard A. Neal, Bureau for Science and Tech
nology, U.S. Agency for International Devel
opment, Washington, DC "I 

Roger Palm, South Carolina Aquaculture/ Mari
culture Programs International, University of 
South Carolina, Columbia, SC 

Richard B. Pollnac, International Center for Ma
rine Resource Development, University of 
Rhode Island, Kingston, RI 

Harry Rea, Office of Training and Program Sup
port, U.S. Peace Corps, Washington, DC 

Ted Scudder, Cape Tribulation, Queensland, Aus
tralia 

Report: "Principles and Concepts of Productive Hu
man Resource Systems" 

Author: Anne Fleuret, Department of Anthropol
ogy, American University, Washington, DC 

Reviewers: 
Ronald Cohan, University of Florida, Gainesville, 

FL 
Kathleen Staudt, Office of the Dean of Liberal.. 

Arts, University of Texas, El Paso, TX 

Report: "Principles and Concepts of Effective Insti
tutions" 

Author: Milton Esman, Department of Government, 
Cornell University, Ithaca, NY 

Reviewers: 
David Atwood, Science and Technology Bureau, 

U.S. Agency for International Development, 
Washington, DC 

Michael Bratton, Office of the Representative for 

dation, Nairobi, Kenya 
James Harbeson, International Studies Program,

City University of New York, New York, NY
Dennis Rondinelli, Syracuse, NY 

Report: "Integrating Principles and Concepts forManaging Natural, Human, and Institutional Re
sources" (not available from NTIS)

Author: Raymond Noronha, Washington, DC 

Report: "Incorporating Participatory Approaches in 
Authors: Paula Donnelly-Roark and Grace Hem

mings-Gaphihan, Donnelly-Roark &Associates, 
Washington, DC 
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Reviewers: 
:Kearl M. Brown, African Development Founda-

tion, Washington, DC 
Margaret Snyder, Development Fund for Women, 

U.N. Development Program, New York, NY 
,May..Yacoob,. WaterandSanitation- for. Health 

Project, Arlington, VA 

Report: "Low-Resource Agriculture and African In-
stitutional Development" 

Author: Elinor Ostrc,.m, Workshop in Political The-
ory andPoicy,.,nalysis, University of Indiana, 
Bloomington, IN 

Reviewers: 
David Atwood, Bureau for Science and Technol']i 

ogy, U.S. Agency for International Develop-
ment, Washington, DC 9P 

Ed Connerly, NASPAA, Washington, DC 
Sheldon Gellar, East Lansing, MI 
George Honadle, Development Alternatives, Inc. 

Washington, DC 
Norman Uphoff, Center for International Studies, 

Cornell University, Ithaca, NY 

Part B: The USDA Data Base and 
the Potential of Low.Resource 

Agriculture 

Report: "The Potential of Low-Resource Agriculture 
in African Development" 

Author: JohnM. Staatz, Department of Agricultural
Economics, Michigan State University, East 
Lansing, MI 

Reviewers: 
Sara Berry, African Studies Center, Boston 

University, Boston, MA 
Charles A. Francis, Agronomy Department, 

University of Nebraska, Lincoln, NE 

Report: Potentials for Development in Low-Resource 
Technologies for African Agriculture" 

Author: Charles A,Francis, Agronomy Department, 
University of Nebraska, Lincoln, NE 

Reviewers: 
Douglas J.Lathwell, Department of Agronomy, 
iCornell University, IthaDaN Y Eco-eof.gricutNra

nomics, Michigan State University, East Lan-
sing, MI 

Reviewers cf Both Francis and Staatz Papers: 
Arthur J.Dommen, Africa and Middle East 

Branch, Economic Research Service, U.S. De-
partment of Agriculture, Washington, DC 

Donald Plucknett, Consultative Group on Inter-

national Agricultural Research, Washington, 
DC 

Kenneth Swanberg, Office of International Go
operation and Development, U.S. Department 
of Agriculture, Washington. DC 

.... . . -----

Report: "The Role of Low-Resource Agriculture in 

Africa:" 
"Overview and Summary" 
"Kenya Supplementary Information" 
"Malawi Supplementary Information" 
"Mali Supplementary Information" 
"Nigeria Supplementary Inforijiation" 
"Senegal Supplementary Infoination"
 
"Sudan Supplementary Information"
 
"Zaire Supplementary Informatinrn"
 
"Zimbabwe Supplementary 11aformation"
 
Coauthors: Brian D'Silva andArthur Dommen, Eco

nomic Research Service, U.S. Department of 
Agriculture, Washington, DC 

Reviewers: 
Charles A. Francis, Agronomy Department, 

University of Nebraska, Lincoln, NE 
John M. Staatz, Department of Agricultural Eco

nomics, Michigan State University, East Lan
sing, MI 

Part C-1. Development Assistance 

and Low-Resource Agriculture 

Report: "African Perspectives on Low-Resource 
Agriculture" 

Author:. Hussein M. Adam, Somali Unit for Re
search on Emergencies and Rural Development,. 
Mogadishu, Somalia and Harvard Institute of In
ternational Development, Harvard University, 
Cambridge, MA 

Reviewers: 
John W. Bruce, Land Tenure Center, University

of Wisconsin, Madison, WI 
Richard Ford, International Development Pro

gram, Clark University, Worcester, MA 
Thomas M. Painter, Social Science Research 

Council, New York, NY 
Bill Rau, Bread for the World, Washington, DC 

Report: "African Models of Developmental Assis
tahce to Low-Resource Agriculture"

Author: Robert J.Cummings, African Studies and Re
search Program, Howard University, Washington, 
DC 

Reviewers: 
Bill Rau, Bread for the World, Washington, DC 
Victor Uchendu, Department of African Amer
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ican Studies, University of Maryland Balti-
more County, Baltimore, MD 

Aeport: "Existing Models of Development Assistance 
to Low-Resource Agriculture in Africat 

I, -l. ; wf ; . , 

Report: "Government Assisted Land Settlement: Sta. 
tus and Potential in African Low-Resource Agri
culture"' 

Author: Della E.McMillan, Department of Anthro
. pology, University of Kentucky, Lexington, KY 

A,.uthr:CarolLancaster,-School,of-F6reign Serv--R-eviwers:' 
ice, Georgetown University, Washington, DC 

Reviewers: . ... 

Stephen Commins, African Studies Center, 
University of California, Los Angeles, CA 

Charles Hanrahan, Abt Associates, Inc., Wash
ington, DC 

William Haven North, Bureau for Policy Planning 
and Coordination, U.S. Agency for Interna-
tional Development, Washington, DC 

Report: "Alternative Models of Development Assis
tance to Low-Resource Agriculture in Africa" 

Author: Celia Jean Weidemann, Washington, DC 
Reiewers: 

!aula Goddard, Bureau for Policy Planning and 
Croordination, U.S. Agency for International 
De(elopment, Washington, DC 

Jane B.,Knowles, International Agricultural Pro-
grams, University of Wsconsin, Madison, WI 

George Scharffenberger, Washington, DC 

Report: "U.S. Do'estic Policy Dilemmas Affecting 
Development Assistance" 

Author: Karen Wiese, Associates in Rural Devel-
opment, Burlington, VT 

Reviewers: 
Tom Armor, El Segundo, CA 
Robert L. Paarlberg, Center for International Af
* fairs, Harvard University, Cambridge, MA 

John L. Woods, International Program for Agri-
cultural Knowledge Systfns, University of I1-
linois, Urbana, IL 

Report: "Case Studies: Factor-z Influencing Agricul-
tural Production of Small Fa,-mers in Zimbabwe 
and Malawi 

Author: Kathleen Desmond, Arlington, VA 
Reviewers: 

Kathleen Cloud, Women in Development Office, 
University of Illinois, Urbana, IL. 

George Honade, Development Alternatives, Inc., 
Washington, DC 

John Staatz, Department of Agricultural Eco-
nomics, Michigan State University, East Lan-
sing, MI 

Pat Fleuret, Bureau for Africa, U.S. Agency for 
International Development, Washington, DC 

Ted Scudder, Cnpe Tribulation, Queensland, Aus
tralia 

Part C-2: Development Assistance 
and Low-Resource Agriculture 

(continued) 

Report: "Links Between the Private Enterprise and 
Low-Resource Agriculture in Sub-Saharan 
Africa"
 

Author: Arthur Gibb, Jr., Department of Economics,

U.S. Naval Academy, Annapolis, MD
 

Reviewers:
 
Michael Farbman and Frank Denton, Bureau for i. 

Africa, U.S. Agency for International Devel
opment, Washington, DC 

Joel Greer, National Security and International
Affairs Division, General Accounting Office, 
Washington, DC 

Steve Haggblade, Metropolitan Studies Program, 
Syracuse University, Syracuse, NY 

Frances Brigham Johnson, U.S, Agency for In
ternational Development, Washington, DC 

Report: "Strategies for Development of the Private 
Sector and Its Links with Low-Resource Agri
culture" 

Coauthors: Galen Hull and Guy Gran, Kensington, 
MD 

Reviewers: 
Michael Farbman and Frank Denton, Bureau for 

Africa, U.S. Agency for International Devel
opment, Washington, DC 

Steve Haggblade, Metropolitan Studies Program, 
Syracuse University, Syracuse, NY 

Frances Brigham Johnson, U.S, Agency for In
ternational Development, Washington, DC 

Report: "New Models for Low-Resource Agricultural 
Research and Extension in Sub-Saharan Africa" 

Author: Paul Richards, Anthropology Department, 
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University College London, London, United Report; "Crop Rotation and Residue Management" 
Kingdom Author: Rattan Lal, International Institute for Trop-

SReviewers: ical Agriculture, Ibadan, Nigeria 
Robert Chambers, Institute of Development Reviewers: 
*- Studies, University of Sussex, Brighton, UK Frank G. Calhouin, International Programs in 
liane I.Guyeri-Mary-Ingrahani BuntingInstitute- ----iAgriculture- Columbus OH -----

:7 Radcliffe College, Cambridge, MA George C.Taylor, North Carolina State Univer-
Janice Jiggins, Andelst, Netherlands sity, Raleigh, NC 
Robert M. Netting, Department of Anthropology, Charles W. Wendt, Texas Agricultural Experi-

University of Arizona, Tucson, AZ 	 ment Station, Texas A&M University, Lub
bock, TX 

Report: "Farming Systems Research and Extension: Wayne 0. Willis, Colorado State University, Ft. 
Status and Potential in Low-Resource Agri- Collins, CO 
culture"" 

Coauthors: Susan V. Poats, Daniel Galt, Chris An-	 Report: "Five Small-ScaleWaterManagementTecli
drew, Lisette Walecka, Peter Hildebrand, and nologies" 
Kenneth McDermott, Farming Systems Support Author: W. Gerald Matlock, Desert Agricultural and 
Project, University of Florida, Gainesville, FL Technology Systems, Inc., Tucson, AZ 

Reviewers: Reviewers: 
Billie R. DeWalt, Department of Anthropology, E. Walter Coward, Department of Rurf:l Sociol-

University of Kentucky, Lexington, KY ogy, Cornell University, Ithaca, Nt 
Tim Frankenberger, Office of Arid Lands Studhi;s, Raymond E. Meyer, Bureau for Science and 

University of Arizona, Tucson, AZ Technology, U.S. Agency for International De-
Bruce F. Johnston, Food Research Institute, Stan- velopment, Washington, DC 

ford University, Stanford, CA B.A. Stewart, Southern Plains Area Conservation 
Kenneth Swanberg, Bureau for Science and Tech- and Production Research Laboratory, U.S. De

nology, U.S. Agency for International Devel- partment of Agriculture, Bushland, TX 
opment, Washington, DC Lyman S. Willardson, Department of Agricultural 

Hubert G. Zandstra, Agriculture, Food, and Nu- and Irrigation.Engineering, Utah State Univer
trition Sciences, International Development sity, Logan, UT 
Research Center, Ottawa, Canada 

Report: "Soil and Water Management in the Humid 
and Highland Zones of Africa" 

Author: Laurence A, Lewis, Graduate School of 
Part D: Technology Papers Geography, Clark University, Worcester, MA 

Reviewers: 
Report: "Soil Fertility Maintenance in Sub-Saharan Daniel C. Clay, International Statistical Programs 

Africa" Center, Bureau of the Census, Washington, DC 
Coauthors: Paul L.G. Vlek, A.U. Mokwunye, and Raymond E., Meyer, Bureau for Science and 

M.S. Mudahar, International Fertilizer Develop- Technology, U.S. Agency for International De
mient Center, Muscle 9hoals, AL velopment, Washington, DC 

Reviewers: Philip W. Porter, Department of Geography, 
William R. Greenword, Office of International University of Minnesota, Minneapolis, MN 

Geology, U.S. Geoiogical Survey, Reston, VA Bob J.Walter, Department of Geography, Ohio 
Raymond E. Meyer, Bureau for Science and University, Athens, OH 

Technology, U.S. Agency for International De- Rpr: " S Irrigaion+I 
velopment, Washington, DC Report: "Low-Resource, Small-Scale Irrigation in 

Arthur B. Onken, Texas Agricultural Experiment Africa" 
Station, Lubbock, TX Author: Alfred S. Waldstein, Associates in Rural 

John H. Sanders, Department of Agricultural Eco- Development, Burlington, VT 
nomics, Purdue University, West Lafayette, IN Reviewers: 

Charles Steedman, Center for Research on Eco- Guy LeMoigne, Agriculture and Rural Develop
nomic Development, University of Michigan, ment Department, World Bank, Washington, 
Ann Arbor, MI DC 
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Report: "Intercropping in Low-Resource Agriculture Report: "Millet Breeding for Low-Resource Agricul
in Africa" ture in Africa" 

Author: David 1. Andrews, Department of Authors: David J. Andrews, Department of 
Agronomy, University of Nebraska Lincoln, NE Agronomy, University of Nebraska, Lincoln, NE 

Reviewers: Reviewers: 
"--Dana Dalrrymple onsultatilp Group on -1nternai- w-; Glenn WBurton; Coastal Plain Exporiment StaZ 

tional Agricultural Research, U.S. Agency for tion, Tifton, GA 
international Development, Washington, DC Wayne W. Hanna, Coastal Plain Experiment Sta-

Raymond E. Meyer, Bureau for Science and tion, Tifton, GA
 
Technology, U.S. Agency for International De
velopment, Washington, DC
 

John H. Sanders, Department of Agricultural Eco- Report: "Maize Breeding" 
nomics, Purdue University, West Lafayette, IN Author: Sherman F. Pasley, Office of International. 

Programs, University of Florida, Gainesville, FL 
Report: "Challenges of Intercropping: Policy Issues" Reviewers: 
Author: Charles A. Francis, Dcpartment of L.L, Darrah, North Central Region Crop Produc-

Agronomy, University of Nebraska, Lincoln, NE tion Research Unit, U.S. Department of Agri-
Reviewers: culture, Columbia, MO 

Dana Dalrymple, Consultative Group on Interna- Paul Gibson, Plant and Soil Science. Southern 
tional Agricultural Research, U.S. Agency for Illinois University, Carbondale, IL 
International Development, Washington, DC 

Raymond E. Meyer, Bureau for Science andT;:":;echnology, U.S. Agency for International Dc eoL"oghmBedn
vcelon, WAin DC-onl Authors: Fred R, Miller and John A. Mann, Departvelopment, Washington, DrCn fSi n rpSine ea & 

John H. Sanders, Department of Agricultural Eco- mnt of Soil and Crop Scince, Texas A&M 
nomics, Purdue Universitv, West Lafayette, IN University, College Station, TX 

Reviewers: 
'~Report: "Agroforestry in Africa" David J.Andrews, Department of Agronomy, 
Author: Roy T. Hagan, Esko, MN University of Nebraska, Lincoln, NE 
Reviewers; John Axtell, Department ofAgronomy, Purdue 

Steven R. Brechin, School of Natural Resources, University, West LaFayette, IN 
* 	 University of Michigan, Ann Arbor, MI 

Bruce B. Burwell, Natural Resources Sector, U.S. Report: "Root Crop Breeding"
Peace Corps, Washington, DC Author: Walter A. Hill and Conrad Bonsi, Office 

Dennis Johnson, Forestry Support Program, U.S. of International Programs, TuskenUniversity,
Forest Service, Washington, DC Tuskegee, AL 

Michael McGahuey, Chemonics, Inc., Washing- Reviewers: 
ton, DC John C. Bouwkamp, Department of Horticulture,Fred R. Weber, Boise, ID University of MD, College Park, MD 

Repot: "rop Afrfedc Jones, U.S. Vegetable Laboratory, U.S. Dereedng fr Lo-ResurceAgriul-
ture: Overview, Rice, Food Legumes" ate oAgiuurC rlsnS 

Author: Ivan W. Buddenhagen, Department of Jill E.Wilson, Research Coordinator, University 
*Agronomy, University of California, Davis, CA of the South Pacific, Apia, Western Samoa 

Reviewers: 
David J. Andrews, Department of Agronomy, Report: "Pest Control" 

University of Nebraska, Lincoln, NE Author: Dale G. Bottrell, Department of Entomol-
Charles A, Francis, Department of Agronomy, ogy, University of Maryland, College Park, MD 

University of Nebraska, Lincoln, NE Reviewers: 
Donald Plucknett, Consultative Group on Inter- Andrea Blumberg, U.S. Agency for International 

national Agricultural Research, Washington, Development, Washington, DC 
DC Carroll W. Collier, Bureau for Science and Tech-

Johannes ter Vrugt, The World Bank, Washing- nology, U.S, Agency for International Devel
ton, DC opment, Washington, DC 
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~-WRaymond E.Fri'sbie, Department of Entomology, Report: "Communication and Information Tech 1-1 
Texas A&M University, College Station, TX nologies" 

')Agi Kiss, Office of Environmental and Scientific. Author: Frances b. Hays, Academy for Educational 
Affairs, The World flank, Washington, DC Development, Washington, DC 

Repot "Psthaves~echolog~..Reviewers:
Research --Gary-. Garriott -Volunteers in-Technical-Assis- -SAuthor. Tropical Development and ReerhInsti- tance, Arlington, VA 

tute, London, UK John K'. Mayo, Centre for the Study of Communi-
Reviewers: cation and Culture, London, UK 

Thomas V. Dechert, Postharvest Institute. for Anthony J.Meyer, Bureau for Science and Tech-
Perishables, University of Idaho,. Moscow, ID nology, U.S. Agency for International Deve[-

Kenton Harris and Carl Lindblad, Volunteers in opment, Washington, DC 
Technical Assistance, Arlington, VA Joseph N. Pelton, Intelsat, Washington, DC 

John R, Pederson, Food and Feed Grains Iiisti- Ewart Skinner, Department of Communication, 
lute, Kansas State University, Manhattan, KS Purdue University, West Lafayette, IN 
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Appendix C 
African Correspondents 

The following African scientists and-policymakers provided analyses of food security.and lowaresource-,.
u1iiagri th.ere- tiir.regions- They responded to OTA s-request for letters -orpublications regarding 1)

whether an agrarian crisis existed, 2)whether OTA's model of "low-resource agriculture" was accurateand appropriate, 3) how their views differed from others, and 4) how U.S. foreign assistance could be
improved. 

Dr. Adetokunbo 0. Adeola 

Forestry Research Institute of Nigeria

Ibadan, Nigeria 


Dr. Emmanuel N. Agwuna 

Federal Livestock Department 

Federal Secretariat 

Lagos, Nigeria 


Mr,0. Awoyemi 
Federal Department of Agriculture and Rural 

Development 
Federal Ministry of Agriculture, Water 

Resources, and Rural Development 
Federal Secretariat 
)
Lagos, Nigeria 


Dr. Bifuko Baharanyi

Fulbright Scholar-in-Residence 

Department of Political Science 

Johnson C. Smith University 

Charlotte, NC
 
Dr. Solomon Bekure 

Team Leader 

International Livestock Centre for Africa 

Kenya Country Program 
Nairobi, Kenya 

Professor J. Malcolm Blackie 

Faculty of Agriculture 

Department of Agricultural Economics 

University of Zimbabwe 

Salisbury, Zimbabwe
 

Mr. G.H.R, Chipande 
Chancellor College 

University of Malawi 

Zomba, Malawi 


Mr. Ousmane Nafolo Coilibaly 

Department of Agricultural Economics 

Michigan State University 

East Lansing, MI 


Dr. Bahiru Duguma 

International Livestock Centre for Africa
 
Small Ruminant Programme
 

ilIbadan, Nigeria 

Dr. A. Mamdouh EI-Baz
 
Director
 
Centre on Integrated Rural Development for
 

Africa 
Arusha, 'anzania 
Dr. Jose Adriano M. Fernandes 
Deputy National Director of Agrarian Economy 
c/o Ministry of Agriculture 
Maputo, People's Republic of Mozambique 
Mr. Robinson L. Gapare 
President 
The National Farmers Association of Zimbabwe 
Harare, Zimbabwe 

Dr. Leland R. House 
Executive Director 
SADCC/ICRISAT Sorghum-Millet Improvement 

Program
 
Balawayo, Zimbabwe
 

Dr. Mengistu Hulluka
Department of Plant Pathology and
 

Microbiology
 
Texas A&M University 
College Station, TX 
Mr. S. N. Kassapu 
Regional Science and Technology Officer 
U.N. Food and Agriculture Organization 
Regional Office for Africa 
Accra, Ghana
 

Dr. C.L. Keswani 
Technical Advisor 
Ministry of Lands, Agriculture and Rural 

Resettlement 
Department of Research and Specialist Services 
Plant Protection Research Institute 
Harare, Zimbabwe 
Dr. Fassil G. Kiros 
Addis Ababa 
Ethiopia 
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Dr Aziadome Kogblevi
Directeur du Centre National 
dtAo dooRbiue Pu e 
dotono,g Relubique Pulare DuBenin 

;~; ~rjmaneAballli acbYaounde, 
~ soi.... ....... .. 

Department of Forest Science 
Oregon State University 

: Corvallis, OR 

Dr. M. S. Matsebula 
Associate Professor 
Department of Economics 
University of Delaware 
Newark, DE 

Dr. Assefa Mehretu 
Associate Professor 
Department of Geography 
Michigan State University 
East Lansing, MI 

Dr. Abukar M. Mohamed 
Crop Science Research Laboratory 
Corn Host Plant Resistance Research Unit 
Mississippi State, MS 
Ms. Ntombana R. Mugabe.
Deputy Director 

Department of Research and Specialist Services 
Ministry of Agriculture 
Harare, Zimbabwe 

Dr. Massa Mukambo 
Charge d'Etudes 
Service Pr6sidentiel d'Etudes (S.P.E.) 
Agriculture et Developpement Rural 
Bureau du President de la Republique 
Kinshasa, Zaire 

Dr. Rukudzo Murapa 
Head 
Department of Political and Administrative 

Studies 
University of Zimbabwe 

Harar, ZimabweFaculty 
The Honorable Philip Ndegwa 
Governor .le-Ife, 
Central Bank of Kenya 

-Nairobi, Kenya 

Dr, Collins Ngwa

Senior Lecturer.
 
International Relations Institute of Cameroon
 
University of Yaounde
 

Cameroon
 
Dr. Jesse ThewUiNjoka
 
Senior Lecturer and Chairman
 
"epartment of Range Management 
University of Nairobi 
Nairobi, Kenya -

Dr. M. A. Noor 
Vice-Minister of Agriculture 
Ministry of Agriculture 
The Office of the Minister 
Mogadishu, Somali Democratic Republic 

Dr. Zerubabel M. Nyiira 
Research Administrator and 

Principal Research Scientist 
The International Centre of 

Insect Physiology and Ecology 
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Appendix D 

External Reviekwers 

The following people revienwed OTA's draft of EnhancingAgriculturein Ahica: A Role for U.S. For
eign Assistance. Some people (Part A) reviewed the entire report but were asked to focus particular atten

::tion-ondifferentsections.Advisoryti Panelists,- listed in-the fronttoftis -report;,alsr:evi wed thie itiedraft, Others (Part B)reviewed individual sections or chapters. Most of the material regarding animals*was added after the first draft was completed so this section's reviewers are listed separately (Part C), Fi
nally, OTA conducted a collaborative review with the U.S. Agency for International Development's Afri
ca Bureau to help AID consider the implications of OTA's work (Part D). The contractor reports on
technologies formed the major basis for chapters 7-11. These reports were reviewed separately (app. A). 
PartA: Reviewers of Entire Draft Assessment 
David Andrews, Department of Agronomy, University of Nebraska, Lincoln, NE (ch.5)
Joan Atherton, Bureau for Policy Planning and Coordination, U.S. Agency for International Development,

Washington, DC (ch. 6)
Coralee Bryant, Overseas Development Council, Washington, DC (ch.4)
Robert Chambers, Institute for Development Studies, University of Sussex. Falmer, UK (ch. 4)Beatrice Chileshe, Technology Development and Advisory Unit, University of Zambia, Lusaka, Zambia 

(ch.4)
Ralph Cummings, Science and Technology bureau, Agency for International Development, Washington,

DC (ch. 5)
Carl Eicher, Department of Agricultural Economics, Michigan State University, East Lansing, MI (ch, 4)
Milton Esman, Department of Government, Cornell University, Ithaca, NY (ch. 4)
Charles Francis, Department of Agronomy, University of Nebraska, Lincoln, NE (oh. 3)

Peter Freeman, Alexandria, VA (ch. 6)

William Furt-ck, Science and Technology Bureau, U.S. Agency for International Development, Washing

ton, DC (ch. 5)

Richard Harwood, Winrock International, Morrilton, AR (ch. 5)

Allan Hoben, Director of African Studies, Boston University, Boston, MA (ch.6)

M.S. Matsebula, Department of Economics, University of Delaware, Newark, DE (oh. 4)

John Mellor, International Food Policy Research Institute, Washington, DC (ch.4)
Uzo Mukwonye, International Fertilier Development Center, Muscle Shoals, AL (ch. 3)

David Norse, Agiicultural Division, U.N. Food and Agriculture Organization, Rome (ch.3).

Christiri Okali, Oxfam, Boston, MA [ch. 4)

Julius Oktjie, University of Georgia, Athens, GA (ch. 4)

Anthony Pritchard, World Bank, WaEhington, DC (ch. 5)

John Staatz, Department of Agricultural Economics, Michigan State University, East Lansing, MI (oh. 3)

ET. York, Ormond Beach, FL (ch. 5) 
Part B; Reviewers of Specific Chapters 

Chapter 4. A Resource-EnhancingApproach to African Agriculture
John Bruce, Land Tenure Center, University of Wisconsin, Madison, WI 
Richard Ford, International Development Program, Clark University, Worcester, MA
Thomas Painter, Social Science Research Council, New York, NY 
William Rau, Bread for the World, Washington, DC 
Chapter5. The Role of Technology in Enhancing Lcw-Resource Agriculture
Peter Brumby, World Bank, Washington, DC 
Dennis Child, Winrock International, Morrilton, AR 
Dana Dairymple, Science and Technology Bureau, Agency for International Development, Washington, DC 

'The draft chapters that reviewers examined and the chapters inthis final report (in not correspond directly because the text was substantially reorganized and revised following the review, The draft and final material, by reviewer, are matched as closely as possible here, 
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0.0. Dipeolu, International Center for Tropical Animal Health, Tuskegee University, Tuskogee, AL 
Peter Matlon, Food Research Institute, Stanford University, Stanford, CA (also reviewed ch. 3 and ch. 4) 
Robert McDowell, Department of Animal Science, North Carolina State University, Raleigh, NC 
Michael Sands, Rodale-International, Emmaus, PA 

Part C: Material in Chapters 9, 10, and 11 Regarding Animals 

Peter BrumbyWorld Bank, Wanashington, DC.. 
Dennis Child, Winrock International, Morrilton, AR 
0.0. Dipeolu, International Center for Tropical Animal Health, Tuskegee University, Tuskegoo, AL 
Robert McDowell, Department of Animal Science, North Carolina State University, Raleigh, NC 

.Part D: Collaborative OTA/AID Review: Chapter 1 Summary and Options 
and Chapter6 The Role of ForeignAssistance in a Resource-Enhancing Approach 

Bruce Johnston, Food Research Institute, Stanford University, Stanford, CA 
William E. Lavery, Office of the President, Virginia Polytechnic Institute, Blacksburg, VA 
F.J. Maxwell, Department of Entomology, Texas A & M University, College Station, TX 
L.D. Swindale, International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Andhra Pradesh, 

India 
Donald Winkelman, Centro Internacional do Mejoramiento de Maize y Trigo (CIMMYT), Londres, Mexico 



Appendix E 

The U.S.' Department of Argiculture"s 
Database on Low-Resource Agriculture 

-As part-of-its determination-of the.current-status-
of low-resource agriculture, OTA contracted with 
the Economic Research Service of the U.S. Depart-
mont of Agriculture to compile data on low-re-
source production in Africa. An agricultural 
economist, Dr. John Staatz, and an agronomist, Dr. 
Charles Francis, then reviewed the data, drew con-
clusions on low-resource agriculture's current sta-
tus, and analyzed its potential contributions to food 
security and economic development, 

The U.S. Department of Agriculture (USDA) es. 
timated agricultural production in Sub-Saharan 
Africa by using a sample of eight countries: Kenya, 
Malawi, Mali, Nigeria, Senegal, Sudan. Zaire, and 
Zimbabwe. An agroecological zone map, overlaid 
on internal regional/political maps of the eight 
countries, allowed USDA to break down produc-
Lion by agroecological zones. 

USDA defined low-resource agriculture as: 
"...any agric ltural prodtction process ,iwhich 
no modern inputs (e.g. chemical fertilizer, pesticide,
hybrid seed) or modern production technology (e.g., 
tractor, drip irrigation) is utilized (1)."
This definition is considerably narrower than 

OTA's more qualitative one. Therefore USDA's 
data are a lower bound on the volume or area of 
various crops produced under low-resource condi-
tions (4). In addition, this definition forced USDA 
to look at production on a crop basis rather than 
on any other (how many farmers practice only low-
resource agriculture, how many of these farmers 
are women, etc.). USDA had to use this definition 
to obtain quantitative estimates of low-resource 
production because aggregate production data are 

* the only comparable data available across Africa (4). 
USDA calculated total crop area and production

(within a zone and a country), then subtracted es-
timates of area and production that were clearly not 
within this definition. The remaining area and 
production were considered low-resource agri-
culture, 

Data were collected for 22 agricultural commodi-
ties in 4 agroecological zones in the 8 sample coun-
tries. These eight counties produce over 50 percent 
of the maize, sorghum, yams, cocoyams and cot-
ton grown in Africa and 30 percent or more of the 
rico, wheat, sesame, cassava, and groundnut. Thus, 
the eight countries' data are a significant indica-
tor for the major food commodities of the region 

and.-certain--exportcrops. -These :data-are not"a
 
strong indicator for other important export crops,
 
such as the perennial tree crops like coffee and
 
cocoa.
 

African agricultural data are estimates and sig
nificant questions about the quality of this infor
mation exist. USDA drew from a number of data
 
sources, including national sources, the U.S. Agen
cy for International Development, the World Bank,
 
and the U.N. Food and Agriculture Organization.
 
OTA assumes that this is the best available data
 
upon which preliminary conclusions can be based 
(3). Nevertheless, a number of clear data gaps ex
ist. Several important crops (cowpeas, bananas, and 
plaintains) are not included nor is animal produc
tUon. Available data did not allow USDA to distin
guish between local and improved varieties of 
perennial crops (e.g., coffee and palm oil). There-
fore, the data undoubtedly reflect an overestimate 
of low-resource production for these crops. Some 
of the dfficulties in gathering this data arise from 
OTA's desire to base the analysis on agroecologi
cal zones. Also, the weakness of the statistical base 
is a manifestation of the underinvestment in agri
culture, and in low-resource agriculture in partic
ular in Africa (4). 

Low resource agriculture in Africa, and even 
within individual African countries, is extremely 
diverse; hence, any attempt to generalize for the 
continent as a whole is dangerous. Nonetheless, 
there are some common features of low-resource 
agriculture across countries. The USDA data indi
cate that a very large percentage of major crops in 
the eight sample countries are grown under low
resource conditions (table E-1). Several patterns 
emerge: 

* 	Within the arid and semi-arid areas of Africa, 
most of the basic staples (millet, sorghum, and 
fonio) are grown under low-resource condi
tions. If data were available for cowpeas, they 
probably would show the same pattern. 

• A much smaller percentage of maize than mil
let and sorghum is grown under low-resource 
conditions in all four ecological zones. This re
flects the spread of hybrid maize in east and 
southern Africa (particularly Kenya and Zim
babwe) and the greater fertilizer responsiveness 
of maize compared with millet and sorghum, 
which has encouraged farmers to use chemi

i 
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cal fertilizers on maize. In Kenya, 50 percent 
of smallholders grow hybrid maize and fertil-
izer use has reportedly doubled smallholder 
maize yields (1),. 

* 	Most African rice is produced by low-resource 
agriculture, despite large,"capital-intensive ir-
rigation s.chemes insome semi-arid areas (for

ritischemei -a ainwhf -ofv-r half 
the rice is produced under higher-resource con-
ditions. Most of the low-resource rice produc-
tion is produced under rainfed conditions or 
in small, low-lying areas using gravity irriga- 
tion or seasonal flooding., 

* 	Almost all roots and ubers, which are ex-
tremely important staples in the humid areas, 
are produred under low-resource conditions. 
This reflects the almost total neglect, until very 
recently, of attempts to improve these crops by 
agricultural researchers. With increased pop-

ulation pressure, one would expect a gradual 
shift toward greater use of these crops because 
their caloric yield per hectare and per hour of 
labor is much higher than that of cereals. 

* 	 In general, a much higher percentage of export 
and cash crop production takes place under 
higher-resource conditions than does food crop 
production. For example, virtually no cotton, 
sisal, or pineapples are grown under low-
resource conditions and only 32 percent of tea 
is. About half the production of groundnuts is 
reportedly produced under low-resource con-
ditions in semi-arid areas, where groundnuts 
are an important cash crop; in more humid 
areas, where they are grown for home con-
sumption, the share of low-resource production 
increases, 
The USDA figures indicate that almost all cof-
fee and palm oil production in the sample coun- 
tries takes place under low-resource conditions. 
However, this unexpected result reflects both 
the sample of countries chosen and difficult-es 
in obtaining data. in most cases, the data did 
not allow USDA to distinguish between local 
and improved varieties of these perennial 
crops. USDA knows, for example, that much 
of the oil palm production in West Africa, par-
ticularly in the Ivory Coast (the leading exporter 
of palm oil in West Africa but not included in 
the USDA sample), takes place using improved 
high-yielding varieties, but precise figures were 
not available. Or farmers may be using low-
resource techniques not because they prefer 
them or because more productive methods are 
not known but because the systems for deliv-

ering modern inputs have broken down, This 
apparently is the case for coffee and cotton pro
duction in parts of East Africa. 

Generally, these findings reflect the greater atten
tion paid to export crops both in terms of agricul
tural research aimed at producing varieties respons
ve. to: manufactured-inputs and-in terms of dve

oping.the supporting institutions (particularly in
put an output markets) that makes such a reliance 
on external inputs possible. Although it is com
monly asserted that the Green Revolution has by
passed Africa, during the last 60 years agricultural 
research in Africa has resulted in very significant 
yield increases for three crops: oil palm, cotton, and 
maize (in eastern and southern Africa) (2). These 
achievements are reflected in the low percentage 
of maize and cotton produced under low-resource 
conditions. 

Productionof Basic Food Crops. Total produc
tion of food crops and specialty crops is summa
rized in Table E-2 by crop group and by agroeco
logical zone. Production figures are similar tu those 
for area under cultivation. Cereal grains are the 
most important crops, and thus the primary sources 
of energy and protein, in the arid, semi-arid, 
seasonally humid, and highland regions of Sub-
Saharan Africa. Grain legumes contribute substan
tially to total food crop production, especially in tl~e 
arid and semi-arid zones, and starchy root crops 
are important sources of energy in the humid 
zones-especially the continuously humid zone of 
the sample countries. 

Importance of Low-Resource Food Production. 
It is clear that low-resource agriculture focuses on 
production of food crops for local sale and con
sumption-essentially all of the yams, cocoyams, 
and cassava are produced this way. In the eight 
countries, low-resource agriculture also accounted 
for more than hall of the millet, groundnut, and rice 
produced-recognizing that groundnut is both an 
export and a subsistence crop. 

Specific CropResults.The USDA data show that 
levels of productivity under low-resource condi
tions vary widely with crop and country although 
comparisons may be questionable due to the qual
ity of the available data (table E-2), Cotton yields 
under low-resource conditions in the arid and semi
arid zones are about 205 kg/ha, while higher
resource yields in the same zone are calculated to 
be about 2,276 kg/ha, Thus, yields under low
resource conditions are only 9 percent of those un
der higher input conditions. Yields of groundnuts 
across the three lowland zones are about 680 kg/ha 
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under low-resource conditions and 1,180kg/ha un-
der higher-resource conditions (the former 58 per-
cent of the latter). For sorghum, the respective yields 
are 635 kg/ha and 827 kg/ha; low-resource produc-
tivity is about 77 percent of the yield under im-
proved conditions,- Millet, primarily a crop of 
resource-poor farmers, has yields of 622 and 683 

conditons and
h 	n tth o-resourc

agriculture yields 91 percent of the higher-resource 
yields, 

' 
Several factors could be responsible for the gaps
inyield between low and higher-resource produc-
tion among these four crops. First, they could reflect 
the crops' individual importance to governments, 
to research specialists, and to those who finance 
research and development. Cotton is primarily a 
low-value export crop and groundnuts are both an 
export and a subsistence crop. On the other hand, 
sorghum is primarily a basic food crop, although 
areas exist where the crop is grown commercially 

i
 

with added inputs as in the Gezira irrigation project 
of Sudan. Millet is almost exclusively a subsistence crop, with 70 to 80 percent of the area and produc-

tion coming from low-resource agriculture. Thus, 
research on subsistence grain groups may have been 
less than for export crops and the larger gaps be-
tween low- and higher-resource yields may reflect 
this. Or the yield gaps may exist because of how 
and where the grain crops are grown-extensively 
cultivated on more marginal lands. In these areas, 
production constraints are severe, and responsesto technology may be limited by unrelated con-

straints, for example, plants will not respond to ad-'ded fertilizer if water is limiting growth.. 

Conclusion 
Conclusion 


The primary purpose for gathering and analyz-
ing the USDA data was to determine the relative 
importance of low-resource agriculture in Africa's 
current agricultural production. The data show 
clearly that low-resource agriculture is an impor

tant starting point for building food security and 
economic development of Africa (1,3,4), although
different people would come to different conclu
sions about how this should be done. 

inpractice, even with its conservative definition 
. of low-resource agriculture, the USDA analysis in-. 

dicates that low-resource agriculture is extremely 
- widespread in-Africa. From thepointof vi wUS: 

foreign assistance policy it probably matters,-lttle
 
whether low-resource agriculture accounts for 74
 
percent or 83 percent of millet production in Africa;
what is important is that most producers are lowresource agriculturalists and they account for the
 
bulk of production (4).
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i ti, Table E.1.-Production of Various Crops Under Low-Resource Conditions by Agroecological Zone 
in Eight African Countriesa 

Agroecological zone 
Arid, 

semi.arid 
Seasonal) 

humid 
Continuously 

humid Highlands 
Total,

all zonesb 

Food crop 
Millet 

Total production ........ 
% low.resource agriculture ....... 

. . 

...... 
4,289 

74 
385 
67 

N.A.' 240 
38 

4,914 
72 

Sorghum
Total production .................... 3,326 
/% Iow-resource agriculture ............. 62 

2,238 
59 

N.A. N.A. 5,564 
61 

.7 
Fonlo 

Total production ... .................. 54 
0% low-resource agriculture ............. 100 

N.A. N.A. N.A, 54 
100 

Maize 
Total production .................... 

* % low-resource agriculture ....... ...... 
1,241 

35 
3,468 

37 
891 
70 

1,998 
23 

7,598 
37 

Rice 
Total production ..................... 

* % low.resource agriculture............. 
194 
45 

956 
67 

1,093 
90 

39 
0 

2,282
75 -

Beans 
Total production .......... ....... 
% low-resource agriculture ............. 

NA. 103 
22 

68 
90 

N.A, 171 
49 

Yams 
Total production N.A. 4,995 11.655 N.A. 16,650 
a%low-resource agriculture .......... 100 100 100 

Cocoyams 
Total production .................... N.A 
% low-resource agriculture .............. 

333 
100 

1,332 
100 

N.A. 1,665 
100 

Cassava 
Total production . ............... 
% low.resource agriculture .......... 

N.A. 6,806 
92 

18,435 
93 

N.A. 25,241 

ExportlCash Crops 
Groundnuts 

Total production ........... 
% low.resource agriculture .............. 

1,882 
49 

658 
60 

237 
90 

N.A. 2,777 
55 

*Cotton 
Total production .................. 
%/.low resource agriculture 

1,835 
3 

208 
3 

N.A. 12 
100 

2,055 
4 

Coffee
Total production ................. 11 7 82 84 184 
% low.resource agriculture .............. 0 100 100 100 94 

fTea
Total production .................... N.A. N.A. N.A 126 126 
% low.resource agriculture ......... 32 32 

Sisal 
Total production .... 
%0low.resource agrlc, lture 

_........... 
......... 

34 
0 

N.A. N.A. 16 
0 

50 
0 

Pineapples
Total production ,............ .... N.A. N,A N.A. 155 155 
% low.resource agriculture .............. 0 0 

Tobacco 
Total production..................... 
A low.resource agriculture ............. 

N,A, 147 
0 

NWA N.A. 147 
0 

Wheat 
Total production ........... ._....... 
% low-resource agriculture .,......,,, 

235 
0 

NA. N.A. 222 
0 

4570 
0 



I Table E.l.-Production of Various Crops Under Low.Resource Conditions by Agroecological Zone 
In Eight African Countries,-Continued
 

Agroecological zone---_____
 
Arid,

semi-arid 
Sasonally

humid -
Continuously

humid Highlands 
Total, 

all zones b 

Rubber 
Total production ......... 
/6 low-resource,ag riculture-

..... ... N.A. N.A. 86 
5877.--T58-

N.A . 86 
5 8 

rPalmOil 
Total production ..................... 
% low-resource agrlculture ......... 

NA. 22 
9 

663 
78 

N.A, 685 
79 

b Kenya. Malawi, Mail, Nigeria, Senegal, Sudan, Zaire, ard Zimbabwe
CbThe percentages shown in this column aro weighted averag is of the figures for each of the 4zones, 
€Data are given in thousands of metric tons 

N.A. indicates that no data were available on the production of the crop in the zone Inmost cases, this signifies that the crop is not grown in the zone.KDiscrepancies between sources corrected by OTA. 
SOURCF. Brian D'SItva and Arthur Dommen, "The Role of Low-Resource Agriculture InAfrica: Overview and Summary," contractor report to the Office of Technology

Absessment (Springfield. VA: National Techr ical Information Service, December 1987). Table 3; compiled by ohn M.Staatz, "The Potential of Low.Resource 
Agriculture In African Development," contrictor report prepared for the Office of Technology Assessment (Springfleld, VA. National Technical Information 
Servke, December 1987), Table 1. 
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List of Re elateOTA Reports 

GrassrootsDevelopment: The African Development Foundation,OTA-F-378 (Washington, DC: 
U.S. Government Printing Office, June 1988). GPO Stock No. 052-003-01109-3; price $8.50. 

Continuingthe Commitment: AgriculturalDevelopment in the Sahel, OTA-F-308 (Washing
ton, DC: U.S,Government Printing Office, August 1986). Out of print from GPO; NTIS Order 
No. PB 87-117 644/AS (available photocopied or in microfiche). 

*Africa Tomorrow: Issues in Technology Agriculture,,and.ForeignAid, _TA-,BP-F-3 (Washing-. 
ton, DC: U.S,Government Printing Tffice, December 1984). GPO Stock No. 052-003-00985-4; 
price $5.50. 

NOTE: Reports are for sale through the Superinlendent of Doctuments, Government Printing Office, Washington, DC,
2040249325, (202) 783-3238 and the Natioil Technical Information Service, 5285 Port Royal Road, Springfield, 
VA, 22161-0001, (703) 487-4ti50. 
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Accelerated Development See Policy reform Act-1984, 291 
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to inputs and information w-rsource common intercrops by, 196 
agriculturalists, 68, 78, 109, 177.178, 208, low-resource agriculture by, 50-50 
246, 250 ___ primary food commodities by, 6, 50-56 

tld--__ --- l-so teciiolog i:sanpractices-byT: 
African Development Bank (AfDB) A 1516, 103, 104 

multilateral assistance by, 130-132 rice production variation by, 218 
U.S. support for, 31 soil fertility maintenance problems by, 177 

African Development Foundation, 23, 137 USDA data on crops gown by, 313-314, 315 
Africa-wide Biological Control Project of Agroforestry, 114, 208 

Cassava Pests, 260 benefits and adoption potential of, 204-205 
Agency for International Development, U.S payback period for, 207 

(AID) problems with and approaches to, 205-207 
agroforestry projects supported by, 198, 207, types of, 200-204 

208 see also individual technologies using 
aquaculture support by, 249 AIDS, effect on agricultural development of, 37 
Congressional oversight of, 132-133 Alley cropping, 112, 200, 203 
Development Assistance (DA), 17-18, 31, increasing yields by, 172, 176 

126-130 livestock integration into, 243, 244, 245 
Economic Support Funds (ESF), 18, 31, Angola, 9 

126-130 Animal health. See Health, animal 
fertilizer use policy of, 177 Animal traction, 106, 112, 116, 198, 200, 238, 
Food Aid, 31, 128 245-247 
fuel efficient charcoal stove development Aquaculture, 116 

support by, 281 elements for successful development of, 249 
infrastructural development by, 139 food security using, 241, 242 
institution-building support by, 141-143 opportunities for improved use of, 248-250 
livestock er.phasis of, 251 potential drawbacks to using, 248-249 
NG s as intermediaries for, 185 Asia 
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cautions concernin g crop, 220-221 

choosing approprite prioritiesWhen,222-224 

improvements in techniques for, 115-116 


w 22-2
pest resistance into African plants and 

livestock, 259 
 " 

potential of individual African crops, 215-220 

potential of spe'ific African animals, 227-231 
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Pan-African Forum of African Voluntary seed laws and investment by, 225 

Development Organizations (FAVDO), 138 Private and voluntary organizations, U.S. 
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