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Inadequate animal nutrition is the most serious limitation to improved livestock production in Africa. Livestock’s fitness
for animal traction is most important during the dry season when high quality food is in short supply.

many other veterinary services are made eas- a 75-percent reduction in death rates of sheep
ler, but containment actually aggravates otherand goats (35). In another case, veterinary pack-
problems, such as ticks). Fourth, animal feed- ages for goat care brought economic returns
ing efficiency is increased due to reduction of of at least 20 percent (76). High returns are also
energy expended for grazing. And last, confine- reported for the rinderpest campaigns and ef-
ment generally produces higher quality meat. forts to combat foot-and-mouth disease (14). Al-
though these returns on investment appear at-
Potential Gains From Improved tractive, research is still needed on the ability
Animal Health and willingness of resource-poor agricultural-
ists to take advantage of these services.
Improvements in animal health offer direct
and indirect benefits for agricultural produc-  Improved animal health care also brings in-
tivity (14). One direct benefit is reduced mor- direct benefits. As noted above, shortfalls in
tality. Given the high mortality rates common feed during parts of the year and competition
for 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
potential for significant improvement seems African livestock. By improving calf nutrition
great. To illustrate, vaccination and dipping during this period, not only is mortality re-
campaigns in two Nigerian villages recorded duced, but indirect benefits are achieved such



270

as earlier sexual maturity of livestock, increased
mature body weight, and 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-
fested areas are among the most arable and 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 |ess
suitable for tsetse flies, which require shade (57).

Problems and Approaches

Much of Africa maybe 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 ef-
fective use of existing resources.

Incorporating Sustainability in
Eradication Program Planning

Considerable resources and energy have been
directed to livestock disease eradication pro-
gramsin Africa, particularly rinderpest and try-
panosomiasis. In both cases, however, the area
of infestation has actually increased in recent
years. Headway has been made in particular
regions, only to be lost because necessary pro-
visions to contain the disease could not be sus-
tained.

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-
sibilities, including costs, are transfered to na-
tional governments. The recent resurgence of
rinderpest in Africaillustrates 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, especialy in light of mount-
ing interest in another major rinderpest eradi-
cation program.

It is aso evident that efforts to clear areas
of tsetse fly infestation will continue as a ma-
jor 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
inan areais afirst line of defense against rein-
festation. This may require establishing ade-
guate support services and infrastructure, as
well as policy interventions. Further, the abil-
ity of farmers to invest in animal husbandry
and management—oparticularly 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., trypanocida drugs) (16).

Large-scale efforts to control trypanosomia-
sisin aregion 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-
duction with land-use planning that accounts
for increases in the spontaneous settlement that
would undoubtedly follow a successful cam-
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 system,
potential adverse effects have been discounted
and possible complementarily of coordinating
activities among sectors has not been inves-
tigated. In looking at the various obstacles to
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Figure 11-1 .—The Resurgence of Rindepest in
Africa and the Near East

The situation between 1976-79
(after termination of the JP 15 Campaign)

The situation after 1979 to date

. Countries reporting rinderpest

SOURCE: Della McMitlan, “Government Assisted Land Settlement: Status and
Potential in African Low-Resource Agriculture,” contractor report pre-
pared for the Office of Technology Assessment (Springfield, VA: Na-
tional Technical Information Service, December 1987).

livestock development, what at first may seem
an obvious solution, may in fact exacerbate
problems (18). For example, solving livestock
watering 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 is concerned 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
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
importance of crop residues to resource-poor
farmers. Considerable variation exists in the
digestibility of crop residues. Technology to
supplement or treat crop residues for increased
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digestibility is an important area for collabora-
tive research. Increased attention should now
be directed to on-farm research and testing; this
will also require supportive socioeconomic
analysis to evaluate technologies’ impacts and
adoption under farmers and herders’ con-
ditions.

Adjusting Imbalances in Technical
Support Services

A number of imbalances in African techni-
cal support services have been identified that,
if corrected, could provide more effective use
of scarce 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 have been 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 in
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 reflect
their 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-
lic suggests that frequent contact with
government services and the existence of sup-
portive institutional structures (e.g., pastoralist
associations) tend to increase their effective-
ness (14).

Supporting Regional Cooperation

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



very important. In addition to being able to link
individual scientists, networks represent a
resource for national program development
through coordination, technical backstopping,
training and printing facilities, and informa-
tion dissemination (4). The proliferation of re-
search networks dealing with livestock and
crop/livestock issues and the increased fund-
ing being devoted to these groups is a promis-
ing development.

273

Production of animal vaccine is another area
where significant benefits may be derived from
regional cooperation. For example, benefits
may be derived from designating particular fa-
cilities for primary responsibility for particu-
lar vaccines. This would reduce the need for
individual facilities to produce smaller amounts
of many different products.

POST-HARVEST TECHNOLOGIES®

Summary

Post-harvest crop losses significantly reduce the food and income available to resource-
poor agriculturalists in Africa. It is difficult to estimate food losses with precision; they are
location- and season-specific to a degree that makes the concept of “average levels of loss”
almost meaningless (53). Previous high estimates for overall food losses (e.g., at least 20 per-
cent) are no longer accepted by most scientists, although losses can exceed this level in spe-
cific cases (20).

Post-harvest processing typically demands long, tedious hours of labor. While African women
are active in field production of crops and livestock—responsible for 50 to 70 percent of
planting, weeding, hoeing, and harvesting of crops, as well as domestic animal care—post-
harvest activities are almost entirely their domain. African women are typically responsible
for 80 to 90 percent of the transport of crop from the fields and their subsequent storage
and processing, as well 60 percent of the marketing. These activities are balanced around
other responsibilities for collecting water and fuel, cooking, and family care for which they
are almost entirely responsible. Efforts to enhance post-harvest technology thus should pri-
marily benefit, and specifically evaluate impacts on, African women. More efficient technol-
ogies can contribute to free time that can be spent on farming or family activities, or other
enterprises (61).

Numerous post-harvest technologies exist for each of the dozen or so major African crops,
livestock, and fish. Socioeconomic and technical factors influence the selection of a particu-
lar technology, including the size of the farming enterprise, the reliability of the harvest,
labor availability, food needs, and income-generation potential (61). OTA has only dealt with
a small illustrative subset of promising post-harvest technologies for drying, storing, and
processing foods, and in the cases of rice and maize, threshing or shelling for separating
the grain from the rest of the plant.

No single machine or new practice will drastically improve the post-harvest operations
of African farmers, but a large number of relatively simple technologies do exist that have
the potential to improve the various post-harvest processes. Several of these improved tech-
nologies have been successful in reducing labor demands and in making operations more
efficient. These improvements face the best likelihood of success if they are adapted from

5This material is based primarily ON the OTA contractor report prepared by the Tropical Development and Research Institute,
London, U. K., (app. A).
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Opportunities for Improvement
Threshing and Shelling

Rice, an important crop in humid regions,
is still harvested by hand on most low-resource
farms and threshing is done by trampling or
hitting the rice-bearing straw against a hard
surface—both inexpensive techniques, but
labor-intensive and wasteful. Small, pedal-
operated rotary threshers are in use in West
Africa. This technique is faster, reduces waste
because stalks can be refed to separate more
grain, and allows the hands to remain free to
feed the thresher. But to illustrate the impor-
tance of considering local conditions, these
threshers may prove unsuitable in certain areas
of West Africa where custom forbids women
to sit astride. Where draft animals are available
they can be used to power a simple thresher
that increases output considerably compared
with traditional methods and has the advan-
tage of not requiring the rice stalks to be col-
lected into bundles (61).

Small quantities of maize, another African
staple, are traditionally shelled by hand—a proc-
ess that is laborious, tedious, but efficient be-
cause little grain is damaged. Larger quantities
are shelled by placing the cobs in a sack and
beating this with a stick. However, some hand-
held shellers are now available such as a
wooden one developed by the Tropical Devel-
opment and Research Institute (TDRI) (61). This
tool is simple, inexpensive, and made from lo-
cal materials, but it is tiring to use extensively
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 United Nations Interna-

tional Children’s Emergency Fund (UNICEF).
Surveys show, however, that unless they have
large amounts of maize to shell, farmers pre-
fer traditional methods because few kernels are
crushed. Simple machines to speed threshing
and shelling would seem opportune, but the so-
cial consequences (e.g., reduced employment
for women) must also be considered (61).

Drying and Storage

Food must be dried properly before storage
to prevent deterioration, inhibit grain germi-
nation, limit the growth of fungi and bacteria,
and reduce insect infestations. Over-dried crops
are subject to breakage, discoloration, scorch-
ing, and reduced nutritional value. Many dry-
ing methods are available and the choice of
method depends on several factors such as cli-
mate, quantity, 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.
Some artificial drying is necessary when crops
are harvested during the wet season.

Traditionally, grains such as rice, millet, and
shelled maize are simply spread on the ground
and left to dry in the sun. One straight-forward
way to speed this process is to place the grain
on a black plastic sheet to increase the air tem-
perature. This process 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
spoilage. Drying cribs provide shelter from the
rain and allow ventilation through open sides
(61).
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As farmers grow more improved, high-yield-
ing varieties of maize that mature 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-
dying. 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 season (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.

Traditional approaches for storing grains in
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 (e.g.,
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 l-year supply of food. By contrast, in semi-
arid areas where harvests are far less reliable,

storage granaries are commonly large, substan-
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 barrier because it affects the insect’s sur-
face in such a way as to cause subsequent desic-
cation of the pest. 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 been added to stored grain to repel
insects (61).

Traditional methods of insect control in stor-
age are rarely as effective as modern synthetic
insecticides and fumigants, although they are
less expensive and safer. Insecticides are now
widely available in most countries 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 in
almost all cases is the responsibility of women.
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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Low-resource farmers use a variety of inexpensive and simple methods to store harvested grain. Traditional granaries,
such as these made in Nigeria from reed or mud, are relatively effective but can be improved.

well in semi-arid regions and is drought resis-
tant so new processing techniques that could
produce more marketable foods and encourage
wider acceptance could relieve some depen-
dency on imported food. TDRI, together with
the Kenya Industrial Research and Develop-
ment Institute (KIRDI), is developing “instant”
foods from sorghum and promoting these as
substitutes for rice. Also, a mechanized mill-
ing method known as dry abrasion has been
introduced into villages in Botswana by the
Canadian International Development Research
Center (IDRC). Once trained to use this mill,
a farmer can save several hours of labor each
week.

Maize is traditionally milled with a pestle and
mortar, sometimes after soaking a few days so

fermentation can occur. The equipment used
is inexpensive, but the process is time and la-
bor consuming. Various types of hand mills are
available, but rural women are increasingly
making use of community mills.

Small amounts of rice can be processed for
daily use, but the bulk of the crop is stored in
an unprocessed form so that it is less vulner-
able to insects. Processing involves several
stages, including soaking, parboiling, drying,
hulling, and winnowing. Each step is time-con-
suming and has potential to be made more ef-
ficient through new techniques and equipment.
For instance, parboiling is done to make hull-
ing easier and it reduces the number of broken
grains because the husk is split during heating
and the kernel is strengthened. However, three
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tedious steps are involved: soaking the grain,
heating it until it cracks, then drying it in the
sun. In addition, rice prepared this way com-
monly has an unpleasant odor. The traditional
method of winnowing is to toss the rice ker-
nels and separated husks into the air from a
flat wooden tray. The kernels fall back to the
tray first while the lighter husks catch in the
breeze and fall to the ground. Improved meth-
ods are being developed for both parboiling and
winnowing. For example, hand-operated
winnowers—such as one that consists of a ver-
tical drum with a fan at one end—can be inex-
pensive and easy to build. A new method of
parboiling is also being developed which is
faster and does not result in the unpleasant
smell (61).

Legumes.—Legume processing can be par-
ticularly demanding. The traditional method
of hulling is to soak the legumes or mix them
with oil, sun-dry them, and pound them in a
pestle and mortar. The husks are then win-
nowed off. Small hand or power-operated
hullers are available, but these often split the
bean. Legumes are usually soaked overnight
and then cooked for 1 to 4 hours, a process that
is slow and results in the loss of valuable nutri-
ents. Some precooked legumes—Ilegumes that
have been flaked, pressure cooked, and dehy-
drated-are being developed but the level of
technology may be beyond the reach and ac-
cess of resource-poor farmers.

One particularly important cash crop for
resource-poor farmers is the groundnut—or
peanut. Unlike other legumes, they do not have
a hard husk. A wooden, hand-operated decor-
ticator, developed by UNICEF in Kenya, is
claimed to be three times more efficient than
traditional hand methods for removing ground-
nut shells.

Cassava.—Cassava Iis a root crop and impor-
tant staple that is processed into a variety of
products according to local traditions and
needs. Processing cassava is one of the most
time-consuming and strenuous tasks faced by
African women, and traditional methods can
take several days to complete. The main prod-
ucts are chips, flour, and gari. Gari is becom-

ing increasingly popular in some West African
countries (e.g., Ghana) because of shortages of
other foods.

To prepare cassava, it is first soaked a few
days to reduce the cyanide content of the roots.
Then the root is peeled, chopped into small
pieces, and sun-dried. Chips are produced after
drying for 3 to 10 days. The chips are pounded
in a mortar to make flour. Gari preparation is
also lengthy but, once prepared, it is easy to
cook and keeps well for several months. Peeled
root is washed and grated, then allowed to fer-
ment. Simultaneously, water is extracted either
by placing the mixture in bags under heavy
weights or some other pressure system. Next,
the fermented cassava mixture is sieved and
roasted.

Techniques are being developed to speed and
ease these various steps. Hand or pedal-
operated graters are available now. Improved
presses, too, are under development. Any modi-
fication to traditional methods, however, must
be careful to result in a comparable cyanide
reduction.

Oil Seeds.—Vegetable oils are an important
commodity and are often in short supply. palm
oil, in particular, is a major income source for
rural women in the humid areas. While palm
fruits are harvested by men, oil processing is
a woman’s task. First, the fruits are boiled for
5 to 10 hours in an iron pot. The oily fibers are
then separated from the rest of the seed by ei-
ther pounding in a mortar or trampling in a
pit. These methods are slow and laborious. In
traditional processing, water is added during
fiber separation and the oil is scooped and
sieved from the mixture of fibers, kernels, and
water. Then the oil is boiled in drums and left
to cool, where any remaining vegetable debris
sinks while the oil floats and can be skimmed
off.

Several advances have been made in oil proc-
essing. Sterilizers, small boilers for steaming
larger quantities of seeds in shorter time, have
been developed. A palm-pounding machine
also exists. Several types of screw and hydrau-
lic presses have been designed to make the fi-
nal stage of oil extraction easier and less time-
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consuming, but again, such techniques are not
in widespread use.

Coconut oil, sunflower oil, and other seed oils
are also important in various regions and are
similarly difficult to process. Simple improve-
ments in 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 income for rural women. Tradi-
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 to pay for itself in 2 years
because 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).

The International Livestock Centre for Africa
(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-
ing from improved locally constructed evapo-
ration coolers. As a result of these promising
technologies, 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 transport because
of crumbling and spoilage. Much of the fish
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-
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 are
cheap and effective. Another potential improve-
ment underway is the development of solar
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.

Smoke drying is widely used in West Africa
and is traditionally carried out over a grid of
fire 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 season when dry-
ing is slow. In Senegal in 1984, one-third of the
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. Many different im-
proved ovens are being introduced, such as the
Chorker fish smoker that FAO introduced in
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Ghana. This smoker has a large capacity, is easy
to operate, reduces smoking time, and is inex-
pensive to build, although the design requires
skilled workers (box 11-2).

Energy Sources.—One of the critical needs
of the resource-poor farmer is fuelwood and
other sources of energy for processing food.
Fuelwood is becoming scarce in many parts
of Africa. Reforestation efforts such as the
country-wide tree planting initiative carried out
by the Kenyan National Council of Women in
1977 are long-term solutions. Ways to meet
needs more immediately include:

« Briquetting, where cellulosic residues such
as rice husks or groundnut shells can be
pressed into briquettes and burned. How-
ever, any development of this type of alter-
native energy source should be careful not
to create problems with soil productivity
and conservation due to removal of resi-
dues that otherwise would contribute to
soil organic matter.

. Solar energy, too, offers an alternative al-
though its role may be small. Solar cookers
have proven relatively unsuccessful, in part
because of the conflict with the local cus-
tom of cooking in the evening after the sun
has gone down, and in part because they
require direct sunlight and must be con-
stantly adjusted as the sun moves. Solar
driers, although not yet used on any sig-
nificant scale, may prove more efficient.
Improved cook stoves and post-harvest
technologies that use fuelwood more effi-
ciently (box 11-3) (8,10,28).

Potential

No single machine or new practice will drasti-
cally improve the post-harvest operations of
African farmers, herders, and fishers, but a
large number of relatively simple techniques
do have the potential to make myriad small im-
provements. The impact of technologies can
be enhanced if their development is based on
an understanding of the entire production cy-
cle. Fishing illustrates this point. As the capac-
it y for fish processing is increased by improved
ovens, more fish have to be supplied regularly

to make the ovens economically efficient. Thus,
improved fish catches are required, which re-
guires improvements in boats, nets, and other
gear. Boats could be fitted with engines, but
their high fuel consumption and need for main-
tenance sometimes is not suitable for resource-
poor agriculturalists. At the other end of the
post-harvest chain, improved methods of pack-
aging and marketing would similarly be needed.

The contribution of improved post-harvest
technologies can be enhanced by focusing in-
creased attention on African women (7,34,52).
Most development programs in the past were
directed toward men. Donor agencies and Afri-
can governments are recognizing the necessity
of assisting women because if the technology
does not fit with women’s many duties, it stands
little chance of success.

Problems and Approaches

One of the obstacles that has hindered the
development of post-harvest technologies for
resource-poor agriculturalists is the low priority
that this subject has received from development
assistance agencies. Assistance typically has
emphasized improvements in production; and
the female-dominated post-production side of
agriculture has lacked a vocal constituency.
Furthermore, food losses at the farm level, as
compared to commercial level, most likely are
not as high as previously believed, and may ac-
tually be acceptable to the farmer or fisher. De-
velopment agencies may find it more reward-
ing to measure success in terms of reducing
women’s drudgery, rather than quantitatively
measuring reductions in lost food.

The growing awareness in the development
community and among African leaders of the
need to find more effective ways of ensuring
that assistance reaches women, offers hope that
priorities are becoming more balanced. How-
ever, women still are underrepresented in ex-
tension service positions and at higher levels
in the development assistance community.

A common feature of development failures
has been the inappropriateness of introduced
technologies. Not surprisingly, traditional
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Box n-2.-Women Invent New Technology for Smoking Fish

In Africa, as in other hot, humid zones, it is difficult to preserve fish products since fresh fish
deteriorates rapidly and cannot be transported immediately to centers of consumption. This causes
significant losses and reduces the amount of animal protein, already scarce, that reaches the local
population. Hence, the importance of the chorkor, an oven for smoking fish named for the Ghanian
village where it was invented in 1970. It was developed by local women with the assistance of a small
project directed by the U.N. Food and Agriculture Organization (FAO) and the Food Research Insti-
tute in Accra, Ghana.

The chorkor is an improved version of the traditional cylindrical clay ovens that African women
use for smoking fish. Although the traditional ovens still predominate, they are not very efficient.
The women who use them work an average of 5 hours a day to obtain only 10 to 20 kilos of poor-
qguality smoked fish and they breathe in a large quantity of smoke in the process. Furthermore, the
traditional ovens use enormous amounts of firewood, which is expensive in many African countries.

The women of Chorkor, aware of these problems, decided to modify the traditional cylindrical
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 mixture
of sand and cement, It uses grills made of inexpensive wire netting and wood frames. The wooden
frames allow 15 layers of fish to be dried at once (compared to 2 to 3 layers in the traditional ovens),
and can be arranged to form a chimney to facilitate circulation of heat and smoke, The oven has
two parts, divided by a partition, which can be used together or separately. This permits smoking
fewer fish, if desired, and storing already-smoked fish in the section not in use.

The advantages of this oven over the traditional ones are great. It can be built in 5 days fairly
inexpensively; it lasts longer (if the trays are built well and oiled regularly, and the frames kept from
burning and protected from the elements, they can last up to 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 more uniform and better-quality product. Moreover, it uses one-tenth the amount
of wood that traditional ovens 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 considering
that 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 if
it has not been preserved properly as happens frequently with traditional ovens. With the chorkor
system, the smoked fish lasts up to 9 months because the chimney formed by the trays allows more
uniform penetration of smoke and heat. The chorkor is, consequently, not only an efficient innova-
tion but also a socially useful technology, as much for the women who use the ovens as for the con-
sumers.

Although it is still not well-known outside its region of origin, the chorkor oven is spreading with
the help of FAO and UNICEF to Guinea, Togo, Benin, and Guinea-Bissau. In Guinea, for example,
300 women are forming a cooperative for preserving fish with the chorkor and for marketing what
they produce. Togo will install 10 chorkors in strategic locations on the coast, teach the Togolese
women how to take advantage of the new method, and give them technical advice on construction
of the ovens; some Togolese women will go to Ghana to learn how it works, Guinea-Bissau hopes
to spread the use of the chorkor to all the islands of the Bijagoz archipelago.

It is clear that the local costs of the raw materials for the construction of the chorkor oven will
vary from country to country. The same is true of customs, tastes, and climatic conditions, needs
of the local rural and urban populations, traditions regarding the use of fish, and the fish species
that can be smoked. Obviously care must be taken in spreading use of the chorkor oven. But it is
equally evident that the women of Ghana have made an important contribution to the development
of appropriate technologies.

SOURCE: Guillermo Almeyra, “Women Invent New Technology for Smoking Fish, " Ceres, vol. 20, No. 1, January/February 1987, pp 5-7.
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Box 11-3.-Improved Charcoal Stoves

Most stove programs in Africa have had little success, distributing at best 5,000 to 8,000 stoves.
Many of the designs were too expensive, ill-adapted to traditional cooking or heating requirements,
or required materials and skills that often were unavailable. An important breakthrough in fuel-efficient
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 main 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. Prototypes were test marketed
in 600 households to make sure they were acceptable.

The Kenyan approach has potential in countries where fuelwood is marketed and is expensive. For
the poor and scattered rural populations that comprise much of Africa, a different 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 circular 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 1 or 2 weeks. The low-cost,
high benefit, and rapid-dissemination method have brought some 85,000 improved three-stone stoves

into use.

SOURCE: Paul Harrison. The Greening of Africa: Breakng Through the Battle for Land andFood (Toronto: Paladin Grafton Books, 1979), pp. 205-220.

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
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Chapter 12
Epilogue

The decision by U.S. policy makers to assist
resource-poor agriculturalists in Africa is one
that will not be made in isolation. Instead, it
will be made in conjunction with the broader
objectives and goals of U.S. foreign assistance.
Congressional decisionmaking is affected by
these broader concerns. Different regions and
different interest groups compete for foreign
aid dollars. Congress’ decision to provide funds
for one purpose may reduce the money avail-
able for others. Cuts in domestic spending may
necessitate additional changes in foreign assis-
tance, Thus, any decisions Congress makes to
support a resource-enhancing approach must
consider how this element fits into the nation’s
underlying rationale for foreign assistance.

Two broad policy questions are raised as a
result of the congressional committees’ requests
for this study’. First, the committees noted

'House Select Committee on Hunger; House Foreign Affairs
Committee; House Science, Space, and Technology Committee,

that the United States assists African farmers
and herders for humanitarian, economic, and
political reasons. But the relative importance
of these different motives has shifted and the
role of development assistance in this context
is increasingly unclear (9).

Second, one committee specifically asked
how U.S. support for African and global agri-
cultural development affects U.S. farmers. This
guestion echoes recent legislation, supported
by various farm groups, to restrict U.S. bilateral
and multilateral assistance promoting com-
modities also exported by U.S. farmers. The
guestion has generated considerable contro-
versy, especially given the problems faced by
American farmers in the 1980s, and it deserves
clear evaluation.

Subcommittee on Natural Resources, Agriculture Research, and
Environment; and Technology Assessment Board Members
Evans, Hatch, Kennedy, Pen, and Udall.

U.S. FOREIGN POLICY INTERESTS IN AFRICA

Humanitarian interests clearly top the list of
why the general public believes that the United
States should provide assistance to developing
countries and 39 percent recognize Africa as
a region deserving priority attention (6).°An
unprecedented outpouring of U.S. governmental
and private resources followed the 1984-85 tele-
vision broadcasts showing starving Africans,
and these contributions surely saved many
lives. As the head of the United Nations Office
of Emergency Operations in Africa, Maurice
Strong, said of the recent famine: “Certainly,
thousands and thousands did die, and hundreds
of thousands suffered. But the big news is that
35 million people who might have died, didn’t”

).

‘Africa received about 9 percent of U.S. bilateral foreign aid
allocated for fisca year 1987 (18).

However, the support stimulated by crises
fades quickly with improving situations, such
as the return of rainfall to drought-stricken re-
gions in Africa. Yet people familiar with the
situation know the return of rain is only a tem-
porary respite in a deteriorating situation. Se-
vere famine already threatens Ethiopia again
in 1988, where political and economic policies
have exacerbated serious drought-induced food
shortages.

Humanitarian support will continue to be es-
sential during periods of crisis, but it will do
little to provide long-term solutions to Africa’s
food security problems. Many African farmers,
herders, and fishers are now caught in a cycle
of poverty, malnutrition, and environmental
degradation that increasingly undermines their
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 promot-
ing sustainable economic development. For
most Africans, enhanced agriculture offers the
most 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.
Conversely, poor economic performance in the
developing world has serious repercussions for
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 U.S. 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
that in the future healthier economies, improved
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 produced food (28), an important
source of income for low-resource farmers and
herders. It is politically difficult, however, to
promote policies to curtail certain U.S. exports
and African subsidies as a way to stimulate lo-
cal agriculture—even in cases where this may
be in the longer-term interests of African and
U.S. economies alike (35).

The United States also pursues foreign pol-
icy objectives in Africa based on a number of
political and security interests (14, 34):

+ Africa, with its bloc of 46 nations, can play
a decisive role in international organiza-
tions and meetings.

* The United States relies on Africa for im-
portant natural resources, now importing
more oil from 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-
Saharan Africa a potential arena for con-
frontation between external powers and
economic stagnation could lead to greater
internal instability.
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.« The U.S. supports democratic institutions
and civil rights in Africa. Particular atten-
tion is directed to dismantling apartheid
in South Africa, for example.

U.S. political and strategic interests usually
are pursued via diplomatic channels and shift
from Administration to Administration. Con-
gressional and Administration attention to
these issues tends to be sporadic and center on
single issues or regions with high visibility (15,
30). Volatility is also a function of political in-
stability in many African countries (37). With
this, political winds can shift quickly in U.S.
relations with African countries, and it is not
unusual for long-term development interests to
be swept up in the process,

Agricultural assistance programs can be af-
fected markedly when Congress or the Admin-
istration cuts or restricts funds or closes AID
missions for political reasons. Years of invest-
ment in agricultural research and development
can be lost because of these disruptions. Poor
farmers and herders are particularly vulnerable

to these changes because they have few re-
sources to re-invest elsewhere if they lose what
they had invested in discontinued projects.
Also, such experiences may undermine their
willingness to participate in future development
efforts.

Some U.S. programs, however, are less sus-
ceptible than others to the impacts of political
pressures. For example, Congress stipulated
that the African Development Foundation be
independent of short-term U.S. political inter-
ests. This approach seems particularly impor-
tant for enhancing low-resource agriculture
because such support must be long-term and
dependable to be effective.

Thus, while it is true that the United States
has humanitarian, economic, and political in-
terests in aiding Africas poor farmers and
herders, these interests often have conflicting
dimensions that aternately support and coun-
teract U.S. attempts to provide effective devel-
opment assistance.

THE EFFECTS OF SUPPORT FOR AFRICAN FARMERS ON
U.S. AGRICULTURE

U.S. farm trade suffered an overall decline
during the 1980s, with some commodities los-
ing market shares to foreign competition. Some
U.S. farm groups have voiced concern that sev-
eral developing countries are increasingly com-
petitive in world markets and note that U.S.
agricultural assistance has helped these coun-
tries improve efficiency (38). Legislators from
farm states have used legislation to curtail U.S.
support for certain crops in developing coun-
tries when the United States exports the same
ones.

On the other hand, U.S. farm interest groups
generally recognize the importance of assist-
ing developing countries achieve the broad-
based per capita income growth necessary to
create demand and foreign exchange for buy-
ing U.S. agricultural exports. For many devel-
oping countries, such economic growth requires

agricultural development and, thus, techno-
logical assistance to increase production and
incomes.

Recent analyses suggest that, in the long-term,
stimulating African development will have
greater benefits for U.S. agriculture generally
than attempts to limit U.S. technical assistance
to African farmers. A strong correlation exists
between increased farm production in devel-
oping countries and increased agricultural im-
ports (20). For example, annual net staple food
imports increased in volume by 133 percent be-
tween 1961-65 and 1974-76 for 16 agricultur-
ally successful developing countries—those
with the most rapid growth rates in staple food
production (3). Similar results occurred in a
study of agricultural economies in Malaysia and
Brazil, usually cited as two of the most threat-
ening competitors to U.S. global markets (16).
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Despite rapid agricultural development in both
countries during the period 1967 to 1983, Ma-
laysia at least doubled imports of food, feed
grains, and oilseeds, and Brazil increased both
farm exports and imports, particularly of
grains. Generaly, the dollar value of per cap-
ita agricultural imports in agriculturaly suc-
cessful developing countries grew 47 percent
between 1970 and 1980, while it grew only 37
percent among agriculturally unsuccessful
countries.

The conclusion to which al this evidence
points is that for developing countries, increases
In agricultural production are necessary for
widespread income growth, which leads to in-
creases 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-
portsin developing countries has been severed.
Macroeconomic factors (e.g., world commodity
or energy prices) and nationa 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 moni-
tors and evaluates other countries agricultural
policies inadequately (24).

Other problems can arise because net bene-
fits to American agriculture does not mean only
that al 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 segment
of the population (e.g., to U.S. consumers),
whereas the costs tend to be more concentrated
(e.g., anong the producers of a given com-
modity). The latter groups are more likely to

raly support and lobby for favorable policies,
tipping public debate in one direction.

U.S. commodity groups have effectively re-
stricted U.S. foreign assistance from support-
ing commaodities 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 breeding feasibility study,
variety improvement or introduction, consul-
tancy, publication, or conference training in
connection with the growth of production in
aforeign country of an agricultural commodity
for export which would compete with a simi-
Isatr commodity grown or produced in the United
ates.

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 States 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-
dress how American policy should vary based
on different countries’ development needs and
competitive position. This issue has particular
relevance for Sub-Saharan Africa where devel-
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, mgjor U.S. export commodi-
ties. Some provisions exist in current legidation
to address such circumstances. For example,
the Bumpers Amendment contains provisions
to allow research and other support for com-
peting crops if the production is deemed nec-
essary for the internal food security of the de-
veloping country in question (38). However,
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indications exist that once broad research re-
strictions are in place for a given commodity,
a de facto research ban may result for coun-
tries where increased production presents lit-
tle or no threat to U.S. exporters.

Africa cannot be isolated from the adverse
impacts of existing restrictions on global sup-
port for U.S. agricultural assistance. Of particu-
lar concern are prospects that restrictive legis-
lation could have negative effects on the
international research networks that have an
important role to play in improving African
agricultural development. In particular, con-
cerns exist regarding the consequences for the
various International Agricultural Research
Centers (IARCs).

The IARCs are institutions created specifi-
cally to develop new information and technol-
ogy on the world’s major food commodities,
with specific attention to developing country
needs. A number of these commodities are also
major U.S. exports, for example, maize and
wheat. Since the United States contributes 20
to 25 percent of the IARC’s core budget, a ma-
jor reduction in contributions could deal a se-
vere blow to their capacity to generate, adapt,
and transfer technology to developing countries
and bolster national research in Sub-Saharan
Africa and elsewhere (38). Reductions could
also undermine the important role these insti-
tutions play in international agricultural
research and in conserving and distributing
germplasm. Many future improvements in ag-
riculture are likely to be based on the IARCs’
work—including improvements in U.S. agri-
culture.

Much debate regarding the U.S. role in agri-
cultural assistance has focused on international
competition for export markets. U.S. agricul-
ture has additional, non-competitive relation-
ships with the rest of the world, however, and
the U.S. farm sector receives direct and indirect
benefits from U.S. development assistance. Ap-
proximately 70 percent of funds for direct
bilateral assistance are actually spent in the
United States (36). The figure for agricultural
aid may be as high as 90 percent (38). Expendi-
tures for technical assistance, commodities, and

training are paid to U.S. citizens, companies,
and schools. These figures belie the perception
that agricultural assistance only benefits its re-
cipients. They also raise questions whether this
high proportion of budget expenditures used
for U.S. products and services is the most effi-
cient and sustainable means of supporting Afri-
can development.

American farmers aso derive direct benefits
from government purchases of U.S. agricultural
commodities for food aid, as established un-
der the Agricultural Trade Development and
Assistance Act of 1984 (Public Law 480). Since
their inception, Public Law 480 programs have
purchased U.S. farm products from virtually
every state at atotal of at least $35 hillion (31).

Indirect benefits are more difficult to quan-
tify but clearly are substantial. They include
“reverse technology transfer” from developing
countries generally and Africa in particular,
often gained through U.S. involvement in in-
ternational research. These benefits come in
many forms, from specific technology, to re-
search insights, to genetic material collected
while working with traditional varieties of
crops overseas. Examples include:

+ Barley is worth $140 million per year to
California farmers. Current varieties re-
sistance to yellow dwarf virus, a potentialy
devastating disease, is due to a single bar-
ley gene from Ethiopia (23).

+ Genetic resistance to wheat rust, another
major crop disease, comes from Kenya (5).

« A sizable portion of Nebraskan sorghum
was derived from parental varieties intro-
duced from Nigeria in 1951 (7).

« In 1986, USDA released new pearl millet
germplasm that is resistant to two major
U.S. diseases based on a wild subspecies
discovered in Senega (1).

« U.S. ranchers from Texas to the Carolinas
may benefit from a new breed of cattle that
has greater tolerance to hot and dry
weather, like its West African and English
parent stock (11).

Genetic resources provide benefits to Amer-
ican agriculture beyond their use as breeding
material for improved yield or resistance. Leaf
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miners, an agricultural pest, cause at least $15
million damage to California s crops. A newly-
approved pesticide controlled up to 95 percent
of these pests in USDA tests. Its active ingre-
dient originates in tropical African and Asian
neem trees where it has been a traditional
means of fighting insects for centuries (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
that our perspective should be to share our tech-
nology rather than to obtain it from others. To
preserve our own competitive positionitisim-

perative that we tap into the new knowledge
being generated elsewhere (24).

Farming systems research originated over-
seas, with much of the early work occurring
in East Africa. Now, because of growing con-
cern for small farms in the United States in-
creased effort is being directed 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 goa of U.S. development assis-
tance, athough it is sometimes forgotten by ex-
patriates but seldom by Africans, is to work it-
self out of job. The Agency for International
Development lists 15 countries, in 4 regions of
the world, as “graduates’ from development
assistance (8). So the U.S. record is not with-
out its successes. Considerable frustration has
emerged, however, due to the general ineffec-
tiveness of development assistance. The disap-
pointing record in Africa, despite considerable
infusion of funds, is amajor source of this frus-
tration,

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 devel op-
ment assistance 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, athough the total dollar amount of
U.S. ad is the highest (26). Some experts fear
that U.S. foreign aid budgets are now too low
to meet U.S. interests in Africa’ s development,
as well as broader U.S. interests and responsi-
bilities overseas (19].

Much of the American public, however, per-
ceives that the United States spends too much
on foreign assistance (6). Some Americans be-
lieve that as much as 40 percent of the U.S. bud-
get goes to development aid. In fact, this fig-
ureis 1 percent or less (8), and farmersin lowa
alone received more federa loans and aid in
1987 than the World Bank provided for all of
Africa (13).
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Whether the U.S. invests too much or too lit-
tle in meeting its interests in Africa is a subject
that will continue to be debated. Expectations
that dramatic short-term results are possible are
misguided, though, even if increased funding
was available. Further, when frustration over
the slow pace of progress leads to frequent shifts
in U.S. development priorities, long-term im-
pact is undermined. Stability of funding, then,
can be as important as funding levels. The cre-
ation of the African Development Fund as well
as Congress’ continued emphasis on agricul-
tural assistance are promising steps in what can

be a resource-enhancing approach for U.S. de-
velopment assistance.

Nevertheless, the road to African food secu-
rity seems long and difficult. Decisions on how
to address the challenges are African ones. But
the United States has stated, in its foreign assis-
tance legislation, adesire to be a partner in this
work. And an approach that enhances low-re-
source agriculture will be an important com-
ponent of any effective U.S. development assis-
tance effort.
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Reviewers. o _ o
Ronad 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
Eastern and Southern Africa, The Ford Foun-
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 for
Managing Natural, Human, and Institutional Re-
sources’ (not available from NTIS)

Author: Raymond Noronha, Washington, DC

Report: “Incorporating Participatory Approachesin
Institutions”

Authors: Paula Donnelly-Roark and Grace Hem-
mings-Gaphihan, Donnelly-Roark & Associates,
Washington, DC
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Reviewers:
Earl M. Brown, African Development Founda-
tion, Washington, DC
Margaret Snyder, Development Fund for Women,
U.N. Development Program, New York, NY
May Yacoob, Water and Sanitation for Health
Project, Arlington, VA

Report: “Low-Resource Agriculture and African In-
stitutional Development”

Author: Elinor Ostrom, Workshop in Political The-
ory and Policy Analysis, University of Indiana,
Bloomington, IN

Reviewers:

David Atwood, Bureau for Science and Technol-
ogy, U.S. Agency for International Develop-
ment, Washington, DC

Ed Connerly, NASPAA, Washington, DC

Sheldon Gellar, East Lansing, Ml

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: John M. 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 L ow-Resource
Technologies for African Agriculture”’

Author: Charles A. Francis, Agronomy Department,
University of Nebraska, Lincoln, NE

Reviewers:
Douglas J. Lathwell, Department of Agronomy,
Cornell University, Ithaca, NY
John M. Staatz, Department of Agricultural Eco-
nomics, Michigan State University, East Lan-
sing, Ml
Reviewers of 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 Co-
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 Information”
“Senegal Supplementary Information”
“Sudan Supplementary Information”
“Zaire Supplementary Information”
“Zimbabwe Supplementary Information”

Coauthors: Brian D’Silva and Arthur 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, Ml

Part C-1. Development Assistance
and Low-Resource Agriculture

Report: “African Perspectives on L ow-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-
tance 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

Report: “Existing Models of Development Assistance
to Low-Resource Agriculture in Africa”

Author: Carol Lancaster, School of Foreign Serv-
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

Reviewers:

Paula Goddard, Bureau for Policy Planning and
Coordination, U.S. Agency for International
Development, Washington, DC

Jane B. Knowles, International Agricultural Pro-
grams, University of Wisconsin, Madison, WI

George Scharffenberger, Washington, DC

Report: “U.S. Domestic 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 Systems, University of IlI-
linois, Urbana, IL

Report: “Case Studies: Factors Influencing Agricul-
tural Production of Small Farmers 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, Ml

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

Reviewers:
Pat Fleuret, Bureau for Africa, U.S. Agency for
International Development, Washington, DC
Ted Scudder, Cape 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
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 ItsLinkswith 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
Kingdom
Reviewers:

Robert Chambers, Institute of Development
Studies, University of Sussex, Brighton, UK

Jane I. Guyer, Mary Ingraham Bunting Institute,
Radcliffe College, Cambridge, MA

Janice Jiggins, Andelst, Netherlands

Robert M. Netting, Department of Anthropology,
University of Arizona, Tucson, AZ

Report: “Farming Systems Resear ch and Extension:
Status and Potential in Low-Resource Agri-
culture’

Coauthors: Susan V. Peats, Daniel Gait, Chris An-
drew, Lisette Walecka, Peter Hildebrand, and
Kenneth McDermott, Farming Systems Support
Project, University of Florida, Gainesville, FL

Reviewers:

Billie R. DeWalt, Department of Anthropology,
University of Kentucky, Lexington, KY

Tim Frankenberger, Office of Arid Lands Studies,
University of Arizona, Tucson, AZ

Bruce F. Johnston, Food Research Institute, Stan-
ford University, Stanford, CA

Kenneth Swanberg, Bureau for Science and Tech-
nology, U.S. Agency for International Devel-
opment, Washington, DC

Hubert G. Zandstra, Agriculture, Food, and Nu-
trition Sciences, International Development
Research Center, Ottawa, Canada

Part D: Technology Papers

Report: “Soil Fertility Maintenance in Sub-Saharan
Africa’

Coauthors: Paul L.G. Vlek, A.U. Mokwunye, and
M.S. Mudahar, International Fertilizer Develop-
ment Center, Muscle Shoals, AL

Reviewers:

William R. Greenwood, Office of International
Geology, U.S. Geological Survey, Reston, VA

Raymond E. Meyer, Bureau for Science and
Technology, U.S. Agency for International De-
velopment, Washington, DC

Arthur B. Onken, Texas Agricultural Experiment
Station, Lubbock, TX

John H. Sanders, Department of Agricultural Eco-
nomics, Purdue University, West Lafayette, IN

Charles Steedman, Center for Research on Eco-
nomic Development, University of Michigan,
Ann Arbor, Ml

Report: “Crop Rotation and Residue M anagement”
Author: Rattan Lal, International Institute for Trop-
ical Agriculture, Ibadan, Nigeria

Reviewers:

Frank G. Calhoun, International Programs in
Agriculture, Columbus, OH

George C. Taylor, North Carolina State Univer-
sity, Raleigh, NC

Charles W. Wendt, Texas Agricultural Experi-
ment Station, Texas A&M University, Lub-
bock, TX

Wayne O. Willis, Colorado State University, Ft.
Collins, CO

Report: “Five Small-Scale Water Management Tech-
nologies’

Author: W. Gerald Matlock, Desert Agricultural and
Technology Systems, Inc., Tucson, AZ

Reviewers:

E. Walter Coward, Department of Rural Sociol-
ogy, Cornell University, Ithaca, NY

Raymond E. Meyer, Bureau for Science and
Technology, U.S. Agency for International De-
velopment, Washington, DC

B.A. Stewart, Southern Plains Area Conservation
and Production Research Laboratory, U.S. De-
partment of Agriculture, Bushland, TX

Lyman S. Willardson, Department of Agricultural
and Irrigation. Engineering, Utah State Univer-
sity, Logan, UT

Report: “Soil and Water Management in the Humid
and Highland Zones of Africa”

Author: Laurence A. Lewis, Graduate School of
Geography, Clark University, Worcester, MA

Reviewers:

Daniel C. Clay, International Statistical Programs
Center, Bureau of the Census, Washington, DC

Raymond E. Meyer, Bureau for Science and
Technology, U.S. Agency for International De-
velopment, Washington, DC

Philip W. Porter, Department of Geography,
University of Minnesota, Minneapolis, MN

Bob J. Walter, Department of Geography, Ohio
University, Athens, OH

Report: “Low-Resource, Small-Scale Irrigation in
Africa”

Author: Alfred S. Waldstein, Associates in Rural
Development, Burlington, VT

Reviewers:
Guy LeMoigne, Agriculture and Rural Develop-
ment Department, World Bank, Washington,
DC
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Report: “Intercropping in Low-Resource Agriculture
in Africa”

Author: David J. Andrews, Department of
Agronomy, University of Nebraska Lincoln, NE

Reviewers:

Dana Dalrymple, Consultative Group on Interna-
tional Agricultural Research, U.S. Agency for
International Development, Washington, DC

Raymond E. Meyer, Bureau for Science and
Technology, U.S. Agency for International De-
velopment, Washington, DC

John H. Sanders, Department of Agricultural Eco-
nomics, Purdue University, West Lafayette, IN

Report: “Challenges of Intercropping: Policy Issues”
Author: Charles A. Francis, Department of
Agronomy, University of Nebraska, Lincoln, NE

Reviewers:

Dana Dalrymple, Consultative Group on Interna-
tional Agricultural Research, U.S. Agency for
International Development, Washington, DC

Raymond E. Meyer, Bureau for Science and
Technology, U.S. Agency for International De-
velopment, Washington, DC

John H. Sanders, Department of Agricultural Eco-
nomics, Purdue University, West Lafayette, IN

Report: “Agroforestry in Africa”
Author: Roy T. Hagen, Esko, MN

Reviewers:
Steven R. Brechin, School of Natural Resources,
University of Michigan, Ann Arbor, Ml
Bruce B. Burwell, Natural Resources Sector, U.S.
Peace Corps, Washington, DC

Dennis Johnson, Forestry Support Program, U.S.
Forest Service, Washington, DC

Michael McGahuey, Chemonics, Inc., Washing-
ton, DC

Fred R, Weber, Boise, ID

Report: “Crop Breeding for Low-Resource Agricul-
ture: Overview, Rice, Food L egumes’

Author: Ivan W. Buddenhagen, Department of
Agronomy, University of California, Davis, CA

Reviewers:

David J. Andrews, Department of Agronomy,
University of Nebraska, Lincoln, NE

Charles A. Francis, Department of Agronomy,
University of Nebraska, Lincoln, NE

Donald Plucknett, Consultative Group on Inter-
national Agricultural Research, Washington,
DC

Johannes ter Vrugt, The World Bank, Washing-
ton, DC

76-5780 - 88 - 9:a.3

Report: “Millet Breeding for Low-Resource Agricul-
ture in Africa’

Authors: David J. Andrews, Department of
Agronomy, University of Nebraska, Lincoln, NE

Reviewers:
Glenn W. Burton, Coastal Plain Experiment Sta-
tion, Tifton, GA
Wayne W. Hanna, Coastal Plain Experiment Sta-
tion, Tifton, GA

Report: “Maize Breeding”
Author: Sherman F. Pasley, Office of International
Programs, University of Florida, Gainesville, FL

Reviewers:

L.L. Darrah, North Central Region Crop Produc-
tion Research Unit, U.S. Department of Agri-
culture, Columbia, MO

Paul Gibson, Plant and Soil Science, Southern
Illinois University, Carbondale, IL

Report: “Sorghum Breeding”

Authors: Fred R. Miller and John A. Mann, Depart-
ment of Soil and Crop Science, Texas A&M
University, College Station, TX

Reviewers:
David J. Andrews, Department of Agronomy,
University of Nebraska, Lincoln, NE
John Axtell, Department of Agronomy, Purdue
University, West LaFayette, IN

Report: “Root Crop Breeding”

Author: Walter A. Hill and Conrad Bonsi, Office
of International Programs, Tuskegee University,
Tuskegee, AL

Reviewers:
John C. Bouwkamp, Department of Horticulture,
University of MD, College Park, MD
Afred Jones, U.S. Vegetable Laboratory, U.S. De-
partment of Agriculture, Charleston, SC
Jill E. Wilson, Research Coordinator, University
of the South Pacific, Apia, Western Samoa

Report: “Pest Control”
Author: Dale G. Bottrell, Department of Entomol-
ogy, University of Maryland, College Park, MD

Reviewers:
Andrea Blumberg, U.S. Agency for International
Development, Washington, DC
Carroll W. Collier, Bureau for Science and Tech-
nology, U.S. Agency for International Devel-
opment, Washington, DC
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Raymond E. Frisbie, Department of Entomology,
Texas A&M University, College Station, TX

Agi Kiss, Office of Environmental and Scientific
Affairs, The World Bank, Washington, DC

Report: “Postharvest Technology”
Author: Tropical Development and Research Insti-
tute, London, UK

Reviewers:
Thomas V. Dechert, Postharvest Institute for
Perishables, University of Idaho, Moscow, ID
Kenton Harris and Carl Lindblad, Volunteers in
Technical Assistance, Arlington, VA
John R. Pederson, Food and Feed Grains Insti-
tute, Kansas State University, Manhattan, KS

Report: “Communication and Information Tech-
nologies’

Author: Frances B. Hays, Academy for Educational
Development, Washington, DC

Reviewers:

Gary L. Garriott, Volunteers in Technical Assis-
tance, Arlington, VA

John K. Mayo, Centre for the Study of Communi-
cation and Culture, London, UK

Anthony J. Meyer, Bureau for Science and Tech-
nology, U.S. Agency for International Devel-
opment, Washington, DC

Joseph N. Pelton, Intelsat, Washington, DC

Ewart Skinner, Department of Communication,
Purdue University, West Lafayette, IN



Appendix B

Participants in Assessment Workshops

OTA held five workshops during this assessment. Participants are listed here,

African Arid/Semiarid Lands
Technology Working Group
Apr. 28, 1986

Steve Franzel
Development Alternatives, Inc.
Washington, DC

Dolores Koenig
American University
Hurst Hall
Washington, DC

Peter Little
Institute for Development Anthropology
Binghamton, NY

Mike McGahuey
Chemonics, Inc.
Washington, DC

Ray Meyer
Bureau for Science and Technology

Agency for International Development
Washington, DC

Gregory Booth
U.S. Bureau of Land Management
Washington, D.C.

Workshop on the Sfructure and
Function of Congress
May 22, 1986

Congressional Research Service

Susan Abbasi
Environment and Natural Resources Division

Barry Carr
Environment and Natural Resources Division

Susan Epstein
Environment and Natural Resources Division

Larry Newels
Foreign Affairs and National Defense Division

Paul Rundquist
Government Division

Workshop on Technology
for Low-Resource Agriculturalists
in Arid and Semiarid
Sub-Saharan Africa
May 29-30, 1986

Chair: Tim Frankenberger
Office of Arid Land Studies
University of Arizona
Tucson, AZ

Haidari Amani

Department of Economics
University of Dar-es-Salaam
Dar-es-Salaam, Tanzania

David Andrews
Department of Agronomy
University of Nebraska
Lincoln, NE

Carl Bielenberg

Appropriate Technology International
Washington, DC

Trent Bunderson

International Program Development Office
Washington State University

Pullman, WA

Helen Henderson

Bureau of Applied Research and Anthropology
University of Arizona

Tucson, AZ

Michael Horowitz

Director

Institute for Development Anthropology
State University of New York
Binghamton, NY

Melanie Marlett
Arlington, VA

Michael McGahuey
Chemonics, Inc.
Washington, DC
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Ray Meyer

Bureau for Science and Technology
Agency for International Development
Washington, DC

William Phelan

International Agriculture Program
Cornell University

Ithaca, NY

Tim Resch

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

Michael Roth

Department of Agricultural Economics
Purdue University

West Lafayette, IN

Allan Savory
Center for Holistic Resource Management
Albuquerque, NM

lan Stewart

World Hunger Alleviation through Response
Farming

Davis, CA

Walter Zisette
Mercer Island, WA

Workshop on Integration of
Principles and Concepts for
Management of Natural, Human,
and Institutional Resources in
Sub-Saharan Africa
Juno 12-13, 1986

Chair: Leonard Berry
Provost’s Office
Clark University
Worcester, MA

Dennis Child
Winrock International
Morrilton, AR

Milton Esman

Department of Government
Cornell University

Ithaca, NY

Anne Fleuret

Department of Anthropology
American University
Washington, DC

Louise Fortmann
Department of Forestry
University of California
Berkeley, CA

Peter Hildebrand

Food and Resource Economics Department
University of Florida

Gainesville, FL

Gregory Knight

Department of Geography

The Pennsylvania State University
University-Park, PA

Raymond Noronha
Alexandria, VA

Workshop em Development
Assistance
Aug. 26-27, 1986

Chair: Mary B. Anderson
Consultant in International
Economic Development
Harvard University

Cambridge, MA

Robert Cummings

African Studies and Research Program
Howard University

Washington, DC

Milton Esman

Department of Government
Cornell University

Ithaca, NY

George Honadle
Development Alternatives, Inc.
Washington, DC

Nadine Horenstein

International Center for Research on Women

Washington, DC

Carol Lancaster

Director of African Studies
School of Foreign Service
Georgetown University
Washington, DC

C. Jean Weidemann
Arlington, VA

Karen Weise
Associates in Rural Development
Burlington, VT



Appendix C

African Correspondents

The following African scientists and policymakers provided analyses of food security and low-resource
agriculture in their regions. They responded to OTA’s request for letters or publications regarding 1)
whether an agrarian crisis existed, 2) whether OTA’s model of “low-resource agriculture” was accurate
and appropriate, 3) how their views differed from others, and 4) how U.S. foreign assistance could be

improved.

Dr. Adetokunbo O. Adeola
Forestry Research Institute of Nigeria
Ibadan, Nigeria

Dr. Emmanuel N. Agwuna
Federal Livestock Department
Federal Secretariat

Lagos, Nigeria

Mr. O. 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 Coulibaly
Department of Agricultural Economics
Michigan State University

East Lansing, Ml

Dr. Bahiru Duguma

International Livestock Centre for Africa
Small Ruminant Programme

Ibadan, Nigeria

Dr. A. Mamdouh El-Baz

Director

Centre on Integrated Rural Development for
Africa

Arusha, Tanzania

Dr. José Adriano M. Fernandes

Deputy National Director of Agrarian Economy
c/0 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

305



306

Dr. Aziadome Kogblevi

Directeur du Centre National
d’Agro-Pedologie

Cotonou, Republique Populaire Du Benin

Dr. Jumanne Abdallah Maghembe
Associate Professor

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, Ml

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

Chargé d’Etudes

Service Présidentiel d’Etudes (S. P. E.)
Agriculture et Développement Rural
Bureau du Président de la République
Kinshasa, Zaire

Dr. Rukudzo Murapa

Head

Department of Political and Administrative
Studies

University of Zimbabwe

Harare, Zimbabwe

The Honorable Philip Ndegwa
Governor

Central Bank of Kenya
Nairobi, Kenya

Dr. Collins Ngwa

Senior Lecturer

International Relations Institute of Cameroon
University of Yaounde

Yaounde, Cameroon

Dr. Jesse Theuri Njoka

Senior Lecturer an-d Chairman
Department 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
Nairobi, Kenya

Professor C.T.I. Odu

Department of Agronomy
Microbiology/Environmental Studies Laboratory
University of Ibadan

Ibadan, Nigeria

Dr. Julius Amioba Okojie

Department of Forest Resource Management
University of Ibadan

Ibadan, Nigeria

Professor R.J. Olembo

Division of Ecosystems and Natural Resources
United National Environment Program
Nairobi, Kenya

Dr. Joe M.A. Opio-Odongo
Department of Agricultural Economics
Makerere University

Kampala, Uganda

Professor C.A. Osuntogun
Faculty of Agriculture
University of Ife

Ile-Ife, Nigeria
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Dr. M. Rukuni

Dean

Faculty of Agriculture
University of Zimbabwe
Harare, Zimbabwe

Dr. Abdel Aziz Saad

Plant Protection Director

Ministry of Agriculture and Natural Resources
Plant Protection Directorate

Khartoum North, Sudan

Professeur Abdoulaye Sawadogo
Institute of Tropical Geography
University of Abidjan
Abidjan, Ivory Coast

Dr. John Shao
John Shao Associates
Binghamton, NY

Dr. D.M. Thairu

Dryland Farming Research and Development
Project

Machakos, Kenya



Appendix D
External Reviewers

The following people reviewed OTA’s draft of Enhancing Agriculture in Africa: A Role for U.S. For-
eign Assistance. Some people (Part A) reviewed the entire report but were asked to focus particular atten-
tion on different sections,* Advisory Panelists, listed in the front of this report, also reviewed the entire
draft. 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),

Part A: 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 (ch. 3]

Peter Freeman, Alexandria, VA (ch. 6)

William Furtick, 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 (ch. 4)

John Mellor, International Food Policy Research Institute, Washington, DC (ch. 4)

Uzo Mukwonye, International Fertilizer Development Center, Muscle Shoals, AL (ch. 3)

David Norse, Agricultural Division, U.N. Food and Agriculture Organization, Rome (ch. 3).

Christine Okali, Oxfam, Boston, MA (ch. 4)

Julius Okojie, University of Georgia, Athens, GA (ch. 4)

Anthony Pritchard, World Bank, Washington, DC (ch, 5)

John Staatz, Department of Agricultural Economics, Michigan State University, East Lansing, MI (ch. 3)

E.T. York, Ormond Beach, FL (ch. 5)

Part B: Reviewers of Specific Chapters

Chapter 4. A Resource-Enhancing Approach 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

Chapter 5. The Role of Technology in Enhancing Low-Resource Agriculture

Peter Brumby, World Bank, Washington, DC

Dennis Child, Winrock International, Morrilton, AR

Dana Dalrymple, Science and Technology Bureau, Agency for International Development, Washington, DC
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Appendix E

The U.S. Department of Agriculture'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-
ment 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-
tion by agroecological zones.

USDA defined low-resource agriculture as:

... any agricultural production process in which
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 countries produce over 50 percent
of the maize, sorghum, yams, cocoyams and cot-
ton grown in Africa and 30 percent or more of the
rice, wheat, sesame, cassava, and groundnut. Thus,
the eight countries’ data are a significant indica-
tor for the major food commodities of the region
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and certain export crops. 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 anumber 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
plantains) are not included nor is animal produc-
tion. 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 difficulties 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-
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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 (I).

Most African rice is produced by low-resource
agriculture, despite large, capital-intensive ir-
rigation schemes in some semi-arid areas (for
example, in Senegal and Mali) where over 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 tubers, which are ex-
tremely important staples in the humid areas,
are produced 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 difficulties
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-
ive to manufactured inputs and in terms of devel-
oping the supporting institutions (particularl,in-
put and 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.

Production of 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 to 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 the
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 half of the millet, groundnut, and rice
produced—recognizin that groundnut is both an
export and a subsistence crop.

Specific Crop Results. 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 1,180 kg/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
kg/ha under the two conditions and low-resource
agriculture yields 91 percent of the higher-resource
yields.

Several factors could be responsible for the gaps
in yield 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
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 responses
to technology may be limited by unrelated con-
straints, for example, plants will not respond to ad-
ded fertilizer if water is limiting growth.

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,

In practice, even with its conservative definition
of low-resource agriculture, the USDA analysis in-
dicates that low-resource agriculture is extremely
widespread in Africa. From the point of view of U.S.
foreign assistance policy it probably matters little
whether low-resource agriculture accounts for 74
percent or 83 percent of millet production in Africa;
what is important is that most producers are low-
resource agriculturalists and they account for the
bulk of production (4).
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Table E-1.—Production of Various Crops Under Low-Resource Conditions by Agroecological Zone
in Eight African Countries®

Agroecological zone

Arid, Seasonally Continuously Total,
semi-arid humid humid Highlands all zones’

Food crop
Millet .

Total production . .. ... .. 4,289 385 N-A. 240 4,914

oo low-resource agriculture . . ... ... ... ... 74 67 38 72
Sorghum

Total production . . . .................... 3,326 2,238 N.A. N.A. 5,564

oo low-resource agriculture . . .. ... ... .. .. 62 59 61
Fonio

Total production . .. ............ ... 54 N.A. N.A. N A 54

oo low-resource agriculture . . . ... ... ... .. 100 100
Maize

Total production . . ... .................. 1,241 3,468 891 1,998 7,598

oo low-resource agriculture . . ... ... ... ... 35 37 70 23 37
Rice

Total production . . . ... 194 956 1,093 39 2,282’

oo low-resource agriculture . . . . . . e 45 67 90 0 75"
Beans

Total production . . . .................... N.A. 103 68 N.A. 171

oo low-resource agriculture . .. ........... 22 90 49
Yams

Total production N.A. 4,995 11,655 N.A. 16,650

oo low-resource agriculture . . . ... ... ... .. 100 100 100
Cocoyams

Total production . . .. ................... N.A. 333 1,332 N.A. 1,665

oo low-resource agriculture . . . ... ... ... .. 100 100 100
Cassava

Total production . ... ................... N,A. 6,806 18,435 N.A. 25,241

oo low-resource agriculture . . .. .......... 92 93
Export/Cash Crops
Groundnuts

Total production . . .. ................... 1,882 658 237 N.A. 2,777

oo low-resource agriculture . . . ... ... ... .. 49 60 90 55
Cotton

Total production . . . ... ... 1,835 208 N.A. 12 2,055

oo low-resource agriculture 3 3 100 4
Coffee

Total production . . .. ................... 1 7 82 84 184

% low-resource agriculture . . . ... ... ..... 0 100 100 100 94
Tea

Total production . . ..................... N.A. N.A. N.A. 126 126

oo low-resource agriculture . . . ... ... ... .. 32 32
Sisal

Total production . . . ....... .. 34 N.A. N.A. 16 50

oo low-resource agriculture . . . . ... ....... 0 0 0
Pineapples

Total production . . ..................... N.A. N.A. N.A. 155 155

oo low-resource agriculture . . . . .......... 0 0
Tobacco

Total production . . ..................... N.A. 147 N.A. N.A. 147

oo low-resource agriculture . . .. ... ....... 0 0
Wheat

Total production . . . .................... 235’ N.A. N.A. 222 457

oo low-resource agriculture . . . ... ... S 0 0 0
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Table E-1 .—Production of Various Crops Under Low-Resource Conditions by Agroecological Zone
in Eight African Countries’ —Continued

Agroecological zone

Arid, Seasonally Continuously Total,
semi-arid humid humid Highlands all zones’

Rubber

Total production . . .. ................... N.A. N.A. 86 N.A. 86

os0 low-resource agriculture . . ... ... ... ... 58 58
Palm Qil

Total production . . . . ......... .. .. .. ... . N.A. 22 663 N.A. 685

os0 low-resource agriculture . . .. .......... 99 78 79

“Kenya, Malawi, Mali, Nigeria, Senegal, Sudan, Zaire, and Zimbabwe

*The percentages shown in this column are weighted averages of the figures for each of the 4 zones.

c 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. In most cases, this signifies that the crop is not grown in the zone

“Discrepancies between sources corrected by OTA.

SOURCE: Brian D’Silva and Arthur Dommen, “The Role of Low-Resource Agriculture in Africa: Overview and Summary,” contractor report to the Office of Technology
Assessment (Springfield, VA: National Technical Information Service, December 1987), Table 3; compiled by John M. Staatz, “The Potential of Low-Resource
Agriculture in African Development,” contractor report prepared for the Office of Technology Assessment (Springfield, VA: National Technical Information
Service, December 1987), Table 1



Table E-2.—Production of Basic Food Crops and Specialty Crops Grown Under “Low Resource” (LRA) Conditions and
Total Production of Same Crops

Cereal grains Grain legumes Starchy roots Specialty crops

Region Crop LRA Total Crop LRA  Total Crop LRA Total Crop LRA  Total
Arid, Millet . ... .. 3,189 4,289  Groundnut . . . 920 1,882 Cotton . .. ... 60 1,835
Semi-Arid Sorghum . . . 2,047 3326 Soya . ....... 0 11 Sisal ........ 0 34
Wheat . . ... 0 235 Coffee. ... ... 0 11

Rice....... 86 194

Maize . ... .. 439 1,241

Sesame . . .. 72 117

Fonio...... 39 39
Total 5,872 9,441 920 1,893 0 0 60 1,880
Seasonally Maize 1,299 3,468 Groundnut . . . 393 658 Cassava . . . . . 6,243 6,806 Coffee. . . .. .. 6 7
Humid Rice....... 636 956 Beans . . .. ... 22 103 Yams....... 4,995 4995 Cotton...... 5 208
Millet . . .. .. 259 385 Cocoyams . . . 333 333 Tobacco . . . . . 0 147
Sorghum . . . 1,314 2,238 Palm oil . .. .. 22 22

Sesame . . .. 20 20
Total 3,528 7,067 415 761 11,571 12,134 33 384
Continuously  Maize...... 622 891  Groundnut . . . 213 237 Cassava . . . . . 17,059 18,435 Coffee. . . . . .. 82 82
Humid Rice....... 984 1,093 Beans....... 61 68 Yarns . . ... .. 11,655 11,655 Rubber...... 50 86
Cocoyams . . . 1.332 1.332 Palmoil ... .. 516 663
Total 1,606 1,984 274 305 30,046 31,422 648 831
Highlands Wheat . . . .. 0 222 Sisal . ....... 0 16
Rice....... 0 39 Tea......... 40 126
Maize ... ... 450 1,998 Coffee. . ... .. 8 4 8 4
Millet . .. ... 90 240 Cotton . . . ... 12 12
Pineapple. . . . 0 155
Sugarcane . . . 1,550 3,107
Total 540 2,499 0 0 0 0 1,686 3,500

Total

(8 country) 11,546 20,991 1,609 2,959 41,617 43,556 2,427 6,595

SOURCE: Charles A. Francis, “OTA Technical Paper Series: Potentials for Development of Low-Resource Technologies for African Agriculture,” contractor report prepared for the Office of Technology Assess-
ment (Springfield, VA National Technical Information Service, December 1987),

GLE
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non-farm, 110
see also Labor
Equity
biotechnology in plant breeding and, 221, 222
in development assistance, 90-91
livestock ownership and social, 238
Ethiopia
agroforestry in, 205
animal traction use in, 245
cheesemaking in, 278
crop breeding and productivity in, 216
famine threat to, 287
hand pump use in, 183
livestock breeding and productivity in, 227
refugees from, 208
European Economic Community (EEC), 177
Expenditures
on biological pest control, 260
government agricultural research, 66, 68, 69,
224, 225
on irrigation projects in Africa, 183, 186
see also Funding
Extension services, underdevelopment of
African, 68-69, 186-187

Famine
buffers against, 59-60
U.S.-funded relief for, 78, 125, 135
Farming systems research (FSR), 108, 186, 221,
292
Federal Livestock Department (Nigeria), 244
Fertility. See Soil
Fertilizer
inorganic, 174-175, 175-177
long-term effects of commercial inorganic,
176-177
organic, 171-174, 175, 177
supply and demand problems involving,
177-178
use in aquiculture of, 248
Findings and options for Congress concerning
development assistance to low-resource
agriculturalists, 21-32, 105-110
Fisheries
development of African low-resource, 237, 241
processing catch of, 278
Fodder banks, 244
Food and Agricultural Organization, U.N,
(FAO), 16
chorkor oven development assistance by, 280
cropland condition estimates by, 114, 115
fertilizer use policy of, 177
Fishery Committee for the Eastern Central
Atlantic of, 241
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irrigation estimates by, 184, 186
management practices demonstrations by, 113
natural resource degradation estimate by, 63
pesticide use guidelines of, 264
guarantine study by, 259
trypanosomiasis infected area estimates by,
265
U.S. contribution to, 130
yield increases estimates by, 65
Food Research Institute (Ghana), 280
Food security
contribution of low-resource agriculture to,
21, 56-60, 77-78
definition of, 3
demand side of, 35-36
need to improve African, 35, 38, 224
obstacles to achieving, 64-69, 100-103
as overarching goal of AID-provided
development assistance, 125
technologies for improving African, 111-117
U.S. economic interests in promoting African,
288
Foreign Assistance Act-1961, 88, 89, 124-125,
135
Francis, Charles, 310
Fuelwood
collection and deforestation, 64, 207-208
increase in, from using agroforestry
techniques, 204
use for food processing, 279
Funding
crop research and food security, 224
U.S. bilateral, 126-130, 148-149
U.S. multilateral, 130-132
see also Expenditures

Gabon, crop breeding and productivity in, 219
Gardens, home, 56, 81, 82, 104, 243-245, 248
Genetic improvements. See Biotechnology;
Breeding
German Appropriate Technology Exchange
(GATE), 278
Ghana
crop breeding and productivity in, 219
pesticide use subsidies in, 264
small-scale irrigation use in, 182
women in fisheries of, 241
Goats. See Livestock; Small ruminants
Gravity diversion irrigation systems (channeled
and poldered), 180-181
Green Revolution
applicability to Africa of, 100-102, 311
social effects of, 221
technology packages for Africa, 214-215

Grey, David, 183
Gross domestic product (GDP), agriculture's
contribution to African, 3, 45-46
GTZ (West Germany), 177
Guidelines
to determine appropriate technology choices,
179, 257-258, 264
researcher/agriculturalist cooperation, 109
to support a resource-enhancing approach of
development assistance, 79, 81, 84, 86
Guinea
agroforestry use in, 204, 207
chorkor oven use in, 280
crop breeding and productivity in, 216
effectiveness of plant protection in, 261
Guinea-Bissau, 180, 181, 263, 280

Health
impacts of aquaculture on, 248-249
intercropping impacts on crop, 198, 199
pesticides impact on human, 261

Health, animal, 226, 228-229, 230, 245, 264-273

Incentives
encouraging conservation measures, 165
from governments to increase food
production, 221
for pesticide use, 264
Income
African per capita, 62
from fisheries in Africa, 237
from livestock in Africa, 237, 240
low-resource agriculture as source of, 58-59
India
handpump use in, 183
improved crop use in, 216
non-resistant sorghum from, 221
Infrastructure
controversy over developing rural, 139
improving, for 1IPM implementation, 262, 263
weaknesses in agricultural, 67-68, 177-178,
215, 225, 261
Inputs. See individual inputs
Insects. See Health; Integrated Pest
Management; Pests
Integrated Pest Management (1PM), 117
challenges facing African implementation of,
262-264
components of successful program using,
258-261
criteria for choosing optimal methods of,
257-258
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information as primary input in programs of,
261-262
potential for effective use of, 261-263
Intercropping, 195-200, 201-203
International Agricultural Research Centers
(IARCS), 14, 26, 144, 146
impact of U.S. research ban on, 291
intercrop research by, 109
1PM expertise of, 263
International Bank for Reconstruction and
Development (IBRD)—World Bank, 131
International Center for Genetic Engineering
and Biotechnology, 222
International Center for Insect Physiology and
Ecology (ICIPE)—Kenya, 144
International Council for Research on
Agroforestry (ICRAF)—Kenya, 144
International Fertilizer Development Center
(IFDC)-U.S., 144, 178
International Food Policy Research Institute
(IFPRI) approach, 12, 88, 90, 91, 92
International Fund for Agricultural
Development (IFAD), 130
International Institute of Tropical Agriculture
(HTA)-Nigeria, 144
Africa-wide Biological Control Project of
Cassava Pests, 260
crop/livestock integration research by, 243,
244
crop research by, 68, 203
hybrid crop varieties developed by, 217, 218,
219
water management research by, 164
International Laboratory for Research on
Animal Diseases (ILRAD)—Kenya, 144
International Livestock Centre for Africa
(ILCA)-Ethiopia, 144
alley cropping farm trials by, 203
animal traction technology improvements by,
247
crop/livestock integration research by, 243,
244
dairy technology developed by, 278
Humid Zone Programme of, 244
research in small ruminants by, 228
staffing bias of, 266
Subhumid Zone Programme of, 244
International Potato Institute (CIP)—Peru, 222
International Service for National Agricultural
Research (ISNAR), 146
International Soybean Program (U.S.), 144
Irrigation
factors favoring expansion of low-resource,
185

gravity diversion systems for 180-181

small-scale technology for, 115

water-lifting and pumping systems for,
181-184

Ivory Coast

animal traction and transport equipment
factories in, 247

crop breeding and productivity in, 219

effectiveness of plant protection in, 262

palm oil production in, 311

Kenya
AID livestock programs in, 152-153
improved shellers use in, 274, 277
animal confinement use in, 268
crop breeding and productivity in, 216, 217,
222
cultural crop control use in, 259-260
dual-purpose goat production in, 245
effectiveness of plant protection in, 262
fertilizer use in, 172, 176
fuel-efficient stove developed in, 281
handpump use in 183
inoculated legumes use in, 172
livestock breeding and productivity in 229
pesticide production in, 260
population and farm size in, 61
technology acceptance in, 105
USDA data on, 310, 311
water management in, 162, 166-167, 180
Kenya Cooperative Creameries, 227
Kenya Industrial Research and Development
Institute (KIRDI), 276
Kenya Water for Health Organization, 183
Kenyan National Council of Women, 279
Koro Village Agroforestry Project (Mali)-CARE,
209

Labor
dependence on household, 49-50, 78, 81-84,
110, 185, 221
intercropping impacts on, 198
Land tenure
agroforestry use and, 206-207
livestock ownership trends and, 239, 240
Legumes
food, 218, 277, 311
inoculated, 172
use in dual-purpose systems of, 244, 245
see also Acacia albida; Biological nitrogen
fixation
Leucaena leucocephala, 176
Linear plantings. See Live fencing
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Linkages
among researchers/extension
agents/agriculturalists, 107
development assistance’s support for
agricultural/non-agricultural, 86-88
Live fencing, 200, 204
Livestock
breeding for improved, 226-231
contribution to agricultural development of,
237, 238
control methods for major diseases affecting,
245, 267
distribution (by farming system), 237, 238
fertilizer from, 173
imbalances in technical support health
services for, 272
improving animal nutrition for, 266-269
improving veterinary support for, 265-266
integrating into cropping systems of, 116,
205-206, 241
improved use of, 243-247, 250-252
mechanisms to improve health of, 264
promotion of an integrated development
approach for, 270-272
see also Animal traction, Health, animal: Small
ruminants
Low-input agriculture, FAO definition of, 48
Low-resource agriculture, definition and
characterization of, 3, 4, 5, 46-47, 310

Madagascar
crop breeding and productivity in 218
small-scale irrigation use in, 180
Maize
breeding, 217-218
processing, 276
USDA data on, 310, 311, 312
Majjia Valley Windbreak Project (Niger), 203,
204, 206
Malawi, 4, 51
crop breeding and productivity in, 216
handpump use in, 183
livestock breeding and productivity in, 227
maize production in, 105-106
USDA data on, 310
water management in, 164
Malaysia, 289
Mali, 4
agroforestry projects in, 207
animal traction and transport equipment
factories in, 247
animal traction promotion in, 252
crop breeding, and productivity in, 175, 217,
251

nomadic herding in, 52
Peace Corps operations in, 137
policy reform problems in, 147
privatization of low-resource systems in, 187
small-scale irrigation use in, 182
USDA data on, 310, 311
Malnutrition
increase in, 62-63
as major constraint on livestock productivity,
266
Manuring, 114, 115, 173-174, 175, 176
Mauritania
fuelwood shortages in, 64
small-scale fishery promation in, 241
small-scale irrigation use in, 182
McPherson, M. Peter, 152
Michigan State University, 21
Microcatchments, water harvesting, 162-163
Military assistance, developmental impact of,
126, 289
Millet
breeding, 215-216
drought resistance of, 196
USDA data on, 310, 311, 312
Minimum tillage, 114, 115, 167-168
Mixed crop/livestock systems, 116, 205, 206, 241
Morehead State University (Kentucky), 292
Mulching, 114, 115, 167-168
Multilateral assistance, U. S., to Africa, 31-32,
130-132
Multilateral development banks (MDBs). See
individual bank names

National Council for Science and Technology
(Kenya), 275
National Plant Quarantine Station (Kenya), 222
National Range Agency (NRA), 207-208
Natural resources. See Resources
New Directions/basic human needs approach,
88-89, 124-125
Niger, 10
agroforestry use in, 200
crop breeding and productivity, in 217
fertilizer use in, 176
Peace Corps operations in, 137
phosphorus deficiency in soil of, 175
privatization of low-resource systems in, 187
resource degradation in, 80
water management in, 162
windbreak projects in, 203-204
Nigeria
biological pest control use in, 260, 262
crop breeding and productivity in, 217, 219
effectiveness of plant protection in, 262
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fertilizer consumption in, 175
food security study in, 61
hydrological research in, 186
intercropping use in, 196, 197, 198
on-farm investigations of alley cropping in,
243, 244
pesticide use in, 260
pest resistant cassava clones use in, 259
USDA data on, 310
Nigerian Institute of Agriculture, 69
Night soil, 173
Non-governmental organizations (NGOs). See
Private sector; Private voluntary
organizations (PVOs); individual
organizations

Office of Overseas Scientific and Technical
Research (ORSTOM)—France, 186
Overseas Education Fund (OEF), 208
Oversight, 28-30
coordinating and improving congressional,
132-133

reducing the burden of congressional, 133-134

Oxfam, 163, 249

Pakistan, cattle imported from, 227
Pan-African Forum of African Voluntary

Development Organizations (FAVDO), 138
Pare National des Volcans (Rwanda), 169
Pastoralists

categories of and strategies used by, 237, 239,

240
efficiency of low-resource systems used by,
50, 77, 78, 84-86, 237
linkages with farmers by, 53
profile of, 4, 52
Peace Corps

African development assistance by, 18, 23, 26,

27, 28, 136-137
Fish Culture Expansion Project of, 249-250
water harvesting microcatchments
introduction by, 162-163
Personnel
AID training of, 140-141
CGIAR training of African, 145-146

Pests

biological controls for, 260

breeding resistance to, 259

cultural controls for, 259-260

options for managing, 258-261

resistance to pesticides developed by, 261

Plantains, 219-220
Policy

African development assistance and U.S.
foreign, 287-289

chemical pesticide trade, 261, 263-264

comparative assessment of types of
evelopment assistance, 88-92

national breeding, 226

national crop pricing, 66-67

objectives of the United States, in Africa,
288-289

reform, 12, 66-67, 88, 89-90, 146-148, 187

unsupportive national and donor, 66-67, 87-88,
146-148, 187, 221

Population

challenge of growing African, 60-61, 100
urban migration of African, 110

Private sector

African rural non-farm, 138-140

role in diffusion of low-resource irrigation
technologies of, 185

seed laws and investment by, 225

Private and voluntary organizations, U.S.

(PVOs)

African development assistance by, 26, 27, 28,
134-136

agroforestry projects by, 205

local level work by, 137-140

water harvesting microcatchments
introduction by, 162-163

windbreak projects supported by, 203-204

see also Private sector; individual
organizations

Public opinion, on foreign assistance, 20, 287,

288, 292-293

Quarantines, 258-259

lack of qualified quarantine, 259 Recession farming, 162
need for trained fertilizer use, 177, 178 Regional Food Crop Protection Project (RFCP),
shortages in extension service, 68-69 263

Peste de Petit Ruminant (PPR), 245 Research

Pesticides, 260-261 coordination of, 144, 272-273
environmental impact from use of, 261 on crop/livestock integration, 243-245,
improved use of chemical, 263-264 250-251, 252
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on factors determining technology adoption,
170
Farming systems (FSR), 108, 186, 221, 292
farm interest groups-backed restrictions on
U.S. aid for, 20, 290-291
government expenditures for, 68, 69, 224, 225
increasing African capacity for, 24-25, 107
increasing cooperation in health-related,
272-273
legume, 218
level of support for agricultural (by region), 69
livestock management, 226, 228, 229, 230,
231, 243, 250, 252
misguided policies for, 67, 176, 290-291
needs for intercropping, 198-200
on-farm adaptive, 107, 176, 221-222
Resources
continuum in use of, 47-48
deterioration in base of, 63-64, 77-78, 100,
198, 240, 241
development assistance donor’s reliance on
external, 110
development assistance use of untapped local,
21, 84-86
technology potential based on improved use
of natural, 113-114
yield increases through efficient use of
natural, 197-198
Reuter News Agency, 260
Rice
breeding, 218
processing, 276-277
USDA data on, 310, 311
Roots and tubers
breeding, 219, 220
USDA data on, 311
Ruminants. See Livestock; Small ruminants
Rwanda
animal confinement in, 268
crop breeding and productivity in, 216, 219
fertilizer use in, 172, 173, 177
inoculated legumes use in, 172
population density in, 61
water management in, 169

Seed
improving multiplication and distribution of
improved, 224-226
support for locally managed nurseries to
Supply, 207
Semi-Arid Food Grains Research and
Development (SAFGRAD), 164

Senegal, 10
animal traction and transport equipment
factories in, 247
crop breeding and productivity in, 216
pesticide use in, 261, 264
phosphorus deficiency in soil of, 175
small-scale fishery promotion in, 241
small-scale irrigation use in, 182
USDA data on, 310, 311
Sheep. See Livestock; Small ruminants
Shelterbelts. See Windbreaks
Sierra Leone, fisheries economics study in, 241
Small holding/small farm, 48
Small Ruminant and Camel Group, 228
Small Ruminant Collaborative Research Support
Program (SR-CRSP)—Kenya, 228, 242
Small ruminants, 4, 228-229, 243-245
Soil, fertility-enhancing technologies, 114-115,
170-178
Somalia
community agroforestry in, 207-208
effectiveness of plant protection in, 261
small-scale irrigation use in, 180
Somalia Community Forestry Project, 207-208
Somali Women’s Democratic Organization
(SWDO), 207-208
Sorghum, 108, 196
breeding, 216-217
processing, 275-276
USDA data on, 310, 312
South America, cassava mealybug introduction
from, 258
Southern African Development Coordination
Committee (SADCC), 31, 126-129
Special Program for African Agricultural
Research (SPAAR), 144
Spoilage, technologies to decrease post-harvest
crop loss from, 273-281
Staatz, John, 310
Strong, Maurice, 287
Subsistence farm, 47, 48
Sudan, 10
agroforestry in, 205
crop breeding and productivity in, 216, 217,
224, 225
intercropping use in, 198
privatization of low-resource systems in, 187
small-scale irrigation use in, 182
USDA data on, 310, 312
Sustainability
of agricuhural production, 78, 207
concept of, 10-11, 16, 78-80
development assistance priorities to develop
and maintain, 79-81, 152-153
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incorporating, into animal disease eradication

programs, 270

of intensive feed garden system, 243-245

of 1PM approaches, 258

signs of declining, 63-64, 77-78, 80, 198, 200,
201, 207

Swine. See Livestock

Systems

approach to agricultural development, 11-12,
86-88, 105-106

characteristics of low-resource agricultural,
48-50, 77-78

concepts central to a resource-enhancing role
of development assistance for low-resource

agricultural, 79, 81, 84, 86
efficiency of low-resource agricultural, 237
improving links between agricultural and
external, 86-88
integrated fish/livestock/crop, 248-249
land classification, 170
livestock/crop production, 116, 241-245

Tanzania

animal confinement in, 268

aquiculture projects in, 244

changing farming systems in, 87

crop breeding and productivity in, 216, 217

handpump use in, 183

small-scale irrigation use in, 180

water management in, 164, 168

Technologies, 13-17

evaluating potential of, 111-117

as a factor in improving low-resource
agriculture, 100-103, 246-247, 273-281

Green Revolution, 214-215

improving agriculturalists acceptance of,
105-110

promising, 14-17, 103-105

sequential changes in, 112

transfer to low-resource agriculturalists of,
106, 107, 111-117

see also individual technologies

Training
in agroforestry techniques, 208
increasing African, 24-25, 92, 107, 140-141,
186-187, 206, 208
AID support for African agricultural
institution personnel, 140-141
CGIAR-provided personnel, 145-146
lack of low-resource irrigation skills, 186-187
pyramid system for, 107
Tropical Development and Research Institute
(TDRI), 274, 276
Trypanosomiasis, 5, 6, 226, 265, 267, 270

Uganda, crop breeding and productivity in, 216,
219
United Nations, 31, 61
United Nations Children’s Fund (UNICEF), 130
chorkor oven development assistance by, 280
handpump use support by, 183
impzrov shell removers developed by, 274,
i
United Nations Development Fund for Women
(UNIFEM), policy reform assistance by,
148
United Nations Development Program (UNDP),
130, 183
United Nations Food and Agriculture
Organization. See Food and Agriculture
Organization, U.N. (FAO)
U.S. Coastal and Geodetic Survey, 186

Vesicular-arbuscular mycorrhizae (VAM),
~172-173
Vietnam, 172

Water-lifting and mechanized pumping
irrigation systems, 181-184

Water use, technologies which improve, 115,
162-170, 180-185

West African Rice Development Association

Terracing, 114, 166-167 (WARDA)-Liberia, 144, 172
Tied Ridges, 164 Windbreaks, 200, 203-204
Togo Women
chorkor oven use in, 280 extension service and credit discrimination
crop breeding and productivity in, 219 against, 68, 84, 110, 185
small-scale irrigation use in, 182 fish smoking technology invention by, 280
women in fisheries of, 241 role of, in African agriculture, 49, 56, 81-84,
Trade 106, 185, 207-208, 221, 241
African agricultural export, 36, 45, 58-59 World Bank
in chemical pesticides, 261, 263-264 African population projections by, 61
effects of support to African agriculture on congressional influence on, 134
U. S, 289-291 handpumps project of, 183
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institution-building support by, 142

multilateral assistance by, 18, 19, 20, 23, 24,
25, 26, 28, 31, 130-132

pesticide use guidelines of, 264

policy reform aid by, 22, 146, 147, 148

World Health Organization (WHO), AIDS

statistics by, 37

Yields

Acacia albida effect on, 10, 85, 171-172, 202,
207

fallow periods and crop, 61, 100

gaps in (from experiment station to on-farm),
111, 221-222

grain, by region (worldwide), 214

intercropping benefits to, 197-198

obstacles to improving crop, 64-69, 105-106,
109

optimizing stable, 81-84

USDA data on crop, 311-312, 313-314, 315

Zaire

AIDS care in, 37

aquaculture projects in, 244-250

crop breeding and productivity in, 216
intercropping use in, 196, 197, 198
Peace Corps operations in, 137

USDA data on, 310

Zambia

crop breeding and productivity in, 216, 217
fertilizer use in, 172, 175
inoculated legumes use in, 172

Zimbabwe

crop breeding and productivity in, 216, 217
fertilizer use in, 172, 175

inoculated legumes use in, 172

incentives for technology acceptance in, 105
USDA data on, 310



