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agriculture provides about 70% of em-

ployment, 40% of exports, and one-third
of GNP. Two-thirds of the region’s 615 mil-
lion people live on small-scale, low-pro-
ductivity farms. Often, the food a family
can produce plus the food they can afford
to purchase is insufficient. As a result, 194
million Africans, most of them children,
are undernourished (7).

These people lack “food security”; they
do not have access at all times to enough food
to lead active, healthy lives (2). Their num-
bers will increase as food production per
capita in most African countries continues a
decade-long decline, reflecting rapid popula-
tion growth (averaging nearly 3% annually)
and low yields. The latter results from deple-
tion rates for soil nutrients that far exceed re-
plenishment and crop losses caused by pests,
diseases, and abiotic stresses (3).

Africa does not produce enough food to
feed itself even with equitable distribution.
Food aid to Africa—currently running at
3.23 million tons annually—helps prevent
starvation but can create dependency (4).

Hunger is, to be sure, largely a conse-
quence of poverty, but income gains de-
pend on improving farm productivity.
Agricultural development is necessary for
economic and social development, here as
elsewhere (5). The question is: what kind of
agricultural production? Most African
farmers have land assets adequate to pro-
vide food security and to rise above subsis-
tence. To do so they need to intensify pro-
duction with genetic and agro-ecological
technologies that require only small
amounts of additional labor and capital.
This has to be sustainable in both econom-
ic and environmental terms.

We call the development and extension of
this type of agriculture a “Doubly Green
Revolution” (6). It combines elements of
ecological agriculture with crop varieties de-
signed to perform well under low-input con-
ditions and uses inorganic inputs very judi-
ciously. “Farmer-participatory methods” en-
able farmers themselves to analyze and de-
fine their needs and to adapt the resulting va-
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rieties and agronomic practices to their own
conditions in the great diversity of local mi-
croenvironments that prevail in Aftrica (7).

An Individual Case Study

We will refer to “Mrs. Namurunda,” who
represents a composite of situations existing
in Africa. Mrs. Namurunda, like many
African farmers, is a single mother strug-
gling to support a family. She farms a single
hectare running up one side of a hill in the
Siaya district of Kenya near Lake Victoria.
The soils are moderately deep and well
drained, but acidic, highly weathered, and
leached. Until recently, shortages of almost
everything—land, money, labor, and plant
nutrients in the soil—meant she was often
unable to provide her family with adequate
food. The two youngest children suffer from
undernourishment and persistent illnesses.
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An insecure farm in Africa.

She needs 1 ton of mixed crops just to sur-
vive and 2 tons to generate modest income.
Too often, however, she actually has harvest-
ed less than 1 ton (see figure, above left).

Low soil fertility and minimal use of fer-
tilizer limited her potential harvest to only
about 2 tons. African farmers pay the high-
est fertilizer prices in the world—whether in
U.S. dollars or grain equivalents (8). Prices
in Western Kenya are $400/ton of urea ver-
sus $90/ton in Europe (9). On average—
and many use none at all—African farmers
use fertilizer at only 10 kg/ha, whereas
European farmers use over 200 kg/ha.

Mrs. Namurunda’s staple crop, maize,
was attacked by the parasitic weed Striga
(Striga hermonthica), which sucks nutri-
ents from roots; by boring insects, which
weaken stems; and by streak virus. Despite
committing 40 to 50 days each season to
weeding, weeds still caused significant
losses. Fungi rotted the ears that did devel-
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op, before and after harvest. Her cassava
crop was devastated by cassava mealybugs
(Phenacoccus manihoti) and a new super-
virulent strain of mosaic virus. Her banana
seedlings were infected with weevils, ne-
matodes, and the fungal disease black
Sigatoka when she bought them from
neighbors. Her beans suffered from fungal
diseases that shrivel pods and lower nitro-
gen fixation. And more often than not, she
faced a drought during the growing season,
which reduced the yield of everything.
Fortunately, scientific and technological
progress has been made on many of her
problems in recent years, and she is begin-
ning to see the solutions on her farm.
With the arrival in her village of the
Sustainable Community Oriented Devel-
opment Programme (SCODP), a local Kenyan
NGO, Mrs. Namurunda was able to obtain less
expensive farm inputs (/0). SCODP helped
the farmers organize into a cooperative that
negotiated more effectively for purchasing
small fertilizer and seed packets and for
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marketing their products at the best prices.
Scientists from the Kenyan Agricultural
Research Institute (KARI), Kenyan universi-
ties, the International Centre for Research on
Agroforestry (ICRAF), and the Tropical Soil
Biology and Fertility Programme (TSBF)
analyzed local soils and found a severe
lack of phosphorus and shortages of nitro-
gen and micronutrients (/7). These results
were compared with TSBF’s Organic
Resource Database, which describes over 300
locally available materials that can provide
specific soil inputs (/2). Alternative strategies
to enhance soil productivity were developed
based on nutrient cycling, livestock-crop in-
teractions, biological nitrogen fixation, rock
phosphate, improved fallows, and efficient
use of small amounts of fertilizer formulated
to provide key missing nutrients.

On-farm trials were conducted by KARI
and farmers to test the alternatives and to
develop agronomic “best practices.” These
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included research on seeding rates and spac-
ing of crops and cover crops, timing and rate
of application of organic material and fertil-
izer, and appropriate mixes of crops and in-
puts. They found, for example, that sowing a
mixture of maize and legume plants in dou-
ble rows (2 by 2), rather than every other
row, provided more light for the legume, and
generated greater nitrogen fixation (/3).

The mealybugs that infested her cassava
plants disappeared as the result of a bio-
control strategy implemented collaboratively
by the International Institute for Tropical
Agriculture (IITA) in Nigeria, the Centro
Internacional de Agricultura Tropical (CIAT)
in Colombia, and African governments (/4).
CIAT found a parasitic wasp, Epidinocarsis
lopezi, in the Paraguay River basin that main-
tains mealybugs at very low levels in South
America. It was introduced in Africa and
eventually reached Mrs. Namurunda’s farm.

IITA is also helping to counter the new,
highly virulent strain of African cassava
mosaic virus. Fourteen potentially resistant
clones were “fast-tracked” for on-farm
testing, including on Mrs. Namurunda’s
farm. Several plants show no signs of dis-
ease and are yielding well (15). Sequence-
repeat DNA markers tightly linked to the
genes for resistance are being used to in-
troduce the resistance into cassava clones
preferred in East Africa (16).

Mrs. Namurunda has begun purchasing
maize seed from the local seed company,
Lagrotech. Her favorite Lagrotech variety
developed by KARI from CIMMYT
(International Maize and Wheat Improve-
ment Center) breeding lines and has excel-
lent resistance to maize streak virus and tol-
erance of low nitrogen soils (/7). It is an
open-pollinated variety, so Mrs. Namurunda
could save seed for subsequent plantings.
However, switching to certified seed from
Lagrotech will mean a guaranteed high rate
of germination and freedom from contami-
nants that cling to her own seed.

To try to increase her income, Mrs.
Namurunda purchased, on credit through
the cooperative, 20 banana seedlings pro-
duced via tissue culture at a facility estab-
lished by KARI and the International
Service for Acquisition of Agri-biotech
Applications (ISAAA). This technology
generates seedlings free of nematodes, wee-
vils, and pathogens (/8). She recently har-
vested the first bananas from her “clean” tis-
sue culture plants. They were the largest and
most attractive bunches she had ever pro-
duced and rapidly sold at a premium price.

A Secure Farm

By using these technological innovations,
Mrs. Namurunda now harvests over 2 tons/ha
(see figure, right, previous page). She even
grows vegetables as cash crops and makes

enough profit to pay for her three daughters
to attend school along with their brother. Mrs.
Namurunda and the cooperative to which she
belongs hope that they will someday be able
to earn additional income by exporting more
readily to the markets of Europe and the
United States. Trade policies—such as the
quota systems, tariffs, and subsidies estab-
lished to protect European and U.S. farmers
from competition—will need to change if
this is to become a reality.

Although it is gradual, she recognizes that
soil fertility on her farm is steadily improv-
ing, and because of the genetic resilience
built into her new crop varieties, the extra ef-
fort and investment she makes in restoring
soil fertility pays off in higher yields (/9).

Mrs. Namurunda’s life and prospects for
her family are improving. Furthermore, she
recently learned that KARI has new maize
varieties, based on breeding lines from
CIMMYT that yield better under drought
and low-nutrient conditions, and also pro-
vide effective control of Striga (20, 21).
Mrs. Namurunda is anxious to experiment
with these new varieties and to provide
feedback on how they perform and how
they can be improved. She has enrolled in
KARTI’s “Farmer Field School” to become a
farmer trainer, which includes training in
group learning, nonformal education meth-
ods, communication skills, agro-ecological
analysis, and relevant technologies.

There are three principal lessons from
this story. First, farmers need access to af-
fordable inputs, including seeds and fertil-
izers, and to output markets for their prod-
ucts. This applies to food and cash crops,
including those for export. Fair trade, with
the industrialized countries providing mar-
ket access for farm products of developing
countries, is essential if African farmers are
to rise above subsistence levels.

Second, science and technology can
make a difference in African agriculture.
Indigenous knowledge is important, as is
the accumulated knowledge of expert
breeders, soil scientists, and extension
workers. Even problems that are new or
were long thought intractable can be solved
using modern science.

Third, the costs of developing these
technologies are low. The annual budget of
the Consultative Group on International
Agricultural Research that supports 16 re-
search centers (including CIAT, ICRAF,
CIMMYT, and IITA) is about $350 mil-
lion. Their work, conducted in partnership
with national scientists, advanced laborato-
ries, local NGOs, seed companies, and
farmers themselves, is having real impact.

With such partnerships in place, there is
reason for optimism. Still, much more needs
to be done. African leaders need to re-estab-
lish their strong commitment to agricultural

research and development. The donor com-
munity, including the World Bank and
wealthy countries, needs to make a decade-
long commitment of sustained support. And,
advanced research institutes and private cor-
porations need to be more proactive in shar-
ing knowledge, skills, and research materi-
als with African colleagues. Only then can
we be reasonably confident that the food se-
curity now attained by Mrs. Namurunda’s
family will be achieved by small-scale farm-
ing families all across Africa.

References and Notes

. The State of Food Insecurity in the World 2001 (Food
and Agriculture Organization of the UN, Rome, 2001).

2. Poverty and Hunger: Issues and Options for Food
Security in Developing Countries (World Bank,
Washington, DC, 1986).

3. J. Henno, C. Baanante, Estimating Rates of Nutrient
Depletion in Soils of Agricultural Lands of Africa
(International Fertilizer Development Center, Muscle
Shoals, Alabama, 1999).

4. WFP and Global Food Aid Shipments by Country and
Region 1998-2001 (World Food Program, Rome,
2002).

. C. C. Delgado, J. Hopkins, V. A. Kelly, Agricultural
Growth Linkages in Sub-Saharan Africa (IFPRI Res.
Rep. 107, International Food Policy Research Institute,
Washington, DC, 1998).

6. G.Conway, The Doubly Green Revolution: Food for All
in the Twenty-First Century (Cornell Univ. Press,
Ithaca, New York, 1999).

, in Feeding a World Population of More than
Eight Million People: A Challenge to Science, ). C.
Waterlow et al, Eds. (Oxford Univ. Press. Oxford,
1997), pp. 249-263.

8. W. Mwangi, Nutrient Cycl. Agroecosyst. 47, 135
(1997).
9. P. A. Sanchez, Science 295, 2019 (2002).

10. P.D. Seward, D. Okello, “Methods to develop an infra-
structure for the supply of appropriate fertilizers for
use by small-scale farmers in Sub-Saharan Africa:
Experience from Western Kenya” (Sustainable
Community-Oriented Development Programme,
Ukwala, Kenya, 1998).

. G. Nziguheba, C. A. Palm, R. J. Buresh, P. C. Smithson,
Plant Soil 198, 159 (1998).

12. C.A.Palm, C.N. Gachengo, R. J. Delve, G. Cadisch, K. E.

Giller, Agric. Ecosyst. Environ. 83, 27 (2001).

13. M. Langat, E. Mukwana, P. L. Woomer, “MBILI Update:
Testing an innovative cropping arrangement”
[Sustainable Agriculture Centre for Research &
Development in Africa (SACRED Africa), Bungoma,
Kenya, 2000].

14. H. R. Herren, in Biotechnology and Integrated Pest
Management, G. ). Persley, Ed. (CAB International,
Wallingford, UK, 1996), pp. 136-149.

15. J. P. Legg, Crop Protect. 18, 627 (1999).

16. A. O. Akano, A. G. O. Dixon, C. Mba, E. Barrera, M.
Fregene, Theoret. Appl. Genet. 105, 521 (2002); pub-
lished online, 8 May 2002 (10.1007/500122-002-
0891-7).

17. ). Ininda, J. Ochieng, Coordinated Ecosystem Breeding
Project: First Year Report (Kenyan Agricultural
Research Institute, Nairobi, 2000).

18. F. Wambugu, R. Kioime, The Benefits of Biotechnology
for Small-Scale Banana Farmers in Kenya (ISAAA
Briefs No. 22, International Service for Acquisition of
Agri-biotech Applications, Ithaca, NY, 2001).

19. J. DeVries, G. Toenniessen, Securing the Harvest:
Biotechnology, Breeding and Seed Systems for African
Crops (CABI Publishing, Wallingford, UK, 2001).

20. M. Bénziger, M. E. Cooper, Euphytica 122, 503 (2001).

21. F. Kanampiu et al., Plant Cell Tissue Organ Cult. 69,
105 (2002).

22. We are grateful to our colleagues in the Rockefeller
Foundation’s Food Security Theme, who recommend-
ed funding for, and provided information concerning,
most of the Foundation-supported research and
demonstration projects mentioned in this article.

-

v

1

N

271 FEBRUARY 2003 VOL 299 SCIENCE www.sciencemag.org



