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FIXING FAMINE: HOW TECHNOLOGY AND
INCENTIVES CAN HELP FEED AFRICA

JASSON URBACH AND DANIEL SACKS

EXECUTIVE SUMMARY

The food crisis in mid-2008, which caused riots and protests around the globe, was felt especially hard
in Africa. Though food prices have now declined, Africa's struggles with hunger are far from over.

Africa's ability to feed itself has been in decline for the past four decades. To combat hunger and to
encourage economic development this trend needs to be reversed. In the short run, simple technology
can make a difference in the lives of Africa’s millions of rural farmers by increasing the productivity of
their land and thereby increasing incomes.

This study, based on fieldwork conducted in Malawi and Kenya, profiles four simple technologies that
have major benefits for smallholder farmers. Hybrid and genetically modified seeds, greenhouses, irri-
gation, and plug seedlings all increase farm outputs and allow farmers to harvest multiple crops a year.

Though these technologies have the potential to be very successful, there are several barriers that prevent
their greater use: governmental restrictions, lack of credit, poor infrastructure, high transaction costs, and
educational and cultural barriers. This Policy Comment proposes solutions to these problems.

For more information about the Mercatus Center's Enterprise Africal project, visit us online,
www.mercatus.org/enterpriseafrica, or contact Karol Boudreaux,
at (703) 993-4941 or kboudrea@gmu.edu.



ENTERPRISE AFRICA! RESEARCH APPROACH
Local Solutions from Local Knowledge

THIS STUDY, AS with all the studies conducted by the
Enterprise Africa! research team, is based largely on
information gathered in Africa from Africans. Our core
research team was comprised of the Mercatus Center’s
Karol Boudreaux and Daniel Sacks and the South African-
based Free Market Foundation’s Eustace Davie, Temba
Nolutshungu, and Jasson Urbach. The unique approach
of the Enterprise Africa! team helps ensure that our stud-
ies reflect what’s actually happening in the communities
in which we work, rather than an outside view of how
things might be.

For Fixing Famine: How Technology and Incentives Can
Feed Africa, Daniel Sacks and Jasson Urbach traveled to
Malawi, and later with Eustace Davie to Kenya, to meet
with a wide variety of stakeholders in the agricultural
industry: farmers, store owners, agri-business opera-
tors, bankers and government officials.

We are grateful to have met with so many hard-work-
ing and helpful people in both Malawi and Kenya. Paul
Chimimba, Misheck Nyirenda, Abraham Mbugi, Peter
Randa, and Kinyua Mbijjiwe of Monsanto and Seminis
all provided valuable insight into the structure of the
agricultural industry. We met many entrepreneurs along

the way including Bonaventure Mwhagania, Paul Donde,
Gilbert Kibiti, and Napoleon Dzome, who are working
hard to improve the lives of members of their commu-
nities through successful agricultural ventures. Benabe
Sanchez of DFID provided valuable insights into the role
foreign aid plays in agricultural and economic develop-
ment farmers. A special thanks to the many, many farm-
ers in Malawi and Kenya who took time away from their
work in order to provide their valuable perspective.

Our fieldwork was cross-referenced with appropriate
economic and political science literature and other rele-
vant data. Colleagues in South Africa and North America
captured and peer reviewed the picture that emerged.

The goal of our study is to provide a unique view of how
the institutional environment created by local policy
enables or inhibits productive enterprise-based solu-
tions to poverty and ultimately affects the well-being of
members of the community in question. Our research
approach relies substantially on local experience and
knowledge, ensuring that the picture we paint is tied to
the world it intends to depict.



FIXING FAMINE: HOW TECHNOLOGY AND
INCENTIVES CAN HELP FEED AFRICA

| Introduction

BEGINNING IN 2005, global food prices increased dra-
matically, culminating in worldwide food shortages in
2008.! The strain of rising food prices and severe short-
ages caused riots and protests in a number of coun-
tries across the globe— including in Cameroon, Burkina
Faso, Haiti, and Egypt—and contributed to civil unrest
in several others. World Bank President Robert Zoellick
warned, “[The] doubling of food prices over the last three
years could potentially push 100 million people in low-in-
come countries deeper into poverty.”? Though world food
prices have decreased since the summer of 2008, many
millions of people around the world remain vulnerable.?

Agriculture forms the backbone of many African econ-
omies. In sub-Saharan Africa (SSA) 70-80 percent of
employment and 30 percent of gross domestic product
(GDP) are derived from agriculture.* However, African
countries generally suffer from very low agricultural
yields compared to the rest of the world, which contrib-
utes to Africa’s poverty and lack of economic develop-
ment. When food prices rise, as in recent years, the rural
poor’s risk of malnourishment increases; even without
major price hikes, many of these people live in hunger. A
revolution in SSA’s agricultural productivity can help to
overcome this poverty.®

A number of systemic problems, including land tenure,
governmentinvolvementin agricultural markets, and lack

of education, are preventing drastic, long-term improve-
ments. Because SSA needs relief immediately, however,
this Policy Comment focuses on short-term solutions that
will increase the availability and use of agricultural tech-
nology in order to alleviate food shortages and spur eco-
nomic development. New technologies can make small
plots of land more productive, increase farmers’ outputs,
and increase farmers’ incomes. Over time, the alleviation
of food shortages may allow people to focus on the larger
systemic problems that must be addressed.

This study investigates the use of agricultural technology
by rural farmers in Africa, including specialized seeds,
irrigation, and greenhouses. Fieldwork and interviews
conducted in Malawi and Kenya show that farmers
are using these technologies to improve their agricul-
tural productivity and their standards of living. How-
ever, farmers face obstacles in using these technologies,
including barriers to trade, unavailability of credit, and
lack of access to markets. This study also proposes policy
changes to address these obstacles.

2 Background

AFRICA’S AGRICULTURAL PRODUCTIVITY hasbeen declin-
ing since the 1970s.° Compared even to other developing
regions, Africa’s agricultural productivity is frighteningly
low—grain productivity per capita is a mere 40 percent

1. According to the World Food Programme, the factors contributing to global food price increases include rising oil and energy costs, growing
competition between biofuels and food, growing demand from burgeoning economies in the developing world, and increased climate and weather-
related events destroying crops and reducing food supplies. See World Food Programme, "What high food prices mean for WFP," May 26, 2008,

http://www.wfp.org/english/?ModulelD=137&Key=2797.

2. Agustin Carstens, “Development Committee Press Briefing" (Washington, DC: International Monetary Fund, April 13, 2008), http://www.imf.

org/external/np/tr/2008/tr080413.htm.

3. The World Bank, World Development Report 2008: Agriculture for Development (Washington, DC: The World Bank, 2007), http://sitere-

sources.worldbank.org/INTWDR2008/Resources/WDR_00_book.pdf.

4. lbid.

5. African Green Revolution, “Impact on Society—and Poverty reduction,” Yara International, http://www.africangreenrevolution.com/en/afri-

can_agriculture/impact/index.html.

6. Myléne Kherallah, Christopher Delgado, Eleni Gabre-Madhin, Nicholas Minot, and Michael Johnson, The Road Half Traveled: Agricultural Market
Reform in Sub-Saharan Africa (Washington, DC: International Food Policy Research Institute, 2000), 14, http://www.ifpri.org/pubs/ib/ib2.pdf.
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Kilograms per hectare

of other developing areas.” This gap is widening as other
regions improve and Africa continues to lag behind. (see
figure 1)

Africa’s lagging agricultural productivity is, in part, a
legacy of colonial times, when European governments
intervened in national economies across Africa, particu-
larly in agricultural sectors.® Agriculture was the main
economic activity of most African nations, and govern-
ment interventions made agricultural markets the main
source of government revenues.’ After African countries
achieved independence and embarked on economic
reforms, agriculture remained the target of government
interference. Governments set prices, taxed exports, and
nationalized land, discouraging commercial farming and
private investment in agriculture.'

FIGURE 1: MAIZE PRODUCTIVITY

Maize Productivity per Hectare
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Source: U.N. Food and Agriculture Organization's statistics group (FAOSTAT)"'

Limited private-sector investment in agriculture led to
limited investment in new technology. In Asia, 82 per-
cent of land is planted with modern (genetically modi-

fied and hybrid) seed varieties that are bred to withstand
specific diseases or environmental conditions. In Africa,
only 27 percent of land is planted with modern seeds.”
Not using the best inputs and equipment available, such
as hybrid seeds and basic irrigation systems, prevents
African farmers from maximizing the productivity of
their land.

Today’s agricultural technology can make millions of
rural poor more food secure and economically better off.
According to the World Bank, a 10 percent increase in
cropyieldsleadsto a9 percent decrease in the percentage
of people living on less than $1 a day.? It is essential, how-
ever, that increased agricultural productivity be derived
from the better use of existing agricultural land and not
from an expansion of agricultural land as in the past.
Over the last 40 years, increasing amounts of land have
been put to use for farming to the detriment of forests,
soil, and water." Some small-scale farmers in Malawi and
Kenya provide examples of how to improve the produc-
tivity of existing agricultural land: they have embraced
new technologies and are using them to increase their
harvests, incomes, and standards of living.

Technology in Use in Malawi
and Kenya

THOUGH KENYA AND Malawi are at different points in
their economic development—Kenya’s GDP is approxi-
mately six times higher than Malawi’s—agriculture is a
large part of both countries’ economies.”® Farmers in both
countries are using agricultural technology to improve
productivity and increase their standards of living.

7. U.S. Government Accountability Office (GAO), International Food Security: Insufficient Efforts by Host Governments and Donors Threaten
Progress to Halve Hunger in Sub-Saharan Africa by 2015, GAO-08-680 (Washington, DC: May 2008), 19-20, http://www.gao.gov/new.items/

d08680.pdf.
8. Kherallah et al., The Road Half Traveled, 5.

9. Robert H. Bates, Markets and States in Tropical Africa: The Political Basis of Agricultural Policies (Berkeley, CA: University of California Press,

1981), 13, 18.

10. Thomas Jayne, Jones Govereh, Anthony Mwanaumo, J.K. Nyoro, and Anthony Chapoto, "False Promise or False Premise? The Experience
of Food and Input Market Reform in Eastern and Southern Africa,” World Development 30, no. 11 (2002): 1,981; Kherallah et al., The Road Half

Traveled, 9.

11. See Robert Paarlberg, Starved for Science: How Biotechnology is Being Kept Out of Africa (Cambridge, MA: Harvard University Press, 2008), 81.

12. Ibid.

13. The World Bank, Agricultural Development at a Glance (Washington, DC: The World Bank, 2003), http://siteresources.worldbank.org/
ESSDNETWORK/64158610-1111583197441/20488135/AgriculturalDevelopmentAtAGlance.pdf.
14. African Green Revolution, "Productivity,” Yara International, http://www.africangreenrevolution.com/en/african_agriculture/productivity/

index.html.

15. Central Intelligence Agency, The World Factbook—M alawi, https://www.cia.gov/library/publications/the-world-factbook/geos/mi.html and
Central Intelligence Agency, The World Factbook —Kenya, https://www.cia.gov/library/publications/the-world-factbook/geos/ke.html.
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3.1. Agricultural Technology in Malawi—
Hybrid Seeds

MALAWTI 1S A landlocked country with a population
of approximately 14 million people. Its economy is
TANZANIA extremely small, and agriculture accounts for more than
one-third of GDP, approximately 90 percent of export
revenues, and 90 percent of employment. The average
GDP per capita is $230, and much of the population con-
sists of subsistence farmers.*

ZAMBIA

Hybrid seeds are the most common form of agricultural
technology used in Malawi.”” Though not ubiquitous,

hybrids are used across the country, in part due to an
G”fwﬂf"'f\{ﬁ‘f"‘” effort by the government and donors to subsidize their
A Wevria S use.’® Using hybrid seeds instead of local, traditional,

Mzuzu,

L

Nkhata Bay®

[ eLAWY) open-pollinated variety (OPV) seeds (also known as

heirloom seeds) has many advantages, but the most sig-

Nkhotakotal f nificant is the superior yields. No agricultural practice
| \ MOZAMBIQUE (including weeding, irrigation, fertilizer application, or

pest control) can improve a crop beyond the limit set by
the seed planted.”

LILONGWE
* Chipoka®,

Traditional OPV seeds typically produce lower yields,
but the seeds can be saved and planted the following sea-
son, while hybrid seeds’ yield are greatly diminished if
replanted. Farmers choose to plant hybrid seeds, dem-
onstrating that farmers understand the benefit of the bet-
ter seed and are willing to pay more for higher quality.
When both hybrid and OPV seeds were made available
for purchase as part of a subsidy program, approximately
75 percent of coupon recipients chose hybrid seeds even
though the cost of the seed was higher.?°

 Monkey,
“Bay - 5

ZIMB.

Malawi

16. International Comparison Program, Table of Results, The World Bank, http://siteresources.worldbank.org/ICPINT/Resources/icp-final-tables.
pdf.

17. Ahybrid is the product (first generation progeny) of a cross between two unrelated (genetically dissimilar) parents, one designated female and
the other male. Seed is produced by controlled cross-pollination.

18. Benabe Sanchez (Economist, DFID-Malawi), interview with the authors, June 6, 2008, Lilongwe, Malawi.

19. Agricultural Research Council, “Plant Breeding and Biotechnology," http://www.arc.agric.za/home.asp?pid=636#hybrids.

20. Sanchez, interview.
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GENETICALLY MODIFIED SEEDS

Like hybrid seeds, genetically modified (GM) seeds
have the ability to improve the livelihoods of all farm-
ers in Africa. Similar to hybrid seeds, GM seeds are
designed to perform in specific environmental condi-
tions and to survive droughts, disease, and insects.
Unlike hybrid seeds, these traits are introduced at the
genetic level in alaboratory instead of by cross-pol-
lination. The GM technique produces stronger traits
than those found in hybrid seeds, ultimately leading to
greater productivity.

Globally, the use of genetically modified seeds is
booming. According to the International Service for
the Acquisition of Agri-biotech Applications, in 2007,
"growth continued at a sustained double-digit growth
rate of 12 percent, or 12.3 million hectares (30 million
acres)—the second highest increase in global biotech
crop area in the last five years—reaching 114.3 million
hectares (282.4 million acres).""

1. International Service for the Acquisition of Agri-
Biotech Applications (ISAAA), "Global Status of Com-
mercialized Biotech/GM Crops: 2007" (ISAAA Brief
37-2007: Executive Summary), http://www.isaaa.org/
resources/publications/briefs/37/executivesummary/
default.html.

The increased productivity of hybrid and GM seeds gives
subsistence and small-scale farmers huge advantages.
High-tech seeds substantially increase crop yields and
reduce farmers’ workloads, resulting in farmers produc-
ing more than they consume and thus providing them the
opportunity to sell their excess product. The use of hybrid
seeds by farmers in Malawi, some of Africa’s poorest, sug-
gests a great potential for hybrid and GM seeds in Africa.
Unfortunately, few African countries allow the use of GM
seeds today.? This presents a major obstacle to improving
agricultural productivity and livelihoods (see Opposition
to GMOs, p. 8).

3.2. Agricultural Technology in Kenya

KENYA IS LOCATED in East Africa, on the Indian Ocean,
and is bordered by Somalia to the north and by Tanzania
to the south. Almost 40 million people live in the coun-
try, which is twice the size of Nevada. Kenya’s GDP per
capita is $1,800, though there is a wide disparity between
rich and poor.??
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Agriculture employs approximately three quarters of
Kenya’s workers. Kenya’s main exports include tea, hor-
ticultural products, and coffee. Though much of its trade
is with its neighbors, Uganda and Tanzania, Kenya also
exports heavily to the United Kingdom and to the Neth-
erlands. Kenya’s highlands are some of the most produc-
tive agricultural lands on the entire African continent.?

Despite great poverty, Kenya is home to agricultural
successes. Subsistence farmers and small-scale farmers
across Kenya have embraced new technology in order
to improve their productivity and their incomes. Plug
seedlings, greenhouses, irrigation systems, and hybrid
seeds are examples of technologies being used today to
improve outputs.

3.2A. Plug Seedling Technology

THE LoNGONOT FARM in Naivasha, Kenya, grows and
sells plug seedlings (young, recently germinated plants,
the roots of which are “plugged” into the ground). Since
1996, when it began growing seedlings, Longonot Farm
has been Kenya’s only plug seedling producer. The farm
grows plug seedlings of a variety of different vegetable

21. This may be changing. Kenya recently became the fourth African country to approve the use of genetically modified crops (joining South Africa,
Burkina Faso and Egypt). See Hanibal Goitom, “Kenya: Agriculture—Law on Use of Genetically Modified Crops," Library of Congress Global Legal
Monitor, February 27, 2009, http://www.loc.gov/lawweb/servlet/lloc_news?disp3_1034_text.

22. Sweden Abroad, "Kenya," Embassy of Sweden, http://www.swedenabroad.com/Page

32872.aspx. See "Kenya," The World Factbook,

(Washington, DC: Central Intelligence Agency, 2009), https://www.cia.gov/library/publications/the-world-factbook/geos/ke.html.

23. Sweden Abroad, "Kenya."
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Paul Donde, Manager of Longonot Farm, in the greenhouse with the plug seedlings.

plants using both OPV and hybrid seeds.?* Hybrid seed-
lings are popular, as the benefit of better seeds is magni-
fied by the plug seedling method.

Vegetable plant seedlings are used by farmers in place of
seeds because the already-germinated plants are much
more likely to produce a harvest. On average, 80 per-
cent of plugs can be harvested, while only 20 percent of
seeds typically reach maturity.?® Farmers pay more for
the seedlings because they can be guaranteed a predict-
able harvest, making planning easier. Plug seedlings also
mature two weeks earlier than traditional field-planted
seeds because the seedlings are grown in greenhouses
where moisture content and fertilizer are strictly moni-
tored. This allows farmers to sell their crops sooner and
receive a return on their investments faster.

Though the benefits of the seedlings are noticeable to
those who use them, Longonot faces some problems
in expanding its sales. Paul Donde, the farm’s manager,
suggests that “the biggest obstacle preventing Longonot
from further penetration into the smallholder agricul-
tural market is the cost of transportation and packaging.”
According to Paul’s estimates, transport and packaging
double the cost of the seedlings to farmers. Also, poor
roads and long distances prevent Longonot from serving
the entire country and constrain its sales to a relatively
small area near the farm.>

24. Ibid.

Another factor that increases the cost of plug technology
is the tariffs levied on the trays in which the seedlings are
grown. Longonot must import the trays, as there are no
manufacturers in Kenya capable of producing them, and
state-imposed import tariffs on the trays raise the cost of
producing the seedlings.

Longonot focuses on the smallholder market because sub-
sistence farmers make up so much of Kenya’s agricultural
sector. Iftariffs on the trays could be reduced and the roads
improved, the seedlings could be sold at lower prices and
would be more accessible to subsistence farmers.

3.2B. Drip Technology

DRIP IRRIGATION USES a system of small pipes (called
drip tapes or drip lanes) to deliver water directly to the
roots of plants instead of irrigating the entire surface
area of a field. Drip irrigation’s great benefit is that it
uses a limited amount of water. When the crops need to
be watered, farmers turn a tap, allowing water to flow
through the drip tapes. Drip tapes can also be used to
carry fertilizer and chemicals directly to the root sys-
tem, helping to reduce the use of pesticides and fertilizer.
Drip technology allows farmers to grow crops through-
out the year (if they save water during the rainy season
or have a permanent source of water) and to substantially
improve their yields. Once installed, the drip irrigation

25. Paul Donde (farm manager, Longonot Farm), interview with the authors, June 11, 2008, Naivasha, Kenya.

26. Ibid.
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system saves time over other manual methods of water-
ing plants, as water flows at the turn of a tap.

Access to water and irrigation make a large difference in
productivity and yields.?” Indeed, irrigated land is twice
as productive as rain-fed land.?® According to a report by
the Commission for Africa, poverty can be as much as
20-30 percent lower in areas where a higher proportion
of land is irrigated, as rain-fed agriculture is far more
vulnerable to climatic variability.?” The demand for irri-
gation is high in SSA as only 4 percent of the area in pro-
duction is irrigated.*°

Five drip tapes, stretching approximately 30 meters, typ-
ically cost about 1,700 Kenyan shillings (approximately
$27). This investment, approximately 2 percent of aver-
age annual GDP per capita, can lead to significant returns,
particularly when one considers the savings in chemicals
and fertilizers and the increased yields. If farmers can
afford to make the investment and know how to use it,
there is a great benefit to using irrigation equipment.

27. The World Bank, World Development Report 2008.
28. lbid.

Left: Drip irrigation pipes run along the roots of tomato plants. Right: A "tomato tunnel” greenhouse.

DRIP IRRIGATION AND HYBRID TOMATO
SEEDS: A PRODUCTIVE COMBINATION

The Kuria district is home to the Muchui Women's
Group, which was established in 1992 and consists of
62 members that support approximately 550 family
members. Recognizing the importance of irrigation for
food security, the Muchui Women's Group decided to
adopt drip technology on their small plots. The results
have been remarkable: the women and their depen-
dents are food secure, and they have helped others in
the areaincrease their production as well.

The Muchui Women's Group plots showcase the pro-
ductive capabilities of new technologies to other farm-
ersinthe area. According to Teresa Mellish of Farmers
Helping Farmers (a Canadian NGO that supports and
works with the Muchui group), when Seminis (a divi-
sion of Monsanto) introduced a new hybrid tomato in
the area, approximately 500 people from surrounding
areas came to see the Muchui Women's Group's crop
demonstrations.’

1. Teresa Mellish (Volunteer, Farmers Helping Farm-
ers), interview with the author, June 10, 2008.

29. Commission for Africa, Our Common Interest: Report of the Commission for Africa (March 2005), http://213.225.140.43/english/report/

thereport/english/11-03-05_cr_report.pdf.
30. The World Bank, World Development Report 2008.
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3.2C. Greenhouse Technology

GREENHOUSES WERE USED as long ago as 30 AD when
the Roman emperor Tiberius demanded cucumbers in
the off-season.® Greenhouses have evolved substantially
since the days of Tiberius, but the basic premise remains
the same. Though a fairly simple technology, greenhouses
increase outputs while decreasing inputs. Greenhouses
also offer the farmer the potential to grow produce all
year in a controlled environment, sheltered from the ele-
ments. The opportunity to grow high-quality produce
in the off-season when supply is limited and prices are
higher allows farmers to increase their incomes.

In Kenya, a typical greenhouse’s walls and roof are made
of plastic sheeting. The plastic filters harmful ultraviolet
rays from the sun that would otherwise damage the crop
and, in the rainy season, keeps the produce dry, prevent-
ing spoilage. The structure is small enough to fit on any
smallholder’s plot and even in an urban garden.

Greenhouse farming requires less water than farming in
an open field, as water lost to evaporation is dramati-
cally reduced. When drip irrigation technology is used
within a greenhouse, farmers use only a tenth of the
water needed for an equivalent open field.*? The green-
house not only helps with water conservation during the
dry season, but also reduces the amount of water going
directly onto the crop during the rainy season, decreasing
the probability of the crop spoiling.

Farming in a greenhouse also requires less labor than
open-field farming. A greenhouse can be as productive
as amuch larger open field, but it is easier to weed, spray,
and water (particularly with a drip irrigation system)
requiring a few hours’ work per day by a single individu-
al. Farming an open field of equivalent productivity often
requires a number of people working a full day, often for
a smaller crop.

Further gains can be realized when farmers plant hybrid
seeds within the greenhouse. In Kenya, a specific seed
has been designed for use in a greenhouse (see box,
Development of Hybrid Seeds, p. 8), and a template of
a greenhouse designed to encourage uptake of the seed.

The greenhouse designed for use with the hybrid tomato
seeds covers roughly 240 m? of ground but produces the
same yield as a one-acre plot (approx. 4,047 m?).* Only
2.5 grams of seed, retailing for approximately KSH 750
($12.14), are needed to plant the entire greenhouse. An
acre of open field using OPV seeds will typically require
100 grams of seed, which retails for approximately KSH
900 ($14.56).

In addition to the productivity gains derived from the use
of greenhouses, crops produced within a greenhouse are
of significantly higher quality. The typical OPV tomato
from the field will sell for KSH 15 ($0.24) per kilogram,
whereas a hybrid tomato produced in a greenhouse sells
for KSH 50 ($0.81) per kilogram. Bank officers who learn
about the efficiency of greenhouses at field day demon-
strations (see box, p. 8) are often willing to provide loans
to farmers to build such greenhouses.**

Greenhouses contribute to food security by increasing
productivity and quality while saving water, fertilizer,
pesticides, labor, and land. Perhaps the greatest gain from
producing crops within a greenhouse is the ability to reap
the benefits of production in the off-season, ensuring that
a high-quality product is available throughout the year.
Growing and selling crops year-round increases farmers’
incomes and raises their standards of living.

3.2D. Kenya Summary

AGRICULTURAL TECHNOLOGY IS increasingly common
in Kenya, from hybrid seeds to drip irrigation, plug seed-
lings, and greenhouses. Using these technologies helps
farmers increase their productivity and their incomes,
and, therefore, their standard of living. Most impor-
tantly, much of this technology enables farmers to dras-
tically increase the productivity of their smallholdings,
allowing them to increase their incomes without having
to acquire more land—a process that can be difficult in
many African countries.

31. Forahistory of greenhouses, see The Sun Country Greenhouse Company, “The History of Greenhouses," http://www.hobby-greenhouse.

com/history_of_greenhouses.htm.

32. Peter Randa (scientist, Seminis division, Monsanto Company), interview with the authors, June 12, 2008, Nairobi, Kenya.
33. Each hybrid tomato plant in a greenhouse will produce approximately 20 kg of fruit whereas each OPV plant in the field will produce approxi-

mately 1.5 kg of fruit.
34. Randa, interview.
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