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The United Nations declared 2014 

the International Year of Family 

Farming. Although many forms of 

production were once family-based, 

agriculture is now one of the few that 

are still dominated by families. Because family farms are 

so prevalent, making them more productive could help 

combat poverty and hunger in many rural areas around 

the world. Family farms are mostly small in scale, but 

they are highly diverse in other ways, and their pathways 

out of poverty will vary. The feature article in this issue 

of Insights looks at the prospects for supporting family 

farmers and, in some cases, encouraging workers to 

move off of farms in favor of other opportunities.

The rest of this issue of Insights describes other 

important IFPRI research, touching on many different 

areas related to food policy. As always, we welcome your 

thoughts and comments.

Shenggen Fan, Director General
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An “info lady” uses her laptop to 
provide a farmer with information 
on fertilizer.
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BELGIUM 
Activists protest biofuels in front of the European Parliament in Brussels.
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The War of Words over Biofuels
Research on land use is used as evidence in Europe’s battle over biofuel mandates, but the issue 
remains unsettled. 

Salvos continue in Europe’s contentious 
debate over the region’s production and 

use of biofuels. After a series of proposals 
and counterproposals in 2013, Europe is 
now left in a situation that IFPRI Senior 
Research Fellow David Laborde calls “the 
worst possible.”

Europe currently mandates that 10 
percent of transport fuels come from 
renewable energy. In practice, these 
renewable fuels consist almost entirely of 
crop-based biofuels. The problem arises 
because studies, including several from 
IFPRI, have shown that first-generation 
biofuels—made from food crops like 
wheat or rapeseed—can actually raise 
net greenhouse gas emissions. Now 
some countries want to reduce biofuels 
as a share of transport fuels, while other 
countries and the biofuel industry are 
fighting to maintain the status quo.

Dueling Caps
In July 2013, the European Parliament’s 
Environmental Committee voted to 
cap the transportation industry’s use of 
first-generation biofuels at 5.5 percent of 
transport fuels, following the lead of the 
European Commission, which in 2012 
had proposed a 5 percent cap. Under 

heavy pressure from the biofuel industry 
and various member states, however, the 
European Parliament later raised the 
proposed cap to 6 percent. Lithuania, 
which held the EU presidency until 
January 2014, countered with a cap of 7 
percent to be approved by the European 
Council, the third EU body to participate 
in the decision. 

All of the back-and-forth came to a 
standstill last December when the 
European Council met for a vote. Seven 
member states blocked the proposal, 
some arguing that the cap was too low, 
and others saying it was too high. On 
June 13 the Energy Council reached a 
political agreement on the draft directive 
on indirect land use change prepared 
by the Hellenic presidency (a 7 percent 
target for conventional biofuels, stronger 
encouragement for advanced biofuels, 
reporting on indirect land use change). 
A final decision, which will need to be 
supported by the newly elected European 
Parliament and newly appointed 
European Commission, may wait 
until 2015.

Repurposing Land
Environmental concerns about biofuel 
production stem from evidence on how it 

can indirectly lead to changes in land use. 
To expand biofuel production or to replace 
cropland taken over by biofuel production, 
farmers sometimes clear forests and other 
pristine lands. When this change in land 
use takes place, the carbon stored in soil 
and accumulated biomass is released, 
pushing up net greenhouse gas emissions. 

Laborde has been heavily involved in 
assessing the impact of Europe’s biofuels 
mandate on land use and greenhouse gas 
emissions, using IFPRI’s MIRAGE-
Biof Model. “In a world where carbon 
is not priced properly, supporting the 
most efficient biofuels has to be a central 
component of any biofuel legislation,” 
he says. 

Yet the issue of indirect land use change 
continues to be a bone of contention. The 
European Biodiesel Board, an industry 
lobby group, has dubbed IFPRI’s model 
“ungrounded science” and called for 
further research. European Commission 
officials, however, still consider IFPRI 
estimates robust, calling them “the best 
available science” on the issue. 

Why is the existing situation so dire? 
According to Laborde, the current 
legislative uncertainty gives investors 
and firms no incentive to come up with 
innovative ways of converting biomass 
into liquid energy. At the same time, the 
status quo benefits the existing first-
generation industry, which delivers very 
low greenhouse gas savings at a high 
economic cost. 

The long-term implications, says Laborde, 
go beyond biofuels: “Indirect land use 
changes have potential consequences 
for the whole biomass-based economy. 
This raises the question, should we 
acknowledge the fact that the land used to 
produce biomass has as an inherent value 
as a carbon sink?”

-Sara Gustafson

EUROPE
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Mixed Signals 
How do you prepare for climate change when forecasts point in different directions?

African farmers, get ready. Your 
climate is going to get wetter. Or 

maybe drier. Or a lot hotter. Or not.

Three recent IFPRI books on climate 
change in East Africa, West Africa, 
and Southern Africa, which present 
scenarios of climate change and 
implications for agriculture and food 

security, illustrate the wide scope 
of climate projections. One model 
predicts an increase of more than 100 
millimeters of rain a year for most 
of East and Central Africa. Another 
model projects that rainfall will decline 
significantly in some countries but 
change little in most areas. With this 
kind of variation in projections, how 
can agriculture ministries, development 
agencies, and farmers prepare?

Possible Futures
Climate change will open the door to 
both climate hotspots, where productivity 
declines are projected to be significant, 
and climate opportunities, where yields 
could rise or new crops could grow.

The risk of counting on one particular 
forecast can be high for a farmer or 
an agricultural system, says IFPRI 
Research Fellow Timothy Thomas, 
who coauthored the book series. If you 
invest in the certainty that your climate 
is going to get drier and then it doesn’t, 
you’ve wasted your resources. And the 
best scientists in the world can’t agree on 

what’s going to happen in a lot of places. 

“The trick,” says Thomas, “will be to find 
ways of adapting to many possible future 
climates, not to tailor expectations to one 
future in particular.” 

This flexible approach will depend partly 
on research. If researchers develop crop 
varieties to address the different scenarios 
farmers might face, such as heat stress, 
drought, or soil salinity, farmers can 
choose the variety that best matches actual 
conditions as they change. Governments 
need to strengthen their research sectors 
now, says Thomas, since developing suitable 
crop varieties can take many years. They 
should also try to achieve economies 
of scale by working with regional 
organizations because ecological zones can 
span more than one country.

Good for Agriculture
Thomas points out that climate models 
don’t always disagree, and where three 
or four of the four main models predict 
a drier or wetter climate, that outcome is 
more likely to unfold.

And, he says, given that crop yields in 
Africa are so low, many steps can be 

taken now to raise productivity. These are 
likely to also be good for a future with 
climate change. For example, improving 
roads and transport would help connect 
farmers with markets so they can buy 
inputs like fertilizer and sell their 
outputs. Irrigation or water harvesting 
could be undertaken where possible. 
Investments in research would help 
develop more robust crop varieties that 
are quicker to mature and more drought-
tolerant, and extension systems can teach 
farmers how to use the new crop varieties 
and other new technologies.

 “Good policy for climate change,” says 
Thomas, “is almost always good policy 
for agriculture in general.” 

—Sandra Yin

AFRICA

UNCERTAIN FUTURE  
Climate change could bring floods, drought, or even better growing conditions.

Left to right: @ Panos/A. McConnell; Panos/M. Ostergaard; Panos/N. Quarmyne
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US POLICY

A New US Farm Bill—but the Song 
Remains the Same What are the implications of the latest farm policy?

A two-year, highly partisan clash in 
the US Congress officially drew to 

a close on February 7, when President 
Barack Obama signed the Agricultural 
Act of 2014 (the “farm bill”) into law. The 
law authorizes more than $950 billion 
in government spending on nutrition 
programs, crop insurance, conservation 
efforts, commodity programs, and 
more over the next 10 years. “Farm 
bills are always complicated. This one is 
particularly complicated,” says IFPRI 
Senior Research Fellow David Orden. 

Central to the stalemate was the 
embattled Supplemental Nutrition 
Assistance Program, commonly known 
as food stamps. The attempt to slash 
food stamp funding was seen by many 
as a politically—and some might add, 
morally—questionable move, and the 
$40 billion in cuts proposed by the 
House of Representatives was ultimately 
trimmed to an $8 billion reduction, 
amounting to less than a 1 percent 
contraction in expenditures. 

As the World Trade Organization 
(WTO) continues to advocate for a less 
distorted global agricultural system, the 
farm bill does little to support the cause. 
By tying the payments made to farmers 
more closely to prices and production, 
the law moves away from so-called 
nondistortionary programs and toward 
those that can distort markets when 
falling prices trigger payouts. “This is 
quite retrograde,” says Orden. 

“We’re moving in the wrong direction, 
back to continuing the long tradition of 
providing support to farmers when prices 
or revenues fall.”

Shape-Shifting Subsidies
Crop and dairy subsidies, particularly 
direct payments, were a long-
controversial element of farm bills past. 
These no-strings-attached payouts, 
totaling approximately $5 billion a year, 
were disbursed to famers based on the 
size of their cropland—even if, in some 
cases, they didn’t plant a seed. While 
the new bill eliminates direct payments, 
it keeps other subsidies firmly intact—
albeit in new forms. 

Crop insurance now plays a weighty role 
in farm policy, constituting the second-
largest expenditure in the bill, surpassed 
only by nutrition spending. Since 2008, 
crop insurance covering farmers’ yield 
and revenue losses within a production 
year has displaced other types of farm 
assistance and was further strengthened 
in the farm bill. The law introduces a 
new Supplemental Coverage Option 
(SCO) that indemnifies farmers against 
smaller losses than covered under past 
insurance programs. 

The farm bill also replaces past price 
and income support for cotton farmers 
with an insurance program—a change 
endorsed by domestic producers and 
intended to comply with WTO rulings 
on cotton. “This is perhaps the first 
time that the WTO has had such direct 
influence on US farm policy,” says Orden.

The 2014 farm bill debuts a new dairy 
insurance program based on the margin 
between milk prices and feed costs, as 
well. With these various additions, the 
insurance programs brandish a price tag 
of $90 billion over the next 10 years. 

Stronger Supports
The farm bill strengthens more 
traditional types of farm assistance, 
too, revising past countercyclical price 
and revenue support programs. Farmers 
must choose between two types of 
countercyclical programs for each crop 
they produce: Price Loss Coverage 
(PLC) and Agriculture Risk Coverage 
(ARC). PLC provides payments to 
farmers when the price of a commodity 
drops below a predetermined floor. And 
ARC—like SCO—covers losses smaller 
than what would be covered by farmers’ 
crop insurance. Because these programs 
tie US policy more closely to prices and 
production, compared with the 2008 
farm bill, expenditures will be less 
predictable and could prove significantly 
more costly should commodity prices fall.

The move toward policies bound to prices 
and production might not have happened 
had a stronger WTO Agreement on 
Agriculture been reached in the Doha 
Round negotiations in Bali in November 
2013, Orden points out. “Now that this 
farm bill has been enacted into law,” he 
says, “it makes it all the more difficult for 
new WTO disciplines to be considered.” 

At the end of the day, what remains is 
another expensive, distortionary, subsidy-
laden bill. It is, indeed, a “new” farm bill 
but the song remains the same. 

—Rebecca Harris Sullivan
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MAIZE

INDIA
Hybrid maize has raised farmers’ returns and reduced their risks. 
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Here Comes the Sun
How did once-struggling Bihar achieve a boom in maize production? 

Largely bypassed by the Green 
Revolution of the 1960s and 1970s, 

the state of Bihar in eastern India once 
languished beside neighboring states 
whose economies flourished with 
bumper crops of wheat and rice. Times 
have changed. Currently India’s third-
largest producer of maize, Bihar now 
accounts for about 10 percent of national 
production. What made this astonishing 
about-face possible?

Three decades ago, agriculture in 
Bihar was composed mostly of tiny 
farms vulnerable to seasonal floods and 
droughts. A dearth of institutions and 
infrastructure, such as electricity and 
roads, coupled with underdeveloped 
markets that kept crop prices low, 
posed obstacles to growth. Although 
agriculture employs more than three-
quarters of Bihar’s residents, many 
lacked access to credit and productivity-
enhancing technologies such as fertilizers 
and irrigation.

A Perfect Fit
It turned out that hybrid maize, which 
requires less water than wheat or rice, 
was a perfect fit for Bihar’s growing 
conditions. IFPRI Research Analyst 
Gaurav Tripathi, who with other IFPRI 
researchers conducted a recent study on 
maize in Bihar, credits, among other 
things, the residual moisture in the 
soil after the rainy season for reducing 
the irrigation needs for winter/spring 
crops. “Bihar,” he says, “is blessed with 
fertile soil, bright sunlight, and water 
for irrigation.” 

The adoption of hybrid maize was 
the result of a shift in government 
seed policy in 1989 that allowed the 
private sector to develop, produce, 
and distribute seeds. “Multinational 
corporations have a higher capacity for 
research and development, production, 
and distribution in large quantities. 
They created capacity for large-scale 

production of hybrid seeds, which 
ultimately facilitated hybrid adoption in 
Bihar,” says Tripathi. 

Hybrid maize, bred to be more robust 
and produce higher yields, has been 
widely adopted throughout the state. 
These hybrid seeds extend harvests 
far beyond the rainy season and allow 
the state to meet growing commercial 
and feed demand. Up to 60 percent of 
Bihar’s maize is sold for export. Rising 
income levels have sparked brisk growth 
in demand for feed in the dairy and 
poultry sectors, particularly in emerging 
economies, Tripathi explained. One big 
potential market is China, where imports 
are rising because demand for maize is 
outpacing production. “Bihar has the 
capacity to tap the Chinese market and 
become a global player in maize exports,” 
says Tripathi.

Superior Seeds
Bihar’s rise as a potential world player 
in the maize export market was made 
possible by a public-private partnership. 

More than 90 percent of Bihar’s hybrid 
seeds come from the private sector. 
While this partnership has allowed 
for technology transfer, ballooning 
agricultural output, a growing export 
market, additional growing seasons, and 
more resilient maize varieties, it has not 
been without controversy. Some critics 
argue that private sector seeds tend to 
be more costly than those developed by 
the public sector. But, in Tripathi’s view, 
private-sector involvement was essential 
to Bihar’s successes: “The costs of hybrid 
seeds are higher, but returns are higher 
and risks even less because hybrids are 
better adapted to biotic stresses, such 
as diseases, and abiotic stresses, such as 
moisture,” he said. The public-private 
aspect of the partnership is important, he 
adds, because it helps contain costs while 
maintaining seed quality. 

Says Tripathi: “It actually has played a 
key role in the maize success story.”

—Rebecca Harris Sullivan
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KONGA, ETHIOPIA
Data on gender equality can highlight gaps and help monitor progress.

© Panos/A. Vitale

GENDER

Measuring Women’s Rights and Roles
What inequalities do women face in Ethiopia?

In rural Ethiopia, people say farming 
is a man’s job. In reality, women 

play a large role in agriculture from 
farm to table. Take a drive through the 
countryside, and you will see women 
planting, weeding, tending to gardens, 
and harvesting, among other farm 
activities. The markets are bustling 
with women selling produce and small 
livestock in addition to spices, honey, and 
shea butter. 

Why, given their many contributions 
to agriculture, are women so often 
marginalized? To help shed more light 
on gender inequalities, researchers from 
IFPRI’s gender team and Research for 
Ethiopia’s Agriculture Policy (REAP) 
Program are analyzing national data to 
compare differences between male- and 
female-headed agricultural households, 
reviewing the literature on gender gaps 
in agriculture, and offering training 
on collecting sex-disaggregated data. 
Moving forward, the team will shift 
from comparing male- and female-
headed households to showing other 

indicators that can lead to deeper analysis 
and understanding of women’s role 
in agriculture. 

This work, says Seblewongel Deneke, 
director of the Gender Program at the 
Ethiopian Agricultural Transformation 
Agency (ATA), will generate evidence to 
help design and implement agricultural 
policies and programs. “Gender equality,” 
she says, “is recognized as a critical 
development issue in Ethiopia.”

Slow Progress
Over the past two decades, the Ethiopian 
government has started to chip away at 
gender inequality. An overhaul to family 
law provided stronger rights for women 
in terms of land ownership, inheritance, 
and marriage. The government 
introduced a requirement that land 
certificates include the name and picture 
of both the husband and wife. According 
to Cheryl Doss of Yale University, who 
serves as the gender team leader of the 
IFPRI-led research program on Policies, 
Institutions, and Markets, “When men 

and women have secure property rights, 
they experience lower vulnerability and 
are better able to cope with shocks.” 

Girls’ access to education has also 
improved. In 2000, Ethiopian schools 
enrolled 71 girls for every 100 boys; 
by 2007, the number of girls enrolled 
for every 100 boys had risen to 87. A 
recent World Bank study found that 
when women have access to education, 
the entire household experiences better 
health, nutrition, and education. 

Deep-Seated Social Norms
Still, the laws have not triumphed over 
deep-seated social norms that reinforce 
discrimination against women—
especially in agriculture. Female-headed 
households tend to own less land, operate 
smaller farms, and harvest lower yields 
than male-headed farms. Many tools 
and resources are geared toward men. 
IFPRI studies have shown that women 
typically have less access to credit, 
irrigation, fertilizer, improved seeds, 
and agricultural extension services and 
training. Closing this resource gap 
could significantly improve crop yields 
for the country, according to the Food 
and Agriculture Organization of the 
United Nations. 

IFPRI researchers have added to the 
availability of information on Ethiopia’s 
gender gap: while progress has been 
made, there’s a long way to go. Last 
year’s World Economic Forum report 
on the gender gap ranked Ethiopia 118 
out of 136 countries in terms of gender 
equality. “Before we can close the gender 
gaps in women’s land rights, for example, 
we need good data on what rights they 
have,” says Doss. “By collecting sex-
disaggregated data, we can identify 
the gaps and monitor progress toward 
their resolution.”

—Sarah McMullan
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Help Wanted 
Does India’s public works jobs program actually help poor people?

In 2005, in an effort to put a dent in the 
country’s high rate of rural poverty, the 

Indian government adopted a scheme to 
make 100 days of employment, at a min-
imum wage, available to any rural person 
who wished to work. The Mahatma Gandhi 
National Rural Employment Guarantee 
Scheme (MGNREGS) should be a win-
win: poor people receive a decent wage to 
work on projects, such as roads and irriga-
tion, and the whole community benefits. 

MGNREGS is ambitious in scope as well as 
mission: employing 55 million households 
on 5.1 million projects with a budget of 
around US$7 billion, it is the largest public 
works employment project in the world. 
But does it really help the poorest and most 
vulnerable? Does it improve nutrition and 
reduce hunger? To find out, IFPRI Research 
Fellow Yanyan Liu and her colleagues 
looked at survey data at the national and 
state level, and then drilled down into the 
details in one large state, Andhra Pradesh. 

Designed “Pro-Poor”
MGNREGS is designed to be self-select-
ing: a person looking for work must take the 
initiative by signing up with their village 
government. This, it turns out, makes the 
program “pro-poor.” Why? 

The work is unskilled and physically 
demanding, but “this is work the poor are 
doing anyway,” says Liu. “Most of these 
jobs are land improvement—clearing land, 
irrigating. These are not white collar jobs.” 
And while the wage is fair—above the 
market rate, in fact—it is still low. “All rural 
households are eligible,” Liu says, “but low 
pay and unskilled work mean only the poor 
are really interested.”  

What about reducing hunger? Again, the 
results were positive: the IFPRI study in 
Andhra Pradesh found that in the short 
term, participants consumed more calories 
and more protein than nonparticipants. 
In the longer term, they used their wages 
to buy assets, also a positive move toward 
food security.

But Who Gets the Job?
What if there are more applicants than 
available jobs? How do program managers 
decide who gets the job? “That’s a black box,” 
Liu says. “Researchers do not really know.” 
The potential for “rationing” presents an 
obvious risk of corruption. To encourage 
transparency, program designers require that 
all program records be open for local people 
to see so that they can hold officials account-
able. Andhra Pradesh took the extra precau-
tion of paying workers through “smart” bank 
cards that send earnings directly to their 
accounts instead of through administrators 
who might take a cut. 

The study also found that, because it offers 
equal pay for men and women, MGNREGS 
has the potential to empower women. In 
fact, more than half of participants are wom-
en, thanks to the fair wage and features such 
as day care, shelter, and water. 

—Marcia MacNeil

INDIA 
More than half of workers in India’s public works program are women.

© Panos/S. Dasz
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Bean Counting 
Should Indians be growing and eating more pulses? 

Beans, peas, and lentils—collectively 
known as pulses—are a cheap and 

readily available source of protein that 
have long played a large role in Indian 
diets. Every state has its own version of 
dal, a stew made from pulses, and its 
own techniques for preparing it. India 
produces and consumes one-quarter of 
the global supply—much more than any 
other country. Besides their nutritional 
benefits, pulses can fix nitrogen in soils, 
improving soil fertility. But, according to 
recent IFPRI research, the price of pulses 
in India is rising, and Indians’ per capita 
consumption is on the decline as 
they have moved toward a 
more diverse diet. 

“The Indian 
government 
is making 
a strong 
effort to 
increase 
pulse 
production,” 
says P. K. 
Joshi, director 
of South Asia for 
IFPRI. “Yet available 
production is not sufficient 
to meet the existing demand for 
pulses.” At a recent workshop on pulses 
in India sponsored by IFPRI’s South Asia 
Office and the Agriculture for Nutrition 
and Health (A4NH) CGIAR Research 
Program, participants examined the 
state of pulses in India and considered 
ways of expanding the role of pulses in 
contributing to a healthy food system.

Supply Falls Behind
From 1988 to 2009, consumption of pulses 
fell by 28 percent in poor households 
and by 37 percent in high-income 
households. Still, although Indians are 
eating more meat, fruits, and vegetables, 
their consumption of protein remains 

low. At the same time, although per 
capita consumption has fallen, total 
demand for pulses has been growing 
continuously, owing to population 
growth, an expanding economy, and 
increasing awareness of pulses’ health and 
nutrition benefits. 

Pulse production hovered between 11 
and 14 million tons for decades and then 
jumped in recent years to around 18 
million tons. Nonetheless, India’s total 
production remains about 3–4 million 
tons below demand. Several factors 

have limited pulse 
production and 

productivity, including 
the fact that pulses are grown on marginal 
lands, low response of pulses to input 
management, on-field biotic and abiotic 
stresses, and unstable prices. Given the 
gap between supply and demand, imports 
of pulses—and prices to consumers—
have risen.

Opportunities Abound
Much can be done to raise production of 
pulses in India. For example, technological 
advances and high-yield varieties could 
be made available to farmers. Huge 
opportunities exist to increase pulse 

production in rice-fallow systems and in 
nontraditional areas such as semi-tropic 
rainfed regions. Joshi points to the Indian 
states of Chhattisgarh and Haryana, 
which have included pulses in their 
public food procurement and distribution 
systems, as models for the rest of India. 
“A new initiative to include pulses in 
the public distribution system will help 
supply pulses to poor people and make a 
difference to their nutritional security,” 
he says.

On the consumer side, more could be 
done to develop new food products made 
from pulses, points out John McDermott, 

director of A4NH. “While 
private firms would 

be most interested 
in middle-class 
consumers,” he says, 

“we would like 
to speed up 
innovations 
in foods for 
poor people, 

both rural and 
urban.” Possible 

approaches 
include promoting 

public-private 
partnerships and making 

policies and regulations more supportive 
of nutrition and food safety. 

 Although Joshi makes the case for 
increasing domestic production of pulses, 
which are not easily available in the global 
market, he also points out that trade could 
play a bigger role in meeting demand. 
“Trade is fluctuating due to changing 
domestic production,” he says. “This is 
not giving clear and sustained signals 
about trade opportunities to the rest of 
world. Because India is a major producer, 
consumer, and importer, the Indian 
government has to give clear signals about 
opportunities for trade in pulses.” 

—Vaishali Dassani

© O. Vasileva/123RF
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ETHIOPIA
Rental markets are helping spread the use of tractors.

Farmers Power Up
A vibrant market in farm machinery services is emerging in Africa.

In most parts of Africa, it is common 
to see humans and animals supplying 

the power for planting and harvesting. 
In the coming years, though, more and 
more farm machines—such as tractors, 
tillers, combine harvesters, and electric 
irrigation pumps—are likely to dot 
Africa’s landscape. IFPRI researchers 
studying agricultural mechanization 
in various countries have found that 
innovative ways of supplying farm 
machinery have been key to spreading 
access to equipment in Asia and may do 
so in Africa as well (see infographic on 
pages 28–29). 

Replacing Departing Workers
Urbanization and the growth of 
nonagricultural sectors are changing 
African economies. Workers are moving 
out of low-productivity agriculture and 
into higher-productivity nonagricultural 
work. As a result, farmers increasingly 
seek to mechanize farming operations 
to reduce their labor costs and free up 
family labor for other activities. Yet until 
recently little has been known about the 
process of mechanization. “Academic 
and policy research has all but ignored 
the role of mechanization in agricultural 
transformation in Africa since the 

1980s,” says Xinshen Diao, a senior 
research fellow at IFPRI.

Experiences in some Asian countries, 
where mechanization has taken off in 
recent decades, show how the shift from 
human or animal power to machine 
power can occur. According to IFPRI’s 
research, the catalyst behind widespread 
access to machinery in Bangladesh, 
Thailand, Vietnam, and elsewhere is the 
rental market. Farm machinery rental 
services, along with improved seeds, have 
allowed small-scale farmers to benefit 
from scale efficiencies without creating 
large farms. In Bangladesh, more than 
80 percent of land preparation, maize 
shelling, and rice threshing is now done 
by machine, despite declining farm sizes 
since the 1980s. The widespread use 
of small-scale machinery has allowed 
farmers to maintain productivity, despite 
declining farm sizes, rising wage rates, 
and the shift of labor out of agriculture. 
Less than 3 percent of Bangladeshi 
farmers own power tillers—but more 
than 70 percent of farmers use power 
tillers through the rental market.

Money-Making Business
Farmers who own machinery can make 
more money from rental services than 
from their original farm activities, as was 

found in Bangladesh and Thailand. In 
Ghana’s Ejura district, an entrepreneurial 
group of farmers is investing in 
agricultural machinery as a business. In 
addition to operating their own farms, 
they provide fee-based services to small 
farmers in nearby communities, in 
other areas of Ghana, and even as far as 
Burkina Faso and Togo. Mechanization 
through the rental market is proving 
highly profitable, and income from rental 
services is a key factor motivating farmers 
to invest in agricultural machinery. 

IFPRI researchers also found an 
emerging rental market in the central 
highland region of Oromiya, Ethiopia. 
There farmers combine the use of tractor 
plowing with animal plowing when 
the rain comes late. Tractor owners 
are confident they will recoup their 
investment costs in five to seven years 
through rental services. 

“Africa will be little different from 
Asia in the development of agricultural 
mechanization,” says Diao. “We can 
be confident that the private sector, 
including farmer-entrepreneurs, will 
lead this process. But there is also 
plenty of room for governments to play 
a facilitating role to make this process 
faster and benefit more small farmers.”

—Frances Cossar

MECHANIZATION
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Talking with Lant Pritchett 
Lant Pritchett is the author of the recent book The Rebirth of Education: 
Schooling Ain’t Learning. He is a professor at the Kennedy School of 
Government at Harvard University.

In your book, you show that a number 
of developing countries—in the push to 
achieve the Millennium Development 
Goal of universal primary schooling 
by 2015—have made great strides 
in increasing school enrollment 
and primary school completion, but 
learning outcomes for students are not 
improving. What’s happening?

Well, it’s not just that some countries 
have made some progress in primary 
schooling—rather, it’s that nearly all 
countries have made huge progress. Most 
developing countries today have levels 
of schooling completed that are as high 
as the rich countries had in the 1950s 
or 1960s, although they still have the 
incomes these countries had in the 1860s. 
They’ve made enormous progress, and 
the progress has been quite uniform. If 
you differentiate countries by the most 
corrupt and least corrupt, they both 
went up by five years of schooling. If you 
differentiate by most democratic and least 
democratic, they all went up by five years 
of schooling. 

But the learning levels are low. I don’t 
think it’s been adequately documented 
just how low. For many students, even 
completing five or six years of school 
leaves them completely innumerate and 
completely illiterate. And there’s not 
a lot of evidence that it’s on a positive 
trajectory. Even in countries where it’s on 
an upward trajectory, it’s pretty slow. In 
many cases, it would take them another 
100 years or more to reach today’s 
learning levels in OECD countries. 

Often as academics we jump to 
explanations of the facts before we 

establish the facts. In this case, just 
getting the facts established and accepted 
is important because a lot of people have 
been ignoring this or in denial about it.

What led you to write this book?

There’s a unique opportunity around 
the 2015 deadline for the Millennium 
Development Goal for universal 
schooling to have a discourse about our 
real goal for education. A big movement 
that’s been successful, like the movement 
to expand primary schooling, is like an 
ocean tanker. It’s got a huge amount of 
momentum. What’s going to be different 
about education and education discourse 
20 years from now? It will just extend 
the time kids are exposed to school. If 
you’ve got universal primary, then let’s 
get universal junior secondary. If you’ve 
got universal junior secondary, let’s 
get universal secondary. And, let’s get 
universal kindergarten too. 

But a large part of my book is devoted 
to the metaphor of the learning profile 
as a ramp—if it’s a shallow ramp, you 
can get on it early and walk on it for a 
long time and still not get very high. 
There is a propitious time for course 
changes, however, and I think the 
post-2015 discourse has proved to be a 
useful exercise. Everyone engaged with 
the post-2015 discourse is on board 
with having some kind of learning goal 
embedded into it. I think the ramp 
metaphor has sunk in, so that people 
realize we need more learning and 
better learning. 

The second thing is, to be honest, I got 
kind of fed up with my own “tribe” in the 
following sense: economists are usually 

very big on markets, very big on choice, 
very big on autonomy and consumer 
sovereignty, but somehow when it came 
to primary schooling they turned into 
Napoleonists, if not Stalinists. They still 
thought of the mechanism of schooling 
as controlling parents and students rather 
than empowering them. 

We economists, who are normally 
creatures of empowerment, have been 
complicit in taking this narrow view 
that schooling is about human capital, 
and it’s about externalities, and since it’s 
about externalities the state has to be 
involved—ignoring the fact that systems 
had completely excluded people from 
being truly powerful over their own 
destiny. The statist nature of the school 
and the social stratification between the 
teacher and the parents and children have 
actually completely disempowered, rather 
than empowered, people.

In Kenya, for example, people really 
make sacrifices to pay fees for private 
schools when government-run primary 
schools are free.

Justin Sandefur and others have a paper 
that’s just come out in the World Bank 
Economic Review showing that when 
Kenya completely eliminated fees for 
primary schooling, the fraction of the 
poor enrolled in government schools 
fell. So you made your product free, 
and demand went down—how did you 
do that? The best and most obvious 
interpretation is that people know they 
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OECD average19.6

38.0 Chile

Costa Rica42.8
Uruguay44.0
Mauritius44.4
Thailand & Mexico46.0

Miranda, Venezuela48.2
Malaysia48.8
Trinidad and Tobago49.3

Jordan52.9

Argentina55.8
Colombia57.2
Brazil57.6
Tunisia59.1

Indonesia65.2

Peru68.8
Panama69.7

Tamil Nadu, India84.0

Himachal Pradesh, India88.7

NOT MAKING THE GRADE
Most 15-year-old students in most 
developing countries are far from 

achieving adequate learning. 

% OF STUDENTS WHO ARE LOW PERFORMERS
age 15, selected countries and states

EDUCATION

Source: Adapted from Lant Pritchett, The Rebirth of Education: 
Schooling Ain’t Learning (Washington, DC: Center for Global 
Development, 2013), Figure 2-6. Note: Data show the percentage of 
students who have less than level 2 proficiency (moderate performance) 
in the OECD’s Program in Student Assessment (PISA) for 2009.

get what they pay for. Parents have seen 
this more clearly than economists have. 
Parents see that if you pay, you have a 
voice, and if you don’t, you may have 
an indirect voice through the political 
process, but it works very indirectly 
and uncertainly.

Why do you think there hasn’t been 
more research on the lack of learning 
until now?

The most benign explanation is that there 
was some fear. There was a lot of backlash 
in the developing world against the 
reality that there were a few elite schools 
that were integrated with the colonizing-
country education systems. The backlash 
against that was that any talk about 
quality meant reinforcing the learning 
of the kids who were “in” while lots of 
kids were “out.” There was reluctance to 
talk about that for fear it would detract 
from money for more schools and more 
teachers in favor of maintaining the 
quality of the elite schools, and I think 
that was a legitimate fear.

The second thing is that a lot of the 
expansion of schooling was driven by 
nation-building desires. We have to 
acknowledge the fact that dictators with 
no human rights expanded schooling 
just as fast as democracies did. I think a 
lot of the positive model was, look, we 
want kids to be inculcated with a certain 
socialization vis-à-vis the nation and 
the political structure. In order to do 
that, you have to get them into state-
controlled schools and out of private 
schools and traditional ways of learning. 
Economists love to say that the expansion 
of schooling was about increasing human 
capital, narrowly measured in terms of 
cognitive skills or functional capabilities, 
and that’s just incompatible with all 
the facts.  

What are your proposals for 
introducing a “rebirth of education” in 
developing countries? 

There are core principles of functional 
educational systems, and you could 
put together a lot of different systems 

around those core principles. A general 
principle is that we want schools to be 
performance-pressured—we want the 
schools that deliver good performance 
to survive, and we want the schools not 
delivering good performance either to 
improve or to shrink their share of the 
market. And then we can have a debate 
about what “performance” is and how to 
measure it. 

On other things, such as increased 
autonomy and control, the people who 
are informationally best equipped to 
make a decision should be making 
the decision. And we should structure 
incentives such that they will make the 
right decision. That means teachers are 
going to have to be given autonomy in 
the classroom because they’re the ones 
who are in the classroom observing 
things. We need to equip them to be able 
to make the right decisions and motivate 
them to make the right decisions.  

However, I often think we start debating 
the best solution too early. We could 
throw any solution at the problem and 
combine it with evidence-based feedback. 
A lot of these educational systems are 
pretty near the bottom of the hill, so if 
we can get them moving up the hill, I’m 
happy. I was working with a colleague in 
India on a state where 11 percent of kids 
in grade five were reaching an adequate 
level of learning. So I started talking 
about some of my ideas, including more 
local autonomy, and my colleague said, 
“We can’t do that, that’s just too risky.” 
I said, “What’s the risk? That learning 
falls to 10 percent? To 9 percent? It’s at 
11 percent!” What’s the optimal way up 
the hill? I don’t know. There must be lots 
of ways up from 11 percent. So let’s try 
some things out and then see whether 
we’ve gone up. And, you know, maybe 
it’ll fall to 9 percent because we take 
some missteps, but at least we’re moving. 
But the risk that we’ll break a system 
that’s producing 11 percent learning? 
That’s not our biggest concern right now, 
I have to say.

—Ian Johnson
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Lightening the

Rapid rises in income can lead to obesity among adults, even in 
households where children remain undernourished. New research 
suggests a way to prevent this “double burden” of malnutrition. 

Ian Johnson

In many low- and middle-income countries, strong 
economic growth is increasing household incomes and 
helping reduce child stunting—but not as fast as it’s push-

ing up overweight and obesity among women. The resulting 
coexistence of overnutrition and undernutrition, sometimes even 
in the same household, is now common enough that nutrition-
ists have given it a name: the double burden of malnutrition. 

How do you ensure that extra income improves children’s nutri-
tion without harming parents’ nutrition? A team of researchers 
from IFPRI, Cornell University, and Mexico’s Instituto Nacional de 
Salud Pública (INSP) examined this question by looking at the 
double burden among poor, rural households in Mexico, which 
has one of the highest rates of obesity globally. They found, says 
IFPRI Senior Research Fellow Jef Leroy, that one key to maximiz-
ing the nutritional benefits of income growth while minimizing 
its downside is educating mothers. 

UNINTENDED EFFECTS 
In 2003, the Mexican government launched the Programa de 
Apoyo Alimentario (PAL), which provides poor, rural households 
living in remote areas with either a cash transfer or a basket of 
food of equivalent value each month. An INSP evaluation of the 
program showed that PAL, like similar cash and in-kind transfer 
programs in Mexico and other countries, effectively increased the 
wealth of recipient households but had only a limited impact on 
child stunting. 

To look more closely at how the program affects the nutrition of 
participating households, Leroy and several coauthors conduct-
ed additional analyses of the data. One of these studies showed 
that after 14 months in the program, PAL recipient households 
consumed a more nutritious and diverse diet compared with 
nonparticipants, and their overall energy consumption increased. 

Higher energy consumption could be a boon for a population 
suffering from energy deficits at the onset, but in this population 

two-thirds of women had been overweight or obese when they 
entered the program. Another study revealed that PAL actu-
ally led to excessive weight gain in women, and that the largest 
weight gains were among women who were already obese 
before participating in the program. 

FLIP THE SWITCH
Is there a way to prevent increases in income from leading to 
weight gain in adults? Leroy and his colleagues, including Marie 
Ruel, director of IFPRI’s Poverty, Health, and Nutrition Division, 
hypothesized that education might be key. 

“Previous work had shown how education operates as a sort of 
switch,” says Leroy. “If education of a mother is high, then you see 
that kids grow better with increasing wealth—and if education is 
low, you don’t see that effect.”

To investigate the effect of maternal education on the double 
burden of malnutrition, Leroy and his collaborators used data 
on 1,547 mothers and their children living in the 235 PAL study 
communities in southern Mexico. They assessed whether or 
not a mother’s completion of primary school acted as a “switch” 
that helped promote the positive effects of income growth on 
children’s nutrition and lessen the negative effects on women’s 
nutrition. 

The results of their study, published recently in the Journal of 

Nutrition, support the idea of an education switch. For mothers 
who did not complete primary school, a doubling in household 
wealth was associated with a 3.7 percent increase in the mother’s 
weight and no improvement in child height. For mothers who 
completed primary school, the reverse was found: when house-
hold wealth doubled, child height rose and the mother’s weight 
stayed steady. 

“The switch effect had not been shown before for maternal 
weight,” says Leroy, “and it also had not been shown for both of 
these outcomes in the same mother-child pairs.”  
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TARGETED TEACHING 
These results do not make it any less urgent or necessary to raise 
the incomes of poor households. They do suggest, however, that 
increasing household income through poorly designed programs 
may not only fail children, but may also exacerbate the problem 
of overweight and obesity, at least among less educated women. 

And it’s not necessary to send the women back to primary 
school. “Enhancing women’s nutrition knowledge through 
behavior change communication can compensate, at least in 
part, for lack of education,” says Ruel, “and help translate rises in 

income into positive nutrition outcomes.” 

The research shows, says Leroy, that it takes more than cash or 
food transfers to make a dent in malnutrition in all its forms. 

“To me, the bottom line is that we shouldn’t just throw money 
or resources at people, but we should also make sure that they 
know how to use those resources in a way that helps them live a 
healthier life,” he says. “In that sense, providing women with bet-
ter knowledge is a wise thing to do.”  

Recent research on the double burden of malnutrition has taken place in Mexico, which now has one 
of the highest rates of obesity in the world. 
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SMART  
MONEY?
Many African governments subsidize fertilizer for   farmers. 
Are the subsidies worth it? 
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Yifei Liu and Sarah McMullan

IT WAS CALLED MALAWI’S MIRACLE. In 2005, in the wake of 
a drought and food crisis, Malawi began subsidizing fertilizer 
and seeds to help boost farmers’ maize yields. Just two years 
later, Malawi produced enough maize to meet domestic 
demand. Other African governments quickly followed the lead 
set by Malawi’s “miracle,” by either restoring or starting new 
input subsidy programs. By 2010, Burkina Faso, Ghana, Kenya, 
Mali, Malawi, Nigeria, Senegal, Tanzania, and Zambia were 
together spending about $1 billion a year on input subsidies. 

Was all that money a wise investment? While it is universally 
acknowledged that African farmers could increase crop 
yields if they applied more fertilizer, recent evidence is now 
calling into question Malawi’s “miracle” and the effectiveness 
of subsidy programs in Africa south of the Sahara. In recent 
studies, researchers at IFPRI and elsewhere are grappling with 
whether the benefits of input subsidies outweigh the costs. 

“Subsidies are politically very appealing,” says IFPRI Senior 
Research Fellow Shahidur Rashid. “As researchers and 
development practitioners, our objective is to clarify whether 
this is the right means to reach the end objective.”

QUICK FIX
When Malawi adopted the Farm Input Subsidy Program 
(FISP), the country relied heavily on imported food, 
and subsidies were seen as a way to increase domestic 
production. Official numbers showed improvements 
in yields of maize, the country’s staple food. 

As other African governments committed themselves to rapidly 
raising agricultural spending and agricultural growth, they 
looked for quick returns on investment and frequently settled 
on input subsidies. “We have to think about these kinds of 
investments not only in terms of their returns, but the speed 
with which they can deliver,” says IFPRI Senior Research Fellow 
James Thurlow, who with Research Fellow Karl Pauw conducted 
a comprehensive study of FISP. “Subsidies are a quick fix.” 

Besides raising maize yields, input subsidies offer indirect benefits, 
such as helping farmers diversify their crops, Pauw and Thurlow 
found. This happens when maize yields increase and farmers 
divert part of their farmland to other valuable crops such as 
vegetables. Farm employment, wages, and returns to cropland 
all increase as well. And lower food prices and higher wages 
help improve the welfare of both farm and nonfarm households. 
These indirect effects, the study found, may account for up to 
two-fifths of large-scale subsidy programs such as the FISP.

AN EXPENSIVE HABIT
Despite the potential for benefits, input subsidy programs in 
Africa warrant concern, according to Rashid and T. S. Jayne, 
professor at Michigan State University, who together edited 

a special issue of the journal Agricultural Economics on the 
topic. For one thing, subsidizing fertilizer is too narrow a 
solution to the challenges facing Africa’s farmers—including, 
for example, soil erosion and degradation. If farmers are 
planting crops in soils that are degraded and missing

http://www.ifpri.org/sites/default/files/publications/massppn18.pdf
http://onlinelibrary.wiley.com/doi/10.1111/agec.2013.44.issue-6/issuetoc
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 essential nutrients for healthy plant growth, says Rashid, 
“a subsidy alone is not going to solve that problem.” 

Governments need to first address the widespread problem 
of severely depleted soils through comprehensive soil fertility 
management that includes educating farmers on good soil 
management practices. More money should be invested in 
infrastructure, household irrigation, and agricultural R&D, 
and private sector growth should be promoted. During Asia’s 
Green Revolution, for example, investments in complementary 
areas of development were key. “Investment in infrastructure 
helped transaction costs decline substantially, farmers adopted 
new technology rapidly, and safety 
net programs protected the poor 
and vulnerable,” says Rashid.

Subsidies can also eat up large shares 
of government agricultural budgets, 
mostly to pay for imported fertilizer, 
and crowd out longer-term investments. 
Malawi’s government buys fertilizer in dollars 
and attempts to pay back the debt in local 
currency by raising taxes, which creates a 
balance of payments problem. Now, says 
Thurlow, the sustainability of Malawi’s 
program is in jeopardy because of 
the country’s failure to cover the 
subsidy program with a strong

 export promotion strategy. “It doesn’t matter how 
well your program is targeted or how good your soil 
quality is if you can’t overcome the macro-sustainability 
issue at the end of the day,” he explains.

BEYOND SUBSIDIES
Rashid, Thurlow, and Pauw are in agreement that governments 
should begin to scale down their subsidy programs and make 
their agricultural investments more balanced. “FISP was initially 
designed to address food insecurity,” says Pauw, “yet people 
expected the program to be a blanket solution to all sorts of other 
development challenges, like poverty reduction and increased 

economic growth.” Because of the program’s high cost, 
however, it leaves little fiscal room to develop other policies 

that might be better suited to, say, reducing poverty.

“Subsidies do have a role to play in our policy toolkit 
given that most farmers can’t afford to buy fertilizer 

or can’t access the fertilizer market,” says Thurlow. 
They should, though, be treated as one tool 
among many. In Malawi, he points out, the policy 
debate is now shifting to the question of how to 
complement FISP with other investments that 
can address long-term needs and target the 
poor who have been falling through the cracks.

Rashid calls for keeping an eye on the overarching goal 
of food security: “Subsidies are a means to an end. The end 
objective here is enhancing agricultural productivity in a 
sustainable manner. The question is how do we get there?” 
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Lots of people argue that it’s time to rethink farming, but 
they don’t all agree on what that rethink should look like. 
Should farmers apply more fertilizers and pesticides or adopt 

organic agriculture? Cut back on plowing or use high-tech soil 
sensors to optimize fertilizer use? Grow genetically modified crops 
or eschew them? The debate surrounding these questions can be 
highly polarized and emotional. In a new book, Food Security in a 

World of Natural Resource Scarcity: The Role of Agricultural Technolo-

gies, a team of researchers from IFPRI and partner organizations 
uses state-of-the-art modeling tools to look at specific farming 
practices and identify which of them hold the most promise for 
feeding the world sustainably. 

As coauthor Mark Rosegrant, director of IFPRI’s Environment 
and Production Technology Division, explains, there is plenty of 
research on how agricultural research spending—in the ag-
gregate—can raise productivity. “We wanted to get beyond the 
aggregate talk,” he says. “What are the specific technologies, and 
where do they work best?” 

MODELING BETTER FARMING PRACTICES
Based on a wide consultation, Rosegrant and the rest of the 
team chose 11 farming practices and technologies (see box). “We 
wanted to look at a wide range of technologies,” says Rose- 
grant, “not just high-tech, but also low-tech. We didn’t know what 
the results were going to be.” 

The team evaluated these technologies to determine their effects 
on yields of maize, rice, and wheat, as well as on water use and 
nitrogen losses, by 2050 and compared these results with yields 
and resource use in 2050 if these technologies were not adopted 
quickly and widely. Using a crop model, they simulated the use 
of these technologies on 60-by-60-kilometer squares of farm-
land around the world. Finally, they fed the results into a global 
economic model to assess the implications for international food 
prices, cultivated area, and the number of hungry people. 

The results were, in some cases, dramatic. The crop model showed 
that by 2050 no-till farming could increase maize yields by 28–30 
percent. Nitrogen-use efficiency could increase rice yields by 
34–35 percent. And heat-tolerant wheat varieties could increase 
yields by 10–20 percent. 

But farmers should not limit themselves to one technology. “We’re 
going to need a whole basket of technologies,” says Rosegrant, 
“not just one or the other.” And when the team simulated the use 
of all appropriate technologies on the same land, the economic 
model showed that resulting higher production would have 

profound implications for future food prices and the number of 
food-insecure people. Used in combination, these farming prac-
tices and technologies could cut maize, wheat, and rice prices by 
nearly half and push down the number of hungry people by more 
than a third. 

The greatest gains in yields and food security are projected to oc-
cur in South Asia and Africa south of the Sahara—where hunger is 
currently most widespread. And yield gains are similar under two 
different scenarios of climate change between now and 2050 for 
nearly all of the farming technologies. 

But will farmers adopt these technologies? The study’s economic 
model already incorporates likely rates of adoption based on the 
technologies’ cost, complexity, and usefulness, says coauthor 
Claudia Ringler, deputy director of IFPRI’s Environment and Pro-
duction Technology Division. “Not everyone will adopt,” she says. 
“It’s not realistic.” 

Irrigation technologies like sprinkler or drip irrigation, for 
example, can be too expensive for smallholder farmers. Nitrogen-
use efficiency embedded in seeds is still in development, but, says 
Rosegrant, “it has the potential to be big.” No-till farming, which 
promises strong yield growth, has already spread widely in North 
and South America and parts of Asia. The full yield benefits of no-
till farming can take 5 to 10 years to accrue, however, and many 
farmers stop using this practice before reaching that point. And 
the practice has yet to be embraced by African farmers. 

EASING THE WAY
“Technologies can be a game changer,” says Ringler. “But they will 
only be successful if there are supportive policies.” This means that 
more extension services are needed to get the word out about 
these technologies—not just through traditional government 
extension agents, but also through information from nongovern-
mental organizations and private companies like seed suppliers. It 
also means that countries need to invest more in rural infrastruc-
ture like roads and improve farmers’ access to markets, so they can 
obtain needed inputs and get better prices for their output.

Feeding the world in 2050 will also require broader changes in 
the food system, points out coauthor Nicola Cenacchi, an IFPRI 
research analyst—steps like controlling waste, reducing consump-
tion of resource-intensive foods, and strengthening trade in food 
commodities. 

Overall, though, says Cenacchi, the book shows “what the best 
available science says about the performance of these technolo-
gies in different regions and for different crops.” 

11 WAYS TO 
FARM MORE 

SUSTAINABLY
1 NO-TILL FARMING: Farming without 

plowing and with the use of crop rota-
tion, cover crops, and mulching. 2 INTEGRATED SOIL FERTILITY  

MANAGEMENT: Combining chemical 
fertilizers, crop residues, and manure/

compost to ensure that crops have an ad-
equate and balanced supply of nutrients.

3 PRECISION AGRICULTURE: Using high-
tech and low-tech methods to optimize 
the use of resources, like water and fertil-

izer, and other conditions, like plant spacing.
4 ORGANIC AGRICULTURE: Farming 

without synthetic fertilizers, pesticides, 
growth regulators, and genetically 

modified organisms. Organic farming was not 
found to raise maize, rice, or wheat yields.

5 NITROGEN-USE EFFICIENCY: Using crops 
that have been improved to use soil 
nitrogen more efficiently. Such crops 

are in development but have not yet been 
released commercially.

6 WATER HARVESTING: Capturing rain- 
water and runoff water and channeling 
it into fields or storing it for later use. 7 DRIP IRRIGATION: Applying minute 

quantities of water directly to the root 
zone of plants, usually with microtubing. 8 SPRINKLER IRRIGATION: Applying 

piped water to crops through overhead 
sprinkler nozzles.

9 DROUGHT TOLERANCE: Cultivating 
varieties that have better uptake of soil 
moisture and reduced vulnerability to 

water deficiency.
10 HEAT TOLERANCE: Cultivating 

improved varieties that have been 
developed to maintain yields at 

higher temperatures. This technology is not 
yet available commercially.

11 CROP PROTECTION: Using chemi-
cals to control weeds, insect pests, 
and diseases. 

GAME CHANGERS FOR 

FARMING How will farming need to change to feed 
the world without destroying the planet?
Heidi Fritschel
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profound implications for future food prices and the number of 
food-insecure people. Used in combination, these farming prac-
tices and technologies could cut maize, wheat, and rice prices by 
nearly half and push down the number of hungry people by more 
than a third. 

The greatest gains in yields and food security are projected to oc-
cur in South Asia and Africa south of the Sahara—where hunger is 
currently most widespread. And yield gains are similar under two 
different scenarios of climate change between now and 2050 for 
nearly all of the farming technologies. 

But will farmers adopt these technologies? The study’s economic 
model already incorporates likely rates of adoption based on the 
technologies’ cost, complexity, and usefulness, says coauthor 
Claudia Ringler, deputy director of IFPRI’s Environment and Pro-
duction Technology Division. “Not everyone will adopt,” she says. 
“It’s not realistic.” 

Irrigation technologies like sprinkler or drip irrigation, for 
example, can be too expensive for smallholder farmers. Nitrogen-
use efficiency embedded in seeds is still in development, but, says 
Rosegrant, “it has the potential to be big.” No-till farming, which 
promises strong yield growth, has already spread widely in North 
and South America and parts of Asia. The full yield benefits of no-
till farming can take 5 to 10 years to accrue, however, and many 
farmers stop using this practice before reaching that point. And 
the practice has yet to be embraced by African farmers. 

EASING THE WAY
“Technologies can be a game changer,” says Ringler. “But they will 
only be successful if there are supportive policies.” This means that 
more extension services are needed to get the word out about 
these technologies—not just through traditional government 
extension agents, but also through information from nongovern-
mental organizations and private companies like seed suppliers. It 
also means that countries need to invest more in rural infrastruc-
ture like roads and improve farmers’ access to markets, so they can 
obtain needed inputs and get better prices for their output.

Feeding the world in 2050 will also require broader changes in 
the food system, points out coauthor Nicola Cenacchi, an IFPRI 
research analyst—steps like controlling waste, reducing consump-
tion of resource-intensive foods, and strengthening trade in food 
commodities. 

Overall, though, says Cenacchi, the book shows “what the best 
available science says about the performance of these technolo-
gies in different regions and for different crops.” 

11 WAYS TO 
FARM MORE 

SUSTAINABLY
1 NO-TILL FARMING: Farming without 

plowing and with the use of crop rota-
tion, cover crops, and mulching. 2 INTEGRATED SOIL FERTILITY  

MANAGEMENT: Combining chemical 
fertilizers, crop residues, and manure/

compost to ensure that crops have an ad-
equate and balanced supply of nutrients.

3 PRECISION AGRICULTURE: Using high-
tech and low-tech methods to optimize 
the use of resources, like water and fertil-

izer, and other conditions, like plant spacing.
4 ORGANIC AGRICULTURE: Farming 

without synthetic fertilizers, pesticides, 
growth regulators, and genetically 

modified organisms. Organic farming was not 
found to raise maize, rice, or wheat yields.

5 NITROGEN-USE EFFICIENCY: Using crops 
that have been improved to use soil 
nitrogen more efficiently. Such crops 

are in development but have not yet been 
released commercially.

6 WATER HARVESTING: Capturing rain- 
water and runoff water and channeling 
it into fields or storing it for later use. 7 DRIP IRRIGATION: Applying minute 

quantities of water directly to the root 
zone of plants, usually with microtubing. 8 SPRINKLER IRRIGATION: Applying 

piped water to crops through overhead 
sprinkler nozzles.

9 DROUGHT TOLERANCE: Cultivating 
varieties that have better uptake of soil 
moisture and reduced vulnerability to 

water deficiency.
10 HEAT TOLERANCE: Cultivating 

improved varieties that have been 
developed to maintain yields at 

higher temperatures. This technology is not 
yet available commercially.

11 CROP PROTECTION: Using chemi-
cals to control weeds, insect pests, 
and diseases. 
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Only by understanding the situation on 
the ground, holds Ruth Meinzen-Dick, 
can we help poor people get their share of 
land, water, and other resources.

O ne young witness to India’s Green Revolution was Ruth Meinzen-Dick, now an IFPRI senior research 
fellow. Growing up in Tamil Nadu with her American missionary parents, Meinzen-Dick was on 
the ground in the 1960s when a new rice variety, known as IR8, was introduced in the area. The 

huge gains in yields produced by IR8 are well known in development lore, but Meinzen-Dick got a different 
perspective: “Women in our village told my mother that their husbands had chosen to plant IR8 without 
consulting them—but were now complaining to them about the taste.” 

Her untraditional childhood gave Meinzen-Dick a first-hand look at the crushing effects of rural poverty and 
a glimpse of how certain people, such as women, are marginalized when it comes to decisionmaking. It also 
laid the groundwork for the fundamental question that drives much of her research: how can the world’s 
marginalized and underprivileged people secure access to resources?

This question has been the launching point for a dizzying array of research interests. What affects the per-
formance of different kinds of irrigation systems? How do policies influence water rights, and how do water 
rights affect people’s behavior? What factors lead people to act collectively to manage groundwater, forests, 
and rangelands? How do large-scale land deals affect local communities? How do women’s and men’s prop-
erty rights differ? How does agricultural research contribute to poverty reduction? 

Untangling Resource Struggles 
These interests took time to develop. Returning to the United States for her advanced education, 
Meinzen-Dick knew she wanted to do applied research, and she saw opportunities in the field of develop-
ment sociology. He r dissertation, on irrigation in South India, led her to an IFPRI dataset and, eventually, 
to a postdoctoral position in IFPRI’s Environment and Production Technology Division.

As IFPRI’s only sociologist, Meinzen-Dick brings a different perspective to research. Whereas economists often 
start with abstract models that incorporate assumptions about how humans behave, Meinzen-Dick begins her 
work  by examining people’s lived experiences. “Theory is only useful when it helps explain behavior,” she says. 

Early in her career, she set her sights on understanding how poor people gain access to and manage water. 
In the 1980s and 1990s governments in many developing countries were transferring authority for manag-
ing natural resources to local user groups, and this process of decentralization offered the chance to study 
how government water management compared with farmer-managed systems and water markets. She 
soon saw that the struggles over equitable and sustainable management went beyond water and affected 

Grounded 
in Reality

Andrew Marble
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other natural resources—like rangelands, fisheries, 
forests, and agricultural land. “Many resource special-
ists were grappling with the same themes, even if 
they went by different names,” she says.

A broader view of resource use, she realized, might 
provide deeper insight across sectors. In 1996 
Meinzen-Dick helped launch the CGIAR program 
on Collective Action and Property Rights (CAPRi). 
CAPRi’s goal is to better understand the institutions 
that people set up locally to manage resources  
and how these relate to government policies and 
programs. It offers a way for researchers working in 
a wide range of locations and institutions to share 
what they know about, for example, how property 
rights and collective action affect people’s decisions 
to adopt agricultural technologies or to pursue dif-
ferent ways of managing natural resources. 

Women Left Out
Even when control over resources shifts from central 
governments to local communities, certain groups—
such as women—are often left out. Male community 
leaders and heads of household tend to get the 
attention of researchers, policymakers, and develop-
ment practitioners, while women are underrepre-
sented or even ignored completely. 

Meinzen-Dick has worked with colleagues at IFPRI 
and elsewhere to quantify women’s empowerment 
so that development agencies can see how wom-
en’s rights and status compare with men’s in the 
areas of production, resources, income, leadership, 
and time. The resulting Women’s Empowerment 

in Agriculture Index should help the US Agency 
for International Development, which pushed for 
creation of the index, and other agencies under-
stand how their agricultural development projects 
affect women. 

In recent years, notes Meinzen-Dick, a few countries 
have passed laws proclaiming that women and 
men have equal rights to own and inherit land. Pol-
icy change, though, is only half the battle. “If 
customary law says that land belongs to the male 
lineage, a change in legislation won’t necessarily 
have an effect,” she says. “What’s key is whether 
land administrators and state judges down to the 
local level know about the law and will enforce it. 
Do women and men at the local level even know 
about the changes in the law? If so, are the land 
offices accessible to women? Do women have to 
travel far to the office, and do they feel they will be 
treated with respect?” 

Now Meinzen-Dick and her colleagues are studying 
whether community-based legal assistance pro-
grams in Tanzania and Uganda—using paralegals 
from the villages being served—can help women 
exercise their rights and gain access to the land that 
is legally theirs.

Implementation—that is, how policy gets translated 
into action—is as important as policy change, says 
Meinzen-Dick: “It’s a complex process with many 
stakeholders, many of whom are at the local level. 
There isn’t just one set of concerns. It requires listen-
ing as well as talking. Reality is messy, but dealing 
with reality is the only way to be effective.” 
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Ruth Meinzen-Dick meets with water 
users to talk about the management 
of their local irrigation system.
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Mos t  far m s  are  family  far m s . 
Should we be helping small  family farmers to 

stay in agriculture, or to move up and out?

FAMILYThe

BUSINESS
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Jennifer Weeks

I
N MOST PARTS OF THE WORLD, IF YOU’RE A FARMER, YOU PROBABLY CULTIVATE A SMALL OR 

medium-sized tract of land alongside your next of kin. Farming is one of the last economic activities performed 
largely by families working together. These common features of farming—small size and management by fami-

lies—are  often taken for granted, but the United Nations has declared 2014 the International Year of Family Farm-
ing to shine a light on these farmers’ key roles in improving food security and protecting natural resources. 

Many development experts believe that smallholder farmers have great productive potential and can increase their 
output quickly with access to modern technologies, inputs, credit, and markets. As evidence, they cite the rise in 
productivity that occurred in Asia during the Green Revolution of the 1960s and 1970s, when farmers planted high-
yielding seed varieties, used synthetic fertilizers and pesticides, and applied modern irrigation techniques. 
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But others contend that targeting support to small-scale farmers 
is not an effective way to promote economic growth or reduce 
poverty. Instead, they call for helping smallholders move out of 
agriculture and from rural areas to urban areas.

These dueling perspectives have spurred energetic debate for 
several decades. Ultimately, however, no one strategy applies for 
all small-scale farmers. 

Small-scale and family farmers contribute heavily to global food 
and nutrition security, says IFPRI Director General Shenggen 
Fan, “but we shouldn’t view them as a homogenous group. They’re 
a diverse set of households, and they need different develop-
ment pathways out of poverty, malnutrition, and vulnerability.” 
In many cases, policy choices will help determine whether that 
pathway leads to the farm or the city.

SMALL FARMS WITH A BIG FOOTPRINT
Based on agricultural census data, the Food and Agriculture 
Organization of the United Nations (FAO) estimates that there 
are more than 570 million farms in the world, of which families 
own more than 500 million. Countries define family farms in 
different ways; according to FAO, family farms are managed and 
operated by a family and rely mainly on family labor. On average, 
family farms are smaller than nonfamily farms. In Brazil, for 
example, the average family farm is 18 hectares, compared with 
309 hectares for the average nonfamily farm. Worldwide, more 
than 475 million farms measure less than 2 hectares.

Family farmers in developing countries operate differently 
from commercial farms in significant ways. “They rely heavily 
on household labor, make farming decisions based on family 
considerations—for example, what to grow given household 
labor constraints—and make family decisions, such as how many 
children to have, based on farming issues,” says IFPRI Research 
Fellow Derek Headey. “They’re also highly risk averse in order 

to protect their families, so they diversify production more than 
they would if they were just maximizing profits.” Many family 
and smallholder farmers are poor and earn income both from 
agriculture and from nonfarm activities.

FAO and other development organizations see family farm-
ers and smallholders as key to reducing poverty and hunger for 
several reasons. First, small farms produce about 80 percent of 
food consumed in the developing world, so helping them expand 
production increases food supplies and lowers prices. Second, 
smallholder farmers typically spend their earnings locally, so 
their profits benefit others in their communities. Third, small-
holder farms are labor-intensive, so helping them produce more 
is an effective way to generate jobs in rural areas. 

“Hunger, food insecurity, and poverty are concentrated among 
people who depend on agriculture for a living,” says Stephanie 
Burgos, a senior policy adviser at Oxfam America. “By investing 
in small-scale farmers and food producers, you can address the 
problem of poverty directly by improving their livelihoods, and 
also improve production at the same time. The largest untapped 
potential for yield growth is among small-scale farmers, so 
investing in them will also promote growth.”

CONSTRAINTS AND CHALLENGES 
Smallholders—a category that includes most family farmers—
face various obstacles to profitability. IFPRI’s Fan distinguishes 
between “soft” constraints, such as limited capital and poor ac-
cess to market information, and “hard” constraints, such as mar-
ginal lands that have poor-quality soil and are far from markets. 
Soft constraints can be addressed through policies, programs, 
and reforms, but farmers who face hard constraints are less likely 
to become profitable.

Over the past several decades, a cluster of broader challenges has 
emerged. Climate change is making smallholder farmers vulner-
able to extreme weather events, changing precipitation patterns, 
and raising the risk of pest infestations and crop diseases. Glo-
balization is concentrating buying power in the hands of large 
supermarket chains, which often require suppliers to meet strict 
food quality and traceability standards. And total investment in 

“Small is still beautiful in countries with a growing 
rural population and weak nonfarm growth.” 
—S H E N G G E N  FA N
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Data sources: FAO, Family Farmers: Feeding the World, Caring for the Earth, infographic, 2014, http://www.fao.org/resources/infographics/infographics-details/en/c/230925/; FAO, 
2000 World Census of Agriculture: Analysis and International Comparison of the Results (1996–2005), (Rome, 2013), http://www.fao.org/fileadmin/tem-
plates/ess/ess_test_older/World_Census_Agriculture/Publications/WCA_2000/Census13.pdf, pp. 77–80.

Family farmers cultivate a large share of farmland in most regions of the world. 
Although family farming predominates in Asia and North and Central America, farm 
size in those two regions varies drastically.
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agriculture, including foreign direct investment, development as-
sistance, and domestic savings, currently falls far short of needs. 

These trends affect farmers at all scales, but smallholders are 
especially vulnerable because many farm on marginal lands and 
have little or no access to credit. Smallholders often struggle to 
sell to large supermarkets because they have trouble providing 
on the scale that these businesses require or meeting traceability 
standards. Some smallholders can still grow and prosper under 
these circumstances, but others will be better served by policies 
that help them move from agriculture into jobs off the farm, 
either in rural areas or in cities. 

Smallholders’ options are also influenced by the level of eco-
nomic development their countries have achieved, and the avail-

ability of other work options. “Small is still beautiful in countries 
with a growing rural population and weak nonfarm growth,” says 
Fan. These countries, he says, should work to make smallholder 
farmers more productive. For example, they can develop financ-
ing tools that are friendly to smallholders. They can promote ag-
ricultural technologies that improve productivity, conserve scarce 
natural resources, and address climate change. But, says Fan, “in 
countries where the nonfarm sector is booming and the urban 
population is increasing, smallholders should be encouraged to 
transform into larger operations or move out of agriculture.” 

IS BIGGER BETTER?
These choices loom especially large in Africa, where more than 
one in five people (one in four in Africa south of the Sahara) 
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are undernourished and more than 60 percent of the population 
lives in rural areas. Some experts argue that successful economic 
development in Africa cannot be achieved through programs 
targeted to smallholders. Rather, they contend, growth will 
require massive population migration from rural areas to cities, 
along with a shift to large-scale mechanized farming.

“Large commercials farms are likely to be close to the frontier of 
technology, finance, and logistics,” Oxford University economists 
Paul Collier and Stefan Dercon argue in a forthcoming article 
for World Development. “The innovations of recent decades have 
made the rapid adaptation of technology, access to finance, and 
high-speed logistics more important, and in the process given 
commercial agriculture a substantial advantage over the small-
holder mode of production.” 

IFPRI’s Headey agrees that commercialized agriculture, 
large-scale farming, and internal migration all can play roles in 
development. But he warns that these approaches also can have 
harmful impacts. “Large commercial farms may have significant 
potential, but unless they exploit virgin lands, they will displace 
smallholders, who often have little viable alternative to family 
farming,” Headey points out. “Moreover, while large farms may 
contribute to economic growth, it’s much less obvious that they 
contribute to poverty reduction. Large farms often are mecha-
nized and hire very little labor. And their profits are concentrat-
ed among fewer people, so they have smaller spillover impacts on 
the local economy than smallholder farmers who buy local goods 
and services and hire local workers.” 

COMPETITION FOR LAND
In April 2014 Oxfam America released a report that docu-
mented many of these negative outcomes in areas of Colombia, 
Guatemala, and Paraguay where large agribusiness companies 
had established monoculture farms. In Guatemala, oil palm pro-

duction displaced family farms that had raised corn and beans 
for local sale. Smallholders living near large soy plantations in 
Paraguay reported that herbicides and pesticides from the soy 
farms were harming their crops and animals. And in Colombia, 
multinational giant Cargill had used front companies to buy 
property that had been reserved for smallholder households, ac-
cumulating more than 52,000 hectares of land.

“Land is the most fundamental asset for agricultural production, 
so when investors go into developing countries, you have to ask 
whether they are displacing small-scale farmers and rural com-
munities,” says Oxfam America’s Burgos. “At a minimum, the 
goal should be to do no harm to people who are living off the 
land and have potential to increase their production.”

Land availability in Africa varies greatly across countries. Some 
countries, including the Democratic Republic of Congo, Mada-
gascar, and Mozambique, have abundant land, so large farms 
could be established without displacing smallholders. “Allowing 
investment in large farms makes sense for regions and crops 
where there are increasing returns to scale,” says Headey. “But 
economic growth should not be the only yardstick for assess-
ing these strategies. Environmental, labor, legal, and community 
development issues should also be weighed.”

Other African countries, such as Burundi, parts of Kenya, 
Nigeria, Rwanda, and Uganda, have little available arable land. 
Farms in these areas typically are a mix of medium-sized com-
mercial farms and micro-farms that are far too small to sustain 
even a family, especially when they are located on degraded land. 
“Displacing commercially viable medium-sized farms with larger 
farms makes no economic sense if Africa’s industrialization 
process continues to be rather stunted. Consolidating the micro-
farms might make more sense, but again, only if these families 
have something better to do,” Headey says.
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“Consolidating the micro farms might make 
more sense, but again, only if these families 
have something better to do.”
— D E R E K  H EA D E Y

http://www.sciencedirect.com/science/article/pii/S0305750X13002131
http://www.sciencedirect.com/science/article/pii/S0305750X13002131
http://www.oxfam.org/sites/www.oxfam.org/files/bp180-smallholders-at-risk-land-food-latin-america-230414-en_0.pdf
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SAYAXCHE, GUATEMALA
A plantation worker loosens a bunch of oil palm fruit. In Guatemala, where the 
land area devoted to oil palm has nearly quadrupled in the past decade, family 
farmers are competing for land with oil palm plantations.
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NEEDED: JOBS FOR EX-FARMERS
That “if ” is crucial. In many developing countries, workers have 
left farms to seek higher-paying opportunities in cities—a pat-
tern often termed labor pull. But Africa has urbanized without 
generating enough manufacturing and service jobs to employ 
many of the millions who have moved to cities like Lagos and 
Nairobi. This pattern is called labor push: migrants move because 
there simply are no good options at home.

Under these conditions, government investments that help 
African smallholders become more productive may be a cost-
effective way to help people support themselves without leaving 
rural areas. That’s especially important now because Africa is 
just starting to approach the demographic transition—the shift 
from high birth and death rates to low birth and death rates as 
countries industrialize. 

“Africa has a demographic window of opportunity coming up: 
the number of children per family is falling, and the number 
of older people is not rising yet,” says Colin Poulton, a research 
fellow at the University of London. During this phase, countries 
have a large cohort of working-age adults moving through their 
population, with relatively few children and elderly people de-
pending on those workers for support. “If you can employ those 
new workers productively, you can increase growth and reap 
a big dividend. But if you don’t, you’ll have lots of unrest and 
discontented people,” Poulton observes.

GIVING FARMING A NEW IMAGE
Under the 2003 Maputo Declaration, African Union member 
states pledged to renew national commitments to building 
strong, dynamic agricultural sectors by spending at least 10 per-
cent of their national budgets on agriculture and rural develop-

© Panos/S. Torfin

EASTERN PROVINCE, KENYA
Farm size in Kenya, as in many African 
countries, is getting smaller.
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ment programs. Only 13 countries have met or surpassed the 10 
percent target in one or more years since 2003.

“African governments and their development partners often 
spend paltry amounts on agriculture compared to the vast num-
ber of African people who depend on it,” says Headey. However, 
he notes, those few countries that have made sustained invest-
ments in agriculture and rural infrastructure have achieved high 
rates of agricultural growth and poverty reduction. Ethiopia, 
which has spent about 14 percent of its yearly national budget 
on agriculture over the past decade, is a notable example.

Those investments could have impacts beyond their monetary 
value. According to a recent working paper from the Institute of 
Development Studies (IDS), young people in developing coun-
tries are turning away from farming as a way of life—especially 
skilled, educated young people who could become innovators 

and make smallholder farming more productive. Many par-
ticipants in the survey, which included nearly 1,500 people in 
11 countries, saw farming as a difficult, low-status, low-paying 
occupation. 

But in some countries where governments were investing in 
agriculture and improving production processes, young people 
saw farming as an opportunity to bring about change and help 
their communities develop. 

“I want to work hard. I want to get involved in irrigation work 
and produce vegetables. I want to breed animals,” one young 
Ethiopian man told interviewers for the IDS study. “I want to 
accept the advice from agricultural extension workers and to 
change their advice into practice. I want to follow in the foot-
steps of model farmers.”

NAIROBI, KENYA
Millions of people have moved from farms to 
cities, where jobs are still in short supply.

http://opendocs.ids.ac.uk/opendocs/bitstream/handle/123456789/3550/Wp439r.pdf?sequence=4


START YOUR ENGINES In many developing countries, small-scale farmers are finding 
ways to make profitable use of tractors, power tillers, irrigation 
pumps, and other agricultural machinery. 

SOURCES: Country pathways of mechanization: X. Diao, F. Cossar, N. Houssou, and S. Kolavalli, “Mechanization in Ghana: Emerging Demand, and the Search for Alternative Supply Models,” Food Policy 48 (October     2014): 168–181; H. Takeshima, A. N. Pratt, X. Diao, Agricultural Mechanization Patterns in Nigeria, IFPRI Discussion Paper 1291 (Washington, DC: IFPRI, 2013); H. Takeshima, H. Edeh, A. Lawal, and M. Isiaka, 
Tractor Owner-Operators in Nigeria, IFPRI Discussion Paper 1355 (Washington, DC: IFPRI, 2014); G. Berhane, “Emerging Demand for Tractor Mechanization in Ethiopia,” presentation at the conference “Mechanization     and Agricultural Transformation in Asia and Africa,” Beijing, China, June 18–19, 2014; Machinery stock: FAOSTAT 2014; Average farm size: National household and agricultural surveys; Power source: Observations by 
IFPRI researchers. 
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TRACTORS/
POWER TILLERS 
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TRACTOR POWER TILLER MACHINE MANUAL ANIMAL
PLANTING & 
WEEDING HARVESTING

SHELLING/
THRESHING

KEEPING IT SMALL
Farming in Bangladesh takes place at a very small scale BANGLADESH 0.5 

2008
35,000

500,000
2.9

41.2but is highly mechanized. Small-scale farmers own very low-cost, small-scale machines, such as 
water pumps, power tillers, threshers, and two-wheeled tractrs. 

BRINGING IN THE PROFESSIONALS 
In China, private entrepreneurs have established professional, specialized CHINA 0.6 

2010
4,852,400

17,972,300
52.2

193.4mechanization services. These services migrate around China, transporting small combine 
harvesters, to take advantage of different harvest periods in different regions. 

ANIMALS AND TRACTORS TOGETHER
Mechanization is at an early stage and currently restricted to the western ETHIOPIA 0.9

2012/2013
12,000 1.2

lowlands of Ethiopia, where it is often combined with animal traction. Small farmers may rent tractors to plow 
especially hard ground before using animal traction. Medium-sized farmers may own or rent both oxen and 
tractors. And large-scale farmers are often fully mechanized. 

RENTAL SERVICES, PUBLIC AND PRIVATE 
Most tractors in Ghana are owned and operated by private medium- and large-scale GHANA 3.5 

2005/2006
7,555 4.6

farmers who also provide rental services to other farmers. There are also more than 80 subsidized mechanization 
service centers—organized by the government but operated privately—that provide local plowing services. In 
some irrigated rice-growing areas, farmers commonly use power tillers and small-scale combine harvesters.

FARMERS HIRING FARMERS
In India, medium-size and large-scale farmers commonly own tractors, which they rent INDIA 1.3
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4,000,000

200,000
41.2
2.1out to small-scale farmers. This model makes mechanization available to small farmers while also bringing 

rental income to larger farmers. 

MECHANIZING RICE FARMS AND BEYOND
Mechanization is restricted to certain areas in Nigeria. It is most commonly NIGERIA 1.8 

2012
24,800 1.4used in rice cultivation, but this accounts for a relatively small share of land. The government subsidizes 

tractor sales and offers government tractor rental services, but most plowing involves renting tractors from 
private owner-operators.



START YOUR ENGINES In many developing countries, small-scale farmers are finding 
ways to make profitable use of tractors, power tillers, irrigation 
pumps, and other agricultural machinery. 
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KEEPING IT SMALL
Farming in Bangladesh takes place at a very small scale BANGLADESH 0.5 

2008
35,000

500,000
2.9

41.2but is highly mechanized. Small-scale farmers own very low-cost, small-scale machines, such as 
water pumps, power tillers, threshers, and two-wheeled tractrs. 

BRINGING IN THE PROFESSIONALS 
In China, private entrepreneurs have established professional, specialized CHINA 0.6 

2010
4,852,400

17,972,300
52.2

193.4mechanization services. These services migrate around China, transporting small combine 
harvesters, to take advantage of different harvest periods in different regions. 

ANIMALS AND TRACTORS TOGETHER
Mechanization is at an early stage and currently restricted to the western ETHIOPIA 0.9

2012/2013
12,000 1.2

lowlands of Ethiopia, where it is often combined with animal traction. Small farmers may rent tractors to plow 
especially hard ground before using animal traction. Medium-sized farmers may own or rent both oxen and 
tractors. And large-scale farmers are often fully mechanized. 
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