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Introduction

A substantial and growing body of literature now exists on the socio-economic impacts of
genetically engineered (GE) crops. While the bulk of literature has focused on the
primary impacts of commercialised GE technology, in terms of changes in yields, costs
and profitability, researchers have increasingly addressed a range of additional questions
such as the distribution of impacts across groups, as well as secondary impacts on labour
markets, non-pecuniary factors and social welfare. Here, we provide a brief summary of
the literature on the direct farm level impacts of currently commercialised GE crops to
provide the backdrop for the review of these other threads in the literature on the broader
socio-economic impacts of currently commercialised GE crops around the world.
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Primary farm level impacts

GE crops were commercially grown on 160 million hectares in 29 countries in 2011
(James, 2011). The most widely adopted GE crops, and therefore the most widely
studied, are herbicide tolerant soybeans, insect resistant corn and insect resistant cotton.
In 2011, 82% of the global cotton area, 75% of the global soybean area and 32% of the
global maize area were planted to GE varieties (James, 2011). The rapid rate of adoption
implies that farmers are realising benefits from growing GE crops. Indeed, a starting
point for many other socio-economic impacts is the impact that GE crops have on yields,
costs and profitability at the farm level. Since their commercial introduction in the mid
1990s, an extensive literature has developed addressing the impacts of current technology
on primary economic indicators: yields, costs and profitability.
The literature on global primary farm level impacts has been recently reviewed in two
separate analyses. Looking at peer-reviewed publications reporting the results of farmer
surveys, Carpenter (2010) compared yields and other indicators of economic performance
for adopters and non-adopters of currently commercialised GE crops. Results from 12
countries indicated that GE crops have benefited farmers, with few exceptions. The
mostly small farmers in developing countries have benefited most, especially in terms of
increased yields. Of 168 results comparing yields of GE and conventional crops, 124
show positive results for adopters compared to non-adopters, 32 indicate no difference
and 13 are negative. The average yield increases for developing countries range from
16% for insect resistant corn to 30% for insect resistant cotton, with an 85% yield
increase observed in a single study on herbicide tolerant corn. On average, developed
country farmers report yield increases that range from no change for herbicide tolerant
cotton to a 7% increase for herbicide tolerant soybean and insect resistant cotton (see
Table 1). The impacts on profitability, most commonly measured in terms of gross
margins, were also overwhelmingly positive. Of 98 results comparing profitability of GE
crops to their conventional counterparts, 71 indicated a positive impact, 11 results were
neutral and 16 negative. The profitability results were driven by yield improvement as
well as reduced costs, which were found in all but 12 cases Carpenter (2010). Impacts
vary across years and locations due to differences in weather, pest pressure and the
efficacy of conventional practices, which may explain some of the negative findings.
Kaphengst et al. (2011) conducted a statistical analysis of the results of both
peer-reviewed and non-peer reviewed publications reporting results comparing the
performance of GE varieties to conventional varieties from both field trials and farmer
surveys. They found a similar pattern in the literature, namely that compared to
conventional crops, GE crops can lead to yield increases mostly through reduced yield
losses from insect infestation and weeds. Also, GE crops can reduce pesticide costs. The
findings showed heterogeneity across countries and regions (Kaphengst et al., 2011).
In an analysis of the global impacts of GE crops, Brookes and Barfoot (2011)
quantify the impacts of currently commercialised GE crops on farm income and
production, using existing farm level impact data and extrapolating to traits, crops and
locations where no data were available. Globally, the direct farm income benefit of
currently commercialised GE crops resulting from increased yields and decreased costs
was estimated to be $10.8 billion in 2009, equal to 5.8% of the value of global production
of soybeans, maize, canola and cotton.
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Average percentage changes in yield by technology for developed and developing
countries [(GE-conventional)/conventional)]a
Change in
yield

# of results

Min.

Max.

Std. err.

6%

59

–12%

26%

1.0%

HT cotton

0%

6

–12%

17%

3.8%

HT soybean

7%

14

0%

20%

1.7%

HT/IR cotton

3%

2

–3%

9%

5.8%

IR corn

4%

13

–3%

13%

1.6%

IR cotton

7%

24

–8%

26%

1.9%

29%

107

–25%

150%

2.9%

HT corn

85%

1

HT soybean

21%

3

0%

35%

11%

IR corn

16%

12

0%

38%

4%

IR corn (white)

22%

9

0%

62%

6.9%

IR cotton

30%

82

–25%

150%

3.5%

Technology
Developed countries

Developing countries

a

Notes: Averages calculated across surveys, geographies, years and methodologies. A
two-tailed t-test shows a significant difference between the average yields of
developed and developing countries (t = 7.48, df = 134, P < 0.0005)
Source: Carpenter (2010)

3

Distribution of impacts

Researchers have extended the farm level analysis to look at how these benefits are
distributed across different groups, breaking down the analysis between market actors, as
well as by farm size, income groups and gender.

3.1 Market actors
Estimates of the distribution of impacts between producers, technology providers1 and
consumers have been calculated for technology introductions in eight countries and
globally (Tables 2 and 3). In the seven studies that assume no price impacts,2 and
therefore no consumer impacts are estimated, farmers are estimated to have captured a
large share of the benefits, between 40 and 90% of total on-farm benefits. The results
illustrate the variability of benefits to farmers from year to year, particularly for insect
resistant crops, where the benefits are correlated to pest pressure (Traxler and
Godoy-Avila, 2004).

1998

Mexico

Technology

Bt corn

Bt cotton

Bt cotton

Bt cotton-Monsanto varieties

Bt cotton-CAAS varieties

IR cotton

IR maize

HT soybean

Sector

52%
48%

Producers
Tech. providers

90%
10%

Producers
Tech. providers

39%
61%

Producers
Tech. providers

40%
60%

Producers
Tech. providers

17%

Tech. providers

5%

National govt.
83%

9%

Producers

86%

Tech. providers

16%

National govt.
Producers

43%
41%

Producers

5%
13%

National govt.
Tech. providers

4%

Tech. providers

77%

Proportion of total gain

Herbicide providers

Producers

Reference

Yorobe and Quicoy (2006)

Traxler and Godoy-Avila (2004)

Traxler and Godoy-Avila (2004)

(Pray et al., 2001)

Pray et al. (2001)

Trigo and Cap (2006)

Trigo and Cap (2006)

Trigo and Cap (2006)

Notes: *All studies calculate benefits to technology providers as gross revenues, which do not include the costs of research, marketing or administrative costs, with the exception of
Traxler and Godoy-Avila (2004), which includes estimated costs of seed production, but no costs for field research, technical assistance to farmers, monitoring for contract
compliance or compensation to local seed distributor agents.
**Results presented are within group distributions and do not include losses to pesticide companies.

2003/2004

1997

Mexico

Philippines

1999

China

1996–2005

Argentina

1999

1998–2005

Argentina

China

Year(s)
1996–2005

Argentina

Table 2

Country
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Distribution of farm-level benefits between farmers and technology providers with no
price effects*

Year(s)

1999
2000
2001
2002
2003
2007

2007

Spain

Spain

Spain

Spain

Spain

Global

Global-developing countries

Technology

HT soybean, corn, cotton,
canola; IR corn and cotton

HT soybean, corn, cotton,
canola; IR corn and cotton

Bt corn

Bt corn

Bt corn

Bt corn

Bt corn

Bt corn

Bt cotton-large irrigated

Bt cotton-large dryland

Bt cotton-smallholders

14%

Tech. providers

24%
86%

Tech. providers
Producers

76%

40%

Producers

60%

Producers

38%

Tech. providers

62%

Producers

37%

Tech. providers

63%

Producers

36.5%

Tech. providers

63.5%

Producers

36%

Tech. providers

64%

Producers

35.5%

Tech. providers

64.5%

Producers
Tech. providers

76%
24%

Producers
Tech. providers

49%
51%

Tech. providers

24%

Producers

Tech. providers

Proportion of total gain
76%

Sector
Producers

Reference

Brookes and Barfoot (2009)

Brookes and Barfoot (2009)

Demont and Tollens (2004)

Demont and Tollens (2004)

Demont and Tollens (2004)

Demont and Tollens (2004)

Demont and Tollens (2004)

Demont and Tollens (2004)

Gouse et al. (2004)

Notes: *All studies calculate benefits to technology providers as gross revenues, which do not include the costs of research, marketing or administrative costs, with the exception of
Traxler and Godoy-Avila (2004), which includes estimated costs of seed production, but no costs for field research, technical assistance to farmers, monitoring for contract
compliance or compensation to local seed distributor agents.
**Results presented are within group distributions and do not include losses to pesticide companies.

1998

1999/2000

Table 2

Spain

South Africa**

Country
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Distribution of farm-level benefits between farmers and technology providers with no
price effects* (continued)
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Distribution of farm-level benefits between farmers and technology providers with
price and trade effects*

Country

Year(s)

Technology

Sector

Proportion of
total world
surplus gain

USA**

1996

Bt cotton

US producers

43to 59%

ROW producers

–6 to +9%

Tech. providers

26 to 47%

Consumers

16 to 24%

US producers

42%

ROW producers

–6%

Tech. providers

44%

Consumers

19%

US producers

29 to 39%

Tech. providers

25 to 35%

ROW producers

–63 to –78%

Consumers

99 to 114%

US producers

4%

ROW producers

–316%

USA

US

US

USA

USA***

1997

1997

1997

1997

1997

Bt cotton

Bt cotton

HT cotton

HT soybean

HT soybeans

Tech. providers

7%

Consumers

406%

US producers

20%

ROW producers

–11%

Tech. providers

68%

Consumers

23%

ROW net benefit

7%

US producers

29 to 76%

ROW producers

2 to 3%

Tech. providers

10 to 25%

Consumers

10 to 44%

Reference
Falck-Zepeda
et al. (1999)

Falck-Zepeda
et al. (1999)

Price et al. (2005)

Price et al. (2005)

Price et al. (2005)

Falck-Zepeda
et al. (2000)

Notes: *All studies calculate benefits to technology providers as gross revenues, which
do not include the costs of research, marketing or administrative costs.
‘Consumers’ includes adopting and non-adopting regions. Rest of World (ROW).
**Range reflects estimates calculated using two separate datasets for on-farm
impacts.
***Range reflects estimates calculated using different assumptions for the
elasticity of US supply.
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Country
USA

USA,
Argentina
and Brazil

USA and
Argentina

USA and
Argentina

USA and
Argentina
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Distribution of farm-level benefits between farmers and technology providers with
price and trade effects* (continued)
Year(s)

Technology

Sector

Proportion of
total world
surplus gain

1998

Bt cotton

US producers

46%

ROW producers

–7%

Tech. providers

43%

1999/2000

1996

1997

1998

HT soybean

HT soybeans

HT soybeans

HT soybeans

Consumers

18%

US producers

19%

ROW producers

–7%

Tech. providers

45%

Consumers

40%

US producers

40%

Argentina
producers

–5%

ROW producers

–20%

Tech. providers

37%

Consumers

47%

US producers

34%

Argentina
producers

5%

ROW producers

–23%

Tech. providers

35%

Consumers

49%

US producers

27%

Argentina
producers

11%

ROW producers

–23%

Tech. providers

36%

Consumers

49%

Reference
Falck-Zepeda
et al. (1999)

Moschini et al.
(2000)

Qaim and Traxler
(2005)

Qaim and Traxler
(2005)

Qaim and Traxler
(2005)

Notes: *All studies calculate benefits to technology providers as gross revenues, which
do not include the costs of research, marketing or administrative costs.
‘Consumers’ includes adopting and non-adopting regions. Rest of World (ROW).
**Range reflects estimates calculated using two separate datasets for on-farm
impacts.
***Range reflects estimates calculated using different assumptions for the
elasticity of US supply.
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Table 3

Country
USA and
Argentina

USA and
Argentina

USA and
Argentina

USA and
China

Distribution of farm-level benefits between farmers and technology providers with
price and trade effects* (continued)
Year(s)

Technology

Sector

Proportion of
total world
surplus gain

1999

HT soybeans

US producers

16%

Argentina
producers

17%

ROW producers

–22%

Tech. providers

34%

Consumers

54%

US producers

12%

Argentina
producers

21%

ROW producers

–23%

Tech. providers

35%

Consumers

54%

US producers

12%

Argentina
producers

25%

ROW producers

–24%

Tech. providers

34%

Consumers

53%

US producers

21%

China producers

51%

ROW producers

–42%

Consumers

76%

2000

2001

2001

HT soybeans

HT soybeans

Bt cotton

Reference
Qaim and Traxler
(2005)

Qaim and Traxler
(2005)

Qaim and Traxler
(2005)

Frisvold et al.
(2006)

Notes: *All studies calculate benefits to technology providers as gross revenues, which
do not include the costs of research, marketing or administrative costs.
‘Consumers’ includes adopting and non-adopting regions. Rest of World (ROW).
**Range reflects estimates calculated using two separate datasets for on-farm
impacts.
***Range reflects estimates calculated using different assumptions for the
elasticity of US supply.

In models where prices are assumed to change with associated trade impacts, farmers
who are adopting the technology also receive a substantial share of the estimated benefits,
and consumers worldwide may also capture a large share of the benefits due to lower
prices.3 Farmers in regions where the technology has not been commercialised realise
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losses due to lower prices. In a study of the evolution of impacts from adoption of
herbicide tolerant soybeans in the USA and Argentina, the share of total benefits accruing
to farmers in Argentina grew from a small loss in 1996 as US farmers began to plant HT
soybeans, to 25% by 2001 (Qaim and Traxler, 2005). The net impact in non-adopting
regions is positive, with producer losses being outweighed by consumer gains due to
lower prices.
It should be noted that in nearly all studies on the distribution of benefits across
market actors, the benefits to technology providers are calculated as gross revenues, and
are therefore overestimated because there is no accounting for the costs of technology
research, marketing or administration.
While non-adopters may suffer losses due to the introduction of the technology
through global market impacts, more localised effects of the technology may be
beneficial to non-adopters. Several studies have shown evidence of regional suppression
of the target pests of GE insect resistant corn and cotton. Area-wide pest suppression not
only reduced losses to adopters of the technology, but may also benefit non-adopters and
growers of other crops by reducing crop losses and/or the need to use pest control
measures such as insecticides. A study of the impacts of insect resistant corn in the USA
Midwest showed that the majority of benefits of Bt corn accrued to non-adopters due to
area-wide pest suppression of European Corn Borer (Hutchison et al., 2010).
Table 4
Country
Argentina

Farm level impact in relation to farm size
Year

Technology

Result

Reference

1996/1997–2000/2001

HT
soybean

Farm size not related to
adoption, with small
farmers accounting for >
90% of farmers using HT
soybean; gross margins
4.48–6.76% higher for
adopters

Penna and Lema
(2003)

Canada

2000

China

1999

Bt corn and The smallest operations
HT
(< 490 acres) accounted
soybean
for the highest level of
use, large farms appear to
be slower to adopt GM
crops than smaller farms;
IR corn –2.6 to +12.8%
change in yields for
adopters, HT soybean 2.6
to 9.9% increase in yields
for adopters
Bt cotton

Adopters planted Bt
cotton on 0.42 ha on
average; farms with
smallest holdings
(< 1 ha) gained almost
twice as much income per
unit of land compared to
larger farms

Hategekimana
(2002a, 2002b)
and Hategekimana
and Trant (2002)

Pray et al. (2001)
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Farm level impact in relation to farm size (continued)
Year

Technology

Result

Reference

India

2001/2002–2002/2003

Bt cotton

Average cotton area
planted 1.56 acres in
2001/2002 and 2.37 acres
in 2002/2003 for Bt cotton
and 2.4 acres in
2001/2002 and 2.76 acres
in 2002/2003 for non-Bt;
yield increase 45–63% on
average and 33% by
production function for
adopters; gross margins
50% greater for adopters
on average

Bennett et al.
(2006a)

India

2002/2003

Bt cotton

Average cotton area 4.9
acres for adopters and 4.5
acres for
non-adopters; yield
increase 34% on average
and 27% by production
function for adopters,
profits 2161 rupees higher
for adopters

Qaim et al. (2006)

India

2003/2004

Bt cotton

Average plot area under 5
acres and not significantly
different between adopters
and non-adopters; yield
increase 14–37% for
adopters, gross margins
37–132% higher for
adopters, depending on
variety grown

Bennett et al.
(2005)

India

2004/2005

Bt cotton

Small farmers
(< 5 acres) had 10%
increase in yields, medium
(5–10 acres) had 21%
increase and large (> 10
acres) had 83% increase
for adopters

Dev and Rao
(2007)

India

2003/2004

Bt cotton

Returns to management
time saved and
reemployed in alternative
activities are higher for
large than for small
farmers

Subramanian and
Qaim (2009)

India

2002–2008

Bt cotton

24% yield increase and
50% increase in profit on
average for smallholder
adopters

Kathage and Qaim
(2012)
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Farm level impact in relation to farm size (continued)

Country

Year

Technology

Mexico

1997–1998

Bt cotton

Philippines

2003–2004

Romania

Result

Reference

Average holding of
adopting farmers was
14 ha; yield increase
2.6–20.4% for adopters

Traxler and
Godoy-Avila
(2004)

Bt corn

Average corn area 2.64 ha
for Bt and 1.64 ha for nonBt corn; yield increase of
34–37.5% on average, and
22.5 based on production
function for adopters,
increase in net income of
PhP10,132 per ha on
average for adopters

Yorobe and
Quicoy (2006)

1999–2003

HT
soybean

No correlation between
farm size and adoption

Brookes (2005)

South Africa

2001/2002–2003/2004

Bt white
corn

Smallholders achieve
Gouse et al. (2006)
0–32% higher yield per kg
of seed with Bt corn

South Africa

1999/2000

Bt cotton

Smallholders had 45.8%
Gouse et al. (2004)
yield increase compared to
large scale farmers who
had 13.8% or 18.5% yield
increase for dryland and
irrigated

Spain

2002–2004

Bt corn

Adoption is not
significantly related to
farm size; yield increase
of 0–12% on average for
adopters

Gomez-Barbero
et al. (2008)

USA/
Delaware

2000

HT
soybean

Duration analysis reveals
that earlier-adopting
farmers had larger farms;
10% yield increase for
adopters based on
production function

Bernard et al.
(2004)

USA

1998

HT
soybean

No relationship between
farm size and adoption

Fernandez-Cornejo
and McBride
(2002)

USA

1998

HT corn

Positive relationship
between farm size and
adoption

Fernandez-Cornejo
and McBride
(2002)

USA

1998

Bt corn

Positive relationship
between farm size and
adoption

Fernandez-Cornejo
and McBride,
(2002)
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3.2 Farm size
The impact of GE crops on smallholder farmers has been a key question for researchers
and policymakers interested in whether the technology has increased the gap between
rich and poor farmers, particularly as large farmers are better able to afford the more
expensive GE seed and other inputs such as fertiliser and irrigation (Morse et al., 2007).
The presumption by many is that large firms are the first to adopt new technologies, and
therefore benefit from improved productivity and efficiency. While this may be true of
innovations that require capital investment in new machinery and equipment, the
adoption of GE crops is relatively inexpensive.
The literature on the impacts of GE crops in relation to size of farm clearly shows that
small farmers in many countries (China, India, Mexico, Philippines and South Africa) are
benefiting from the adoption of GE crops (Table 4). In China and South Africa,
researchers have found the benefits to small farmers to be greater than for large farmers
(Pray et al., 2001; Bennett et al., 2004b; Gouse et al., 2004), which in South Africa is
attributed to better conventional pest management by large farms (Gouse, 2009). In
addition to the observed benefits for small farmers, an analysis of Bt cotton in Argentina
estimated that small farmers (with less than 90 hectares) would achieve 42% higher
yields if they adopted Bt cotton, due to low insecticide use and consequent reduced yields
due to insect damage (Qaim and De Janvry, 2005). Researchers have noted that the
relationship between adoption and farm size is more important at the innovator stage, and
diminishes over time (Fernandez-Cornejo and McBride, 2002).

3.3 Income groups
Fewer studies have examined the distribution of impacts across income groups, as
distinct from size of farm, to address the question of whether GE crops contribute to a
widening of income disparities between rich and poor farmers due to the ability of richer
farmers to afford more expensive seed. In China, Bt cotton farmers in the lower income
groups, as measured by either household income or per capita income, achieved greater
increases in net income during the 1999 study season than their counterparts in higher
income groups (Pray et al., 2001). In South Africa, the distribution of gross margins from
cotton growing increased across adopters and non-adopters from 1998/1999 to
2000/2001, though inequality decreased among Bt cotton adopters (Bennett et al., 2004a).
Survey results from India for 2003 showed that Bt cotton adopting households had higher
cotton income than non-adopters, but also that inequality in cotton income was greater
among non-adopters than for adopters. The difference was attributed to the consistent
performance of Bt cotton over conventional varieties, but also the better performance of
the non-Bt cotton variety favoured by Bt cotton adopters (Morse et al., 2007).

3.4 Gender
Women play important roles in agriculture, especially in developing countries, planting,
weeding, harvesting among other tasks. Women comprise about 20% of the agricultural
labour force in Latin America to almost 50% in Sub-Saharan Africa and eastern and
Southeastern Asia (Meinzen-Dick et al., 2011). Despite their importance in agriculture,
women face unique challenges, such as limited access to inputs, technological resources,
equipment and land, as well as non-tangible assets such as human capital, and decision
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making power. Understanding any gender differences that might exist in the access and
use of GE crop technology contributes to the discussion of the role of GE crops in
furthering development and addressing poverty.
Little research has been done to examine the role of gender in the adoption and use of
GE crops. However, two recent studies have explored gender issues related to Bt cotton.
In India, the adoption of Bt cotton was found to increase aggregate returns to labour by
42% while the returns for hired female agricultural workers increased by 55%, largely
due to additional labour employed for picking cotton, which is primarily a female activity
in India. Further, the use of Bt cotton was associated with improved female working
conditions, as the reduction in the amount of family male labour involved in pest
management was reallocated to other household economic activities. Researchers noted
that women’s income has a particularly positive effect for child nutrition and welfare
(Subramanian et al., 2010).
In a recent in-depth exploration of gender differences in the production of Bt cotton in
Colombia, researchers found that female farmers preferred Bt varieties over conventional
because of the reduced need for hired labour to spray insecticides. A lack of adequate and
timely information about the technology was important for both men and women, but
affected females more than males (Zambrano et al., 2011).

4

Secondary impacts

Looking beyond the direct farm level impacts of GE crops, several studies have examined
a range of ‘secondary’ impacts, including impacts on the labour market, non-pecuniary
factors, and various aspects of social welfare.

4.1 Labour market
Researchers have been interested in the impacts of GE crops on labour markets,
particularly related to poverty implications of reduced managerial requirements and
changes in wage-earning opportunities. For the HT soybeans, studies in Argentina
and the USA find that labour requirements were lower due to fewer tillage operations
for weed control (Table 5). In the USA, adoption of HT soybeans was associated
with increases in off-farm income due to reduced managerial time requirements
(Fernandez-Cornejo, 2007). For Bt cotton, labour impacts have been mixed. In both India
and China, labour required for spraying insecticides is reduced. However, in India this is
outweighed by the increase in labour needs for harvesting increased yields so that the net
effect on labour is an increase. China, the yield increase is smaller than in India and the
net labour impact is a decrease.
In a meta-analysis of global results of the impacts of GE crops on various parameters,
labour costs were found to be generally lower for HT soybeans and generally higher for
Bt cotton (Kaphengst et al., 2011).
Two studies go beyond the direct labour impacts, to look at impacts in related
industries. In China, although on farm labour was lower for Bt cotton adopters, overall
labour impacts were positive due to an increased demand for labour in the textile industry
(Huang et al., 2004). In India, not only were returns to on farm labour increased by an
expansion of Bt cotton, but returns to non-agricultural labour were also increased in
related sectors such as transportation, trade and other services (Subramanian et al., 2010).

2002/2003–2003/2004
2003/2004

2004/2005

India

India

India

2002–2004

2001–2003

2001–2003

2001–2003
2004

Spain

USA

USA

USA

USA

1998/1999, 1999/2000 and 2000/2001

1999–2001

China

South Africa

1999–2001

Argentina

Technology

HT soybean

HT cotton

HT corn

HT soybeans

Bt corn

Bt cotton

Bt cotton

Bt cotton

Bt cotton

Bt cotton

Bt cotton

HT soybean

Relevant results

16% increase in off-farm income is associated with a 10%
increase in the probability of adopting HT soybean.

No difference

No difference

14.55% savings in household labour

No impact on amount of farm labour employed

Spray labour significantly lower for all three years,
weeding labour significantly higher for adopters in one of
two years where data were available, and harvest labour
significantly higher all three years. Total labour in two of
three years where data were available was the same.

Labor costs increased by 20.58%. Bt farmers on average
hired human labour more than non-Bt farmers and utilised
family labour more intensively.

While more labour is employed for harvesting, labour
requirements for pest control decrease. However, saved
family labour can be reemployed efficiently in alternative
activities so that overall returns to labour increase.

Picking costs higher in Bt cotton 27% on average across
years.

In welfare model of Bt cotton adoption, although on farm
labour decreases, aggregate demand for labour increases,
due to additional labour demand from the textiles sector.

Total labour costs lower in two of three years in Bt cotton
compared to conventional.

Hired labour and custom operations $42.33/ha for HT and
$46.82/ha for conventional.

Reference

Fernandez-Cornejo (2007)

Gardner et al. (2009)

Gardner et al. (2009)

Gardner et al. (2009)

Gomez-Barbero et al. (2008)

Bennett et al. (2006b)

Dev and Rao (2007)

Subramanian and Qaim (2009)

Ramasundaram et al. (2007)

Huang et al. (2004)

Huang et al. (2002)

Qaim and Traxler (2005)

Table 5

China

Year
2001

Country
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The complexity of labour markets, which differ in terms of excess or lack of supply and
where impacts in one sector may be offset by impacts in another related sector, must be
carefully examined in a consideration of desirable outcomes.

4.2 Non-pecuniary factors
Several studies have identified important factors that influence farmer adoption decisions,
but are not direct contributors to increased profits. These factors include the simplicity
and flexibility of weed management programmes with herbicide tolerant crops, lower
production risk associated with insect resistant crops, and human and environmental
safety benefits related to changes in insecticide and herbicide use (Brookes and Barfoot,
2009). Because these factors are not priced in the marketplace, as farmers do not pay for
them, they are inherently difficult to measure. Beyond a traditional accounting of the
impacts of GE crops, studies have estimated the value of the ‘non-pecuniary’ benefits, or
intangible benefits that are not paid for out of pocket. In a study of glyphosate-tolerant
soybean in the USA, non-market valuation techniques were used to estimate
non-pecuniary convenience benefits, such as management-time savings and flexibility, at
$12/ha (Marra and Piggott, 2006). Similarly, a survey of US corn farmers found that
non-pecuniary benefits (handling and labour-time savings, human and environmental
safety, reduced yield risk, equipment cost savings and better standability)4 of GM
insect-resistant corn were valued at $10.32/ha (Alston et al., 2002). Based on existing
estimates of per hectare non-pecuniary benefits, Brookes and Barfoot (2009) estimate a
total value of $921 million in non-pecuniary benefits for GE crops the USA in 2009.

4.3 Social welfare
Various aspects of social welfare have been addressed in the literature,5 including human
health, food security and other measures of standard of living.
Studies in China, South Africa and India have extended consideration of the impacts
of reduced pesticide use related to adoption of Bt cotton to human health impacts. In
China, Bt cotton has been credited with reducing the number of farmers who are
poisoned annually from applying pesticides. In a comparison of the proportion of full
adopters, partial adopters and non-adopters reporting pesticide poisoning after applying
pesticides,6 between 5 to 8% of adopters reported pesticide poisoning, whereas 10 to 19%
of partial adopters and 12 to 29% of non-adopters reported pesticide poisoning for the
same time period (Huang et al., 2002). In South Africa, a clear but not proven causal
relationship has been shown between a reduced number of recorded cases of accidental
pesticide poisoning from local hospital records and increasing adoption rates of Bt cotton
over time. There is a suggestion that these benefits accrue more to women who do most
of the farm work and children who would play in a field soon after a pesticide application
(Bennett et al., 2006b). An analysis of pesticide poisoning related to application of
pesticides from 2002 to 2008 in India estimated a reduction of at least 2.4 million and
possibly as many as 9 million cases. Resulting savings to the Indian healthcare system
were estimated to be in the range of $14 to 51 million (Kouser and Qaim, 2011).
Additional indirect health benefits may be achieved through reduced mycotoxin
contamination in Bt corn. Insect damage predisposes corn to mycotoxin contamination as
insects create openings through which fungal spores enter the kernels. Mycotoxins that
contaminate corn are associated with various types of cancer, neural tube defects and
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other disorders in humans as well as various health problems in livestock. Reduced
mycotoxin contamination resulting from the planting of Bt corn has been documented
through field studies in several countries where Bt corn is grown, including the USA,
Europe, Canada, Argentina, the Philippines and South Africa (Wu, 2008; Barros et al.,
2009; Abbas et al., 2008; Pray et al., 2009).
Food security impacts have been estimated for adopters in South Africa, where a 16%
yield increase in a season with good rainfall could result in a substantial increase in food
security because of a higher base yield. The increased yield is estimated to mean 36 more
days of maize meal for a household of seven in 2002/2003 (Gouse et al., 2006).
In the Philippines, researchers calculated the subsistence carrying capacity of farms
growing Bt corn compared to conventional corn, estimating an advantage of 26 to 83%
for farms growing Bt corn. They conclude that farmers growing Bt corn are more likely
to meet the poverty threshold than conventional corn growers (Gonzales, 2005).
With respect to broader social impacts at the community level, studies from South
Africa and India have quantified impacts on various indicators. In South Africa, 88% of
interviewed resource-poor farmers growing Bt cotton, regardless of gender or farm size,
reported that their increased income from cotton seasons 2003/2004 and 2004/2005 was
used primarily for greater education of their children (76%), more investment in growing
cotton (46%), repaying debt (28%), investment in other crops (20%) and spending money
on themselves. Some 89% had increased their asset base due to Bt cotton, primarily by
increasing their cultivable land (Morse and Bennett, 2008).
In a survey of over 3000 farmers in India, the benefits of using Bt cotton were:
spending less time in the field (51%), peace of mind (49%), less tension from cotton
cultivation (48%), planning for child’s education (42%), ability to buy gifts for family
(40%), paying off debt (39%), ability to buy more land (23%), ability to get daughter
married (20%), ability to buy tractor (14%) (Anonymous, 2005).
Also in India, a survey of more than 9000 farmers across 467 villages in eight cotton
growing states found that households growing Bt cotton had higher incomes, which
translated into higher access to maternal care services, child education and immunisation.
At the village level, villages with higher adoption rates had higher levels of accessibility
to services such as telephone systems, electricity, drinking water, internet connectivity,
banking services and markets (Anonymous, 2007).
A survey on gender differences in Bt cotton production in Colombia found that the
additional resources from adoption was spent differently by male and female farmers.
Men generally preferred to spend their profits on leisure activities, while women spent
their additional income on food, education and health for their families (Zambrano et al.,
2011). In China, surveyed farmers in Hebei province in 2002/2003 reported using the
increased income from Bt cotton to invest in education, leisure and healthcare (Wan
et al., 2008).

5

Conclusions

The analysis of socioeconomic impacts of GE crops has broadened to include a wider
range of issues than those considered in the early years of commercialisation. The results
of the available literature show that the impacts of the technology are multi-faceted and
ripple through local and national economies. Specifically, the key results of this review
are:
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•

With respect to the distribution of benefits across market actors, while proportions
vary, the results show farmers who adopt the technology receiving a substantial share
of benefits. Where prices are assumed to change, consumers capture a large share of
benefits due to increased production leading to lower prices.

•

The literature on results in relation to farm size shows that small farmers in many
countries are benefiting from the adoption of GE crops, and in some cases the
benefits appear to be greater than for large farmers. Studies of income inequality
among adopters and non-adopters have shown a decrease in inequality for adopters,
likely resulting from more consistent yields.

•

The few studies that have looked at impacts in relation to household or per capita
income have found lower income farmers achieving greater increases in income than
their richer counterparts.

•

In a single study that investigated impacts by gender, women were found to have
greater returns to labour from adoption of Bt cotton.

•

Labour impacts have been mixed, with some studies showing increased labour
requirements, particularly from increased labour for harvesting increased yields, and
some studies showing reductions from reduced spraying and tillage, while other
studies show no impacts. On this question, context would seem to be extremely
important to determining what a desirable outcome would be.

•

In studies that explore the impacts of the technology on various indicators of social
welfare, adopters report improvements in health, education, debt repayment,
maternal care services and food security.

For several of the parameters investigated in the studies reviewed here, the results
represent the experience of farmers in a single region for one or few years, and may not
be representative of the broader experience of adopters of the technology. However, the
results of farmer surveys on the primary benefits of GE crops globally show a remarkable
consistency (Carpenter, 2010). To the extent that secondary benefits such as those
illustrated in the available literature follow readily from the primary on farm impacts, the
expectation is that many farmers around the world are achieving a broad range of
socio-economic benefits as the result of adopting GE crops.
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Notes
1
2

3

4
5

6

Technology provider includes the supply chain that delivers seed and technology to the
farmer.
Studies assuming no price impacts are either reflecting real market conditions where there
would realistically be no change in prices due to the introduction of GE crops because
domestic production is not large enough to affect world prices, or use simplified modelling
techniques.
In an examination of the global production, trade and price impacts of GE corn, soybean and
canola, it was estimated that world prices would be 5.8%, 9.6% and 3.8% higher on average
than baseline 2007 levels if the technology were no longer available (Brookes et al., 2010)
Standability refers to the mechanical stability of the plant, especially to remain upright through
heavy wind and rain events.
For the purposes of this discussion, social welfare is defined as the well-being of the entire
society. Social welfare is not the same as standard of living but is more concerned with the
quality of life that includes factors such as the quality of environment (air, soil, and water),
level of crime, extent of drug abuse, availability of essential social services, as well as
religious and spiritual aspects of life (http://www.businessdictionary.com).
Pesticide poisoning included farmer reported headaches, nausea, skin pain or digestive
problems after applying pesticides.

