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Is Bt Cotton a Pro-Poor Technology?
A Review and Critique of the
Empirical Record

DOMINIC GLOVER

Policy makers, journalists and other commentators have hailed genetically
modified (GM) crops as a ‘pro-poor’ success in the developing world. Their
confidence appears to be justified by the encouraging conclusions reached by
academic studies on the performance and impacts of GM crops, which seem to
provide convincing evidence of substantial benefits for smallholders in developing
countries. However, a detailed, critical examination of studies on transgenic,
insect-resistant cotton in China, India and South Africa demonstrates that the
technology’s impacts have been evaluated and represented in selective and
misleading ways. The performance and impacts of GM crops have in fact been
highly variable, socio-economically differentiated and contingent on a range of
agronomic, socio-economic and institutional factors. The shortcomings of the GM
crop-impacts literature have done a disservice to public and policy debates about
GM crops in international development and impeded the development of
sound, evidence-based policy.
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INTRODUCTION

Genetically modified (GM, transgenic) crops have been hailed as a ‘pro-poor’ success
in the developing world (e.g. Brookes and Barfoot 2006; Gdémez-Barbero and
Rodriguez-Cerezo 2006; James 2008). Evidently, such claims have persuaded many
commentators, policy makers and politicians that there is a good news story to be
told about the impacts of transgenic crops in developing countries, which may help
to convince reluctant consumers and anti-GM campaigners to embrace the tech-
nology. For instance, British politician and GM-enthusiast Dick Taverne has com-
plained that ‘[t]he public in Britain and Europe seems unaware of the astonishing
success of GM crops in the rest of the world’ (Taverne 2007, 24). During 2008 and
2009, numerous signals have indicated that GM crop advocates, policy makers and
politicians in the UK are attempting to reignite the public debate about agricultural
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biotechnology in the developed world, in the clear expectation that evidence of the
benefits of GM agriculture in developing countries will lead to a warmer public
appreciation of transgenic crop technology than in the past (The Guardian 2007,
2008; The Telegraph 2008).

Scholars who have examined the empirical record, however, are more circum-
spect about the benefits of GM crops in smallholder farming contexts in developing
countries. The performance and impacts of transgenic crops have varied widely in
developing-country contexts, across farms and farmers, crop varieties, regions and
seasons. Some farmers have clearly benefited, but others have not. The performance
and impacts of GM crops depend crucially on a diverse range of factors, especially
the performance and local adaptation of the background variety into which the
new genetic traits have been introduced, together with a range of agronomic,
socio-economic, political and institutional factors (Raney 2006; Smale et al. 2006a,
2006b; Smale et al. 2009; Tripp 2009a). Accordingly, some scholars have warned that
biotechnology is likely to make only a limited contribution to agricultural devel-
opment in the absence of fundamental policy and institutional change (IAASTD
2008; Scoones 2009; Tripp 2009a).

In the light of these findings, some say, ‘the initial enthusiasm for the technology
has been superseded by a more cautious weighing of economic advantages and
disadvantages by crop and trait’ (Smale etal. 2006b, 62-3). Nevertheless, many
commentators and protagonists in the debate appear reluctant to let go of the
powerful illusion of GM crops as a silver bullet against hunger and poverty. For
instance, in April 2008, British newspaper columnist Dominic Lawson berated the
authors of the IAASTD report for ‘pandering to superstition’ and indulging in
‘anti-scientific hysteria’ because they failed to endorse a technology from which
‘Africa could benefit most’ (Lawson 2008a).

It is hardly surprising that policy makers, politicians and journalists think they are
on solid ground when they make such pronouncements, because serious academics
have continued to strongly endorse GM technology as a necessary feature — not
merely a useful, helpful or alternative one — of an equally necessary transformation
of agriculture that will sweep aside the livelihoods of millions of peasants and
supposedly release them to do something else for a living (e.g. Collier 2008).
Cornell University academic Ron Herring has asserted that the ‘narrative’ of GM
crops as a ‘pro-poor’ technology has attained the status of ‘an optimistic but cautious
consensus’ among development professionals (Herring 2007, 7).

Against the background of assertions like these from respected scholars, it is
hardly surprising that many policy makers, journalists and others engaged in the
public debate believe that there is now a body of convincing empirical evidence to
show that GM technology is good for the poor. Columnists like Dominic Lawson,
for instance, have pointed to reports issued by responsible bodies like the European
Commission, which have stated that ‘analyses show that adoption of dominant GM
crops and on-farm economic gains have benefited both small and large farmers . . .
Moreover, detailed analyses show that increases in gross margin are comparatively
larger for small and lower-income farmers than for larger and higher income
farmers’ (Gomez-Barbero and Rodriguez-Cerezo 2006, 35; see Lawson 2008b). In
this article, I will show that such confident assertions are unwarranted and mislead-
ing, not because the claims themselves are strictly inaccurate, but because they
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represent a selective, incomplete and premature picture of the impacts of GM crop
technology in real situations.

This paper presents a detailed, critical re-examination of the evidence base
underlying the claim that GM crops have produced a range of benefits for poor
farmers in the developing world. It focuses on the peer-reviewed academic
studies that have sought to evaluate the productivity and socio-economic impacts
of transgenic, insect-resistant cotton among smallholder farmers in China, India
and South Africa. Based on a thorough search of the literature, the sample
included all of the significant empirical studies and analyses I was able to find
that were based on field-level data collected from farmers growing Bt cotton
under ordinary conditions (i.e. not field trials) and published in peer-reviewed
international journals. Studies that did not meet those criteria were excluded. In
particular, the selection criteria required the exclusion of various critical reports
and studies that have been published by national and international non-
governmental organizations (NGOs) (e.g. FOEI 2007; Mayer 2002; Pschorn-
Strauss 2005; Qayum and Sakkhari 2005). Such documents have provided valuable
alternative perspectives, additional evidence and thoughtful arguments that shed
useful new light on the track-record of Bf cotton in the developing world, but
unfortunately they do not command universal respect because they are regarded
as partisan and have not been formally peer-reviewed. This paper concentrates on
those studies that are likely to be accepted without question as serious and
credible by most professional researchers. The study therefore encompasses 46
studies across the three focus countries. The sample compares with those reviewed
by other researchers (Smale etal. 2006a, 2006b; Tripp 2009a). Additional peer-
reviewed literature, such as other scholars’ reviews of the empirical record and
other academic commentaries and analyses, are also cited in this paper wherever
they appear to shed useful light or aid interpretation of Bt cotton’s track record
in India, China and South Africa.

I will argue that both methodological weaknesses and presentational flaws in the
Bt cotton impact studies have produced a misleading picture of both the perfor-
mance and the impacts of GM crops in smallholder farming contexts, and that this
has seriously distorted public debate and impeded the development of sound,
evidence-based policy. This article thus addresses the mutual responsibilities of
parties on both sides of the research—policy interface. Academic scholars have a
responsibility to explain clearly the implications of their research, acknowledging its
limitations and avoiding any exaggeration of the conclusions and inferences that
may be drawn from it. Journalists, policy makers and politicians, for their part, have
an obligation to evaluate claims that are derived from research with considerable
care and to pay due attention to the quality and weight of the evidence on which
it is based.

The only GM crop that has been commercialized widely in the developing
world is transgenic, insect-resistant cotton, known as ‘Bt cotton’, which contains a
gene taken from the soil bacterium Bacillus thuringiensis. Cotton plants modified
with the ‘Bf gene’ express an insecticidal protein that confers a degree of protection
against a group of insect pests, primarily Lepidoptera, which are conventionally
known as bollworms or ‘the bollworm complex’ (see FAO 2004, 44; University of
Tennessee n.d.).
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It is important to observe at the outset that Bt cotton has had some beneficial
impacts in the developing world, as reflected for instance in productivity improve-
ments on the macro scale. However, this study focuses on developmental impacts
among poor smallholder farmers. As I will show in the sections that follow, the
benefits for such groups are neither as simple, as uniform, as context-independent
nor as sizeable as they have frequently been depicted to be.

Bt COTTON IN CHINA

Bt cotton was commercialized in China in 1997. The area under Bt cotton
expanded rapidly, reaching about 3.7 million hectares in 2004. In 2005 the area fell
back a little, before rising again to about 3.8 million hectares in 2007, equivalent to
69 per cent of the total cotton area in China that year (Tripp 2009b). In the
northern, Yellow River cotton zone, Bt varieties are reported to account for nearly
100 per cent of the cotton area. The crop is said to be grown by about 7.1 million
small-scale farmers in China (James 2007; Keeley 2006).

Yields and Profitability

According to an early study, Bt cotton farmers in China were spending between 20
and 33 per cent less on cotton cultivation than non-adopters (Pray and Huang
2003; Pray et al. 2001). They also received a very slightly higher price for their
cottonseed, so that they made a small profit per kilogram of seed sold. Non-adopters
suffered losses. On a cursory reading, the conclusion was obvious: farmers benefited
from adopting Bt cotton; indeed, it appeared that Bt cotton rescued cotton culti-
vation from being a financially loss-making enterprise.

On closer examination, the case appears not to be so simple. The data presented
by Pray et al. (2001) and Pray and Huang (2003) showed that, in a season with low
pest pressure, yields had actually been broadly similar for Bf and non-Bt varieties,
especially when controlling for farmer skill and location. In fact, the best-yielding
variety was a newly released non-Bt variety that was regarded by government
scientists as susceptible to bollworms. Clearly, the 1999 season was not one in which
the benefits of insect-resistance would have been expected to make themselves felt.
On top of that, Bt cottonseed was significantly more expensive than most non-Bt
varieties, except for bollworm-resistant conventional varieties which, for some
reason, cost 75 to 167 per cent more than the Bt varieties. And yet Pray, Huang and
colleagues appeared to have identified a substantial financial benefit to cultivating Bt
cotton. If the Bt varieties did not offer a yield advantage over bollworm-susceptible
ones when pest pressure was low, where did the economic advantage come from?

According to the Pray-Huang group’s calculations, the cost advantage of
bollworm-susceptible, non-Bt seed was more than wiped out by the additional costs
for pesticides and the labour required for spraying them. They found that Bt farmers
spent between 9,100 and 10,700 yuan per hectare (RMB/ha), depending on the
variety grown, whereas non-Bt farmers spent at least 11,270 and up to 14,200
RMB/ha. According to these figures, it could be anywhere from 570 to 5,100
RMB/ha at the extremes, or about 2,000-3,500 RMB/ha, more expensive to
cultivate non-Bt varieties than Bt varieties, despite the cheaper price of non-Bt
(bollworm-susceptible) seed (Pray and Huang 2003; Pray et al. 2001).
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At first glance, these calculations seem reasonable and the results in line with the
expectation that the high price of Bt cottonseed would be offset by savings in
expenditure on pesticide applications. However, Pray and colleagues’ results need
to be interpreted with care. In particular, it is important not to lose sight of the
distinction between economic and financial measurements. Not all of the costs
incurred by farmers took the form of financial outlays. Unfortunately, that distinction
was not always clear in the way that the Pray-Huang group interpreted and presented
their findings. This can be seen in their treatment of labour inputs. For instance, when
enumerating the various inputs cotton farmers had to provide and their respective
costs, Pray et al. (2001) listed the cost of labour amid various other purchased inputs,
including seeds, irrigation, fertilizers, plant growth regulators, plastic and agricultural
taxes. Summarizing their labour cost estimates, they wrote that ‘[tlhe cost of labor
increased [for non-adopters| between 1,500 and 2,400 RMB/ha’ (Pray et al. 2001, 818;
emphasis added). They then calculated the farmers’ net income by subtracting the
costs of production, including labour, from the price received per kilogram of
cottonseed, concluding that ‘the Bt varieties clearly are more profitable than the
non-Bf variety. The net income from growing non-Bf varieties were negative, while
the net income from all of the Bt varieties were positive’ (Pray et al. 2001, 819).Those
particular ways of describing the income advantages of transgenic cotton implied that
the Bt-adopters were in fact financially better off than non-adopters — indeed, that they
had turned a profit while non-adopters had made losses. A closer reading indicates
that that may not have been the case, as I will explain below.

It is important to state clearly that, if indeed there is a labour saving associated
with Bt-cotton technology, it would represent an important benefit for smallholder
farming households. Although it would manifest itself primarily as a saving of time
and energy, it is nevertheless important to estimate its economic value, which is an
opportunity cost. Thus, Pray and colleagues took the farmers’ labour inputs into
account by monetizing them, using the local farm labour wage as an index.
Alongside their income calculations, they also calculated the returns to labour —
which showed, indeed, that the Bt varieties had an advantage over non-Bf varieties
on that measure.

There are, however, two key difficulties with Pray and colleagues’ approach, both
of which point to the problems involved in focusing on broad averages at the
expense of paying insufficient attention to wide variations in factor endowments
and outcomes for different kinds of farmers. The first issue is that most of the labour
used in the region is not paid labour but family labour (Pray and Huang 2003; Pray
et al. 2001). Consequently, a labour saving cannot necessarily be equated directly
with a monetary gain. The farming families concerned are unlikely to have had the
financial resources to substitute their own labour with paid labour. Nor can one
assume that, had they benefited from labour savings through cultivating Bt cotton,
they would necessarily have been in a position to sell their own labour to others for
financial gain.

Second, and relatedly, applying a standardized labour wage for all farmers risks
suppressing the variation that exists in farm household characteristics and out-
comes.! Farm households differ in their relative labour endowments and their

I am grateful to an anonymous reviewer for encouraging me to develop this point.
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capacity to engage in different kinds of income-generation. Thus, the opportunity
costs associated with labour use are not the same for all households. Therefore, the
Pray—Huang team’s approach made it difticult to understand how much, and why,
Bt cotton’s impacts differed from one farming family to the next.

Of course, it would be difficult to take every nuance into account in every survey.
Nevertheless, that caveat should merely reinforce the need to interpret with great care
Pray and colleagues’ overall finding of a substantial economic advantage to cultivating
Bt cotton. In financial terms, the outcomes of cotton cultivation were rather similar
for Bt-adopters and non-adopters in a season with low pest pressure. Non-Bf farmers
actually realized, on average, a small financial profit per kilogram of seed cotton,
despite the net loss of income highlighted in the authors’ analysis of their findings (see
Pray and Huang 2003, table 12.5). Thus, it would be reasonable to conclude that not
adopting Bt technology might be a fully rational choice for those farm families that
were poorly endowed with financial capital but had adequate labour to invest. That
could well be the case if, for example, the price premium attached to Bt seed made
the technology unaffordable, especially if it is correctly understood as a form of
insurance against risk. (I will return to the issue of risk below.) Unfortunately, we
know very little about the reasons why some Chinese farmers adopted Bt cotton and
others did not in those early years following commercialization. It may well be,
however, that the two categories represent two different types or classes of farmers
making rational decisions in contrasting circumstances. I will develop this point
further in the discussion on Bt cotton’s impacts in India.

In the analysis by Pray and colleagues (Pray and Huang 2003; Pray et al. 2001),
the imputed monetary figure, representing the additional labour expended by
non-Bt farmers or saved by Bt farmers, created the impression that Bt cotton had
significantly out-performed non-Bt cotton during the season in question. That
being the case, one is left with the nagging question why, in a season when low pest
pressure prevented Bf cotton from demonstrating its possible technical advantage, so
many cotton farmers were still spending significant sums of money and a good deal
of time on pesticide spraying. The next section turns to that question.

Reducing Pesticide Use and Poisonings

Pray etal. (2001) claimed to show that the adoption of Bt cotton by Chinese
smallholders had led to a reduction in pesticide use and a consequent reduction in
incidents of pesticide poisoning among farmers. Other papers by the same group of
authors have affirmed the same finding (Hossain et al. 2004; Huang et al. 2002, 2003;
Pray and Huang 2003; Pray et al. 2002). The confident conclusion that ‘Bt cotton . . .
reduces chemical use’ (Pray et al. 2001, 822) has been widely cited ever since.
Although Pray, Huang and colleagues have indeed shown a substantial reduction
in pesticide use by Chinese Btf-cotton farmers, they have not established a con-
vincing causal relationship between the adoption of Bt cotton and the fall in
pesticide consumption. The most they have shown is a correlation between the two
phenomena. Yet the precise mechanism of causation should be of great interest to
agronomists and policy makers. Excessive use of pesticides by both cotton and rice
farmers in China is widely recognized as a serious environmental, human health
and economic problem (Huang et al. 2003; Widawsky et al. 1998). Farmers’ use of
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pesticides is very often not guided by careful evaluation of pest pressure or detailed
cost—benefit analysis (Huang et al. 2002). These observations ought to raise questions
about whether the adoption of a new pest-control technology, even if it is effective
in technical terms, will necessarily lead to a fall in pesticide consumption in line
with the observable reduction in the risk to crops.

Unfortunately, Huang et al. made precisely that assumption in their model,
because they relied on an ex post assessment by the farmers in their sample about
‘the per cent of the crop that the farmer believed would have been lost if he had
not sprayed’ (Huang etal. 2002, 378). Yet, it is at least strongly plausible that
the more judicious and safer use of pesticides may be attributable in large part to
the manner in which the new Bt seeds were promoted to farmers, rather than to the
performance of the technology itself. That implies that similar benefits might be
attained independently of Bt-cotton adoption. For example, if Bt-cotton varieties
were introduced to farmers as new varieties that ‘do not require spraying’ or are
‘immune to pests’, it would not be surprising if farmers adopting the technology
reduced the amount of spraying they undertook. Similarly, the promotion of Bt
cotton may involve sensitizing farmers to the dangers of excessive and unsafe
pesticide use. Farmers exposed to such messages might change their behaviour in
response to the message itself, rather than because they had observed the superior
insect resistance of the new varieties. Disentangling the different potential causes of
changes in farmers’ behaviour should therefore be a central concern.

Work by other researchers has shown that these are not simply mischievous
speculations. Fundamental questions have been raised about the Pray—Huang
group’s conclusions, with regard to both the finding of reduced pesticide use and
the attribution of such an effect to the adoption of Bt-cotton technology per se. For
instance, Pemsl etal. (2005) have shown that many Chinese smallholders have
continued to spray very high levels of pesticides, including some very hazardous
chemicals, despite having adopted Bt cotton. Two studies by Yang and colleagues
(Yang et al. 2005a, 2005b) showed that Chinese Bt-cotton farmers significantly
overestimated the damage caused by cotton bollworms and sprayed too much
pesticide as a result. Yang etal. (2005b) found that training in integrated pest
management (IPM) methods was associated with a much bigger reduction in
pesticide use than the adoption of Bt technology by itself. Indeed, they found that
IPM training had a bigger impact than Br cotton on the population dynamics of
pests and their natural enemies. Very similar conclusions were reached in a similar
study by Lifeng et al. (2007).

Huang etal.’s (2002) own research indicates that both Bf-adopters and non-
adopters applied pesticides far above the optimal level, even though Bt farmers
applied much less than non-Bt farmers. When evaluating pesticides as a damage-
abatement technology rather than a production-enhancing one, they concluded that
‘one assessment of the results is that farmers are using so much pesticide that even
when they adopt Bt cotton their marginal effect is near zero’ (Huang et al. 2002,
382). In their concluding remarks, Huang and colleagues acknowledged that levels
of pesticide use might be socially, culturally and institutionally shaped:

Although a discussion of why farmers overuse pesticides is beyond the scope
of the present paper, it is clear that such behaviour is systematic and even
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exists when farmers use Bf-cotton varieties. One thought is that farmers
might be acting on poor information given to them by the pest control
station personnel. In fact, such a hypothesis would be consistent with the
findings of work on China’s reform-era extension system in general. (Huang
et al. 2002, 384-5; citation deleted)

The role played by information, its reliability and its effects on perception and
behaviour would indeed seem to be a vital area for further investigation. In a
context where pesticide use is known to be economically and environmentally
non-optimal, it would not make sense to assume that the technical eftectiveness of
Bt-cotton technology would have a direct, linear impact on farmer’s pesticide
decision-making. Another paper by Huang et al. (2003) showed that farmers’ deci-
sions to spray were not influenced by pesticide prices, which further undermines
any suggestion that farmers were making careful cost—benefit calculations when
deciding whether to apply pesticides. However, that finding conflicts with a key
assumption made by Huang et al. (2002) in their earlier paper, where they posited
that pesticide use would depend on the profitability of its use. In short, Huang,
Pray and colleagues’ confident assertions that Bt cotton ‘caused’” or even ‘enabled’ a
reduction in pesticide use are not supported by the available evidence. It should be
elementary that a mere correlation does not provide firm evidence of causation.

This criticism 1s important because, though the observed reduction in pesticide
use may be real, and even though it may be indirectly associated with the adoption
of a particular kind of technology, if it is not driven directly by that adoption itself
— that is, by the farmer’s observation of the new technology’s superior performance
— then there is no reason to suppose that further adoption or energetic promotion
of the technology will necessarily, or sustainably, replicate that outcome. In short,
though Huang, Pray and colleagues have identified changes in pesticide consump-
tion, they cannot account for them. The precise mechanisms driving the changes
remain obscure.

In any case, Wang et al. (2008), reinforcing earlier findings by Wu et al. (2002),
found that initial reductions in pesticide use had been reversed after a few seasons
of Bt-cotton cultivation because of a resurgence in the populations of formerly
secondary pests (specifically, various non-lepidopteran sucking pests, notably mirids,
which are not targeted by the Bf toxin). In other words, according to a body of evi-
dence, the adoption of Bt cotton may be neither necessary nor sufficient to produce
substantial reductions in pesticide use, especially over the medium and long term.

Bt COTTON IN INDIA

Bt cotton was officially commercialized in India in March 2002, although un-
approved Bt varieties are known to have been grown in the state of Gujarat and
parts of Maharashtra, Madhya Pradesh, Andhra Pradesh and Karnataka for an
uncertain period of several years prior to that date (Scoones 2005). After a difficult
start (Glover 2007; Scoones 2005), Bt cotton spread to about 6.2—6.4 million
hectares by 2007, equivalent to 73 per cent of the total cotton area that year, when
the crop was reported to be grown by about 3.8 million small-scale farmers (James
2007; Tripp 2009b).
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Productivity, Profitability, Variability

Early studies of the performance of Bt cotton in India reported very large benefits
for farmers (Qaim 2003; Qaim and Zilberman 2003), but the value of these studies
was compromised by the fact that they were based on field-trial data (Arunachalam
and Bala Ravi 2003; Sahai 2003). One study in particular, published in the presti-
gious international journal Science (Qaim and Zilberman 2003), provoked a storm of
criticism in India, where questions were raised about the validity of the results, the
rigour of Science’s peer-review process and the ethics of the article’s publication
(Sahai 2003; Scoones 2005; Shantharam et al. 2008).

The largest group of publications on the impact of commercial Bif-cotton
cultivation in India has been produced by a group of academics from Reading
University in the UK. The group’s first set of papers presented the findings of
research on the 2002 and 2003 growing seasons in Maharashtra (Bennett et al.
2004a, 2006b; Kambhampati et al. 2006; Morse et al. 2005b). In their first paper,
Bennett et al. (2004a) found that the costs of cultivating both Bt and non-Bt cotton
during 2002 were very similar, but that Bf cotton produced a significant yield
advantage and an overall boost to farm productivity. The higher costs of Bt seed
were offset by savings in pesticide use and an improved yield.

One has to read the paper carefully to notice the observation, which is men-
tioned almost in passing, that the area chosen for the study had the benefit of
irrigation and ‘good growing conditions’, which enabled higher-than-average pro-
duction for all types of cotton (Bennett et al. 2004a, 99). However, as the authors
noted, ‘Most of the cotton in India is grown in rainfed conditions, and about a third
is grown under irrigation’ (Bennett et al. 2004a, 96). The dataset therefore apparently
had a significant placement bias. Hence, despite Bennett and colleagues’ conclusion
that ‘Bt cotton has had a significant positive impact on yields and on the economic
performance of cotton growers in Maharashtra’ (Bennett et al. 2004a, 99-100), the
results clearly could not be generalized to farmers who lacked the benefits of
irrigation and favourable growing conditions.

The finding of a productivity advantage should also have been qualified by the
observation that any yield advantage of Bt cotton should be expected only in
seasons where bollworm pest pressure is significant, since Bt is not an intrinsically
yield-enhancing technology. Similarly, Bennett etal.’s (2004a) conclusion that
Bt-cotton adoption led to reductions in pesticide use also needs to be treated with
caution, for the reasons discussed in the previous section: observed reductions in
pesticide use by Bt-cotton adopters in India cannot be convincingly attributed to
the performance of Bt technology without knowing something about farmers’
decision-making processes, as well as the levels of pest pressure in particular seasons.
Unfortunately, Bennett et al. (2004a) did not present any such data.

However, they implicitly acknowledged the cognitive and social factors that
shaped farmers’ decision making on pesticides. Data showed that farmers had
initially sprayed slightly less pesticide against sucking pests on Bt cotton than non-Bt
cotton, but in the second season slightly more. Bennett and colleagues commented:
‘It may be that in the first season some farmers did not fully understand the nature
of the new technology and reduced sucking pest spray input, believing that the Bt
variety needed less of such sprays. Bad experiences in 2002 may have led to an
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upsurge in spraying against these pests by Bt adopters in 2003’ (Bennett et al. 2004a,
97). That explanation is indeed plausible. The possibility that cotton farmers’
spraying behaviour may have been based not on careful observation of pest pressure
but shaped by a priori assumptions about the expected pest-resistant attributes of Bt
cotton, which may have been based on misinformation or confusion, points to the
error involved in assuming that changes in farmers’ use of pesticides can be
attributed directly to the performance of a particular kind of new seed.

The Reading group’s Maharashtra 2002—03 dataset was also presented in three
other articles (Bennett et al. 2006a; Kambhampati et al. 2006; Morse et al. 2005b).
In these papers, it becomes apparent that there was in fact a very large degree of
variation in the experiences of farmers in the sample. In their 2004 paper, the
authors had claimed that ‘As sample sizes were large, the standard errors were small
and would not be seen as bars on [our| graphs’ (Bennett et al. 2004a, 97). In later
papers based on the same dataset, however, Morse et al. (2005b) and Bennett et al.
(2006a)* reported standard deviations of considerable size in key statistics. For
instance, revenue from Bf cotton in 2002 was recorded as 42,948 Indian rupees
(Rs.) per hectare, with a standard deviation of Rs. 20,853; the corresponding values
for non-Bt cotton were Rs. 31,081 and Rs. 49,903, respectively. Cotton farmers’
profits ranged from Rs. 25,730 per hectare (non-Bt cotton, 2002) to Rs. 50,903 per
hectare (Bt cotton, 2003), but the standard deviations of these statistics were Rs.
49,708 and Rs. 22,744, respectively (Morse et al. 2005b, table 1). Clearly, these
statistics indicate very high levels of variability in the experiences of cotton farmers
with both types of cotton. It should be noted, in addition, that the lesser degree of
variation seen in the output of Bt cotton does not necessarily mean that they were
intrinsically more dependable varieties in themselves, since the category ‘non-Bf
encompassed a wide range of different ‘conventional’ varieties, which would be
expected to exhibit a wide range of performance characteristics. The high degree of
variation in Bt-cotton productivity in Maharashtra during 2002-03 and 2003-04
was confirmed by Ramasundaram et al. (2007), who identified it as a source of
substantial financial risk for resource-poor farmers.

Remarkable degrees of variation could also be seen in farmers’ pesticide use. For
example, Bennett et al. (2006a) and Kambhampati et al. (2006) presented a break-
down of their data across three different regions of Maharashtra for the year 2002.
The figures revealed a complex, confusing picture of farmers’ spraying behaviour
and a startling degree of variability in their cotton output. Why was Bt-cotton
output so widely variable in the Vidarbha region, with a standard deviation more
than 2.6 times as high as the average? Why was there so much variability in the
spraying behaviour of farmers in Marathwada against sucking pests, but much less in
Khandesh and Vidarbha? On the other hand, why did farmers in Khandesh and
Vidarbha spray such widely varying amounts against bollworms, while the corres-
ponding levels in Marathwada varied comparatively little around the average? The
huge variation in these numbers was passed over without comment by the authors,
yet it should have raised fundamentally important questions about how Bt cotton

2 Bennett etal. (2006a) presented additional data to earlier papers, as well as a more detailed
breakdown of their results by sub-region of Maharashtra.
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had fitted into farming systems in Maharashtra and the factors that may have caused
widely different outcomes to be observed.

The wide variability in cotton farmers’ experiences can also be seen in two
papers presenting data on the 2003 growing season in Gujarat (Bennett et al. 2005;
Morse etal. 2005a). Although the authors concluded that officially approved
Monsanto Bt-cotton hybrids had out-performed unauthorized Bt-cotton as well as
non-Bt cotton varieties, the very large standard deviations reported in both papers
made it clear that there had been a very large degree of variability in the yield,
revenue and gross margin for all cotton types. The variability of cotton output in
Gujarat during the 2002—03 season was also found by Roy etal. (2007) in their
interviews with farmers.

In other words, the average values that Morse, Bennett and colleagues high-
lighted in their discussion of their data should be heavily qualified. They mask the
much more important fact that cotton farmers’ experiences had varied very widely.
Indeed, it appears that cotton cultivation of all types may have been a deeply
uncertain and hence risky proposition for many, perhaps most, cotton farmers.
However, that possibility is difficult to assess, because the authors did not indicate
the median or mode values that might have helped the reader to judge whether the
averages were in fact representative of any real farmers. Making that judgment is
important because, as the next section discusses, the characteristics of different
farmers and the contexts in which they farm play vital roles in shaping their
capacity to use Bt-cotton technology to advantage.

A Different Kind of Farmer?

The Reading group returned to their analysis of the 2002 and 2003 cotton seasons
in Maharashtra with a set of papers published in 2007, based on data from the
district of Jalgaon (Crost et al. 2007; Morse et al. 2007a, 2007b). Morse et al. (2007a)
set out to examine whether Bt cotton might exacerbate inequality. Although their
paper purported to address the claim that Bf cotton could increase inequality
between richer farmers able to take advantage of the new technology and poorer
ones who could not, the analysis actually concentrated on measurements of equality
among groups of adopters and non-adopters rather than between the groups. Finding
that, on some measures, including income from cotton, there was less inequality
among the adopting households, the authors asked, ‘So what has resulted in this
greater equality of cotton income among the adopter group of [households] relative
to the non-adopters?” (Morse et al. 2007a, 47; emphasis added).

Morse and colleagues were thus making an assumption that patterns of cotton
income among Bt-adopters had become more equal following — presumptively,
because of — their adoption of the new technology. Unfortunately, there is no
longitudinal data that could have enabled them to compare measures of inequality
among the same group of farmers before and after adopting Bt cotton. Instead,
Morse etal. (2007a) inferred a causal relationship indirectly. In particular, they
searched for possible correlations between measurements of equality in different
factors of production, especially between land ownership on one hand and income
from cotton on the other. They concluded that the smaller degree of income
inequality observed among Bt-adopters must be attributable to the greater degree of
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uniformity they found in gross margins per unit of land for Bt-cotton plots.
However, the two types of measurements they used cannot be compared directly.
One was a measurement of the distribution of income across a sample of farm
households of difterent sizes, while the other was a measure of the input—output
performance of cotton on plots of land of the same size. One particular problem
with such a comparison is that there may be efficiency effects associated with
different sizes of farms or plots. Accordingly, the correlation found by Morse et al.
(2007a) should be interpreted with great caution.

More importantly, Morse et al. (2007a) neglected to consider the possibility that
the more uniform harvests apparently achieved by the Bt-cotton farmers may have
been associated at least partly with those farmers’ greater access to irrigation, which
is evident in their statistics on the farmers’ production costs. This apparent difference
in access to irrigation is surprising in view of Morse et al.’s assertion that ‘Only a few
differences in terms of general background features of the farmer and household
were discernible between adopters and non-adopters of Bt cotton’ (2007a, 46). Part
of the issue here is the important distinction between ‘statistical significance’ and
everyday significance (Ziliak and McCloskey 2008). Morse and colleagues did not
address the statistical significance of the apparent difference in average levels of
irrigation used by Bt-adopters and non-adopters, but in relation to labour they did
find ‘some suggestion (P <0.1) that adopters had more full-time and male labor
available for agriculture than did the non-adopters’ (2007a, 46). In fact, the margin
between the average investment of labour by Bt-adopters and non-adopters was of
considerable magnitude and showed up consistently in relation to both the adopters’
Bt and non-Bt plots and in both seasons studied. The same can be said for the
statistics on irrigation (Morse et al. 2007a). One begins to suspect that there actually
may have been some rather significant differences — in the everyday sense — between
adopters and non-adopters of Bt cotton. It seems distinctly possible that, had
longitudinal data been available, they might well have shown that there was already
greater equality in productivity among farmers having the benefit of greater access
to labour and irrigation before Bt cotton was commercialized.

A second article by the same set of authors, which was based on the same dataset
and published in the same year (Morse et al. 2007b), revealed that the Bt-adopters
and non-adopters had been rather different from one another, after all. On top of
their advantages in terms of labour and irrigation, Bf-adopters had much more credit
and land than non-adopters, devoted a bigger proportion of their land to cotton,
were significantly more likely to be involved in livestock production and earned
twice as much income on average from livestock as non-adopters. A higher propor-
tion of non-adopters’ household incomes came from farming. Interestingly, however,
the non-adopters typically earned more than adopters from similar areas of non-
cotton cultivation and overall the average household income of non-adopters was
actually higher than that for adopters, albeit within a wider range of variation. It was
also clear (as in the previous paper) that Br-adopters showed a preference for a
particular hybrid, Bunny, for their non-Bt plots. As the authors noted: “This suggests
that the categories of adopter and non-adopter may reflect two quite different types
of farmer. Adopters concentrate more on cotton, and have more land and higher
incomes from livestock. Non-adopters are generalists in terms of the crops that they
grow, and have less land and less of an emphasis on cotton’ (Morse et al. 2007b, 494).
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Further evidence of important differences between Bt-adopters and non-
adopters during the 2002—03 and 2003—-04 growing seasons in Maharashtra has
been supplied by Ramasundaram et al. (2007). They found that the average land-
holdings for adopters during those first two seasons of official Bt-cotton cultivation
were 6.26 hectares and 3.28 hectares, respectively, compared with an average
land-holding per capita in rainfed areas of the region of less than one hectare. They
also found that Br-adopters were more literate than non-adopters (on Gujarat, cf.
Shah 2008).

Having found clear evidence that adopters and non-adopters ‘are indeed quite
different’, Morse et al. concluded that ‘while there is a “farmer” effect, the data point
conclusively towards there also being a clear economic advantage to growing Bt
cotton’ (2007b, 499). They estimated that the ‘farmer effect’ accounted for about half
of the apparent advantage of growing Bt cotton. That general conclusion was
confirmed by Crost etal. (2007) in a paper based on the same Jalgaon dataset.
However, Crost et al.’s analysis also highlighted the wide variation in pesticide use
among farmers, noting that ‘at least a portion of the farmers use pesticides in a very
inefficient way . . . generally, the efficiency with which farmers use inputs seems to
vary widely and is not explained well by their observable characteristics’ (Crost et al.
2007, 33).

The discovery of clear differences between farmers adopting Bt cotton and those
not doing so is a fascinating and important observation. Morse et al.’s (2007b) data
suggest rather strongly that the kind of farmers who first adopted Bt cotton in
Maharashtra were not only wealthier but perhaps also more commercially oriented
farmers, for whom farming represented a smaller proportion of their economic
activity, who allocated more of their land to cotton and livestock and who were
actually less productive in their cultivation of non-cotton crops. Not only did the
non-adopters lack the resource advantages of their richer counterparts, it seems
distinctly likely that they may have been pursuing a different kind of livelihood
strategy, one that was more dependent on agriculture as a whole but less dependent
on cotton in particular. That could also help to explain why Bt-adopters showed a
preference for Bunny on their non-Bt plots, whereas non-adopters planted some
Bunny but also chose a range of other varieties. It may be that these non-Bf types,
though they may have been less productive than Bunny or the Bt hybrids, never-
theless had other characteristics that the non-adopters valued. They may have been
preferred, as Ramasundaram et al. (2007) found, because they performed better in
rainfed conditions and so produced a more dependable, albeit less spectacular, yield
from season to season. If so, Morse etal.’s (2007b) data could be a timely and
important reminder that not everyone wants a thoroughbred racehorse; sometimes
a sturdy, reliable mule is what you really need (see Soleri et al. 2008).

A key point to notice is the Reading group’s assumption that the Bt-adopters
were ‘better’ farmers (Morse et al. 2007a, 44), a factor that supposedly drove their
preference for ‘improved’ varieties and also helped to explain the higher levels of
productivity they achieved with all kinds of cotton. The implicit corollary of the
‘better farmers’ assumption is that the Bf-adopters’ example is one that could and
should be emulated by non-adopters; and also that it should be a goal for agricul-
tural policy makers to encourage all farmers to be more like the Br-adopters — not
merely in their choice of crop varieties, but in their commercial orientation.
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However, it is hard to sustain the assumption that Bf-adopters were more
competent farmers in the face of the contrary evidence that some non-adopters
clearly achieved better results on their non-cotton plots, even though they had
fewer resources at their disposal (Morse et al. 2007b). Furthermore, the fact that
non-adopters in Morse etal.’s (2007b) sample actually had a higher average
household income than Bt-adopters, which they apparently generated from
smaller areas of land and in spite of a lower income from cotton cultivation,
ought to raise questions about whether encouraging them to emulate the adopt-
ers’ livelihood strategies and style of farming would necessarily make those
households better oft.

Bt COTTON IN SOUTH AFRICA

Bt cotton was commercialized in South Africa in 1998. About 1.8 million hectares
of GM crops were grown in South Africa in 2007, including varieties of Bt cotton
and maize and herbicide-tolerant varieties of soybeans and cotton (James 2007). Bt
cotton accounted for a little more than 10,000 hectares in 2007, nearly 90 per cent
of the total cotton area (Tripp 2009b). Small-scale cultivation of Bt cotton is
concentrated in the Makhathini Flats region of KwaZulu—Natal province, where
about 3,000 black smallholders grew the crop on about the same number of
hectares in 2000-01 (Thirtle et al. 2003). Smallholder cotton production in the
region has since fallen back, however, as will be discussed below (Fok et al. 2007;
Gouse et al. 2005).

Yields, Profits and Institutional Factors

As in China and India, a number of impact studies have been published since Bt
cotton was commercialized in South Africa. Some of these studies were carried out
by the Reading group of researchers, but other studies have been contributed by
researchers from King’s College, London, South Africa itself, Germany, France and
the USA.

Early studies by the Reading group, based on a survey of 100 farmers and
covering the first two seasons of commercial cultivation (1998 and 1999), concluded
that ‘Bt cotton adopters experience significant benefits from the new technology’
(Ismael etal. 2002¢, 348), including better yields and reduced expenditure on
pesticides, leading to a higher gross margin (Ismael et al. 2002a, 2002b, 2002¢). A
smaller study by Bennett et al. (2003), which involved in-depth interviews with 32
farmers, endorsed these conclusions and added the observation that reported inci-
dents of pesticide poisoning at the local hospital had declined alongside the spread
of Bt cotton. These results were broadly confirmed by Thirtle et al. (2003), who
supplemented the data from the same original questionnaire survey of 100 farmers
with data from the detailed farm records held by the local cotton company, Vunisa.
They found that Bt-adopters had actually been financially slightly worse off than
non-adopters during the first season, when growing conditions were favourable for
cotton, but that they were more efficient than non-adopters in their use of inputs
during both seasons. Gouse et al. (2003) broadly confirmed these findings, although
they found indications that the early adopters were generally more efficient farmers
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in the first place. Shankar and Thirtle (2005) presented data from a survey of 100
farmers conducted during the 1999-2000 season. Again, their data revealed a yield
advantage for Bt cotton in a year with significant pest pressure, but also indicated
that Bt-adopters were more prosperous farmers to begin with.

Later studies, involving larger samples across three seasons (1998—99, 1999-2000
and 2000-01), appeared to confirm the success story of Bt cotton in South Africa
(Bennett et al. 2004b, 2006b; Morse et al. 2004, 2006). The following summary is
fairly typical:

The results show significant, substantial and consistent benefits of adopting Bt
cotton for resource-poor smallholders in the Makhathini area of South Africa
over the first three significant years of adoption. Benefits were largely in the
form of increased yields, reduced pesticides and labor for spraying that, despite
higher seed and harvesting labor costs, resulted in substantial improvements in
gross margin. Results also suggest that those benefiting most from the tech-
nology were the smaller and more intensive cotton growers. (Morse et al.

2004, 380)

Further, Bennett et al. (2004b) found that inequality had increased between adopters
and non-adopters, but declined among adopters as time passed. They also calculated
that reduced pesticide spraying by Bt-adopters had resulted in a reduced toxic load
to the environment, a claim that was confirmed, using a slightly different method,
by Morse et al. (2006). Using the same dataset, Bennett et al. (2006b) further argued
that Bt cotton reduced risk for adopters, on the grounds that the technology helped
to prevent crop losses in years with unfavourable weather.

Together, these studies appeared to provide convincing evidence that Bt tech-
nology in the Makhathini Flats was a success story. However, it was also evident
that there was a wide degree of variability in the results experienced by different
Makhathini smallholders and between seasons. Also, as in the Chinese and Indian
cases, none of the studies established a convincing causal mechanism linking the
adoption of Bt cotton to observed reductions in pesticide use. In fact, Bennett
et al. (2004b) showed that the reduction in toxic load attributable to Bt-cotton
plots was partly due to the fact that Bf-adopters had reduced their use of non-
bollworm pesticides, even though the Bt trait provided no protection against pests
other than bollworms. They also showed that that the overall toxic load to the
environment from all types of cotton agriculture had actually increased over the
first three seasons since Bt cotton had been commercialized, although this was
largely because non-adopters were using more pesticides against non-bollworm
pests. These observations placed question marks over the mechanisms driving
pesticide use, farmers’ comprehension of the pest-control technologies they were
using and the sustainability of the environmental benefits that Bennett and col-
leagues had identified. On the basis of a separate survey, Hofs et al. (2006) con-
firmed that the adoption of Bt cotton had not led to the adoption of a
substantially less hazardous or more environmentally friendly pest management
regime in the Makhathini Flats.

These equivocal effects are perhaps not surprising because Makhathini small-
holders typically spray pesticides prophylactically rather than in response to
observed pest pressure (Shankar and Thirtle 2005). Nevertheless, owing to
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constraints of time, labour and money, Makhathini cotton farmers still applied
somewhat less pesticide than the economic optimum, which suggests that Bt cotton
might enable only modest reductions in pesticide use in that particular setting, even
if the technology has the expected effects on farmer practice. In such a context, the
built-in insect resistance provided by transgenic Bt technology could offer a par-
ticular advantage to poorer farmers in the area, which would manifest itself in the
form of an improved yield rather than reductions in pesticide use. Shankar and
Thirtle (2005) also concluded that Bt cotton was not overall a labour-reducing
technology in the Makhathini Flats, which could be construed as an advantage for
rural wage labourers.

In principle, those benefits could indeed represent significant advantages for
Makhathini smallholders, especially poorer members of the community, provided
that the technology is affordable and the productivity and economic benefits
sustainable. Indeed, the Makhathini case appears to provide some support for the
argument that the key advantage of transgenic insect-resistance is that the technol-
ogy, being incorporated ‘in the seed’, can help developing country farmers to
overcome the institutional constraints they face. Instead of having to struggle for
money, time and labour to apply pesticides, transgenic Bf technology can help them
to recover potential yield that they were previously losing to pests (see Shankar and
Thirtle 2005).

Unfortunately, however, that argument founders on contrary evidence that insti-
tutional arrangements have played a central role in the recent history of cotton
production in the Makhathini Flats, positively and negatively, to a degree that
eclipses the role played by Bt technology itself. The initial success of Bt cotton in the
Makhathini Flats depended heavily on the joint support of the local cotton
company, Vunisa, and the local credit agency, the Land Bank. Between them, these
two agencies provided the farmers with a ready supply of inputs, information and
credit, backed by loan guarantees, as well as a market for their cotton output.
Following the breakdown of this supportive institutional framework in 2002, cotton
production in the Makhathini area collapsed in the 2002-03 growing season and
continued to fluctuate dramatically, upwards and downwards, in the following
seasons. Since then, cotton production has been a much more precarious venture for
smallholders, especially for those who lack irrigation (Fok et al. 2007, 2008; Gouse
et al. 2005; Shankar and Thirtle 2005; Witt et al. 2006).

These institutional factors were evident from the earliest seasons and even
recognized as ‘a critical component of the farming system in Makhathini’ (Ismael
et al. 2002b, 108) and it is unfortunate that they did not receive greater attention.
A more rigorous analysis of their implications might have restrained some of the
more exaggerated inferences that were drawn about the likely impacts of GM crops
in other smallholder farming contexts elsewhere in the developing world:

Makhathini Flats was a special case . . . as it was a large smallholder develop-
ment scheme that was something of a show-piece for the international
community. As a result, the Makhathini Flats Scheme has an experimental
farm and an extension service that is far better than in other areas and this
must be taken into account when considering the wider applicability of the
results. (Thirtle et al. 2003, 719; citation deleted)
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Bt COTTON AND RISK

Some analysts have asserted that that transgenic insect-resistant cotton reduces risk
for smallholders, on the grounds that Bt technology smoothes out the variability of
cotton output from one season to the next, thus making farming more predictable
(e.g. Bennett etal. 2006b; Zilberman etal. 2007). More precisely, however, Bt
technology functions primarily as a form of crop insurance, which spreads risk
rather than reducing it. Thus, it only confers a substantial economic advantage in
seasons where there is a serious outbreak of the target pest. In other seasons,
adopters of insect-resistant crops have to carry the additional costs of transgenic seed
but gain no particular yield advantage over non-adopters who may have paid much
less for their seed. Furthermore, the Bt trait protects the crop against only one kind
of threat. Having staked more money on a good harvest, Bf-adopters remain
critically vulnerable to shocks such as adverse rainfall or outbreaks of so-called
secondary pests. Hence economic modelling shows that, depending on the circum-
stances, spraying pesticides may remain a more prudent, flexible strategy of risk
management than adopting Bt cotton (Pemsl et al. 2004).

Risk management is of course an important consideration for smallholder
farmers, but a viable risk-management strategy needs to take into account the fact
that they face an array of different risks. Thus, the cost of insurance needs to be
affordable and proportional. In the early seasons following Bt-cotton commercial-
ization in China, India and South Africa — which is when most of the data were
collected for the studies discussed in this article — Monsanto’s proprietary Bf-cotton
varieties were comparatively expensive. For instance, in India, the first officially
approved Bt-cotton hybrids were marketed at Rs. 1,500 rupees for a 450 g packet
of seed, compared to about Rs. 300—400 for conventional hybrids (Damodaran
2002).” In China, Bt-cotton varieties developed by the Chinese Academy of Agri-
cultural Science were also available alongside Monsanto’s varieties, some of them at
a more moderate price (Pray et al. 2001). In both India and China, however, a wide
variety of unofficial, counterfeit and farmer-saved Bt-cotton seeds are also wide-
spread. While these are typically cheaper than the officially approved Bt-cotton
varieties — sometimes significantly so — they are also of varying and uncertain
quality (Pemsl etal. 2005; Roy etal. 2007; Tripp 2009¢, 2009d). Under such
circumstances, farmers have to make the best choice they can from among a range
of sources of seed offering different performance at different prices, which may or
may not perform as advertised (see Roy et al. 2007; Stone 2007).

Over time, the price of Bt cottonseed has come down considerably in both
China and India, driven partly by reductions in the technology fees charged by
Monsanto and partly by competition among the increased range of official and
unofficial varieties now on the market (Herring 2009; Pemsl et al. 2005; Tripp et al.
2007). One important recent development in India was the release in June 2009 of
two new publicly developed Bt-cotton varieties, undercutting the price of those
available from the private sector (The Hindu Business Line 2009). Reductions in the

* The total package price was Rs. 1,600, which included 120 g of conventional hybrid cottonseed,

worth a nominal Rs. 100, that was to be planted by farmers as a ‘pest-refuge’ in accordance with the
officially mandated pest resistance-management strategy for Bt cotton in India.
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price of high-quality Bt seed will serve in principle to make the technology more
accessible to poorer farmers, reducing the temptation to choose unofficial seeds that
are cheaper but less dependable. Meanwhile, however, farmers still face formidable
problems in deciding how to manage the risks they face in cotton cultivation.
Alongside the confusing range of seeds on the market, Chinese and Indian farmers,
in particular, are also faced with a bewildering array of pesticides of uncertain
provenance and quality (Pemsl et al. 2005; Tripp 2009c). Farmers therefore face a
very difficult and uncertain set of trade-ofts when determining their risk-
management strategy.

Unsurprisingly, generalized claims that Bt cotton reduces risk for poor farmers
have been challenged. A key problem with the study by Zilberman et al. (2007) is
that the authors did not seriously consider the magnitude of the downside risk from
the farmers’ point of view. As Shankar et al. (2007) and Ramasundaram et al. (2007)
have noted, smallholder farmers are well known to be risk-averse, having good
reason to be so. Poorer farmers are particularly vulnerable to various kinds of shock;
they can ill afford the loss of important household assets, so it is rational for them
to adopt a strategy that prioritizes the preservation of those key resources rather
than taking greater risks in the hope of reaping higher returns (Carter and Barrett
2006; Zimmerman and Carter 2003). Thus, Hofs et al. (2006) and Fok et al. (2007)
were in no doubt that the high technology fee attached to Bf-cotton seed increased
financial risk for cotton farmers in the Makhathini Flats, particularly in the light of
persistently low yields and wide variability in outputs and revenues from one season
to the next. Similar conclusions were reached by Ramasundaram and colleagues
(2007) in their study on Bt cotton in Maharashtra.

However, while Shankar etal. (2007) stated unequivocally that Br cotton
increased production risks for Makhathini smallholders, they nevertheless argued
that the superior average performance of Bt cotton (the same feature which led
Zilberman and colleagues to label the technology ‘risk-reducing’) made it prefer-
able, even for risk-averse smallholders. Whereas that conclusion might make sense
for farmers who can cope with a bad harvest, the logic is less compelling in the case
of farmers who may have good reason to prefer a smaller financial risk and to
choose cotton varieties that offer a lower but more stable yield from one season to
the next. It is also important to observe that Bf cotton’s impacts on risk also depend
critically on the local context; for instance, Crost and Shankar (2008) found that the
technology reduced risks for cotton farmers in India, but found no clear eftect in
South Africa.

THE IMPACTS OF Bt COTTON IN DEVELOPING COUNTRIES:
A REAPPRAISAL

A number of specific methodological limitations and weaknesses can be identified
in the Br-cotton impacts literature. For instance, samples in some of the early studies
contained forms of selection bias, stemming from the fact that Bt technology was
initially promoted to, and primarily taken up by, larger and better resourced farmers
— a factor that was not always sufficiently controlled for in the analytical methods
or acknowledged in interpretation of the results. Some studies relied solely on
farmers’ ex post recollections about seeding rates and expenditure on pesticides in
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previous seasons. Overall, a rather narrow range of econometric methods has been
applied. Most of the papers published to date have been produced by only a small
number of research groups and based on just a few datasets, covering a small
number of farmers over a few growing seasons (Smale et al. 2006a, 2006b). A wider
range of approaches is needed in order to understand Bt cotton’s impacts on
different kinds of households and groups such as labourers and women, and its
implications in terms of risk (Shankar and Thirtle 2005).

A fundamental problem stems from the underlying assumptions on which many
of the Bt-cotton studies have been built. In particular, researchers have assumed that
farmers are inclined to maximize average profits rather than reduce risks, and hence
prioritize productivity over food security or cultural values; those preferences and
priorities may not reflect the attitudes of real farmers (Soleri etal. 2008). The
assumption that farmers are profit-maximizers underlies the mistaken belief that
transgenic Bt and chemical pesticides should be treated as ‘substitutable” inputs for
pest control — in other words, that an increase in the use of one technology would
necessarily be counterbalanced by a corresponding, presumably proportional,
decrease in the other (e.g. Huang et al. 2002; Shankar and Thirtle 2005). In general,
however, the assumption that novel technology will substitute for, and thus displace,
existing technology is an unreliable one (Edgerton 2007; Geels and Smit 2000;
Sellen and Harper 2003). In the case of Bt cotton, as discussed above, some Chinese
cotton farmers have been observed to continue using large quantities of pesticides
alongside Bt cotton, which may be a rational, risk-averse response to institutional
and market failures and uncertainty (Pemsl et al. 2005). A recent study found that
some Br-adopters in Colombia spent considerably more on insecticide than non-
adopters, alongside increases in other inputs. The explanation seems to be a com-
bination of having the financial capacity to increase their expenditure and choosing
to spend more in order to protect their greater investment in the more expensive
transgenic cottonseed (Zambrano et al. 2009).

Above all, evaluation of the merits of Bf cotton to date has rarely addressed the
question of how transgenic crop technology compares with other technical inter-
ventions or alternative approaches to the improvement of smallholder agriculture,
despite the strong indications that, for example, irrigation may have a much more
significant impact on cotton yields than Bt technology, or that effective farmer
training can lead to major beneficial changes in yields and productivity indepen-
dently of Bt-cotton adoption.

Nevertheless, we now have a body of evidence that can tell us something about
the performance and impacts of Bt cotton in smallholder agriculture in the devel-
oping world. The picture is complex and differentiated, since impacts depend not
only on the technical performance of the technology and its local adaptedness, but
also on the nature of the pre-existing circumstances and problems in the farming
systems of different countries and regions of the world (Lipton 2007; Tripp 2009a).

On the positive side, there can now be little doubt that Bt-cotton technology
works — in the limited, technical sense that cotton plants transformed with the Bt
gene express the Bt toxin and that the toxin provides some protection for the plant
against bollworm pests. In seasons where bollworms cause a serious problem, the
technology can help to prevent major crop losses and there is some evidence that,
consequently, the technology helps to smooth out the seasonal fluctuations in
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cotton yields. Those features are potentially useful tools in a crop-pest management
system and not to be underestimated.

Beyond that, however, the messages emerging from the Bt-cotton impact studies
are much more equivocal and constrained. The performance of Bf-cotton varieties
depends critically on the local suitability of the background germplasm and is also
heavily dependent on favourable rainfall or reliable irrigation. Bt cotton is just as
vulnerable as non-Bt cotton to drought or outbreaks of non-bollworm pests. Where
Bt seed is more expensive than non-GM seed, the magnitude of the potential
downside risk is increased. On the other hand, for farmers who are able to afford
the additional cost of the seeds without taking on excessive levels of debt, the
insurance function provided by the Bt trait and its smoothing effects on yields can
provide a substantial advantage.

The relationship between Bt cotton and pesticide consumption is complicated, as
this paper has discussed. In China, India and South Africa, changes in pesticide
consumption have been observed that coincided with the adoption of Bt cotton.
However, those changes happened against a background of economically non-
optimal and often excessive pesticide use. It is not clear that observed reductions in
pesticide use are attributable to farmers’ adoption of Bf-cotton varieties or to other
factors. Some Bt-cotton farmers continue to apply excessive quantities of pesticides
and there is some evidence that initial reductions in pesticide use have been reversed
because of a resurgence in non-bollworm pests. In some studies, when compared
with farmer training and the adoption of IPM methods, Bt cotton has been found
to have a relatively minor impact on both pesticide use and pest populations.

Finally, the evidence suggests that different kinds of farmers, or different kinds of
livelihood strategies, create different kinds of preferences in relation to Bt-cotton
technology. It may be that those differences are obscured as Bt adoption becomes
more widespread and the Bt trait becomes available in a wider range of the cotton
varieties farmers like to plant. But that possibility should not deflect our attention
from exploring the likelihood that Bt technology and other similar kinds of plant
improvement may, perhaps unwittingly, be prioritizing the interests of particular
kinds of farmers and livelihood strategies at the expense of neglecting others (see
Soleri et al. 2008). The realization of GM crop technology’s potential contribution
to poverty alleviation will depend on whether a delicate balance can be achieved
between the technology’s various potential technical, economic and social effects
for different groups of people (Lipton 2007; Subramanian and Qaim 2009). That
observation suggests that there is a need to consider whether technology develop-
ment strategies, in both public and private sectors, could be retuned to address the
preferences and priorities of diverse types of farmers and livelihoods. Despite
the numerous studies discussed in this article, we still know very little about the
differential impacts of Bt cotton on different kinds of farm households or groups
such as women and landless labourers.

The argument is sometimes made that, regardless of the criticisms and caveats
recorded here, Bt cotton should be judged a success because farmers themselves
appear to like it. The technology has been adopted widely and spread quickly.
Although some farmers have apparently preferred not to adopt the technology and
some instances of disadoption have been recorded (e.g. Malkarnekar et al. 2005),
surely the weight of evidence that farmers have embraced the technology in large
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numbers should count for something (Herring 2008)? No doubt Chinese, Indian
and South African smallholders have both the sense and the incentive to make their
own careful judgements about the technology they find valuable, and so their
revealed preferences should be taken into account. But there is much more to the
Bt-cotton story than a successful product launch. A company might judge a
technology to be successtul just because it sells, but development practitioners and
policy makers should be interested in wider questions: Why and how is it spreading?
‘What are its developmental effects? What are its impacts in terms of equity and
equality? The ‘market success” argument is persuasive as long as one accepts that the
technology has been shown to be scale-neutral or even pro-poor. However, as this
paper has discussed, the empirical record suggests that the technology — like other
technologies — is more accessible to more prosperous farmers and depends heavily
on an array of other technical inputs and supportive institutional arrangements in
order to deliver its potential benefits (Tripp 2009a).

Those technical and institutional factors are of the first importance. Another
argument sometimes heard is that the ‘Bf gene’ itself cannot be blamed for the fact
that some farmers have had negative experiences with transgenic cotton. Instead,
such instances should be attributed to various other problems, including poorly
adapted background germplasm, drought, poor soils or institutional failures in input
markets and regulatory systems. The wide variability that has been observed in
cotton productivity surely does have a lot to do with the prevalence of poorly
adapted background varieties, poor-quality Bt seeds such as second-generation
hybrids and counterfeit seeds that purport to be Bt but are not. But the dysfunctions
of seed markets serve primarily to underline the degree to which the performance
of the Bt trait and its beneficial impacts depend on being available in well-adapted
background varieties and at an affordable price. Unless those technical and institu-
tional factors are in place, the insertion of a novel gene construct into a crop plant
can only have a marginal impact on a farmer’s final outcomes. Thus, different
institutional arrangements help to explain why both the patterns of adoption and
the impacts of Bt-cotton technology have been different in different countries
(Tripp 2009a). For instance, the spread and apparent success of Bt cotton in China
and South Africa can be seen to have had as much to do with supportive
institutional frameworks as with the technical performance of the technology itself
(Fok etal. 2005; Gouse etal. 2005; Keeley 2003). That should not come as a
surprise. Technology has to function in particular socio-technical and institutional
settings. Bt-cotton technology is, therefore, not just ‘in the seed’; it is actually a
rather knowledge-intensive technology. Taking advantage of it therefore depends on
measures to promote seed quality and the provision of accurate, transparent and
accessible information, as well as farmers’ knowledge and training (Hillocks 2005;
Showalter et al. 2009; Tripp 2009c¢).

CONCLUSION

The ‘pro-poor success’ of Bt cotton in China, India and South Africa has been
exaggerated, based on a selective and optimistic reading of the available evidence. In
a number of subtle but identifiable ways, partial, ambiguous and equivocal data have
been interpreted and represented so as to emphasize encouraging findings and
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downplay negative ones. For instance, analysts have focused on the positive story
told by average values while glossing over the very wide variability that has been
observed in the impacts of Bt cotton between different farms, households and
seasons. Clear indications of differences between Bt-adopters and non-adopters have
been found, but not thoroughly explored. Economic analysis has been used to argue
that Bt cotton is a rational choice, without sufficiently considering whether the
real resource constraints faced by poorer smallholders might prevent them
from affording the up-front costs or bearing the downside risks of an expensive
technology.

Similarly, observed reductions in pesticide use have been attributed to the
adoption of Bt cotton, without thoroughly examining the issue of causation and
despite the abundant evidence showing that farmers’ pesticide decision making
often does not conform to simplistic notions of economic rationality, being shaped
by obscure and complex institutional, economic, technical and cognitive factors in
a context of limited information, risk and uncertainty. Bt cotton has been selectively
portrayed by some analysts as a technology that reduces risk because it smoothes out
the variability in cotton production from one season to the next, rather than one
that might amplify risk for poorer farmers because the higher cost of the seeds
increases the potential for financial losses if the crop is destroyed. In other words,
the full scope and depth of the risks faced by poor smallholder cotton farmers has
not been adequately taken into account. In particular, production risk has been
emphasized, whereas financial and asset risks should also be considered.

Because some academics, and behind them commentators, policy analysts and
politicians, have been too eager to draw general conclusions from insufficient
evidence, a misleading impression has been created in public and policy discourse
that Bt cotton has already proved its value as part of a sustainable, productive
agricultural livelihood for poor farmers in China, India and South Africa. That
conclusion is not well supported by the available evidence. Bt cotton is evidently a
functional technology that can be advantageous for some farmers in certain cir-
cumstances, but it is still not conspicuously ‘pro-poor’.

The manner in which the impacts of Bt cotton have been evaluated, interpreted
and represented has therefore done a disservice to the public and policy debates that
surround the benefits, risks, social purposes, human values and trade-ofts involved in
pursuing the GM route towards crop improvement and attacking hunger and
poverty. There is a risk that bad policy decisions will be made, on the basis of
insufficient evidence and inappropriate interpretation of such data as is available.

The argument of this paper is certainly not that the scholars responsible for the
Bt-cotton impact studies have deliberately misled policy makers and others, but that
the analytical methods used have not been sufficient to support the optimistic
conclusions that have been drawn from the results. The studies’ authors could and
should have been more reflexive about the ways in which their conclusions would
be understood, interpreted and represented in the media and policy debates.

To be clear, it is apparent that agricultural economists have resorted to some
increasingly refined and sophisticated methods in their effort to isolate the effect of
the transgenic trait alone (Smale et al. 2006b). The complexity of the analytical tools
required tells its own story of the difficulty of parsing the many different factors that
contribute to the profitability or productivity of agriculture and rural livelihoods.
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The efforts of analysts have been largely confounded, though, not only by the sheer
complexity of the factors involved but because the external variables they have
struggled to control and exclude are actually essential to understanding the impacts
of the new crop varieties on farms. In other words, the strenuous eftort to rule out
the effects of ‘externalities’ is not merely a methodological challenge to be over-
come, but can be seen as a reflection of a basic failure to appreciate the fundamental
importance of those contextual factors in a complex socio-technical system like a
small farm in a developing country.

A proper assessment of the implications of currently available GM crop tech-
nology for developing-country smallholder farmers will require a broader range of
research questions and methods than have been brought to bear in the economic
studies published so far. As well as weighing both their potential benefits and
disadvantages, a full appreciation of transgenic crop technology’s likely future
impacts should also acknowledge the limitations of what can be achieved by
enhancing just a few crop traits in a complex agronomic system. From a public
policy perspective, it is particularly important that the opportunity costs and benefits
of investing in transgenic crop-improvement are assessed dispassionately alongside a
full range of alternative technical, policy and institutional interventions and stra-
tegies for agricultural development.
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