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Agricultural Deskilling and the Spread of
Genetically Modified Cotton in Warangal

by Glenn Davis Stone

Warangal District, Andhra Pradesh, India, is a key cotton-growing area in one of the most closely
watched arenas of the global struggle over genetically modified crops. In 2005 farmers adopted India’s
first genetically modified crop, Bt cotton, in numbers that resemble a fad. Various parties, including
the biotechnology firm behind the new technology, interpret the spread as the result of farmer
experimentation and management skill, alluding to orthodox innovation-diffusion theory. However,
a multiyear ethnography of Warangal cotton farmers shows a striking pattern of localized, ephemeral
cotton seed fads preceding the spread of the genetically modified seeds. The Bt cotton fad is symp-
tomatic of systematic disruption of the process of experimentation and development of management
skill. In fact, Warangal cotton farming offers a case study in agricultural deskilling, a process that
differs in fundamental ways from the better-known process of industrial deskilling. In terms of
cultural evolutionary theory, deskilling severs a vital link between environmental and social learning,
leaving social learning to propagate practices with little or no environmental basis. However, crop
genetic modification is not inherently deskilling and, ironically, has played a role in reinvolving
farmers in Gujarat in the process of breeding.

Like the adoption of any new technology, people
planted it [genetically modified cotton] on smaller
acres initially, but the ever-increasing Bollgard
plantings demonstrate that the Indian farmer is willing
to embrace a technology that delivers consistent
benefits in terms of reduced pesticide use and increased
income. Clearly the steadily increasing Bollgard acres
being planted by increasing numbers of Indian farmers
bear testimony to the success of this technology and the
benefit that farmers derive from it.

—Ranjana Smetacek,
Director of Corporate Affairs for India, Monsanto∗

The concept of indigenous knowledge has gone through
a sort of developmental cycle . . . [as have other concepts
in rural development] which were originally conceived
as radical conceptual breakthroughs, but all of which
seemed to succumb over time to appropriation by the
interests they initially opposed.

—Michael Dove

Glenn Davis Stone is Professor of Anthropology and Environmental
Studies at Washington University (St. Louis, MO 63130, U.S.A.
[stone@wustl.edu]). This paper was submitted 19 II 06 and accepted
18 VI 06.

∗ . E-mail message to G. D. Stone, November 14, 2005. Monsanto
officials have made the same pont in print numerous times (e.g., Sri-
nivasan 2004; The Hindu 2002, 2005).

In the global struggles over genetically modified crops, there
are few places where the stakes are higher or the questions
more urgent than India, with its 600� million (mostly small-
holder) farmers, its alarming problems in agricultural sus-
tainability, its world-class scientific community, its sophisti-
cated media, and its enormous green NGO sector. India
released its first genetically modified crop in 2002 after five
contentious years of testing and debate. The crop was the
same one leading the way into smallholder agriculture else-
where (notably China): cotton, genetically modified with a
gene from the Bt bacterium to produce its own insecticide.1

In 20022 Bt cotton was available in only three legal com-
mercial seeds, produced through collaboration of Mahyco
(the Indian firm providing hybrid cotton seed) and its partner
and partial owner, Monsanto (the St. Louis-based biotech-
nology firm providing the gene construct). The seeds were Bt

1. Bt is Bacillus thuringiensis, a soil bacterium that produces crystalline
proteins that damage the digestive systems of certain lepidopteran insects,
including several moths that are severe cotton pests in their caterpillar
stage (generally known as bollworms). The genes expressing the insec-
ticidal proteins are known as Cry genes. As of 2005, all commercial Bt
cottons in India contain the same genetic construct, developed by Mon-
santo, containing the Cry1A(c) gene. For further background on genetic
modification of plants see Stone (2002b, online version).

2. The cotton season often straddles two calendar years: seeds are
typically planted in late June and harvested from October through Feb-
ruary or March. To make the discussion less cumbersome, I refer to
cotton seasons by the year the crop was planted.
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versions of the Mahyco hybrids MECH-12, MECH-162, and
MECH-184. The technology arrived with intense controversy
and shrill invective both for and against. Bones of contention
have included intellectual property, environmental safety, and
ethics. Even the field performance of the new seeds has been
hotly disputed, mainly in unpublished studies by organiza-
tions with vested interests in the debate.3 But on sales per-

3. That the Bt technology—specifically the MON-531 transformation
event using the Cry1A(c) gene—makes the cotton plant express a protein
toxic to key species of bollworm is not disputed. What is disputed is
what difference this makes agroecologically and economically in actual
farm conditions, and on this matter there is great variation and a poverty
of sound scientific studies.

The industry-supported International Service for the Acquisition of
Agri-Biotech Applications reported yield increases of 90% on test plots
in India, although the source was only a personal communication (James
2002, 137). Mahyco-Monsanto’s press releases reported on their own
studies showing large boosts in yields coupled with lower pesticide costs
in 2002, resulting in extraordinary increases in profits (Mahyco-Monsanto
2002). For 2003 the firms commissioned a study of cotton farmers in
five states which again showed higher average yields and lower pesticide
costs (Krishnakumar 2004; Mahyco-Monsanto 2004).

Qayum and Sakkhari (2003), in a study sponsored by the (anti-GMO)
Deccan Development Society, claimed average to poor performance by
Mahyco’s Bt hybrids. The Delhi-based Gene Campaign has reported two
studies with little explanation of sampling or methodology. For the 2002
crop it interviewed 100 farmers in unspecified locations in Maharashtra
and Andhra Pradesh, concluding that planters of conventional seeds fared
better than planters of Mahyco Bt seeds (Sahai and Rehman 2003). For
the 2003 season, Gene Campaign interviewed 136 farmers in four districts
of Andhra Pradesh (including Warangal). The researchers reported equiv-
alent yields in Bt and conventional fields and higher profits in the con-
ventional fields, but they wrote off their own findings because “there is
chaos in the cotton fields and nobody can say with any guarantee what
actually has been cultivated in this cotton season and how much” (Sahai
and Rehman 2004). The Gokhale Institute of Politics and Economics
found significant problems in Maharashtra in 2004 (Times of India, June
4, 2005), as did a study by Greenpeace (Krishnakumar 2003). The Centre
for Sustainable Agriculture’s survey of 121 farmers concluded that in
2004 Bt growers spent almost seven times as much on pest management
as conventional growers (Sharma 2005). Other critical (unrefereed) stud-
ies have also been announced by Vandana Shiva’s NGO (the Research
Foundation for Science, Technology, and Ecology), Greenpeace India, the
Center for Resource Education, and the Sarvodaya Youth Organization
(Deccan Chronicle, March 4, 2003; Padma 2003). Summaries of these and
other unpublished studies critical of Bt cotton are provided by the Center
for Sustainable Agriculture (2005) and Frontline (Krishnakumar 2003).

The few refereed studies on the performance of Bt cotton in India
have had a variety of limitations and problems. Qaim and Zilberman
2002 analyzed 2001 test plot data supplied by Mahyco-Monsanto, show-
ing that the Bt seeds gave an astonishing 80% yield increase. The article
has been heralded by biotechnology companies (e.g., MonsantoIndia
2003), but its extrapolations set off a “firestorm” (Herring 2005a; Scoones
2003). It has been pointed out that 2001 was an unusually bad year for
bollworm outbreaks, exaggerating the value of Bt (Herring 2005b), and
that the source of the data was suspect. Even defenders of genetically
modified crops complained that the study “used selective data sets from
just one season when they had access to five years worth of data sets
. . . This kind of astonishing yield increase due to a single gene trait was
never going to be true” (Shantharam 2005).

A farmer-participatory field trial in Maharashtra in 2002 compared
MECH-162 Bt grown under integrated pest management with MECH-

formance the picture is clear. Sales were 72,000 packs in 2002
and 230,000 in 2003; in 2004, when four Bt hybrids were
available, sales jumped to 1.3 million packs, apparently con-
firming Monsanto’s claims of Bt cotton’s being the fastest-
adopted agricultural technology in history (Dinham 2001)
and Indian farmers’ being the fastest adopters in the world
(Monsanto 2006). But it was in 2005 that the real breakout
occurred: with the number of Bt hybrids up to 20, sales
jumped to over 3 million packs nationwide.

In some localities, such as Warangal District of Andhra
Pradesh (fig. 1), the surge in sales was even more dramatic.
Warangal is a pivotal cotton-growing area where I have been
studying since 2000 (fig. 2). Cotton cultivation here has been
fraught with problems and indeed has even been implicated
in a rash of farmer suicides that were used in rhetoric from
crusaders on both sides of the Bt cotton divide (Reddy and
Rao 1998; Stone 2002b). Data collected from Warangal seed
vendors shows something remarkable: from 2003 to 2005 the
market share held by Bt hybrids climbed from 1% to 20% to
62%. In Gudeppad village, where they are used to having me
ask about seed choices, one farmer said with a laugh that my
work would be easy this summer: the village was “motham
Bt!” (“all Bt!”). Surveys showed this to be almost literally true:
90% of Gudeppad’s seed choices in 2005 had been for Bt
hybrids, including 83% for a single brand. This was more
than innovation diffusion and more than a “tipping point”
(Gladwell 2000): it was a stampede.

Given the importance of the Third World to the global
debate on genetically modified organisms (Stone 2002b) and
the potential importance of these organisms in the Third
World (which is a different matter), understanding this stam-
pede to the first genetically modified crop in this key district
in this key country is of great consequence. It is also important

162 non-Bt and conventional cotton grown with and without it (Bam-
bawale et al. 2004). This study suffered from scale problems (the area of
MECH-162 non-Bt was only 1.44 ha), and its results were equivocal: it
showed far less bollworm damage to MECH-162 Bt than to MECH-162
non-Bt, but when seed cost was taken into account the benefit:cost ratios
were almost identical. (Biotechnology proponents still proclaimed that
the study showed MECH-162 Bt cotton to be a “hands-down winner”
[Shantharam 2004].) These findings agreed with another independent
but unrefereed study on 100 Karnataka farmers in 2002: in that study,
Orphal (2005) reported higher yields for Bt seeds only with irrigation
and no significant difference in gross margins.

While far from exhaustive, this summary provides a sense of the dis-
crepancies in assessment of the field performance of Bt; further discus-
sions of the controversy are provided by Stone (2004), Scoones (2003),
and Herring (2005a, 2005b). At present the only safe conclusions seem
to be that “an urgent need is obvious for further rigorous scientific
evaluation of Bt cotton in India before deciding its further promotion”
(Arunachalam 2004) and that this further research needs to address the
enormous variation in the impact of Bt cotton (Qaim et al. 2006).

A recent study of eight Bt cottons in test plots by India’s Central
Institute for Cotton Research showed that, although the gene construct
was the same, Bt effectiveness varied markedly among hybrids; expression
was also highly seasonal and imperfectly matched to the seasonality of
Indian bollworms (Kranthi et al. 2005).



Stone Agricultural Deskilling 69

Figure 1. Warangal District, showing census villages.

because the pattern of adoption is highly inconsistent with
theoretical predictions; for instance, the adoption curve looks
nothing like the S-curve seen for agricultural (and other)
innovations, and the highly diverse social environment in
Warangal is hardly one in which theory predicts accelerated
adoption to occur.

Monsanto, the purveyor of the genetic technology and also
much of the public discourse surrounding it, attributes the
spread to farmer knowledge and wisdom, alluding to classic
models of experimentation and adoption. However, the re-
sults of a multiyear study of Warangal cotton cultivators show
a very different context for the spread of Bt cotton. While
these results indicate that adoption has been even greater than
Monsanto has claimed, they also point to a completely dif-
ferent explanation for it—an explanation with surprising im-
plications for our understanding of innovation diffusion and
of the nature and fragility of indigenous knowledge systems.
These data show that the 2005 Bt cotton craze fits into a
strange and disquieting pattern of localized cotton fads; 2005
was really only different in that local fads were synchronized.
Farmer experimentation and evaluation play a much smaller
role in seed choices than innovation-diffusion theorists and
seed companies have claimed; instead, the seed fads result
from agricultural deskilling, in which farmers fail to experi-

ment and evaluate because of the unpredictability of key var-
iables in cotton cultivation. At present, Warangal farmers have
more to teach us about the social nature of decision making
in unpredictable and unstable environments than about the
benefits of genetically modified crops.

Innovation-Diffusion Theory

Bt cotton is a classic example of an innovation, and the field
of innovation-diffusion research, which has always centered
on agricultural technologies (Rogers 2003), has much to say
on the topic. Innovation-diffusion research was jump-started
by Ryan and Gross’s (1943) study of the adoption of hybrid
maize in Iowa.4 Their interpretation, which has shaped much
research on innovation since, focused on how farmers eval-
uated the new seeds and acted on the evaluations. They
showed the adoptions following the S-curve that results from
plotting a normal curve distribution cumulatively. The S-

4. Hybrid crops, which are produced by crossing inbred lines, char-
acteristically exhibit “hybrid vigor,” which increases yield for a generation.
Replanting second-generation hybrid seeds leads to genetic segregation
and, in most cases, depression of yield. Since this obligates the farmer
to purchase new seeds every year, it has provided the basis of the modern
seed industry (Kloppenburg 2005).
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Figure 2. Early adopters of Mahyco Bt cotton in Parvathagiri Mandal,
Warangal District.

curve has since been shown in adoptions of antibiotics and
various other innovations (Rogers 2003). Ryan and Gross
identified stages in the farmer’s adoption process, which (after
some modification by later researchers) are initial knowledge
(farmer learns of innovation), persuasion (farmer forms at-
titude toward innovation), decision (farmer evaluates inno-
vation), implementation (farmer adopts innovation), and
confirmation (farmers evaluates performance of innovation)
(Rogers 2003, 168–218; see Ryan and Gross 1943 and Beal,
Rogers, and Bohlen 1957 for different stage schemes). Their
interest in characteristics of early versus late adopters led to
a typology of innovators, early adopters, early majority, late
majority, and laggards. Coleman, Katz, and Menzel’s (1966)
study of the adoption of tetracycline in the 1950s found strik-
ing parallels with Ryan and Gross’s study, including the S-
curve and some of the key traits of early versus late adopters.

Buried deep in the paradigm for innovation-diffusion re-
search was the assumption that the “innovation” is somehow
a better mousetrap: after all, hybrid corn gave greater yields,
and tetracycline had fewer side effects. Such relative advan-
tages were what was confirmed in the decision phase, either
through conducting one’s own trials or by accessing infor-

mation on trials by others (Rogers 2003, 177). For farmers,
the mainstay of this process was planting a small experimental
plot. Farmers in the Iowa study planted a median of 30% of
their total maize acreage to hybrid seed when they first tried
it (Ryan and Gross 1943, 18). This assumption of relative
advantage was reflected in the use of judgmental terms like
“innovators” and “laggards,” and subsequent research used
blunter terms such as “winners” and “losers.” Everett Rogers,
the sociologist whose successive editions of Diffusion of In-
novations (1962, 1983, 2003) encapsulate the history of the
field, attributes some of this bias to funding sources; he asks
how diffusion research might have been different if the maize
study had been sponsored by a farmers’ organization rather
than by the Iowa Agricultural Experiment Station which de-
veloped the hybrid or if the drug study had been sponsored
by the American Medical Association instead of Pfizer (Rogers
2003, 118).

From the beginning, innovation-diffusion research has also
been overtly concerned with the social component of adop-
tion. Social variables such as education and social connectivity
were first used to explain how individuals sorted out into the
adopter types rather than to explain whether particular in-
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novations spread at all. Subsequent work has retained the
emphasis on experimentation and assessments (in both in-
dustrialized and nonindustrialized agricultural systems [Chib-
nik 1981; Johnson 1972]) but has also reconsidered the as-
sumption that adoption is ultimately driven by relative merit
by recognizing social processes that override or replace em-
pirical evaluations. Diffusion research now stresses perceived
advantages of innovations, and it has documented numerous
cases in which local cultural practices and beliefs exert control
over which innovations are adopted. In some cases, medical
innovations (such as water-boiling in disease-ridden villages)
that were not only “better mousetraps” but potentially matters
of life and death were rejected on cultural grounds (Rogers
2003). Comparative studies of contraceptive use in both Korea
and Thailand showed that whole villages adopted one form
of contraceptive even if it offered no particular advantage
over methods used by other villages (Rogers and Kincaid 1981;
Entwhistle et al. 1996). A more relevant recent example is the
Perales, Benz, and Brush (2005) study of maize diversity in
Chiapas, Mexico: neighboring Maya communities used dis-
tinct landraces of maize not for reasons of agronomic per-
formance but because of the channeling of information within
social networks. Various researchers have concluded that so-
cial system homogeneity is a major determinant of innovation
diffusion (Rogers 2003; Perkins and Neumayer 2005), and
new technologies have been shown to diffuse more slowly in
countries with socially heterogeneous populations (Takada
and Jain 1991; Dekimpe, Parker, and Sarvary 1998).

A separate stream of research, principally by anthropolo-
gists, has in recent years shed new light on social dynamics
affecting innovation adoption. Cultural evolutionary theorists
working in the tradition of Boyd and Richerson’s (1985) Cul-
ture and the Evolutionary Process make a fundamental dis-
tinction between environmental (or individual) learning,
which is based on individual evaluations of payoffs from var-
ious practices, and social learning, in which adoption deci-
sions are based on teaching or imitation (Boyd and Richerson
1985 40; Henrich 2001).5 Henrich argues that the predomi-
nant force in behavioral change is the biases that characterize
social learning. One of these is prestige bias, in which a farmer
emulates another on the basis of prestige, regardless of that
farmer’s actual success with the trait being copied. Another
is conformist bias, in which a farmer adopts a practice when

5. This is a brief distillation of a large and nuanced body of theory
that is principally concerned with longer-term phenomena or “stable
behavioral dispositions” (Boyd and Richerson 1985, 40). What I am
summarizing as “environmental (individual) learning” is a sketch of what
Boyd and Richerson (pp. 95–97) call “guided variation” and Henrich
(2001) calls “the environmental learning model.” This usage of “social
learning” differs from that in agricultural development circles, where it
often refers to group training like that offered in farmer field schools
(Tripp, Wijeratne, and Piyadasa 2005; Tripp 2006, 39).

(and because) it has been adopted by many others.6 Writers
in this tradition have given much attention to the conditions
under which behavioral change should be driven by environ-
mental versus social learning. In general, reliance on “pure
social learning” should be high when environmental learning
is costly and/or inaccurate (Richerson and Boyd 2005, 13–14;
McElreath 2004). Social learning may lead to the spread of
maladaptive beliefs (Richerson and Boyd 2005, 166), espe-
cially when the environment changes very rapidly (p. 118).

This distinction between environmental and social learning
is useful in building a formal body of theory, but from an
ethnographic standpoint it is contrived because the two forms
of learning contribute to each other to varying degrees. Even
a direct environmental observation made on one’s own crop
(“Brahma cotton yielded 6 quintals/acre for me last year”) is
likely to be interpreted or contextualized through a form of
social learning (“which was much more than my neighbor
said he got with the same seed”). Even a classic case of con-
formist adoption (“I am planting Brahma because my neigh-
bors are”) assumes at least an indirect environmental basis
(“and they wouldn’t all be planting it unless someone had an
indication it would do well”). This variation in the realm of
social learning in crucial. It is not social learning per se that
may spread maladaptive beliefs and practices (Richerson and
Boyd 2005, 166) but social learning with relatively little
grounding in environmental learning. When the flow of en-
vironmental payoff information is disrupted or rendered in-
accurate or expensive, social learning may run largely on
transmission biases and other factors weakly connected to
payoff evaluations.

Agricultural Skilling and Deskilling

Producers of Bt cotton have been quick to attribute its adop-
tion to farmer wisdom based purely on environmental learn-
ing. Monsanto cites small-plot experimentation, consistent
results, and the development of “faith in the seed” (BBC
2005); the biotech industry’s public relations consortium ex-
plains the Indian adoptions as a response to doubling in yield
gains (CBI 2005). Pro-industry agricultural leaders such as P.
Chengal Reddy insist that “we should leave the choice of
selecting modern agricultural technologies to the wisdom of
Indian farmers” (Pinstrup-Anderson and Schioler 2001, 108).
Government officials such as the Andhra Pradesh agriculture
minister stress the need to “let the farmers finally decide on

6. Henrich (2001) shows that that adoptions based purely on envi-
ronmental learning produce not S-curves but R-curves, which are less
common in reality. What does produce S-curves, according to Henrich,
is environmental learning combined with biased (especially conformist)
transmission. This concept of conformity differs from the innovation-
diffusion theorists’ parallel concept of critical mass, which refers to the
point at which further diffusion is self-sustaining. Critical mass is based
on actual payoffs for adoption, and it mainly applies to interactive tech-
nologies like phones and faxes, in which the value increases as more
people adopt them. In contrast, conformist bias is identified by evolu-
tionary theorists as a purely social phenomenon
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the usefulness of Bt cotton. Farmers are wise enough to adopt
anything good and discard things that do not work” (Ven-
kateswarlu 2002).

These perspectives may ignore the social aspects of agri-
cultural decision making, but Indian newspapers do not, often
taking a dim view of it in articles such as “Farmers Turn to
Other Farmers” (Deccan Chronicle, July 4, 2005) and “Farmers
Ape Neighbors, Pay Price” (Deccan Chronicle, June 6, 2003).
Indian seed companies also are well aware of the social com-
ponent of adoption and go to lengths to manipulate it even
as their public rhetoric dismisses it. For instance, companies
often donate seeds to selected farmers for demonstration
plots; the seed is typically new and the farmer always a pedda
rytu (pl. rytulu) —literally “big farmer” in Telugu but con-
noting opinion leaders who tend to be emulated. The com-
pany may then bus in farmers to inspect the field, enticing
them with a spread of food.

Demonstration plots may have real impact on seed adop-
tion. Viewing these plots would seem to be a clear case of
environmental learning, since farmers actually see the crop
growing, but this is not well sustained in interviews. Asked
about influences on their cotton seed choices, farmers rou-
tinely recall other farmers who grew the seed (especially pedda
rytulu) but rarely recall agronomic details beyond the ubiq-
uitous and generic phase manci digubatu, “good yield.” This
is not simply a local discourse on crops that centers on general
performance rather than agronomic specifics: there are rea-
sons that farmers really do tend to be surprisingly ignorant
of crop traits. The demonstration value of a cotton field is
diminished by the enormous local variation in pest outbreaks
and access to irrigation which override subtle differences at-
tributable to seed traits; a seed may give very different yields
even within one village area. Thus, in their approach to crop
observation, farmers straddle the categories of environmental
and social learning; if observations were true environmental
learning, farmers would be engaged in empirical evaluation,
and it would not matter who the planter was. Yet demon-
strations are virtually always on pedda rytu farms, and farmer
interviews show that they were swayed by who was growing
the seed more than by assessment of the crop.

This reduced role of environmental learning may seem dis-
cordant with the accumulated wisdom in anthropology ex-
tolling indigenous technical knowledge that results from en-
vironmental learning. This tradition may be traced from
Conklin’s (1954) seminal study of Hanunóo cultivators to a
wide literature since (e.g., Brokensha, Warpen, and Werver
1980; Richards 1985; Brosius, Lovelace, and Marten 1989;
Chambers, Pacey, and Thrupp 1989; Hobart 1993; Brush
1993, 2005; Scoones and Thompson 1994; DeWalt 1994; War-
ren, Slikkerveer, and Brokensha 1995; Brush and Stabinsky
1995; Sillitoe 1998; Ellen, Perkes, and Bicker 2000). Some
research has moved well beyond indigenous classification and
knowledge of static details of plants and agronomic processes
to analyze relationships between knowledge and practice (So-
leri and Cleveland 2001, 108) and the response of farmers to

various scenarios (Soleri and Cleveland 2005; see also Ingold’s
[2000, 2001] exploration of knowledge as skill). A key con-
ceptual contribution was Richards’s account of the farmer’s
need to execute a “performance” based on agronomic knowl-
edge, prediction of a range of factors, and manipulation of
socially mediated resources (Richards 1989, 1993). This con-
ceptualization of agricultural practice goes beyond individual
technologies and stratagems to consider how these fit together
into a system. Numerous studies have highlighted the systemic
nature of agricultural practice and the often intricate fit be-
tween agroecology and a range of cultural systems (e.g., Lan-
sing 1993; Stone, Netting, and Stone 1990). Therefore we must
think not of farmers simply acquiring information on a seed
or other technology but of farmers developing the ability to
perform with a technology under variable conditions; this will
serve as a definition of agricultural skilling (Stone 2004). Skill-
ing obviously must incorporate environmental learning, but
it is a highly social process as well.

Yet as adaptive as this environmental-social skilling process
may be, it is susceptible to obstruction. If an ethnography of
agricultural performance skills is important (Richards 1993,
62), so too is an ethnography of the degradation of the skilling
process. What research exists on such degradation has tied it
to specific agricultural technologies such as hybrid seeds and
pesticide sprays. In her history of maize breeding in the
United States, Fitzgerald (1993) argued that adoption of hy-
brids led to “deskilling” of American farmers, turning farmers
into passive customers of seed firms. Within a few years of
the spread of hybrid corn, farmers who had previously been
developing landraces and collaborating with public-sector
breeders were told, “You may not know which strain to order.
Just order FUNK’S HYBRID CORN. We will supply you with
the hybrid best adapted to your locality” (Funk Bros. 1936
Seed Catalog, quoted in Fitzgerald 1993, 339). With her claim
of deskilling, Fitzgerald invoked a process described in Brav-
erman’s (1974) Labour and Monopoly Capital, in which cap-
italism was constantly degrading the role of laborers by sep-
arating mental from manual work. (Adam Smith and Karl
Marx described the same process, albeit in somewhat different
terminology [Marglin 1996, 194–95]). To Braverman, the crux
of deskilling was the replacement of skilled workers, who were
more expensive and less controllable, by machines and less-
skilled workers. Fitzgerald did not probe the nature of agri-
cultural deskilling thoroughly, noting mainly that it lacked
the “malice” inherent in the industrial process. Synthetic pes-
ticides have also been blamed for deskilling farmers. Van-
deman (1995) has argued that pesticides commodify farm
pest management in a destructive and self-perpetuating cycle:
the less farmers know about insect ecology, the more insec-
ticide they use (Vandeman 1995; also Thrupp 1990 and Pems,
Waibel, and Gutierrez 2005), producing intractable problems
of environmental contamination and pesticide resistance.

These technology-specific cases show vulnerabilities of en-
vironmental learning, but what they describe is hardly the
same as mechanization and compartmentalization on the fac-
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tory floor; Braverman’s deskilling serves more as a metaphor
than as a theoretical model of technology-induced changes
in agricultural production. Expanding an analysis begun in a
previous study (Stone 2004), I would argue that agricultural
deskilling differs from Braverman’s process in three key re-
spects. First, agricultural practice is much more dynamic than
factory work. Farming constantly changes in response to pop-
ulation density, market signals, the arrival of new crops, tools,
or neighbors, pests and diseases, government policies, and
even new ideas. Therefore farming does not consist of me-
chanical application of knowledge or the making of binary
decisions (e.g., adopt versus don’t adopt); if it is a perfor-
mance, then the role of each technology in the performance
must constantly be in play. Therefore agricultural deskilling
is not the displacement of a static set of skills but rather the
disruption of an ongoing process of skilling.

Second, agricultural skilling is a hybrid process involving
both environmental and social learning, in which farmers
observe, discuss, and often participate in each other’s oper-
ations. When technology passes between farmers, information
normally does too (Brush 1993, 1997; Richards 1989; Sillitoe
2000; Cleveland and Soleri 2002). The presence of neighbor-
ing farms increases the amount of payoff information avail-
able, and neighboring farmers normally participate in the
process of interpreting it. Agroecological skill may become
embedded in cultural concepts (Brodt 2001; Thrupp 1989)
and even in institutions that individuals may not fully un-
derstand (Lansing 1993; Netting 1974). Pálsson [1994] makes
the same point regarding “enskilment” of sailors, which is a
necessarily collective enterprise involving whole persons, so-
cial relations, and communities of practice. More generally,
Baltes and Staudinger [2000, 127] argue that “wisdom is fun-
damentally a cultural and collective product in which indi-
viduals participate. Individuals are only some of the carriers
and outcomes of wisdom.”) Factory workers may learn some
aspects of their jobs from fellow workers, but this plays a
much smaller role in their training, and they are not respon-
sible for overall production strategy as the farmer is. Agri-
cultural deskilling is the disruption of the balance between social
and environmental learning that is instrumental in farm
production.

Finally, in contrast to industrial workers, farmers still need
the skill that is degraded. That slaughterhouse workers do not
know a sirloin from a filet or that McDonald’s staff lacks
culinary skills is no problem: the process of turning an animal
into discrete food products has been compartmentalized and
the process of cooking fries automated so that workers have
no use for the displaced skills. In contrast, farmers still have
to make decisions about the use of technologies even if they
have not been able properly to “skill on” them. There is a
crucial difference between an industrial situation in which
skill has no place and an agricultural situation in which skill
is needed but cannot be acquired. Agricultural deskilling is
not simply the automation of farm tasks; it is the degradation

of the farmer’s ability to perform or, as Parthasarathy (2002)
put it, the ability and freedom to innovate.

Thus, the fast-food and slaughterhouse workers who are
such notable contemporary examples of industrial deskilling
(Schlosser 2001) are poor models for agricultural deskilling.
A better metaphor would be a chef whose job is to contin-
uously develop new dishes in a kitchen where someone keeps
changing the labels on the ingredients and the stove will not
hold a constant temperature.

A range of factors may contribute to agricultural deskilling,
the common denominator being the raising of the cost and
the inaccuracy of environmental learning. I have identified
three such factors (Stone 2004; also Bentley 1989, 1993). The
first is inconsistency of a technology’s effects. Seeds and other
technologies may have qualities that become apparent only
over time or under special circumstances (Tripp 2001a). A
technology’s effects may also change through time as a result
of factors that are difficult or impossible for the farmer to
monitor (Sillitoe 1998, 225): insecticidal sprays are an ex-
ample, as their effects can vary from year to year in their
impacts on target and predator species, leading to insecticide
resistance and chaotic fluctuations in insect populations
(Brogdon and McAllister 1998). The second is unrecogniz-
ability of a technology. An even more fundamental problem
than inconsistency is farmers’ being unsure of what is being
planted. The problem often worsens as marketed seed replaces
replanted seed, but it is not a problem exclusive to marketed
seed; farmers have encountered “identity confusion” with the
second generation of replantable modern varieties (Tripp
2001b). For instance, farmers easily recognized first-genera-
tion Green Revolution seeds, but the more subtle changes
bred into subsequent generations caused greater confusion
and slower rates of adoption (Byerlee 1994). Lack of recog-
nizability impedes skilling. The third impediment to agricul-
tural skilling is an accelerated rate of introduced technological
change. Skilling takes time. Even if a technology avoids the
other impediments to skilling—being unambiguously rec-
ognizable at the time of acquisition and displaying reasonable
consistency—the skilling process may fail to keep up with
rapid technological change. This is not to endorse a roman-
ticized view of unchanging “traditional” farming; traditional
agriculture changes all the time (Stone 2004). The issue here
is whether the change occurs too rapidly to accommodate the
social-environmental process of skilling.7

7. Skeptics of the value of genetically modified organisms for Third
World farmers have been accused of advocating a museum-like preser-
vation of indigenous practices. The same false choice arose in the planning
stages of the Green Revolution, which led the Rockefeller Foundation to
ignore the agricultural geographer Carl Sauer’s prescient warnings about
revolutionizing peasant Mexican agriculture. Rockefeller officials thought
he saw “Mexico as a kind of glorified ant hill which they are in the
process of studying . . . [he] resent[s] any effort to ‘improve’ the ants”
(Marglin 1996, 217). For Sauer the issue was not change versus stasis
but the speed and type of change; he advocated that peasants “build on
the preservation and rationalization of their own experience with slow
and careful additions from the outside.”
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This is an essential background for understanding the rapid
adoption of Bt cotton. I will first examine the characteristics
of the cotton seed system that induce deskilling and then turn
to an empirical study of the cotton fads that deskilling
produces.

Warangal Cotton and Agricultural
Deskilling

Cotton has a long history on the subcontinent; the two Gos-
sypium species—arboreum, which was domesticated here, and
herbaceaum, developed elsewhere but present here for a long
time—provided the basis for a textiles trade that led the world
for centuries (Prasad 1990). Production of hybrids based on
the New World species G. hirsutum began in the 1970s, the
labor-intensive production process capitalizing on cheap field
labor (often by children). Today India is the only area in the
world where cotton production is based on hybrids, and Wa-
rangal farmers plant commercial hybrid cottons almost ex-
clusively.8 Hybrid cultivation spread throughout Warangal
District in the early 1990s, when the combination of strong
prices, trade liberalization, and government campaigns led
many farmers to take up cotton as a cash crop.

Andhra immigrants from coastal areas with a strong tra-
dition of cash cropping led the way into commercial cotton
cultivation. These immigrants are a small, prosperous, and
generally well-educated minority in Warangal. The indigenous
majority had a history of small-scale cultivation of open-
pollinated (i.e., nonhybrid) indigenous cottons, grown with-
out external inputs and with scant pest problems and used
mainly for local cloth production. Their shallow history of
skilling on hybrid cotton surely plays some role in the prob-
lems described below, yet it is easy to overestimate its im-
portance. Depth of experience with a crop is hardly an over-
riding determinant of the skilling process, and the literature
abounds in cases of successful adoption and integration of
new crops. The Nigerian Kofyar provide an example, expertly
integrating a major yam component into a complicated cul-
tivation regime as they moved into a new area from a home-
land where they had grown no yams at all (Stone, Netting,
and Stone 1990; Stone 1996). It is not so much the relative
newness of commercial hirsutum cotton cultivation as the
nature of the seed market that has impacted the skilling
process.

In Warangal, the market offers not only hybrids that must
be repurchased each season but an extensive, rapidly chang-
ing, and sometimes deceptive roster of seeds. There are over
800 input shops in the district, including at least one in vir-
tually every village of any size. Warangal City has around 190
shops, including several dozen concentrated around Station

8. Public-sector breeders produce very little cotton. In Andhra Pradesh
they have released one open-pollinated (i.e., nonhybrid) variety called
Narsimha and have persuaded a tiny percentage of the farmers to grow
it.

Road (fig. 3). A 2005 survey of 37 input vendors in Warangal
City gives a snapshot of the market for 2003–5.9 These vendors
collectively sold 125 different cotton brands from 61 com-
panies during this three-year period; the total number of cot-
ton brands sold during this period was over 200. The number
available at any given time was smaller, since seed products
come and go rapidly. Of the 78 seeds sold by our sample
vendors in 2005, only 24 had been around since 2003.

Farmers must also deal with several levels of deceptiveness
in seed products. On the one hand, there is often variation
among packs of a single seed product. Causes of variation
range from lax controls over the hybrid production to the
corrupt practice of packaging different seeds as a single brand.
Every year brings new cases of severely flawed seeds on the
market. Flawed or mislabeled products, known as “spurious
seed,” are a bane not just for farmers but for vendors, who
have on occasion been closed down for selling a seed that
turned out to be spurious. On the other hand, the seeds sold
under different brand names may be identical: it is widely
known that cotton parent lines have been appropriated from
state agricultural universities and research institutes by cotton
seed companies, which then market the hybrid offspring un-
der different names. For instance, Bunny cotton (a recent
local favorite in several towns) is identical to four other seeds
on the market, according to a local cotton expert. (Ziegenhorn
[2000] gives a parallel account of the systemic deception in
the American maize market.) Seeds that have lost their pop-
ularity are sometimes brought back to the market under a
different name to capitalize on farmers’ penchant for new
products. Government seed inspection is largely ineffective.
In Warangal City, a single inspector visits fewer than half of
the seed vendors, taking a few samples which are then tested
for physical purity and germination rate but not for whether
the seed is what the box claims. When substandard seed is
found, the dealer (not the seed company) is assessed a min-
uscule fine.

There are numerous seed traits that differ and should be
assessed in the skilling process, but the “anarcho-capitalism”
(Herring 2006a) of this cotton seed sector, with its large,
unstable, and deceptive array of seeds, is clearly incompatible
with the processes of experimentation and evaluation. Pri-
mary variables are boll size, time to maturity, flowering pe-
riod, and irrigation requirements/response; other variables in-

9. The survey of Warangal input vendors was conducted in June 2005.
Since no complete list of vendors is available, we developed a list by
reconnaissance of the Station Road area, adding any others that appeared
in interviews with farmers, vendors, or officials. Thirty-seven shops pro-
vided cotton data for 2003–5: 5 were new and so provided data only for
2005, 18 provided data for 2004–5 (some had opened only in 2004, and
others would not or could not provide accurate data for 2003), and 14
provided data for 2003–5. Therefore the data cannot be used to compare
overall sales but should provide a fair reflection of market shares by
product. Sometimes one vendor is the sole or primary purveyor of a
brand, and if the survey missed such vendors it could leave a gap in the
analysis; however, on the basis of numerous interviews with vendors, I
do not believe any major brands were missed in this way.
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Figure 3. Station Road in Warangal City, a concentration of several dozen
shops selling seeds, fertilizer, and pesticide (left), and (right) Station Road
vendor with a pack of Mahyco Bt cotton and some of his other cotton
seeds.

clude number of bolls per plant, plant configuration
(water-intensive plants may be bushy, which makes spraying
more difficult), insect/disease resistance, and average germi-
nation rate. Output traits include staple length and quality.
A thorough product evaluation would also consider charac-
teristics of the seed company, including location, size, age and
reputation, diversity of offerings, commitment to customer
service, and guarantee policy (some companies have signed
a “memorandum of understanding” promising to recompense
farmers who can show that their seed failed because of seed
flaws). To this list of variables we must now add expression
of Bt proteins, which varies markedly among approved brands
(Kranthi et al. 2005) and certainly among the rapidly spread-
ing illicit Bt seeds described below.

But even if farmers were to try to skill on these variables
in such a volatile seed market, there are other unpredictable
factors with the power to override such fine considerations.
Paramount among these are the frequent but erratic insect
outbreaks, which vary in location, severity, timing, and re-
sponse to pesticides. The localized nature of outbreaks often
confounds farmers’ ability to compare crops. Pest populations
also exhibit longitudinal changes such as the spread of pes-
ticide resistance and shifts in life cycle. (Data collected by the
Warangal Agricultural Research Station show that outbreaks
of a leading cotton pest, Helicoverpa ameriga or American

bollworm, have in recent years moved from October to Au-
gust.10 With the rapid spread of Bt cotton, which, as Kranthi
et al. [2005] have shown, begins to lose its insecticidal char-
acteristics after 100 days [for Warangal, in September], it
seems likely that the outbreaks will eventually shift back to
the later time.) Pesticides too may be spurious or adulterated.
Vagaries of rainfall and dependability of irrigation sources can
easily have much greater effects on yield than the relatively
minor differences in the recommended water requirements
of different seeds.

External sources of seed information, rather than mitigating
these multiple impediments to skilling, exacerbate the prob-
lem. Government-sponsored agricultural extension programs
are virtually nonexistent. Local Telugu-language publications
provide agricultural information, but its reliability varies, and
advertisements are often presented in the form of objective
information.11 The most common external source of infor-
mation on cotton seed is corporate promotion. Cotton seed

10. I am grateful to Jalapathi Rao for providing these unpublished
data.

11. Newspapers may also magnify seed scandals to boost readership.
One local agricultural scientist cited a recent case of a cotton seed com-
pany that got into a dispute with a local daily. Despite the lack of evidence
of any problems with its seeds, there were enough damning articles pub-
lished to put it out of business.
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Table 1. Village Summary, Cotton-Planting Households
Only

Households Surveyed by Crop Year

Village 2002 2003 2004 2005

Bhandarupally – – 38 38
Gudeppad 62 150 90 68
Kalleda 41 37 34 27
Oorugonda – – 58 62
Pangidepally – – 66 68
Pathipally – 71 81 54
Ravuru 44 31 63 71
Saireddipally 19 31 80 66
Tekumatla – 89 81 67

Total 147 409 591 521

advertising is seemingly ubiquitous in Warangal: signs hang
from trees, walls are painted, flyers are distributed, and pitches
blare from company vehicles (fig. 4). Only cotton is so heavily
promoted; rice seed, which is selected more on the basis of
environmental learning and is overwhelmingly nonhybrid, is
rarely advertised. Assessing the impact of advertising on seed
choice is beyond the scope of this article, but it is likely that
the ubiquity of low-credibility noise contributes to farmers’
general indifference to analysis of seed performance.

The plight of Warangal cotton cultivators, then, goes well
beyond Fitzgerald’s (1993) description of the deskilling caused
by adoption of hybrid maize. They face a frenzied turnover
in the seed market (which they encourage with their penchant
for new products), deceptiveness in seed brands, unpredict-
able ecological events such as pest and disease outbreaks,
secular changes in insect ecology, and a noisy and unreliable
information environment. These factors make seed evaluation
costly and inaccurate and suggest that environmental learning
should be scant. Viewing the dynamics of cotton decision
making (and especially seed choice) in Warangal therefore
becomes as important to theory as it is to the topical question
of why genetically modified crops have spread so quickly.

Cotton Fads

My analysis of seed choice is based on three household ag-
ricultural censuses conducted between 2003 and 2005.12 In-
formation on agricultural decision making also came from
24 in-depth interviews with a range of farmers covering
knowledge, skill, and decision-making criteria and partici-
pant-observation in Warangal and Hyderabad over eight pe-
riods of fieldwork amounting to approximately 45 weeks be-
tween 2000 and 2006. Table 1 shows the villages studied and
the numbers of cotton-planting households represented in
these surveys (actual sample sizes were considerably larger;
for example, 26% of the households censused in 2004 planted
no cotton that year). The 2003 and 2004 surveys elicited
detailed household social and economic information along
with information on agricultural decision making; the 2005
survey was more focused on agricultural decision-making and
seed choice. Surveys were conducted mostly between July and
October, allowing for the collection of seed choice data for
the census year and the preceding year but input-output in-
formation only for the preceding year. Census takers were
natives of the area, and most were college graduates in ag-
ricultural economics. In the following analysis, data on the
2002 seed choices and yields come from the 2003 census and
data on the 2003 seed choices and yields from the 2004 census.
Data on the 2004 seed choices come from both the 2004 and
2005 censuses (only the nonrepeat interviews added in 2005).

12. All censuses were designed, tested, and administered in collaboration
with the economist A. Sudarshan Reddy of the Centre for Environmental
Studies, Hanamkonda (formerly of CKM College, Hanamkonda). The
2003 census also benefited from input by Robert Tripp of Overseas De-
velopment Institute, London.

Data on 2005 seed choices come from the 2005 census. (Fur-
ther information on the criteria for village selection appears
in the appendix.)

Sampling frames were derived from the government’s 1996
Multi-Purpose Household Survey, which lists all households
in the district along with socioeconomic variables including
land ownership. Stratified random samples were drawn in
each village to ensure representation of farmers differing in
wealth and connectedness to information networks. From
ethnography it seemed clear that larger landowners tended to
be more “cosmopolitan” (to use the term from classic in-
novation-diffusion studies) and better connected to nonlocal
information sources, and this was confirmed by the census.13

As research was initiated in each village, households were
ranked on land ownership and divided into terciles (landless
households were excluded because they rarely plant cotton).
Terciles were randomized and sampled equally. For subse-
quent-year censuses, farmers were recensused when possible,
and other households were added using the same randomizing
strategy. (For further information on sampling procedures,
see the appendix.) The survey was designed to reveal variation
in agricultural decision making across space and time and to
collect data on social organizational, spatial organizational,
economic, educational, and ethnic effects on this variation
(only a small portion of which appears in this analysis). It
was not explicitly designed to allow characterization of Wa-
rangal District, and several distinctive sectors of the district
were not studied.

The household censuses recorded seed choices, defined as
a farmer’s purchase of a particular type of seed, whether it

13. The 2004 census collected information on acreage owned, which
corresponded moderately well to acreages reported in the Multi-Purpose
Household Survey. It also contained four variables reflecting the farmer’s
connectedness to information networks: radio listening, newspaper read-
ing, TV watching, and watching the agricultural-extension TV program
Annadata were rated on a scale of never-sometimes-frequently. These
were combined in a connectedness score (low-medium-high), which
shows a clear correlation with land ownership. An analysis of the extent
to which access to external information sources affects participation in
cotton fads is beyond the scope of this article.
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Figure 4. Cotton ads. From top left, large cotton advertisement painted
on the side of a building, cotton advertisement painted on a pillar, cotton
signs in a tree, and cotton seed marketer distributing flyers on Station
Road.

was one box or more and whether or not it was the only seed
type the farmer bought that year. The numbers of seed choices
tend to be higher than the numbers of cotton-planting house-
holds because many households plant more than one seed.
In the following analysis, the seed choices are expressed as
percentages,14 and the top choices are plotted for the years
for which data are available.

Figure 5, top, shows the top-selling seeds in the sample
villages combined, based on the seed-choice data. The high-
light is the precipitous rise of one seed: Rasi Seed’s RCH-2-
Bt. The first Bt cottons marketed in Warangal were not par-
ticularly popular, not simply because of the Bt trait but
because it had been put into unpopular Mahyco hybrids.
RCH-2 (a seed that, according to open secret, was produced
from parent lines appropriated from a state-run research cen-
ter) was a fairly popular hybrid in many parts of the district.

14. This is similar to market share but differs in not allowing for
farmers’ buying more than one box.

The Bt version appeared on the market in 2004, and in 2005
it achieved sudden wild popularity in much of the district,
accounting for 45% of the 777 seed choices in the sample—
particularly striking because the Bt seeds cost Rs. 1600 ($38)
per acre-pack, compared with around Rs. 400 for other hy-
brids. When the other Bt seeds are included, Bt seeds account
for 54% of all seed choices. Figure 5, bottom, shows that the
take-off of RCHZ-Bt reported by the sampled farmers is mir-
rored in the seed-vendor survey.

What is particularly interesting is the striking local varia-
tions in adoption patterns. Figure 6 shows village-specific
patterns in seed choices. Almost all villages show the sharp
climb in RCH-2-Bt adoptions, but a closer inspection shows
a pattern of abrupt and ephemeral seed fads preceding the
Bt fad. In Gudeppad, for instance, Brahma and Ganesh were
strong local favorites in 2003 but had virtually disappeared
by 2005; Chitra went from being negligible to town favorite
(in 2004) and back to negligible. In Kalleda, Brahma was a
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Figure 5. Trends for the five most popular cotton seeds. Top,
seed choices as reported in farmer surveys; bottom, percentage
of total sales reported in survey of seed vendors in Warangal
City.

runaway favorite in 2003 before dropping sharply as Gemini
became the town favorite for a year. In Ravuru, Brahma was
by far the favorite in 2002 but had dropped to virtually nil
by 2005; Bunny, the strong favorite in 2004, lost its popularity
to Vikas in 2005. In Tekumatla, the 2003 favorite, Dassera,
dropped precipitously in 2004, when JK Durga rose to almost
40% of cotton choices before crashing to 4%. In Pathipally
there was a steady market for Brahma and Bunny, but it also
had a fad, with Dyna rising to town favorite in 2004 before
dropping to almost nil.

Moreover, the fads tended to be highly localized, with the
notable exception of RCH-2-Bt. As figure 6 shows, Kalleda
and neighboring Ravuru shared the Brahma and Bunny fads,
but Kalleda’s 2004 Gemini fad did not touch Ravuru. Chitra
was the top seed in Gudeppad in 2004 but negligible in neigh-
boring Oorugonda. JK Durga, the runaway favorite in Teku-
matla in 2004, was also the top seller in neighboring Pangi-
depally, but Pangidepally’s other 2004 favorites—Mahalaxmi,
Sudarshan, and Bunny—were negligible in Tekumatla. Pathi-
pally’s 2004 favorite, Dyna, was negligible in neighboring Bhan-
durapally in 2004 (although Tulasi was popular in both villages).

The agricultural economist Matin Qaim got a different

glimpse of this cotton faddism in his survey of 375 Indian
cotton growers. He found that after the 2002 season, more
than half the farmers who had adopted Bt cotton abandoned
it. Then “interestingly, a remarkable share of the disadopters
re-adopted Bt technology after a break of one or two years”
(2005, 1321). To Qaim, these patterns “clearly demonstrate
that genetically modified crop adoption and disadoption are
not irreversible decisions for farmers; they are part of a normal
learning process.” However, as argued above, “normal” learn-
ing (skilling) is an environmental-social process, and it is
difficult to imagine what environmental assessments would
lead farmers to such short-term, localized cotton seed fads.
None of the seed vendors interviewed were aware of any
agroecological rationale, and the farmers too were consistently
unable to justify the seed fads on the basis of seed traits. The
paired villages in each case have the same soils, microclimate,
and access to input markets.

There are some conditions under which abrupt adoption
of new seeds may have a definite agroecological basis. For
instance, disease is a major problem for pearl millet growers,
and Rajasthani farmers adopt each new disease-resistant seed
variety quickly (Tripp and Pal 2000; Robert Tripp, personal
communication). The faddism contributes to the chronic cy-
cle of breeders’ adjusting plants to pathogens and pathogens’
adjusting to plants, but farmer decision making is responding
to agronomic problems and has a basis in environmental
learning. No such agroecological advantage, and certainly
none that would explain neighboring villages’ exhibiting such
different patterns, is evident in the Warangal seed fads. The
growers themselves offer no agroecological justification for
the faddism. In fact, not one of the 12 Gemini planters I
interviewed in Kalleda attributed the adoption of Gemini to
specific traits (beyond the ubiquitous anticipation of “good
yield”), and none knew much about Gemini’s specifications.
Only 2 mentioned firsthand knowledge of Gemini’s perfor-
mance (both had seen a field of Gemini the year before).
Indeed, the farmers were generally agnostic on qualities of
the seeds (the only specific trait that farmers regularly evaluate
in cotton being boll size).

This situation stands in marked contrast to various studies
showing rational and often highly strategic seed selection
practices when farmers know what they are planting and tech-
nological change is more limited and/or gradual. For instance,
despite some breeders’ complaint that farmers ignore the ben-
efits of improved maize varieties, adoption studies often show
farmers making astute comparisons of crop performance
through time (e.g., Perales, Brush, and Qualset 1998; Soleri
and Cleveland 2001, 109). Excellent examples of farmers’ as-
sessment of the ecological aspects of proposed seed changes
are provided by Barlett (1982, 70) for maize farmers in Costa
Rica and by Richards (1997) for rice farmers in Sierra Leone.
(I have no control case of skilled cotton seed selection in
Andhra Pradesh because the impediments described above
have been present for many years and no detailed studies of
the dynamics of cotton seed selection were conducted be-
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Figure 6. Village trends for the five most popular cotton seeds in each
village. The y-axis shows the percentage of the village’s yearly seed choices
accounted for by each seed. The paired graphs are neighboring villages.
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Figure 7. Trends for Saireddipally.

Table 2. Novice Percentages, 2003

Percent
Novice

Acres Planted

Gudeppad
(n p 52)

Kalleda
(n p 13)

Pathipally
(n p 23)

Ravuru
(n p 18)

Saireddipally
(n p 14)

Tekumatla
(n p 31)

Total
(n p 151)

!50 13.5 0.0 4.3 0.0 21.4 0.0 7.3
50 7.7 15.4 8.7 0.0 7.1 6.5 7.3
51–99 25.0 0.0 8.7 0.0 14.3 19.4 15.2
100 53.8 84.6 78.3 100.0 57.1 74.2 70.2
100 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Note: The 151 cases shown here are households that had any novice cotton planting (planted a seed for the first time) in 2003.

forehand. However, interviews with elderly Warangal farmers
provide an inkling of prehybrid cotton cultivation: a handful
of indigenous desi cotton varieties were generally replanted
and often grown in intercrops with pigeon pea and other
pulses without the use of pesticides.)

One village that has been less faddish in seed choices is
Saireddipally, which is also anomalous in being a “settler”
community populated mainly by immigrants from the An-
dhra coast. This, as we have seen, was the group that had led
the way into commercial cultivation of cotton (and chillies
and maize as well), and it has a higher level of education and
connectedness than any of the other sample villages. This
village participated in the 2005 district-wide RCH-2-Bt fad,
but otherwise its top seed choices show more gradual change
(fig. 7). This was also one of the first villages to adopt Bt
cotton on a significant scale soon after its release; this fits
innovation-diffusion orthodoxy but adds the twist of being
a village-specific pattern. Given the village’s higher level of
education and connectedness and its low degree of cotton
faddism, it stands to reason that more environmental learning
is taking place in this village. Indeed, table 2 shows that Sai-
reddipally farmers are somewhat more likely than others to
use small experimental plantings.

Novice and Experimental Planting

Small-scale experimentation and evaluation are often used by
Indian farmers as a basis for seed selection (e.g., Gupta 1998,
197), but the Warangal seed fads seem irreconcilable with this
practice. We can investigate this empirically by isolating cases
of “novice planting”—defined as the planting of a type of
seed brand for the first time. I have used data on 2003 plant-
ings for this, avoiding the spread of new Bt seeds, which would
have caused unusually high rates of novice plantings in
2004–5. In 2003, among cotton-planting households a median
of 2 acres were planted to cotton (mean p 2.86; s.d. p 1.97;
n p 231). Within this sample of households, 55% planted
one seed type, 26% planted two, and 19% planted three or
more, for a total of 410 seed choices. Of these seed choices,
59.3% were novice.

But are these novice cotton plantings actually tests of new

seeds on small plots, as claimed by innovation-diffusion or-
thodoxy and by Monsanto? In contrast to the farmers in the
classic Iowa study, who initially planted 30% of their maize
acreage in hybrid maize, in 2003 the median percentage of
acreage in novice plantings in Warangal was 100%. Table 2
gives a finer breakdown of cotton acreage percentages given
to novice plantings. (There is a small spike in the distribution
at 50% because the median area planted to cotton in this
sample is two acres and commercial cotton seed is sold in
“acre packs” with enough to seed one acre; less than 1% of
the cotton purchased in my surveys consisted of “loose seed.”
This packaging makes experimentation slightly inconvenient
but hardly prevents it; farmers can split packs to plant subacre
plots.) Of particular note is that when farmers plant seeds for
the first time, the new seeds take up 100% of their cotton
70% of the time and 50% or less less than 15% of the time.

What this analysis does not tell us is how decision making
differs among large versus small farmers. A general expectation
in innovation-diffusion theory is that inclination to adopt in-
novations increases with the farmer’s socioeconomic status,
including farm size (Rogers 2003, 288). A refinement on this
general pattern, argued by Frank Cancian (1967, 1980), is that
farmers in the upper-middle levels of the socioeconomic spec-
trum are unusually conservative, an anomaly called the “Can-
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Table 3. Percentage of Farmers (n p 520) Reporting
Knowledge of Key Seed Traits

Boll Size
Water

Requirements
Time to
Maturity

Insect
Resistance

No 17 45 29 38
Yes 83 55 71 62

Figure 8. Novice versus experienced plantings by farm size, 2003.

cian dip” in an otherwise linear relationship between wealth
and rapidity of innovation adoption. For figure 8, farms were
classified by the total acreage of all crops planted in 2003 to
show how novice versus more experienced plantings break
down by farm size.15 There is indeed a general tendency for
larger farmers to conduct more novice plantings. (However, in
an inversion of the Cancian dip, farmers in the second-largest
category are the most enthusiastic novice planters.)

Interviews provided consistent evidence that Warangal cot-
ton farmers’ propensity is for trying new seeds on the market
rather than trying seeds on an experimental scale to choose
one for long-term adoption. A frequent response to the ques-
tion why a particular seed was chosen was that it was new in
the market—meaning that no experimental information
whatsoever was available. This attraction to new seeds exac-
erbates the turnover of seeds in the market, as seed firms
sometimes take seeds that have fallen out of favor, rename
them, and launch marketing initiatives for the new product.

The absence of seed evaluation is further confirmed by
farmer knowledge of key seed traits. Farmers in the 2004
survey were asked if, for the cotton type they planted the most
that year, they knew what to expect in the cotton’s boll size,
water requirements, time to maturity, and resistance to any
crop pests. Despite the fact that farmers are understandably
reluctant to admit to knowing little about the seeds they were
planting, substantial numbers pled ignorance (table 3).

Even taken at face value, some of these figures are striking;
water requirement would under normal conditions be a prime

15. Of course, whereas Bt cotton is clearly an innovation, novice plant-
ings are innovative only in a limited sense: new seeds on the market are
sometimes merely rebranded old seeds, and a seed being planted for the
first time may have been around for years before the farmer decided to
try it.

criterion for seed selection. The only trait for which few farm-
ers confessed ignorance was boll size; large boll size is one
trait that Warangal farmers consistently claim to value most
highly.16 However, given the fads that dominate cotton plant-
ings, it is not surprising that there is confusion on even this
trait. For instance, of the farmers in the sample who planted
RCH-2-Bt in 2005, 83% claimed to know what boll size to
expect (interviews were conducted before bolls were mature).
Boll size is frequently discussed and routinely divided into
small, medium, and large; according to producer, the RCH-
2-Bt boll weighs 4.5–5 g, which is medium-sized. However,
of these 280 farmers, only 44% identified the size as medium;
30% and 27% thought the boll was large or small. There were
also interesting indications that expectations were forming on
a village-specific basis.17

As a final consideration regarding the lack of experimental
seed evaluation, it is instructive to look empirically at the
variability in cotton performance (Qaim et al. 2006). Studies
of Indian cotton yields (of which there has been a small surge
due to interest in the performance of Bt cotton) tend to
obscure variability by emphasizing averages. Table 4 sum-
marizes brand-specific yields for 2003 collected in the 2004
survey of 420 farm households. The figures seem to show
clear differences in output, much larger differences than have
been cited in other studies as evidence of one seed’s “out-
performing” another (Bambawale et al. 2004; Morse, Bennett,
and Ismael 2005). But by plotting the variability of seeds’
performance in each village, figure 9 gives a fuller picture of
the variability farmers confront. It gives another view of lo-
calized favoritism (e.g., Ganesh is planted only in Gudeppad,
Bhavani only in Tekumatla) and, more important, shows the
variation that is collapsed in the yield averages. What it does
not depict is the important interyear variation; 2002 yield
figures (collected in the 2003 survey) are given, but these are
not broken down by village because of small sample sizes
(and exclude Tekumatla and Pathipally, which were added in
the 2004 census). Finally, it shows the frequent lack of cor-
relation between seed yields in one year and the seeds’ pop-

16. Plants with large bolls do not necessarily give high yield, as the
number of bolls produced is variable. Large bolls may reduce costs for
harvesting labor, but they also increase the economic losses due to boll-
worm attack (Jalapathi Rao, personal communication, 2005).

17. In Pathipally a plurality expected large bolls, but in neighboring
Bhandarupally most expected small ones; in Kalleda a majority expected
small bolls, but in neighboring Ravuru most expected large ones.
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Table 4. Cotton Yields by Seed Variety, 2003

Cotton Seed
Average Yield
(quintals/acre) s.d. n

Atal 7.5 2.9 14
Bhavani 6.7 2.7 10
Brahma 6.7 3.2 62
Bunny 6.9 3.6 45
Dassera 6.5 3.5 18
Dhanno 9.1 2.7 16
Dyna 9.7 3.3 7
Ganesh 10.1 2.2 28
Geetha 6.3 2.1 7
JK Durga 7.3 2.5 16
Mallika 6.9 4.4 8
Mech-12 Bt 9.5 4.1 5
RCH-2 5.6 4.3 12
Satya-619 10.2 4.1 14
Sigma 8.8 2.7 8
Tulasi 8.1 3.1 15
Vishwanath 9.3 2.4 43

Total 7.9 3.3 341

Note: Seed brands appearing fewer than five times were rejected, since
the samples were too small for meaningful analysis.

ularity the next. For instance, Ganesh did particularly well in
Gudeppad (leading all seeds in average yield) but dropped
sharply in 2004; there was nothing special about the yield of
JK Durga the year before it was the subject of a fad in
Tekumatla.

We have seen that Warangal cotton farmers face an exten-
sive, ever-changing, and often deceptive roster of seeds, that
many of the key determinants of a good crop (germination,
reliability of seed, insect and disease outbreaks) are unpre-
dictable and there is wide intrabrand variability, that villages
show sharp ephemeral fads lacking agroecological rationale,
that most cotton plantings are novice and nonexperimental,
and that, as a result, very little environmental learning can
occur. The question of what drives seed choices therefore
becomes quite important not only to an understanding of the
spread of Bt cotton but also to a more general understanding
of agricultural deskilling.

Ethnography of Cotton Fads

Given the obstacles to environmental learning in cotton cul-
tivation, it should not be surprising that various forms of
social learning are instrumental in decision making; what is
surprising is the loose standard for accepting social infor-
mation or choosing models to emulate. For illustration, let
us consider two of the 2004 fads shown above: Gemini in
Kalleda and Chitra in Gudeppad.

Gemini was planted by a handful of Kalleda farmers in 2003
and took off in 2004. Extensive interviews with 2004 Gemini-
planters revealed a set of primarily social explanations that do
not trace back to any agroecological rationale. Gemini cotton
seed was introduced in 2003 by a newly formed company of

the same name (it may have been a seed previously marketed
under a different name). Its marketing strategy capitalized on
the farmers’ penchant for untried seeds and on local connec-
tions in Kalleda; the principal owner is from a nearby village.
Many Kalleda farmers buy their seeds from a Warangal shop
owned by Sampath Rao (pseudonym), from a large and influ-
ential Kalleda-area family that has traditionally had a paternal
relationship with many small farmers in the area. As the prin-
cipal distributor for Gemini in Warangal, Sampath got a high
profit margin on this seed and recommended it strongly to his
customers. The company owner was also an affine of the pres-
ident of Parvathagiri Mandal, who recommended the seed.
Gemini also ran a marketing campaign in Kalleda before the
2004 cotton season, with farmers who made advance purchases
of Gemini seed getting scratch cards for prizes. The only hint
of environmental learning was that one of the 2003 Gemini-
planters was a pedda rytu; he apparently got a good yield,
although no better than yields farmers obtained from various
other seeds. Interviews with 2004 Gemini-planters turned up
virtually no prior knowledge of traits of the seed; the most
common rationale for adopting was that “other farmers around
here were planting it.” By 2005, Gemini had virtually disap-
peared from Kalleda fields.18

Gudeppad’s 2004 Chitra fad was driven by emulation of a
single local farmer and by marketing. Chitra was introduced
in 2003 by Nath Seeds. A Nath marketer who had grown up
in Gudeppad used his local knowledge to recruit Nagaraju
Reddy (pseudonym) for a demonstration plot. Nagaraju
Reddy was a pedda rytu and an attentive farmer whose crops
often outpaced others in the area. In 2003 the marketer gave
Nagaraju a free box of Chitra and, when it did well, trans-
ported many area farmers to see it. Because they liked the
look of his field or simply because he was planting it, Chitra
became the most popular seed in Gudeppad the next year.
Of the 25 Gudeppad Chitra-planters who reported a primary
factor in their adoption, 16 (64%) cited Nagaraju by name.
None of the Chitra planters interviewed could specify what
they had seen in Nagaraju’s field beyond manci digubatu.
Nagaraju actually planted five different brands in 2003. He
reported that one brand yielded around 10 quintals/acre, three
yielded around 14 quintals/acre, and Chitra yielded around
15 quintals/acre. (Such a small difference in yield would not
have been visible to farmers visiting the demonstration plot,
although Nagaraju could have told them of the yield later.)
What set Chitra apart from Nagaraju’s other brands was that
it was new and that it was being touted by the Nath marketer.
Chitra then virtually disappeared from the village in 2005.

An ethnography of the 2005 RCH-2-Bt fad is harder to
construct. The surge to 45% of seed choices at the district
level is unprecedented and is particularly surprising given the

18. In 2005, in a group interview, I asked why no one had planted
Gemini again. One farmer mentioned that the bolls were too small, but
others had no specific reasons; several said that they simply wanted to
try something new.
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Figure 9. Cotton yields by seed type for 341 plantings. Cases are plotted
individually for each seed and village, with the six-village averages and
standard deviations superimposed in stippling.

area’s considerable microethnic diversity: there is a shared
language across the district, but there are dozens of generally
endogamous communities or “castes,” as well as tribal groups,
and we have seen the strong tendency for villages to go their
own way in seed favorites. At the village level the surges are
not such a dramatic departure from past fads (Gudeppad
being the notable exception). The difference is that instead
of each village’s having a fad for its own favorite, in 2005
most villages had a fad for the same seed; the fads were
synchronized. This may result partly from the history of Bt
seeds. The Mahyco hybrids that were the first Bt seeds sold
(in 2002) were unpopular in Warangal, and moreover they
were “old” seeds (on the market for over ten years) in an
area where farmers were compulsive buyers of new seeds.
Following reports of a poor year in 2004 (resulting mostly
from problems unrelated to the Bt trait), these Mahyco seeds
were banned in Andhra Pradesh; also in 2005, “Bt” versions
of 16 seeds appeared on the market, including several popular

seeds (of which RCH-2 was only one). None of the Warangal
vendors or farmers could offer an agroecological rationale for
sales of this particular seed (as compared with, for instance,
Mallika-Bt, another popular seed in Warangal) to take off,
and it is difficult to explain the RCH-2-Bt fad as the result
of superior performance in the previous year. Controlled ex-
periments by Kranthi et al. (2005) show that the Cry1A(c)
gene does not express particularly well in this germplasm.
What several farmers did tell me was that they chose RCH-
2-Bt because it seemed to be the seed most others were buying;
there was, in effect, a “buzz” about it on Station Road, and
conformist bias was clearly in operation (fig. 10).

Theorizing Deskilling and Interpreting Bt
Adoption

In contrast to the claims of consistent benefits discerned by
small-plot experimentation, Warangal farmers have largely
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Figure 10. Farmers buying cotton seeds at a shop in Warangal. Visible
behind them are a few of the many hybrid seeds available at the shop.
The man in the middle is paying Rs. 1600 for a pack of RCH-2-Bt (four
times the cost of conventional seed). When asked why had chosen it, he
said that it was what other farmers were buying.

forsaken experimentation now and practice an agriculture
notably lacking in consistency. To situate these dynamics of
decision making in social theory, let us return to the evolu-
tionists’ claim that reliance on social learning is a function
of the cost and accuracy of individual/environmental learning
and that reliance on “pure social learning . . . will increase
as the costs of individual learning increase and the accuracy
of individual learning decreases” (McElreath 2004, 310). But
McElreath’s approach is more cognizant of the overlap be-
tween environmental and social learning; it sees social learning
as adaptive in such cases because it embodies results of prior
experiments by others. This must be true in many situations,
and studies in various contexts have documented the im-
portance of the flow of agroecological information among
farmers (Besley and Case 1993; Fischer, Arnold, and Gibbs
1996; Tripp 2006, 54). But our discussion has shown how
agroecological information may be disrupted before it is trans-
mitted. What if so little individual/environmental learning is
taking place that social learning is based almost entirely on
the sort of nonenvironmental signals we saw in Kalleda and
Gudeppad? Agriculture is challenging even in the best of cir-
cumstances: “Every farmer knows that many factors influence

yield, leading to high variance in yields for apparently similar
crops and methods, and so distilling the signal from the noise
in such information is difficult” (McElreath 2004, 311). Now
imagine that (to use the evolutionists’ terms) the predictability
of the payoff space and thus the accuracy of individual learn-
ing is slashed by the characteristics of the seed market and
information flows presented above. The result is agricultural
deskilling, the underlying cause of which can be restated as
inconsistency, unrecognizability, and excessive rates of tech-
nological change causing an exceedingly low accuracy of in-
dividual/environmental learning. Too little individual learning
occurs for social learning to exploit, yet farmers nonetheless
rely on the latter in the hope that it will offer a higher payoff.
What emerges is nonenvironmentally based fads.19

19. Richerson and colleagues anticipated a parallel situation in mi-
crosociety experiments. They suggested that when payoffs are so variable
that individual learning is inadequate to explore the entire payoff space,
“participants will copy suites of choices of other individuals, leading to
the formation of ‘traditions’ among groups wherein different neutral
aspects of the decisions hitchhike along with important aspects” (Rich-
erson, Lubell, and McElreath n.d.). Warangal cotton farmers afford us
an empirical view of a similar situation and show us how localized and
ephemeral the resultant traditions are.
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This analysis of farmer decision making directly contradicts
Monsanto’s interpretation of the basis for Bt cotton adoption,
but it is not entirely at odds with the historic trend in an-
thropology of functionalist interpretation of indigenous
agroecological knowledge. Rather, it identifies conditions un-
der which the skilling process can be subverted. Other students
of agroecological knowledge have recognized the need to “avoid
rationalizing farmer practices beyond what can be convincingly
tested simply to satisfy researchers’ desires for a mechanistic
logic underlying those practices” (Soleri and Cleveland 2001;
see also Richards 1993, 1995). A more comprehensive un-
derstanding of agricultural knowledge and practice requires
consideration of Michael Dove’s (2000) case that development
concepts (“participatory development,” “community-based
conservation”) follow a life cycle in which they are eventually
appropriated by the very interests they were developed to
oppose. This certainly fits the concept of “sustainable agri-
culture,” which has come to embrace “almost anything that
is perceived as ‘good’ from the writer’s perspective” (Conway
1997, 163; Tripp 2006, 3), and “integrated pest management,”
which is now often sponsored by pesticide producers. So it
is with “indigenous knowledge” on the front lines of genetic
modification in Third World agriculture, as the same com-
panies who have traditionally scorned peasant farmers as
mired in tradition and in need of instruction (especially when
they are slow to adopt purchased inputs) now salute the wis-
dom of farmers who buy genetically modified seeds.

Are the new genetically modified seeds an agent of deskill-
ing? This charge has been made by some opponents (Simms
1999; Harwick 2000), but it is deceptive because the deskilling
here was in full effect before the new seeds arrived. It is
important to be clear on the underlying causes. A prime cause
has been technology: the two agricultural technologies prom-
inently implicated in deskilling—hybrid seeds and pesticide
sprays—are both ubiquitous here. This is the only area in the
world that relies on hybrid cottons, and the seeds are of a
New World species that is highly susceptible to the Indian
repertoire of pests. Another cause has been the market, with
its brand turnover, confusion, and unreliability. There has
been cultural complicity as well: packaged inputs from shops
are widely perceived as effective and modern, while seed re-
planting is seen in many quarters as quaint and backward.
Knowledge of the latest brands of seeds and pesticides on the
market is a form of cultural capital.

Still, genetically modified seeds may make their own con-
tribution to deskilling depending on local circumstances
(Stone 2004, n.d.). For Warangal farmers the technology in-
troduces new sources of inconsistency and unrecognizability
and accelerates technological change. The performance of Bt
in India has recently been shown to be inconsistent from
brand to brand (Kranthi et al. 2005); inconsistency over the
growing season has been documented in both the United
States and Australia (Olsen et al. 2005) and certainly occurs
in India. Although all Bt cotton in India to date has contained
the same Bt gene, seeds containing different genes are now

being tested (GEAC 2006), and this will likely contribute to
unrecognizability and accelerated technological change. On
top of these developments has been a powerful surge in the
number of parties clamoring to shape farmer decisions (Ya-
maguchi, Harris, and Busch 2003). As Herring (2006a) has
put it, “Farmers in India faced transgenics through the me-
diation of rumour, NGO’s, public intellectuals, and contra-
dictory official signals.”

But there is nothing intrinsically deskilling about the tech-
nology, and these deskilling effects depend on local condi-
tions. Where conditions are different, there are intriguing
hints that genetically modified seeds may mitigate deskilling.
In Gujarat farmers have also adopted Bt cotton with zeal, but
the nature of the seed supply there differs in several key re-
gards. Bt cotton first appeared (illegally) in or around 1999
in the hybrid Navbharat-151, which apparently performed
exceedingly well (Roy 2006; Shah 2005).20 This seed was
banned after the 2001 season because as a transgenic crop it
required approval by the Genetic Engineering Approvals
Committee (which did not approve any Bt cottons until
2002). However, the parent lines found their way into the
hands of farmers, many of whom began making their own
Bt crosses—both hybrid and open-pollinated—in a thriving
cottage industry, and by 2003 Gujarat was awash in illicit Bt
seeds and cotton fields were estimated to contain up to 80%
illicit seed (Gupta and Chandak 2005; Roy, Geister, and Her-
ring n.d.; Herring 2005a; Shah 2005).

There are other differences in the seed system here. Some
Gujarati farmers plant (and replant) indigenous nonhybrid spe-
cies of cotton (Kranthi 2005). In addition, much of the seed
is purchased in loose form (rather than the acre packs that
dominate Warangal purchases), which facilitates small-plot ex-
perimentation. These differences in seed systems should greatly
reduce inconsistency, unrecognizability, and accelerated tech-
nological change, and it is therefore not surprising that a recent
investigation into agricultural decision making there has shown
a much greater degree of control than what I have shown in

20. Not surprisingly, the agronomic performance of the illicit Bt seeds
has been hard to measure. Gupta and Chandak (2005) reported on a
survey of 363 farmers randomly selected from 75 villages in Gujarat,
where illegal Navbharat-151 Bt was sold. This study compared yield data
from 2001 (based on farmer recall) with yields from legal Bt cotton. This
appears to be comparing yields from two different years, since no legal
Bt cotton was being grown outside of test plots. The study reported
increased yields for Bt cotton over conventional counterparts but higher
average yields for legal Mahyco seeds than for illicit ones. Morse, Bennett,
and Ismael (2005) failed to find higher yields for illicit Bt cotton, but
their study is problematic; it appears to have taken all farmer responses
at face value regardless of the illegal nature of the seeds they were being
interviewed about, and it appears to have recorded only harvests through
December, thus missing the late-season harvest which is a strength for
some illicit seeds. Despite these limitations in published research, the
field success of the illicit Bt seeds is validated by the Gujarat Agriculture
Department’s estimates that cotton yields in the state have more than
quadrupled over the past four years, during which time illicit Navbharat-
151-descendant seeds have spread to 60–80% of the state’s cotton area
(Shah 2005).
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Table 5. Acreage Planted for Various Crops, 2003

Village

Average
Acres
Planted by
Household

Percentage of Plantings

Rice Cotton Chillies Maize

Gudeppad 4.8 25 59 3 5
Kalleda 4.4 75 16 1 8
Pathipally 5.5 50 38 6 7
Ravuru 3.9 50 28 1 8
Saireddipally 6.5 25 35 16 24
Tekumatla 4.6 11 61 17 6

Note: The percentages do not sum to 100% because of minor crops not
included here (e.g., sesame, pigeon pea, black gram).

Warangal (Roy, Geister, and Herring n.d.). In fact, Bt cotton
in Gujarat appears to have played a role in getting some farmers
more involved in seed production, turning the cotton fields into
what Anil Gupta (a leader in studying and promoting farmer
innovation) termed “the greatest participatory farmer plant-
breeding mela [carnival] in history” (Herring 2006b; see also
Herring 2006a; Stone n.d.). Whatever environmental regulation
and intellectual property problems are posed by this wave of
farmer Bt breeding, it appears to be instrumental in what might
be called agricultural “reskilling.” This is another disadvantage
of the popular arguments casting Bt cotton as a monolithic
good or evil (see Stone 2002b); the lessons to be learned from
the adoption of Bt cotton in Gujarat are quite different from
those for Warangal, and by lumping the two we obscure crucial
variation.

In Warangal, all parties must agree that 2005 was a re-
markable year for genetically modified cotton, but it should
now be clear that there is a surprising cultural context to the
widespread adoption here. On the surface, it appears to be a
dramatic case of successful adoption of an innovation, ap-
plauded by Monsanto in terms consistent with classic inno-
vation-diffusion theory. However, a closer analysis of the dy-
namics of adoption in the Warangal cotton sector shows that
the key elements of that theory do not fit and that the pattern
that some see as an environmentally based change in agri-
cultural practice actually continues the established pattern of
socially driven fads arising in the virtual absence of environ-
mental learning.
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Appendix: Sampling Strategy

Village selection was intended to sample different parts of
Warangal District, as well as soil conditions and socioeco-
nomic variability. The censuses in 2003, 2004, and 2005 ex-
panded from four to six to nine villages; three “companion”
villages located near other census villages were added in 2005
to provide information on the spatial extent of cotton fads.

Kalleda and Ravuru are within 4 km of each other in Par-
vathagiri Mandal. These villages have very similar soils, roads,
markets, input vendors, and proximity to Warangal but differ
markedly in ethnic and economic makeup. Kalleda has a pop-
ulation of around 3,000, with virtually all local castes present
and a high degree of economic stratification. Ravuru is a
largely tribal (Banjara, or “Lambadi”) village of around 800.
Literacy is low, most residents are poor, and there is little
economic stratification. Gudeppad is located in an area of
black cotton soil in Atmakur Mandal, where commitment to
cotton cultivation is very high. Population is around 1,100.
Oorugonda, a village of around 3,300 3 km from Gudeppad,
was added to the 2005 census as a companion village.

Tekumatla is a village of around 3,500 in Chityal Mandal
with black cotton soil. Pangadipally, 3 km distant with a pop-
ulation around 2,500, was chosen as a companion village.
Pathipally is a village of around 4,000 in Mulugu Mandal.
Bhandarupally, 10 km distant with a population around 3,500,
was chosen as a companion village. Saireddipally is a village
with a population around 1,500 straddling the border between
Parvathagiri and Nekkonda Mandals. Its residents are mostly
Andhras who immigrated from coastal areas several decades
ago. It is an unusually prosperous village, with a high level
of education and a high commitment to commercial culti-
vation of not only cotton but chillies and maize. Censuses
were also collected in Bandanagaram, a village near the south-
west corner of Warangal District with relatively low involve-
ment in commercial cultivation. Virtually no cotton is planted
there, and it is excluded from this analysis. Farm sizes and
crop acreages for the villages included in the 2004 census (the
2005 census did not include acreages) are shown in table 5.
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One aim of the 2004 census was to update and verify the
accuracy of the 2003 data. Therefore, in the recensused vil-
lages, census takers were given lists of the 2003 randomly
selected households. However, knowing that some farmers
would be unavailable, a randomized list of other farmers in
the village was provided for “fill-ins,” and the census takers
added names from the top of this list as needed. For the two
villages added in 2004 and the three added in 2005, the same
sampling strategy was used as in the original four villages.

Comments

Stephen Brush
Department of Human and Community Development, Uni-
versity of California, Davis, CA 95616, U.S.A. (sbbrush@
ucdavis.edu). 18 IX 06

It seems ironic that globalization has provided us with fresh
opportunities to reevaluate our understanding of traditional
knowledge systems. Like the active debate about protecting
traditional knowledge from appropriation, the diffusion of
biotechnology affords us new insights into the complexities
of knowledge systems and the difficulties in understanding
them. Stone deftly uses the case study of transgenic cotton
in Warangal to rethink Braverman’s generation-old idea of
deskilling by setting it in a radically different context and
giving it a more nuanced and complex analysis than earlier
ones applying it to agricultural knowledge (cf., e.g., Fitzgerald
1993; Vandeman 1995). Besides Stone’s own acumen and
skills as a fieldworker, his accomplishment is aided by the
new vigor that cultural evolutionary theory has brought to
human ecology. One result of this theoretical work and Stone’s
use of it is to reassert the importance of the diffusion of
innovations in understanding knowledge and technology sys-
tems. Stone’s accomplishment is to show how social and en-
vironmental learning can be affected by social processes that
are not embedded in kinship, local prestige systems, or en-
vironmental perception.

However, I am not entirely convinced that Warangal farm-
ers have been deskilled by the diffusion of transgenic cotton
and the rise of the seed vendors. The knowledge and tech-
nology systems of these farmers have been dynamic for many
generations, and they have long had access to new technology
that is potentially deskilling. Stone recognizes this in pointing
to the importance of the previous shift to hybrid cotton seed
in India. Yet, the diffusion of technology might be seen as
offering farmers new skills as they replace older ones. Even-
tually, we may see new skills in demanding and evaluating
more accurate information from seed suppliers.

Are contemporary farmers in the American Corn Belt who
buy seed less knowledgeable than their grandfathers who saved

seed but did not have to comprehend or adjust to the com-
plexities of futures markets, the financing of capital-intensive
operations, and government regulations? The appearance of
loss of skills in this process may be analogous to the replacement
of genetically diverse local seed on farms that adopt modern
varieties. Duvick (1984) has pointed out that although there
may be less genetic diversity on a particular farm after this
replacement, the locus of diversity has changed. Farms using
commercial varieties become linked to far more diversity
through the international crop germplasm and breeding system.
This may be one reason that there is scant evidence that the
use of commercial seed leads to problems such as genetic vul-
nerability to pests and pathogens. Although farmers may no
longer be skilled in seed selection, they are linked to a system
rich in other skills. While the current state of the seed market
and cotton fads in Warangal seem to cloud a similar situation,
this market condition may be temporary, to be replaced by one
with better information. It would be interesting to compare the
early period of the corn seed market in the United States with
the cotton seed market in Warangal.

Stone makes a compelling case for the problems of envi-
ronmental decision making amidst the cacophony of seed
vendors, but the yield data suggest that even without the
competing claims of vendors, a farmer would be hard-pressed
to rely on environmental rather than social learning. Explain-
ing why different varieties obtain different yields is still a
daunting challenge, even though crop scientists are equipped
with statistical and experimental tools that are unavailable to
most farmers. Farmers are caught in the vise of complex
interaction of variety, environment, and yearly fluctuation.
Even though a farmer may rely on social learning related to
trust or prestige, the environmental fit between his farm and
others in any one year is problematic, as Stone’s yield data
suggest. Over time, farmers may develop new skills to demand
better knowledge from the commercial seed industry. With
refreshing agnosticism toward this agricultural biotechnology,
Stone shows us that it offers an excellent opportunity to un-
derstand knowledge systems and economic behavior.

Lawrence Busch
Institute for Food and Agricultural Standards, Michigan State
University, East Lansing, MI 48824, U.S.A. (lbusch@
msu.edu). 2 VIII 06

Stone provides a well-documented and fascinating glimpse
into a world that few of us have seen close-up. In this brief
commentary I shall attempt to look at the data presented
from a slightly different perspective. Mainstream economic
theory tells us that competitive markets are desirable for a
number of reasons; for example, they reduce prices while
enhancing quality and bring supply into equilibrium with
demand. However, mainstream economic theory is rather si-
lent about the institutional context within which markets op-
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erate. Put differently, we can see the story told here as a version
of Akerlof’s (1970) “The Market for ‘Lemons,’” in which Ak-
erlof noted that used-car markets operate quite differently
from the conventional markets of mainstream economics.
Consider a 2005 Cadillac for sale on a used-car lot for $1,000.
In a textbook market, that car would be a great bargain, to
be quickly purchased by a rational buyer, but anyone familiar
with the used-car market would suspect that it was no bargain
after all. In Akerlof’s terms, the problem is the asymmetry of
the information held by the dealer and the potential buyer.
The dealer knows the history of the car (perhaps the frame
is bent out of shape?), while the buyer is largely ignorant of
its history.

In many respects this is the problem faced by seed buyers
in Warangal: The visual cues provided—the characteristics of
the package and the seed itself—are of little or no value in
choosing which seed to buy. Indeed, in some sense the seed
market described here is much like an unregulated gambling
establishment, in which the odds of winning are known to
management but unknown to the gamblers. The gamblers go
on playing anyway in the vain hope that they will win. Oc-
casionally, someone does win, and this convinces the others
that perhaps luck will be on their side next time.

Stone’s study also emphasizes the lopsided character of
diffusion studies, which focus nearly entirely on the charac-
teristics of the adopters and rarely on the characteristics of
the technologies. As he suggests, the standards for germina-
tion, purity, and variety that characterize the American and
European seed markets are poorly enforced in India, with the
result that the technology’s identity is itself in question. More-
over, since the seed cotton in question is hybrid, farmers
cannot compare the performance of the purchased seed with
what they know from years of experience. In Akerlof’s terms,
there is information asymmetry. (In contrast, some grain seed
is grown by farmers, making for far greater symmetry.) More-
over, since seeds are a necessary input in cotton production
(unlike fertilizers and pesticides, which are discretionary in-
puts) and hybrids have replaced varieties, farmers have little
choice other than to purchase seed or to abandon cotton
production.

Stone also examines the deskilling of farmers through the
purchase of seeds, although, as he suggests, deskilling serves
more as a metaphor than as a theoretical model of technical
change in agricultural production. In contrast, Goodman,
Sorj, and Wilkinson (1987) argued some years ago that the
transformation of world agriculture is best understood as the
use by nonfarm actors of two strategies: substitutionism and
appropriationism, the former referring to the substitution of
manufactured products for those produced on the farm (e.g.,
margarine for butter) and the latter to the appropriation of
farm production by off-farm entities (e.g., seed dealers).

As Stone notes, the diffusion literature has tended since its
inception—despite its sociological origins—to take an indi-
vidualist view. Individual farmers have been studied ad nau-
seam, especially in the United States, where (we are told)

farmers tend to be highly individualistic. (One suspects that
U.S. farmers’ individualism is much like that described by
Tocqueville—rather conformist in character.) The social
learning Stone describes is generally unrecognized by pro-
ponents of the diffusion of innovations.

Furthermore, a central premise of the diffusion literature
is artifactual: the (in)famous logistic curve. Were one to study
unsuccessful innovations, the shape of the curve would be
quite different, probably more closely resembling a normal
curve. Indeed, the patterns shown by Stone illustrate unsuc-
cessful efforts at widespread adoption of selected hybrids.

The relationship between income and innovation is equally
artifactual. The innovations usually chosen for study are those
most likely to interest those with higher incomes. These can
be contrasted with many of the innovations noted in Anil
Gupta’s newsletter Honey Bee. I am confident that adoption
of the human-powered generator described there will be in-
versely related to income.

David A. Cleveland
Environmental Studies Program, University of California,
Santa Barbara, CA 93106-4160, U.S.A. (cleveland@es.ucsb
.edu). 11 IX 06

Are genetically engineered crop varieties the best way to im-
prove agriculture in the Third World, or are they just the
latest method for taking resources and control from farmers?
Stone’s case study of farmer choice of cotton varieties in
Warangal District is an important contribution to this debate,
using field data to challenge the dominant economic and
environmental approaches to understanding farmers’ choice
of technology.

Genetically engineered varieties are being promoted as the
best or often as the only hope for making agriculture more
sustainable and feeding the Third World (James 2005). The
U.S. government even promotes genetically engineered vari-
eties as a moral imperative (Nicholson 2004). However, the
growth of biotechnology has led to publicly funded agricul-
ture’s losing control of financial, biological, and technological
resources to private agricultural biotechnology companies.
Therefore, to the extent that they embrace genetically engi-
neered varieties as the only option, public organizations such
as the UN Food and Agriculture Organization (FAO 2004)
and the CGIAR (CGIAR 2006) and university scientists are
dependent on the private sector and forced to negotiate rights
to research resources (Atkinson et al. 2003), and farmers are
often seen as passive recipients of the new technology (Cleve-
land and Soleri 2005).

Stone’s research lends support to an alternative proposi-
tion—that farmers should be given the option of choosing
and the information needed to make such choices. But the
task is not easy, because, as Stone discusses in the case of
cotton, genetically-engineered-seed companies have no inter-
est in informing farmers, nor do genetically engineered va-
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rieties have monolithic effects or farmers monolithic re-
sponses. Our own work with farmers on genetically
engineered maize in Cuba, Guatemala, and Mexico has shown
that attitudes and practices differ significantly between and
within communities and that some farmers’ views of these
crops depend on the possible consequences of adopting them,
not on the nature of the technology per se (Soleri et al. 2005).

Stone’s study of farmer choices of cotton varieties is a
unique contribution to understanding of the genetically-en-
gineered-crop variety debate. Especially impressive are data
showing the dramatic differences in frequencies of varieties
grown in different communities and in different years and
those illustrating the lack of farmer experimentation with new
varieties, both of which provide important challenges to con-
ventional wisdom on the adoption of new technologies.

It would be good to have more information on the pro-
cesses (practices) by which farmers choose and the units of
choice (technologies), including details of the way farmers
learn how practices and technologies perform together under
variable conditions (see Cleveland, Soleri, and Smith 2000).
These data would enrich our understanding of how knowl-
edge and practice were affected as hybrid cotton replaced
traditional open-pollinated varieties and genetically engi-
neered (also hybrid) cotton replaced hybrid non-genetically
engineered cotton. Then Stone’s conclusion that farmers were
consistently unable to justify choice based on seed traits or
environmental process as a result of “deskilling” could be
better evaluated independently and contribute more fully to
the ongoing debate.

For example, the terms “brands,” “seeds,” “type of seed,”
“hybrids,” and “genetically modified seeds” are all used to
refer to the units being chosen by farmers. How do these
categories relate to each other and to the units (varieties,
cultivars, and populations) commonly used in plant breeding?
For example, the Bt cotton planted by farmers can be first-
generation hybrids officially recognized by the Indian gov-
ernment or unofficially developed without permission to use
Monsanto’s Bt gene or unofficial second-generation seed from
these first-generation hybrids saved by seed companies or
farmers, leading to different results in farmers’ fields. How-
ever, to the extent that the new varieties are similar, an al-
ternative explanation of farmers’ choices may be that skills
learned with traditional open-pollinated varieties are no
longer needed and therefore farmers are trying to capture the
small average differences in yield advantage among varieties
they know to be similar by imitating more prosperous farm-
ers, who, Stone shows, experiment more and are more con-
nected to information sources.

Stone says that farmers’ highly variable growing environ-
ments are a major reason they were not able to gain knowledge
about the new varieties, but this variability existed before the
advent of genetically engineered varieties. Was it incorporated
into farmers’ knowledge, and how did this knowledge change
with hybrid and genetically engineered cotton? Stone could
not document the situation before the advent of hybrid/ge-

netically engineered varieties, but could a comparison be
made with rice or other traditional crops?

Some types of genetically engineered varieties might benefit
Third World farmers, but this is likely only if they are de-
veloped specifically to do this in collaboration with farmers
and/or if farmers can experiment on their own terms. Third
World farmers’ interests can be served by recognizing their
right to active involvement in an extended risk management
process that includes comparative benefit/cost analysis of al-
ternatives to current genetically engineered varieties (Cleve-
land and Soleri 2005; Soleri, Cleveland, and Aragón Cuevas
2006). We will need detailed case studies of farmers and their
communities linked to the processes of global agricultural and
economic change. Stone’s paper is a valuable contribution to
this goal. Such studies will also support more collaboration
between farmers and scientists, the potential for which has
been weakened by increasing privatization (Cleveland and
Soleri 2002; Lancon et al. 2006).

Michael R. Dove
School of Forestry and Environmental Studies, Yale
University, 205 Prospect St., New Haven, CT 06511, U.S.A.
(michael.dove@yale.edu). 11 IX 06

Agricultural decision making is an old topic in anthropology
(extending from more recent studies like Barlett’s [1980] and
Cancian’s [1972] back to some of the earliest work in the
field) interest in which waxes and wanes over time. It has
recently come back into fashion with a spate of studies on
genetically modified crops. Many of these studies focus on
global dynamics, neglecting questions of practice at the
farmer, household, and community level. In contrast, a focus
on farm-level practice is a strength of Stone’s study. He in-
troduces an interesting twist to this subject. Whereas there is
a long history of anthropological work on the development
of local agricultural knowledge, what Stone might call “skill-
ing,” his interest lies in the unraveling of this process due to
the forces of globalization, “deskilling.” His study shows us
the potential of applying the same conceptual tools that an-
thropologists have applied to the way communities learn to
the way communities unlearn, which may be a vast new area
for study. Stone joins a handful of anthropologists (such as
Brush [2004], among others) in studying contemporary issues
of seeds and crops in a way that goes beyond an exclusive
concern with either advocacy, on the one hand, or global
dynamics, on the other, to expand our theoretical understand-
ing of people and communities.

Seed “fads” and “stampedes,” Stone’s focus, are not new
phenomena, and they are not exclusively the province of farm-
ers. The Green Revolution in wheat and rice might be char-
acterized, in retrospect, in similar terms. Even more obviously
characterizable in these terms (if only because more removed
in time) is the vast colonial-era explosion of commodity pro-
duction, accompanied not only by methodical development
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of knowledge in botanical gardens but also by political and
economic intrigue, oppression, ignorance, and inefficiency
(thinking here of the tortuous histories of rubber, coffee, and
cinchona, for example). How do current events in places like
Warangal resemble and how do they differ from this historical
record? Contemporary Indian agriculture is increasingly being
represented as an exemplar of a uniquely modern “hybridity,
mistranslation, and incommensurability” (Gupta 1998), but
this perhaps presumes a purity, commensurability, and ease
of translation in earlier eras that is more useful as a foil than
as a description of the time.

Stone argues that current farmer practices in adopting and
planting genetically modified (Bt) cotton in Warangal are fun-
damentally different from what we have heretofore under-
stood about the way that smallholders (in Netting’s [1993]
sense) experiment with and evaluate new crop varieties. The
latter, “environmental learning,” is based on empirical feed-
back from the farm; the former, “social learning,” is based
on what one’s peers (especially one’s wealthy or politically
powerful peers) are doing. Adoption of different varieties of
Bt cotton in Warangal is characterized by wild swings between
one seed type and another, apparently unrelated to actual
yields. Stone persuasively argues that in the context of current
cotton production in Warangal, environmental learning about
seed performance is in fact impossible. As result, the farmers
seem in effect to be making random decisions about which
seed type to plant, which is an extraordinary and alarming
finding. This is indeed unlike what we know about the be-
havior of many smallholders; but it is not necessarily unlike
what we know about the behavior of smallholders—and oth-
ers—in commodity booms, which may be defined in part by
the absence of environmental learning (hence the “busts” that
follows the “booms”).

Perhaps the most interesting finding of Stone’s is what both
the Indian government and the agro-industrial sector (Mon-
santo) have to say about smallholder adoption of Bt cotton.
Long-held and frequently stated beliefs in the recalcitrance
and ignorance of peasant farmers have literally been reversed,
with these parties now publicly applauding the purported
wisdom and independent decision making of the farmers who
are planting Bt cotton. (This does indeed seem analogous to
the way in which the political loading of indigeneity has been
reversed in recent years from negative to positive.) It seems
highly revealing that farmer knowledge is being glorified pre-
cisely when, according to Stone, it is ceasing to exist, and that
farmer agency is being lauded precisely when it has become
irrelevant (as is the case in randomized planting of one Bt
seed type versus another). The heralding of farmer decision
making by Monsanto thus seems to signal that farmer decision
making is dead. If so, it is of interest that it is important for
Monsanto to embrace farmer decision making at this partic-
ular historical juncture; it is of interest that farmer knowledge
and agency remain a zone of discursive contest, as has been
the case since the colonial era. Finally, it is of interest that

the practice and representation of farmer knowledge and
agency stand in such a complicated, antithetical relationship
to one another.

Ronald J. Herring
Department of Government, Cornell University, Ithaca, NY
14853, U.S.A. (rjh5@cornell edu). 8 IX 06

Transgenic1 cotton has spawned tumultuous politics in India.
Bt seeds were attacked first as suicide (escalating to “homi-
cidal” and ultimately “genocidal”) seeds. Even field trials to
assess bio-safety produced crop burnings, parliamentary que-
ries, protest rallies, and reams of litigation and newsprint
(Shiva, Emani, and Jafri 1999; Stone 2002a; Herring 2005a,
2006b). Yet, as Stone’s detailed empirical work makes clear,
farmers are adopting Bt cotton seeds with such alacrity that
he can legitimately write that the situation was “more than
innovation diffusion and more than a tipping point . . . : it
was a stampede.” But some NGOs hold the new seeds re-
sponsible for agronomic disaster, suicides, agro-ecological ca-
tastrophe: dead sheep and dead farmers. Are activists out of
touch with agriculture? Or are Indian farmers as ignorant as
the oppositional coalition implies—planting expensive seeds
that will be their ruin in ever-greater numbers on ever-in-
creasing acres? Stone’s work is especially valuable because of
the spatial organization of Bt disaster stories in India: Wa-
rangal District in particular and Andhra Pradesh in general
have been the epicenter of the catastrophe trope. No one
reports such outcomes in Gujarat, the origin of hybrid cotton
in India and, indeed, in the world.

Stone’s analysis seems to support the assumption of anti-
transgenic activists; he describes a “stampede” to Bt cotton
seeds or sometimes a “fad.” These characterizations imply
unreasoned or socially driven—rather than empirically
based—decisions. Warangal farmers are seldom able to give
specific reasons for adoption of particular varieties. Empirical
work in Gujarat, on the other hand, has pictured Bt hegemony
in cotton fields as a result of experimentation, sharing of
information, and adoption once the technology was proven
(Roy, Geisler, and Herring 2007). Bt cotton farmers in Gujarat
have been innovators and entrepreneurs, not sheep (Gupta
and Chandak 2005). Why should farmers in Gujarat be es-
tablishing a “cottage industry” of home-brewed Bt crosses
that are grown locally and exported to other states whereas
farmers in Warangal cannot even assess the seeds they buy?
Stone’s answer is that “deskilling” is at fault. I am not sure
that this concept from the industrial world travels well. If

1. Activists opposed to transgenics deploy the strategic construction
of “genetically modified organism,” as if all modern cultivars were not
“genetically modified,” whether by recombinant DNA technology or oth-
erwise. Stone, along with most academics, accepts this construction, but
we should be clear that it is a political, not a biological one (Herring
2005c).
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contemporary “deskilled” Warangal farmers so casually run
with fads, might not their more skilled grandfathers have just
as irrationally planted the same crop over and over, despite
low yields? What we cannot learn from Stone’s work but must
be assumed for his argument is that farmers could once ex-
plain seed choice in a way that an anthropologist would credit,
rather than working under rules-of-thumb, habit, inertia. It
is difficult to maintain that the skills of traditional agricul-
turists were superior: yields of Indian cotton have been the
lowest in the world. In recent years, Indian yields and total
production have increased substantially; proponents of bio-
technology and many farmers attribute this to Bt technology.
Warangal’s “stampede” to Bt hybrids may be indicative of
desperation search behavior in a difficult game against nature
when much received wisdom has failed; the district was an
early exemplar of the farmer suicide epidemic (Centre for
Environmental Studies Warangal 1998; Government of India
1998). Stone writes: “Agricultural deskilling is the disruption
of the balance between social and environmental learning that
is instrumental in farm production.” Cotton farmers may
through hard experience have recognized this “balance” as a
low-level equilibrium trap; if there is deskilling, it may on the
whole be good for farmers.

But it is not clear what causes deskilling. Hybrid cotton
cultivation began in Gujarat, yet farmers there seem not so
deskilled as farmers in Warangal, despite longer exposure to
deskilling conditions. Presumably, organic farming preserves
the skill set. If cotton holdings were not so small in India,
organic farming with traditional cultivars might work; indeed,
even some organic farmers do adopt Bt technology to con-
tinue pesticide-free agriculture with higher yields (Roy 2005,
2006b). The skill set is divisible, like the seeds. Those who
believe that Bt technology works reasonably well in India
largely rely on the rationality of farmers and comparative
experience. With small margins and great vulnerability, would
farmers adopt a new technology so rapidly, on such a large
scale, if it were not beneficial? The Indian adoption curve is,
like that of China (where farms are even smaller), very steeply
upward-sloping. Perhaps farmers have good reasons to stam-
pede. But Stone rightly argues that the evidence on the eco-
nomics of Bt cultivation in India is chaotic: studies contradict
one another, many are self-interested, few are methodologi-
cally sound (Naik et al. 2005). A great contribution of his
careful fieldwork is documentation of extensive spurious seed
marketing that may explain some contradictions: certain
farmers claiming to have been ruined by “Bt” cotton may
honestly believe they are growing Bt but have been cheated
by unscrupulous merchants. Nevertheless, Stone presents
what seems incontrovertible evidence that Warangal farmers
know little of the critical agronomic characteristics of what
they plant; the acceptance curve could be no more than mass
hysteria. If Stone is correct in his characterization of Warangal
farmers, their problem goes much deeper than skills.

Pierre-Benoit Joly
INRA/TSV, Ivry, France (joly@ivry.inra.fr). 12 IX 06

Between 2004 and 2005, the cultivation of genetically mod-
ified cotton in India experienced an outstanding increase,
from 500,000 to 1,300,000 hectares—probably the fastest dif-
fusion of an agricultural technology in history. This important
phenomenon is, however, highly contentious. Promoters of
such crops take this as a proof of the benefits of the tech-
nology, and some even consider these crops a contribution
to the millennium development goal of reducing poverty by
50% by 2015. Such claims are supported by a few publications
showing that the yields of Bt cotton are 40–60% higher than
those of non-Bt cotton (Qaim and Zilberman 2003; Bennett
et al. 2004). Opponents claim that the data provided are faked
and that the government of Andra Pradesh has manipulated
information to play down the failure of Bt cotton. They quote
“independent studies” showing that Bt cotton has not sig-
nificantly reduced the need for pesticides and has failed in
terms of yield for small farmers. Stone has previously em-
phasized the shortcomings and even fallacies of both sides
and called for a closer analysis of the way farmers choose
their seeds (Stone 2002b). Conducting such an analysis here,
he shows convincingly that the rapid diffusion of genetically
modified cotton cannot be explained in terms of classic in-
novation-diffusion theory and is more accurately described
as a “pattern of socially driven fads arising in the virtual
absence of environmental learning.”

The rate of choice of “novice” seeds is one of the elements
which characterize the process of deskilling. A seed is con-
sidered as novice when it is planted for the first time by a
given farmer. In 2003 (before the Bt fad) the average rate of
novice seeds was 59%; 70% of households had a rate of novice
seeds of 100%. This rate is not compatible with a model of
learning, since such rapid change does not allow the com-
parison of different seeds to gain information on the new
ones. Furthermore, as Stone shows, farmers do not explain
their choices in terms of the quality of the seeds; they buy a
given seed because it is the seed most people are buying.

However, the overall picture is not inconsistent with an
alternative explanation—that the genetic differences between
the available cotton varieties are so small that farmers are
indifferent to them. This is consistent with the description of
the seed market and the observation that the varieties are
hybrids which combine a few lines produced by agricultural
universities and research institutes. If the difference between
varieties is small, frequent changes mainly explained by im-
itation and marketing are not surprising. This may explain
the seed fads, which are localized, showing the influence of
social networks, retailers’ strategies, etc. As Stone says, the
specificity of the situation with Bt cotton is that within a very
short period the fads were synchronized. This situation may
be explained by information on genetic differences related to
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insect resistance and/or the strategy for marketing the new
varieties. Stone shows that the information in question is not
available at the individual farm level. Thus, as far as Bt cotton
is concerned, the deskilling hypothesis is confirmed, and mar-
keting strategies are a good candidate for explaining the syn-
chronization of fads. Unfortunately, this is a blind spot of
Stone’s analysis. We may assume that the RCH2-Bt fad did
not appear by chance, since such rapid diffusion requires that
the hybrid seeds be available (produced and provided to many
retailers). We cannot exclude that Monsanto—through its lo-
cal subsidiary Mahyco—knew the characteristics of this mar-
ket and wisely exploited the characteristics of seed fads in
Warangal District to create this rapid diffusion.

Stone is right in rejecting the standard explanation for the
diffusion of Bt cotton. This diffusion is not due to its obvious
intrinsic superiority and to the wisdom of small farmers.
However, for a comprehensive explanation of the diffusion
process it is not enough to observe the adopters. It is necessary
to have a better understanding of the strategies developed by
companies like Monsanto to foster the use of genetically mod-
ified crops. In this respect, the parallel case of Brazil is illu-
minating, since it shows how Monsanto managed to overcome
national decisions regarding the ban on genetically modified
crops and the issue of intellectual property rights (Varella
2006). Such diffusion processes are anything but “natural.”

David Mosse
School of Oriental and African Studies, University of
London, Thornhaugh St., Russell Square, London WC1H
0XG, UK (dm21@soas.ac.uk). 11 IX 06

Stone’s sharply focused, methodologically sophisticated, and
well-explained research on the rapid rise in farmer adoption
of genetically modified cotton is most welcome. While he
points out that in other contexts a similar study might reach
different conclusions, his case studies have important general
implications.

Stone explains the uptake of genetically modified cotton in
Warangal District in terms of a synchronization of highly
localized “fads” and provides a long-overdue examination of
the innovation-adoption theory underpinning agricultural ex-
tension and marketing. The central trope is the “rational sci-
entific farmer,” whose experimentation and innovation are
the touchstone of successful (and appropriate) technology
adoption. Stone does not deny that farmers have these ca-
pacities but shows that in the peculiar circumstances of hybrid
and genetically modified cotton in Warangal they have be-
come disrupted, marginal, or irrelevant.

Stone’s evidence on the lack of individual environmental
learning is compelling. Against seed-company claims, he
shows that the rapid uptake of genetically modified crops tells
us little about their benefits. His argument that the promotion
of new technology can have unnoticed deskilling effects is
important, but this still leaves the question why farmers

choose certain seeds and not others. His ideas of “crop fads”
and “deskilling” curtail the ethnography and limit exploration
of the social nature of decision making.

First, the terminology of “fads” prevents exploration of
some of the interesting leads about the social dynamics of
seed popularity which Stone introduces. Branded seeds are
powerful signifiers of social relationships; they can symbolize
patronage or clientship and represent connections to kinsmen,
traders, or political leaders and can be markers of sophisti-
cation, modernity, or social connection (see Mosse 2005).
Seed technologies may also be “political technologies” (Win-
ner 1999) party to certain forms of social ordering, embod-
iments of power and status. Even if subject to the logic of
fashion, hybrid seeds can be statements about identity rela-
tionships, or aspirations. What are the (social) costs of making
the wrong brand choices? Why do these costs differ with class
(or caste or gender)? When do they cross village boundaries?
The language of the “fad” forecloses exploration of such
themes by separating style from function in the anthropology
of technology.

Second, if farmers cease to attempt to discriminate the
agro-ecological performance of different seeds but continue
to discriminate their social meanings, does this mean that
they are agriculturally “deskilled”? Perhaps, but such a judge-
ment bifurcates cultivation again into its “agro-ecological”
and “sociocultural” elements in a way that may not be true
to agricultural practice. If cotton farmers in Warangal are like
many elsewhere in India (Gupta 1998; Vasavi 1994), they do
not divide practice cleanly in this way.

Crop research, however, is premised on the isolation of seed
characteristics from the full range of factors involved in the
social practice of cultivation, which include not only localized,
contingent, and short-term agro-ecological factors but also
the negotiation of social relations for input supply and credit
and managing debt relations, family obligations, gender re-
lations, or market connections. Experts impose a decontex-
tualized view on farmers when offering an interpretation of
farmers’ choices and making this the criterion for success or
failure of new technology. Stone notes this but faces the prob-
lem of rendering social relations of cultivation arbitrary once
separated from agro-ecological payoffs. Something similar can
happen in the case of “alternative” participatory approaches.
By making farmer judgement on new technology a matter of
local agro-ecology but not of social relations these approaches
socially disembed this knowledge so that it can be accepted
as science (necessary for variety certification) (Mosse 2005).

Constructions of the “scientific farmer” necessarily ignore
the way in which South Asian farmers actually make judge-
ments about technology. The genetic and general advantages
of new seeds marketed by seed companies or produced
through participatory selection and breeding tend to disap-
pear or become indiscernible when re-embedded in specific
complex ecological and social contexts. The problems or op-
portunities of cultivation are to be found not in the nature
of technologies but in the wider relationships they entail.
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Indian farmers’ response to new seeds is often inconsistent
with experts’ assessments for the simple reason that their
judgements do not separate seed characteristics from the
wider culture and politics of cultivation.

All this may be self-evident to Stone, but his discussion
has the effect of distributing farmer rationality unevenly be-
tween the technical and the social. In the end his important
challenge to classic innovation-adoption theorists is offered
entirely in their own terms. If convinced by his evidence, plant
breeders and seed-company salesmen will also regard cotton
farmers as deskilled fad-followers. But should anthropol-
ogists?

If cultivation is always a cultural practice, it cannot be
analysed in narrow functionalist terms. The genuine imbal-
ance between environmental and nonenvironmental signals
that Stone’s research on hybrid cotton discovered does not
require an analytical asymmetry that reduces consumer
choices to “fads” or skills in agriculture to their agro-ecolog-
ical element.

Conventional extension ignored farmers’ rational reasons
for rejecting “improved” seeds, labeling them ignorant. Do
approaches which label noninstrumental reasons for adopting
popular varieties “faddism” (rather than considering them
social and political effects) serve them better?

Ian Scoones
Knowledge, Technology and Society Team, Institute of
Development Studies, University of Sussex, Falmer,
Brighton, East Sussex BNI 9RE, UK (i.scoones@ids.ac.uk).
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Why do Andhra Pradesh farmers appear to have abandoned
the local knowledge and small-plot experimentation so often
associated with the “performance” of agriculture (see Richards
1989)? Does this suggest that conventional innovation and
adoption theory needs to be turned on its head? These are
just two of the questions posed in this fascinating paper. In
India, of course, there has been much interest in the genet-
ically-modified-crops debate, but, as Stone shows, much of
this work (e.g., Qaim et al. 2006; Morse, Bennett, and Ismael
2005) misses the point. In many respects a focus on these
crops is a diversion from a much larger and possibly more
important issue—how farmers deal with increasing uncer-
tainty and ignorance in decisions about technology choice.

In the past, crop-planting decisions were made on the basis
of experience and experimentation. Local knowledge of seeds
and their diverse agronomic responses was well established, and
a repertoire of options associated with different field ecologies
evolved. Choices were focused on the diversity of well-known
local seeds and a limited array of new varieties. Such varieties
usually came through public research and extension systems or
the movement of people and were therefore associated with
trusted knowledge. This pattern is well described in numerous
examples of “indigenous” seed systems (e.g., Richards 1985;

Tripp 2001c) and has been seen as the model for participatory
approaches to research, field experimentation, and evaluation
(e.g., De Boef et al. 1993; Sumberg and Okali 1997).

As Stone shows, this rather idealized and caricatured “past”
no longer exists. Numerous uncertainties and sources of ig-
norance impinge on farmers’ decision making, and the slow,
deliberate accumulation of environmental and social learning
is therefore not possible. Instead, farmers must cope with a
combination of three types of interacting uncertainty: envi-
ronmental, agronomic, and market. Stirling (1999) distin-
guishes between decision making about technology under
conditions of risk (where probabilities of outcomes are
known), uncertainty (where the full range of possible out-
comes is not known), and ignorance (where we don’t know
what we don’t know). In most conventional decision making,
the likelihood of something’s happening and the type of out-
come are known, at least in probabilistic terms. This is where
field experimentation and the resulting accumulation of local-
level knowledge works well. Much decision-making about
most crops still falls into this category, but in the case of
genetically modified cotton under the environmental, agro-
nomic, social, and market conditions of Warangal, this is
clearly not the case.

But are “fads” an expected response to uncertainty or ig-
norance? The standard policy recommendation is to go care-
fully and develop approaches to adaptive learning (Stirling
1999), but village-level fads seem very risky behaviour. The
key to understanding them is hinted at in a short section on
the ethnographic context for seed markets: it is in particular
the social underpinnings of “real” markets (see Hewitt de
Alcantara 1993) which have added to farmers’ challenges in
the post-liberalization context. Since the reform of the seed
market from the late 1980s, numerous seed companies com-
pete for business through a complex array of licensing deals
and sometimes illegal pirating arrangements. After the formal
approval of genetically modified cotton in 2002, the multi-
national Monsanto licensed its Bt product to a number of
different seed companies, each with its own portfolio of cot-
ton seed. In addition, others have created pirate copies by
backcrossing into their own varieties. Within the broader seed
market and its genetically-modified-cotton segment in par-
ticular there is tough competition involving advertising,
branding, attractive packaging, and incentives for dealers
(Scoones 2006). In Warangal (as distinct from other areas),
moreover, genetically-modified-cotton seed is sold largely in
one-acre packs, making small purchases for field testing and
experimentation less likely. Strong pushes of particular seed
varieties in particular villages, combined with a sense of safety
in numbers, probably account for the waves of adoption ob-
served across several seasons before a more general adoption
of one Bt cotton variety in 2004–5.

How might farmers be helped to deal with these uncer-
tainties, particularly in a liberalized market setting? For ex-
ample, what independent field demonstration and product
certification efforts might help? Who might act as arbiters of
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trusted information for consumers in a complex market?
What role might new information technologies play in sharing
information with users? Answers to these questions will of
course depend on the trade-offs between doing nothing and
intervening. Where potential risks to livelihoods, health, or
environment arise in the laissez-faire scenario, the case for
precautionary intervention is evident. Yet farmers must learn
to cope with uncertainty and ignorance.

Shifting our attention to the challenges of “reskilling” is crit-
ical in thinking about how farming livelihoods must interact
with a fast-unfolding technology and market context. It is far
from the case that all the technology is simply “in the seed.”
In this setting, as Lao Tzu (quoted by Stirling 1999, 19) ob-
served, “Knowing one’s ignorance is the greater part of
knowledge.”

Esha Shah
KNOTs, IDS, University of Sussex, Brighton BNI 9RE, UK
(o_she@hotmail.com). 31 VIII 06

Stone’s analysis is insightful and disturbing. His account of
cotton growing in Warangal District leaves me wondering
what farmers’ seed fads tell us about the nature of the tech-
nological change. My purpose in engaging with Stone’s per-
ceptive ethnography of deskilling is to examine this question
by comparing the Warangal situation with Bt cotton culti-
vation in western India.

Stone and I independently started with the same mission:
to explain the popularity of genetically modified cotton seeds.
Stone went south to Andhra Pradesh and I went to Gujarat in
western India, and we seem to have ended up in two different
places that are not necessarily contradictory. In Gujarat, in
contrast to Warangal, experimentation preceded the adoption
of Bt cotton seeds. The illegal Navbharat 151 seeds are being
multiplied and cultivated only after experiments informally
conducted by farmers. It was widely understood among seed-
producing farmers that the Bt male parental line, though es-
sential, was not the key; it was the female parental line that
determined performance and stability under local agro-ecolog-
ical conditions. After experimenting with several locally avail-
able female seeds for three to four seasons in the late 1990s,
farmers finally settled on the female of GujCot 8. Considering
the fact that the category of “farmer” is rife with social and
historical heterogeneity, my main concern was to understand
who among farmers continued to cultivate cotton in the midst
of uncertainty and risk and how. Drawing on Richards’s (2004)
discussion of technological culture, I have argued elsewhere
that the smooth incorporation of genetically modified seeds
into social and agrarian space in Gujarat reflects the continu-
ation of the Green Revolution paradigm (Shah 2005). The cul-
tivation of genetically modified cotton has sustained and re-
inforced the hegemony of global and local elites. The how part
of the discussion relates my arguments to Stone’s.

The historically and socially powerful cotton farmers of

Gujarat have compensated for the work of nature (militant
resurgence of pests and scarce water) by modifying the nature
of work (Gidwani 2001). They have experimented on the
strength of their control over surpluses of skilled labour, a
legacy of the Green Revolution paradigm. The difference be-
tween knowledge and skill is acute here. Cotton-growing
farmers, when knowledgeable, rarely perform agricultural
tasks that require embodied skills; much of performance-ori-
ented cotton cultivation is left to lower-caste sharecroppers
or tenants. Similarly, the hybrid-seed-producing industry in
northern Gujarat traditionally employs child (largely female),
tribal, migrant labourers from the neighbouring state of Ra-
jasthan. The same is true of the production of hybrid Bt seeds.
A large number of poorly paid and often physically abused,
mainly young female labourers (aged 10–14 years) carry out
the controlled and delicate process of cross-pollination (Ka-
tiyar 2006). In contrast to Warangal farmers, Gujarat farmers
have a balance between environmental and social learning.
The question is how this balance is achieved and what it
indicates about the technological paradigm.

Seeds are sometimes considered biological artifacts (Fitz-
gerald 1993). No matter how much they are engineered, how-
ever, they still behave as nature behaves: unpredictably. Several
biophysical traits that the engineered seeds continue to possess
grant them a degree of ontological independence from the
human world. The epistemology of improved seeds embodies
this tension between biology and artifact (Yapa 1993). With-
out overlooking the tension, I intend to argue from the ar-
tifactual side.

One of my favourite descriptions of technology attributes
its existence to replicability (Pfaffenberger 1988). Not only is
it reproduction through the social organization of labour that
makes technology work but in producing itself technology
produces its potential to be reproduced (Sangren 1995). In
other words, understanding what is reproduced and how it
is reproduced may provide a vantage point for normatively
confronting technological change. In my interpretation, the
deskilling of Warangal farmers is a disruption of the repro-
duction of technology that hints at the problematic nature of
technological change. The example of thriving Bt cotton cul-
tivation in Gujarat based on the enskilling of highly exploited
female child labour points in the same direction.

Robert Tripp
Overseas Development Institute, 111 Westminster Bridge
Rd., London SE1 7JD, UK (r.tripp@odi.org.uk). 26 VIII 06

This paper provides a very useful field-level window on the
introduction of a genetically modified crop in a developing
country, admirably free of the easy answers from the opposing
camps that tend to dominate this debate. But its principal
contribution seems unrelated to the genetic-modification
controversy and instead addresses more general concerns
about peasant agriculture and commercial input markets.
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Stone contrasts environmental and social learning, al-
though acknowledging that the two are not perfectly distinct.
The basic question is whether farmers experiment with new
crop varieties before making choices (environmental learning)
or rather rely on advice from or imitation of other farmers
(social learning). He amply illustrates that these cotton farm-
ers do not develop, seek out, or take advantage of much of
the information that might be available to them. One of the
most remarkable pieces of evidence is what is not in the paper.
All of the discussion is about the yields of various Bt cotton
hybrids, while one of the most controversial issues is whether
the Bt trait (for which farmers are paying four times the
normal seed price) is efficacious. There is no mention of any
farmer’s discussing whether using a Bt variety has permitted
savings on insecticide expenses or controls the insects it is
supposed to, even though in the Indian environment (with
exceptionally high pesticide use) Bt cotton should be seen as
much as a cost-saving innovation as one that offers only
(possible) yield advantages.

One contribution of this study is to challenge many of the
notions we anthropologists hold regarding farmers’ abilities
to fine-tune crop-variety choices (or other technologies) to
their individual circumstances. Commercial, transgenic cot-
ton seed is admittedly an extreme case, but it points to the
need for a more realistic assessment of capacities and limi-
tations in other farming environments. The fact that the va-
rieties planted in most traditional farming systems are gen-
erally well suited to farmers’ needs is evidence of an effective
process of trial-and-error selection but not necessarily an in-
dication of the type of experimental capacity required to deal
with the short-term choices (in a complex climatic, biotic,
and economic environment) described in this paper. It is
certainly relevant that Iowa farmers used 30% of their fields
to experiment with the early maize hybrids, but in most cases
that proportion represents vastly more land than the entire
holdings of these Indian cotton farmers. Smallholders regu-
larly test small quantities of new varieties (commercial or
local), but it appears that many of these Andhra Pradesh
farmers do not have much land to set aside for a trial (and
when the smallest packet of seed costs $38, experimentation
becomes a luxury unless it can be shared with others). Many
of these farmers try several varieties, but their continual
switching indicates that they are rarely satisfied with the results
and continue to search in the desperate hope of escaping the
low productivity and indebtedness that characterizes this
environment.

It is particularly important to examine the practical im-
plications of this analysis. We do not want to see the choice
framed as between (a) encouraging farmers to practice in-
dividual field-level experimentation to rediscover skills they
may never have had or (b) remaining at the mercy of mar-
keting propaganda, rumor, and political influence. It is ob-
vious that these farmers are disadvantaged by the way seed
markets are conducted, the lack of any government attempt
to help them deal with those markets, and the cacophony of

NGO “voices” offering alternatives. The solution is to see
farmers not as retreating to the type of environmental learning
represented by locally saved seed and (idealized) skills in ex-
perimentation but as organizing to gain access to better in-
formation and some control over these markets. Whether this
is classified as “environmental” or “social” learning is not
important. Farmers certainly have to be aware of their en-
vironments and the peculiarities of their own fields, but ex-
perimentation can be done in a more orderly and compre-
hensive way (e.g., through farmer organizations or university
trials) and communicated as principles (e.g., this variety does
poorly on sandy soils; that one is good for intercropping)
that farmers can apply to their individual circumstances. Ad-
dressing the deception and political control that characterize
some of these seed markets is a major challenge and one that
would seem to require “social” responses such as the devel-
opment of independent sources of information, local political
organization, and the establishment of more effective con-
sumer protection. The analysis presented in this paper is ex-
ceptionally relevant to making those arguments, although the
deskilling/reskilling vocabulary may not be the most effective
way of conceptualizing useful interventions.

Reply

I am grateful for the commentaries from this group of dis-
tinguished scholars. There are more points raised than I can
reply to, but I will address comments falling into the three
areas of (a) interpretations of the seed fads, (b) larger theo-
retical contexts for these fads, and (c) what might practically
be done about deskilling.

In the first category is Mosse’s interesting perspective on
the social function of seed choice. He asserts that seed selec-
tion may be driven by kin, political, or economic relationships
or may express identity—social functions that cannot be
neatly cleaved from agro-ecology as we do in our construc-
tions of the “scientific farmer.” This is a valuable perspective
on seed choice that I engaged only briefly. However, I lack
Mosse’s certainty about “the way in which South Asian farm-
ers actually make judgements about technology.” I urge cau-
tion about essentializing a South Asian decision-making pro-
cess and about assuming we know how it “actually” works.
In Warangal, seed choice is tenuously linked to kin relation-
ships (as I show for Kalleda village); it could be seen as related
to expression of identity in the limited sense that farmers seek
to hitch their fate to that of their village-mates. Beyond this,
it is not clear how expression of social relationships explains
the serial fads documented in Warangal.

In different ways, three commentators seek greater func-
tionality in the seed selection process. Joly posits that seed
fads are expectable given that genetic differences among cot-
ton seeds are so small; the point, I assume, is that farmers
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understand that seed choice makes little difference. However,
product homogeneity in itself does not explain faddism; the
differences between toothpastes, cigarettes, and mainstream
American beers are certainly small, but most consumers show
brand loyalty. More important, genetic differences are not
small; there are several axes of variability, although the var-
iability is extremely hard to “skill on.” For instance, cotton
seeds vary in staple length, boll size (which affects harvesting
costs and also susceptibility to insect damage), and the related
traits of duration (short-season seeds may stop producing
after five months, but with irrigated long-season seeds it may
be eight months) and water requirements. Seeds differ in
disease resistance: a bacterial disease in 2004 ravaged some
cotton seeds but not others. (Some of Mahyco’s brands were
especially susceptible; though the fact that these were also Bt
seeds was irrelevant, there was devastating press coverage of
the “failure of Bt cotton,” and Mahyco Bt seeds were sub-
sequently banned in Andhra Pradesh.) The most dramatic
genetic diversity comes from spurious seeds, which can lead
to complete crop failure. The seed companies themselves also
vary from large, well-established firms with well-known seeds
backed by germination/purity guarantees to small fly-by-night
companies preying on the farmer penchant for new seeds.
Genetic modification has now brought a new class of genetic
diversity: there are numerous seeds containing a Bt gene,
differences in expression among those seeds, seeds that lead
farmers to believe they contain the Bt gene but do not, and
others that will in the future contain a different Bt gene.

In a similar vein, Cleveland asks if farmers are trying to
capture small yield differences by emulating prosperous ex-
periment-oriented farmers. Farmers surely would love to cap-
ture wisdom generated by other farmers’ experimentation,
and so they do often look to prosperous farmers and to local
trends. But what figure 8 shows is that large landowners rely
more on novice plantings, not that they experiment more;
they tend to plant most or all of their cotton land in a new
seed each year. What the crowd is planting is not the seed
that prosperous farmers have discovered through experiment
but rather the seed that prosperous farmers are trying (or
tried the year before). Emulating successful farmers and/or
emulating the majority may seem obvious adaptive strategies,
and in many situations such forms of social learning may
capture knowledge generated by better-connected and more
experiment-oriented farmers (McElreath 2004). But in the
Warangal cotton case, the data on experimental planting and
village fads show experiment-based environmental learning
to be thwarted for understandable reasons: there are too many
options on the market, too rapid change in those options,
and too little correspondence between package and seed. This
is an alarming problem rendered largely invisible by our “wise
farmer” orthodoxies and now by biotech firms suddenly ap-
preciative of the wisdom of farmers who buy Bt seeds. I do
not see how the resultant seed fads could be modeled as a
way to make optimal use of information available; they seem
more a symptom of what Tripp calls “desperate hope.”

Herring takes this search for functionality to the extreme
by suggesting that disruption of the skilling process may be
a good thing. He envisions a past when cotton farmers were
“more skilled” yet worse off because yields were lower. We
do not have data on the skilling process generations ago, but
we do know that the lower average yields of cotton before
the spread of hirsutum hybrids were much more predictable
as well; farmers knew better what they were planting and
could make management decisions based on their own and
neighbors’ learning. But a more important flaw in Herring’s
reasoning is that the best case for rising cotton yields is in
Gujarat, where there has been more reskilling than deskilling.
Herring’s question of why deskilling occurs in Warangal but
not Gujarat is a good one, and I included the comparison to
answer it. Primary causes of deskilling in Warangal are in-
consistency, unrecognizability, and accelerated technological
change. These are characteristics of a chaotic, poorly regulated
cotton seed market with a superabundance of ephemeral
products in which farmers are completely out of seed pro-
duction and largely out of experimentation. We do not know
the extent to which such conditions and seed fads occurred
in Gujarat in the past, but since 2000 Gujarat cotton fields
have been taken over by seeds that are locally bred, often by
farmers. Gujarati farmers have access not only to locally
adapted Bt seeds but to greater consistency and recognizability
and more measured change in a seed supply that they have
a hand in generating. My conclusion was that the experi-
mentation process is alive and well in Gujarat, and Shah con-
firms this.

Herring feels that the common term “genetically modified”
is a political construction because the genes in all crops are
in some sense modified. This earnest attempt to change the
meaning of the term will be familiar to all who visit biotech
industry web sites. In fact, the descriptor “genetically modi-
fied” appeared only in the 1970s specifically to denote or-
ganisms containing the new recombinant DNA technology
(readers are referred to the Oxford English Dictionary). “Ge-
netic modification” does not apply to ancient processes of
domestication any more than “Native American” applies to
me on the grounds that I was born in Charlottesville. Whether
Herring’s lumping genetic modification with domestication
is itself a political construction I will let the reader decide.

Joly’s suggestion that the RCH2-Bt fad was not by chance
but rather the result of Mahyco’s clever manipulation of seed
faddism does not hold up; RCH2-Bt is produced not by Ma-
hyco but by its competitor, Rasi Seeds. But it is true that seed
companies seek to exploit seed faddism, and we can point to
specific strategies by which they do this. One is the constant
formation of new seed companies and continual introduction
of new seeds. The flood of new seeds capitalizes on and per-
petuates farmers’ indifference to their own environmentally
based skill. Another strategy is the recruitment of the emu-
latable big farmers that I described for Gudeppad. Demon-
stration plots on such farms are a mainstay of seed marketing
campaigns, but the Warangal case shows that what is really
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demonstrated is not the seed’s performance (the bottom line
of input costs and market income is impossible to assess in
a field visit) but who is planting the seed.

The second area covered in commentaries is attempts to
place the Warangal case in larger theoretical contexts. I agree
with Scoones and Busch that ultimately the issue at stake here
is control of information. Scoones posits that if experimen-
tation and trusted knowledge are being replaced by uncer-
tainty and ignorance, then it behooves us to analyze uncer-
tainty. His suggested parsings of types and levels of agricultural
uncertainty offer an interesting framework for further re-
search on social responses to uncertainty. Busch sees the sit-
uation as one of information asymmetry, and I concur, al-
though there is an irony in the metaphor of the used-car lot.
The car salesman normally does have information on the
strengths and weaknesses of the car, but the buyer normally
doesn’t trust the salesman (and wants to test-drive the car
and have a mechanic inspect it). The seed vendor often doesn’t
really know much about the seeds in his shop (especially the
new brands that pour onto the market), but the farmers tend
to place great trust in vendor recommendations.

Dove puts this case in the context of other striking seed
shifts, such as the Green Revolution and colonial-era crop
commodification; he asks if the Warangal fads are really dif-
ferent, if India today is really as uniquely modern and hybrid
as some believe. Shah too draws a parallel between adoption
of genetically modified seeds and the Green Revolution. I
agree that Warangal’s agricultural predicament is not uniquely
“modern,” but the comparison with Green Revolution seeds
is complex. Common to the Green Revolution and to the
spread of hybrid and then Bt cotton is an increased reliance
on external sources (mainly for fertilizer and breeding). But
in terms of the agricultural deskilling process analyzed here,
I would point out that Green Revolution seeds lacked the
unrecognizability, inconsistency, and hyper-rapid change (the
initial wave of fertilizer-responsive seeds was followed by var-
iants that did pose problems in recognizability [Tripp 2001a],
but there was nothing like the churning of the cotton seed
market in Warangal). Green Revolution seeds may be faulted
on various grounds, but they do not appear to have signifi-
cantly impeded farmers’ ability to keep acquiring the infor-
mation they need to make farm management decisions.

Brush looks at this case in the context of new technologies
realigning skill sets, citing the American corn farmers who
did not need the breeding skills lost to the seed industry
because they could use the output of a vast system of pro-
fessional breeding and genetic diversity. Clearly, when tech-
nologies and institutions change, skill sets or the details of
the skilling process change. But as I have defined it here, the
loss of an obsolete skill set does not constitute agricultural
deskilling, and U.S. maize farmers, despite the fact that they
have been labeled “deskilled” (Fitzgerald 1993), provide an
important contrast to Warangal. U.S. farmers’ breeding skill
was rendered obsolete by the advent of large-scale formal
corporate seed systems because the farmers were able to access

the fruits of those larger systems. They were able to choose
what to plant, in part because seeds tended to be recognizable,
consistent, and subject to moderate rates of change.1 In ad-
dition, U.S. farmers now can also hire commodified skill in
the form of agricultural consultants (Wolf 2005). But in Wa-
rangal, the impeded skilling process is still vitally needed.

Busch’s praise for the Honey Bee network (which scouts,
publicizes, and helps acquire intellectual property protection
for Indian innovations) leads to a larger point about indigenous
innovation, assessment, and diffusion. Given the pathologies
documented in this article, one worries if indigenous innova-
tion per se is in trouble. This is not the case; the aim here is
to present a particular situation that shows what can go wrong
with innovation diffusion and to isolate the underlying causes.
Where these causes are not present, Indian farmers continue
to display great resourcefulness and innovativeness.

The third area broached by commentators is the practical
ramifications. Commentators ask what could be done in Wa-
rangal. Scoones raises the possibility of using information
technology; this prospect has captured the imagination of
many, and indeed there is a new program that uses Internet
and digital imagery to connect a team of experts in Hyderabad
with farmers in a heavy cotton area near Warangal (Krishna
Reddy and Ankaiah 2005). The question is whether there is
anyone in Hyderabad who actually knows how to farm suc-
cessfully in this uncertain environment. In some special sit-
uations, electronic information delivery may help: examples
are market trends for farmers deciding when to sell or the
diagnosis of an unfamiliar crop disease. But the answer to
crucial, perennial questions such as which of the 134 cotton
seeds to plant this year is not taught in the programs that
train agricultural experts. Might information from other
sources be disseminated through India’s impressive com-
munications infrastructure? Perhaps. Tripp, while (wisely) ad-
vising against trying to return to an idealized seed-saving past,
suggests trials by farmer organizations or universities. This
might, in Busch’s terms, improve the symmetry of infor-
mation. Information technology can be part of a solution
only after the root problem of disrupted skilling is mitigated.

In fact, the innovative head of the Warangal Agricultural
Research Station, Jalapathi Rao, has been trying to institute
a publicly run program in which farmers are directly involved
in the production process, including maintaining parent lines
and producing hybrid seed. This could, in theory, lead to
more consistent, recognizable, gradually changing seed prod-
ucts and allow local fields to function better as experiments.
However, none of the parent seed lines being developed for
this program contained Bt, and the program was torpedoed
by the 2005 stampede to Bt cotton described in this article.

—Glenn Davis Stone

1. This is a relative statement; the U.S. seed system clearly does not
always provide recognizability (Ziegenhorn 2000), consistency, and mod-
erate change.
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(Hübner) (Noctuidae: Lepidoptera). Current Science 89:
291–98.

Krishnakumar, Asha. 2003. Controversy: A lesson from the
field. Frontline 20(12). http://www.flonnet.com/fl2011/sto-
ries/20030606005912300.htm.

———. 2004. Biotechnology: Claims and controversies.
Frontline 21(12). http://www.flonnet.com/fl2112/stories/
20040618002609400.htm.

Krishna Reddy, P., and R. Ankaiah. 2005. A framework of
information technology-based agriculture information dis-
semination system to improve crop productivity. Current
Science 88:1905–13.

Lancon, J., S. Lewicki, C. Viot, M. Djaboutou, J. C. Cousino,
and E. Sekloka. 2006. Creating bonds in the cotton sector:
Participatory breeding in Benin and Paraguay. Cahiers Ag-
ricultures 15:92–99. [DAC]

Lansing, J. Stephen. 1993. Emergent properties of Balinese
water temples. American Anthropologist 95:97–114.

McElreath, Richard. 2004. Social learning and the mainte-
nance of cultural variation: An evolutionary model and data
from East Africa. American Anthropologist 106:308–21.

Mahyco-Monsanto. 2002. Farmers earn extra income of about
Rs 7000/acre with Bt cotton. Press release.

———. 2004. Nationwide survey by AC Nielsen ORG-MARG
underscores benefits of Bollgard cotton. Press release.

Marglin, Stephen A. 1996. Farmers, seedsmen, and scientists:

Systems of agriculture and systems of knowledge. In De-
colonizing knowledge: From development to dialogue, ed.
Frédérique Apffel-Marglin and Stephen A. Marglin,
185–248. Oxford: Clarendon Press.

Monsanto. 2006. India: Conversations about plant biotech-
nology. http://www.monsanto.com/biotech-gmo (accessed
July 13, 2006).

MonsantoIndia 2003. News. http://www.monsantoindia.com/
monsanto/layout/news/2003/newsjul_2003.asp (accessed
December 31, 2005).

Morse, S., R. Bennett, and Y. Ismael 2005. Comparing the
performance of official and unofficial genetically modified
cotton in India. AgBioForum 8:1–6.

Mosse, David. 2005. Cultivating development: An ethnography
of aid policy and practice. London and Ann Arbor: Pluto
Press [DM]

Naik, Gopal, Matin Qaim, Arjunan Subramanian, and David
Zilberman. 2005. Bt cotton controversy: Some paradoxes
explained. Economic and Political Weekly 40:1514–17. [RJH]

Netting, Robert McC. 1974. The system nobody knows: Vil-
lage irrigation in the Swiss Alps. In Irrigation’s impact on
society, ed. Ted Downing and McGwire Gibson, 67–75. Tuc-
son: University of Arizona Press.

———. 1993. Smallholder, householder: Farm families and the
ecology of intensive, sustainable agriculture. Stanford: Stan-
ford University Press. [MRD]

Nicholson, J. 2004. Ambassador’s opening remarks at the
Conference “Feeding a Hungry World: The Moral Imper-
ative of Biotechnology,” Rome, September 24. http://vati-
can.usembassy.it/policy/topics/biotech/biotechnology.pdf.
[DAO]

Olsen, K. M., J. C. Daly, E. J. Finnegan, and R. J. Mahon.
2005. Changes in Cry1Ac Bt transgenic cotton in response
to two environmental factors: Temperature and insect dam-
age. Journal of Economic Entomology 98:1382–90.

Orphal, Jana. 2005. Comparative analysis of the economics
of Bt and non-Bt cotton production. Institute of Economics
in Horticulture, University of Hannover, and FAO Pesticide
Policy Project, Special Publication Series 8. http://www/
ifgb1/uni-hannover.de/ppp/ppp_s08.pdf.

Padma, T. V. 2003. Report on success of GE cotton sows
confusion. Asia Times Online, February 20. http://www
.atimes.com/atimes/South_Asia/EB20Df02.html.

Pálsson, Gislı́. 1994. Enskilment at sea. Man 29:901–27.
Parthasarathy, D. 2002. Globalization, new agricultural tech-

nologies, and IPRs: Implications of modern biotechnology
and genetic engineering for capabilities, exclusion, and live-
lihoods in developing countries. Paper presented at the 9th
Biennial Conference of the International Association for
the Study of Common Property, Victoria Falls, Zimbabwe.

Pems, D., H. Waibel, and A. P. Gutierrez. 2005. Why do some
Bt cotton farmers in China continue to use high levels of
pesticides? International Journal of Agricultural Sustain-
ability 3(1):44–56.

Perales, Hugo R., Bruce F. Benz, and Stephen B. Brush. 2005.



Stone Agricultural Deskilling 101

Maize diversity and ethnolinguistic diversity in Chiapas,
Mexico. Proceedings of the National Academy of Sciences,
U.S.A. 102:949–54.

Perales R., Hugo R., Stephen B. Brush, and C. O. Qualset.
1998. Agronomic and economic competitiveness of maize
landraces and in situ conservation in Mexico. In Farmers,
gene banks, and crop breeding: Economic analyses of diversity
in wheat, maize, and rice, ed. M. Smale, 109–25. Boston:
Kluwer Academic.

Perkins, Richard, and Eric Neumayer. 2005. The international
diffusion of new technologies: A multitechnology analysis
of latecomer advantage and global economic integration.
Annals of the Association of American Geographers 95:
789–808.

Pfaffenberger, Bryan. 1988. Fetishised objects and humanized
nature: Towards an anthropology of technology. Man 23:
236–52. [ES]

Pinstrup-Anderson, Per, and Ebbe Schioler. 2001. Seeds of
contention: World hunger and the global controversy over GM
crops. Baltimore: Johns Hopkins University Press.

Prasad, C. Shambu. 1999. Suicide deaths and quality of Indian
cotton: Perspectives from history and technology and
Khadi movement. Economic and Political Weekly 34(5):
12–21.

Qaim, Matin. 2005. Agricultural biotechnology adoption in
developing countries. American Journal of Agricultural Eco-
nomics 87:1317–24.

Qaim, Matin, Arjunan Subramanian, Gopal Naik, and David
Zilberman. 2006. Adoption of Bt cotton and impact var-
iability: Insights from India. Review of Agricultural Econom-
ics 28:1–48.

Qaim, Matin, and David Zilberman. 2003. Yield effects of
genetically modified crops in developing countries. Science
299:900–902.

Qayum, Mohammed Abdul, and Kiran Sakkhari. 2003. Did
Bt cotton save farmers in Warangal? A season-long impact
study of Bt Cotton—Kharif 2002 in Warangal District of
Andhra Pradesh. Hyderabad, India: Deccan Development
Society.

Reddy, A. Sudarshan, and B. Venkateshwar Rao, eds. 1998.
The gathering agrarian crisis: Farmers’ suicides in Warangal
District (A.P.) India. MS, Centre for Environmental Studies,
Hanamkonda, A.P. http://www.artsci.wustl.edu/∼stone/
suicide.html.

Richards, P. 1985. Indigenous agricultural revolution: Ecology
and food production in West Africa. London: Hutchinson.
[IS]

———. 1989. Agriculture as performance. In Farmer first:
Farmer innovation and agricultural research, ed. Robert
Chambers, Arnold Pacey, and Lori Ann Thrupp, 39–51.
London: Intermediate Technology Publications.

———. 1993. Cultivation: Knowledge or performance? In An
anthropological critique of development: The growth of ig-
norance, ed. Mark Hoban, 61–78. London: Routledge.

———. 1995. Farmer knowledge and plant genetic resource

management. In In situ conservation and sustainable use of
plant genetic resources for food and agriculture in developing
countries (Proceedings of DSE/ATSAF/IPGRI Workshop), ed.
J. M. M. Engels. Bonn-Roettgen: DSE Feldafing.

———. 1997. Toward an African Green Revolution? An an-
thropology of rice research in Sierra Leone. In The ecology
of practice: Studies of food crop production in Sub-Saharan
West Africa, ed. A. Endre Nyerges, 201–52. Amsterdam:
Gordon and Breach.

———. 2004. Private versus public? Agenda-setting in inter-
national agro-technologies. In Agribusiness and society: Cor-
porate responses to environmentalism, market opportunities,
and public regulation ed. Sietze Vellema, 261–84. London:
Zed Books. [ES]

Richerson, Peter J., and Robert Boyd. 2005. Not by genes alone:
How culture transformed human evolution. Chicago and
London: University of Chicago Press.

Richerson, Peter J., Mark Lubell, and Richard McElreath. n.d.
Micro-societies as evolving cultures: linking cultural evo-
lutionary theory and empirical research. MS.

Rogers, Everett M. 1962. Diffusion of innovations. New York:
Free Press.

———. 1983. Diffusion of innovations. 3d ed. New York: Free
Press.

———. 2003. Diffusion of innovations. 5th ed. New York: Free
Press.

Rogers, Everett M., and D. Lawrence Kincaid. 1981. Com-
munication networks: Toward a new paradigm for research.
New York: Free Press.

Roy, Devparna. 2005. To Bt or not to Bt? Controversy among
organic cotton farmers in Central Gujarat. Paper prepared
for the Workshop “Indian Cotton: Biology and Utility,
Meanings and Histories,” Ithaca, N.Y., April 29–30. [RJH]

———. 2006a. Farming “White Gold”: Early experiences with
genetically engineered cotton production in Gujarat, India.
Ph.D. diss. Cornell University.

———. 2006b. Adoption paradox of Bt cotton in Gujarat,
India. Ph.D. diss., Cornell University. [RJH]

Roy, Devparna, Charles C. Geisler, and Ronald Herring. n.d.
Naturalizing transgenics: Loose seeds, official seeds, and
risk in the decision matrix of Gujarati cotton farmers. Jour-
nal of Development Studies. In press.

Ryan, B., and N. C. Gross. 1943. The diffusion of hybrid seed
corn in two Iowa communities. Rural Sociology 8:15–24.

Sahai, Suman, and Shakeelur Rehman. 2003. Performance of
Bt cotton: Data from first commercial crop. Economic and
Political Weekly 38:3139–41.

———. 2004. Bt-cotton, 2003–2004: Fields swamped with
illegal variants. Economic and Political Weekly 39:2673.

Sangren, Steven. 1995. Power against ideology: A critique of
Foucaultian usage. Cultural Anthropology 10:3–40. [ES]

Schlosser, Eric. 2001. Fast food nation: The dark side of the
American meal. New York: Houghlin Mifflin.

Scoones, Ian. 2003. Regulatory manoeuvres: The Bt cotton con-



102 Current Anthropology Volume 48, Number 1, February 2007

troversy in India. Institute of Development Studies Working
Paper 197.

———. 2006. Science, agriculture, and the politics of policy:
The case of biotechnology in India. Hyderabad: Orient Long-
man. [IS]

Scoones, Ian, and J. Thompson, eds. 1994. Beyond farmer first:
Rural people’s knowledge, agricultural research, and extension
practice. London: Intermediate Technology Publications.

Shah, Esha. 2005. Local and global elites join hands: Devel-
opment and diffusion of genetically modified Bt cotton
technology in Gujarat. Economic and Political Weekly 40:
4629–40.

Shanthram, Shanthu. 2004. Bt cotton is a winner. Biospectrum,
August 10. http://biospectrumindia.com/content/search/
showarticle.asp?aridp60548.

———. 2005. The brouhaha about Bt-cotton in India!
AgBioWorld, May 2. http://www.agbioworld.org/newsletter
_wm/index.php?caseidparchive&newsidp2358.

Sharma, Ashik B. 2005. Bt cotton growers in AP feel the heat:
Study. Financial Express, February 23. http://www
.financialexpress.com/fe_full_story.php?content_idp83351.

Shiva, V., A. Emani, and A. H. Jafri. 1999. Globalisation and
threat to seed security: Case of transgenic cotton trials in
India. Economic and Political Weekly 34:601–13. [PBJ]

Sillitoe, Paul. 1998. The development of indigenous knowl-
edge: A new applied anthropology. Current Anthropology
39:223–252.

———. ed. 2000. Indigenous knowledge development in Ban-
gladesh. London: Intermediate Technology Publications.

Simms, Andrew. 1999. Selling suicide: Farming, false prom-
ises, and genetic engineering in developing countries.
Christian Aid. http://www.christianaid.org.uk/indepth/
9905suic/suicide1.htm.

Soleri, Daniela, and David A. Cleveland. 2001. Farmers’ ge-
netic perceptions regarding their crop populations: An ex-
ample with maize in the Central Valleys of Oaxaca, Mexico.
Economic Botany 55:106–28.

———. 2005. Scenarios as a tool for eliciting and under-
standing farmers’ biological knowledge. Field Methods 17:
283–301.

Soleri, D., D. A. Cleveland, and F. Aragón Cuevas. 2006. Trans-
genic crop varieties and varietal diversity in traditionally
based agriculture: The case of maize in Mexico. Bioscience
56:503–13. [DAC]

Soleri, D., D. A. Cleveland, F. Aragón Cuevas, H. Rı́os Labrada,
M. R. Fuentes Lopez, and S. H. Sweeney. 2005. Under-
standing the potential impact of transgenic crops in tra-
ditional agriculture: Maize farmers’ perspectives in Cuba,
Guatemala, and Mexico. Environmental Biosafety Research
4:141–66. [DAC]

Srinivasan, S. 2004. Monsanto’s Bt cotton seed sales soar in
India. AgBios. http://www.agbios.com/main.php?actionp
ShowNewsItem&idp5827.

Stirling, A. 1999. On science and precaution in the manage-

ment of technological risk. Report to the EU Forward Stud-
ies Unit, IPTS. MS, Seville. [IS]

Stone, Glenn Davis. 1996. Settlement ecology: The social and
spatial organization of Kofyar agriculture. Tucson: University
of Arizona Press.

———. 2002a. Biotechnology and suicide in India. Anthro-
pology News 43(5):5.

———. 2002b. Both sides now: Fallacies in the genetic-mod-
ification wars, implications for developing countries, and
anthropological perspectives. Current Anthropology 43:
611–30.

———. 2004. Biotechnology and the political ecology of in-
formation in India. Human Organization 63:127–40.

———. n.d. The birth and death of indigenous knowledge:
Paradoxical effects of biotechnology in India. In Biodiversity
and the law, ed. Charles McManis. London: Earthscan.

Stone, Glenn Davis, Robert McC. Netting, and M. Priscilla
Stone. 1990. Seasonality, labor scheduling, and agricultural
intensification in the Nigerian savanna. American Anthro-
pologist 92:7–24.

Sumberg, J., and C. Okali. 1997. Farmers’ experiments: Cre-
ating local knowledge. Boulder: Lynne Rienner. [IS]

Takada, H., and D. Jain. 1991. Cross-national analysis of dif-
fusion of consumer durable goods in Pacific Rim countries.
Journal of Marketing 55:48–54.

Thrupp, Lori A. 1989. Legitimizing local knowledge: From
displacement to empowerment for Third World people.
Agriculture and Human Values 6:13–24.

———. 1990. Inappropriate incentives for pesticide use:
Credit requirements for agrochemicals in developing coun-
tries. Agriculture and Human Values 7:62–69.

Tripp, Robert. 2001a. Can biotechnology reach the poor? The
adequacy of information and seed delivery. Food Policy 26:
249–64.

———. 2001b. “Twixt cup and lip”: Biotechnology and re-
source-poor farmers. Nature Biotechnology 19:93.

———. 2001c. Seed provision and agricultural development:
The institutions of rural change. Oxford: James Currey. [IS]

———. 2006. Self-sufficient agriculture: Labour and knowledge
in small-scale farming. London: Earthscan.

Tripp, Robert, and Suresh Pal. 2000. Information and agri-
cultural input markets: Pearl millet seed in Rajasthan. Jour-
nal of International Development 12:133–44.

Tripp, Robert, Mahinda Wijeratne, and V. Hiroshini Piyadasa.
2005. What should we expect from farmer field schools? A
Sri Lanka case study. World Development 33:1705–20.

Vandeman, Ann M. 1995. Management in a bottle: Pesticides
and the deskilling of agriculture. Review of Radical Political
Economics 27(3):49–55.
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