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Abstract

After genetically engineered Bt cotton lost its effectiveness in central and southern Indian states, pink bollworm infestations
have recently returned to farmers’ fields and have substantially shifted their vulnerability context. We conceive Bt cotton as
a neoliberal technology that is built to protect farmers only temporarily from Lepidopteran pests while ultimately driving the
further concentration of capital. Based on data from a representative survey of the three major cotton-producing districts of
the state of Telangana (n =457), we find that pink bollworm pest infestations are a shock to farmers that lead to severe losses
in yield and income. Using the vulnerability concept as a framework, we embed our findings in a political-economic context
by drawing on Harvey’s notion of accumulation by dispossession. We argue that Bt cotton includes an inherent sociobio-
logical obsolescence that results in a systematic dispossession of resource-poor households while providing appropriation
opportunities for other actors. Finally, reproduced hegemonic structures facilitate the accumulation of capital through a
redistribution of assets from the bottom to the top of the agricultural sector. Claims that considered Bt cotton as a pro-poor
technology were thus flawed from the outset.

Keywords Biotechnology - Capitalism - Food regime analysis - Livelihood - Resilience - Socionatures

Abbreviations Introduction

Bt Bacillus thuringiensis

PBW  Pink bollworm Since its commercialization in India in 2002, genetically engi-
HHs Households neered Bt (Bacillus thuringiensis) cotton has been subject to con-

HT Herbicide-tolerant troversial scientific and public debate (Qaim 2003; Stone 2011;
Kathage and Qaim 2012; Choudhary and Gaur 2015; Gutier-
rez et al. 2015; Kranthi 2015; Veettil et al. 2016; Flachs 2019a).
This controversy around Bt technology has been reignited by the
recent reoccurrence of pink bollworm (PBW) pest infestations in
several central and southern Indian cotton-producing states, such
as Gujarat, Madhya Pradesh, Maharashtra, Karnataka, Andhra
Pradesh, and Telangana (Mohan 2017; Naik et al. 2018; Fand
etal. 2019). As the bollworm complex' accounts for major limi-
tations in the global production of cotton, controlling the threat
associated with these borer insects is considered a primary objec-
tive in cotton-producing sectors worldwide (Naik et al. 2005;
Choudary and Gaur 2015; Kaviraju et al. 2018; Fand et al. 2019).
This is especially true for India, which is the leading producer of
cotton worldwide and contributes a quarter of the global produc-
tion, which is cultivated by 7.7 million smallholders (Choudhary

P4 Katharina Najork
katharina.najork @uni-goettingen.de

Jonathan Friedrich
Jonathan.Friedrich @zalf.de

Markus Keck

markus.keck @uni-a.de

Institute of Geography, University of Gottingen,
Goldschmidtstr. 5, 37077 Gottingen, Germany

2 Leibniz Centre for Agricultural Landscape Research (ZALF),

Eberswalder Str. 84, 15374 Miincheberg, Germany

Chair for Urban Climate Resilience, Centre for Climate
Resilience, University of Augsburg, 86159 Augsburg,
Germany

and Gaur 2015; Shahbandeh 2019).

! Aside from the PBW (Pectinophora gossypiella), the bollworm
complex includes the American bollworm (Helicoverpa armigera)
and the spotted bollworm (Earias vitella).
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In this context, Bt cotton, with its integrated pest protec-
tion ability, has been heralded as a silver bullet by proponents
of Bt technology in the fight against this key pest affecting
cotton production for years. Equipped with genes of the Bt
bacterium, Bt cotton plants produce endotoxins that are lethal
to some Lepidopteran pests, such as the PBW (Naik et al.
2005; Subramanian and Qaim 2009; Kathage and Qaim 2012;
Kaviraju et al. 2018; Khan et al. 2018). However, the abrupt
return of the major cotton pest that Bt technology aimed to
prevent has alarmed scientists and policy makers alike and set
off a renewed debate regarding the longevity of the technology
(Mohan 2017; Naik et al. 2018; Fand et al. 2019; Friedrich
et al. 2022; Najork et al. 2021). An earlier wave of this debate
occurred when the first Bt cotton generation (Bollgard I) was
declared ineffective in 2009 and was soon after replaced by
its successor (Bollgard II), which was authorized in India in
2006. Upcoming resistance of the target pest against the single-
gene Bt cotton variant was previously reported, and obsoles-
cence was suspected (Haribabu 2014; Naik et al. 2018). The
recent return of the PBW has now retriggered these previous
concerns. A critical reexamination of the role of Bt technol-
ogy, especially in regard to cotton farming households’ (HHs)
altered vulnerability contexts and the broader related political-
economic implementations, is therefore urgently needed.

Our aim is to provide such a reassessment by means of
a political-economic discussion of the recent technological
failure of Bt cotton in India. Therefore, we follow Flachs
(2019a), who postulates a lack of critical understanding of
the recurrent crises of Indian Bt cotton cultivation. We pre-
sent the results of a representative survey of vulnerabilities
among Bt cotton-farming HHs in Telangana, India (n=457).
While we addressed this issue in a prior qualitative study
(Najork et al. 2021), we now aim to contextualize the newly
emerged vulnerability context in the broader political econ-
omy. We thus tie our vulnerability-related findings to the
concept of accumulation by dispossession (Harvey 2005)
and argue that Bt cotton is a neoliberal technology with an
inherent sociobiological obsolescence, which leads to a suc-
cessive dispossession of economically weak farmers and
enables the appropriation of agricultural assets by others.
This ultimately reproduces prevalent hegemonic structures
in a Gramscian sense (Brown 2019; Jakobsen 2018b) and
drives capital to further concentrate in India’s cotton-pro-
ducing sector.

Vulnerability, technology and capitalism

In this study, we provide an analysis of the shift in the vul-
nerability context of cotton-farming HHs in India due to the
recent return of PBW infestations. Vulnerability describes
the exposure of HHs to contingencies and stress and the
difficulty of coping with and adapting to them (Watts and
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Bohle 1993; Adger 2006). Given the background of our
study, this concept allows us to examine the state of suscep-
tibility of farming HHs to harm from exposure to PBW pest
infestations and from the absence of capacities to cope with
and adapt to this altered situation (Adger 2006, p. 268). Our
vulnerability analysis involves a discussion of the follow-
ing four key parameters: HH exposure and susceptibility to
PBW infestations and their coping and adaptation mecha-
nisms (Birkmann 2006; Fiissel 2007; Weichselgartner 2016).
In terms of exposure, we address the nature and degree to
which a HH experiences environmental and socioeconomic
stress, which can be characterised by the frequency, magni-
tude, and duration of the stress (Adger 2006, p. 270), and
under susceptibility, we discuss the extent to which PBW
infestations affect the studied HH economies (Weichsel-
gartner 2016, p. 20). In terms of coping, we describe the
potential of HHs to immediately deal with and overcome
stress related to PBW infestations by means of available
resources, knowledge and skills, while in terms of adap-
tive capacities, we examine HHs’ abilities to learn from past
experiences and to actively expand their range of options
for coping in the near future (Keck and Sakdapolrak 2013,
p. 10). Specifically, the following capabilities describe the
resilience of a HH system: the capacity to persist when con-
fronted with disturbance; the ability to adapt to political,
social, and environmental changes; and the ability to trans-
form to enhance future functionality (Keck and Etzold 2013,
p. 77; Folke et al. 2010).

As Watts and Bohle (1993) suggested in their landmark
article, vulnerability analyses should account for the struc-
tural properties of the political economy, which decisively
precipitate livelihood conditions and HHs’ capacities to
withstand crises. In this study, we take this consideration
seriously. We use the vulnerability concept as a heuristic
framework to order our results and discuss our findings
against the backdrop of the current neoliberal regime,
which provides a larger political-economic context in India
at present.

Neoliberalism generally involves the politically initiated
restructuring of institutional frameworks for intensified
marketization and commodification (Harvey 2007; Brenner
et al. 2010). Until the early 2000s, neoliberalism was mostly
viewed as a totalizing hegemonic structure characterized
by a fixed set of attributes with predetermined outcomes
that spread across national borders (Ong 2007). In contrast,
the contemporary understanding of neoliberalism is more
like that of a variegated nexus of constitutively uneven but
cumulatively transformative processes and mechanisms
(Peck and Theodore 2007; Brenner et al. 2010). Brenner
et al. (2010, p. 198) therefore argue that there is no “single
worldwide neoliberal regime” but rather hypothesize that
successive waves of neoliberal transformation occur at all
spatial scales, culminating in “distinct yet interdependent
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pathways of neoliberalization”. Accordingly, we understand
neoliberalism as a logic of governing that migrates and is
selectively taken up in various political contexts (Ong 2007).
In this paper, we particularly call attention to the role of
technology as one mechanism of the ongoing processes of
neoliberalization.

Harvey (2003) describes neoliberal societies as those that
tend to follow the belief that there is a technological solution
“to whatever problems they are encountering” (Harvey 2003,
p- 3, 2007)—a ‘technological fix’. In our case, Bt cotton
represents one such neoliberal technology. Advocates have
argued that Bt technology not only protects farmers from
infestations on an individual scale but also leads to economic
growth in the agricultural sector and rural development in
India as a whole (Qaim 2003; Kathage and Qaim 2012;
Choudhary and Gaur 2015; Veettil et al. 2016). However,
as Harvey (2003, 2007) shows, technological fixes in gen-
eral do not truly serve to actually solve the aforementioned
economic or societal problems but rather enable further
accumulation of capital. In this context, corporate strategies
emerge to create new markets that are primarily dedicated
to producing new demands for products that hitherto have
not existed (Harvey 2007, p. 69). To keep the machinery
of creating demands alive, predetermined breaking points
are integrated into products such as consumer electronics,
clothing, and automobiles, causing obsolescence and, thus,
ensuring long-term sales of ever-new products through a
shortened product life cycle (Haribabu 2014). The use of
inferior materials, for example, can initiate breaking points
that force consumers to repeatedly buy new products, while
those in prior use can be repaired instead (Haribabu 2014).
While this obsolescence is planned and technological in
essence, Haribabu (2014) argues that the seed industry also
employs such strategies.

Building on Haribabu (2014), in this paper, we argue
that Bt cotton seed technology has an underlying obso-
lescence, which we identify as a sociobiological obsoles-
cence. We use the term sociobiological because the pro-
duction and use of Bt technology is socially constructed
and embedded while concurrently being entangled with
biological influences. As the socially anchored technol-
ogy is rendered obsolete with every newly emergent resist-
ance in the target pest, it is conditional on basic biologi-
cal developments. The underlying processes that cause Bt
technology to become obsolescent, therefore, markedly
differ from those in the manufacturing industry in that
they depend on biological qualities. However, we argue
that the outcome, i.e., the increased pressure on consum-
ers to buy ever-new products shows clear parallels. While
we thus renounce the labelling of this obsolescence as
deliberate and hence distinguish it from a ‘planned’ obso-
lescence, we suggest that the technological design was
flawed from the start, as it has always been dependent on

evolutionary biological factors and therefore includes an
inherent obsolescence.

In this way, we see the obsolescence built into contem-
porary Bt technology as a key driver of what Harvey (2005)
called ‘accumulation by dispossession’. Harvey (2005)
draws upon Karl Marx’s (1967, p. 714) notion of ‘primitive
accumulation’ but focuses on the new strategies developed
in capitalist countries under neoliberal governments aiming
to transfer public wealth into an increasingly concentrated
private sector. Marx used the concept of primitive accumula-
tion to grasp the precondition of capitalism marked by late
sixteenth-century English enclosures in which elites appro-
priated peasant land to graze sheep and engage in the highly
profitable wool trade, while peasant farmers became landless
and, thus, were obliged to engage in wage labour (Perel-
man 2000; Di Muzio 2007). With his reading, he turned
especially against the bourgeois mythologies concerning
capital being generated through the frugality of the elite,
replacing it with a history of violent expropriation, colonial
expansion and racialized enslaved labour (Di Muzio 2007,
Burnard 2019). However, for Marx, the ‘historical process
of divorcing the producer from the means of production’
was confined to a particular (if indefinite) period before the
capitalist accumulation regime fully locked in. In contrast,
according to Luxemburg (2003) and Harvey (2005), the
violent expropriation of production resources represents
a process that is still taking place in capitalist economies
to date (Glassman 2006; Castree 2007; Carroll 2017; Rosa
et al. 2017). The removal of agricultural producers from the
countryside, especially in peripheral regions, and the con-
solidation of more privatized control over resources remain
very important processes today, affecting billions of people,
especially in the Global South (cf. Luxemburg 2003). As
Harvey shows, primitive accumulation—or its present form
of accumulation by dispossession—is an inherent and con-
tinuous element of current capitalist societies, and its range
of action extends to the entire world (cf. Luxemburg 2003;
Glassman 2006; Carroll 2017).

What accumulation by dispossession essentially does
is create crises and enforce a devaluation of assets, which
can later be seized via capital and turned to profitable use
(Harvey 2005, p. 149ff). Thus, recurring crises constitute
both an essential feature of capitalism itself and a major
instrument for accumulation by dispossession. The state,
with its hegemonic licence to define what is legal and what
is not, is not simply an accomplice in this process. Rather,
the state plays an active role in coordinating new forms
of dispossession, in providing normative frameworks that
legally support it, and in legitimizing the process of creat-
ing dispossessed social actors in the name of growth and
progress (Céaceres 2015, p. 117).

@ Springer
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Methodology

Among Indian cotton-producing states, Telangana ranks
third, after Gujarat and Maharashtra, with regard to cotton
area and production. In the 2016/17 season, the planting area
of cotton in the state was 1.4 Mha, and production reached
4.8 million bales, with a yield of 579 kg/ha (CCI 2018, p.
3). This area is in the southern zone of Indian cotton pro-
duction and is primarily rainfed (Gaurav and Mishra 2012;
Choudhary and Gaur 2015). We chose Telangana because it
provides a valid perspective of southeastern Indian rainfed
cotton production that contrasts with the perspective of prof-
iting northern irrigated Bt cotton growing states (Gutierrez
et al. 2015). In this study, we built upon earlier qualitative
research that we conducted in the state and, thus, aimed to
complement those findings with the results of a quantitative
survey (Najork et al. 2021).

Data acquisition

We conducted fieldwork in August and September 2019 in
15 randomly selected villages in the three major cotton-pro-
ducing districts of Telangana, i.e., Adilabad, Warangal, and
Nalgonda (Fig. 1). We selected these three districts because
they are ranked highest in terms of total cotton area, percent-
age of area under cotton cultivation to total area sown, and
output (Government of Telangana 2017, pp. 118-120).% For
each district, we determined the three mandals® with the
highest percentage of area under cotton cultivation to the
total area sown according to the district’s agricultural hand-
book, which we acquired in person from the relevant agri-
cultural offices (Agricultural Office Adilabad 2014; Agricul-
tural Office Warangal 2014; Agricultural Office Nalgonda
2015). In each mandal, we randomly selected five villages
with 1000 to 6000 inhabitants via automated computerized
sampling and calculated the sample sizes for each individual
village (Table 1) on the basis of available population data
from 2011 (Government of India 2011).* We ultimately
identified the HHs for the interviews by means of random
walks. Each village was defined in its erstwhile boundaries
in consultation with local sarpanches and then divided into
commensurate areas on the basis of satellite images. Along

2 As we relied on the decennially published Indian census data for
our survey sampling method and, thus, used the 2011 census data for
our sampling, it was inevitable that all the data used in the sampling
procedure refer to the erstwhile districts and village structures of Tel-
angana before they were restructured in 2016.

3 A mandal is the administrative division subordinate to a district.

4 Our sampling procedure rests on population figures presented in the
2011 census. These figures might deviate from actual proportions as
recent population dynamics may have resulted in changes in some of
the village sizes.

@ Springer

the random walks, we targeted every other house and alter-
nated starting at the village centre or outskirts, aiming to
take into account geographically replicated socioeconomic
backgrounds (e.g., caste or class) and to avoid biases in the
results. A total of 457 HHs were interviewed through their
respective HH heads, which resulted in sex- and agewise
bias, since the vast majority of HH heads was male and
30 years or older. To avoid distorting effects arising from
interventions in the interviews by neighbours or relatives,
we interviewed the identified HH heads individually. All
interviewees had grown cotton within the last 5 years.

We were accompanied by six Telugu-speaking survey-
ors who were responsible for data collection. All of them
received specific training beforehand on both the thematic
focus of the study and its quantitative methodology and
took part in test interview scenarios. An intense preparatory
phase allowed for an in-depth mutual understanding between
the surveyors and the rest of the study team. A pretest was
given in two Warangal villages not included in the sample to
ensure proper questioning and handling of the questionnaire.
The questionnaire included open- and closed-ended ques-
tions and Likert-scale, single-choice, and multiple-choice
questions. The thematic focuses of the questions included
sociodemographic and agriculture-related data, both at the
HH level, as well as data on the cultivation of Bt cotton,
PBW, refuge crops, and access to knowledge and markets.
Given our theoretical scope, for this study, we consider the-
matic sections concerning the cultivation of Bt cotton and
PBWs and focus on HHs’ economic assets.’

As our vulnerability study relies on farmer recall, it is also
possibly biased in regard to data that are related to past phe-
nomena. Exaggeration, underestimation, and misremember-
ing facts are common challenges in social sciences research.
However, since we did not ask for specific agronomic figures
such as yield, prices or income, which farmers often have
difficulties supplying (Flachs 2019b), this approach allowed
us to record larger trends in Bt cotton production from the
farmers’ perspective. With this study, we therefore do not
aim to and cannot portray aggregate production statistics or
yield averages; rather, we attempt to expose the effects of Bt
cotton technology on marginalised farming HHs by depict-
ing the mechanisms of dispossession on a micro scale. While
we are aware that a cohort study would provide a much more
nuanced picture and allow us to track changes over time, it
is in the very nature of the matter that our study covers only
a short time frame, since the return of the PBW is a recent
phenomenon.

5 We are aware of the potential effects of noneconomic resources
(e.g., knowledge, social relations, trust) on farmers’ vulnerabilities in
regard to the reoccurring target pest; however, this aspect is beyond
the scope of this article.
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Table 1 Sample composition

District Mandal Village  Population No.HHs n

Adilabad ~ Wankdi 1 1009 223 10
Adilabad ~ Wankdi 2 1854 405 18
Adilabad  Kagaznagar 3 2665 687 31
Adilabad  Kagaznagar 4 2304 575 26
Adilabad  Bhimini 5 1292 344 16
Warangal  Parkal 6 3261 853 38
Warangal  Duggondi 7 3729 1026 46
Warangal  Duggondi 8 2761 743 33
Warangal  Duggondi 9 2723 730 33
Warangal  Duggondi 10 3305 953 43
Nalgonda  Chandur 11 2907 759 34
Nalgonda  Chandur 12 2147 501 23
Nalgonda  Devarakonda 13 2796 665 30
Nalgonda  Narayanapu 14 5663 1415 63
Nalgonda  Narayanapur 15 1173 288 13

Data analysis

In our analysis, we calculated the correlations of socioeco-
nomic HH features and basic agricultural characteristics
with the impact of PBW pest infestations and recent changes
in agricultural production. We examined the frequency dis-
tributions of all relevant variables by means of x? tests,
whereas sparsely populated categories as well as variables
with insufficient overall frequencies (cross-tables with >20%
of cells with expected counts below 5) were excluded. We
quantified the identified correlations by Cramer’s V (¢)
(nominal data; p<a <0.05) and Spearman’s rank (p) cor-
relation (ordinal data; p<a <0.05) coefficients and studied
them further on the basis of relevant cross-tabulations (De
Lange and Nipper 2018).

Bt cotton in India

The commercialization of Bt cotton in India has to be
observed in the context of the neoliberal economic reforms
undertaken in the 1990s. The Indian agricultural sector was
restructured, in that state regulations were eased, seed pro-
duction was privatized, and trade barriers were removed so
that agrarian technologies could be accessed more easily
from abroad (Glover 2007; Carroll 2017; Flachs 2019a).
This restructuring allowed the Indian Maharashtra Hybrid
Seeds Company (Mahyco) and the US-based company Mon-
santo to develop genetically engineered cotton for the Indian
market in a joint venture called Mahyco Monsanto Biotech

@ Springer

Limited (MMBL).® Single-gene Bollgard I (CrylAc) and
double-gene Bollgard IT (Cry1Ac and Cry2Ab) cotton were
commercialized in 2002 and 2006, respectively’ (Rama-
murthy 2000; Scoones 2008; Sadashivappa and Qaim 2009;
Flachs 2019a). Given the unprecedented rise in the imple-
mentation of this new technology, today, an estimated 95%
of the area under cotton cultivation is planted with double-
gene Bt cotton (ISAAA 2017).

However, despite its promising implementation rate, the
risks and benefits of the technology remain contested (Qaim
2003; Stone 2011; Kathage and Qaim 2012; Choudhary and
Gaur 2015; Gutierrez et al. 2015; Kranthi 2015; Veettil et al.
2016; Flachs 2019a; Kranthi and Stone 2020). In particu-
lar, agronomic scholars attribute successes in Indian cotton
production in the early 2000s, that is, increased yields and
decreased pesticide use, to the technology, thus declaring it
an effective weapon against the Indian agrarian crisis (Sad-
ashivappa and Qaim 2009; Kathage and Qaim 2012; Veettil
et al. 2016). Other studies, however, accredit these positive
agronomic trends to a plethora of factors and emphasize the
high variability of the socioeconomic effects of the technol-
ogy and its inseparability from specific agricultural practices
(Glover 2010; Gutierrez et al. 2015; Kranthi 2016; Flachs
2019a; Kranthi and Stone 2020).

Early studies largely based on pre-2008 data argued
that Bt cotton technology led to higher effective yields
and even “strongly outperformed” its conventional equiva-
lent (Kathage and Qaim 2012; p. 1; Naik et al. 2005; Sad-
ashivappa and Qaim 2009; Subramanian and Qaim 2009;
Choudhary and Gaur 2015). Consequently, Bt cotton is
claimed to have contributed to “positive economic and
social development”, as farmer profits are reported to have
increased accordingly (Kathage and Qaim 2012, p. 1; Sad-
ashivappa and Qaim 2009). As this was believed to have led
to higher living standards for adopting HHs, Bt cotton was
by some denoted as a pro-poor technology (Sadashivappa
and Qaim 2009; Kathage and Qaim 2012; Yadav et al.
2018). Later studies, however, found lower contributions of
the technology to the positive effects in recent cotton pro-
duction figures and instead attributed these positive overall
effects to a multitude of agrarian factors, most prominently
the use of hybrid seed, the expansion of irrigation facilities,

6 As outlined by Glover (2007, p. 123), this alliance was “a conveni-
ent mechanism to facilitate Monsanto’s introduction of its transgenic
traits to the Indian market”, as a solitary market entry had previously
failed in 1993.

7 The third herbicide-tolerant (HT) generation of Bt cotton technol-
ogy (Bollgard III) is not (yet) commercialized in India. However, its
unauthorized cultivation has recently sparked a major controversy
among cotton farmers and authorities in the country (ISAAA 2017).
The risk of resulting herbicide treadmills in this regard was indicated
by Stone and Flachs (2017).
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and increases in fertilizer application (Glover 2010; Stone
2011; Gutierrez et al. 2015; Kranthi 2016; Flachs 2019a;
Kranthi and Stone 2020). Accordingly, they question the
proclaimed successes of Bt cotton in rural poverty reduc-
tion (Glover 2010) and report negative social (erosion of
farmers’ knowledge) (Stone 2007; Flachs 2019a) and eco-
logical side effects (outbreaks of secondary pests, upcoming
resistance to the target pest) (Kranthi 2015, 2016; Gutierrez
2018; Flachs 2019a; Tabashnik and Carriere 2019; Kranthi
and Stone 2020).

Recently, the debate was reignited after unusually high
levels of PBW infestation were reported for the states of
Gujarat, Madhya Pradesh, Maharashtra, Karnataka, Andhra
Pradesh, and Telangana in the kharif® season of 2015 and
after (Mohan 2017; Fand et al. 2019). Progressive increases
in the survival rate of PBW larvae within cultivated Bollgard
II hybrids have been reported; these increases are viewed as
indicators that larvae have developed resistance against the
endotoxins produced in cotton plants (Mohan 2017; Naik
et al. 2018; Fand et al. 2019). Fand et al. (2019, p. 313)
estimated related yield losses of up to 30% per farming HH
for the state of Maharashtra. As these studies have helped
to clarify, after its hiatus lasting almost two decades, the
PBW has returned to the cotton belt of central and southern
India (Kranthi 2015; Mohan and Sadananda 2019; Tabash-
nik and Carriere 2019)—a development that fundamentally
changes the situation for Bt cotton-farming HHs in this area.
Against this backdrop, an analysis of the newly evolved vul-
nerabilities resulting from pests returning to Bt cotton farms
is highly relevant.

8 In Telangana, depending on the species planted, crops are grown
in two different seasons. The season of kharif (monsoon season), in
which cotton cultivation takes place, refers to the autumn season and
begins in June. The season of rabi refers to the winter and usually
begins after the kharif crops are harvested.

PBW pest infestations and their impacts
on cotton-farming HHs in Telangana

Background information on the studied
cotton-farming HHs

The basic figures of our study sample are as follows. Of the
457 interviewed HHs, 446 were led by a male and 11 by a
female. Figure 2 shows the age structure of the HH heads
and their education levels. The interviewed HHs had an aver-
age size of 4.3 people, of which 2.0 people contributed to
HH income. In addition, 2.2 generations on average were
accommodated in the HHs.

The mean farmland size of the interviewed HHs amounted
to 5.5 acres, with a minimum of 0.5 acres and a maximum
of 50 acres (n=456). Of these, 4.1 acres on average were
owned, which corresponds to 83% of the total cultivated
farmland, with a minimum of zero and a maximum of 100%
owned farmland and slight differences at the district level
(Adilabad, 74%; Nalgonda, 81%; Warangal, 88%) (n=456).
Cotton cultivation occurred on 4.0 acres on average (73%),
with noticeable differences at the district level (Warangal,
56%; Adilabad, 77%; Nalgonda, 89%) (n=453) (Fig. 3).

The vast majority of interviewed HHs (86%) had grown
Bt cotton for an average of 8 years per HH. The remain-
ing interviewees (14%) answered that they were unaware
of whether they were growing Bt cotton, with the exception
of one HH that reported growing non-Bt cotton. Examples
of seed brands used ranged from Nuziveedu (e.g., Bhakti,
Mallika) and Rasi (659) to Aditya (Moksha). One per cent
of the interviewed HHs stated that they were growing illegal,
HT Bollgard III cotton.
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Exposure of cotton-farming HHs to PBW pest
infestations

Our results confirm that PBWs have returned to cotton fields
in Telangana, as 80% of all interviewed HHs affirmed having
faced PBW pest infestations in their fields during the past
5 years (n=457). Of these, 96% reported the first appear-
ance of this pest within the past 5 years, as our interviewees
reported a total of 354 first cases of PBW infestation from
2014 to 2018 (n=367). The largest share of PBW occur-
rences was found in Adilabad, at 84%, and the smallest was
found in Nalgonda, at 77% (81% in Warangal). The low
degree of variation in the number of HHs experiencing PBW
infestations indicates little geographical variability in PBW
infestations in the three districts. As shown in Fig. 4, the
number of first cases of PBW pest infestation increased dras-
tically from 2014 (eight first cases), peaking in 2017 with a
total of 150 first cases, after which the number decreased in
2018 to a total of 68 new cases.

On average, PBW pest infestation occurred within
1.95 years per HH in the period between 2014 and 2019;
Adilabad (2.07) and Warangal (2.06) showed the highest
frequencies, while in Nalgonda, lower numbers of infesta-
tions were reported on average (1.77). With a mean impact
of 1.32, where O represents no impact and 2 equals a severe
impact, these recent pest infestations were evaluated as
having moderate negative impacts ranging from 1.29 in
Nalgonda and 1.30 in Warangal to 1.42 in Adilabad.’ The

° The grading was based on the perceptions of the farmers surveyed.
The Likert scale values (low, moderate, severe) therefore represent
relational values, where low impacts could represent the observation
of a problem without further consequences, moderate impacts could
represent noticeable losses in yields, and severe impacts could be
interpreted as total yield loss, e.g., through the practice of slashing
and burning entire harvests (Najork et al. 2021).
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Fig.4 Temporal distribution of the first reported cases of PBWs (line
graph, n=457; bar graph, n=367)

interviewed HHs perceived PBW infestation as the most
severe agricultural problem among all other relevant prob-
lems related to Bt cotton production (Fig. 5). The lower
frequency value may be explained by the recency of the
pest’s reemergence as an agricultural problem. Our findings
therefore suggest that PBW infestation is classified as a low-
frequency/high-impact risk (Keck et al. 2012). As shown in
Fig. 5, all other threats were perceived as less severe and,
thus, fell within the range of low-frequency/low-impact
risks (for example, spoiled seed, untimely rains, insufficient
available labour), high-frequency/low-impact risks (sucking
pests), or high-frequency/high-impact risks (weeds).
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Susceptibility of cotton-farming HHs to PBW pest
infestations

In accordance with the recorded first cases of PBW pest
infestation in our sample, farmers’ cotton yields and related
incomes showed a clear negative trend from 2015 onwards.
By using a range from a ‘strong increase’ (2) to a ‘strong
decrease’ (— 2) in yields and income compared to those in
the previous year, Fig. 5 shows a slight increase in yields
and cotton-related income for 2014 (0.26) and 2015 (0.25),
whereas it depicts a continuously declining trend from 2016
(yield, 0.01; income, 0.03) onwards (yield in 2017, — 0.24;
income in 2017, — 0.31; yield and income in 2018, — 0.66).

As shown in Fig. 6, the usage of pesticides and fertilizers
increased slightly from 2014 to 2018 (pesticides: 0.15 in
2014-2015, 0.32 in 2018. Fertilizers: 0.12 in 2014-2015,

Fertilizer

0.16in 2017, 0.15 in 2018). Notably, HHs owning less than
50% of their farmland disproportionately increased their
pesticide usage, while those owning more than 50% of their
farmland decreased in the same manner—a trend that con-
tinuously intensified between 2016 and 2018, as increas-
ing correlation coefficients showed (2016: p=— 0.127,
p=0.035 n=376; 2017: p=— 0.159, p=0.005, n=386;
2018: p=—- 0.164, p=0.004, n=388). The cotton-related
acreage, in contrast, remained almost the same (0.0] in
2014; — 0.03 in 2018).

Coping mechanisms of cotton-farming HHs
in response to PBW pest infestations

As a direct response to the return of PBW pest infestations,
11% (n=457) of the interviewed HHs had to take loans
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Fig.7 a Temporal distribution of loans directly related to PBW infestation (line graph, n=457; bar graph, n=67); b distribution values of loans

taken from 2014-2019 (n=57)

during the previous 5 years. It is worth noting that 24% of
the respondents did not answer this question, which may
be associated with its high degree of sensitivity. In terms
of district comparisons, Nalgonda shows disproportion-
ately high values; 14% of the interviewed cotton farmers
had to take loans related to the reoccurrence of PBW pests,
whereas in Adilabad and Warangal, these numbers were
slightly lower (10% and 9%, respectively). At the village
level, the respective figures vary from 0% (village 10 in
Warangal) to 31% (village 15 in Nalgonda).

The amount of loans ranged from 1000 Rs to 60,000
Rs, with a clear outlier of 150,000 Rs and a clear distribu-
tion, as shown in Fig. 7. To access these loans, in 83% of
the cases, our interviewees referred to informal sources,
such as landlords or commission agents, while only 17%
answered that they had obtained loans from the formal
system (n=59). Thirty% of those HHs who took a loan
once (n=>50) had to take loans at least once again and up
to four times. More than two-thirds (68%) of the HHs that
took a loan related to the target pest were still indebted
(n=50). Notably, the share of still-indebted farmers in
Warangal was noticeably lower (47%) than that in the other
two districts (Adilabad, 80%; Nalgonda, 78%).

Figure 7a shows that the total number of loans taken
has increased throughout the past 5 years, increasing
rapidly in 2017 (27 cases), peaking in 2018 (33 cases),
and decreasing again in 2019 (three cases), resulting in a
total of 67 cases (n=50). This gradient fits well with the
counted cases of PBW pest infestations among our stud-
ied farming HHs, although the procurement of loans lags
1 year behind. Furthermore, we found that the number of
repeated loans increased noticeably (Fig. 7a). Again, this
surge peaked with a time lag of yet another year, indicating
farmers’ increasing difficulties in coping with the PBW
infestation shock.

A rarely pursued coping strategy involves asking seed
companies for compensation. Only 7% (n=274) of the
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interviewed HHs asked for compensation, and only 2% actu-
ally succeeded. Almost two-thirds (64%) of the HHs that
did not ask for compensation reasoned that there was no
prospect of success and, thus, refrained from trying to obtain
compensation. Nearly one-third of the respondents (31%)
answered that they were not interested in trying or were not
aware of this possibility.

Adaptive capacities of cotton-farming HHs
in dealing with PBW pest infestations

Our respondents changed their agricultural practices in
response to the returned PBW pests. This change varied
among the surveyed villages and was thus underlined by
a strong correlation coefficient with HH villages of 0.306
(¢), with a p value of 0.006 (n=330). Moreover, this change
was moderately correlated with the frequency (¢ =0.250,
p=0.000) and severity (¢ =0.238, p=0.000) of PBW out-
breaks (n=329). According to cross-tabulations, farmers
avoid changing their production patterns with low frequency
and perceived severity levels of PBW pest infestations, but
they change their practices in response to more frequent
PBW infestations and a higher perceived impact. As such,
altered agricultural practices were mainly found in response
to severe levels of perceived pest infestation impacts.
Overall, 33% (n=350) of all interviewed HHs altered
their agricultural production patterns, of which 36% changed
their seed type or brand, 35% increased their usage of pes-
ticides, and 29% reduced their cotton acreage. Additionally,
25% of the respondents (n=372) reported growing a second
crop during the following rabi season, which was usually
maize (92%). Correlations and cross-tabulations suggest a
distinct sequence pattern of succession regarding these adap-
tive strategies contingent on the impact of PBW pest infes-
tations; while interviewees tended to increase their usage
of pesticides when there was a lower frequency (1-2) of
PBW pest infestations, they more often reduced their acreage
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Fig.8 Influence of PBW pest
infestations on agricultural
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under cotton when there was a higher frequency (3-5) of
PBW pest infestations (Fig. 8). Similarly, the interviewed
HHs increased their application of pesticides when there
was a slight perceived impact of PBW pest infestations but
reverted to a reduction in acreage only when there was a
severe perceived impact (Fig. 8). Second-season cropping
was implemented when the perceived severity (¢ =0.226,
p=0.000) and frequency (¢ =0.337, p=0.000) levels of
PBW infestations (n=371) were moderate. Changing seed
type or brand, in contrast, was found to be adopted in addi-
tion to implementing the other strategies; however, these
changes were not distinct adaptive strategies.

These findings indicate that respondents tended to avoid
acreage reduction and that this strategy served as a last resort
to address increasingly frequent and severe pest infestations.
Moreover, both the perceived severity (¢ =0.291, p=0.000)
and frequency (¢ =0.251, p=0.000) of PBW pest infesta-
tions showed a moderate correlation with the manner of
change in the mentioned agricultural practices (n=347).
Altogether, farming HHs moved from employing strate-
gies of agricultural intensification to those of agricultural
diversification. The latter strategies therefore stand out as
being particularly important regarding the development of
resilience to PBW infestations.

Of our interviewees, 63% (n=457) responded that they
grow other crops in addition to cotton, which included paddy
(44%), turmeric (18%), maize (14%), or pulse (7%) crops
(n=287). However, the cultivation of additional crops varied
widely among the districts, from 28% in Nalgonda to 72%
in Adilabad and 87% in Warangal.'® Moreover, the diversity

10 This geographical difference in regard to agrobiodiversity is strik-
ing, as other researchers have reported the cultivation of additional
crops to be a common smallholder strategy (Flachs 2015; Flachs and
Stone 2019; Kannuri and Jadhav 2018; Krishna et al. 2016). We sus-
pect water to be the decisive factor here: first, we see water to be a
limiting factor in regard to adaptive strategies of agricultural diver-
sification (Evans and Giordano 2012; Gutierrez et al. 2015; Raizada
et al. 2018; Kuchimanchi et al. 2019), and second, we found cor-
relations between district and water availability, both of which are

of additionally cultivated crops differed among the three
districts; while the largest share of crops aside from cot-
ton consisted of paddy in Nalgonda and Adilabad (72% and
60%, respectively), additional crop production appeared to
be more diversified in Warangal (34% paddy, 26% turmeric,
22% maize) (n=287). These findings were also confirmed
via correlation analysis, which showed a strong correlation
between the cultivation of other crops and villages in dif-
ferent districts (¢ =0.545, p=0.000, n=457; ¢p=0.584,
p=0.000, n=457).

Factors limiting the ability of cotton-farming HHs
to adapt to PBW pest infestations

Given that we found several significant correlations, the
water availability factor needs to be considered a key factor
in regard to farming HHs’ adaptive capacities to deal with
PBW pest infestations. Our findings show that, overall, HHs
were significantly more prone to alter their production as
long as drought or a lack of irrigation did not appear to be
problematic, which were measured in terms of the frequency
and perceived severity of the occurrence of these problems
(drought frequency: ¢ =0.236, p=0.000, n=346; drought
severity: ¢ =0.231, p=0.000, n=345; insufficient irrigation
frequency: ¢ =0.193, p=0.000, n=344; insufficient irriga-
tion severity: ¢ =0.221, p=0.000, n=343). Our cross-tab-
ulation data indicate that a particular sequence of suitable
adaptive strategies exists in regard to the influence of water
availability (Fig. 9). As long as the problem of water scar-
city is marginal (in terms of its frequency of incidence and
perceived severity), HHs tend to reduce their acreage, grow
a second crop during the following rabi season, or increase
their usage of pesticides. In contrast, when the problem of

Footnote 10 (continued)

described below. A thorough discussion on this is, however, beyond
the scope of this paper.
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Fig.9 Influence of water scar-
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water scarcity is more frequent and intense, HHs tend to
change their seed types or brands. However, when the prob-
lem of water scarcity is omnipresent and perceived as being
highly severe, HHs tend not to alter their production at all.
In particular, the diversification strategy was influenced by
the water availability factor. For example, we found sig-
nificant correlations of second-season cropping and insuf-
ficient access to irrigation facilities (frequency: ¢ =0.427,
p=0.000, n=366; severity: ¢ =0.410, p=0.000, n=365).

Regarding the limiting factor of access to irrigation, we
found correlations for perceived severity with respect to dis-
trict (p=0.183, p=0.001) and village (¢ =0.307, p=0.000)
(n=448). This suggests that the adaptive strategies of our inter-
viewed farmers are influenced by heterogeneous localities and
climates, as these are crucial factors in determining the likeli-
hood of drought occurrence and farmers’ access to irrigation
facilities. However, the much higher correlation value at the
lower-scale village level suggests that infrastructural asset fea-
tures determine farmers’ access to water even more.

Discussion

We have shown how the return of the PBW has altered the
vulnerability of cotton-farming HHs in the state of Telan-
gana. In the following text, we contextualize these vulner-
ability-related findings by highlighting their political-eco-
nomic implications. We argue that (1) Bt cotton contains an
inherent sociobiological obsolescence, which has resulted
in technological failure in the sense that protection against
PBW infestations can no longer be guaranteed; (2) this tech-
nological failure has altered farming HHs’ vulnerability
context depending on their economic situation, resulting in
the dispossession of resource-poor farmers and the possible
appropriation of their assets by other actors; and (3) this
dispossession ultimately helps the current neoliberal agri-
food regime in India become hegemonic as it prepares the
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ground for achieving “local acquiescence” (Brown 2019, p.
193) among those who are better off.

Sociobiological obsolescence of Bt cotton

Our study provides evidence for the reemergence of PBW
pest infestations in the districts of Adilabad, Warangal, and
Nalgonda. As the vast majority of our interviewees used
Bollgard II seeds and as many as 80% of them affirmed hav-
ing recently faced PBW infestations, we substantiate other
scholars’ findings of evolved biological resistance to the
target pest against the currently used second-generation Bt
cotton seed (Dhurua and Gujar 2011; Mohan 2017; Naik
et al. 2018; Fand et al. 2019; Mohan and Sadananda 2019;
Tabashnik and Carriére 2019). We further found that the
target pest’s return has implications on a practical level, as
interviewed Bt cotton-farming HHs have incurred severe
yield and income losses (Naik et al. 2018; Fand et al. 2019;
Tabashnik and Carriere 2019). Following the resistance of
the PBW to the first generation of Bt seeds in 2009 (Hari-
babu 2014; Mohan 2017; Naik et al. 2018), our findings
suggest that the current variant has also failed.

Following Haribabu (2014), we argue that this breakdown
of two consecutive generations of Bt cotton shows that a
general obsolescence is inherent in the current form of Bt
technology. We propose the term sociobiological obsoles-
cence to describe this phenomenon. While the technology is
socially constructed and embedded, as it is produced in labs
and implemented by farmers and its development underlies
public political debates, it simultaneously results from bio-
logical qualities and is integrated into biological linkages.
Due to the biologics of the struggle between pest and host
species, Bt technology automatically increases the evolu-
tionary pressure on the target pest, which continually devel-
ops new resistance.'! We argue that this dynamic eventually

' This interdependent and alternating process is described by the
red queen hypothesis in the field of evolutionary biology. It assumes
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Fig. 10 Model of sociobiologi-
cal obsolescence of Bt cotton
technology in relation to profits
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results in an arms race between farmers equipped with Bt
cotton technology and its inherent toxins and target pests,
in this case the PBW, endowed with the relevant resistance
traits that have evolved as a result of the increased evolution-
ary pressure. From this, we derive an inherent obsolescence
of Bt technology resulting from its embeddedness in both
social and biological factors.

In this paper, the term sociobiological obsolescence
therefore describes the predetermined breaking point that
is inherent in Bt technology and has been from the very
beginning due to its social and biological embeddedness.
We emphasize that due to its biological contingency, this
obsolescence is not to be grasped as deliberately initiated
and, thus, contrasts with the ‘planned’ obsolescence prac-
tices common in the manufacturing industry. However, we
nevertheless see that the outcome of the obsolescence shows
clear parallels; i.e., a predetermined breaking point is inher-
ent to the Bt product itself through the technology’s social
and biological embeddedness in accordance with evolution-
ary biologics (Fig. 10). This, in turn, increases the pressure
on consumers to buy ever-new products—and, hence, the
risk of entering a technology treadmill—to maintain the sta-
tus quo, in this case farmers having to buy new generations
of Bt technology (cf. Stone and Flachs 2017). We thus argue
that the technology design of Bt cotton was flawed from
the start, as it had ab initio been dependent on biological
developments.

In addition to early warnings from entomologists and pest
management specialists, even seed producers anticipated
their products’ limited life cycle and suggested that farmers
plant non-Bt cotton refuge crops (Kranthi et al. 2017; Mohan
2018, 2020; Tabashnik et al. 2021). This measure, however,
did not aim to entirely avoid the breaking point but only to

Footnote 11 (continued)

that parasites become specialized in regard to certain host species and
thereby reduce their fitness (cf. Clay and Kover 1996).

range of dispossession

(Fig. 11)

delay it (Kranthi et al. 2017; Mohan 2018, 2020; Tabashnik
et al. 2021). Bt cotton thus never provided benefits that were
“sustainable over time”, as proclaimed early on by agro-
economists (Sadashivappa and Qaim 2009, p. 172; Krishna
and Qaim 2012).

Similar to the corporate strategy of obsolescence, the
breaking point of Bt technology has implications for seed
producers and adopters alike. Due to its limited life cycle,
Bt technology involves a risk for farmers such that they
become trapped on a technological treadmill, which causes
them to rely on ever-new generations of Bt cotton seeds in
response to ever-new resistant pests, with corresponding
profits gained by the seed industry (Stone and Flachs 2017).
The almost exclusive reliance of Bt cotton in India on hybrid
seeds reinforces these effects (Herring 2007; Ramasundaram
et al. 2011; Gutierrez et al. 2015; Stone and Flachs 2017;
Kranthi and Stone 2020).

By exposing the sociobiological obsolescence inherent
to Bt technology, we confirm the claim of Taylor (2018)
and Nightingale et al. (2020) that technology always needs
to be assessed in practice (cf. Glover 2011). The case of Bt
cotton in India is exactly one of the “techno-managerialist
solutions” that policy makers, planners and the industry still
favour (Nightingale et al. 2020, p. 345). These ‘solutions’,
however, remain bound to an imaginary reductionist tech-
nological fix that has little to do with the experiences of
people and the vibrant ecological reality at local levels. As
our case shows, the study of technologies such as Bt cotton
is less about the effects of autarkic artefacts but more about
the sociobiological dynamics that artefacts spark in society
and ecology. Against this backdrop, we view sociobiologi-
cal obsolescence as a promising notion for the assessment
and evaluation of future biotechnologies that are currently
advertised to tackle the calamities associated with global
environmental change.
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Fig. 11 Coping and adaptation strategies of farming HHs and the resultant paths of vulnerability or resilience

Dispossession and appropriation

Our findings further show that the sociobiological obsoles-
cence of the current Bt cotton generation has altered the
vulnerability of farming HHs. However, significant differ-
ences were found among the interviewed farmers in terms
of their economic assets, as resource-poor farmers were
especially hit hard by the return of the PBW. We argue
that the increased vulnerability of disadvantaged farmers
reflects a process of dispossession, which provides economi-
cally advantaged actors with opportunities to appropriate
HH assets, thus reproducing the existing structures of the
emerging neoliberal agri-food regime.

Gutierrez et al. (2015) found that the cultivation of Bt
cotton increases the vulnerability of farmers in rainfed
areas and argued that this originates from the combination
of increased seed costs and continued insecticide costs with
low and highly variable yields (Ramasundaram et al. 2007,
Glover 2010; Kumar 2015; Matthan 2021). According to
Gutierrez et al. (2015) and Gutierrez (2018), the cultivation
of Bt cotton involves an increased risk of farmers becom-
ing bankrupt and becoming burdened with debt (Vasavi
2012, 2020; Najork et al. 2021). While our data confirm the
findings of these studies (Gutierrez et al. 2015; Gutierrez
2018), our findings also suggest a need to further differ-
entiate among groups of Bt cotton farmers based on their
economic situation. This can be shown when loans are con-
sidered. In our study, the vast majority of loan recipients had
to rely on informal sources, such as landlords or commission
agents, due to the restricted access of the otherwise preferred
formal banking system to land- or gold-owning HHs (Pal
2002; Altenbuchner et al. 2018; Najork et al. 2021). As these
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informal sources usually have exorbitant interest rates—Gut-
ierrez et al. (2015, p. 10) describe “usury costs” of 5-10%
per month—they involve the danger of farmers becoming
trapped in a debt cycle (Vasavi 2014, 2020; Gutierrez 2018;
Ramprasad 2019; Najork et al. 2021). Our findings confirm
that after having lost their investments in seed, fertilizer,
and pesticides due to low or lost yields, some of our inter-
viewed farmers had to repeatedly procure loans, and almost
one-third of the already indebted HHs had to take additional
loans in subsequent seasons. We therefore agree with Vasavi
(2014, p. 33), who reported that “debt and indebtedness gen-
erate entrapments’.

Moreover, we argue that the HH strategies follow either
a ‘resilience’ or a ‘vulnerability path’ (Fig. 11) in response
to the loss of investment after the breaking point (a). On the
vulnerability path, this loss can lead to the uptake of loans
and the payment of interest (c). If farmers become entrapped
in this way and cannot pay back their debts, they are forced
to sell their most valuable HH assets, such as gold, equip-
ment, or land (d) (Najork et al. 2021). In summary, these
involuntary reactions of farmers to address the Bt techno-
logical failure in turn increase the vulnerability of farmers
and increase their risk of being faced with a crisis.

As a way to counteract this treadmill effect, our results
indicate a resilience path taken by HHs with diversified pro-
duction (Figs. 8, 9). This adaptation strategy (e), however,
is only available to HHs that have the necessary resources.
Economically weaker farming HHs were found to be unable
to follow this pattern and were left with no alternative but
to adhere to intensification practices (b). We found that one
potential cause of this was related to the lack of availability
and lack of access to sufficient water resources. Gutierrez
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et al. (2015) emphasized the differences between irrigated
and rainfed Bt cotton areas in India and found that farm-
ers in rainfed areas (central and southern India) face higher
risks than those in irrigated areas (northern India). With
our study, we can show in detail how this plays out in the
current situation. As the capabilities of resource-poor farm-
ers to afford adequate irrigation facilities are limited, these
farmers are left with no alternative but to apply an increas-
ing amount of pesticides when faced with PBW infestation.
This form of agrarian intensification increases their input
costs and leaves farmers at an increased risk of losing their
investments when yields are not as expected. Thus, the con-
straints to agricultural diversification faced by resource-poor
households are not caused by the increasingly obsolete seed
cycles as such. However, the obsolescence described above
exacerbates their production constraints by depriving them
of further monetary resources that could contribute to more
diversified agricultural production (e.g., through the instal-
lation of irrigation facilities). Hence, obsolescence-induced
dispossession widens the gap between resource-poor and
resource-rich HHs, and consequently, resource-poor HHs are
further disadvantaged in terms of their adaptive capacities
in response to the dispossession caused by sociobiological
obsolescence.

Farming HH coping strategies (b) and (c) not only pro-
duce losers but also winners. As such, there is a counterpart
to the story presented above that should not be neglected.
Here, our findings are in accordance with those of Jakobsen
(2018Db, p. 15), who argues that “there are still accumulat-
ing classes”, and with those of Lerche (2013, p. 400), who
found that there has been no “general pauperization of all
agrarian classes” and that “accumulation is disproportion-
ately concentrated in the hands of the best-off groups in the
best-off states” (Lerche 2014, p. 51). In our case, the win-
ners are money lenders, often businesspeople, landlords, or
large-scale farmers, who earn money from HHs in need by
granting them loans and profiting from the associated inter-
est and compound interest (Najork et al. 2021). If farming
HHs have to sell their jewellery, the same group of people
make gains. Finally, if farmers become unable to repay their
debt and interest, the very mechanism described by Harvey
(2005) as accumulation by dispossession gains traction;
i.e., the farming HHs’ crisis created by the sociobiological
obsolescence of Bt cotton and intensified by their limited
capabilities to cope forces farmers to sell their land—often
under value, since the need for financial resources predomi-
nates. This freed capital can be easily seized by local elites
and those who are better off, thus improving their personal
economic situation while contributing to the further increase
in farmland-related capital in the hands of a few. Our deduc-
tions, thus, highlight that for an analysis of neoliberal agri-
food regimes, it is essential to consider perspectives of class
and hegemony, as accumulation cycles and class dynamics

are coproduced and “class forces in society have been instru-
mental in consolidating capitalist hegemony in India’s inte-
gral state” (Jakobsen 2018b, p. 4; Aga 2019). In the follow-
ing section, this is examined in more detail for our case of Bt
cotton in the neoliberal Indian agri-food regime.'?

Local acquiescence to the neoliberal food regime

In a recent paper, Brown (2019) argues that critical agrar-
ian studies have overemphasized acts of resistance to agri-
food regimes and thus sees the need to direct more attention
towards the ways in which ordinary populations consent to
the formation and stabilization of the emerging neoliberal
regime in India (Brown 2019, p. 189). In his view, grand
acts of resistance and outright rejection of agri-food regime
principles are exceptions, whereas the more ‘normal’ sce-
nario involves elite dominance and subaltern acceptance
(Brown 2019). With the help of a Gramscian understanding
of hegemony, Brown aims to highlight how the neoliberal
agri-food regime becomes accepted and is conformed to by
large parts of society, even if its functioning principles obvi-
ously work against them. Gramsci (1971, p. 180f) perceives
a vital point in the ruling class to learn to guide the interests
of subordinate groups such that they become harmonized
with their own interests. As such, he perceives the need
to win consent from the larger society with core agri-food
regime principles, for which local mediation through a rural
elite becomes key (Brown 2019, p. 192). Overall, this act
of obtaining consent must be backed by a supportive state
apparatus, which provides the necessary modes of govern-
ance so that the industry can continue to proceed in a self-
serving accumulating regime.

Against this backdrop, we argue that money lenders, shop
owners and landlords play—willingly or unwillingly—the
role of local mediators. As they gain from the current bio-
technology-driven cotton regime by means of earnings in
the form of interest payments and the sale of arable land,
they have an interest in prolonging and even strengthening
this regime’s very principles. In doing so, they reproduce
the neoliberal agri-food regime in India, which eventu-
ally unabatedly contributes to increased accumulation for
national and international seed corporations (Fig. 12). Our

12 With the term agri-food regime, we refer to food regime theory.
Food regimes also include non-food crops, as they are concerned with
the production and consumption of all agricultural products, such
as agrofuels or cotton (Friedman and McMichael 1989; McMichael
2009). In fact, cotton plays a vital role in food regime theorization
as the first food regime (1870-1930) described by Friedman and
McMichael (1989) is considered to have established a breakthrough
in international trade of industrial products, centred on colonial and
national relations in which the fibre crop was traded. In an attempt
to make this clear, we speak of agri-food regimes instead of food
regimes.

@ Springer
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redistribution/shifting
of capital
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Fig. 12 Possible stabilization cycle of neoliberal agri-food regime principles

views are thus in line with those of Jakobsen (2018a), who
criticizes the binary agribusiness-versus-smallholder per-
spective indicated in classic agri-food regime analysis per-
spectives (McMichael 2009). We see that established powers
are favoured, and the underlying processes of accumulation
in the current corporate agri-food regime are legitimized
and, hence, stabilized through the local acceptance of rural
beneficiaries (Jakobsen 2018a, b; Aga 2019; Brown 2019).

As a result, we emphasize the role of the classic rural
elite, which comprises the actors mentioned above, as they
play a key role in making corporate dominance in the Indian
agrarian sector more socially acceptable (Jakobsen 2018a,
b; Brown 2019). The very nature of the strategies, networks
and mechanisms of how this works for our case in prac-
tice and how it is interrelated with the wider sociopolitical
landscape at the local level remain to be studied in further
detail in the future. However, at this point, we can suggest
that Bt cotton, and with it other types of similar biotech-
nology forms, helps the neoliberal agri-food regime take a
more mature hegemonic position in India—not due to seed
industries that exert coercive means, but by a state-industry
complex that provides ground for the rural elite to profit
from the current regime, even though this is not the case
for all farmers. The long-term consequences of this system
are the continuing proletarianization of rural populations
along with a further centralization of capital (for example,

@ Springer

in the form of farmland and labour supply) in the hands of
a few with each new sociobiological failure of Bt technol-
ogy. We therefore emphasize that Glover (2010) has exposed
the falsity of early-on claims classifying Bt cotton as a pro-
poor technology (Kathage and Qaim 2012; Subramanian and
Qaim 2010). With this contribution, we complement Glov-
er's (2010) argument by providing final evidence on why Bt
cotton was never a pro-poor technology to begin with.

Conclusion

This is the first study to provide insights into the political
economy of the altered vulnerability context of farming HHs
associated with the recent resistance of the PBW to second-
generation Bt cotton (Bollgard II) in Telangana, India. Our
study embeds vulnerability-related findings in a larger politi-
cal-economic context by revealing a technology-driven form
of dispossession caused by the sociobiological obsolescence
of Bt cotton. Thus, as a neoliberal technology, Bt cotton con-
stitutes one of many variegated mechanisms of neoliberali-
zation that must be viewed as yet another form of capitalist
appropriation and accumulation in the Global South.

We characterized Bt cotton as a neoliberal technology
that includes an inherent sociobiological obsolescence that
limits the technology’s life cycle from the start. As such,
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Bt cotton has a predetermined breaking point that forces
adopters to rely on ever-new generations of Bt seed and,
thus, increases the risk of succumbing to 'technology tread-
mills'. Our findings suggested that this obsolescence results
in vulnerability-related inequalities among farmers, depend-
ing on their economic status. We argued that resource-poor
farmers are unable to follow a path to resilience and are led
onto a vulnerability path that eventually results in dispos-
session. As a counterpart of this dispossession, we identi-
fied opportunities for appropriation by economically advan-
taged actors, such as money lenders, often businesspeople,
landlords, or large-scale farmers, to gain from the current
biotechnology-driven cotton regime by means of earnings
in the form of interest payments and the sale of arable land.
Thus, having an interest in maintaining the current princi-
ples of the prevalent neoliberal Indian agri-food regime, they
reproduce this regime through local acceptance. In this way,
by stabilizing the status quo of the underlying processes of
the accumulation of capital by national and international
seed corporations, they legitimize the current corporate agri-
food regime in India. We therefore found the sociobiological
obsolescence of Bt cotton to favour the established power
relations that redirect capital from the bottom to the top at
the expense of already financially disadvantaged HHs. This
indicates striking parallels with the notion of accumulation
by dispossession, as described by Harvey (2005).

Therefore, we conclude that Bt cotton has never been a
pro-poor technology, as it continuously exacerbates present
disparities with each crisis its failure initiates. Thus, we
ask political authorities to counteract these incongruities
by implementing protective mechanisms, such as obliga-
tory compensation schemes to be complied with by seed
companies. From our point of view, a long-term solution to
ever-adapting target pest pressures cannot be found in yet
another generation of Bt technology, as its inherent obsoles-
cence causes recurring livelihood insecurities for Bt cotton-
farming HHs.
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