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Policy Paper

Genetically modified for resistance to bollworms, Bt cotton saw rapid 
adoption by farmers nationwide since its introduction in 2002. This paper 
examines the impact of Bt cotton adoption in India over two decades. The 
study analyzes adoption trends and effects on pesticide usage, input costs, 
farmer incomes, and crop loss risk. Using unit-level data from India's Cost 
of Cultivation Scheme (2002-2022), the study analyses the shift in 
production costs and returns. Findings reveal significant increase in 
cotton yields and returns between 2002 and 2016, although recent years 
display mixed results due to secondary pest pressures and heightened 
yield variability. The study examines the growth of Total Factor 
Productivity (TFP) during the pre- and post-Bt cotton periods. The 
estimated cumulative cost savings from the adoption of Bt cotton amount 
to Rs. 3.47 lakh crore, measured at constant 2011-12 prices. The 
macroeconomic impact of Bt cotton adoption is also examined by focusing 
on its role in enhancing export growth and foreign exchange earnings 
using FAOSTAT data. This study throws light on the policy implications 
for GM  cotton in the country.

Preface
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The introduction of  Bt cotton in India in 2002 marked a pivotal moment 
in the country's agricultural landscape. Genetically modified to resist the 
bollworm pest, Bt cotton was hailed as a technological breakthrough with 
the potential to significantly enhance cotton production through pest 
resistance to bollworms, reduce pesticide use, have a beneficial impact on 
natural predators, health benefits for farmers due to reduced pesticide use 
and improve farmers' incomes. Furthermore, innovative agricultural 
practices, such as drip fertigation combined with Bt cotton, have been 
shown to further increase yield  and resource use efficiency (Zafar et al., 
2020). These practices ensure that nutrients are supplied more effectively 
to the crop's root zone, minimizing losses and enhancing growth 
(Marques et al., 2021). The socio-economic impacts of Bt cotton adoption 
are also noteworthy. Reduced pesticide usage not only lowers input costs 
but also improves the health and safety of farmers, who are less exposed to 
harmful chemicals (Kouser et al., 2019). The widespread adoption of Bt 
cotton in countries like India has contributed to increased farmer incomes 
and overall economic stability in rural areas (Darekar and Reddy, 2017). 
This has been particularly evident in China, where Bt cotton adoption has 
led to sustained benefits over the years, including reduced pesticide costs 
and increased productivity, enhancing farmers' profitability and 
contributing to the national economic growth (Reddy et al., 2024). 
Similarly, the adoption of Bt cotton in countries has resulted in increased 
cotton production and export potential. Studies show that the reduced 
need for insecticides and improved yield quality have made cotton from 
these countries more competitive in the global market (UNCTAD, 2022). 
This trend highlights the broader impact of Bt cotton on enhancing the 
economic prospects of developing nations by boosting  agricultural 
exports and integrating them more effectively into the global economy 
(Gandhi et al., 2016).

However, an equal number of studies are critical of Bt cotton. The critical 
research on Bt cotton highlights several key issues. Studies indicate that 
pest resistance to Bt cotton, particularly by bollworms has developed over 
time, reducing the crop's effectiveness (Din et al., 2021). The initial 
reductions in pesticide use have been offset by increased use in later years 
due to secondary pests (Benbrook, 2012; Stone, G. D., & Flachs, 2018). 

Introduction
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Economic analyses reveal mixed impacts on farmer profits, with some 
studies suggesting that the high cost of Bt seeds and associated inputs can 
outweigh the benefits (Kathage & Qaim, 2012; Stone, 2011). Socio-
economic evaluations emphasize the burden on smallholder farmers, who 
may struggle with the increased cost of seeds and dependence on 
multinational corporations (Shiva, 2011; Gutierrez, et al., 2015). 
Moreover, there are concerns about the long-term sustainability and 
environmental impact of Bt cotton cultivation, particularly in terms of 
biodiversity and soil health (Kranthi & Stone, 2020; Herring, 2008).

Over the past two decades, Bt cotton has grown to dominate India’s cotton 
cultivation, now accounting for over 95% of the cotton area. This research 
paper aims to provide a comprehensive analysis of the impacts of Bt cotton 
on various aspects of the agricultural economy in India, focusing on 
farmers' incomes, exports, technical change, and total factor productivity 
(TFP). The adoption of Bt cotton has been a subject of intense debate 
among scholars, policymakers, and farmers. Proponents argue that the 
technology has led to substantial economic gains for farmers, driven 
export growth, and spurred technical advancements in cotton farming. 
They cite increased yields and reduced pesticide costs as key benefits that 
have contributed to higher farm profitability. Conversely, critics have 
raised concerns about the long-term sustainability of Bt cotton, pointing to 
issues such as pest resistance, environmental impacts, and the high cost of 
seeds.

This study contributes to the ongoing debate by systematically examining 
empirical data and research findings over the past 20 years. This study 
evaluates the extent to which Bt cotton has impacted farmers' incomes, 
considering variations across regions and socio-economic groups. In 
addition, this study explores broader economic implications, including its 
role in boosting cotton exports and fostering technical change within the 
agricultural sector. The analysis also extends to TFP assessment and 
provides insights into the efficiency gains attributable to Bt cotton. 

It endeavors to inform policymakers and stakeholders about the benefits 
and challenges associated with Bt cotton and to consider future policies. 
This paper underscores the importance of balanced evidence-based 
approaches for evaluating crop biotechnology and its implications for 
sustainable development.
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Data and Methodology

The aim of the study is to examine the trends in cotton crop performance 
indicators in three sub-periods. The period between 1997 to 2002 is the 
pre-Bt cotton phase, where only non-Bt varieties were grown across India; 
from 2002 to 2013 is the Bt-cotton phase (ascending), where India 
experienced expansion of post-Bt-cotton area and also saw significant 
yield increase; from 2013 to 2022 is the post-Bt-cotton phase (post-peak 
descending phase), where stagnation or fluctuating decline in yield was 
observed. The study used state-wise data on the cost of cultivation scheme 
of the government of India for cotton crop from 1996-97 to 2021-22 for 
analyzing the input-output trends of in cotton production. To understand  
the production trends over the years, a systematic analysis was done for in 
Gujarat state, which is the largest cotton-producing state and contributes 
to about 27% of cotton area.  However, for analysis of Total Factor 
Productivity, data from eight major cotton producing states were used. To 
measure changes in efficiency, technical change and Total Factor 
Productivity (TFP) growth over time, authors used Data Envelopment 
Analysis (DEA) and the Malmquist Productivity Index (MPI). This 
method collects input and output data over multiple time periods. The 
input-output data for cotton in eight states namely Gujarat, Maharashtra, 
Karnataka, Haryana, Madhya Pradesh, Rajasthan, Tamil Nadu and Punjab 
from 1997 to 2022 were considered for the study.  The prices were deflated 
and measured at constant prices of 2011-12. Six inputs were considered 
animal labour (pair hours.), fertilizer (kg. nutrients), human labour (man 
hours.), manure (qtl.), insecticides (Rs/ha) and seed (kg.);  yield (kg/acre 
or ha) was considered  the only outputs. 

Efficiency change assesses how well resources are used compared to the 
best-practice frontier state. To measure this, we constructed a frontier 
representing the best state for each period using DEA. The efficiency 
scores are then calculated for each state during each period. The efficiency 
change is determined by taking the ratio of efficiency scores between two 
periods. This ratio provides a clear measure of how resource usage 
efficiency has improved or deteriorated over time. Technical change 
evaluates shifts in the best practice frontier, indicating improvements or 
regressions in technology. The best-practice frontiers were compared over 
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two consecutive periods. Technical efficiency is calculated using the 
distance functions, which measure how far a state is from the frontier. The 
formula for technical change considers the shift in the frontier from one 
period to the next, providing a comprehensive measure of technological 
progress.

Total Factor Productivity (TFP) growth combines efficiency and technical 
change to assess  changes in overall productivity. This is calculated using 
the Malmquist Productivity Index (MPI), which is the product of 
efficiency and technical change. An MPI greater than 1 indicates an 
increase in productivity, whereas an MPI <1 indicates a decrease. An MPI 
1> signifies no change in productivity. The methodology is applied to each 
state for the entire time period and sub-periods, allowing for a detailed 
analysis of trends and patterns in efficiency, technology and productivity 
during pre-Bt cotton, Bt-cotton (ascending) and post-Bt-cotton 
(descending) phases. This approach provides valuable insights into 
productivity dynamics and facilitates informed decisions to enhance 
performance and competitiveness. The findings are summarized, 
highlighting key insights into changes in efficiency, technology and 
overall productivity and discussing their implications for future 
improvements and research. The estimated cummulative cost savings 
from the adoption of  Bt cotton amount to Rs 3.47 lakh crore measured at 
2011-12 constant prices.
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Trends in yields, inputs, costs & returns

Overall trends in yield at the national level

The entire period from 1960 to 2020 was divided into four sub-periods: 
pre-Bt cotton-1 (1961 to 1989), pre-Bt cotton-2 (1989 to 2002), Bt-cotton 
phase (2002 to 2013) and post-Bt-cotton (descending) phase (2013 to 
2022). The trends in yields for each sub-period were calculated separately. 
Between 1960 and 1989, cotton yield steadily increased by 8.4 kg/ha per 
year (Figure 1). However, in the decade leading up to 2002, before the 
introduction of Bt cotton, there was a decline in yield averaging 13.11 
kg/ha per year between 1989 and 2002. The period from 2002 to 2013, 
marked by the adoption of Bt cotton, saw a significant surge in yield, 
increasing by 77.6 kg/ha per year. Subsequently, from 2013 to 2022, there 
has been a steep decline  trend in yield, with an average decrease of  30.44 
kg/ha per year.  This later period is particularly marked by increasing 
frequencies of extreme weather events especially rainfall  which affects 
most crops  including cotton.

Figure 1. Trends in cotton yield from 1961 to 2022 (kg/ha)

Source: Agriculture at a Glance, 2023
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Figure 2. Average area, seed cotton yield, production of cotton before 
and after Bt cotton

Source: Agriculture at a Glance, 2023

In the era preceding Bt cotton, the seed cotton yield was 6 q/ha (Triennium 
Ending, TE 2002). Following the introduction of Bt cotton, seed cotton 
yield surged to 16 q/ha (TE 2013), marking a nearly threefold increase in 
yield (Figure 2). However, by TE 2020, the seed cotton yield declined 
slightly to 13 q/ha. Similarly, the area under cotton cultivation increased 
from 8 million ha before Bt adoption to 12 million ha post-adoption, 
eventually reaching 13 million ha in the later period. Before the advent of 
Bt technology, the estimated production of unginned cotton seed (kapas) 
was 5 million tons. After its introduction, this figure escalated to 19 
million tons, indicating an almost four-fold increase, before slightly 
reducing to 17 million tons by TE 2020. Similarly, production of ginned 
cotton increased from 1.6 million tons to 6.0 million tons and marginally 
declined to the current level of 5.5 million tons. During the pre-Bt period 
from 1990 to 2002, cotton seed oil and cotton seed production were 
recorded at 0.5 million tons and 3 million tons, respectively. However, 
after the Bt introduction, TE 2013 saw an increase in cotton seed 
production to 12 million tons and cotton seed oil production to 1.1 million 
tons. By 2020, cotton seed production marginally declined to 11 million 
tons whereas cotton seed oil production marginally increased to 1.2 
million tons owing to improvements in oil extraction/recovery processes. 
Overall, these figures indicate that with the introduction of Bt cotton, there 
is almost 3 to 5 fold increase in production up to 2013, but after that slight 
decrease or stagnation was observed, which is considered  common for 
any production technology exposed to climate variability. 
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Figure 3. Coefficient of variation (%) in area, yield and production of 
cotton

Overall, a notable decline in variability ( coefficient of variation) was 
observed across the parameters. The variability in area decreased from 
10% to 2%, yield variability decreased from 36% to 3%  and unginned 
seed production variability decreased from 28% to 3% (Figure 3). A 
similar significant reduction in variability was observed across all outputs 
including cotton seed, oil and lint.

Cotton production trend in Gujarat

Gujarat is the largest cotton-producing state in India, producing more than 
27% of the national cotton. The state-level cost of cultivation scheme data 
was obtained from the Commission for Agricultural Costs and Prices 
(CACP) comprehensive cost of cultivation scheme data.

Figure  4. Trend of  seed cotton yield in Gujarat (quintal/ha)

Source: Calculated from  CACP, 2024

Figure 4 illustrates the trend of cotton yield in Gujarat from 1996-97 to 
2021-22. During this period, the cotton yield in Gujarat increased from 10 
q/ha to 18 q/ha with an annual rate of  increase of 0.46 quintals, indicating 

Source: FAOSTAT, 2024
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a positive impact of Bt cotton. A closer examination reveals that during the 
pre-Bt cotton years, actual yields were below the trend line. In contrast, 
during the first decade of Bt cotton adoption (2003 to 2012-13), actual 
yields were above the trend line. However, in the second decade of Bt 
cotton adoption (2014 to 2022), actual yields fell below the trend line. This 
suggests that the positive impact of Bt cotton was more pronounced in the 
first decade and diminished in the second decade, although yields 
remained significantly higher than in the pre-Bt cotton period.

Changes in Input use 

Figure 5 . Share of fertilizers and pesticides in total cost (%)

Figure 5 illustrates the percentage share of fertilizers and pesticides in the 
total cost of cotton cultivation per hectare in Gujarat state from 1996-97 to 
2021-22. Fertilizers constituted 18% of the total cost in 1996-97, 
experiencing a slight increase to 19% and 21% between 1999 and 2001. A 
similar range was observed in post-Bt cotton phase, with fertilizer's share 
peaking in 2012-13, but decreasing to 15% and 13% during the later 
period between 2020 and 2022. In 1996-97, the proportion of pesticide 
costs ranged between 14% and 16%, but significantly reduced to between 
6% and 8% post-Bt cotton from 2002-03 to 2012-13. The share of 
pesticide costs has remained low throughout  2022. The trend line 
indicates a 0.23% reduction in the annual share of pesticide cost per year, 
with an R² of 0.37, indicating a significant reduction over the study period. 
Conversely, there is no discernible trend for fertilizer expenditure, with an 
R² close to zero. The observed trend of a reduction in the share of pesticide 

Source: Calculated from CACP, 2024
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cost with the use of Bt cotton agrees with general observations and the 
literature. The findings are against the argument that in the recent years, 
pesticide cost has increased due to sucking pest’s attack.  Figure 6 shows 
that fertilizer use increased following the introduction of Bt cotton. 
Farmers expecting higher yields with Bt cotton, increased their fertilizer 
use upon realizing that the crops responded well to fertilization, leading to 
improved yields. Pre-Bt cotton fertilizer use per hectare is just 70-90 
kg/ha, while after Bt cotton its use increased to a peak of 200-210 kg/ha. 

Figure 6 . Use of  Fertilizers (kg/ha)

Figure 7. Use of insecticides and fertilizers (Rs/ha) 2011-12 constant 
price

Source: Calculated from CACP, 2024

The expense on insecticides decreased significantly after the introduction 
of Bt cotton. For example, in 1997-98, the expenditure on insecticides was 
Rs. 1354/ha (Figure 7), but it decreased to Rs. 494/ha in 2002-03 and 
remained below Rs. 1500 until 2006-07. However, its use slightly 
increased later, with more usage observed post-2020. A similar trend was  

Source: Calculated from CACP, 2024
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observed for fertilizers. It is important to note that the increase in expenses 
does not necessarily reflect an actual increase in the quantity used, as the 
price index of insecticides rose more steeply than the general price index 
during this period compared with fertilizers.

Figure  8.  Fertilizer and pesticides expenses (Rs. /qtl of cotton)

Another important indicator of insecticide use efficiency is the expenses 
on insecticides to produce one quintal of cotton, which is measured by the 
cost of insecticides per quintal of cotton produced (Figure 8). The results 
are striking, showing a significant decrease in expenses from Rs. 200-300 
per quintal during the pre-Bt cotton period to below Rs. 100 per quintal 
immediately post-Bt cotton. Although there was a slight increase later, 
costs remained below Rs. 200 per quintal of cotton produced. A similar 
trend was observed for fertilizers, which were higher than insecticide 
costs. 

Figure  9.  Seed regulation and its impact on share of  seed cost  

(% of total cost)

Source: Calculated from CACP, 2024

Source: Calculated from CACP, 2024



Another significant argument against GMO crops including Bt cotton, is 
the increased cost of seeds due to the monopolistic practices of 
multinational seed companies (Vaidyanatha, 2019; CBAN, 2013; 
Mascarenhas and Busch, 2006). To examine this, Figure 9 presents seed 
costs from the years before and after the introduction of Bt cotton. During 
the pre-Bt cotton era, seed cost accounted for 8% of the total cultivation 
expenses in 1996-97, slightly increasing to 12% in 2000 before reducing 
to 10% in 2001 (Figure 9). After the introduction of Bt cotton, the share of 
seed initially rose to 16% in 2005 and 2006. However, this proportion 
subsequently decreased to 5-6% by 2020 and remained stable thereafter. 
These data indicate that seed companies initially charged higher prices for 
patented Bt seeds. Nevertheless, due to farmers' concerns and government 
regulations, seed prices have been reduced to more affordable levels. The 
trend line further corroborates this, showing a 0.03% annual reduction in 
the share of expenses spent on seeds. These findings contradict the claims 
of agencies arguing that Bt seeds have led to a monopoly and increased 
seed prices. Most of the decrease in the share of seed cost in total cost was 
contributed by the decrease in seed rates from about 6-7 kg/ha to about 1-2 
kg/ha even though prices were increased after Bt cotton (Figure 10). 
Figure 11 depicts the seed cost per hectare which was about Rs.1000 to 
Rs.2000/ha before Bt cotton, while it increased to a peak of Rs.3800 in 
2005-06, then stabilized at Rs.2000 to Rs.2500.

Transgenic Bt technology in cotton is in essence embedded in seeds. 
Although these seed prices have been regulated, fluctuations in yields 
have driven farmers desperately looking for new brands of seeds. The lack 
of reliable information and production volatilities in cotton has resulted in 
flocking in which farmers decide by imitation of others (Stone, Flacks and 
Diepenbrock, 2014). More than 1300 brands of seeds have been flooded in 
markets since the introduction of Bt technology in cotton (Stone and 
Flachs, 2018). Farmers also resort to multiple strategies for seed selection 
in the absence of anguish. They keep shifting from one seed brand to 
another every year hoping for better outcomes or they use more than one 
brand to avoid risking crops by relying on one brand (Reddy and Laha, 
2020). In other words, the actual functioning of seed markets and farmers' 
choices are mediated by uncertainties in production and pest infestations 
which cannot be captured by the cost of seed and sowing rate alone. 

11
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Timeline of Bt cotton seed regulation in India

Ÿ  2006 – Price caps were introduced in states like Andhra Pradesh, 
Karnataka, and Maharashtra due to concerns over high prices of Bt 
cotton seeds.

Ÿ  2015 – National-level regulation was introduced under the Cotton 
Seeds Price (Control) Order to standardize pricing across states.

Ÿ  2016 – The government slashed Bt cotton seed prices and reduced 
royalty payments to technology providers, leading to legal disputes 
with Monsanto.

Ÿ  2020 – The royalty (trait fee) for Bt cotton seeds was abolished by 
the government, and the maximum retail price (MRP) was fixed at 
₹730 per packet.

Figure 10. Seed use (kg/ha)  

Source: Calculated from CACP, 2024

Figure  11 Seed cost (Rs. /ha) at constant prices of  2011-12

Source: Calculated from CACP, 2024
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Figure 12.  Cost and gross returns at 2011-12 constant prices (Rs./ha)

In 1996-97, the total cost of cotton cultivation was Rs. 14,443/ha, with 
only a slight increase observed by 2001-02 (Figure 12). Following the 
introduction of Bt cotton in 2002, there was a gradual yet steady rise in 
cultivation costs, reaching a range of Rs. 42,000 -  Rs. 45,000/ha in recent 
years. This upward trend is confirmed by a fitted trend line indicating an 
annual increase of Rs. 1,345/ha with an R² of 0.89, signifying a significant 
trend. Comparatively, gross returns per hectare showed an even more 
pronounced increasing trend. In 1996-97, gross returns were Rs. 
36,636/ha. However, gross returns have steadily increased since the 
introduction of Bt cotton in  2003. By 2001-02, gross returns were Rs. 
20,000/ha and rose to Rs. 100,352/ha in 2011, although they decreased 
slightly to around Rs. 80,000/ha in subsequent years. The trend line for 
gross returns indicates an annual increase of Rs. 2,511/ha, which is higher 
than the annual increase in costs of  Rs. 1,345/ha. This demonstrates that 
although the introduction of Bt cotton increased cultivation costs, the 
gross returns increased at a higher rate, resulting in a substantial net 
benefit.

Source: Calculated from CACP, 2024
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Figure 13.  Profit (Rs. / ha) at constant prices of 2011-12

In 1996-97, the profit from cotton cultivation was Rs. 18,192/ha, which 
increased slightly to Rs. 28,161/ha in 1997-98, but then declined sharply 
over the next three years, reaching a minimum of Rs. 3,172/ha in 2001. 
However, from 2003 onwards, following the introduction of  Bt cotton, 
net profits surged, peaking at Rs. 76,333/ha in 2011 and dropping to Rs. 
22,266/ha in 2013. A notable rise was recorded the following year, with 
profits reaching Rs. 61,839/ha in 2014. Subsequently in later periods, the 
graph displayed considerable volatility, with profits ranging from Rs. 
40,000 and Rs. 45,000/ha. Overall, the introduction of Bt cotton led to a 
significant increase in net profits, which peaked around 2011 and 2014; 
then stabilized at levels significantly higher than those in the pre-Bt cotton 
years. The fitted regression model also showed an inverted “U” shaped 
relationship over time, with profits peaking around 2011 and 2014 and 
then experiencing a slight decrease. The R² value of 0.37 indicates  a 
significant trend.

Farm size and profitability relation

Research on the profitability of small farms in developing countries, 
particularly concerning the adoption of GMO crops like Bt cotton has 
revealed nuanced impacts on economic outcomes. Studies by Qaim and 
Zilberman (2003) and Kathage and Qaim (2012) have provided valuable 
insights into the economic implications of Bt cotton cultivation in India. 
Qaim and Zilberman (2003) highlighted that Bt cotton adoption can lead 

Source: Calculated from CACP, 2024
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to increased yields and reduced pesticide use, potentially enhancing 
profitability for small holding farmers. However, Kathage and Qaim 
(2012) suggested that although initial profitability gains are observed, the 
long-term economic sustainability of Bt cotton cultivation depends on 
various factors such as seed costs, pest resistance management and market 
conditions. These studies underscore the complex interplay between 
technological innovation, economic viability and sustainable agricultural 
practices in the context of small farms in developing countries.

Moreover, Subramanian and Qaim (2010) examined the broader 
socioeconomic impacts of  Bt cotton adoption in rural India, emphasizing 
its effects on poverty alleviation and income distribution among small-
scale farming households. Their findings indicated that although Bt cotton 
adoption can improve household incomes, its benefits do not reach all 
farmers because of the differential access to resources and market 
opportunities. Understanding these dynamics is crucial for policymakers 
and agricultural stakeholders aiming to promote inclusive economic 
growth and sustainable agricultural development in developing regions.

According to the Agricultural Census (2015-16), 6.7%of farmers 
cultivated cotton, allocated an average of 7.5℅ of cultivated area to the 
crop with 28% of the cotton area under irrigation. The share of cotton 
cultivation is high among semi-medium and medium farmers and 
relatively low among marginal farmers (Table 1). 

Table 1: Distribution in percentage of operational holdings and area 
under cotton by size classes

Land size class

Marginal (<1 acre)

Small (1-2 acre)

Semi-medium (2-4 acre)

Medium (4-10 acre)

Large (>10 acre)

All

Percentage of
holdings (%)

3.69

12.39

14.33

14.30

11.81

6.70

Percentage of
Area under cotton 

(%)

4.65

9.22

9.17

8.01

5.00

7.50

20

21

28

38

52

28

Area 
Irrigated (%)

Source: Compiled from Agricultural Census 2015-16
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The next section comprehensively assesses the gross returns, costs, 
profitability and variations in the cost of inputs and yields among different 
size groups of cotton farmers in 2000, 2013 and 2021 crop years by using 
CACP unit-level data for all the major cotton growing states 
(Subramanian & Qaim, 2010).

The figure 14 presents farm size and yield relationship in pre-Bt(2001), 
post-Bt (2013), and later (2021) periods. During the pre-Bt cotton years 
(2001), and peak of Bt cotton years (2013), the yields of marginal (<1 
acre) and small land holdings are higher than those of large farmers, 
indicating  that yield  has an inverse relationship with farm size. However, 
during the later periods (2021), yields are scale-neutral. Similarly, a 
similar relationship was observed in the case of gross returns. In contrast, 
during the later periods, there was a positive relationship between farm 
size and gross returns and profitability as there are significant scale 
economies during 2021 and later years (Table 3).

Figure 14. Cotton yield (qtl/ha) by farm size  

Source: Calculated from CACP, 2024
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Table 3. Gross revenue, costs and profits of cotton in 2000, 2013 and 2021

Note: When calculating costs only seed, fertilizer, pesticide and irrigation 
charges are considered. For year 2013, data for farm size category >10 is 
not included because the sample size was too small to draw conclusion. 

Labor accounts for over 50% of cotton cultivation costs. Over the years, 
there has been a notable shift in the composition of labour inputs, 
characterized by a sharp decline in animal labour (figure 15). Human 
labour usage has also seen a slight reduction, whereas there has been an 
increase in the utilization of machinery. Notably, during the peak years of 
Bt cotton cultivation, a significant surge in human labour usage was 
observed, which gradually declined in subsequent years.

2013 < 1  74103 17049 57054

 1-2. 66029 14355 51673

 2-4. 60327 12694 47633

 4-10. 58794 11926 46868

 Total 60606 12779 47827

2021 < 1  57308 13316 43992

 1-2. 56026 12716 43311

 2-4. 58932 11870 47062

 4-10. 58871 11556 47314

 >10 65244 10524 54720

      Total    58817         11889            46928

Year Plot size(acre) Gross  Cost (Rs./ha) Profit (Rs./ha)
  revenue 

  (Rs./ha)  

2000 < 1  30826 7541 23284

 1-2. 29724 6985 22739

 2-4. 27082 6019 21064

 4-10. 23428 5831 17597

 >10 28989 4716 24273

 Total 26270 6069 20201
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Figure 15. Human labour, animal labour machine labour use in cotton 
by farm size

Source: Calculated from CACP, 2024

Figure 16. Expenses on seed, fertilizer, manure, insecticides and 
irrigation (Rs./ha) by farm size in cotton

Figure 16 illustrates expenditure (in Rs./ha) on various physical inputs in 
cotton production across different farm size categories in the pre-Bt cotton 
era pesticides expenditures were highest, followed by fertilizer and seed 
expenditure and irrigation and manure expenditure were lowest. By 2013, 
during the peak adoption of Bt cotton, pesticide costs dropped to third 
place, with seed expenses taking the lead, followed by fertilizers. In later 
years, such as 2021, fertilizers retained their highest position in terms of 
expense, followed by pesticides and seeds. These results showed that, the 

Source: Calculated from CACP, 2024
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relative expenditure on pesticides notably decreased after the introduction 
of Bt cotton and has since remained lower, with a slight increase observed 
by 2021.

Throughout the study period spanning from 2000 to 2021, it is evident that 
small farmers, in general, have utilized more physical inputs than large 
farmers. This trend suggests that small farmers aim to maximize 
production on their limited land holdings. 

Table 4. Use of seed, fertilizer, manure and irrigation 

Year Plot size   Seed rate Fertiliser  Manure  Irrigation 
             category(acre)  (kg.)/ha (kg.)/ha (qtl.)/ha (Rs.)

2000 < 1 acre 9.3 97 17 37

 1-2. 6.9 91 19 46

 2-4. 7.2 83 17 28

 4-10. 7.3 79 18 37

 >10 11.6 68 4 35

   8.46 83 15 37
 Mean 

2013 < 1  2.3 215 37 106

 1-2. 2.1 190 33 66

 2-4. 1.9 171 25 61

 4-10. 2.2 162 26 51

 >10 2.6 145 14 37

 Mean 2.2 177 27 64

2021 < 1  2.6 215 10 39

 1-2. 2.3 219 9 34

 2-4. 2.3 216 6 33

 4-10. 2.5 205 4 30

 >10 2.3 205 2 21

 Mean 2.4 212 6 31

Source: Calculated from CACP, 2024
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The data underscores the disparity in economic outcomes between small 
and large-scale farmers in the context of technological adoption and 
agricultural intensification. 

Total factor Productivity (TFP) Growth 
This section is based on data collected from not only Gujarat but also all 
major cotton-growing states in India. The states included in this study are 
Punjab, Tamil Nadu, Rajasthan, Haryana, Gujarat, Madhya Pradesh, 
Karnataka and Maharashtra. The inputs used and outputs produced per ha of 
Bt cotton over different periods are listed in Table 5. The results revealed 
that in the pre-Bt cotton period (1997- 2002),  animal labour consumption 
was high with an average of 56.9 h per pair of bullocks, which eventually 
decreased in the post-Bt cotton period (2002-2013) with an average of 44.5 
pair h and further declined in the later period (2013-22) to just 24.9 pair 
hours. This may have been due to an  increase in mechanization; the farmers 
were less dependent on animal labour with time. Human labour usage 
increased from the pre-Bt cotton period (764 man hrs.) to the post-Bt-cotton 
period (827 man hrs.) but reduced to a later period (801 man hrs.). Fertilizer 
usage has shown a gradual increase from the pre-Bt cotton period (88 kg/ha) 
to the post-Bt cotton (135 kg/ha) period and to later period (175 kg/ha), as 
with Bt cotton adoption. The yield response to fertilizer increased with less 
risk of crop failure, both incentivizing farmers to use more fertilizers. The 
application of manure has been slightly decreasing from the pre-Bt cotton 
period to the post-Bt cotton period and later period as the mean value of 
manure usage was 14 quintals in the pre-Bt cotton period, 13.5 quintals in 
the post-Bt cotton period and 14.8 quintals in the later period. This may be 
attributed to the unavailability of manures, decreased reliance on manures 
and increased dependency on fertilizers. The average cost of insecticide 
usage decreased from Rs. 2320/ha in the pre-Bt cotton period to Rs. 2025/ha 
in the early post-Bt cotton period. However, it increased slightly to Rs. 
2725/ha in later years. During the first decade of Bt cotton adoption, 
insecticide usage was significantly reduced because of the lower rate of 
bollworm infestation. However, from 2015-16 onwards, there was an 
increase in sucking pest infestations, primarily jassids and thrips, leading 
farmers to use more pesticides against these pests. The average seed usage 
decreased from 9.6 kg/ha in the pre-Bt cotton period to 5.6 kg/ha in the post-
Bt cotton period and further decreased to 2.4 kg/ha in the later period. The Bt 



     Yield  Animal  Fertilizer  Human  Manure Insecticides  Seed 
   (qlt/ha) labour  (kg.  labour  (qlt) (Rs./ha) (kg.)
    (pair hours) nutrients) (man hours)

Pre-Bt    Mean 8.1 56.9 87.7 763.7 13.9 2320.1 9.6
cotton 
(1997-2002) 

  CV(%) 38.5 78.1 34.3 39.0 107.0 88.7 48.7

Post-Bt    Mean 13.8 44.5 135.3 827.3 13.5 2025.3 5.6
cotton
(2002-2013) 

  CV(%) 35.6 86.5 46.3 27.7 94.1 95.1 79.3

Later period  Mean 16.4 24.9 175.0 800.8 14.8 2725.3 2.4
(2013-22)  

  CV(%) 21.3 111.0 28.6 24.9 96.6 45.3 
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cotton seeds were more expensive than the normal seeds and required a 
lower seed rate as per plant type than traditional varieties.

Table 5. Descriptive statistics of the input-output matrix of cotton

Change in Total Factor Productivity during Pre-Bt Cotton phase (1997 
to 2002)

Table 6 presents changes in technical efficiency, scale efficiency and TFP 
of cotton entities during the pre-Bt cotton phase in eight major cotton-
producing states. The mean change in the technical efficiency of the 
selected states was 0.996 per year from 1997 to 2002, suggesting a 
decrease in technical efficiency on average. The mean technical change 
was 0.965, less than one, indicating technological regressions in the 
decade before the introduction of Bt cotton. The average TFP growth was -
3.9% per annum for all states combined from 1997 to 2002, reflecting a 
technological regression of 3.9% per annum in the pre-Bt cotton period.

The results reverted that in 1998, the change in technical efficiency was  
below 1 (0.976), indicating that the states had an average shortfall of 3% 
from the frontier. In 1999, 2000 and 2001, the technical efficiency change 
values were 0.999, 0.946 and 0.935, respectively, implying an increase of 
3% in 1999, followed by decreases of 5% in 2000 and 1% in 2001. 
However, in 2002, there was a steep increase of 20%.

Technical change, a measure of technological progress, was above 1 in 
1999, 2000 and 2001, indicating innovation and technological 
advancements in those years. In contrast, 1998 and 2002 had technical 

Source: Calculated from CACP, 2024
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change values below 1, indicating a decline in technological progress. The 
change in TFP was greater than 1 in 1999, 2000  and 2001 and less than 1 in 
1998 and 2002.

Table 6. Technical change, technical efficiency and Total Factor 
Productivity during pre-Bt cotton phase (1997-2002)

Source: Calculated from CACP, 2024

State     

Punjab 1.000 1.038 1 1 1.038

TN 1.000 1.015 1 1 1.015

Rajasthan 1.000 1.004 1 1 1.004

Haryana 1.000 0.995 1 1 0.995

Gujarat 1.000 0.988 1 1 0.988

MP 0.967 1.001 1 1 0.968

Karnataka 1.000 0.948 1 1 0.948

Maharashtra 1.000 0.765 1 1 0.765

mean 0.996 0.965 1 1 0.961

 Year Technical  Technical  Pure   Scale  TFP 
 efficiency  change  technical  efficiency  change
 change  (TC) efficiency  change 
 (TEC)  change (PTEC) (SEC)

1998 0.976 0.854 1 1 0.834

1999 0.999 1.054 1 1 1.053

2000 0.946 1.281 1 1 1.212

2001 0.935 1.072 1 1 1.003

2002 1.135 0.678 1 1 0.770



23

Policy Paper

Overall, TFP growth was highest in 2000 (1.212) about 21%, followed by 
1999 (1.053), 5% growth per annum and 2001 (1.003) a 0.3% per annum 
growth. Punjab recorded the highest TFP growth with a value of 1.038, 
followed by Tamil Nadu (1.015) and Rajasthan (1.004), indicating TFP 
growth rates of 3.8% per annum in Punjab, 1.5% in Tamil Nadu and 0.4% 
in Rajasthan. Conversely, TFP growth rates were negative for Madhya 
Pradesh (-3.2% per annum), Karnataka (-5.2% per annum) and 
Maharashtra (-23.5% per annum) during 1997 - 2002 period.

Change in Total Factor Productivity during Bt Cotton adoption phase 
(2003-12)

Table 7 presents the changes in technical efficiency, pure technical 
efficiency change, scale efficiency change  and TFP of cotton farms 
during the Bt cotton adoption phase. Technical change was greater than 1 
in all the years of  the Bt cotton adoption phase, except in 2005, 2010 and 
2012, out of the 11 years analyzed. This indicates that Bt cotton 
technology had an extremely high impact. All states also exhibited 
technical change values greater than 1 reflecting the uniform benefit of the 
technological change induced by Bt cotton across the states.
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Table 7. Technical change, technical efficiency and Total Factor 
Productivity during Bt cotton adoption phase (2003-12)

Year  Technical  Technical  Pure  Scale  TFP 
 efficiency  change technical  efficiency change
 change  (TC) efficiency   change 
 (TEC)  change  (SEC)
   (PTEC)   

2003 1.004 1.138 1 1.004 1.143

2004 1.013 1.306 1 1.013 1.323

2005 1.007 0.959 1 1.007 0.966

2006 0.963 1.344 1 0.963 1.295

2007 0.975 1.173 1 0.975 1.143

2008 1.05 1.163 0.99 1.06 1.221

2009 0.99 1.319 1.01 0.98 1.306

2010 1.02 0.869 1 1.02 0.886

2011 0.964 1 0.984 0.979 0.963

2012 0.998 0.922 0.998 1 0.92

2013 0.978 1.064 0.987 0.991 1.041

State     

Rajasthan 1 1.245 1 1 1.245

Maharashtra 1 1.173 1 1 1.173

MP 1.018 1.115 1 1.018 1.135

Punjab 1 1.121 1 1 1.121

Karnataka 1 1.055 1 1 1.055

Haryana 0.977 1.065 1 0.977 1.041

Gujarat 0.976 1.065 0.977 0.999 1.04

TN 1 1.002 1 1 1.002

mean 0.996 1.103 0.997 0.999 1.099

Source: Calculated from CACP, 2024
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The average technical change in the selected cotton-cultivating states was 
higher than that in the pre-Bt cotton period because of the introduction of 
new technological innovation. The pure technical efficiency change was 
equal to or greater than 1, except in 2008, 2009, 2011, 2012 and 2013, 
where it was close to 1 (0.98 and above), indicating operational and 
management inefficiencies growing in those years. Among the selected 
states, there was generally constant pure technical efficiency, except in 
Gujarat, which showed a value of 0.977.

There were decreasing returns to scale in 2006, 2007, 2009, 2011 and 
2013, as indicated by scale efficiency change values less than 1 in these 
years. The average scale efficiency in the selected cotton-cultivating states 
was 0.999, indicating constant returns to scale in the Bt cotton adoption 
phase, contrasting with the decreasing returns to scale in the pre-Bt cotton 
phase.

The TFP growth of cotton increased in all states for many years during the 
Bt cotton adoption phase, as indicated by TFP change values greater than 
1. The mean change in TFP in the selected states was 1.099, indicating a 
9.9% TFP per annum, which is significantly higher than in the pre-Bt 
cotton period. The highest TFP growth was recorded in Rajasthan, 
Maharashtra, Madhya Pradesh, Punjab  and Karnataka, all showing 
greater than 5% growth per annum. The highest TFP growth was recorded 
in 2004 (1.323), 2009 (1.306), 2006 (1.295) and 2008 (1.221), exceeding 
20% per annum.

Change in Total Factor Productivity during Bt Cotton declining phase 
(2013-21)

Table 8 presents the change in technical efficiency, pure technical 
efficiency, scale efficiency change and TFP of cotton production during 
the Bt cotton declining phase in eight major cotton-growing states (2013-
2021). On an average, the Total Factor Productivity (TFP) was 1.032, 
indicating a remarkable 3.2% annual growth in TFP during the second 
decade of Bt cotton adoption. However, TFP was less than 1 in 2015, 2016 
and 2021, indicating decreased productivity in those years. TFP exceeded 
1 in half  of  the cotton  growing states.
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Table 8. Technical change, technical efficiency and Total Factor 
Productivity during Bt cotton declining phase (2013-2021)

 

The findings indicate that the average change in technical efficiency 
during this period was 1.006, suggesting a 0.6% annual increase in 
technical efficiency. The mean technical change was 1.026, reflecting a 
2.6% annual increase in technical change, with Rajasthan, Punjab, Gujarat 

Year  Technical  Technical  Pure  Scale  TFP 
 efficiency  change technical  efficiency change
 change  (TC) efficiency   change 
 (TEC)  change  (SEC)
   (PTEC)   

2014 1.046 0.977 1.031 1.014 1.022

2015 1.018 0.899 1.000 1.018 0.916

2016 0.996 0.750 1.000 0.996 0.747

2017 0.975 1.402 0.988 0.987 1.367

2018 1.027 1.210 1.012 1.015 1.242

2019 0.974 1.139 0.992 0.982 1.109

2020 0.967 1.073 0.956 1.011 1.037

2021 1.064 0.870 1.054 1.009 0.926

2022 0.989 1.065 0.989 1.000 1.054

State     

Rajasthan 1.000 1.198 1.000 1.000 1.198

Punjab 1.000 1.139 1.000 1.000 1.139

Gujarat 1.030 1.011 1.028 1.002 1.041

MP 1.000 1.000 1.000 1.000 1.000

TN 1.000 0.987 1.000 1.000 0.987

Maharashtra 1.000 0.980 1.000 1.000 0.980

Karnataka 1.000 0.970 1.000 1.000 0.970

Haryana 1.017 0.953 0.990 1.027 0.969

Mean 1.006 1.026 1.002 1.004 1.032

Source: Calculated from CACP, 2024
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Impact on cotton exports trends 

With the increase in cotton area and production following the introduction 
of Bt cotton, India transitioned from an occasional importer to a regular 
and the largest exporter of cotton and its related products to global 
markets. This section examines the trend in India's cotton exports and  by 
products from 1990 to 2021 using Director General Foreign Trade 
(DGFT) trade data.

Figure 17.  Trend in cotton lint exports (Lakh tons)

Ginned cotton (lint) is cotton that has been processed through a cotton 
gin, a machine that separates cotton fibers (lint) from seeds and other 
impurities. This process is crucial for the preparation of raw cotton for 
further processing into textiles. Ginned cotton is the primary material used 
for spinning yarn and thread, which are then woven or knitted into various 
cotton fabrics and textiles. This is an essential step in the cotton production 
process because it ensures that the cotton is clean and ready for 
manufacturing. Figure 17 illustrates that the export of ginned cotton lint 
was 3.4 lakh tons in 1990, with little change until 2004. Following the 
introduction of Bt cotton, exports increased fivefold, reaching 15.3 lakh 
tons in 2007, despite a subsequent decrease in the same year in 2008. 
Exports peaked at 23.7 Lakh tonnes in 2013. In recent years, from 2019 to 
2021, exports have stabilized at approximately 10 lakh tons. The trend line 
indicates an overall annual increase of 0.8 lakh tons, demonstrating a 
strong positive trend in exports following the introduction of  Bt cotton.

Source: DGFT, 2024
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Carded or combed cotton exports 

Carded cotton is cotton that has been processed through a carding 
machine, which separates, cleans and aligns the fibers to create a 
somewhat cohesive web. This process removes some impurities and short 
fibers but leaves a mixture of fiber lengths and impurities. Typically, 
carded cotton is used for lower-quality, more affordable fabrics, such as 
basic t-shirts, denim and other less refined textiles. Combed cotton is the 
cotton that is processed in an additional combing stage after carding. This 
process removes the shorter fibers and remaining impurities, leaving only  
longer, more uniform fibers. sed for high-quality,   Combed cotton is u
softer and more durable fabrics, such as high-end bed linens, fine knitwear 
and dress shirts. 

Fig 18. Trends in export of cotton-based products 

The export of processed cotton products exhibited a distinct trend, with the 
impact becoming visible after a delay. Cotton seed cake exports ranged 
from 10,000 to 30,000 tons between 1990 and 1997 (Figure 18). However, 
from 1998 to 2009, exports declined and remained stagnant at lower 
levels. Cottonseed cake exports rose to 50,000 tons in 2010 and remained 
at that level until 2020. For carded or combed cotton, the trend remained 
low from 1990 to 2013, with sporadic spikes in exports, notably in 2000 
(11,633 tons) and 2003 (17,326 tons). However, exports have significantly 

Source: DGFT, 2024
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increased since 2019, reaching 57,000 tons. These trends indicate that 
exports of both cotton seed cake and carded or combed cotton required 
significant investments in the processing sector. As a result, an increase in 
exports occurred several years after the introduction of Bt cotton, with 
cottonseed cake exports picking up from 2010 and carded and combed 
cotton exports increasing substantially from 2019.

Figure 19. Exports of  cotton-based products (linter and waste (ton))

Cotton linter and waste showed similar export trends as those of cotton 
cake and carded or combed cotton, as these are outputs from the cotton 
processing industries and require similar technological progress (Fig 19). 
Cotton linter refers to the short fibers remaining on the cotton seed after 
the ginning process removes the longer fibers (lint). These fibers are 
typically less than 3 mm long. Cotton linters are used in a variety of 
industrial applications, including the production of paper, plastics, high-
quality bond papers, banknotes, cellulose-based products and raw 
materials for the manufacture of certain chemicals like cellulose acetate 
and nitrocellulose. Cotton waste refers to the by-products and residual 
fibers generated during the processing of raw cotton into yarn and fabric. 
This includes fibers that are too short or irregular for use in the main 
product, as well as other remnants and trimmings from spinning, weaving 
and other stages of textile production. Cotton waste is utilized in various 
applications, such as the manufacture of lower-quality yarns, cleaning 

Source: DGFT, 2024
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cloths, mops, padding and insulation materials, and in some cases, as raw 
material for paper production. It can also be recycled into new textile 
products or used in the production of regenerated fibers.

The export of cotton linters remained low from 1990 to 1999, with slight 
surges in 1995 and 1997 (Figure 16). Exports began picking up slowly 
from 2003 to 2009. The export volume of cotton linters increased from 
5,844 tons in 2000 to 51,180 tons by  2010. From 2010 to 2014, there was a 
steep growth, peaking at 91,523 tons, but it dropped to 32,084 tons in 
2018. In 2015, exports reached their highest level at 93,507 tons and then 
began declining from 2016 to 2021. The export pattern of cotton waste 
followed a similar trend in quantity and direction. In 1990, cotton waste 
exports were 34,983 tons, but they dropped sharply to 2,813 tons in 1991, 
showing stable and slow growth until 1997, with 17,273 tons. From 1997 
to 2013, exports grew steadily from 17,273 tons to 93,815 tons, with faster 
growth after 2004. There was a steep rise from 2014 to 2016, when exports 
peaked at 113,259 tons, the highest in the entire period. Exports of cotton 
waste fell from 102,792 tons in 2017 to 86,373 tons in 2021.

The discussion here is limited to how technology has impacted 
productivity and production capacity to increase exports. Needless to say, 
demand-side dynamics, including domestic and international markets, 
play an important role in exports as well as market prices for produce, 
which in turn influence profitability and production preferences.

Cumulative social costs and benefits due to Bt cotton adoption 

Figure 20 depicts the year-wise cost savings resulting from the adoption of 
Bt cotton, compared to the baseline year 2000-01. The cost savings are 
calculated by using the 2000-01 cost of production as the base year (before 
the introduction of Bt cotton) and comparing the production costs in all 
subsequent years at constant 2011-12 prices. The cost savings reflect the 
difference between the production costs with Bt cotton adoption and the 
baseline costs in 2000-01 for each subsequent year. The primary benefits 
arise from a reduction in production costs, alongside an expansion in the 
area under Bt cotton, expansion of irrigation and the overall increase in 
cotton acreage and production. The cumulative cost savings over the 
period amount to ₹3,47,159 crore, which peaked in the year 2010-11. 
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Figure 20. Total Cost savings due to Bt cotton adoption to the economy 
(Rs.Crore at constant prices of 2011-12)

Source :Author’s calculations 
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Policy Imperatives

The paper examined the past two decades of the Bt cotton adoption in 
India by using government cost of cultivation data and also international 
trade data of FAOSTAT. The analysis was carried from 1996 to 2022 by 
breaking down entire period the three phases viz., pre-Bt cotton (1996 to 
2002) and post-Bt cotton ascending phase ((2002 to 2013) and descending 
phase (2014 to 2022). The study showed that the introduction of Bt cotton 
in India has had significant positive impacts on agriculture, particularly 
for farmers in raising their incomes through increased cotton yields, 
reduced costs and steeper growth in Total Factor Productivity and 
Technological Change as measured by the Malmquist Index especially 
from 2002 to 2013. However, later on impacts appear to have tapered off.  
Since its adoption in the early 2000s, Bt cotton has contributed to 
increased yields by reducing losses from bollworm pests, thereby 
enhancing productivity. The technology has also expanded cultivation 
areas across the country including drylands and drought-prone areas, 
leading to higher overall production levels and making India one of the 
largest cotton producers globally. Moreover, Bt cotton has facilitated cost 
reductions by decreasing the need for chemical pesticides, which has not 
only benefitted farmers economically but also contributed to 
environmental sustainability. These economic benefits have translated 
into increased incomes and profits for many farmers, particularly those in 
regions prone to pest infestations and yield losses before the advent of Bt 
technology. The adoption of Bt cotton in the dryland regions of Gujarat, 
Maharashtra and Madhya Pradesh has resulted in dynamism in the 
agricultural economy as well as contributed to poverty reductions among 
the farming community.  Because of the adoption of Bt cotton, most of the 
drylands in Gujarat, Maharashtra and Madhya Pradesh improved their 
farm incomes.

However, the stagnation in productivity and reports of increasing 
resistance of pink bollworm to Bt during the latest phase of Bt cotton are 
immediate policy concerns in India. Similar challenges arise with 
conventionally bred crop varieties, as their yield growth tends to decline 
after 10-15 years. This decline is often due to the rapid evolution of pests 
and pathogens which have developed resistance to varieties bred for 
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specific resistances, leading to reduced effectiveness over time. The 
country needs to continue to take advantage from cotton production and 
efforts need to be focused on i) raising productivity and ii) increasing 
profitability, besides supporting the farming community with incentives 
for cotton cultivation.  

A)   Research and Development Support: 

Investing in research and development to address pest challenges and 
agronomic needs of diverse agro-climatic zones, would expand the 
applicability of the technologies for the benefit of a wider range of 
farmers. It should also focus on bridging yield gaps between regions 
and reducing year-on-year fluctuations in yields.

(i) Novel GM solutions in the pipeline through stacking/pyramiding of 
new events/traits should be subjected to the robust regulatory systems 
in place in the country in fast-track mode to surmount the problem of 
pest resistance. 

(ii) The existing BG II Bt Cotton is still resistant to the major American 
Bollworm and therefore new agronomic traits and continued breeding 
efforts for sucking pest resistance are to be taken up in this 
background.

(iii) ICAR-CICR has estimated that the loss caused due to pink bollworm 
is about an average loss of 3.6% on an open boll basis which is 
equivalent to 13.2 lakh bales valued at Rs 3900 crores annualy. 
However, the dip in production from the high of  360 lakh bales in 
2013 to the current estimate of 294.25 lakh bales in 2025 is nearly 70 
lakh bales. It is interpreted that a loss of  57 lakh bales is attributed to a 
combination of factors related to climate-change induced variability 
in weather parameters and deterioration in soil health over the years. 
Therefore, building climate resilience to changing weather and 
continued efforts for soil health restoration is due key to enhancing 
productivity and production to reach the 450 lakh bales target by 2030.

(iv) Technology targeting approach through High Density Planting 
System in low-productivity areas has emerged as a valuable approach 
for increasing productivity and profitability of cotton cultivation for 
farmers. Combining short-duration and compact Bt cotton hybrids in 
shallow to medium soils can boost the productivity and net returns 
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with the existing. However, the additional cost of a higher seed rate is 
to be addressed through the development of  Bt  varieties which are 
less cumbersome to produce in large quantities and lower the seed cost 
for HDPS farmers. For a shift to varieties instead of the existing 
practice of hybrids, he private sector may need stringent protection for 
the trait-specific genotypes developed after several years of research 
and development.

B) Informed policy discourse on Bt cotton: 

 The two decades of experience in Bt cotton in India should inform 
policy on GM cotton and modern technologies in other crops. 
Evidence-based policy discourse which is open and transparent, 
engaging both public and private agencies, is needed for promoting 
farm productivity and farmers interests while safeguarding the 
environment.

C) Support for cotton farmers: 

 States like Punjab and Haryana are providing incentives to shift away 
from water-intensive paddy and cultivation practices for ecological 
sustainability. Providing incentives for cotton farming can go a long 
way in saving water and electric power, besides reducing greenhouse 
gas emissions.  Further, with the spread of cotton production in 
agriculturally backward dryland regions, promoting cotton farming 
will also contribute to farmers well-being and regional development. 
Profitability is also market-dependent and ensuring a farmer-friendly 
ecosystem of public procurement and private produce markets supply 
chains and export promotion will enable stable returns to cotton.

The results showed that Bt cotton technology helped farmers significantly. 
To encourage science-based technologies in other crops in India and 
similar contexts, policymakers could consider several strategies:

1. Awareness and Education Programs: Launching targeted 
campaigns to educate farmers about the benefits of modern 
technology, including increased yields, reduced input costs and 
improved pest resistance, could enhance acceptance and adoption 
rates. This will reduce the spread of misinformation about modern 
technologies and GM crops. 

2. Subsidies and Financial Incentives: Providing subsidies on 
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improved seeds or other associated technologies required for their 
cultivation can alleviate initial investment burdens for farmers, 
making adoption more financially viable.

3. Research and Development Support : Investing in research and 
development to adopt modern technology to other crops, addressing 
specific pest challenges and agronomic needs of diverse agro-climatic 
zones, would expand the applicability and attractiveness of these 
technologies to a wider range of farmers.

By implementing these policies, India can potentially replicate the success 
of the adoption of modern seed technology in other crops, fostering 
agricultural growth, improving food security and enhancing farmers' 
livelihoods across the country.

Table 9. Policy matrix regarding GMO crops and possible solutions 
and outcomes 

Policy  Concerns  Probable solutions  Outcomes
issues  

Ethical  Farmers  Strict biosafety  Ensure environmental 
issues dependency  protocols safeguards 
 on MNCs 

 Public mistrust  Farmers education  Sustainable farming 
 about safety on varietal choices 

 Potential health  Public awareness  Science based farming 
 risks campaigns, fair  practices 
  labelling. 

Economic  High cost of    Enhanced farmers'
issues GM seeds    incomes, cost 
   reduction 
  

 Income disparity  Encourage local GM  
 among farmers  seed development  
    
   
    
   

and increased 
investments in research.

Affordable seed 
availability and 
redistribution at local 
level through subsidised
seeds in remote areas to 
small and marginal
farmers.

Subsidized GM seeds 
for farmers and price 
regulation of GM seeds - 
Strengthening IP
ecosystem.
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 Built up of  Honitoring of over   Control of outbreak 
 resistance,  use of pesticides   of secondary pests 
 secondary pest  and herbicides and diseases. 
 attack, more use 
 of pesticides.  

Environ- Impact on  Confined field trials  Preserve biodiversity 
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It is now more than two decades since Bt Cotton was introduced in India. It 
remains the only GM crop permitted for commercial cultivation in the country. 
All initial concerns regarding its environmental safety and impact on non-target 
organisms have been largely addressed. The technology continues to 
demonstrate effectiveness against the primary bollworm, Helicoverpa armigera, 
though there are emerging concerns. It was expected that functionally 
monophagous insect pests like the pink bollworm would gradually acclimatize to 
the selection pressure, developing resistance, and establishing themselves as 
dominant populations. This phenomenon accelerates when insect resistance 
management (IRM) practices, such as compliance with regulatory advice on 
planting non-GM refugia and related measures, are not adequately followed. In 
contrast, China has achieved productivity levels three times higher than India's, 
despite still using the single-gene version of Bt cotton. This was made possible 
through the dissemination and widespread adoption of a well-orchestrated 
resistance management strategy, coupled with improved location-specific 
precision agronomic practices integrated with GM technology. The argument 
that productivity stagnation in India is solely due to seed technology 
fatigue—since we are still using BG II—is not entirely tenable. It is indeed true 
that countries like Australia and Brazil have achieved four times higher 
productivity, and the USA about twice as much, owing to the deployment of more 
advanced GM technologies (BG III, BG IV, etc.). However, in these countries, 
the benefits of advanced GM seed varieties are realized in synergy with precision 
agronomy and crop protection over large farms in both irrigated and rainfed 
systems. Globally, seed genetics is estimated to contribute about 50% to realized 
productivity; the rest comes from interactions with the growing environment and 
crop management practices.

However, the next stage cotton varieties are under development and may reach 
the stage of wider adoption in the next five years, which may give a significant 
boost to yields and production. Until then, there is a need to focus on agronomic 
improvements such as High-Density Cotton Cultivation and Integrated Pest 
Management, which should be adopted to bridge the productivity gap and 
manage emerging challenges.

Way Forward: Time to Change the Narrative
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Cotton area in the country historically remained below 9 million hectares before 
the advent of Bt. The introduction of Bt cotton led to a surge in area, which 
crossed 13 million hectares by 2019–20, with production reaching 360 lakh 
bales. The perceived success of Bt cotton encouraged the spread of long-duration 
hybrids even into marginal soils, where they were often a misfit. A study by 
ICAR-CICR, Nagpur examined the efficiency of cotton production across ten 
states using data from 153 cotton-growing districts, based on relative area and 
yield indices. The analysis revealed that around 68 districts (33% of the area) fell 
into the efficient or most efficient categories. In contrast, 41 districts (55% of the 
area) had lower yields despite extensive cultivation. Additionally, 44 districts 
(12% of the area) were classified as inefficient, having both low yield and limited 
area. This classification helped underscore the need for targeted deployment of 
existing BG II seed technology in the right agro-ecological zones (Varadan and 
Prasad, 2024).

ICAR-CICR operationalized this strategy of technology-agroecology 
matching under a special project on cotton, jointly supported by the 
Ministry of Agriculture and Farmers Welfare and the Ministry of Textiles. 
Launched in 2023–24 and continuing into 2024–25, the project focused on 
demonstrating high-density planting systems (90 x 15 cm spacing) using 
compact and short-duration BG II hybrids, with three times higher seed 
rate, achieving up to four times the plant population in shallow soils. In 
medium soils, closer spacing of 90 x 30 cm was adopted. The project was 
implemented in PPP mode, involving ICAR-CICR, farmers, seed 
associations (FSII and NSAI), textile R&D organizations (CITI and 
SIMA), three ATARIs, 48 KVKs, and three district agri-tech centers from 
state agricultural universities. Over the two years, demonstrations were 
carried out in eight states, across 61 districts, covering more than 25,000 
hectares and involving 27,000 farmers. The results showed a 30–40% 
increase in productivity, particularly in shallow and medium soils. On 
average, farmers achieved yields of 22 to 25 quintals of seed cotton per 
hectare, equivalent to 742 to 825 kg of lint per hectare—exceeding the 
global average.
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A desegregated approach, analyzing regional, state, and district-level 
performance and aligning technology with local resource endowments, will 
likely yield better results than making broad national-level comparisons across 
countries. For example, comparing Gujarat, with around 15 lakh hectares of 
cotton area, to Brazil, requires attention to differences in crop production 
systems, pest management practices, agronomic precision, and availability of 
assured irrigation. Similarly, certain districts in Rajasthan have cotton areas (~3 
lakh hectares) comparable to those in Australia and offer meaningful reference 
points for identifying productivity gaps. These comparisons help highlight how 
better targeting and replication of global best practices can improve cotton 
efficiency. In China, around 89% of cotton area is concentrated in desert zones, 
cultivated using BG I seed with high-density precision planting, irrigation and 
fertigation, drone-based crop care, and mechanized picking. Most crucially, 
functional farm consolidation through village-level farmer cooperatives allows 
even smallholders (average landholding of 0.4 ha, smaller than India's 1.2 ha) to 
benefit from economies of scale. China's success is also aided by factors like 
abundant sunshine, soil temperature optimization via mulching, micro-irrigation 
systems, and precision crop protection. Together, these make Chinese cotton 
cultivation climate-resilient and less prone to weather extremes or rainfall 
variability, thanks to effective technology targeting and precision agronomy.

This change in narrative is needed now more than ever. It would lead to more 
constructive outcomes rather than persistent criticism of GM technology that is 
already two decades old, or unqualified comparisons between national averages 
across countries—often ignoring India's agro-ecological diversity, smallholder-
dominated landscape, and variation in production practices and resource use 
efficiency. A more effective approach is to identify and recognize champion 
farmers in each state and district who consistently attain top productivity 
levels—comparable to those in Australia, Brazil, or China—despite climate risks 
and within the existing technological and agronomic framework. While we wait 
for the development and release of next-generation, pest-resistant, climate-
resilient seed technologies, such champion farmers can serve as beacons of hope, 
helping restore the glory of cotton, a crop that sustains millions of rural 
livelihoods and is vital to the Indian textile industry and national economy. 
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