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Abstract Bacillus thuringiensis (Bt) cotton is the only genetically modified crop permitted for commercial
cultivation in India. We use farm-level data from 150 sample farmers cultivating cotton in rainfed areas
in Tamil Nadu, a state in India, and conduct multiple regression analysis to compare its economic
performance with that of non-Bt cotton. Compared to non-Bt cotton cultivated in a similar environment,
Bt cotton reduces pesticide consumption by about 28%. Since Bt cotton is resistant to bollworm infestation,
productivity is higher by 34% and profitability by 98%.
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Cotton contributes significantly to the development of
both the agricultural and industrial (textile) sectors in
India. The crop is grown mainly in Maharashtra,
Gujarat, Andhra Pradesh, and Tamil Nadu. With a
cultivated area of 12.29 million hectares (mha) in 2015—
16, cotton accounts for 11% of the net cropped area
(Gol 2017b). While making up 33% of the world’s total
acreage, India contributes only 23% of world
production (Gol 2017a; James 2014), and productivity
is one of the lowest in the world. In India, cotton is
cultivated predominantly under rainfed conditions,
which increase the risk in getting yield because of
uncertainty in rainfall and reduced moisture
availability—about 67% of the cotton crop was
cultivated under rainfed conditions even during 2015—
16 (Gol 2017b)—and the chronic and severe infestation
of bollworm and other pests destroys 50-60% of the
yield (Lalitha and Ramaswami 2007; Mayee et al.
2002). Also, indiscriminate pesticide use raises
cultivation cost. Bacillus thuringiensis (Bt) cotton was
developed to reduce pesticide consumption
(Ranganathan, Gaurav, and Halder 2018) and overcome
the bollworm problem (Mayee et al. 2002), and the
Government of India permitted commercial cultivation
in March 2002.

There was shrill invective both for and against the
hybrid, and bones of contention have included
intellectual property, environmental safety, ethics, and
even field performances of Bt hybrid. Nevertheless,
studies showed that compared to non-Bt cotton, Bt
cotton can significantly reduce bollworm attack and
cultivation cost and improve crop yield (Mayee et al.
2002), and since its introduction Bt cotton has emerged
as an effective alternative to traditional cotton varieties
by controlling bollworm attack and, thereby, improving
yield and income. Bt cotton has been adopted quickly,
and cotton production in India grew more than four
times—ifrom 8.6 million bales in 2002—-03 to 35.9
million bales in 2013—-14—Dbefore stagnating recently
(Gol 2017b), and the total area under Bt cotton
increased from a mere 29,000 hectares in 2002-03 to
10.682 million hectares in 2015—-16. Presently, Bt
cotton accounts for about 90% of India’s total cotton
area (Gol 2017a).

After Bt cotton was introduced in India, quite a few
studies analysed the impact of Bt cotton on pesticide
use, cost of cultivation, and productivity. Studies
carried out in Maharashtra and Andhra Pradesh show
that Bt cotton does not reduce pesticide use (Sahai and
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Rahman 2003; Shiva, Emani, and Jafri 1999; Qayum
and Sakkhari 2003), but quite a few studies find that it
does reduce pesticide use marginally (Mayee et al.
2002; Pray et al. 2001; Huang et al. 2002; Ismael,
Bennett, and Morse 2002; Qaim et al. 2006;
Subramanian and Qaim 2009; Ashok et al. 2012). Most
studies show that the cost of cultivating Bt cotton is
higher than that of non-Bt seeds (Shiva, Emani, and
Jafri 1999; Pray et al. 2001; Iyengar and Lalitha 2002;
Yamaguchi and Harris 2003; Narayanamoorthy and
Kalamkar 2006; Gandhi and Namboodiri 2006). A few
studies show that the yield of Bt cotton is higher than
that of non-Bt cotton (Chaturvedi 2002; Pray et al.
2001; Ismael et al. 2002; Huang et al. 2002; Dong,
Tong, and Zhang 2004; Bennet et al. 2006; Dev and
Rao 2007; Narayanamoorthy and Kalamkar 2006;
Loganathan et al. 2009; Kiresur and Ichangi 2011;
Ashok et al. 2012), but some studies find either a
reduction or an insignificant increase in yield (Shiva,
Emani, and Jafri 1999; Sahai 2002).

These studies do not find that the impact of Bt cotton
is uniform because most of these studies have some
methodological deficiency. Few studies only specify
whether Bt cotton is cultivated under irrigated
conditions or rainfed. If a crop is irrigated, its economic
performance is expected to be better than under rainfed
conditions because the risk in getting output is lower
(Narayanamoorthy, Suresh, and Alli 2015). Moreover,
the impact of Bt cotton cannot be judged clearly if the
data used for analysis is from both irrigated and rainfed
areas. In India, Bt cotton is cultivated predominantly
under rainfed conditions (Gol 2017a) and, therefore,
one must use data from rainfed areas to assess the real
economic performance of Bt cotton. This study
attempts to find out the input use pattern, cultivation
cost, productivity, and profitability of Bt cotton
cultivated under rainfed conditions.

Study area and method

The study used, mainly, data from a field survey
conducted in Salem district of Tamil Nadu, which is
among the top 10 cotton-cultivating states in India. As
per the data of 201415, the state had cultivated about
190,000 hectares of cotton (Gol 2017b). Of the 16 Bt
cotton—growing districts in Tamil Nadu, Salem district
was selected purposively as it cultivates cotton largely
under rainfed conditions (Season and Crop Report of

Tamil Nadu: 2014—15). Information on the adoption
of Bt cotton is not available for each district of Tamil
Nadu, and officials of the Department of Agriculture
in Salem district helped us to select the three study
villages and sample farmers.

We selected three villages (Attur, Kalpagnur, and
Akknichettipalayam) from Attur Block to study Bt
cotton and two villages (Pudupalayam and
Rajapalayam) from Veerapandi Block to study non-Bt
cotton. Ideally, we would have selected both Bt and
non-Bt sample farmers from the same villages to reduce
differences in soil quality and other agro-economic
factors between the two groups of farmers, but the
required number of non-Bt sample farmers were not
available in the villages where Bt cotton was cultivated
predominantly. However, the agroecological conditions
are similar in the selected blocks.

We selected 150 sample farmers; 100 of them grew Bt
cotton and 50 grew non-Bt cotton. The study aims to
evaluate the performance of Bt cotton cultivated under
rainfed conditions; thus, we selected farmers cultivating
Bt and non-Bt cotton under rainfed conditions only.
We followed the purposive sampling method to select
the sample farmers from both groups. The field-level
information on Bt and non-Bt cotton cultivation was
collected using a pre-tested interview schedule
pertaining to the 2016 kharif season. We compared Bt
and non-Bt cotton farmers on several economic
parameters to study the benefits of Bt cotton. One of
the objectives of this study is to find out the productivity
of Bt cotton, considered to be its major benefit. To study
its productivity, we estimated the following linear
regression model:

Yield = a + b,EDU + b,LHS + b,FIE + b,FER + b,
FYM + b,PES + b,VAD +
(D

where, yield is productivity of cotton (quintal per acre);
EDU is level of education of the farmers involved in
agriculture (in years); LHS is the landholding size (in
acre); FIE is the farm improvement expenditure (in
rupee per acre); FER is the expenditures on fertilizers
(in rupee per acre); FYM is the expenditure on farm
yard manure (in rupee per acre); PES is the expenditure
on pesticides (in rupee per acre); VAD is variety dummy
(1 for Bt cotton; 0 for non-Bt cotton); and p is the
error term.
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Table 1 Characteristics of Bt and non-Bt cotton sample households

Characteristics Bt Non-Bt Test of significance
Households Households of mean value

Number of sample households 100 50 —
Average size of family 4.33 4.22 NSD
Average farming experience (years) 25.26 30.18 NSD
Average education (years) 8.35 6.24 ok
Household with agricultureas main occupation (%) 100.00 100.00 —
Average land size (acre) 3.06 2.40 o
Foodgrains area to GCA (%) 16.50 37.83 *x
Non-foodgrains area to GCA (%) 6.36 10.03 *E
Cotton area to GCA (%) 77.13 52.89 *x
Cropping intensity (%) 171.67 106.14 ok

Notes GCA is gross cropped area; ** is significant difference at 5% level; NSD is no significant difference.

Source Field survey data.

The main aim of this analysis is to find out the impact
of Bt hybrid on productivity; therefore, the variety
dummy is used to differentiate Bt farmers from non-
Bt farmers. Farmer’s education (EDU) is essential for
adopting any new technological component in crop
cultivation; therefore, it is used in the model. Inputs
such as fertilizers, FYM, pesticides, and farm
improvement expenditure (FIE) are needed to raise the
productivity of any crop; therefore, these variables have
to be incorporated in any model that studies crop
productivity. The landholding size (LHS), an important
factor of crop productivity, is used to reflect the
resource position of farmers. Among the variables
included in the regression model, the variety dummy
(Bt = 1; non-Bt = 0) is expected to significantly
influence the productivity of cotton.

Results and discussion
Characteristics of sample farmers

The personal characteristics of Bt farmers are
somewhat different from that of non-Bt farmers (Table
1). Young farmers tend to adopt any new technology
earlier than old farmers; therefore, it was expected that
Bt cotton growers would have less farming experience
than non-Bt cotton growers. This expectation is borne
out by the study: Bt cotton—cultivating households
average 25.26 years of farming experience and non-Bt
farmers average 30.18 years. Bt farmers are better
educated than non-Bt farmers; this is expected, because
educated farmers are early adopters of any new

technology. Land quality and landholding size also
determine the adoption of any new technology in
agriculture. It was expected that the average
landholding size of Bt cotton growers would be higher
than that of non-Bt growers; this expectation also turned
out to be true. We now turn to the impact of Bt cotton
on economic parameters.

Input use pattern

Bt cotton is more cost-intensive than the conventional
hybrid variety, and the seed company claims that Bt
cotton reduces the infestation of pests, especially
bollworm, and substantially reduces pesticide use.
Therefore, we looked for differences in the input use
pattern between Bt and non-Bt cotton growers, and
found that except for seeds and pesticides, input use is
considerably higher for Bt cotton cultivators (Table 2).

In the study area, Bt cotton farmers used substantially
higher amounts of yield-increasing inputs such as
fertilizers—225 kg of NPK fertilizers per acre, over
15% more than the 195 kg per acre used by non-Bt
cotton growers—and about 67% more farm yard
manure. Most Bt cotton cultivators are progressive
farmers and they use more of yield-increasing inputs.
Both Bt and non-Bt farmers followed the recommended
seed rate. Bt cotton cultivators used around 490 gram
per acre, and non-Bt cultivators used around 2,200
gram per acre. The difference is explained by the
landholding size of the cotton cultivators and the
difference in spacing crops.
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Table 2 Inputs application for Bt and non-Bt cotton

(Units/acre)
Inputs Bt cotton Non-Bt % over non-
cotton Bt cotton
Manual labours (days) 114.56 90.08 27.17
Tractor (hours) 4.37 3.58 22.06
Seed (gram) 490 2200 -77.72
Fertilizers (kg)
Urea (N) 97.63 86.12 13.36
Phosphate (P) 83.28 65.30 27.53
Potash (K) 60.00 43.60 37.61
Total NPK (kg) 225.05  195.02 15.39
FYM (cart load) 3.44 2.06 66.99
Pesticides (litre) 5.02 6.97 -27.97

Source Field survey data

Compared to non-Bt cotton farmers, Bt cotton farmers
reduced pesticide use by about 28% (Table 3) and used
less number of spray/time (4.44); non-Bt cotton
growing farmers used 6.14. Bt cotton farmers used
pesticides mostly to control sucking pests and,
therefore, minimized pesticide use. At the time we
conducted the survey, farmers reported the emerging
problem of pink bollworm attack in Bt cotton.

Cost of cultivation

We attempted to study the cost of cultivating Bt cotton
by comparing the cost of each operation for Bt and
non-Bt cotton to assess the difference, and we found
that it costs considerably more to cultivate Bt cotton
(Table 4). Cultivating Bt cotton costs Rs 27,365 (cost
A2+FL) per acre on average, nearly 8% more than the

Table 4 Cultivation cost by operation (cost A2 + FL) for
Bt and non-Bt cotton

(Rs/acre)

Operation Bt Non-Bt % over non-
cotton cotton Bt cotton

Preparatory works 710.00  644.00 10.24
(2.59) (2.53)

Ploughing 4239.40 3516.86 20.54
(15.49) (13.85)

Seed 1025.45  557.56 83.91
(3.74) (2.19)

Sowing 787.20  1044.00 -24.60
(2.87) (4.11)

Fertilizers plus labour 4550.00 4313.90 5.47
(16.62)  (16.99)

FYM plus labour 3059.70  2158.50 41.75
(11.18) (8.50)

Pesticides plus labour 4298.45  5245.58 -15.08
(15.70)  (20.66)

Weeding and inter- 2045.40 2444.40 -18.05

culture (7.47) (9.62)

Harvesting (picking)  4933.00 4133.60 19.33
(18.02)  (16.28)

Transport and 1717.00 1326.00 29.48

marketing (6.27) (5.22)

Total cost 27365.60 25384.40 7.80
(100.0)  (100.0)

Test of significance of roH
mean in total cost

Notes Figures in brackets are percent to total cost of cultivation;
** significant difference at 5% level
Source Field survey data

Table 3 Number of spray and quantity of pesticides used in Bt and non-Bt cotton

(Units/acre)
Particulars Btcotton Non-Bt % over non- Test of significance
cotton Bt cotton of mean
Number of spray 4.44 6.14 -27.69 *E
Quantity per spray (milli litre) 800.00 1100.00 -27.27 HE
Quantity of pesticides used (litre) 5.02 6.97 -27.97 oK
Cost of pesticides (Rs) 2855.90 3679.49 -22.38 ok

Note ** Significant difference at 5% level
Source Field survey data
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Table 5 Productivity of Bt and non-Bt cotton

Particulars Productivity Productivity range
(quintal/acre) (quintal/acre)

Bt cotton 7.50 5to 12

Non-Bt cotton 5.60 4.5t07

Absolute increase over non-Bt (quintal) 1.90

Increase over non-Bt cotton (%) 33.92

Test of significance of mean productivity

Significant difference at 5% level

Source Field survey data

Rs 25,384 per acre on average for non-Bt cotton. What
explains this difference? First, the seed cost of Bt cotton
is Rs 1,025 per acre, almost double that of non-Bt cotton
seed (Rs 557 per acre). Second, Bt cotton growers incur
about 47% higher expenditure on fertilizers and farm
yard manure. Third, Bt cotton is more productive, and
therefore harvesting, transport, and marketing cost
more.

Productivity of Bt and non-Bt cotton

One of the advantages of Bt hybrid is that it is capable
of increasing productivity. Earlier studies, too, show
that Bt cotton can increase productivity substantially
compared to the conventional hybrid non-Bt cotton.
The average productivity of Bt cotton is 7.50 quintals
per acre, about 34% more than the 5.60 quintals per
acre for non-Bt cotton (Table 5). Bt cotton is more
productive because the bollworm attack was very low
and, therefore, there was little crop damage; bollworms
heavily damaged the non-Bt cotton crop of many
farmers although they applied much more of pesticides.
Second, each Bt cotton plant produced more bolls.
Third, Bt cotton growers used more of yield-increasing
inputs, which may have influenced productivity.

We used regression analysis to find out the relative
contribution of the factors of productivity. We expected
that all the seven variables used in Equation 1
contribute to the productivity of cotton one way or the
other, but only the variety dummy appears to have
contributed significantly (Table 6 ); it turned out to be
the most significant (highest coefficient value) in
raising productivity. This is as expected, because almost
all Bt cotton cultivators in our sample have harvested
substantially higher productivity than that of non-Bt
counterpart. The use of fertilizers and farm yard manure

Table 6 Determinants of productivity of cotton:
regression results

Variables Coeffi- v
cients  value
Variety dummy (1=Bt and 0= Non-Bt) 1.498  8.596*
Education (years) .0004 .0296M
Fertilizers (Rs) .0002 1.535¢
Farm improvement expenditures (Rs)  -4.788  -.540™S
Farm yard manure (cart load) .0001 2418
Landholding size (acre) -.0273 -536M
Pesticides (Rs) .0002  2.243°
Constant 3.778 4.283°
R? 0.486 -
Adjusted R? 0.461 -
F value 19.183 -
D-W value 2.02 -
N 150 -

Notes a and b are significant at 1% and 5% respectively; NS is not
significant.
Source Computed using field survey data.

is higher in Bt cotton, and all these factors might have
contributed to increasing productivity. The influence
of all other variables, including landholding size (LHS)
of farmers, on productivity of cotton is insignificant,
which is a plausible result.

Profitability of Bt and non-Bt cotton

Profitability is expected to be very high from Bt cotton
cultivation mainly because productivity is higher,
which is observed in this study as well, but the existing
studies show divergent results. We attempted to find
out the difference in profitability between Bt and non-
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Table 7 Gross value of production and profit from Bt and non-Bt cotton

Particulars Bt Non-Bt % over Test of significance
non-Bt of mean

Gross value of production (Rs per acre) 43138 33319 29.46 *oE

Gross cost of cultivation (Rs per acre) 27365 25384 7.80 ok

Cost of production (Rs per quintal) 3648 4532 -19.50 —

Profit (Rs per acre) 15773 7935 98.77 ok

GVP:GCC 1.57 1.31 19.84 —

Notes GVP is gross value of production; GCC is gross cost of cultivation; ** is significant difference at 5% level

Source Field survey data

Bt cotton. For computing profitability, we deducted
the gross cost of cultivation (GCC) from the gross value
of production (GVP) per acre; we estimated GVP by
multiplying the productivity of cotton with the output
price (per quintal) received by each sample farmer
(Table 7). The profit from cultivating Bt cotton crop is
Rs 15,773 per acre, 98% more than the Rs 7,935 per
acre for non-Bt cotton.

How is the profit so much higher? The yield of Bt
cotton is substantially higher, and the higher
productivity raises its cost efficiency (Table 7): only
Rs 3,648 per quintal, compared to Rs 4,532 per quintal
for non-Bt cotton. The income and expenditure analysis
suggests that the profit from cultivating Bt cotton is
considerably higher than non-Bt cotton even in rainfed
areas.

Conclusions

This study attempted to find out the economic impact
of cultivating Bt cotton in rainfed conditions in Tamil
Nadu by comparing it with non-Bt cotton. We found
that the cost of cultivating Bt cotton crop is more than
that of non-Bt cotton. Bt cotton farmers can reduce
pesticide use, in terms of both number of sprays and
quantity, and incur much less expenditure on account
of pesticides for Bt cotton. Bollworm infestation is less
in Bt cotton, and productivity was about 34% higher
than non-Bt cotton. The increased productivity helped
Bt cotton farmers realize about 98% higher profit. The
results of the study suggest that productivity and profit
from Bt cotton cultivation is substantially higher than
from conventional hybrid cotton even in rainfed areas.

Bt hybrid is beneficial, but farmers say that Bt cotton
seeds cost much more than non-Bt cotton seeds, and
the high cost constraints adoption, especially among

resource-poor farmers (marginal and small
landholders). The government should promote research
and development in transgenic cotton seed production
in the public sector to bring down the cost of Bt cotton
seeds.

Most Bt cotton farmers continue to use pesticides in
large quantities because of poor awareness and their
fear of bollworm attacks, but pesticide overuse
increases the cost of cultivation and private cost and
also the social cost by damaging the environment.
Therefore, seed companies that produce and sell Bt
varieties must counsel farmers on optimal pesticide use.

This study finds that the return from Bt cotton crop is
considerably higher than that of non-Bt cotton crop,
but it is difficult to pronounce that the same return can
be realized from the entire state of Tamil Nadu or from
all rainfed regions in India. The relative return from
Bt cotton crop can go down in a rainfed area if the
adoption of yield-increasing inputs or practices is less
than the level in this study. To establish the economic
benefits of Bt cotton cultivation in India, further studies
are needed on varieties of Bt cotton and in rainfed areas
in different regions.

An emerging problem is the recent, large-scale
infestation of pink bollworm in Bt cotton. The current
BG II seed seems to be ineffective against pink
bollworm. Therefore, studies need to be conducted on
the productivity and profitability of BG II, especially
in rainfed areas.
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