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Abstract: Insect-protected crops like Bacillus thuriegiensis (Bt) cotton are bringing cotton growers new alternatives to broad-spectrum
insecticide use in integrated pest management (IPM).The paper analyzes the effect of insect-resistant Bt-cotton farming on pesticide
usage and agricultural productivity. To analyze the environmental benefits, and to determine whether the benefits are directly (prime) or
indirectly (secondary) related to the growing Bt cotton, a study has been conducted during the year 2009-10 in Guntur district of Andhra
Pradesh, a leading southern state of Bt-cotton farming in India. The secondary data such as current literature, conference proceedings,
governmental and institutional reports market research etc., were used for the comparative analysis. Ex-post facto research design was
used in the present study. The purposive and random sampling methods were adopted for the present investigation. A pre tested and well
designed questionnaire was used and personal interview schedule was planned accordingly. The results of Bt-Cotton farming survey
revealed that the reduction of application rates of toxic chemicals, decrease of pesticide sprayings to 9.83 percentages compared to
sprays in non Bt-cotton farming. The average number of sprays on Bt-Cotton is only 4.36 percentages as the seed is Genetically
Modified. Thus, promoting a more widespread diffusion of Bt cotton could amplify the efficiency, and environmental gains. The
statistical analsysis established the correlation between the reductions of sprays of pesticides compared to the non-Bt cotton growers.
The results also showed significant relation of environmental benefits with the decrease of usage of pollutants that are hazardous to the
environment. It is concluded that the technology’s sustainability to be monitored using surveillance and monitoring programmes for
long term and to assess the scope of occurrences of secondary effects.
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1. Introduction

Agriculture is one of the most ancient and significant sectors
of India, the only means of living for almost two-third of the
employed class in India (Role of Technology in Rural
Development in Agriculture (2016)).

It has occupied almost 43 percent of India’s geographical
area. It is still an important contributor to India’s Gross
Domestic Product (GDP) even after a decline in agriculture
share and still plays a vital role in the growth of socio
economic sector. With a vast population base and its
growing demand for food needs, the related burden on
agriculture has increased severely extract more agricultural
productivity reported by James Hewitt, (2017).

As agriculture evolved into a more productive activity, it
became more energy-intensive too. Since agriculture is
closely associated with the environment, it has a major
impact on land use, soil, water biodiversity and the
landscape and the intensive agriculture has disrupted
ecological balance. In the process of extracting higher
productivity on par with the growing demand, the varieties
of crops chosen, though highly-yielding, were found to be
prone to epidemic diseases. To protect the crops from the
epidemic diseases caused by pests and diseases, it is
compiled to use large quantities of pesticides and
insecticides (Winfried and Blum, (2013)).

The widespread use and disposal of agriculture pesticides by
farmers, large plantations and the general public causes
environmental contamination. It is estimated that the 68
percentage of such contamination is a result of agricultural
uses, followed by industrial and commercial uses

(17percentages) and home and garden application
(15percentages). Following release into the environment,
pesticides may give rise to different consequences on
environment. Pesticides which are sprayed can become
airborne and may eventually end up in soil or water.
Pesticides applied directly to the soil may be washed off the
soil into water or may percolate through the soil to lower
soil layers and ground water (USGS, 2016).

The application of agriculture pesticides directly to bodies of
water, for weed control or indirectly as a result of run-off
from soil or other routes, may lead not only to the build-up
pesticides in water, but also cause pollution to the air
through evaporation (SAN DIEGO, (2006).). As these
pesticides may be broken down or degraded by the action of
sunlight, water or other chemicals or microorganisms, this
degradation process usually leads to the formation of less
harmful residues but in some instances can produce more
toxic and hazardous products (Pesticides in the environment
(2016). The pesticides become resistance to the degradation
by any means and thus remain unchanged in the
environment for longer periods of time (Salas et al., 2011).
The ones that are most rapidly broken down have the
shortest time to move or will otherwise have a diverse
effects on humans or other organisms. The ones which last
the longest, the so-called persistent pesticides can build up in
the environment leading to greater potential for adverse
effects on human population (Bv and what is a good
pesticide (2016)).

2. Methodology

The present study was conducted during the year 2009-2010
in the district of Guntur, Andhra Pradesh State India. Guntur
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district, one among the 23 districts of Andhra Pradesh State
is inhabited by large number of cotton growing farmers.

Population and sample

The population for the study covers the cotton farming area
of the entire three mandals viz., Amaravathi, Tadikonda and
Prathipadu of Guntur district of Andhra Pradesh, India.
Based on the cotton farming area and the diversity of
problems out of the three mandals (talukas) seven villages
from each mandal was identified as sample of the
population.

First stage selection — identification of district

As the present study confined to Guntur district in the state
of Andhra Pradesh, selected purposively because the
intensity of cultivation of cotton is in the large scale, 75
percent of the entire population was depending on
agriculture and the main commercial crop is Bt-cotton. The
Guntur district was selected for the sample collection as the
first stage selection.

2.3 Second stage selection — selection of mandals

From the identified district of Guntur, out of 56 mandals in
Guntur district 3 mandals (sub district unit) viz Amaravathi,
Tadikonda and Prathipadu were selected purposively based
on the cotton growing area. Details of mandals in selected
district is furnished.

Third stage selection — selection of respondents.

The technique of proportionate sampling was adopted and
sample size of 200 respondents was limited. The selections
of respondents among the mandals and in each villages were
presented.

Data collection

The study involves collection of both primary and secondary
data. The primary data was collected from the selected Bt-
cotton farmers with the help of duly pre-tested
questionnaire. The secondary data as regard to pesticide
consumption over the years and expected consumption were
collected in order to get insights on pesticide usage pattern
change over the years in the study area. The secondary data
was collected from department of agriculture reports,
because of their being authenticity. The questions were
asked in local language (Telugu) for easy understanding. A
great care was taken to obtain the valid and authentic
information for the schedule and after completion of day’s
work. The questionnaire were checked and edited to obtain
objective responses.

Analysis of data and application of statistical techniques
The quantification of qualitative data was done in
accordance with the standards laid down and tabulated to
draw meaningful inferences. The zero order correlation
statistical technique was applied to find out association
among different variables. The multiple regression analysis
technique was adopted to ascertain the variation. The other
statistical techniques applied were frequency, percentage,
mean, standard deviation, correlation and multiple linear
regressions (MLR).The collected data from the respondents
were scored, tabulated and analyzed using the following
statistical tools and techniques.

Research design

Ex post-facto and exploratory research design was followed
for the present study. A pilot study was conducted prior to
main investigation to obtain insights and familiarity to the
problem.

Reasons for adopting exploratory design

e Exploratory research design would help to build up
hypothesis which can be tested by planning a higher level
of scientific design

e Exploratory research design is flexible design which
provides an opportunity for considering different aspects
of a problem

e Exploratory research design helps the researcher to draw
together the diverse information into a unified
interpretation which makes this design as an appropriate
procedure for evolving insights

Exploratory research is a type of research conducted because
a problem has not been clearly defined. Exploratory research
helps to determine the best research design, data collection
method and selection of subjects. According to Das (2005),
the purpose of exploratory studies is to formulate a problem
for a more precise investigation or to develop hypothesis.
Here the exploratory study was attempted to enhance the
understanding of the benefits of Bt-cotton farming in a more
scientific way.

3. Results

In addition to the direct control of insects and economic
benefits that allow growers to produce a cotton crop more
profitably, Bt-cotton also provides numerous secondary
benefits. Grower adoption of Bt-cotton has proven to be
extremely beneficial to the environment through reductions
in broad-spectrum insecticide applications and use of farm
machinery (Falck-Zepeda et.al., 1999; Graham Brookes &
Peter Barfoot (2016). The environmental benefits stem
directly from a reduction in insecticide applications, which
positively affects surrounding ecosystems and associated
insect, wildlife, and human populations (Saravanan, S and V
Mohanasundaram, (2016).

Julie M. Edge et.al., (2001) stated that the direct benefits
documented from using Bt cotton to control insect pests
include reduced use of broad-spectrum insecticide, lower
farming risks and production costs, better yields and
profitability, expanded opportunities to grow cotton and a
brighter economic outlook for the cotton industry. The
indirect benefits that arise from the use of the crop primarily
stem from the reduction in broad-spectrum insecticide use
where Bt cotton is used for pest control. Reducing the use of
broad-spectrum insecticides in cotton produces benefits that
include increased effectiveness of beneficial arthropods as
pest control agents, improved control of non-target pests,
reduced risk for farm land wildlife species, reduced runoff of
broad-spectrum insecticides, reduced fuel usage, lower
levels of air pollution and related waste production, and
improved safety of farm workers and neighbors.

It is known that conventional cotton is easily prone to insects
and pests, which destroy the whole crop resulting in
complete loss to the growers. To protect the crops, the

Volume 6 Issue 7, July 2017

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: ART20175838

2165



International Journal of Science and Research (1JSR)

ISSN (Onli
Index Copernicus Value (2015):

ne): 2319-7064
78.96 | Impact Factor (2015): 6.391

farmers spray synthetic pesticides as many as possible and
as much as then could afford financially. It has lead to many
unwanted consequences. The non Bt-cotton farmers used to
spray when they grew conventional cotton crop. Excessive
use of these insecticides and pesticides degrades the
ecosystem. Many studies and researches have proved that
these synthetic pesticides which were introduced in the mid
1940’s however, the regulatory procedures providing
approval for their use were limited. Several studies provide
that the increasing use of synthetic pesticides would have a
serious negative effect on the environment.

The Table 1 reveals that number of sprays targeting
bollworms particularly on Heliothis and Pectinophora
indicate that Bt expression might be satisfactory. Number of
sprays targeting pink boll worm has not been observed.
Sprays targeting sucking pests are not confined at early stage
(up to 60DAS) but will be spread throughout the crop
growth period. The results pertaining pesticides usage
pattern was presented in Table 2. and Table 3. It indicated
that the average number of sprays reduced to 4.36 from 9.83
by adopting Bt technology. Nearly 80 percent of sprays were
targeted bollworms before introduction of Bt technology in
cotton. The sprays in Bt-cotton targeted sucking pest
complex.

Table 1: Pesticide usage pattern in Bt cotton farmers in Guntur district

S.No Duration Total no of sprays| Percentage of insecticides against Percentage of pesticides against sucking pests
sucking pests
1 | Upto60DAS 395 100 100
2 60 - 90 DAS 212 60 (35 % for Spodoptera targeted) 95 (5% bactericide)
3 90 - 120 DAS 182 100 83.7 (16.7% fungicides)
4 | After 120 DAS 84 100 66.7 (16.6 bactericide and 16.7% fungicides)
Average 4.36
Table 2: Pesticide usage pattern in non Bt cotton farmers in Guntur district
S.No Duration  |Total no of sprays | Percentage of insecticides against Bollworms | Percentage of pesticides against Bollworms
1 | Upto60DAS 428 48 66
2 | 60-90DAS 593 89 95 (5% bactericide)
3 |90-120 DAS 548 92 78.3 (21.7%fungicides)
4 | After120 DAS 397 100 66.7 (16.6 bactericide and 16.7% fungicides)
Average 9.83
Table 3: Plant protection chemicals — consumption from 1998-99 to 2008-09 (Technical Grade in MTs)
S. Name of the Chemicals | 1998- {1999- 2000- | 2001- | 2002- | 2003- [2004-{ 2005- | 2006- [2007- 2008-| % change between
No 1999 |2000{ 2001 | 2002 | 2003 | 2004 | 2005| 2006 | 2007 |2008| 2009 | 1998-99 to- 2008-09
1 Synthetic Pyrethroids 64 | 60 59 120 | 54 27 | 28 | 13 4 4 3 4.69
2 Other Insecticides 1020 [1012| 1002 | 2096 | 674 | 451 | 439 | 108 | 42 | 47 | 38 3.73
3 Weedicides 128 | 121 | 134 84 43 23 26 11 5 10 4 3.13
4 Fungicides 423 | 421 | 441 361 | 177 | 142 | 167 | 20 9 1 7 1.65
5 Rodenticides 18 17 16 20 12 6 6 10 4 3 3 16.67
6 Neem based pesticides - - - - - - - - - 2 1 -
7 Plant growth regulator - - - - - - - - - 5 2 -
TOTAL 1653 [1631| 1652 | 2681 | 960 | 649 | 666 | 162 | 64 | 72 | 58 3.51

Source: Agriculture action plan (2009-10)
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Figure 1. Consumptlon of Weedicides

It was observed from the (Fig.1) that weedicides usage in
cotton farming was fluctuated during 1998-2001 between
128 tons and -134 tons. Later, it recduced to 84 tons during
2001-02 and registered a study decline which had been
recorded till 2009-10 with slight fluctations during the years
from 2005 to 2008. The decline in weedicide consumption
could be attributed to Bt-technology adoption.
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Figure 2: Consumption of synthetic pyrethroids
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It was proved (Fig.2) that the usage of synthetic pyrethroids
was reduced from 2002-03 onwards. During the years from
1948 to 2001, there had been fluctuations but from 2002 on
wards the reduction has been diminished from 120 tons to
mere 3 tons during 2009-10. It was clearly observed that the
usage of synthetic pyrethroids had gone to an extreme peak
stages during 2000-01 which touched 120 tons during the
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two preceded crop years and then drastically declined from
134 tons to 60 tons in the very next year (2001-2002),
because of Bt-cotton introduction.

4. Discussion and Conclusion

Bt cotton can substantially reduce the number of pesticide
sprayings, which can provide significant environmental
benefits (Saravanan, (2016) and Kranthi, (2012). A number
of studies have demonstrated that insecticide sprays are
reduced by using Bt cotton (Carpenter et.al. 2002; Edge et
al., 2001; James, 2002; Julian Witjaksono et al.,2014).

The use of Bt cotton in place of conventional systems can
positively impact non target organisms (NTOs) and
beneficial organisms by preserving populations (Head et.al,
2001; Smith, 1997; Xia et.al., 1999; ZHAO Cai-yun et al.,
(2016)). It is also compatible with integrated pest
management initiatives (Benedict & Altman, 2001). In
addition, Bt-cotton farming adoption can provide secondary
positive environmental impacts such as a) saving on raw
materials needed to manufacture chemical insecticides b)
conserving fuel oil required to manufacture, distribute, and
apply such insecticides and c) eliminating the need to use
and dispose of insecticide containers (Leonard and smith,
2001).

Major environmental benefits could be attributed to decrease
of 50 percent in the number of insecticide sprays per season,
which in turn reduced insecticide residues that could
potentially runoff into watersheds and aquifers. A decrease
of 14 sprays in China (from 28 to 14 sprays), 7 in South
Africa, and 2 in USA. Global insecticide savings attributed
to Bt cotton in 2001 were 10,500 MT of insecticide active
ingredient equivalent to 13% of the 81,200 MT (a.i) of all
cotton insecticides used globally in 2001. According to
department of agriculture Andhra Pradesh State, India
during 2001-02 the quantity of plant protection chemicals
utilized in cotton growing area was 2681 tons technical
grade. It was reduced to 52 tons during the 2008-09
respectively.

The important aspects of the environmental debate
surrounding the introduction of G.M. crops and that in their
potential reduction in pesticides use in the European Union
50% reduction of pesticide spraying resulting from the
introduction of Bt-cotton varieties. (Phipps and Park, 2008).
Hence, it is important to know the reduction in pesticide use
can be linked to improve the surrounding environment.

Qaim and Alinde (2005) reported that they had empirically
analyzed the effects of Bt cotton on pesticide use and
productivity in Argentina. The farm survey revealed that the
Bt technology lead to a considerable decline in pesticide
application rates. On an average Bt technology adopting
farmer use 50% less insecticide on their Bt plots than on
plots grown with conventional cotton. All most all of these
reductions occur include in highly toxic chemicals, with
concomitant positive effects for the environment. Moreover,
Bt cotton adopters benefit from significantly higher yields
compared to conventional cotton due to insufficient pest
control methods. It was also observed from the present study
that with introduction of Bt-cotton, number of sprays

reduced to 4.36 from 9.83 which could be attributed to the
environmental benefits associated with introduction of Bt-
cotton technology.

Bt-cotton farming has reduced pesticide sprayings by 172
million Kg and reduced the environmental toot print
associated with pesticide use by 14 percent. The Bt
technology has also significantly reduced the release of
green house gas emissions from agriculture which is
equivalent to removing 5 million cars from roads (Brookes
and Barfoot, 2006). GM crops have contributed to a
significant reduction in global environmental impact of
production agriculture. Since1996, the use of pesticide was
reduced by 224 million kg of active ingredient (6.9%
reduction) and the overall environmental impact associated
pesticide use on these crops was reduced to 15.3 percent. In
absolute terms the largest environmental gain has been
associated with the adoption of Bt cotton.

Phipps and Park (2002) stated that despite the limitations in
the analysis, the overall complexities of the debate that the
authors believed the GM technology has the potential to
markedly reduce overall pesticide use. Further, if less
chemical is used and the number of spray applications are
reduced, there would be a considerable saving in support of
energy required for crop production. According to Kline, a
New Jersey based consulting firm, analyzed the future trends
in pesticide use in the USA during the year 2009. Their
analyses of the market indicated that by 2009, Bt and insect
protected crops would contribute to annually 20 million and
6 million kg of herbicide and insecticide active ingredient
respectively.

In a recent survey, conducted in the USA showed that about
75% of people surveyed, said that they approved the use of
biotechnology to produce insect protected crops which in
turn reduced the use of pesticides. This is supported by
studies carried out in Canada by the University of Guelph.
According to their studies the public was offered the choice
of either buying conventional or GM sweet corn and
potatoes.

A list of sprays used on the produce was clearly visible for
the public to see. Under these circumstances 60% of the
public preferred to buy GM rather than conventional
produce. The authors of these studies expressed their interest
to observe the attitude of Europe Union consumers towards
G.M. and Non G.M. varieties. From all these, the expected
hypothesis “the adoption of Bt-cotton farming will result in
positive environmental effects, prevents the environmental
pollution and stabilizes the eco system”, has been evidently
proved to be true.
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