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Bacillus thuringiensis (Bt) cotton is a genetically modified plant. Since the 
introduction and commercialization of Bt cotton in India, most of the area 
for cotton production has been occupied by the Bt cotton. However, despite 
its popularity, some farmers are still very much sceptical about the 
advantages of planting Bt and are wary of its possible effects on conventional 
cotton, the environment and the health of humans and as such, would not 
cultivate it. A binomial logit model was employed in investigating factors 
influencing farmers’ attitude towards Bt cotton adoption. The results 
indicated that farmers with owned lands were less likely to cultivate Bt 
cotton than farmers with lease in lands. Also, educated farmers had greater 
likelihood of planting Bt than illiterate farmers. It is concluded that efforts in 
cotton research will be more beneficial if farmers are educated and if cotton 
research is tailored towards the needs of specific locations. 
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INTRODUCTION 
 
Bacillus thuringiensis (Bt) cotton is a transgenic plant that 
produces protein crystals that are toxic to insects. The Bt 
gene that is inserted into the seed is derived from the 
naturally occurring soil bacterium, Bacillus thuringiensis 
(Bt). Basically, the cotton hybrid containing the Bt gene 
produces its own toxin to counter the bollworm attack and 
thus significantly reduces pesticide consumption, thereby 
providing a major benefit to cotton growers and the 
environment. The transgenic cottons are of two types: the 
bollgaurd which is resistant to bollworms and the roundup-
ready cotton which is resistant to herbicides. Also, there is 
the single gene Bt cotton hybrid and the multiple genes Bt 
cotton hybrid. The multiple genes Bt according to 
Choudhary and Gaur (2010), provides additional protection 
to Spodoptera spp. (a leaf eating tobacco caterpillar) as well 
as increases the efficacy of protection to other American 
bollworm, pink bollworm and spotted bollworms. Pray and 
Nagarajan (2012) reported that in India, the first transgenic 
hybrid of cotton containing the Bt 1 gene was approved in 
2002 for commercialization and it was marketed through 
Mahyco-Monsanto Biotech (MMB) joint venture.  

The adoption of Bt technology has revolutionized India’s 

cotton cultivation and the country has thus emerged as a 
major exporter of cotton. However, its increasing exports 
have led to growing concerns from the domestic textile 
industry and this has caused the government to initiate 
various cotton export control measures. The introduction of 
Bt has also led to an imbalance in the varietal profile of 
cotton grown in the country and as resulted in the shortage 
of short and medium staple cotton. This imbalance and 
shortage has necessitated the call for development of 
desired varieties of seeds and new areas for cultivation of 
short and medium staple cotton to overcome the shortage 
of these varieties (SIMA, 2008). The area under Bt cotton and 
other improved varieties have reached an estimated 90 per 
cent of the total cotton area of production. Hence, the 
prospects for future growth in productivity in India are 
considered limited since most of the cotton produced is grown 
under rain-fed and on small farms (Singh, 2011). Moreso, 
Hillocks (2009) argued that Bt is not a yield enhancing 
technology but a crop protection technology and that the 
additional yield gains recorded from the adoption of Bt cotton 
are due to the improved pest management. The proposed 
benefits    from    Bt    cotton    cultivation    include   reduced  
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pesticide usage, improved crop management, better yield 
and profitability (Mayee et al., 2002). However, there have 
been conflicting reports on the effects of Bt cotton. The 
Institute of Science in Society (2010) survey reported that 
many Indian farmers having incurred so much debt due to 
high cost of cultivating Bt were driven to suicides when they 
did not get the high yields promised by the Bt cotton seed 
dealers and worse still, their cattle were dying after feeding 
on the Bt cotton.  

This study has been motivated by the fact that cotton is a 
crop of global significance and it is cultivated in tropical and 
subtropical regions of more than 80 countries of the world. 
Cotton is sometimes referred to as white gold and its 
cultivation has provided jobs for millions of people all over 
the world. The Bt technology is reported to have played a 
prominent role in the growth of Indian cotton yield as most 
researchers believe that the increase in the country’s cotton 
production was largely due to the Bt gene revolution. This 
claim provides a basis for increase in the commercialisation 
of Bt cotton as an emerging technology in third world 
nations so as to ensure stable supply of cotton as a raw 
material to textile industries in order to meet increasing 
demand for clothes by a growing world population. In this 
way, Bt technology can be a tool of human capacity building 
in third world nations. Although, the adoption of Bt 
technology revolutionized cotton production in Asia, it is 
yet to take root in the African continent except for countries 
like Burkina Faso and South Africa where it is already 
commercialised. It has been noted that despite the 
establishment of regulatory mechanisms regarding GM 
crops, there are still apprehensions about Bt (Joshi, 2008). 
Many farmers express the fears that the greater the 
presence of Genetic Modified Organisms (GMO) in a 
country, the easier it is to criminalise farmers’ varieties. A 
major worry is that the production of GM seeds will lead to 
contamination of local or indigenous varieties. Apparently, 
when contamination occurs, the seeds become alien to 
farming; it can destroy the seed, farming system and even the 
farmer’s wisdom (Siripatra, 2008).  

Despite the misgivings about Bt cotton, research has 
shown that certain factors could influence farmers’ 
adoption of the crop. Padaria et al. (2009) found that the 
size of holding has a positive and significant influence on 
adoption of Bt cotton and they inferred that with increase 
in land size, farmers would have better choices and options 
for experimenting with new technologies as compared to 
farmers with small holding. In addition, the Council of 
Social Development (2012) found that most Bt farmers in 
India were small farmers followed by medium and then 
large farmers. It was also observed that the cost of cotton 
cultivation increased by 67- 68 per cent in the post-Bt 
cotton period (2002-2009) from the pre-Bt cotton period 
(1996-2001) and this increment was attributed to rising 
labour wages followed by cost of fertilisers, then seeds and 
mechanisation. However it was seen that the increase in 
average net returns per hectare in the post-Bt cotton period 
was much higher than the increased costs of cultivation. 
More so, Loganathan et al. (2009) stated that higher yield,  

 
 
 
 
higher profitability and lower pest problems have been 
cited by most farmers as major factors behind their 
preference for Bt cotton even though high cost of seeds and 
cultivation were serious challenges. In view of the 
foregoing, the study aims to contribute to the literature on 
the perception of farmers about Bt cotton by providing 
empirical evidence of factors influencing farmers adoption 
of the crop through the use of a qualitative response model. 
 
 
MATERIALS AND METHODS 
 
Tamil Nadu state was purposively selected as the location 
for conducting the present study because it is one of the 
cotton belts of India, although the cotton production in 
various districts of the state has been on the decline due to 
several challenges faced by cotton farmers. The data used 
for the research were from primary and secondary sources. 
For the survey, six districts out of the thirty-two districts in 
Tamil Nadu state were selected. The districts were chosen 
at the first stage based on their triennium average cotton 
area ending 2009/10. Then in the second stage, the blocks 
within the districts were selected based on the 2010/11 
record of the area of cotton cultivation, whereby the block 
with the highest area was chosen and subsequently, in the 
third stage, the villages in the block were also chosen based 
on discussions with block level agricultural officers about 
the area of cotton cultivation. A sample of thirty farmers 
was randomly selected from each district, resulting in a 
total of 180 farmer respondents from the six districts for 
the study. The binomial logit model is of a qualitative 
response variable which characterizes the alternative 
choices of a decision maker and assumes that the choice of 
cotton adoption by the farmer is a function of specific 
variables. Since Y is a qualitative variable, the objective is to 
find the probability of a farmer planting Bt cotton. An 
individual farmer i’s choice of type of cotton j’s is defined as 
Yij 

Yij  = α + βXi + ui   (1)        
Where, Yij = { 0 if Bt is not planted and 1 if Bt is planted } 
α = Intercept of the model 
β = the slope coefficients of the determining variables  
Xi    = Represents factors influencing the choice of cotton 

planted. These are indicated in Table 1 
Let Pij = probability [Yij =1] for j =0, 1 then,  

 
The estimated probability of planting Bt cotton is directly 

given by:  

 
Where z = α + βxi   while 1-Pi the probability of not 

planting Bt is: 
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Table 1. Definition of Variables  
 

Variables Units 
Y Output (quantity of cotton seeds produced in 

Kg/ha) 
QS Quantity of seeds (in Kg/ha) 
NPK Total cost of NPK fertilizers (in Rs./ha) 
LC Labour cost (in Rs./ha) 
I Cost of Insecticides (in Rs./ha) 
AG Age of the sample farmer (in years) 
EL Educational level (coded as ordinal numbers 1, 

2,...N) 
FE Farming experience (in years) 
FZ Total farm size (in ha.) 
LO Land ownership dummy (1 if owned, otherwise 0) 
FS Family size (in nos.) 
D1....D5 1 if location is Salem district, 0 otherwise 

 
 
 
A logistic transformation of the non linear regression model 
(3) that could also be used is: 

L(logit) = ln                   

(5)                         

Where  is the log of the odds ratio in favour of 

planting Bt cotton. i represents the individual farmer and β1 

is the estimated coefficients of the model and its sign tells 
us if Pi (y=1) is increasing or decreasing as x increases. The 
dependent variable Y was coded as 0 and 1 and Xi as the 
explanatory variables: yield, farmer’s age, educational level, 
farming experience, total farm size, land ownership, family 
size, labour cost, fertilizers, insecticides and location. The 
variables are as defined in Table 1. The variable: location 
was categorical and was represented by dummy variables 
(Dik). Since respondents were drawn from six villages, five 
dummies are regressed by the model in order to avoid a 
case of perfect collinearity (Gujurati and Sangeetha, 2007). 
The omitted sixth district which may be randomly chosen 
by the computer represents the base or reference category 
to which other districts are compared. In addition, the slope 
coefficients according to Green (2008, cited by Tecklewold 
and Kohlin, 2011) can be used to calculate the partial 
changes in probabilities (marginal effects). Where there 
are two choices, j=2 of cotton (Bt and non-Bt), the 
probability of choosing either of them is given as: 

 
Thus, if Zn is a vector representing the explanatory 

variables, then the marginal change is given as: 

 
Where, Pj is the probability of selecting alternative j, Zn is 

the nth explanatory variable and βnj is the parameter 

estimate of the variable for the nth farmer at the jth 
alternative.  
 
 
RESULTS AND DISCUSSION 
 
The results of the binomial logistics are reported in their 
odds ratio and marginal effects. The odds ratio means a 
change in the odds or likelihood of planting Bt, given a 
change in the explanatory variable when other variables 
are held constant while the marginal effects coefficient are 
log-odds units that signify the partial unit change in the 
probability of planting Bt due to a change in the given 
explanatory variable when other variables are held 
constant. It can be averred from the overall results of the 
pooled data presented in Table 2 that land ownership 
status was statistically significant. It could also be inferred 
that the estimated odds of owned-land farmers planting Bt 
was 0.38 times as the estimated odds of leased-land 
farmers. In other words, owned-land farmers were less 
likely to plant Bt than leased-land farmers as confirmed by 
the negative sign of the coefficient under marginal effects. 
This scenario could arise on one hand, from land owners’ 
fear of supposed adverse effects of Bt on the soil and other 
crops. While on the other hand, such scenario could be 
driven by the desire to maximize output and profits within 
a short time by leased-land farmers.  

The insignificant coefficients of yield, age, labour, 
insecticides and family size suggested that a change in these 
variables would have little or no effects on the likelihood of 
a farmer planting Bt cotton. Although insignificant, it is 
shown that those with secondary education had the most 
likelihood (2.4 times) of planting Bt than illiterate farmers. 
Generally, the educated farmers had higher likelihood of 
planting Bt than the illiterates. This is most likely to be the 
case because educated farmers are more willing and able to 
grasp new technological knowledge instantaneously. It is 
observed from the result that when family size increased by 
one, the estimated odds  of  planting Bt  multiplied by 1.149  
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Table 2. Overall Estimates of Factors influencing the Choice of Cotton  
 
Variables Logistics values Marginal Effects 

Odds Ratio P> |z| Coefficient P> |z| 
Constant 0.25 0.32 - - 
Yield (Kg/ha) 1.00 0.23 0.001 0.22 
Age (Yrs) 1.01 0.78 0.001 0.78 
Education (illiterate as base = 1)     
2 (Primary) 1.83 0.23 0.094 0.23 
3 (Secondary) 2.39 0.17 0.134 0.16 
4 (Collegiate) 1.19 0.86 0.028 0.86 
Farm experience (Yrs) 1.04 0.31 0.006 0.30 
Farm size (ha) 0.95 0.76 -0.008 0.76 
1. Owned land (Leased as base = 0)  0.38 0.09* -0.148 0.08* 
Family size (Nos.) 1.15 0.30 0.021 0.30 
Labour costs (Rs./ha) 1.00 0.71 -0.000001 0.71 
Fertilizers costs (Rs./ha) 1.00 0.19 0.00002 0.19 
Insecticides costs (Rs./ha) 1.00 0.81 0.000003 0.81 
Location (Salem as base = 1)     
2 (Perambalur) 0.66 0.56 -0.087 0.56 
3 (Tiruchirappalli) 0.96 0.96 -0.009 0.96 
4 (Villupuram) 0.10 0.00** -0.455 0.00** 
5 (Vellore) 2.61 0.16 0.16 0.16 
6 (Virudhunagar) 0.01 0.00** -0.65 0.00** 
Log likelihood            -84.08 
LR Chi2 (16)              81.28 
Prob > Chi2              0.00** 
Hosmer-Lemeshow Chi2 (4) 
Prob > Chi2 

             6.31 
             0.18 

No. of observation              180 
 

(**) = Significant at one per cent; (*) = Significant at 10 per cent. 

 
 
 
or increased by about 15 per cent. The dummy variables for 
the districts showed that Villupuram and Virduhunagar had 
significant odds ratios which meant that the odds of these 
districts’ farmers planting Bt were 0.1 and 0.01 times 
respectively multiplicative of the odds of farmers in Salem. 
These limited coefficients which indicated lesser 
probabilities of planting Bt cotton were not surprising as 83 
per cent of Villupuram farmers and 97 per cent of 
Virudhunagar farmers were observed to have planted non-
Bt. It was also seen that the likelihood ratio test was 
significant which implied that the model was better than 
the null model with only a constant and that the parameters 
included in this full model were not equal to zero. Also the 
Hosmer-Lemeshow chi-square measure of the goodness of 
fit was insignificant which meant that the model was 
adequate and there was no significant difference between 
the observed and predicted estimates. The overall result of 
the marginal effects also presented in Table 2 showed that 
efforts in cotton research would be more beneficial if 
farmers were educated and enlightened and also, if research 
was tailored towards individual location needs or challenges. 
The results indicated that as the cost of inputs such as labour, 
fertilizer and insecticide increased, farmers would be less 
likely to plant Bt or be indifferent to the adoption of Bt 
cotton. Thus the adoption of Bt would be more likely if the 
cost of required inputs were cheaper.  

The results of Table 3 showed that under marginal farmers 
category, the variables: yield, land status, labour costs, 
family size and insecticides had significant effects on the 
likelihood of farmers planting Bt. For instance, the 
likelihood of a farmer planting Bt as yield increases was 
approximately one (that is, there is little or no change in the 
odds) while the odds of farmers with primary education 
planting Bt were 0.1 times the estimated odds for illiterates. 
Land owners were shown to have lower odds of planting Bt 
than leased-land farmers. However, small farmers who 
owned lands were more likely to plant Bt than the marginal 
and large farmers.  Also, the more the family members, the 
more likely (2.23 times) a marginal farmer would cultivate 
Bt cotton, given that more hands would be available as farm 
labour. Although family size had significant effect under 
small farmers, none of the variables had significant 
influence on medium and large farmers’ likelihood of 
planting Bt. Furthermore, the Hosmer-Lemeshow goodness 
of fit statistics was not significant under the three farm-size 
categories of farmers thereby indicating the adequacy of 
the model. The likelihood ratio tests of the small and large 
farmers were not significant and it meant that the 
likelihood of these farmers choosing Bt cotton were 
influenced by other factors not included in the model. 

The marginal effects of the explanatory variables on the 
likelihood of a farmer choosing Bt  cotton  are  presented  in  
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Table 3. Estimates of Factors influencing the Choice of Cotton based on Farm Sizes  
 
Variables Marginal Farmers Small Farmers Medium and Large Farmers 

Odds Ratio P> |z| Odds Ratio P> |z| Odds Ratio P> |z| 
Constant 0.004 0.23 0.01 0.21 24.09 0.15 
Yield (Kg/ha) 0.998 0.02** 1.00 0.70 1.00 0.34 
Age (Yrs) 1.060 0.26 0.97 0.39 0.97 0.27 
Education (Illiterate = 1)       
2 (Primary) 0.097 0.05** 2.24 0.35 0.70 0.64 
3 (Secondary) 0.122 0.26 4.50 0.20 0.91 0.91 
4 (Collegiate) - - 1.10 0.94 - - 
Farm experience (Yrs) 0.969 0.66 1.01 0.82 1.02 0.66 
Farm size (ha) 20.832 0.36 7.22 0.21 0.88 0.53 
1. Owned land (Leased = 0) 0.002 0.01*** 0.61 0.60 0.57 0.45 
Family size 2.226 0.01*** 1.63 0.09* 0.91 0.52 
Labour costs (Rs./ha) 1.000 0.07* 1.00 0.72 1.00 0.77 
Fertilizers costs (Rs./ha) 1.000 0.36 1.00 0.61 1.00 0.73 
Insecticides costs (Rs./ha) 1.000 0.05** 1.00 0.21 1.00 0.82 
Log likelihood      -18.690       -31.78       -44.11 
LR Chi2 (16)       38.850         11.30         5.51 
Prob > Chi2        0.000***         0.50         0.90 
Hosmer-Lemeshow Chi2 (3) 
Prob > Chi2 

       2.740 
       0.434 

        2.63 
         0.45 

        6.05 
        0.11 

 

(***) = Significant at one per cent; (**) = Significant at five per cent; (*) = Significant at 10 per cent 

 
 

Table 4. Marginal Effects of Binomial Logistics based on Farm Sizes 
 
Variables Marginal Farmers Small Farmers Medium and Large Farmers 

Coefficients P> |z| Coefficients P> |z| Coefficients P> |z| 
Yield (Kg/ha) -0.0002 0.00*** -0.00004 0.37 -0.0001 0.33 
Age (Yrs) 0.0063 0.25 -0.0057 0.37 0.0074 0.82 
Education  
(1= Illiterate) 

      

2 (Primary) -0.2650 0.02** 0.1638 0.34 -0.0806 0.63 
3 (Secondary) -0.2404 0.21 0.3029 0.17 -0.0218 0.91 
4 (Collegiate) - - 0.0194 0.94 - - 
Farm experience  0.0033 0.65 0.0027 0.82 0.0043 0.66 
Farm size (ha) 0.3266 0.35 0.3996 0.19 -0.0285 0.53 
1. Owned land  
(Leased as base = 0) 

-0.5396 0.00*** -0.0982 0.59 -0.1328 0.45 

Family size 0.0861 0.00*** 0.0989 0.06** -0.0226 0.51 
Labour costs (Rs./ha) 0.00003 0.04** -0.000002 0.72 0.000001 0.97 
Fertilizers costs (Rs./ha) 0.00003 0.34 0.00004 0.42 -0.00001 0.73 
Insecticides costs (Rs./ha) 0.0001 0.03** 0.00002 0.61 0.00001 0.82 

 

(***) = Significant at one per cent; (**) = Significant at five per cent; (*) = Significant at 10 per cent 

 
 
 
Table 4 and like the odds ratios, they are the change in the 
probability of planting Bt for a unit change in the 
explanatory variables. For example, under marginal 
farmers, it can be figured out that a unit increase in yield 
would decrease the probability of planting Bt by a limited 
value (0.0002) while a change in land status to owned 
land would reduce the probability of planting Bt by 0.54 
points. In the case of small farmers, the increase in family 
size increased the probability of planting Bt by 0.1 points. 

In view of the different reports on the benefits of Bt 
cotton, this study also attempted to reveal the attitude of  

 
farmers towards Bt cotton in the sampled districts through 
open-ended questions that seek farmers’ opinion on the 
proliferation of Bt. Thus, reinforcing the decision made by 
farmers on their choice of cotton seeds, the opinions 
formed about Bt cotton in the sampled districts were 
summarized as follows. 

i. Some of the surveyed farmers were of the opinion 
that the planting of Bt cotton resulted in less pest and 
disease incidence. For instance, they thought it controlled 
boll worm infection resulting in lesser use of pesticide and 
in turn lesser expenditure. 
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ii. According   to   some    of   the surveyed  farmers, Bt 
cotton  was  good  because  they  thought  the  yield  is more 
and its marketing is easy. 

iii. Some farmers in the district of Villupuram where 
Bt cultivation was not popular claimed that they were not 
aware of Bt cotton. 

iv. In Bt cultivation, less labour was required and as such, 
expenditure on labour was less. 

v. Bt cotton was not popular in Virudhunagar as 
majority of the farmers disliked it and they were also not 
interested in private seed researchers.  

vi. Farmers believed that long term monitoring and 
evaluation as well as quality assessment of Bt is needed. 

These findings support Padaria et al. (2009) that private 
seed dealers were the major players in the distribution and 
dissemination of Bt cotton and more so, a speedy adoption 
of Bt cotton would require more of education for farmers as 
well as adequate trainings on the techniques of Bt 
cultivation. Also, the response obtained from Villupuram 
and Virudhunagar districts explains their low likelihood of 
planting Bt cotton. 
 
 
CONCLUSION 
 
The binomial logit model was used to determine factors 
influencing farmers’ choice of cotton and the overall results 
showed that land ownership status was statistically 
significant and owned-land farmers had lesser probability 
of planting Bt cotton than leased-land farmers. It was 
assumed that this scenario could arise on one hand, from 
land owners’ fear of supposed adverse effects of Bt on the 
soil and on the other hand, the desire to maximize output 
and profits within a short time by leased-land farmers. 
Villupuram and Virduhunagar farmers were less likely to 
plant Bt due to their significant odds ratios which showed 
that the odds of these districts’ farmers planting Bt were 0.1 
and 0.01 respectively times that of the odds of farmers in 
Salem which was the base district. It was inferred that 
efforts in cotton research would prove more beneficial if 
farmers were more enlightened and if cotton seed 
development is tailored towards specific location needs. 
The results also indicated that the adoption of Bt would be 
more likely if the cost of required inputs were cheaper. 
More so, adequate dissemination of appropriate 
information on input requirements especially in the area of 
Bt cotton production would improve farmers’ efficiency.  
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