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Abstract

The increasing adoption of Bt cotton, known for its high productivity and resistance to pests, has prompted this
investigation into its impact on farmers' earnings. This study aims to explore how the productivity of Bt cotton
affects farmers' income in the Khanewal and Multan districts of Southern Punjab. To gather data, we employed a
stratified random sampling method, targeting small, medium, and large-scale farmers in both districts. Using
regression analysis, we assessed the influence of Bt cotton productivity, along with other relevant factors, on the
annual gross income of these farmers. Results revealed that per acre revenue from Bt cotton, education of farmers,
livestock ownership, tractor ownership and distance from the market have significant impacts on the annual gross

income of the farmers.

Key words: Bt Cotton, Farmer Income, Productivity, Punjab

INTRODUCTION

Cotton occupies about 2.5 percent of the
world arable land area and is cultivated in
around 80 countries in the world [34]. The
role of agriculture biotechnology has been
acknowledged in the reduction of hunger by
increasing crop yield and higher income for
farmers, especially in developing countries [3,
25]. As indicated by [4], the only substantial
way that biotechnology has contributed to the
well-being of the poor is through higher
income from the production of genetically
modified cotton because the crop has been
recognized as the largest consumer of
pesticides due to the wider attack of different
insects. The agriculture sector is the third
largest sector of Pakistan, contributing 22.7
percent share of the gross domestic product
(GDP), which absorbs 37.4 percent of the
total labour force [10]. The sector has
observed 4.40 percent growth rate in 2021-22
against 3.48 percent in 2020-21 [10]. Cotton
Is an important kharif crop which is one of the
main sources of raw materials for the textile

industry in Pakistan. Cotton is among the
major crops of Pakistan having a share of
3.1% in agriculture value addition, (5% 5
years before) and contributing 0.6% of GDP
which was 1% about five years ago [10],
Cotton plays a central role in rural economic
development in poverty-stricken areas of the
cotton belt. In Pakistan, cotton is mainly
cultivated in two provinces. Punjab, being the
most conducive for cotton cultivation,
produces es 66% of the country’s cotton
followed by Sindh which contributes 33% of
production [32]. Around 90% of farmers in
Punjab and 82% in Sindh involved in cotton
production own less than 5 hectares of the
land thus has severe effects on the livelihood
of this major chunk of the population [18].

Since the early 1990s cotton production in
Pakistan, has been facing the challenge of
large-scale pest infestation contributing to
unexpected fluctuations in cotton yield and
significant economic losses. A wide range of
pesticides has been introduced to control
various cotton pests during the last 15 years,
which has notably increased the cost of cotton
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production. Moreover, as the pests developed
resistance to these chemicals, their
effectiveness declined over time [11].
Therefore, there was a need to reduce this
increasing cost of production especially under
the scenario of globalization. With the
introduction of Bt cotton in Pakistan, its use
increased continuously. By 2007, nearly 60
percent of the cotton area was under BT
varieties in Pakistan [20, 21]. Currently,
numerous developed and developing countries
worldwide cultivate Bt cotton across 7.2
million hectares. These countries have
reported significant outcomes, including
reduced pesticide and fertilizer usage, as well
as decreased instances of insects and
bollworms. Moreover, there has been an
increase in per-acre yield [5,14].

Several empirical studies such as [5, 7, 1, 35,
20, 21, 6, 31, 8] have revealed that the
adoption of Bt cotton has reduced not only
pest attacks but also increased yields and
profits to the farmers. In addition to these
empirical studies such as [2, 5, 12, 30, 33, 20,
23, 24, 15, 28, 29] have also concluded the
significant impact of Bt crop cultivation on
income/poverty of rural households. BT
cotton is a genetically modified strain of
cotton, and it comprises a gene taken from the
bacterium Bacillus thuringiensis. The gene
causes the plant to produce an insecticidal
protein that kills certain cotton pests [9, 1,
35]. Moreover, [21] has concluded that Bt
varieties have higher gross margins than non-
bt varieties, but she did not include the
implicit cost while calculating gross margin.
In this study we have also aimed to calculate
the benefit-cost ratio while including implicit
cost. In this way, we shall be able to access
the true benefits to the farmers they obtain
from Bt cotton cultivation.

This study aims to investigate the influence of
BT cotton cultivation on farmers' income
within the study area. Additionally, it seeks to
assess and compare the benefit-cost ratio
among Bt growers in both District Multan and
District Khanewal.

MATERIALS AND METHODS
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The study was conducted during 2016-17.
Data were collected from 158 small-scale
farmers (who have land less than 12 acres),
medium-scale farmers (who have more than
12 and less than 25 acres), and large-scale
farmers (who have land more than 25 acres)
using a stratified random sampling method.
Multan and Khanewal districts of Punjab
province were selected for study purposes.
The main reason for the selection of the
districts was to save the expenses for data
collection as these districts were approachable
on a daily basis for data collection even
though the districts are equally famous for Bt
cotton sowing.

From each district two tehsils were selected
randomly and from each tehsil 5 villages were
randomly selected for data collection. Data
were collected through a well-structured
guestionnaire.

Regression analysis was utilized to assess the
influence of Bt cotton cultivation on the
overall income of sampled farmers. Data
analysis was conducted using Stata 11
software. In this study, the Log-log multiple
regression model was employed to estimate
the impact of Bt cotton sowing on farmers'
income in the study area.

The log-log model that was employed in this
study has the equation shown below.

Ltinc = Pot+ Pilnr bt + PzLedu +
BaLexpe + PsLls + BsLdfm + PelLage + Brdtrac
+ Bedsoi + PBodext + Piodtb + Pridloan +y;

The description of the variables is given
below in Table 1. In above the log-log model
Biys Bas Bz oeenne. B., are the coefficients of
independent variables and g, is the slope
parameter, whereas y; represents the error
term.

To estimate the benefit-cost ratio, we used the
given below formulae in our study.

With Imputed Cost:

Benefit cost ratio (BCR) = Economic
profit/TC

Without Imputed Cost

Benefit cost ratio (BCR) = Business

profit/TVC
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Table 1. The descriition of the variables

Natural log of total annual
income from all sources in
thousand rupees.

Natural log of net revenue
per acre (in thousand rupees)
only from sale of Bt crop.
Natural log of education. It is
measured as number of
schooling years.

Natural log of  work
experience. It is measured as
number of years of farming.
Natural log of livestock
holding. It is measured as a
number of cows and buffalo
farmers have.

Natural log of distance from
the market. It is measured as
KM.

Natural log of age in years.

Ltinc Dependent

Lnrbt Independent

Ledu Independent

Lexpe Independent

Lls Independent

Ldfm Independent

Lage Independent

Dummy variable for tractor
(farmers have tractor = 1,
otherwise = 0)

Dummy variable for the
source of income (If source
dsoi Independent of income only form
agriculture = 0, If farmers
have multiple sources = 1).
Dummy variable for
agriculture extension
services availability (1 if
service available, 0
otherwise).

Dummy variable for
tubewell ownership (1 if own
tubewell, 0 otherwise).
Dummy variable for
agriculture loan (1 if loan
taken, O otherwise).

Source: Own Calculation.

dtrac Independent

dext Independent

dtb Independent

dloan Independent

RESULTS AND DISCUSSIONS

The results of the log-log multiple regression
model are presented in Table 2. Results show
that variable net revenue from the sale of Bt
cotton has a positive and significant impact on
the total income of farmers. The coefficient of
the variables is estimated as 0.459 and it is
highly significant. The result can be
elaborated that a 1 percent increase in net
revenue per acre from Bt crop will increase
the total annual income of farmers by almost
0.459 percent. The results are in

correspondence of the findings of [20, 21, 31,
8].

Education plays an important role in
enhancing the productivity of human
resources. The estimated coefficient of the
education variable is 0.266 which is
significant at a 2 percent level of significance.
It means that by increasing one percent
increases in education, total income can be
increased by 0.266 percent. [19, 26, 27] stated
that education with experience can further
increase the productivity level of human
resources. In this study, the sign of variable
experience is as per expectations, but
coefficients were found non-significant. This
may be owing to the small sample size.
Livestock holding is found non-significant.
However, it is significant at an 11 percent
level of significance.

Existing markets and their distance from
production areas play a vital role in enhancing
the economic activities in adjacent areas. In
our study, the variable distance from the
market is found significant with a negative
sign as per expectations.

Table 2. Results of the estimated model

Const. 4.113 1.162 354 0.001
Lnrbt 0.459 0.208 221 0.028
Ledu 0.266 0.114 233 0.021
Lexpe 0.117 0.163 0.72  0.474
Lls 0.114 0.072 159 0.113
Ldfm -0.309 0.105 -2.96  0.004
Lage 0.124 0.260 048  0.639
dtrac 0.927 0.158 5.88  0.000
dsoi 0.089 0.147 0.61 0.545
dext 0.048 0.135 035 0.724
dtb 0.140 0.155 0.90 0.370
dloan 0.008 0.144 0.06 0.953
R? 0.44

F (11, 146) 11.38

Prob>F 0.000

Jarque- 0.3363 Chin2 0.8452

Bera

Normality

Test

Source: Own Calculation.

A one percent decrease in distance from the
market will cause to increase in the total
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annual income of farmers by 0.309 percent. A
similar impact has been observed by [16].
Dummy variables are incorporated into the
model when quantitative information is
lacking, yet their inclusion is deemed crucial
for comprehensive model representation. In
this study, we included dummy variables for
tractor ownership, sources of income,
availability of government extension services,
ownership of tubewell, and agricultural loans.
The dummy variable used for the tractor is
found statistically significant. It illustrates that
farmers who have tractors earn more income
as compared to those who have no tractors if
all other factors are kept constant. This result
also conforms to the result of [17]. All other
dummy variables are found non-significant. It
means that these variables do not create a
difference between have and have not. Most
of the farmers have responded that they have
a single source of their income. Similarly,
most small and medium farmers have reported
that they do not have their tubewells.
Extension services are very poor all over
Pakistan. The employees of the extension
department do not pay regular visits to
farmers especially those who reside away
from the main road.

Different diagnostic tests were employed to
check the normality of error terms, model
specification, and heteroscedasticity. The
Jarque-Bera (JB) test was employed to assess
the normality of the data distribution. Since
the calculated chi-square value was found to
be less than the tabulated value, we refrained
from rejecting the null hypothesis (Ho:
distribution of residual term is normal). To
test whether the model is correctly specified
(Ho: there is no specification error) the link
test has been used. The results in Table 3
show that the model was correctly specified.
Because the coefficient of the hat was near 1
and the t-statistics of the hat square were
insignificant which indicates that the Model is
correctly specified, therefore, the null
hypothesis was not rejected.

The result of the white test is presented in
Table 4 and the calculated value of chi-square
for heteroscedasticity is estimated as 80.98.
While it’s tabulated value at 1 percent level of
significance is 100.45. Since calculated value
656

is smaller than tabulated value hence Ho is not
rejected. i.e., variance of error term remains
the same throughout the normal distribution.

Table 3. Results of linktest for functional form

Hat 1.52 1.54 0.99  0.323
Hatsq -0.36 0.11 -0.34  0.733
Constant -1.89 5.58 -0.34  0.735

Source: Own Calculation.

Table 4. Results of White test for heteroscedasticity

Ho Homoscedasticity
Hi Heteroscedasticity
chin2(72) 80.98 Prob> 0.2195

chin2

Source: Authors' Calculation.

The benefit-cost ratio (BCR) is one of the
measures to assess the profitability of any
economic activity. Bt cotton technology has
been adopted by the farmers due to its
profitability.

The results in Table 5 reveal that BCR is
highest in the case of small farmers followed
by large farmers in both districts. This study
negates the viewpoint of [13] who reported
that this technology is more suitable for large
farmers.

Nevertheless, it is crucial to highlight that the
BCR surpasses one only when the imputed
cost is not taken into consideration. When
factoring in the imputed cost, the BCR is less
than one across all categories of farmers in
both districts. This observation suggests that
factors are exerting a negative impact on the
profitability of Bt cotton growers.

These findings stand in contrast to those
reported by [22], who asserted that the BCR
remains above one even when imputed costs
are incorporated. Discrepancies in the results
could potentially stem from variations in the
province, costs of other inputs, and provincial
policies.

These factors may be the low price of output,
higher prices of inputs, and inadequate field
management practices. The comparative
analysis between districts reveals that the
BCR without imputed costs is higher for small
and large farmers in the Multan district,
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whereas for medium farmers, it is greater in
the  Khanewal district. The primary
contributing factors to the higher BCR in the
Multan district are the lower land rent and
increased yield.

Table 5. Per Acre Benefit Cost Ratio (BCR) of Bt
Cotton Growers in District Multan and Khanewal.

Small 066 179 054 150
Medium 0.43 1.27 0.53 1.34
Large 0.89 1.69 0.52 1.38

Source: Own Calculation.

This study examines the impact of Bt cotton
cultivation and other allied factors on the total
income of the farmers. The explanatory
variables such as net revenue per acre from Bt
income, education, distance from market, and
tractor ownership are found to have positive
and significant impacts on the total income of
the farmers. Furthermore, the estimation of
the BCR demonstrates that it exceeds one
when the imputed cost is excluded from the
estimation process.

However, the inclusion of imputed cost in the
BCR calculation results in a value less than
one. This pattern holds true across all
categories of farmers. When making an inter-
district comparison, it is observed that the
BCR without imputed cost is higher for small
and large farmers in Multan district, whereas
for medium farmers, it is greater in Khanewal
district.

CONCLUSIONS

The proximity of farmers to the market is a
pivotal factor, influencing transportation costs
and facilitating easy access for selling
produce at more favourable prices. The study
reveals that the cultivation of Bt cotton is
driven by its resistance against bollworm and
pest infestation, resulting in reduced pesticide
costs.

Considering these  findings, several
recommendations are proposed. Firstly,
despite the positive impact of Bt cotton

productivity on farmers' total income, the
unreliability of seed quality from various
suppliers poses a risk. It is recommended to
ensure the provision of high-quality seeds to
protect farmers from potential exploitation by
seed supplying agencies. Secondly, the
establishment of seed testing labs in each
district can verify the quality and authenticity
of Bt seeds. Thirdly, recognizing the
significance of mechanization in timely field
operations and increased productivity, the
study underscores the positive impact of
tractor ownership on total income. Therefore,
it is suggested that tractors be made available
to farmers at subsidized rates or through
interest-free instalment plans, especially for
small and medium-sized farmers.

Moreover, the study emphasizes the crucial
role of education in human resource
development. Education programs, such as
farmer's field training, are proposed to impart
effective management skills and enhance
productivity. Additionally, the establishment
of markets at the union council level is
recommended, considering that closer
proximity to markets positively correlates
with higher total income for farmers. This

initiative aims to facilitate year-round
transactions for the purchase and sale of
various agricultural  products, reducing

transportation costs associated with large
distances from markets.

Furthermore, the analysis of the benefit-cost
ratio indicates that it is less than one when
imputed costs are factored in. This implies
that farmers may not be in a profitable
position when considering imputed costs due
to high inputs and low output prices. Policies
aimed at reducing input prices are strongly
advocated to uplift the socio-economic
conditions of farmers.
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