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Abstract: Cotton is an important cash crop which covers 35 million hectares of land. Major objectives of the study were to 

examine the role of determinants of cotton yield to asses’ financial gain from Bt.cotton comparing with conventional Cotton. 

District Khairpur was selected for the present study where both Bt.cotton and conventional cotton varieties are grown primary 

data on Bt. cotton and conventional cotton was collected from the farmers through personal interviews with the help of 

specially designed questionnaire. A simple random sampling technique was used to collect the data. Cobb-Douglas production 

function was used for yield analysis. Logit model was used to find the probability of Bt.cotton. Farmers growing Bt. cotton 

who had used seed rate (6-8) kg per acre were 46.66 percent, while 53.33 percent had used seed rate (9-10) kg per acre. 

Conventional cotton who had used seed rate (6-8) kg per acre was 66.66 percent while 33.33 percent had used seed rate (9-10) 

kg per acre. Total costs per acre in Bt.cotton sown were greater than the conventional Cotton activities, total costs incurred in 

the conventional cotton were far lower (about 26 percent lower) than Bt.cotton. On an average higher yield (40 mounds per 

acre) was obtained in Bt.cotton sown than conventional cotton yield (25 mounds per acre). Price gained per mounds was 

almost the same in two cotton activities. Higher profit was observed in Bt. cotton and very low profit was obtained in 

conventional cotton. 
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1. Introduction 

The economy of Pakistan is mainly dependent on cotton 

and textile sector. Pakistan is the fourth largest cotton 

producer in the world. However, agriculture is the backbone 

of Pakistan's economy. Not with standing its declining share 

in GDP, agriculture is still the single largest sector of the 

economy, Contributing 21 percent to GDP. It also contributes 

significantly to Pakistan's export earnings. Not only that 45 

percent of the work force of the country is employed in 

agriculture but also 60 percent of the country's population 

living in rural areas is linked with agriculture for their 

livelihood (GOP, 2012). 

Bt. Cotton Bacillus thuringiensis is developed by Genetic 

Engineering techniques (Biotechnology), Bt. cotton contains 

genes from Bacillus thuringiensis (Bt). Eight countries 

commercially grow Bt. cotton (USA, Australia, China, India 

etc.). Protein of this gene is deadly for the Chewing Pests I.e. 

American, Army, Pink and Spotted worm but not for sucking 

pest like Meal bug etc. Bacillus thuringiensis (or Bt.) is a 

Gram-positive, soil-dwelling bacterium, commonly used as a 

biological pesticide; alternatively, the Cry toxin may be 

extracted and used as a pesticide. The fiber is almost pure 

cellulose. Under natural conditions, the cotton bolls will tend 

to increase the dispersion of the seeds. The plant is a shrub 

native to tropical and subtropical regions around the world, 
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including the Americas, Africa, and India. The greatest 

diversity of wild cotton species is found in Mexico, followed 

by Australia and Africa. Cotton was independently 

domesticated in the Old and New Worlds. The English name 

derives from the Arabic (al) quit which began to be used 

circa 1400 AD. The Spanish word, "algodón", is likewise 

derived from the Arabic (Metcalf and Allan A, 1999). 

The bacterium Bacillus thuringiensis (Bt.) naturally 

produces a chemical harmful only to a small fraction of 

insects, most notably the larvae of moths and butterflies, 

beetles, and flies, and harmless to other forms of life. The 

gene coding for Bt. cotton toxin has been inserted into cotton, 

causing cotton to produce this natural insecticide in its tissues. 

In many regions, the main pests in commercial cotton are 

lepidopteron larvae, which are killed by the Bt. cotton protein 

in the transgenic cotton they eat. This eliminates the need to 

use large amounts of broad-spectrum insecticides to kill 

lepidopteron pests (some of which have developed 

parathyroid resistance). This spares natural insect predators 

in the farm ecology and further contributes to no insecticide 

pest management. Bt. cotton is ineffective against many 

cotton pests, however, such as plant bugs, stink bugs, and 

aphids; depending on circumstances it may still be desirable 

to use insecticides against these (Anonymous, 2003). 

Most of the Bt. cotton varieties were marketed with wrong 

notation of confrontation to all pests. In some instances Bt. 

cotton seed was mixed with non Bt. cotton seed and 

exaggerated the yield. Different varieties Sitars, ARS-802, 

CEMB-1, CEMB-2, FH-113, Neelum-121, ARS-703, MG-6 

and Hybrid Bt. GN-31 and GN-2085 are the only Bt. cotton 

varieties/hybrid which is being introduced in Pakistan during 

next crop season following the rules and regulations designed 

by Federal and Provincial governments (GOP, 2010). Cotton 

production has decreased from 12,913 thousand bales in 

2010 to 11,460 thousand bales in 2011, showing a decrease 

of 11.3 percent. Cotton production has decreased from 

12,913 thousand bales in 2010 to 11.460 thousand bales in 

2011, showing a decrease of 11.3 percent (GOP, 2011). 

Sindh is expected to produce five million bales of cotton 

this year going by the seasonal sowing trend in areas 

commanded by the Kotri Barrage. However, this will largely 

depend on favorable weather conditions and regular supply 

of irrigation water. Cotton production has remained below 

normal due to floods and heavy rains over the past two 

years.Tharparker has achieved 105 per cent the targeted 

sowing, Umerkot 102 per cent, Tando Mohammad Khan 99 

per cent, Matiari 97 per cent, Thatta 95 per cent, Hyderabad 

85 per cent, Badin 80 per cent and Jamshoro 79 per cent, 

reveals the data released by the agriculture department. It 

said that in the cotton belt of upper Sindh, the sowing 

percentage is not so high except in Benazirabad (Nawabshah) 

with 95 per cent of the targeted area. Among other areas 

Khairpur has reported 85 per cent sowing, Naushero Feroz 76 

per cent, Sukkar 85 per cent and Ghotki 40 per cent. Overall, 

against a sowing target for the current season at 650,000 

hectares cotton plantation has reached 499,331 hectares by 

June 15, giving a target of 77 per cent. 

2. Objectives 

The objectives of the study were as follows: 

1. To examine the role of determinants affecting cotton 

yield. 

2. To compare the financial gains from two cotton 

activities (conventional cotton, Bt. cotton). 

3. To determine the impact of early sowing of Bt. cotton. 

4. To suggest some policy measures to improve the 

situation. 

3. Materials and Methods 

The study was carried out to investigate the comparative 

analysis of the economics of Bt. Cotton V/S conventional 

Cotton production district of Sindh. The study focused on the 

determinants affecting cotton yield and to compare the 

financial gains from two cotton activities (Conventional 

cotton, Bt. cotton). 

3.1. Study Area 

The study was based on primary data. The data was 

collected through field survey using face to face interview 

with farmers simple 60 producers of cotton was selected 

Small, medium and large farmers were selected from each of 

two taluka so that sample could represent all categories of 

farmers. 

3.2. Methodological Framework 

The study was carried out by the use of primary data from 

the cotton growing farmers. This section contains two major 

segments. The first segment includes sampling method and 

data collection while analysis of the data is described in 

second segment. 

3.3. Questionnaire Development 

In all statistical surveys questionnaires are considered as 

the medium for recording the information obtained in a 

standardized manner. Keeping in view the comparative 

analysis of the economics of Bt. Cotton V/S conventional 

Cotton production district of Sindh questionnaire was 

developed; Questionnaire included important questions to 

obtain information about energy consumption pattern in 

wheat production along with other socio-economic 

characteristics of the farm house hold. 

3.4. Collection of Data 

Information about Cotton production and other necessary 

aspects was collected crop and operation wise, by employing 

comprehensive and pre tested questionnaire. In order to 

enhance the response rate, data was collected through 

interview .Although questionnaire was prepared in English 

language while the interview with respondents was done in 

local language i.e. Sindhi. Different features were covered in 

the questionnaire. 
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3.5. Socio Economic Characteristics 

The status of the sample respondents can be well described 

through socio economic characteristics. In this study, 

different indicators of respondent’s socio economic features 

identified: 

3.5.1. Family Size 

Family size is an important socio-economic indicator that 

affects the agricultural activities. Family size means how 

many members are there in a household. Labour is mostly 

taken from farmer's family; therefore, household size has 

considerable impact on farming activities. 

3.5.2. Farm Size 

Land holding is another important indicator of production. 

Land holding means the total area where farming operations are 

performed. Three type of farmers are categorizes here: small 

farmers having land up to 12.5 acres, medium farmers having 

12.5 to 25 acres and large farmers having more than 25 acres. 

3.5.3. Education of Farmer 

Education is the most important factor contributing to the 

production. Education means schooling years completed by a 

person to acquire knowledge. Educated persons can make 

better decisions, can take calculated risk and can adopt better 

technology of production. 

3.5.4. Bt. Cotton Training Received 

Bt. cotton training has ample impact on Bt. cotton 

production. With the Bt. cotton training farmers can manage 

Bt. cotton crop wisely and can get larger production benefits. 

Bt. cotton is also included as dummy variable in the model. 

3.5.5. Farming Experience of Farmer 

The experience of the farmer influence the yield obtained. 

Farmers have faced many problems in past and they know 

how to cope with them. 

3.5.6. No. of Cultivations 

No of cultivation has extensive impact on production. 

Land preparation is very important determinant and has 

significant impact on production. Before sowing any crop 

appropriate land preparation is very necessary. 

3.6. Planting Method 

Planting method also affects the yield. For the plantation 

of cotton there are two methods; plantation by drill and the 

other manual plantation. Planting method included as dummy 

variable in the model. 

3.7. Seed Rate 

Appropriate seed usage is very important for optimum 

level of production. Quality and quantity of seed both have 

significant impact on production. 

3.8. Fertilizers Use 

Fertilizers have substantial impact on production. Adequate 

fertilizer use decision is very important for crop production. 

Excessive use of fertilizers has negative impact on production, 

pollutes the underground water as well as surface water and 

hence the environment. Adequate level of fertilizer use is 

necessary for optimum level of production. 

3.9. Use of Pesticides (No. of Sprays) 

Cotton crop is prone to pests. Pesticides play important 

role to kill the pests and have significant effect on yield. 

Therefore pesticides are included as predictor. Farmers use 

excessive pesticides on cotton crop which is harmful for both 

farmers and to the environment. Irrigation is very essential 

element to determine the crop yield. Without irrigation there 

is no considerable output can be obtained. There are two 

sources of irrigation; canal water irrigation is charged by the 

government at fixed rate (Muamla) and tub-well irrigation 

costs on hourly bases. 

3.10. Data Analysis Techniques 

It is very important to use an appropriate model for 

research. The legit and probity model are used to find the 

probability of a decision (probability of early sowing of Bt. 

cotton). 'In practice many researchers choose the logit 

model because of its comparative mathematical simplicity 

(Gujrati and Sangheeta, 2003). So, logit model was used to 

find the probability of Bt. cotton. Logistic regression is 

useful for situations in which researcher wants to be able to 

predict the presence or absence of a characteristic or 

outcome based on values of a set of predictor variables. 

Logistic regression coefficients can be used to estimate the 

odd ratios for each of the independent variables in the 

model (Rasool, 2010). A two predictor logistic model was 

fitted to the data to test the research hypothesis regarding 

the relationship between the dependent variable (preference 

of farmers about early sowing of Bt. and Conventional 

cotton) and independent variables. 

The general linear form of logic model is given below: 

Li=ln {Pi/(l-Pi)}=Zi = β0+ΣβiXi+µi 

L is the log of odds ratio, is not only linear in X but also 

linear in parameters. L is called the logic, and hence the name 

logic model. P is the dependent variable used to check 

preference about Bt. cotton sowing in February-March, P=l if 

the farmer prefer Bt cotton and P= 0 otherwise. In {Pi/(1-Pi)} 

is the log of odds ratio simply Pi/(1-Pi) odds ratio in favor of 

sowing Bt. cotton—the ratio of the probability that a farmer 

will sow Bt. cotton in February-March to the probability he 

will not sow in February-March. The specific form of this 

relationship is given as: 

In {P/ (l-P)> = a0 + a1Z1 + a2Z2+ a3Z3 + a4Z4+ a5Z5+ a6Z6 + 

a7Z7 + a8Z8 

Where;  a0 = Intercept term of the model. 

a1, a2, a3 a4, a5, a6, a7 and a8 are the parameters to be 

estimated. 

Z1 Age of the farmer   (Years) 
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Z2 = Family Size   (Numbers) 

Z3 = Education of Farmer  (Years) 

Z4 = Own Tractor   (Assets) 

Z5 = Bt Training Received by the Farmer (1 if Yes, 0 if No) 

Z6 = Farming Experience  (Years) 

Z7 = Income of Farmer   (Rupees) 

Z8 = Farm size of the farmer  (Acres) 

Ԑi = Stochastic error term. 

Cobb Douglas production function was used for the 

production analysis. In agriculture output obeys the law of 

diminishing marginal returns with the use of different 

variable inputs. Cobb Douglas production function holds 

good for such type of analysis, therefore, Cobb Douglas 

production function model was used for analysis of the data. 

The general form of the Cobb Douglas production function is 

given below (Gujrati and Sangheeta, 2003): 

Y = β0Xi 
βi e|µi            here i= 1,2,3,.....n 

The linear form of the Cob Douglas production function is 

given below; 

In Y= βo+β1 InX1+β2InX2+β3InX3+β4InX4+β5 

InX5+β6lnX6+β7 InX7+β8 InX8+β9 InX9+β10 InX10+β11D1+β12 

D2+µi 

Where; 

In Y= log of the dependent variable (output) 

βo  = Intercept term of the model 

β1 β2 β3 β4 β5 β6 β7 β8 β9 β10 D1 and D2 are the parameters 

to be estimated. 

X1, X2, X3, X4, X5, X6,, X7, X8, X9, X10, D1 and D2 are the 

independent variables i.e. 

X1 = Family size  (Numbers) 

X2 = Hired Labour  (Numbers) 

X3 = Cultivation  (Numbers) 

X4 = Seed rate   (Kilograms) 

X5 = Fertilizer use  (Bags) 

X6 = Irrigation   (Numbers) 

X7 = Use of Pesticides  (Number of sprays) 

X8 = Farm Size   (Acres) 

X9 = Income of the Farmer (Rupees) 

X10= Education  (Years) 

D1 = Bt. Training Received (1 if Yes, 0 if No) 

D2= Plating method  (1 if Manual sowing, 0 if 

Drill sowing) 

D1 and D2 are dummy variables.  

µi = Stochastic error term. 

4. Results 

Most of the farmers have adopted the Bt. cotton. They get 

greater benefits from Bt. cotton crop than other cotton 

growers. However certain elements influence the yield of 

cotton crop. Two types of cotton activities were performed in 

the study area. These activities were Bt. cotton and 

conventional cotton sown. Distribution of respondents with 

socio-economic variables and the influence of these socio-

economic variables on the production of cotton crop are 

discussed here. 

4.1. Family Size of the Respondents 

Family size is an important socio-economic indicator that 

affects the agricultural activities. Family size means the total 

no of household members residing. In farming the labour 

force is usually taken from family members that have a 

considerable impact on the production. Also larger family 

members can better manage the farming activities. 

Table 1. Respondents distribution according to family size in the study area 

Family Size 
Bt. Cotton Conventional Cotton 

No. Respondent Percent No. Respondent Percent 

Below 4 5 16.66 4 13.00 

5-7 12 40.00 8 26.66 

8-10 10 33.33 11 36.66 

Above 10 3 10.00 7 23.33 

Total 30 100.00 30 100.00 

 

Table-1 shows that Bt.cotton there were 16.66 percent 

were less 4 members, 40.00 percent were 5-7 members, 

33.33 percent were 8-10 members family size out of 30 

farmers... only 10.00 percent were above 10.00 percent 

members family size while in case of conventional cotton 

were 13.00 percent were less 4 members, 26.66 percent were 

5-7 members, 36.66 percent were 8-10 member family size. 

Only 23.33 percent were above 23.33 percent member’s 

family size out of 30 farmers. 

 

4.2. Farm Size of the Respondents 

Total farm size of the farmers has significant effect on 

yield. In Pakistan majority of the farmers are small farmers 

having land holdings less than 12.5 acres. Farm size affects 

managerial and farming activities. Larger farm size is 

difficult to manage. Three type of farmers are categorizes 

here; small farmers having land up to 10 acres, medium 

farmers having 12.5 to 25 acres and large farmers having 

more than 25 acres. 
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Table 2. Respondents distribution according to farm size in the study area 

Farm Size 
Bt. Cotton Conventional Cotton 

No. Respondent Percent No. Respondent Percent 

Small (8-10 acres) 8 26.66 9 30.00 

Medium(10-15 acres) 16 53.33 14 46.66 

Large(above -15 acres) 6 20.00 7 23.33 

Total 30 100.00 30 100.00 

 

Table-2 shows that Bt. cotton there were 26.66 percent 

small farm size, 53.33 percent were medium farm size, 20.00 

percent were large farm size out of 30 farmers. While in case 

of conventional cotton was 30.00 percent small farm sizes, 

46.66 percent were medium farm size, 23.33 percent were 

large farm size out of 30 farmers. 

4.3. Education of the Respondents 

Education is the most important factor contributing to the 

production. Education means schooling years completed by a 

person to acquire knowledge. 

Table 3. Respondents distribution according to education level in the study area 

Education 
Bt. Cotton Conventional Cotton 

No. Respondent Percent No. Respondent Percent 

Illiterate 3 10.00 5 16.66 

Primary 7 23.33 5 16.66 

Middle 5 16.66 8 26.66 

Matriculation 8 26.66 9 30.00 

Above Matriculation 7 23.33 3 10.00 

Total 30 100 30 100 

 

Table-3 shows that Bt.cotton there were 10.00 percent 

were illiterate, 23.33 percent primary and 16.66 percent were 

middle education. 26.66 percent were matriculation and 

above matriculation 23.33 percent out of 30 farmers.  While 

in case of conventional cotton were 16.66 percent were 

illiterate, 16.66 percent primary and 26.66 percent were 

middle education. 30.00 percent were matriculation and 

above matriculation 10.00 percent out of 30 farmers. 

4.4. Farming Experience 

The experience of the farmer influence the yield obtained. 

Farmers have faced many problems in past and they know 

how to cope with them. 

Table 4. Respondents distribution according to farming experience in the study area 

Farming Exp: 
Bt. Cotton Conventional Cotton 

No. Respondent Percent No. Respondent Percent 

5-10 4 13.33 8 26.66 

11-15 7 23.33 10 33.33 

16-20 10 33.33 7 23.33 

Above 20 9 30.00 5 16.66 

Total 30 100.00 30 100.0 

 

Table-4 shows that Bt. cotton growers having the 

experience of (5-10) years were recorded 13.33 percent, 

farmers having experience (11-15) years were 23.33 percent , 

farmers having experience (16-20) were recorded 33.33 

percent and having experience above 20 years were 30.00 

percent out of 30 farmers. Conventional cotton growers 

having the experience of (5-10) years were recorded 26.66 

percent farmers having experience (11-15) years were 33.33 

percent, farmers having experience (16-20) were recorded 

23.33 percent and having experience above 20 years were 

16.66 percent out of 30 farmers. 

4.5. No. of Cultivations 

Before plating any crop land preparation is pre-requisite 

for better production. Here cultivation means no. of 

cultivations is applied on land i.e. land leveling, ploughing, 

planking and secondary tillage. Here only no. of cultivations 

is considered. 
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Table 5. Respondents distribution according to cultivation in the study area 

Cultivations No 
Bt. Cotton Conventional Cotton 

No. Respondent Percent No. Respondent Percent 

6-8 12 40.00 10 33.33 

9-11 11 36.66 16 53.33 

Above 11 7 23.33 4 13.33 

Total 30 100.00 30 100.0 

 

Table-5 indicates that Bt. cotton growers who had 

cultivated their fields up to 6-8 times were 40.00 percent, 9-

11 times were 36.66 percent and more than 1.1 limes were 

23.33 percent out of 30 farmers. Conventional cotton growers 

who had cultivated their fields up to 6-8 times were 33.33 

percent, 9-11 times were 53.33 percent and more than 1.1 

limes were 13.33 percent out of 30 farmers. 

4.6. Planting Method 

Planting method also affects the yield. For the plantation 

of cotton there are two methods; plantation by drill and the 

other manual plantation. Planting method included as dummy 

variable in the mode. 

Table 6. Respondents distribution of the farmers to planting method in the study area 

Planting Method 
Bt. Cotton Conventional Cotton 

No. Respondent Percent No. Respondent Percent 

Drill 17 56.66 09 30.00 

Manual 13 43.33 21 70.00 

Total 30 100.00 30 100.00 

 

Table-6 proves that Bt. cotton farmers who had sown 

cotton crop with drill were found 56.66 percent, while 

manually sowing Bt. cotton were found 43.33 percent. 

Conventional cotton farmers who had sown cotton crop with 

drill were found 30.00 percent, while manually sowing were 

found 70.00 percent the cotton. 

4.7. Seed Rate 

Seed is essential input for crops yield. Appropriate seed 

use is very crucial to determine the production of crop. Bt. 

Cotton growers relatively purchase the expensive seed   and 

conventional cotton growers use their home produced seed. 

Table 7. Respondents distribution according to seed rate kg per acre in the study area 

Seed Rate (Kg) acre 
Bt. Cotton Conventional Cotton 

No. Respondent Percent No. Respondent Percent 

6-8 14 46.66 20 66.66 

9-10 16 53.33 10 33.33 

Total 30 100.00 30 100.00 

 

Table-7 illustrates that farmers growing Bt. cotton who had 

used seed rate (6-8) kg per acre were 46.66 percent, while 

53.33 percent had used seed rate (9-10) kg per acre. 

Conventional cotton who had used seed rate (6-8) kg per acre 

was 66.66 percent while 33.33 percent had used seed rate (9-

10) kg per acre. 

4.8. Use of Fertilizers 

Now a day, due to intensive cropping land is deficient 

in nutrients. Adequate application of fertilizers enhances the 

yield so it is vital element in determining crop yield. In find 

many fertilizers have been used (Di-ammonium Phosphate 

(DAP), Urea, Single Super Phosphate (SSP), Triple Supper 

Phosphate (TSP) etc.). The fertilizers have positive impact 

on cotton crop yield. 
 

 

Table 8. Respondents distribution according to fertilizer application in the study area 

Fertilizers (Bags) 
Bt. Cotton Conventional Cotton 

No. Respondent Percent No. Respondent Percent 

0-2 6 20.00 4 13.33 

2-3 14 46.66 15 50.00 

Above 3 10 33.33 11 36.66 

Total 30 100.00 30 100.00 

 

Table-8 gives an idea about the fertilizer usage of the 

respondents according to Bt. and conventional cotton fields, 

from total of 60 farmers growing Bt. cotton had used 

fertilizers (0-2)-bags per acre were 20.00 percent, while 

46.66 percent had used fertilizers (2-3) bags per acre and 

33.33 percent farmers had used fertilizers above 3 bags per 

acre. Conventional cotton had used fertilizers (0-2)-bags per 

acre were 13.33 percent while 50.00 percent had used 
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fertilizers (2-3) bags per acre and 36.66 percent farmers had 

used fertilizers above 3 bags per acre. 

4.9. Use of Pesticides (No. of Sprays) 

Cotton crop is prone to pests. Pesticides play important 

role to kill the pests and have significant effect on yield. 

Therefore pesticides are included as predictor. Farmers use 

Excessive pesticides on cotton crop which is harmful 

for both farmers and to the environment. 

Table 9. Respondents distribution according to pesticides use in the study area 

Sprays (No.) 
Bt. Cotton Conventional Cotton 

No. Respondent Percent No. Respondent Percent 

2-3 4 13.33 7 23.33 

4-5 14 46.66 12 40.00 

Above 6 12 40.00 11 36.66 

Total 30 100.00 30 100.00 

 

Table-9 demonstrates the pesticides use of the respondents 

according to Bt. and conventional cotton fields. From total 60 

farmers ‘growing Bt. cotton had used pesticides (2-3) times 

per acre were 13.33 percent , while 46.66 percent had used 

pesticides (4-5) times per acre and 40.00 percent farmers had 

used pesticides above 6 times per acre. Conventional cotton 

had used pesticides (2-3) times per acre were 23.33%, while 

40.00 percent had used pesticides (4-5) times per acre and 

36.66 percent farmers had used pesticides above 6 times per 

acre. 

4.10. No. of Irrigations 

Irrigation means watering the crop. Irrigation is very 

essential element to determine the crop yield. There are two 

sources of irrigation; canal water irrigation. 

Table 10. Respondents distribution according to irrigation in the study area 

Irrigations (No.) 
Bt. Cotton Conventional Cotton 

No. Respondent Percent No. Respondent Percent 

6-8 14 46.66 11 36.66 

9-11 11 36.66 13 43.33 

12-14 5 16.66 6 20.00 

Total 30 100.00 30 100.00 

 

Table-10 that Bt. cotton growers who had irrigated their 

fields (6-8) no. of times were 46.66 percent, (9-11) no. of 

times was 36.66 percent and who had irrigated (12-14) was 

16.66 percent. Conventional cotton growers who had 

irrigated their fields (6-8) no. of times were 36.66 percent, 

(9-11) no. of times was 43.33 percent and who had irrigated 

(12-14) were 20.00 percent. 

4.11. Cobb-Douglas Production Function; Variable's Effect 

on Yield 

4.11.1. Bt. Cotton (Model Estimation) 

lnY= 1.693 + 0.067 lnX1+ 0.013 lnX2 - 0.053 lnX3+ 0.039 

lnX4+ 0.003 lnX5+ 0.236 lnX6+ 0.013 lnX7- 0.015 lnX8+0.041 

InX9 0.019 InX10+0.087 lnX11+ 0.052 Di+0.037D2+ui 

Cobb-Douglas production function was used to determine 

the factors affecting yield. Partial regression coefficients, 

their standard errors and their t-values are presented in the 

Table. 

The coefficient of the log of family size has the value 0.67 

with positive sign. The results revealed that family size is 

significant at one percent. By one percent increase in 

family size there was 0.67 percent positive contribution in 

yield. This shows that family size has significant effect on 

cotton yield. 

The coefficient of the log of number of hired laborers is 

0.013. Its sign is positive. This value is highly significant at 

zero percent significance level. By increasing one percent of 

hired labour the yield of Bt-Feb increased by the .013 percent. 

This shows that yield can be enhanced by increasing the 

hired labour. 

Table 11. Results of Regression Analysis (Bt. Cotton) 

Variables 
Unstandardized Coefficients 

t- value Sig. 
B Std. Error 

Constant 1.693 .246 6.8948 .000 

Log of Family Size LnXi .067 .036 1.851 .067 

Log of Labour LnX2 .013 .003 4.712 0.000 

Log of Cultivation LnX3 .053 .052 -I.019NS 0.311 

Log of Seed Rate LnX4 .039 .065 .602NS .549 

Log of Fertilizers LnX5 .030 .055 1.532 .153 

Log of Irrigation LnX6 .236 .059 3.975 .000 

Log of Pesticides LnX7 .013 .027 .482NS .631 

Log of Farm Size LnX8 .015 .011 1.406 .163 
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Variables 
Unstandardized Coefficients 

t- value Sig. 
B Std. Error 

Log of Income of Farmer LnX9 .041 .020 2.067 .041 

Log of Farming Experience LnX10 -.019 .033 -.561NS .576 

Log of Education of Farmer LnX11 .087 .054 1.604 .112 

Planting Method D1 .052 .019 2.681 .009 .045 

Bt Cotton Training D2 .037 .018 2.030  

R2 0.853 Adjusted R2 0.834 

F Value 43.821 Significance 0.000 

 

The coefficient of the log of farm income of the farmer is 

noted 0.041 having positive sign. This value is significant at 5 

percent level of significance. One percent increases in 

income of farmer the yield- increased by 0.041 percent. 

This shows that income has significant effect on cotton 

yield. 

Method of planting have played important role in yield. Its 

coefficient has the value 0.052 with positive sign. It is 

significant at one percent. By using manual method of 

sowing the yield of cotton has been increased by .052 percent. 

This shows that the method of plating has significant effect 

on the yield. Significant differences were observed in plant 

population and yield as a function of seeding rate. A linear 

increase in yield with plant population was observed (Norton, 

2001). 

The coefficient of Bt. cotton training is 0.037 and has 

positive sign. Bt.cotton training is significant at 5 percent 

indicated that those farmers who get Bt cotton training 

increased the yield by .037 percent. The effect of farmer 

training is more distinct than those of the technology alone 

(Lifengac, 2007). 

The coefficient of the log of education of farmers is 0.087. 

It has positive sign. Level of education of farmers is 

significant at one percent... By increasing one percent in 

education of the farmers the yield increased by .087 percent. 

Farooqi (2009) also found that education has positive impact 

on yield. This is also related with the study of Qaim and 

Alain (2005) educated farmers are in better position to 

select appropriate inputs and their timely application. 

Thereby they were getting higher yields. 

The other variables cultivation, seed rate, pesticide and 

farming experience have no significant impact on yield. 

R is the measure of the goodness of fit of the model. R 

calculated from the model shows that 85 percent variation 

in the yield of Bt cotton sown was due to explanatory 

variables. Remaining 15% change in yield was due to other 

factors that were not included in the model. 

The model also indicates that the production function fit 

well to the given data set. Similarly, F value is statistically 

greater than zero with value of 43.821 that was highly 

Significant at zero percent level of significance. This 

implies that the production function used in this study was 

statistically significant. 

4.11.2. Conventional Cotton (Model Estimation) 

LnY- 1.123 + 0.001 lnX,+ 0.006 lnX2+ 0.023 InX3+ 0.061 

lnX4+ 0.002 I11X5+ 0.160 lnX6+ 0.347 lnX7- 0.002 

lnX8+0.017 lnX9+0.004 InXl0+ 0.004 lnX11  + 0.008 

Cobb-Douglas production function was used to determine 

the factors affecting yield. Partial regression coefficients, their 

standard errors and t-values are given in the Table. 

The coefficient of the log of number of hired laborers is 

0.006. Its sign is positive. It is evident from the results that 

number of laborers is highly significant at 1 percent 

significance level. By increasing one percent of labour the 

yield of conventional cotton can be increased by .006 

percent. This shows that yield can be enhanced by increasing 

the hired labour. 

The coefficient of the log of seed rate is 0.061. Its sign is 

positive and is significant at 15 percent level of significance. 

One percent increase in seed rate has increased the yield 

0.061 percent. This shows that seed rate has significant effect 

on cotton yield. 

The coefficient of the log of number of irrigations is 

0.160 with positive sign. Its value is highly significant at 

zero percent. By increasing the one percent application of 

water the yield increased by 0.160 percent. This is related to 

the study of Farooqi (2009). 

The coefficient of the log of pesticides is 0.347 with 

positive sign. Pesticides have .highly significant effect on the 

yield of conventional cotton. Pesticides are significant at zero 

percent, one percent increase in the no. of pesticides the 

yield was increased by 0.347 percent. These results are 

similar to Bennet et al (2006) in India indicated that the 

expenditures on sprays generally increased cotton yield. 

The coefficient of the log of farm income of the farmer is 

0.060 having positive sign. Farmer's income is significant at 

10 percent. By increasing one percent income of farmer the 

yield increased by 0.017 percent. 

The coefficient of the log of education of farmers is 

0.004. It has positive sign. Education of farmers is 

important factor in farming and significant at 15 percent. 

By increasing one percent in education the yield increased 

by .004 percent. 
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Table 12. Results of Regression Analysis (Conventional Cotton) 

Variables 
Unstandardized Coefficients 

t- value Sig. 
B Std. Error 

Constant 1.123 .126 8.911 .000 

Log of Family Size LnX1 .001 ,012 .017NS .986 

Log of Labour LnX2 .006 .002 3.335 .001 

Log of Cultivation LnX3 .023 .017 .998NS .458 

Log of Seed Rate LnX4 .061 .033 1.835 .050 

Log of Fertilizers LnX5 .002 .002 .916NS .363 

Log of Irrigation LnX6 .160 .041 3.865 .000 

Log of Pesticides LnX7 .347 .035 9.820 .000 

Log of Farm Size LnX8 -.002 .006 -.235NS .815 

Log of Income of Farmer LnX9 .017 .011 1.635 .106 

Log of Farming Experience LnX10 .004 .012 .304NS .762 

Log of Education of Farmer LnX11 .004 .003 1.446 .152 

Planting Method D1 .008 .007 1.06INS .292 

Bt Cotton Training D2 .004 .009 .440NS .661 

R2 0.828 Adjusted R2 0.801 

F Value 31.00 Significance 0.000 

 

Number of cultivations is non-significant. However, its 

coefficient has value 0.023 with positive sign which is non 

significant indicates that differences in yield among tillage 

treatments were not significant in conventional cotton. 

The other variables family size fertilizer, farm size, farming 

experience, planting method and Bt cotton training also have 

no significant impact on yield of conventional cotton. 

R
2
 is the measure of the goodness of fit of the model. R 

calculated from the model shows that 82 percent variation 

in the yield of conventional cotton due to explanatory 

variables. Remaining 18 percent change was due to other 

factors that were not included in the model. 

The model of conventional cotton also indicates that the 

production function fit well to the given data set. Similarly, F 

value is statistically greater than zero with value of 31.00 that 

was highly significant at zero percent level of significance. 

This implies that the production function used in this study 

is overall statistically significant. 

It is concluded from above discussion that variables 

cultivation, seed rate, pesticide and farming experience have 

no significant impact on yield of Bt cotton Feb-March sown 

while the variables cultivation, pesticide, farming experience 

and method of planting have no significant impact on yield 

of May sown cotton and variables family size, cultivation, 

fertilizers, farm size, farming experience, planting method and 

Bt cotton training have no significant impact on yield of 

conventional cotton. 

4.12. Comparative Economics Total Fixed Costs 

The cost is defined as the value of the production factors 

consumed or used to reach a final goal. Total fixed cost 

consists of costs that do not vary as output varies and that 

must be paid even if output is zero. These are payments that 

the firm must make in the short run, regardless of the level 

of output. Fixed cost can be traceable and common. The 

fixed costs are "fixed"' in the short-term. Land Value and 

Depreciation are explained below; 

This heading includes the net value of cash and payments 

in kind for renting of land, buildings and other rights for the 

farm business. 

Depreciation: Reduction in the value of capital goods over 

a one-year period due to physical wear and tear and also to 

obsolescence. Depreciation is when the value of assets 

usually decreases as time goes by. The amount or 

percentage it decreases by is called depreciation. The 

depreciation is calculated at replacement value (the new 

value at current price) before deduction of subsidies. It 

concerns plantations of permanent crops, farm buildings 

and fixed equipment, land improvements, machinery and 

equipment. There is no depreciation of land, forest land and 

circulating capital. All EU Member States use the linear 

depreciation method that diminishes the value of an asset 

by a fixed amount each period, until the net value is zero. It 

is the simplest calculation. Depreciation is usually 

calculated with different coefficients for buildings, technical 

equipment, machinery, etc 

Table 13. Total Fixed Costs of two cotton activities 

Total Fixed Costs Bt. Cotton Sown) Conventional Cotton 

Land value 26535 25255 

Depreciation 3465 1345 

Total 30000 26600 

Table-13 shows the total fixed costs related to two cotton 

activities. Bt. cotton fixed costs were double (30000 Rs.) 

than other two cotton activities (26600 Rs.) because of 

whole year duration of the crop. 
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4.13. Total Variable Costs 

Total variable cost consists of costs that are zero when 

output is zero and vary as output increases (decreases). 

These costs relate to the cost incurred for the use of variable 

inputs. Variable costs includes costs of cultivation, costs of 

labour, cost on seed (seed price and seed treatment), costs of 

fertilizers, costs of intercultural practices, costs of irrigations, 

Weedicides and pesticides costs, cotton picking cost, implicit 

costs and miscellaneous costs. Labour costs, implicit costs 

and miscellaneous costs are explained below. 

There are two categories of farm labour; hired labour and 

unpaid labour. The cost of the first category includes wages, 

salaries, benefits and other associated costs, while family 

labour is included in the second one. 

Table 14. Total variable costs of two cotton activities 

Total variable Costs Expenses 
Bt. Cotton Conventional Cotton 

Quantity Price/Unit Total Quantity Price/Unit Total 

Cultivation (No.) 10.35 558 5775 8.5 533 4531 

Labour (No.) 0.28 36000 10080 0.22 18000 3960 

Seed (Kg) 8.02 348 2791 9.55 167 1595 

Fertilizers (Bags) 3.05 1624 4953 2.00 1839 3678 

Intercultural (No.) 4.59 680 3121 4.45 655 2915 

Irrigations (No.) 12.08 450 5436 7.01 425 2980 

Weedicides (No.) 1.00 507 507 0.92 548 505 

Pesticides (No.) 4.12 1098 4524 8.02 800 6418 

Picking cost (No.) 8.5 617 5241 5.05 565 2855 

Implicit costs - - 17871  - 8301 

Misc. - - 8378 -  5201 

Total -- - 68677 --- -- 42939 

 

4.14. Implicit Costs 

Implicit cost is an opportunity cost. In economics, an 

implicit cost, also called an imputed cost, implied cost, or 

notional cost, is the opportunity cost that results from using 

an asset instead of renting, selling, or lending it. The term 

also applies to forgone income from choosing not to work. 

These are intangible costs that are not easily accounted for. 

Farm operators who are very successful could have a 

marginal value of time in farming that exceeds their 

implicit wage for off-farm work (Cesaro, 2008). In 

present study the implicit cost is an opportunity cost of 

farmers who manage the farm and of family labour working 

in agriculture. Here opportunity cost of farm manager 

(farmer) and family labour was included as implicit costs. 

4.14. Miscellaneous Costs 

Miscellaneous costs for labour and machinery include, for 

example, the costs of services provided by agricultural 

contractors, the purchase of small equipment or protective 

clothing, the purchase of detergents for general cleaning and 

general farm maintenance, the cost of running farm vehicles, 

etc. 

Table reveals that total variable costs are varying activity 

wise. The table shows the average quantity performed in the 

fields and average total costs associated with them. More 

total variable costs (68677 Rs.) involved to prepare Bt 

cotton fields comparing with the other two activities while 

conventional cotton requires least cost (42939 Rs.) from 

three cotton activities . 

4.15. Total Costs 

In economics, and cost accounting, total cost describes the 

total economic cost of production and is made up of variable 

costs, which vary according to the quantity of a good 

produced and include inputs such as labour and raw materials, 

plus fixed costs, which are independent of the quantity. 

Table 15. Total Cost associated with cotton activities 

Total Cost Bt. Cotton Conventional Cotton 

Total Variable Cost / Acre (Rs.) 68677 42939 

Fixed cost / Acre (Rs.) 30000 26600 

Total Cost/Acre (Rs.) 98677 69539 

Table-15 shows the total costs per acre associated with the 

production of cotton. Total costs are the sum of total variable 

costs and total fixed costs. 

Total Costs = Total Variable Costs + Total Fixed Costs 

Total costs per acre in Bt. cotton sown were greater than 

the other two activities that were recorded 98677 rupees 

and the total costs incurred in conventional cotton were for 

lower (about 41 % lower) than Bt. cotton . Sown were 69539 

rupees. Prices were still amply high for adopters of Bt. 

cotton to make considerable gains in net income. 

4.16. Profit Gains 

Profit is a financial benefit that is realized when the 

amount of revenue gained from a business activity exceeds 

the expenses, costs and taxes needed to sustain the activity. 

Any profit that is gained goes to the business's owners, who 

may or may not decide to spend it on the business. 

Total Profit = Total Revenue - Total Costs 

Here the total revenue is the total income gained per acre. 
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Table 16. Profits / Gains from two cotton activities 

Varieties Yield/Acre (Monds) 
Price/Mond 

(Rs.) 
Income/Acre (Rs.) 

Total Cost/ Acre 

(Rs.) 

Net Profit/ Acre 

(Rs.) 
BCR 

Bt. Cotton 40.2 3865.70 155401 98677 56724 1.57 

Conventional Cotton 28.5 3865.21 110158. 69539 42619 1.30 

 

Table-16 shows the total yield obtained by the farmer per 

acre, price of the cotton per mounds, income gained by the 

farmer per acre, per acre total input costs associated with the 

production of cotton and net profit (economic profit) 

gained per acre. On an average higher yield was obtained in 

Bt. cotton sown 40.2 monds per acre and conventional cotton 

yield was low only28.5 monds per acre. 

Price gained per mond was almost the same in three cotton 

activities. Income gained per acre in Bt.cotton was 155401 

rupees, and income gained from conventional cotton was only 

110158. Rupees. Higher profit of 56724 rupees was observed in 

Bt.cotton; while 42619 rupees was obtained in conventional 

cotton. BCR (Benefit Cost Ratio) shows the return on per 

rupee invested. Introduction of Bt. cotton showed significant 

farm-level benefits. Aggregate benefits depended on adoption 

rate and yield advantage of Bt-cotton (Cabanilla, 2004). 

4.17. Cotton Yield Comparison of Two Cotton Activities 

Average yield comparison obtained from two cotton 

activities. Early growers of Bt cotton in were taking the 

highest yield 40.2 monds per acre, and conventional cotton 

growers were obtaining 28.5 monds per acre that is low yield 

due to pest attack and cotton curl leaf virus. Conventional 

cotton gave poor yield 18 monds/acre (Farooqi, 2009). 

There was 51.50 percent increase in Bt cotton yield while 

18.07 percent increase was found in comparing with 

conventional cotton due to resistance against chewing pest 

and hence additional income to poor farmers in Khairpur 

district. Percentage increase in the yield 51.5 percent of Bt 

cotton than conventional cotton is similar to the results 

gained by Reddy (2011) indicated that productivity 

increase was significant that 51.16 percent more yield with 

the introduction of Bt cotton. 

4.18. Comparison of Total Income Received and Total Costs 

Compares total income and total costs. Farmers were 

growing B.t cotton have received larger income and 

conventional cotton growers. It is clear from the figure that 

Bt.cotton farmers have received (155401 Rs.) imposing 

higher costs (98677 Rs.) and conventional -cotton farmers 

got (75372 Rs.) costing (57939 Rs.)- The application of Bt. 

cotton increased the income from agriculture for farmers and 

also improved the households' livelihood (Wang, 2008). 

Income, Total costs and Profit by Cotton Activities 

(Rs. / Acre) 

The comparison of total income gained, total costs 

associated and profit gained from two cotton activities. 

Higher income (155401 Rs.), higher costs (98677 Rs.) and 

higher profits (56724 Rs.) were gained in sowing Bt. cotton 

but conventional cotton gave poor results lower income 

(75372 Rs.). Lower costs (57939 Rs.) and very low profits 

(17433 Rs.) were recorded. The question of higher cost of 

cultivation existed, and was confirmed, mainly because of 

high seed cost and not corresponding reduction in pesticide 

cost. 

5. Discussion 

Production of any crop depend upon soil structure, 

climatic condition, social organization, availability of 

resources, quality inputs and favorable marketing condition 

both in factor and product markets. It is, therefore, 

considered to have brief discussion of area and production 

levels of Bt. and conventional Cotton in various regions of 

Pakistan, production potentials, profile of study are before 

explaining survey results. 

Study shows that overall cost of cultivation (sowing) and 

seed on Bt. cotton was high as compared to on Conventional 

cotton due to high seed rate. The use of fertilizer is more in 

Bt. as compared to conventional cotton. The pesticides cost 

was more in conventional as compared to Bt. Cotton due 

more application of pesticides in conventional cotton. Total 

cost of production on Bt. Cotton was Rs/Acre 98677 which 

was more than conventional cotton Rs/Acre 69539 due to more 

variable cost of Bt. cotton.  Overall high yield was obtained 

40.2 md/acre from Bt. cotton is compared to 28.5 md/acre by 

Conventional cotton. Total revenue of cotton production was 

received by the Bt. cotton growers Rs/Acre 155401 and 

conventional cotton growers were Rs/Acre 110158. Study 

results further indicate that Bt. cotton growers obtained 

higher Net Profit/ Acre (Rs.). 56724, as compared to 

conventional cotton growers were Rs/Acre. 42619. There was 

increase in Bt. cotton yield comparing with conventional 

cotton which gives additional income to poor farmers in 

District Khairpur. 

Aziz et al. (2011) analyzed comparative performance of Bt. 

cotton with some elite conventional cotton cultivars under 

arid to semi-arid conditions. To identify the superior 

genotype, they studied the comparative growth and yield 

performance of four cotton cultivars namely, CIM-496, BH-

162, VH-144 and Bt-121, grown on sandy clay loam soil. 

The results revealed that plant growth parameters like plant 

height, number of bolls plant-1 and seed cotton weight boll-1, 

were differed significantly (P < 0.05) among Bt. and non-Bt. 

cotton cultivars. Seed cotton yield and fiber quality 

parameters such as maturity percentage, microware value, 

staple length and fiber strength and virus infection percentage 

were also significantly. Bt-121 had maximum value for seed 

cotton weight boll-1 and maturity percentage and produced 
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26% higher seed cotton yield than all other cultivars. 

Furthermore, it also showed 58% less cotton leaf curl virus 

infection compared to other cultivars. BH-162 produced fiber 

with maximum length and fineness but it appeared most 

vulnerable to virus attack. It was concluded that Bt-121 

performed best in most of the studied traits than other 

cultivars and might be recommended for cultivation in areas 

having arid to semi-arid climatic conditions. 

6. Conclusions 

This study was carried out to compare the economics of Bt. 

and Conventional Cotton based on the field survey in the 

cotton cropping zone of Sindh. The information was collected 

from selected Bt. and Conventional Cotton growers. The data 

was collected through personal interviews. Number of 

analytical techniques has been used to access comparative 

economic analysis of Bt. v/s conventional cotton production i.e. 

farm cost analysis, Net Return analysis; gross margin analysis. 

Major findings are the differences in production cost 

between Bt. and Conventional cotton which were 98677 

Rs/Acre of Bt.cotton and 69539 Rs/Acre of Conventional 

cotton. Major differences in Bt.cotton production cost are 

related to higher seed prices, cultivation use on per acre, and 

other inputs expenditure. Bt.cotton production is related to 

the higher yield potential of Bt.cotton was 40 mounds/Acre 

as compared to Conventional cotton was 25 mounds/Acre 

while market price of both was nearly same i.e. 3865.70 

Rs/mound for Bt.cotton and 3865.21 Rs/mound for 

Conventional cotton. 

The present study clearly indicates that Bt. cotton farmers 

were increasing farm yield and farm profit compared to 

Conventional cotton. Farmers were reducing cotton area 

that severely affected the cotton production. Farmers were 

focusing to increase the Bt.cotton area. 

Therefore, it is suggested that more and more farmers 

should be trained and motivated to increase the production 

of cotton crop Farmers were unaware of proper combination 

of inputs and sowing time they either underutilized the 

inputs or over utilized and sow seed either very early or late 

of the season. For the promotion of cotton crop following 

strategy should be adopted: 

• There is a need for Bt. cotton research programme. The 

scientists should make efforts for the genetic improvement 

and development of new varieties. Better genotypes 

should be made available to growers. 

• Advising proper combination of inputs to the farmer and 

giving subsidy on the inputs will result in enhanced 

per acre yield of cotton, thus foreign exchange 

increase in Pakistan. 

• Bt.cotton production can be enhanced by the provision 

of new technology at the doorstep of farmers. 

• Farmers face the marketing problems. Government should 

make adequate policies and farmers must be involved 

while making these agricultural policies. 

• The scientists should make efforts for the own Bt.cotton 

varieties, because of Bt. Seed was expensive for farmers. 

• Government should provide subsidies on fertilizers and 

pesticides and other micro nutrients. 

• There is need of proper guide to farmers about Bt.cotton so 

Government should provide and activate researchers and 

extension department for proper guideline of farmers. 
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