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The present study was designed to determine the factors affecting cotton productivity in Punjab province of Pakistan. The 

factors considered in the study are livestock assets in addition to other conventional factors including farm inputs and 

socioeconomic characteristics. A Cobb Douglas production function was estimated. Impacts of livestock assets on various 

farm characteristics like share of Bt cotton, cotton area and dummy for good quality of land are considered. Findings of the 

study show that variables namely pesticide, irrigation, farming experience, cotton area, dummy for good quality land, dummy 

for off-farm income, dummy for livestock units, interaction terms of livestock units with pesticide and ratio of Bt cotton area 

to area under cotton are significantly related with cotton yield. Combined effect of livestock and pesticide use on cotton 

productivity is 0.38 percent whereas joint contribution of livestock and share of Bt cotton in cotton yield is 0.01 percent. 

Integrating livestock in farming system can have additional benefit of higher crop productivity and thereby improve farm 

income and livelihood of rural community. 
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INTRODUCTION 

 

New technologies are assumed to increase crop productivity 

and farm income. However, this requires additional 

investment, being an important factor, to adopt new 

technologies. One such case is the use of Genetically 

Modified (GM) seeds in many parts of the world. The use of 

GM Bt cotton seed is common in Pakistan. Many studies 

show that it has resulted in less pesticide use and higher 

cotton productivity in the world (Thirtle et al., 2003, Qaim 

and Matuschke, 2005). Nevertheless, the use of Bt cotton 

seed demands financial resources availability to farmers for 

different operations from sowing to harvesting. The previous 

studies conducted in Pakistan have determined the factors 

relating to increasing cotton production and eventually 

benefiting the cotton growers (Bakhsh et al., 2005, Mumtaz 

et al., 2009). In addition to these evidences, it is also a fact 

that crop and livestock activities are, to a larger extent, 

interdependent upon one another for their performance.  The 

latter provides with inputs like FYM and draught energy for 

the crop sector and, in turn makes use of fodder, crop 

products and residues for feeding animals (Herani et al., 

2008). Further, livestock serves as financial capital for 

farmers and a source of investment for different farming 

operations. Similarly, investment from crops to livestock 

rearing results in capital growth, by means of growth of herd 

through reproduction (Barret, 1991). Thus such type of 

interdependence calls for a detailed study to investigate 

impact of livestock on crop productivity in general and Bt 

cotton productivity in particular. The existing literature has 

not investigated econometric relationship between farmers’ 

decision to diversify between crop and livestock resources. 

The present study has been designed to estimate the impact 

of livestock assets in addition to other factors on cotton 

productivity through comparing the means of various 

variable inputs and livestock. We also consider the role of 

livestock on the use of other inputs by taking interaction 

terms in the econometric analysis. The findings of the study 

have attempted to fill the information and literature gap 

relating to crop production and livestock interdependence.  

 

MATERIALS AND METHODS 

 

Analytical model: Cotton yield depends on different factors. 

They include inputs, socio-economic factors, farm assets, 

etc. So the production function can be written as: 

Error! Reference source not found.  (1) 

Where y is yield of cotton, X represents various farm inputs, 

Z includes socio-economic variables and A is farm assets. 

Here we consider livestock as asset contributing in 

purchasing various farm inputs so, having a direct impact on 

crop productivity. The livestock are considered as having an 

imperative role to buy various farm inputs as they serve as 

an alternative source of income to the farmers. Thus we 

introduce interaction terms of animal units (AU) and farm 

inputs. AU is estimated by method of Quraishi et al. (1993). 

The above function can be written in the following form 
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Error! Reference source not found. (2) 

Where XA represents interaction terms of AU and various 

farm inputs, other identities are defined above.  

Empirical model: Cobb Douglas type production function is 

used to estimate the impact of livestock on cotton 

productivity. The log-linear form of production function is 

given in equation 3. 

Error! Reference source not found. (3) 

Where Error! Reference source not found. is cotton yield 

(kg/hectare), βo is constant, β is coefficient of farm inputs, 

Error! Reference source not found.is farm inputs used in 

cotton production ranging from 1 to j, α is coefficient of 

socio-economic variables, Error! Reference source not 

found. indicates socio-economic variables ranging from 1 to 

j,Error! Reference source not found. is coefficient of farm 

assets, γ is coefficient of interaction terms of farm assets i.e. 

animal unit and farm inputs i.e. pesticide and Bt-share, 

Error! Reference source not found. are interaction terms 

from 1 to j and µ is error term. The farm inputs included in 

the model are irrigation, labor, fertilizer, seed and pesticide. 

Socioeconomic variables include land quality (good land), 

occupation of farmers (off-farm income) and farming 

experience of the respondents. The farm assets variables 

include dummy for animal unit and cotton area. The detailed 

summary statistics of the variables is given in Table 1.  

Source of data: The Southern Punjab was chosen for this 

study because cotton is commonly concentrated in this area. 

We have used a three stage sampling technique. The first 

stage involved randomly selection of three districts from the 

Southern Punjab. The second stage was concerned with the 

preparation of list of cotton growing farmers who purchased 

cotton seed from the registered private seed companies/input 

dealers during cotton growing season of 2008.  We selected 

respondents from the list of cotton growers using a 

systematic simple random sampling technique. A total of 96 

respondents from one selected district were interviewed. 

From all the selected districts, 288 respondents were 

interviewed in 2009. Some observations with missing 

information are excluded. Thus the final analysis of the 

present study is based on 277 observations. 

 

RESULTS AND DISCUSSION 

 

Livestock and farm characteristics: Comparison of 

categories of AU and farm characteristics is given in Table 

2. We consider three categories of AU i.e., farmers having 

up-to 10 animal units are included in category one, for 11-20 

animal units the category is taken as two and for above 20 

animal units, the category is taken as three. Results show 

that as the number of animal units increases from 1-3 

categories, the share of Bt cotton also increases. This is 

because of the reason that farmers having higher number of 

animal units may be financially strong (Nell, 1998; Moorosi, 

1999) and are able to purchase relatively expensive Bt cotton 

seed as compared to the farmers having lower animal units. 

This +in turn increases their cotton yield as Bt cotton seed is 

reported to give higher outputs (Morse et al., 2004; Traxler 

et al., 2003; Qaim and de Janvry, 2005). Similarly, cotton 

Table 1. Summary statistics of variables  

Variables Minimum Maximum Mean Std. Dev. 

Seed (Kg/ha.) 9.88 32.12 18.35 4.88 

Fertilizer (Kg/ha.) 11.33 557.03 228.51 79.96 

Pesticide (liters/ha.) 0.41 15.33 4.40 2.08 

Irrigation (Rs/irrigation) 766.47 2602.31 1710.13 2569.39 

Labor (Rs/ha.) 4363.19 15262.75 6133.37 1760.43 

Farming experience (Years) 2.00 55.00 19.52 11.22 

Cotton area (hectares) 1.00 185.00 22.60 27.88 

Dummy for good land quality (Yes = 1) 0.00 (150) 1.00 (127) 0.46 (127) 0.50 

Dummy for off-farm income (Yes = 1) 0.00 (249) 1.00 (28) 0.10 (28) 0.30 

Dummy for AU (Yes = 1) 0.00 (25) 1.00 (252) 0.91 (252) 0.28 

Ratio of Bt cotton to cotton area  4.00 100 73.68 31.228 

Cotton yield (Kg/ha.) 494.20 4200.70 1842.38 783.63 

Number of observations  277    

Figures in parentheses are frequencies 

 

Table 2. Impact of livestock on various farm characteristics   Mean (SD) 

AU Categories Ratio of Bt cotton to cotton area Cotton area (ha) Dummy for good land quality (1=good quality) 

Up-to 10 AU 72.41 (31.54) 19.62 (28.18) 0.43 (0.50) 

11-20 AU 74.57 (31.12) 23.73 (23.60) 0.47 (0.50) 

> 20 AU 78.56 (30.11) 35.69 (29.70) 0.58 (0.50) 

 



Livestock role in cotton productivity 

 

 1093 

area also shows an increasing pattern with the increase in 

animal units. Farmers having more animal units possess an 

alternate source of income which they can use to boost the 

cotton yield by allocating more area to the cotton crop. The 

dummy for good quality land also shows a positive relation 

with animal units as the respondents keep higher number of 

AU, the possibility of good quality land also increases 

(Masikati, 2011). The reason lies in the fact that the higher 

number of animal units serves as a source to provide more 

farmyard manure to the land, thus, improving land quality. 

Further, farmers have to grow fodder to feed livestock and 

mostly they rotate land area allocated to fodder crop. 

Fodders are also considered to improve land quality as well. 

We have presented econometric results in Table 3.  

 

Table 3. Estimates of Cobb Douglas production function 

Variables Coefficient S. E. t-value 

Constant 5.959 0.971 6.137 

Ln seed 0.436 0.309 1.413 

Ln fertilizer 0.036 0.050 0.728 

Ln pesticide 0.463* 0.179 2.589 

Ln irrigation - 0.032** 0.015 -2.142 

Ln labour -0.082 0.075 -1.099 

Farming experience 0.004** 0.002 2.076 

Cotton area 0.002* 0.001 2.882 

Dummy good quality 0.107* 0.039 2.774 

Dummy off-farm income 0.149** 0.066 2.258 

Dummy for AU 2.552* 0.810 3.151 

DAU X ln seed - 0.437 0.318 -1.375 

DAU X ln pesticide 0.378** 0.185 2.048 

DAU X Bt cotton share 0.009* 0.001 11.892 

R
2
= 0.48, Adjusted R

2
 = 0.45, F-value = 18.52, sig 0.00; 

*and ** shows level of significance at one and five percent, 

respectively. 

 

Findings show that out of 13 variables, 9 variables are 

significant i.e. having impact on cotton yield. The significant 

variables at one and five percent level of significance 

include pesticide, irrigation, farm experience, cotton area, 

dummy for good land quality, dummy for off-farm income, 

dummy for animal units and interaction terms of AU with 

pesticide and Bt-ratio. We introduce interaction terms as 

animal units are considered financial capital and increase 

possibility of purchasing pesticide timely through either 

selling the animal products or part of herd to buy crop inputs 

including pesticides. The reason for including interaction 

term of animal units and Bt-ratio is that risk averse farmers 

making investment in new and expensive technologies want 

to diversify their investment portfolio. The pesticide is 

positively related with cotton yield, since cotton is highly 

susceptible to chewing and sucking pests so there is great 

need for pesticide application in cotton crop in order to 

protect crop from pests. It is also an indication that as the 

application of pesticide increases in cotton crop it will boost 

cotton yield. Mumtaz et al. (2009) and Bakhsh et al. (2005) 

also indicated in their study that pesticide use positively 

contributed in cotton productivity. However, our study 

involves the most commonly used pesticide against sucking 

pests. The reason is that due to adoption of Bt cotton seed, 

less pesticide is used against chewing pests but still it 

substantially increases cotton productivity through 

controlling sucking pests.  

Irrigation variable is negatively related with cotton yield 

indicating that as the cost of irrigation increases cotton yield 

decreases. This is because of the reason that as per law of 

demand, with increased cost of irrigation, demand for 

irrigation may decrease and the farmers would apply less 

irrigation, consequently cotton yield may decline. Since the 

selected area farmers have to supplement their irrigation 

through pumping, their cost increases and has negative effect 

resulting in below optimum irrigation. Chanyalew et al. 

(1989) pointed out in their study that with an increase in 

pumping costs, either from increased fuel price or increased 

pumping lift, would cause a decline in the number of 

irrigation. Zilberman et al. (2008) argue that rising energy 

prices can result in groundwater extraction costly, altering 

water allocation and distribution.  

Farming experience of the respondents is positively related 

with cotton yield, pointing towards higher experience of 

farming as a tool to elevate the yield of cotton crop. As 

highly experienced farmers are well aware of constraints in 

cotton production, so they are in a better position to cope 

with these hurdles. The area under cotton crop is also 

positively related with its yield showing that an increase in 

the area under cotton crop would lead to a bumper crop. The 

dummy for good land quality is also significant which shows 

that with the improvement of land quality the yield of cotton 

will increase. The significance of dummy for off-farm 

income shows that farmers having off-farm income sources 

receive higher cotton yield. This is because of the reason that 

farmers do not have to rely only on farm income for 

investment in cotton production but they have the 

opportunity to make use of the off-farm income in cotton 

production activities. 

The significance of dummy for AU with cotton yield shows 

that farmers possessing AU have higher cotton yield 

compared to their counterparts. As AU is considered to be an 

alternate source of income for the farmers and higher AU is 

an indication of better financial position of the farmers as 

well (Nell, 1998; Moorosi, 1999) so, a farmer having 

livestock may be able to make investment with ease in 

cotton production whenever it is required. The interaction 

term of AU with pesticide is significant and positive, which 

is an indication that AU significantly affects the pesticide 

usage i.e. the higher number of animal units facilitates 

farmer to purchase pesticide used against cotton pests. 

Similarly, the interaction term of AU with share of Bt cotton 

is also positive and significant, depicting the reality that 
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livestock farming helps farmers to increase cotton area under 

Bt cotton. Although Bt cotton has resistance against 

bollworms, it provides no resistance to sucking pests. 

Farmers have to apply pesticide against sucking pests at the 

time when they have little financial resources and livestock 

provides ready finances at this critical time. Ahmad et al. 

(2005) indicate that financial constraint is one of the most 

limiting constraints to purchase farm inputs at appropriate 

time. Availability of livestock with farmers increases 

financial viability of farmers growing cash crops such as 

cotton. Further, sustainable agricultural practices at farmers’ 

fields can help to tackle issues of widespread poverty, low 

agricultural productivity and degradation of natural 

resources. Considering short-term available options, 

integration of livestock and crop production is the best 

choice as little investment is required. 

 

Conclusion: Livestock plays an important role in taking new 

initiatives by farmers. This is evident from the study that 

with increased livestock units, area allocated to Bt cotton 

also increases, pointing out that farmers are in a better 

position to take risk by adopting new technology. Similarly, 

farmers possessing higher livestock units are found to have 

better quality of land. It may be due to the fact that they 

apply higher quantity of farmyard manure. Moreover, we 

also find that farmers having livestock at their farms 

received higher cotton yield compared to their counterparts. 

Combined effects of livestock with Bt cotton area and 

pesticide use are positively related with cotton yield.  

On the basis of the findings of the study, we conclude that 

livestock farming has two kinds of benefits-serving as secure 

financial tool to cope against production risk and 

contributing land productivity through incorporation of 

farmyard manure. Thus, the need is to increase livestock 

keeping in the rural economy. However, the poor farmers 

need to be provided financial aid by means of easy-terms 

credit to invest in livestock sector, since credit not only helps 

in expanding economies of size but also increases 

productivity of agricultural sector. Although the present 

study has made an attempt to determine the impact of 

livestock on cotton productivity, future studies should focus 

on other issues such as factors leading to livestock farming, 

environmental impacts, risk reducing strategies adopted by 

farming community and the resultant crop productivity.  
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