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ABSTRACT 
 
A study was conducted at the Institute of Agricultural and Resource 
Economics, University of Agriculture, Faisalabad, Pakistan during the year 
2009. The objective was to identify the factors which affect the adoption of 
water saving practices focusing on cotton crop. For this purpose a survey was 
conducted for data collection from two districts of Punjab province i.e. Rahim 
Yar Khan and Mianwali selecting 105 cotton growers. These growers were 
interviewed through a well structured questionnaire . The results indicated 
that adopters of water conservation practices such as ridge/bed sowing had 
smaller  land holdings (27 acres) compared to non-adopters (48 acres). 
Similarly, land fragments were relatively small for adopters (1.83 fragments) 
compared to non-adopters (2.67 fragments). Adopters applied higher number 
of irrigations (7.08) to cotton crop than non-adopters (4.72). The results of 
Logit model indicated that ownership status, land fragmentation, farming 
experience, farm assets especially sheep and female workers were 
significantly related with adoption of water conservation technologies in 
cotton production. 
 

KEYWORDS: Gossypium hirsutum; adoption; water conservation; ridge 
sowing; bed sowing; Pakistan. 

 

INTRODUCTION 
 

Water resource is an important factor of production and its importance 
becomes more critical in agricultural production since agriculture contributes 
substantially in the economy and livelihood of majority of people of Pakistan. 
With the passage of time, demand for water resources has increased 
manifolds mainly as a result of rising consumption in agricultural, industrial 
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and urban sectors. Water is becoming scarce, thereby causing stagnation in 
agricultural productivity (7). 
In spite of constrained availability of water resources in Pakistan, farmers 
are still employing practices which result in huge water losses at farmer’s 
fields. Examples of conventional irrigation methods include flood irrigation, 
surface irrigation and un-leveled farm fields used for irrigation. At the times 
of canal water shortage, farmers extract groundwater through private 
tubewells placing heavy pressure on groundwater supplies. Moreover, the 
use of tubewells also increases cost of production mainly due to higher 
prices of diesel and electricity (24). 
 

Cotton is an important cash crop, accounting for 7.3 percent of value added 
in agriculture and about 1.6 percent to GDP of Pakistan. The crop occupied 
an area of 2820 thousand hectares with a production of 11.8 million bales 
during 2008-09. The shortage of irrigation water was one of the reasons for 
not achieving target of 14.1 million bales of cotton (3). To increase cotton 
production and improve living conditions of cotton producers, there is need 
to develop and employ production practices which  require less water use or 
make efficient use of the scarce resources. Mostly, two methods are used in 
planting cotton i.e drill sowing and bed/ridge sowing. Planting cotton on 
ridge/beds can save substantial amount of water resources. Studies are 
available showing saving of water resources at one hand and increasing 
crop productivity on the other. 
 
In the wake of scarcity of water resources, demand has emerged to develop 
and adopt production methods and practices that can save water, reduce 
production costs and improve production of agricultural crops at the same 
time. Such water conservation technologies include land leveling, bed/ridge 
sowing, sprinkler irrigation, drip irrigation, zero tillage, etc. although some of 
these technologies are too expensive to be adopted by small farmers, yet 
others can be adopted with little additional cost and efforts. Bed/ridge 
sowing is one of the methods adding very little cost but it increases water 
productivity to a great extent. Many studies (12, 13, 16) argue that resource 
conservation technologies increase farm-level productivity, conserve natural 
resources and limit negative environmental impacts. 
 
 Various studies focusing on impact of resource conservation practices in 
Pakistani Punjab indicate cost saving,  increase in production (4, 8, 25) and 
water saving (26). Further, resource conservation practices are also 
considered as environmental friendly farm practice (2). Hussain, et al. (18) 
argue that educated and young farmers are more likely to adopt resource 
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conservation technologies. However, the above mentioned studies relating 
to Punjab mostly emphasize on zero-tillage technology in rice-wheat and or 
mixed cropping zones whereas cotton-wheat cropping zone has not been 
considered regarding resource conservation technologies/farm practices.  
The objective of present research is to identify the factors contributing to the 
adoption of water conservation practices in case of cotton crop and also to 
enhance knowledge regarding adoption of these technologies.  
 

MATERIALS AND METHODS 
 

The decision to adopt or not to adopt resource conservation practices can 
be explained as a discrete variable. For this dichotomous type of variable, 
classical linear regression methods are not appropriate; while maximum 
likelihood estimation (MLE) approach is the most suitable approach (11).  
 

We analysed the factors affecting the farm-level decision to adopt resource 
conservation technology using the Logit regression model, a standard 
limited-dependent variable approach. The dependent variable is 
dichotomous, and takes the value of one when water conservation 
technology (RCT) is used, and zero if it is not adopted.  
 

The probability that a given farmer will adopt resource conservation 
technology can be expressed as a function of X as follow  

)()1( NRCTNRCTRCTRCT XXPYP ���� �����  

   )]()([ NRCTRCTNRCTRCTXP ���� ����  

   )()( ��� XFXP ���  
 

Here P is a probability function, RCTNRCT ��� �� is a random disturbance 

term, )( NRCTRCT ��� �� , a vector of unknown parameters to be estimated 

and it is interpreted as the net influence of vector of independent variables 
on adoption of resource conservation technologies (RCT), NRCT stands for 
non-adoption of resource conservation technologies/practices and )( �XF is 

the cumulative distribution for � evaluated at �X . The maximum likelihood 

approach has been used to estimate the Logit model1. The empirical Logit 
model used to estimate the impacts of various factors on adoption of water 
conservation practices is given as under: 
 

The relative odds of RCT versus NRCT by the cotton growers are given by: 

                                                
1 For more detail about Logit model, see Greene (11) and Wooldridge (27). 
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By taking the logarithms on both sides, we get: 
 

 
 

There are two approaches to estimate the parameters i.e. least square 
estimation (LSE) and maximum likelihood estimation (MLE). However, MLE 
is preferred to estimate parameters of logistic regression because of its 
many properties  namely sufficiency, consistency, efficiency and 
parameterization invariance. However, no such thing is available in the least 
square estimation (22). Therefore, maximum likelihood approach was 
adopted to estimate above equation as suggested by Herath and Takeya 
(15). The logistic regression of adoption of water conservation technology is 
thus specified as a function of various socioeconomic variables as: 
 

 
 
Here  is the log of odds of adoption of RCT for the ith farm, CAREA is the 
cotton area in acres, QLAND is quality of land, FRAGMENTS is number of 
land fragmentations of the farms of  respondents,  OWNEDL is the amount 
of owned land area in acres, RENTEDIN is the amount of land area rented-
in in acres, NOIRRI is the number of irrigations applied to cotton crop in the 
previous years, AGE is the age of  respondents in years, EDUC shows years 
of schooling of respondents, FAMYSIZE indicates family size of the 
respondents, MARKET is the distance of input or output market from the 
respondents’ farms, SHEEP is the number of sheep, GOAT is the number of 
goats, RADIO is the dummy variable for having/not having radio and TV.  
 
Data and source 
 
Cotton is mostly concentrated in the irrigated area of  Southern Punjab with 
few exceptions. Thus, the study focuses on  cotton zone in Pakistani 
Punjab. Cotton crop is cultivated mostly after wheat harvesting in the months 
of May and June. The present study interprets water conservation 
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technology i.e. planting of cotton crop on beds or ridges through manual 
approach or seed planter. However, introduction of Bt cotton in the recent 
past induces farmers in semi-arid region of the province to grow cotton crop 
on their farms although there may be other factors. Keeping in view such 
circumstance, an attempt has been made to gather information on water 
conservation technologies  and its extent of adoption in two different 
locations. Therefore, two districts i.e. Rahim Yar Khan (famous for cotton 
production) and Mianwali (semi-arid district), were selected randomly for 
present study. A formal survey of cotton growers from these districts was 
carried out to collect data. A total of 105 cotton growers were selected 
systematically from the list of cotton growers developed with the assistance 
of input dealers, seed companies and Agriculture Department. A well-
structured questionnaire was used to collect information from cotton growers 
during 2009. Mean values of independent variables included in the Logit 
model were calculated.  
 

RESULTS AND DISCUSSION 
 
The data indicate that quality of land and area allocated to cotton crop are 
approximately the same between adopters and non-adopters. Land 
fragmentation is more common (2.67 No.) on non-adopters’ farms. However, 
adopters possess less own cultivated land (26.88 acres) but more rented-in 
land (10.63 acres) as compared to their counterparts, non-adopters (47.73 
and 7.57 acres (Table 1). Application of irrigations applied to cotton crop 
substantially differed between adopters (7.083) and non-adopters (4.728). It 
revealed during the survey that bed/ridge sowing required more frequent 
application of irrigation water with fewer amounts. This is the reason that 
adopters gave more irrigations. Variables such as age, education, family 
size and distance from input or output market did not considerably differ 
between two categories of farmers. 
 

Table 1. Mean values of the independent variables. 
 

Variables Unit All farmers Adopters Non-adopters 
Cotton area Acres 20.923 20.958 20.913 
Quality of land Dummy  0.447 0.458 0.444 
Land fragmentation Number 2.476 1.833 2.666 
Owned land Acres 42.962 26.876 47.728 
Land rented-in Acres 8.273 10.631 7.574 
Irrigation Number 5.266 7.083 4.728 
Age Years 42.695 42.208 42.839 
Education Years 9.609 10 9.493 
Family size Number 6.038 5.583 6.172 
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Output/input market Km 29.666 28.666 29.962 
Sheep Number 0.770 1.133 0.662 
Goat Number 3.120 5.463 2.426 
Radio Dummy 0.094 0.051 0.107 
TV Dummy 0.695 0.791 0.666 

 
Considering family assets, adopters of resource conservation practices have 
more sheep and goat (1.13 and 5.46) as compared to non-adopters (0.66 
and 2.42). These variables were included as a fact of easy liquidation of 
sheep and goat when finances are required by farmers to carry out various 
farm practices. Radio and TV were included to find out likelihood impact of 
information on conservation of natural resources. The data (Table 1) showed 
that 79 percent adopters have TV compared to non-adopters (66%); 
however, very few adopters reported possession of radio (5%). 
 
The data (Table 2) further showed that several variables were statistically 
significant in explaining adoption of water conservation technology in cotton 
production with expected signs with few exceptions. Some variables namely 
age, education, quality of land, land rented-in and distance from input or 
output market did not significantly differ from zero, so these variables are not 
explained. 
 

TV, goat and sheep variables were positively related with adoption of 
resource conservation practices, goat variable was statistically non-
significant. Foster and Rosenzweig (10) showed impacts of information on 
adoption of agricultural technologies. The radio variable is unexpectedly 
negatively related with probability (-0.2101%) of adoption of resource 
conservation technology. (Table 2). The negative coefficient is due to the 
fact that private radio channels (FM channels) commonly do not air 
programs relating to agriculture whereas agricultural related programmes are 
aired by radio stations run under control of government. The irony is that 
such radio channels are not so much popular among farmers and other 
listeners as well.  
 

Table 2.  Parameter estimates of the Logit model. 
 

Variables  Coefficient Standard error Change in probability 
Constant 1.385 2.435 - 
Cotton area 0.049 0.021 0.0040* 
Quality of land -0.131 0.666 -0.0106 
Land fragmentation -1.218 0.409 -0.0991* 
Owned land -0.034 0.013 -0.0027* 
Land rented-in -0.005 0.013 -0.0004 
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No. of irrigations 0.353 0.117 0.0287* 
Age of the farmer -0.038 0.026 -0.0031 
Education -0.007 0.087 -0.0006 
Family size -0.241 0.15 -0.0196** 
Output/input market -0.010 0.014 -0.0008 
Sheep 0.237 0.101 0.0193* 
Goat -0.028 0.051 -0.0023 
Radio -2.582 1.386 -0.2101** 
TV 2.280 1.018 0.1445* 
Pseudo R2 0.347   
Log likelihood -36.834   

* indicates 5 percent significant level and ** indicate 10 percent significant level 

Land fragmentation is another factor having negative impact on adoption       
(-0.0991). The negative and significant coefficient shows that with one 
percent increase in land fragmentation, probability of adopting resource 
conservation technologies decreases by 0.0991 percent (Table 2). The 
reason is linked to the fact that farmers have problems of mobility of 
resources and time constraints. 
 
Cotton producers are also not expected to adopt resource conservation 
practices as their family size increases. A one percent increase in family size 
is associated with a decline in adoption probability by 0.0196 percent (Table 
2). The reason is that with increased family size, farmers may have less 
financial resources to make payment to labour hired for bed/ridge planting of 
cotton, since it is labour intensive production practice as indicated by Bakhsh 
(4). 
 
Variables relating to farm area and its ownership showed interesting impacts 
on adoption of water conservation practices in cotton production. The 
probability of adoption decreases by 0.0027 percent with the more 
availability of owned land (Table 2). The dummy variable with a significant 
negative impact on adoption of RCT indicates that when there is single 
ownership and farmer is involved full or part-time in farming, probability of 
adopting RCT tends to be lower as compared base category, where farmers 
have rented-in landholdings. According to Lee and Stewart (20), potential for 
technologies to conserve input use, reduce costs and provides economic 
benefits even in short-run could create incentives for adoption even among 
renters and part-time operators. Herath and Takeya (15) also found that 
farmers having owned land have less tendency to use new technologies at 
their farms. 
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Land area allocated to cotton crop is significant and positive (0.0040) which 
showed that probability of adoption of RCT increases by 0.004 percent when 
the amount of land allocated to cotton production increases. It indicates that 
farmers use RCTs to save and conserve resources because with larger land 
area allocated to cotton crop needs more irrigation water. In current 
circumstances, farmers adopt those farm practices which consume less 
irrigation water and bed/ridge sowing method requires comparatively less 
amount of irrigation water compared to the base sowing method such as drill 
sowing. Many studies (8,10,21,23) have also shown that farm size positively 
affected adoption decisions. 
 
The increased irrigation water with less amount of water enhances the 
probability of adopting bed/ridge sowing of cotton crop by a probability of 
0.0287 percent. Canal water is becoming scarce in many parts of province 
and farmers have to rely on tubewell water which is very costly in the 
presence of rising diesel and electricity prices. Although bed/ridge sowing 
needs frequent irrigation but amount required is less compared to other 
sowing methods, such as drill sowing. So, farmers prefer bed/ridge sowing 
farm practice. This finding is closely related with adoption of hybrid wheat 
seed in India by Matuschke et al. (21). 

 
CONCLUSION AND SUGGESTIONS 

 
In this study 14 variables were included in the model to determine their 
impact on adoption of resource conservation practices. Of these six 
variables did not differ significantly from zero and remaining variables were 
statistically explaining behaviour of farmers regarding adoption of such 
practices. With the passage of time, land degradation is becoming a serious 
problem in Pakistan, having adverse impacts not only on resource uses but 
also on productivity. Land fragmentation is one of the factors deteriorating 
land productivity. In this regard, there is a dire need to pay attention on this 
aspect of land to make efficient use of limited resources. 
 
The study further concludes that TV is contributing in the adoption of 
resource conservation technologies, since TV channels (especially PTV) 
broadcast some programmes on different aspects of agriculture. In contrast, 
private radio channels do not broadcast such progarammes so radio variable 
is not positively related with adoption of resource conservation technologies. 
The media plays an important role in the development process and creation 
of awareness among the masses throughout the world. The need is to 
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allocate more resources and efforts to divert media towards creation of 
awareness among the farming community about conservation of natural 
resources. The print and electronic media can project adverse 
consequences of resource degradation and wastage and offer possible 
ways to overcome problems in agriculture. Steps should be taken by the 
Agriculture Department and agricultural universities in setting up radio 
channels on agriculture to disseminate new technologies and production 
practices. 
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