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ABSTRACT 

 
Institutional reforms in irrigation sector and their impact on sugarcane 
productivity in Punjab were studied in the Department of Agricultural 
Economics, University of Agriculture, Faisalabad, Pakistan during 2007. A 
sample of 360 farmers was collected from study area (Lower Chenab Canal) by 
using multistage sampling technique for analysis purpose. Econometric 
analysis was carried out by using “Pre and Post” approach. The results of 
study were according to a priori expectations. It was found that 1 percent 
increase in surface irrigation cost could decrease yield by about 0.2 percent. 
Coefficient of fertilizer cost was also significant showing that 1 percent 
increase in fertilizer cost would increase sugarcane yield by 0.15 percent. 
Coefficient of location dummy was negative and non-significant. After 
introduction of reforms cropping intensity increased from 163 to 182 percent 
leading to 12 percent increase after IMT.  
 
KEYWORDS: Sugarcane; irrigation; reforms; land productivity; Punjab,      

Pakistan. 
 

INTRODUCTION 
 
Pakistan is an agricultural country and importance of water cannot be under-
estimated, particularly for irrigated agriculture. In Pakistan, irrigated 
agriculture covers 16.2 million hectare (74 %) out of total cultivated area of 22 
million hectare.  Irrigated agriculture uses 97 percent of available water and 
contributes more than 90 percent to agricultural produce (15). The major 
crops grown are cotton, rice and sugarcane in rainy season and wheat in dry 
season. Sugarcane is an important cash crop of Pakistan. It occupies an 
important position in cane producing countries of the world. It ranks at fifth 
position in cane acreage and production and almost 15th position in sugar 
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production. A comparison of cane yield and sugar recovery in some cane 
growing countries is given in below:- 
 

 Area and yield of sugarcane in some major cane growing  
Countries of the world. 

 
Country Area (000 ha) Cane yield (t/ha) 
Brazil 4055 61.3 
India 2862 59.9 
Cuba 1350 49.6 
China 1060 53.9 
Pakistan 759 35.4 
Mexico 555 70.5 
Thailand 510 47.2 
Philippines 338 43.2 
USA 322 83.9 
Australia 310 82.0 
Argentina 300 46.6 
Vietnam 160 39.1 
Egypt 115 82.2 

      Source: www.Pakissan.com 
 

Sugarcane is mainly grown for sugar production. Despite expansion in 
production over years, increase in productivity per unit of area has been very 
low. Sugarcane is highly water consuming crop that remains in the fields 
nearly 12 months or more. Of all inputs, irrigation water is a scarce and 
precious input that is dwindling day by day. As a result of recurring water 
shortage, element of risk, in farm production is increasing. The country often 
resorts to distress imports in stabilizing sugar prices. The sugar has assumed 
the status of “political good” like wheat.  Sugarcane is largely grown in the 
area of Lower Chenab Canal.  

In Pakistan, average annual rainfall is less than 240 mm. In the cultivable 
plains, annual rainfall ranges from 100 mm to 500 mm per year. Throughout 
history people have adapted to low and poorly distributed rainfall by either 
living along river banks or by careful management of local water resources 
(4). The imbalance between population and available water already makes 
Pakistan one of the most water-stressed countries in the world and with rapid 
population growth it will soon face absolute water scarcity (2). The irrigated 
agriculture of Pakistan mainly depends on Indus River System and its 
tributaries. The annual flow of Indus river is 143 MAF out of which 103 MAF is 
diverted into different canal commands (3). Being semi-arid climate of the 
country with an annual rainfall of 240 mm, 90 percent of irrigated agriculture 
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falls in Indus Plains. Eighty percent flow of Indus River is generated during 
monsoon (from June to August) which necessitates effective water 
management for sustainability of irrigated agriculture (14). Pakistan’s 
agricultural output is closely linked to supply of irrigation water. Actual surface 
water availability in Pakistan against the normal surface water availability at 
canal heads is given below:- 

Actual Surface Water Availability in Pakistan. 
 
Period Kharif 

(MAF) 
Percentage 

increase/decrease 
over average 

Rabi 
(MAF) 

Percentage 
increase/decrease 

over average 

Total 
(MAF) 

2001-02 54.7 -18.4 18.4 -49.5 73.1 
2002-03 62.8 -6.4 25 -31.3 87.8 
2003-04 65.9 -1.8 31.5 -13.5 97.4 
2004-05 59.1 -11.9 23.1 -36.5 82.2 
2005-06 70.8 5.5 30.1 -17.3 100.9 
2006-07 63.1 -6 31.2 -14.3 94.3 
Average system 
usage 
 

67.1 _ 36.4 _ 103.5 

Source: Economic Survey of Pakistan (3). 
 
Need for improvement in efficiency and productivity of irrigation water has 
become one of key issues for the irrigation as well as agriculture sector. 
Various studies (8, 11, 13) showed that the state owned irrigation systems 
had not been performing well and were deteriorating day by day, especially in 
developing countries due to financial, managerial and socio-political factors 
(7). 
 
The irrigation performance needs to be reviewed in context of system design 
objectives, operational constraints, institutional systems and the broader 
socio-economic framework. Previous studies indicated that Pakistan’s 
extensive irrigation system has progressively deteriorated because of 
inadequate maintenance, funding inequitable water distribution (2), 
overstressing of channels to meet an escalating water demand, and a 
phenomenal increase in use of canal banks by human, animal and vehicular 
traffic. One main reason for this decline is lack of involvement of water users 
in management of the system (12). 
 
The irrigated agriculture is undergoing organizational changes worldwide. 
There is growing recognition that irrigation water management is a service 
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provided to customers with better results when operated by decentralized 
organizations (10). On cognizant of problems in irrigated agriculture and 
water management, Government of Punjab decided to adopt institutional 
reforms in irrigation sector. Hence, in 1997, Punjab Provincial Assembly 
passed “Punjab Irrigation and Drainage Act”. Under this act Punjab Irrigation 
and Drainage Authority (PIDA) was set up at provincial level with 
representation of public sector and  farmers. This institutional frame consists 
of three entity: 
 
1. Punjab Irrigation and Drainage Authority (PIDA) at provincial level. 
2. Area Water Board (AWB) at canal command level. 
3. Farmers Organizations (FOs) at distributary level 

Farmers organizations are basic management units responsible to operate 
and manage irrigation and drainage infrastructure within its jurisdiction. The 
process of institutional reforms commences with community development at 
village level so as to aware farming community of Participatory Irrigation 
Management (PIM) initiatives and to organize them for establishment of FOs. 
The present study was conducted to analyze the impact of reforms in 
irrigation sector of Punjab province on sugarcane productivity and income in 
the area of Lower Chenab Canal (East). 
 

MATERIALS AND METHODS 
 
This study was conducted in the Department of Agricultural Economics, 
University of Agriculture, Faisalabad, Pakistan during 2007. Area of Lower 
Chenab Canal (LCC East) was selected for this study comprising four canal 
divisions (Khanki, Upper Gogera, Lower Gogera and Burala). Process of 
irrigation reforms was initiated as a pilot project and completed in LCC (East).  

Sampling framework and data collection 
Multistage sampling technique was used for the selection of samples. The 
study area (LCC East) was initially selected purposively due to reason that 
irrigation management was transferred to stakeholders in this area and 
sugarcane was largely grown in this fertile tract. By using simple random 
technique, 30 distributaries were selected. The sampled distributaries 
represented head, middle and tail of command area. Of these 30 
distributaries, ten distributaries were selected by using purposive random 
technique on the basis of homogeneous characteristics and their location in 
LCC (East) irrigation system. Out of ten selected distributaries, six 
watercourses per distributary (2 each from head, middle and tail) were 



Institutional reforms in irrigation sector 

J. Agric. Res., 2009, 47(1) 

67

selected through stratified random sampling giving a total of 60 watercourses. 
Of these 60 watercourses, six farm households were randomly selected from 
each watercourse. Thus a sample size of 360 farmers was collected for 
analysis. Economic analysis was conducted by making a comparison of Pre-
reform period with that of post-reform period. The data were taken for two 
years i.e. 2003-04 to 2004-05 for reform period and 2005-06 to 2006-07 for 
post reform period. Primary data were collected for one year i.e. 2004-05 for 
pre-reform period and 2005-06 for post-reform period. 
 
Analytical framework 
 
The Cobb-Douglas production function was used to estimate sugarcane 
productivity in pre and post reform periods. This function was found to be an 
adequate representation of data. Various workers (1, 5, 6, 9) have also used 
similar production function in such type of studies.  
 
Generalized form of Cobb-Douglas production function for estimation of 
sugarcane productivity is given as: 
lnay = β0 + β1 lnsareaij + β2 lnsscostij + β3 lnsfcostij + β4 lnssicostij + 

β5 lnsticostij + β6 lnsmcostij + β7 lnslcostij + β8 lneduij  + β9 D1
 + 

β10 D2 + β11 D1D2 + µij 
where: 

β0   =  Constant 

lnay = Natural Log of average yield of sugarcane of the i-th farm in 
sample area measured in maunds per acre. 

lnsareaij = Natural Log of area under sugarcane crop in sample area 
measured in acres. 

lnsscostij = Natural Log of seed cost of i-th farm for sugarcane crop in  
sample area measured in real price (by using GDP deflator 
for the year 2001-02 as base) and expressed in Rs. per acre.
  

lnsfcostij = Natural Log of fertilizer cost of i-th farm for sugarcane crop in 
sample area measured in real price (by using GDP deflator 
for the year 2001-02 as base) and expressed in Rs. per acre.
  

lnssicostij = Natural Log of surface irrigation cost of i-th farm for 
sugarcane crop in sample area measured in real price (by 
using GDP deflator for the year 2001-02 as base) and 
expressed in Rs. per acre. 
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lnsticostij = Natural Log of tube-well irrigation cost of i-th farm for 
sugarcane crop in sample area measured in real price (by 
using GDP deflator for the year 2001-02 as base) and 
expressed in Rs. per acre. 

lnsmcosti = Natural Log of cost of mechanized operations of the i-th farm 
for sugarcane crop in sample area measured in real price (by 
using GDP deflator for the year 2001-02 as base) and 
expressed in Rs. per acre. 

lnslcostij = Natural Log of cost of labour operations of the i-th farm for 
sugarcane crop in sample area measured in real price (by 
using GDP deflator for the year 2001-02 as base) and 
expressed in Rs. per acre. 

lneduij = Natural Log of years of schooling of i-th farm for sugarcane 
crop in sample area. 

D1 = Dummy variable for location of outlet of specific farm. If D1= 
1 then it represents location at tail of distributary otherwise 
head or middle of distributary. 

D2 = Dummy variable for taking into account the implementation 
of reform process. If D2= 1 then it represents post-reform 
otherwise pre-reform period. 

D1D2 = Interaction variable of two dummies i.e. D1D2 was used to 
capture the impact of reform process on the farms located at 
tail of the distributary. 

µij = Error terms 

Assumptions 

1. Production function is time invariant i.e. there is no change in production 
pattern. 

2. Socio-economic and ecological conditions remain the same. 
3. Production function includes only one phase of return to scale 
4. Production in one time period is independent of the production in other 

time periods or production in one sector of economy is independent of 
production in other sectors of economy.  

 
RESULTS AND DISCUSSION 

 
Descriptive statistics of important variables (Table 1) show that variation in 
sugarcane yield was quite high in study area. Chemical cost was not included 
in analysis due to the reason that farmers as a whole had no inclination for 
using chemicals for sugarcane crop. 
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Table 1. Descriptive statistics of important variables for sugarcane 
crop. 

Variable  Mean (Rs.) Standard deviation 
Real average gross value product (Rs.)  29727 4462.3 
Sugarcane area (acres) 3.9 3.2 
Seed cost (Rs.) 4317 348 
Fertilizer cost (Rs.) 2464 538 
Surface irrigation cost (Rs.) 99 28.5 
Tubewell irrigation cost (Rs.) 3952 1836.7 
Mechanization cost(Rs.) 2222 863.9 
Labour cost (Rs.) 2921 920.1 
Average cost/acre (Rs.) 16240 3176.1 
Average yield (maunds/acre) 606 81.8 

 
Estimation of regression model for average yield of sugarcane 
 
In order to determine the impact of irrigation reforms on sugarcane 
productivity, Ordinary Least Square (OLS) model was estimated. Average 
yield of sugarcane (lnay) measured in maunds per acre was taken as 
explained variable in model. Different combinations of inputs and socio 
economic variables were tested by using Cobb-Douglas production function. 
The function was found appropriate because it can handle multiple inputs in 
its generalized form.  
 
Results of productivity model were also more or less similar to a priori 
expectations. Model was free from problems of Heteroscedasticity, auto-
correlation, and multi-collinearity as respective tests like White’s test, Durbon 
Watson statistics and VIF values suggested. R2 and adjusted R2 were also in 
satisfactory range. F-value indicated that overall results of model were also 
significant (Table 2). 
 
Results suggested that five coefficients were significant. Out of these, four 
coefficients were positively related with dependent variable i.e. natural log of 
average yield. One variable i.e. natural log of surface irrigation cost had 
negative sign. It concludes that any increase in surface irrigation cost would 
reduce sugarcane yield. Results revealed that one percent increase in 
surface irrigation cost could decrease yield by about 0.2 percent. Reform 
dummy was significant having positive sign that was according to a priori 
expectations. Coefficient of dummy revealed that yield was about 60 percent 
more than that of base category. Coefficient of fertilizer cost (lnsfcost) was 
also significant showing that one percent increase in fertilizer cost would 
increase sugarcane yield by 0.15 percent. Coefficient of location dummy was 
negative and non significant. 
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Table 2.      Estimated parameter of yield model for sugarcane crop. 

 
Variable Parameter T value Significance level 
Constant  8.40 10.95 .000* 
Lnrsarea 0.004 0.356 0.84 
Lnrsscost 0.051 0.559 0.57 
Lnsfcost 0.15 4.30 0.00* 
Lnrssicost -0.118 -4. 04 0.00* 
Lnrsticost 0.004 0.98 0.32 
Lnrsmcost 0.10 5.25 0.00* 
Lnrslcost 0.003 0.917 0.36 
D1 -0.034 -1.26 0.20 
D2 0.47 2.59 0.01* 
D1D2 0.04 1.54 0.12 
Lnedu 0.04 3.56 0.00* 
R2 0.20   
Adjusted R2 0.17   
F- Value  6.6  .000* 

*Significant (P ≤ 0.05)  ** Highly significant (P ≤ 0.01). 
 

Interaction term of two dummies had also positive sign and was significant at 
about 12 percent. It indicated that reforms were more in favour of the farmers 
located at tail clusters of selected distributaries than those located at head or 
middle of distributaries. 
 
Cropping intensity area in pre and post-reform period 
 
The data (Table 3) depict that reforms in irrigation sector had positive impact 
on cropping intensity. The higher cropping intensity was estimated at Khanki 
(13%) and Upper Gogera (13%) and the lowest at Lower Gogera and Burala 
(12%). There was an increasing trend in all four canal divisions after irrigation 
management  transfer  (IMT).  On  an  overall  basis,  whole  system  of  LCC 
 
Table: 3. Comparison of cropping intensity of the study area in pre and post-reform 

period 
 

Canal division Pre-reform period 
(%) 

Post-reform period (%) Percentage increase 
over pre-reform period 

Khanki  156 176 13 
Upper Gogera 165 186 13 
Lower Gogera 168 188 12 
Burala  164 179 12 
Overall 163 182 12 

 
(East), two years after transfer of management, cropping intensity changed 
from 163 percent to 182 percent leading to 12 percent increase after IMT. 
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This suggests that there is discernible difference between pre and post 
transfer period.  
 

CONCLUSION 
 
The study concludes that change in management had a positive impact on 
sugarcane productivity. A strong relationship was observed between location 
of farms along distributary and their respective yield and income. On an 
average, the lowest yield was achieved by tail farmers as compared to 
farmers of head and middle reach areas. Low yield at tail reaches may be 
attributed to low surface water availability. The results of study also indicated 
that there is possibility of boosting and diversifying agriculture in Punjab. To 
improve the irrigation reform process, it is vital to clearly specify the role, 
function and responsibilities of various actors involved in the process. 
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