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Abstract 
Adoption of better management practices is considered an important 
method to achieve sustainable crop production. The study in hand 
intends to verify the positive contribution of better management 
practices on sugarcane production using cross-sectional data collected 
from Faisalabad district. Cobb Douglas production function was used 
to determine the impact of better management practices and other 
traditional farm inputs on sugarcane yield. Results show that better 
management practices relating to efficient irrigation water and 
fertilizer use were found significantly contributing in sugarcane 
productivity. Seed, fertilizer and irrigation water were also positively 
associated with crop yield. The comparison of adopter and non-
adopters shows that Adopters of better management practices were 
found better performing compared to non-adopters in terms of yield, 
total variable cost and profitability. The study has important policy 
ramifications that strengthening and building capacity of farmers in 
adoption of better management practices can lead to sustainable crop 
production and protect environment as well. 

 
Keywords: BMPs, sugarcane, productivity, Cobb Douglas, production function, 

Faisalabad 
 
I.  Introduction 

Despite significant potential for conservation practices in agriculture to reduce 
burden on resources, the major emphasis in Pakistan has been on productivity 
maximization (Khaskheli, 2011) without caring management practices. The problem of 
inappropriate farming management practices is ascribed to many factors including 
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insufficient organisational structure at the local farmer level (Adhikari et al., 1999; 
Dobermannet al., 2003), inefficient provincial extension level (Hussain et al., 1994; 
Alamet al., 2005; Bakhsh et al., 2007) and the absence of education and training among 
farmers (Hussain et al., 1994; Ahmad et al., 2007). The other constraints include lack of 
capacity, financial resources and knowledge about appropriate management practices 
(FAO, 2006; Gilleret al., 2004).  

 
There exists a substantial potential for making paradigm shift from input-intensive 

conventional farming to conservation agriculture, thereby improving productivity and 
increasing profitability (Kamiloğlu, 2012), while reducing environmental externalities 
(Khosla and Alley, 1999). In this context, adoption of better management practices 
(BMPs)is the promising option available to help farmers achieve objectives of higher 
profitability and lower environmental externalities (WWF, 2006;Bijay-Singh et al., 
2011). Despite of contributing in crop productivity, fertilizer and pesticide are well 
known environmentally detrimental inputs. Various studies have explored adverse 
impacts of these inputs on human health (Cassman et al., 2002) and ecology (Sharpley et 
al., 1987;Cassmanet al., 2002), mainly due to indiscriminate use of these inputs 
(Chaudhry et al.,2000;Imtiazet al.,2003; Afzal and Ahmad, 2009;Niamatullahet al., 
2011). The indiscriminate use is also associated with wastage of financial and natural 
resources (Amar and Cisse, 2007).Inefficient use of irrigation water (Arshad et al., 2009) 
in water scarcity regime is another area of concern in agriculture and especially in 
sugarcane due to its high water requirements. Despite all these facts, there exists 
possibility to improve crop productivity by making efficient use of these farm inputs 
(Imtiaz et al., 2003). 

 
The present study is designed to determine the influence of better management 

practices on sugarcane productivity as sugarcane is the important cash crop in Pakistan. 
Sugarcane production involves substantial use of inputs such as water, fertilizer and 
pesticides. Adoption of BMPs in sugarcane is considered to reduce burden on scarce 
resources. The study contributes in the existing literature by estimating the effects of 
different BMPs on sugarcane yield as very little is known about BMPs relating to 
different farm management practices, namely irrigation scheduling and pesticides and 
fertilizer application rates. In addition to this, the study provides policy makers and 
agricultural producers with the needed information on better management practices for 
addressing the environmental effects of current agricultural practices in sugarcane 
production.  

 
The remaining paper is organized as follows. Section II describes a review of 

literature. Next section presents discussion on variables and econometric model and 
empirical analysis is given in section IV. Conclusion is given in section V. 
 
II.  Review of Literature 

This section is allocated to review of previous studies on the impact of BMPs on 
agricultural productivity. 
 

DeVuyst and Ipe (1999) studied the effect of group incentive contract to promote 
the adaptation of best management practices among the corn growers of watershed areas. 
They calculated the historical data of profits through farm yield and prices for both 
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treating and non-treating farmers before and after incentives, which were provided as a 
compensation for economic losses due to adoption of best management practices. 

 
Steven and Castillo (2000) found that the decision to adopt BMPs was 

significantly influenced by the frequency of producers meetings with extension staff and 
the number of meetings they attended in the previous year. Participation in cost sharing 
had significant effect on adoption of BMPs. Farmers was of the view that the quality of 
water coming off farmland was significant for most management measures. They also 
found that more than 90 percent of the respondents were implementing at least one best 
management practice for each of the applicable best management measures defined. 

 
Ronald et al. (2002) carried a research, phosphorous load reductions under best 

management practices for Sugarcane cropping systems in Everglades Agricultural area to 
quantify BMPs effect on on-farm drainage phosphorous loading. Two analytical methods 
compared phosphorus loads trends for entire BL and BMPs monitoring periods. All 
analytic methods confirmed favorable phosphorus reduction trends under recommended 
BMP strategies for Everglades Agricultural area for sugarcane cropping system.  

 
Zhong (2003) conducted economic analysis of the best management practices 

(BMPs) in Lousiana sugarcane production. The unobservable dependent variable 
“Adoption of Best Management Practices” was assessed through the evaluation of some 

observable “management measures” categorized as: soil erosion and sediment control 

management measures, Nutrient Management Measures, and Pesticide Management 
Measures. Educational and technical assistance programs played an important role to 
promote BMPs adoption. Reasons for not implementing the BMPs included concerns 
about the high cost of implementation and whether the practice was applicable to their 
circumstances. 

 
Alva et al. (2005) studied the effect of nitrogen and irrigation best management 

practices on fruit quality, yield and leaf nutritional status of citrus trees in sandy soils of 
central Florida. They concluded that the improved management of fertilizer and irrigation 
enhanced the uptake of nitrogen efficiency and fertigation had greater concentration of N 
in leaf than any other source of nitrogen.  

 
Cullumet al.(2005) determined the combined effects of best management practices 

that fell into one of two categories, structural and cultural on water quality in oxbow 
lakes from agricultural watersheds. They concluded that water quality prior to the 
implementation of management practices of lakes was ecologically damaged due to 
excessive in-flow of sediments while all three lakes demonstrated improved water quality 

and farm management practices designed to control erosion and reduce transport of soil, 
organic matter, and agricultural chemicals do indeed improved water quality. 

 
Beth and Cher (2007)conducted economic evaluation of beneficial management 

practices for crop nutrients in Canadian agricultures” to estimate the economic impact of 

the BMPs on farm profitability. They showed that soil testing, nutrient management 
planning, minimum tillage and no-till was the top performing BMPs. These practices 
generally produced increased yields that offset any increases in operating costs.  
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Frisvold et al. (2009) examined the adoption of ten best management practices to 
control weed resistance by cotton, corn and soybean growers. They concluded from their 
research that growers practicing a greater number of BMPs frequently (a) had more 
education, but less farming experience; (b) grew cotton, (c) expected higher yields 
relative to the county average; and (d) farmed in counties with a lower coefficient of 
variation (CV) for yield of their primary crop. Yield expectations and variability were 
significant predictors of the frequency of adoption of individual BMPs.  

 
Williamson (2010) assessed the role of information which farmer get through 

several common sources like nitrogen soil (N-soil) testing and role of price signals form 
market and literature on farmer’s nutrient management decisions. He estimated partial 
equilibrium static demand partial equilibrium demand model for profit maximization 
through reduced form equation and concluded that farmers who used N-soil test reduced 
their use of commercial N at the mean by up to 0.9 percent per acre, or about 14 lbs/acre, 
relative to non-testers of N soil test. 
 
III.  Materials and Methods 

An international organization working on conservation of natural resources has 
started the program aiming at introducing BMPs for water thirsty crops, such as 
sugarcane and cotton in various irrigated districts of the Punjab province. The goal of the 
program is to ensure sustainable use of resources to support the livelihoods of poor 
communities in Pakistan. Faisalabad district is one of the districts where this program has 
been introduced with objectives of increasing efficient use of water and reducing pollution 
by decreasing amount of fertilizer and pesticides used in sugarcane production, working 
closely with research centers, target farmers and extension services. The Farmer Field 
Schools (FFS) are established to train and educate farmers and other stakeholders 
regarding different aspects of BMPs in sugarcane production. A complete package of 
BMPs is given in Table 1.The present study used primary data collected during the year 
2009, targeting sugarcane growing farmers who join FFS. A total of 25 FFS are operating 
in three tehsils viz. Faisalabad, Samundri and Jaranwala of Faisalabad district (WWF, 
2006). We selected 150 respondents from FFS using simple random sampling technique. 

 
Empirical analyses consist of two types of methods, namely descriptive analysis 

and econometric method. Descriptive analysis, however, does not provide information on 
effects of individual variables. Econometric method provides solution to this problem. 
For the present study we used production function to determine impacts of traditional 
farm inputs and BMPs on sugarcane production. A simple production function can be 
written as 

 
        (1) 

 
Here Y shows sugarcane yield in kg per acre, X is a vector of independent 

variables contributing in sugarcane production and  denotes suitable functional form of 
production function. We employed Cobb Douglas Production function in the present 
study because of its wide acceptability and suitability in agriculture related data. Cobb 
Douglas production function can be written as follows 
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       (2) 
 

Cobb Douglas production function given in equation (2) has been transformed into 
log linear form by taking natural log on both sides. Advantage of taking log is that 
coefficients of variables give direct elasticity and usual ordinary least square method is 
used. Log linear form of Cobb Douglas production function is as under 

 
 

                (3) 
 

Where  is natural log of sugarcane yield of i-th farmer,  is a vector of 
farm inputs used by i-th farmer and  are dummy variables used to include impact of 
adoption of different BMPs on sugarcane productivity. ,  and  are parameters to be 
estimated. Description of explanatory variables and mean values are given in Table 2. 
 
IV.  Results and Discussion 

Impact of BMPs on sugarcane productivity is estimated using two methods, 
namely descriptive analysis and econometric method. In descriptive analysis, we compare 
different variables using mean values of adopters and non-adopters of BMPs. Results 
given in Table 3 show that adoption of BMPs controlling for disease and pest infestation 
reduces expenditures on plant protection measures as adopters have incurred statistically 
significant low expenditures compared to their counterparts, non-adopters. The 
statistically significant difference in fertilizer and irrigation expenditures between 
adopters and non-adopters of BMPs indicates environmental and financial benefits to 
farmers and society as a whole. The declining expenditures on these variables 
consequently reduces total variable costs on adopters’ farms as adopters of BMPs are 

found spending more than 15 percent less financial resources on crop production. The 
reduction in variable cost of production and increased yield due to better crop production 
practices consequently give higher gross margin and net revenue to adopters comparing 
to non-adopters of BMPs. Managing environmental detrimental farm inputs also result in 
better environmental efficiency (Bakhsh, 2012). 

 
Econometric method was employed to further investigate the effects of BMPs on 

sugarcane productivity. Cobb Douglas type production function was used in the present 
study as its coefficients give elasticity of production. Results of production function are 
given in Table 4. Results show that the production function used in the present study is 
statistically significant as indicated by significant value of F-test, 8.261. Further, the 
value of adjusted R2implies that explanatory variables included in the production function 
explain 41 percent variation in the dependent variable i.e. sugarcane yield. We included 
13 explanatory variables in the production function. Out of these variables, 6 variables 
are statistically different from zero at one percent level of significance, one variable at 5 
percent level and 3 variables at 10 percent level of significance. We introduced 10 BMPs 
in order to estimate impact on sugarcane productivity, only 3 BMPs are statistically non-
significant, implying that farmers adopting BMPs receive higher sugarcane yield 
compared to their counterparts. First we discuss traditional inputs used in sugarcane 
production. They include seed, fertilizer and irrigation. 
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Seed, being the important variable in sugarcane production is found positively 
related with sugarcane yield as its coefficient is 0 0.280, and it implies that one percent 
increase in seed amount is associated with an increase in sugarcane yield of 0.280 
percent. Sugarcane crop is assumed as water thirsty crop because it requires substantial 
amount of irrigation water. Its coefficient is also positive and statistically significant. A 
rise of irrigation by one percent can increase sugarcane yield by 0.129. However, 
irrigation water can be optimally used coupled with better management practices, which 
are discussed later. Another important traditional factor of production is chemical 
fertilizer. We transformed nutrients in different types of fertilizer bags into nitrogen, 
phosphors and potash (NPK). So the total amount of NPK used in sugarcane production 
was taken as an explanatory variable in the present study. The coefficient for fertilizer 
nutrients is .004 and has direct relation with the yield of sugarcane i.e. farmers can 
increase the yield of sugarcane by increasing the amount of fertilizer nutrients. Ahmad et 
al. (2005) also find that yield and fertilizer use are positively related, confirming the 
finding of the present study. 

 
Various BMPs were introduced in the selected area and farmers were provided the 

training on the use of BMPs in sugarcane and other crops production. Among those 
BMPs, 10 BMPs are considered in the production function in order to estimate the impact 
on sugarcane productivity. The present study considers three BMPs relating to efficient 
use of irrigation water. Alternative furrow irrigation is one of them. It means whether 
farmers irrigate sugarcane crop in alternate furrows or not. The coefficient of this variable 
is 0.122 and it is statistically significant. This result implies that farmers practicing 
alternate furrow irrigation obtain higher sugarcane yield compared to their counterparts 
who do not follow this practice. Water scouting is other important BMPs to make 
efficient use of irrigation water. It implies that farmers irrigate their sugarcane crop after 
its complete examination in order to know whether the crop requires irrigation water or 
not. The value of coefficient for this dummy variable is 0.067. It is statistically significant 
with positive sign. It indicates that those farmers doing water scouting receive higher 
yield compared to those who do not consider water scouting. This result is in full 
agreement with the findings of Zong (2003).Laser levelling is an important better 
management practice applied for equal distribution of water and fertilizers. The value of 
coefficient for laser levelling used as dummy variable is 0.134. The coefficient is 
statistically different from zero implying that farmers who opt for laser land levelling 
receive larger sugarcane yield than others. It is due to the fact that levelled farm fields 
result in equal distribution of fertilizer and irrigation water, consequently higher 
sugarcane yield. 

 
BMPs regarding the efficient use of fertilizer nutrients include soil testing, 

fertigation, placing fertilizer, nutrient scouting, split doses and green manuring. The 
dummy variable for soil testing is used to determine its impact on sugarcane productivity. 
The positive and statistically significant value of the coefficient for this variable is found 
to be0.042, showing that soil testing practice is positively related to sugarcane yield as 
farmers become aware about the availability of nutrients in the soil and they, therefore, 
apply the required amounts of fertilizer nutrients. Alva et al.(2005)conclude that best 
management practices relating to the use of nitrogen and irrigation improve fruit quality, 
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yield and leaf nutritional status. Fertigation1, split doses and green manuring variables are 
statistically different from zero, implying that adopters these BMPs get higher sugarcane 
yield compared to non-adopters. The findings of the present study are in full agreement 
with those of Bijay-Singh et al.(2011) and Ayoub et al.(1994)who found that spilt 
fertilizer application has little effect on yield, but it is associated with decreased lodging 
and spike population, thereby indirectly contributing higher crop yield. Only one BMP 
relating to pesticide use is considered in the present study as sugarcane crop has very 
little problem of plant protection measures compared to cotton and vegetables. Adopters 
of trichograma cards are found having higher sugarcane yield compared non-adopters as 
the coefficient of this variable is positive but statistically non-significant. 
 
V.  Conclusion 

Inefficient use of farm resources in crop production causes many adverse impacts 
on farmers and environment because farmers using inputs inefficiently incur higher costs 
and sometimes low productivity, although they are able to produce the same or higher 
level of crop production by using farm inputs more efficiently and adopting better 
management practices. Moreover, better management practices adopted at the farmers’ 

fields minimizes the impact on environment while maintaining or increasing crop returns. 
Results of the present study show that better management practices in sugarcane 
production significantly affect crop productivity. Thus the need is to sensitize farming 
community about better management practices through media, especially electronic 
media i.e. TV and radio. Farmers’ training programs need to be started for the capacity 

building of farmers about how to make the efficient use of available resources. 
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Table 1: BMPs introduced in FFS for sugarcane crop 

Issues Better management practices 

Rational use of Irrigation water Furrow sowing, Alternative furrow irrigation 
Water scouting, Laser leveller 
Increasing plant population, Using leaf sheath 
wastage as mulch 

Judicious use of fertilizer Soil testing, using fertilizer after irrigation 
Placing fertilizer, nutrient scouting 
Split doses, basal doses, green manure 

Wise use of pesticides    Conservation of beneficial insect fauna 
Using alternate material for pest control 
Using Trichogramma Cards 
Using alternate material for pest control 

Land & seed bed preparation Reduction in use of different plough  
Reduction in Planking/levelling time/frequency  

Source: WWF, 2006 
 
 
 
 
 
 
 
 
Table 2:  Summary statistics of variables included in the production function 

Variabl
e 

Description Mean Standard Deviation 

Yi Sugarcane yield (kg/acre) 655.92 110.54 
X1 Seed (marla/acre) 9.00 5.67 
X2 Irrigation (No.) 17.12 13.65 
X3 NPK fertilizer (Kg/acre) 132.38 234.54 
D1 Alternate furrow irrigation(1=adopted, else 

zero) 
0.45 0.35 

D2 Water scouting (1=adopted, else zero) 0.54 0.16 
D3 Laser leveling (1=adopted, else zero) 0.24 0.32 
D4 Soil testing (1=adopted, else zero) 0.34 0.13 
D5 Fertigation (1=adopted, else zero) 0.67 0.24 
D6 Placing fertilizer (1=adopted, else zero) 0.75 0.56 

http://purl.umn.edu/60892
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D7 Nutrient scouting (1=adopted, else zero) 0.35 0.67 
D8 Split doses of fertilizer (1=adopted, else zero) 0.78 0.24 
D9 Green manure (1=adopted, else zero) 0.35 0.09 
D10 Trichograma cards (1=adopted, else zero) 0.63 0.47 

 
 
 
 
 
 
 
 
 
Table 3: Comparison of costs and returns associated with BMPs 

Particulars Non-adopters Adopters 
Mean St. Dev Mean St. Dev 

Seed (Rs/acre) 844.61 85.75 890.51 94.81 
Plant protection measures 
(Rs/acre) 2245.38 550.66 1775.87*** 339.54 
Irrigation (Rs/acre) 1309.23 312.11 928.23* 94.69 
Fertilizer (Rs/acre) 7728.1 1549.74 5984.41** 1254.46 
Others (Rs/acre)2 2676.91 644.39 2909.77 803.37 
Total variable cost (Rs/acre) 14804.23 3180.166 12488.79*** 2510.63 
Total cost (Rs/acre) 31449.61 4152.86 28214.67** 4646.71 
Gross revenue (Rs/acre) 52977.31 9849.53 59871.47* 10542.65 
Gross margins(Rs/acre) 38173.08 6369.11 47382.68** 6991.18 
Net revenue (Rs/acre) 21527.70 5696.67 31656.80** 5895.94 

****, ** and * are level of significance at 1%, 5% and 10% respectively 
 
Table 4: Estimates of Cobb Douglas Production Function 

Variables Coefficients Std. Error t-Value 
Constant 5.265*** 0.452 11.648 
ln_seed 0.28*** 0.134 2.090 
ln_irrigation 0.129* 0.075 1.720 
ln_fertilizer 0.04*** 0.016 2.500 
Alternate furrow irrigation 0.122*** 0.043 2.837 

Water scouting 0.067** 0.034 1.971 
Laser levelling 0.134*** 0.038 3.526 
Soil testing 0.042* 0.022 1.909 
Fertigation 0.092*** 0.043 2.140 
Placing fertilizer -0.044 0.04 -1.100 
Nutrient scouting -0.003 0.043 -0.070 
Split doses 0.078* 0.041 1.902 
Green manure 0.089*** 0.043 2.070 
Trichograma cards 0.015 0.056 0.268 
Adjusted R2 0406   
F- Value 8.261***   

****, ** and * are level of significance at 1%, 5% and 10% respectively 

                                                           
2  Others include cost on land preparation, furrow making and intercultural practices 


