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Abstract

Crop residue management practices adopted by farmers have a significant effect on pollution
created by the agricultural sector. Broadly, farmers are following the practice of removal, burn-
ing and incorporation for the management of crop residue. To find out the determinants of prac-
tices adopted by farmers for the management of rice residue; the multinomial model is estimated
by using primary data from 400 farmers of Punjab, Pakistan’s rice-wheat cropping system. The
adoption probability of burning, partial removal and partial burning and incorporation of rice
residue management practices increase with farm size, the actual total cost associated with the
preparation of field for wheat crop after rice, farming experience and turnaround time between
rice harvesting and wheat sowing relative to removal practice. The use of rice residue as fuel
and feed decreases the adoption probability of burning practice compared to that of removal
practice. To overcome the problems associated with the burning of rice residue, the government
should formulate policies for the development/introduction/popularization of technologies about
power generation from the residue, enrichment of residue for livestock feeding and incorpora-
tion of residue into the soil. Further, regulations about crop residue burning should be imple-
mented and agricultural institutes should also focus on the development of dwarf rice varieties
and crop diversification.

Keywords: Rice, Residue Management, Multinomial Logit, Burning,
Removal, Incorporation.
JEL Classification: Q12, Q15, Q52.

Introduction

The addition of organic content into the soil is essential to maintain and increase
its quantity for the maintenance and improvement of soil health [FAO (2011)]. The
crop residue is the largest source of organic matter for agricultural soils [Tisdale, et al.
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(1985)]. Different countries produced a large quantity of residues; for example, China
produces 626.41 MMT [Yan, et al. (2006)] and India 436 MMT [Murali, et al. (2010)]
of agricultural residue. Retaining crop residue on the soil surface or its incorporation
in soil has many benefits on soil quality [Blanco-Canqui and Lal (2009), Wilhelm, et
al. (2007)]. It helps in maintaining and improving the biological, chemical and physical
properties of agricultural soils [ Wilhelm, et al. (2007)]. However, many farmers in de-
veloping countries either remove residue completely (use it as bio fuels or feed for
livestock) or burn crop wastes in the field for better and convenient tillage and planting,
Among various options, burning of crop residue in fields is a popular practice in many
countries, especially among farmers in developing countries, having simple production
technologies [Gadde, et al. (2009) and Shrestha, et al. (2013)] and is a significant source
of pollution [UNEP (2010)]. It is estimated that in Asia on average, 730 Tg of biomass
is burnt annually and out of which 250 Tg come from the burning in agriculture. Open
burning of biomass is emitting 1100 Tg of CO,, 67 Tg of CO, 3.1 Tg of CH,, 2.8 Tg
of NOx and 0.37 Tg of SO, while crop residues burning is contributing 379 Tg of CO,,
23 Tg of CO, 0.68 Tg of CH,, 0.96 Tg of NOx and 0.10 Tg of SO, [Streets, et al.
(2003)]. Open burning of biomass is also one of the major sources of total global emis-
sions of black carbon of 7500 Gg Yr' [Bond, et al. (2013)] which plays a significant
role in the disturbance of the climate system of the earth. The Asian region contributes
about 30 to 50 per cent towards total emissions of black carbon [UNEP and C* (2002)].
Hence, crop residue burning in the open field is the most undesirable management
practice of crop residue from an environmentalist perspective and it results in several
direct and indirect adverse effects. Straw burning contributes significantly to smog
and haze formation during the harvesting seasons [Zhang, et al. (2016)]. It reduces
photosynthesis due to reduction in total solar radiation which in turn leads to decline
in productivity [UNEP and C* (2002)]. Similarly, Ramanathan, et al. (2008) also re-
ported negative effects of atmospheric brown clouds on crop yields.

Pollutants produced from crop residue burning have adverse effects on the people’s
health [Nori (2005)] and environment [Badarinath, et al. (2006), Lal (2008)]. The pollu-
tants have a negative impact on the health of human beings, livestock and crops already
planted in the area. Massive quantities of CO,, CO, methane, etc., are generated which
are creating greenhouse effects and thus, contributing to climate change [Brady and Weil
(2007), EIA (2008)]. Furthermore, biomass combustion processes have partly contributed
to unhealthy brown clouds seen over South Asia during winter [Gustafsson, et al. (2009)].

Crop residue is mostly treated as waste by farmers in developing countries. Though
crops are grown to feed animals, usually do not produce any residue, but crops culti-
vated to feed humans’, produce a significant proportion of crop wastes in the form of
residues. For wheat and high yielding rice, the quantity of residue is almost equal to
grain [Smil (1987) (1999)]. Farmers always try to get rid of crop wastes as early as
possible after harvesting. Although agricultural waste is valuable if managed in an ap-
propriate way, the hurried response of farmers’ results in the use of undesirable methods
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for waste management. Most farmers carry out the practice of burning to get rid of
crop waste, but studies indicate that crop residue is full of nutrients and farmers can
make it available for subsequent crops through incorporation. By employing methods
other than the burning of residue, farmers can promote sustainable agriculture and de-
crease the loss of plant nutrients present in the residue [Morello, et al. (2018)].

Rice is an important food grain for the world’s population and produced in different
cropping systems. In the Indo-Gangetic Plain (IGP), the rice-wheat system is a dom-
inant and important cropping system. It comprises parts of Bangladesh, India, Nepal
and Pakistan. A large quantity of rice straw is produced in IGP and usually, rice crop
residue is not used as animal feed [Badarinath, et al. (2006)]. Therefore, residues gen-
erated from rice crop generally burnt in fields due to the short time span between rice
harvesting and subsequent wheat crop sowing. Besides, an excessive amount of residue
is problematic and plugs; in conventional and seeding equipment. Therefore, farmers
burn off the rice residue. It helps them to perform land preparation operations smoothly
by using disc harrow and cultivator with the tractor.

Several field experiments have been done under various management practices of
crop residue [Badarinath, et al. (2006), Gadde, et al. (2009), Gupta, et al. (2004), Street,
et al. (2003)]. The studies by Ahmed and Ahmad (2014) and Haider (2013) used a di-
chotomous dependent variable to analyze the burning decision of rice crop residue in
the field. They used a binary logit model to find out the determinants of rice residue burn-
ing. In Pakistan, actual farm level observations show that farmers use various practices
for the residue management i.e., complete removal (REM), complete burning (CBR),
removal of upper part of rice plant (‘pural’ - which are harvested by combine harvester
and left in the field) and burning of its lower parts (RPBL) above the soil surface, removal
of upper part of rice plant and incorporation of its lower parts (RPIN) into the soil, and
complete incorporation (IN). As farmers are adopting various rice residue management
practices involving more than two options; therefore, binary logit model used by Ahmed
and Ahmad (2014) and Haider (2013) is not appropriate. The present study addresses
this issue and makes a significant contribution in literature by identifying the factors that
determine the choice of farmers among crop residue management practices in Pakistan.

The remaining part of this paper is as under: the Section II enunciates the review of
literature and Section 111 describes the data and methodology, whereas the Section IV ex-
plains the results. Section V concludes the results and suggests some policy implications.

II. Review of Literature

A number of experiments have been conducted to determine the effect associated
with various crop residue management practices. Sidhu and Beri (1989) found that
chopped wheat residue incorporation into soil improved its chemical and physical
properties, stover and grain yields of corn significantly over the non-incorporation of
residue. Similarly, Surekha, et al. (2003) and Ganwar, et al. (2006) showed that the



268 PAKISTAN JOURNAL OF APPLIED ECONOMICS

application of crop residue increases grain yield over a longer period by improving
soil properties and providing more plant nutrients. Malhi and Kutcher (2007) indicated
that the continuous burning of crop residue in fields over a long period of time could
cause a reduction in carbon; thus, it has an adverse effect on the biological, chemical
and physical soil properties. According to Heard, et al. (2006), residue burning resulted
in the loss of Sulphur by 75 per cent, K by 35 per cent, P by 24 per cent, N by 98 to
100 per cent and C by over 90 per cent, but when residues of crops left in the field, the
most of nutrients it residues are added into soil. IRRI-CIMMYT alliance (2007) re-
ported that cereal crop residues retained about 75 per cent of K, 50 per cent of Sulphur
and about 25 per cent of N and P uptake. About 45 to 80 per cent of N is lost due to
the burning of crop residues in open fields. Garg (2008) concluded that in-situ incor-
poration is the best practice, followed by burning and removal. According to Erenstein
(2002), burning is a quick way to control diseases, weeds and pests. Hartley and Kessel
(2005) reported that the incorporation of rice straw is a mean to keep the nutrients in
organic forms. Initially, they are less available than those that are available from the
ash of crop residue burnt in the field. However, incorporation of rice straw results in
increase of the potential of nutrients recycling, microbial biomass and a higher quantity
of organic matter in soil in the long-run. Prasad, et al. (1999) reported that available
‘P’ contents in soil, organic carbon and wheat yield were significantly higher in the
rice residue incorporated soil after two years as compared to rice residue burning or
removal treatment. Bahrani, et al. (2007) found that the corn yield was maximum when
25 to 50 per cent of residue from wheat crop was incorporated into soil compared to
conventional tillage and residual removal followed by conventional tillage. Their study
suggests that burning or complete removal of residue should be avoided.

Besides the experimental work, few studies have been conducted using farm level
data. For example, Gupta, et al. (2004) reported that burning of wheat straw in the open
field has gone up due to an increase in the usage of combine harvester technology. This
technology leaves large quantities of rice and wheat straws in the field. The crop residue
burning adversely affects soil properties and results in considerable nutrient loss which
is important for the agricultural ecosystem stability. Gupta (2012) used a recursive bi-
variate probit model to find out the influence of various factors on the harvesting mode
and disposal method of rice residue. On the basis of data collected from 736 plots in In-
dian Punjab, he concluded that the use of a combine harvester and farm location have a
substantial effect on the burning of rice residue in the field by a farmer. According to
him, the age of farmer, farm size and human capital have no influence on the burning of
rice crop residue. Haider (2013) identified the factors that influence burning of rice crop
residue in Bangladesh’s southwest region. He collected data from 300 farming house-
holds. Results of the simple logit model indicate that the distance of the plot from home-
stead, low elevation land and straw length has a significant positive influence on the
practice of rice crop residue burning, while the residue price has a significant negative
influence on this decision of the farmers. Pant (2013) estimated the required monetary
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incentives for the reduction of burning of rice residue in the open fields of Nepal plains.
On the basis of data collected from 317 farmers from two districts, he concluded that 86
per cent of the farmers agreed to stop burning rice residue if they were paid US$ 78/ha.

Existing literature indicates that the work done so far has been mostly conducted
by the physical scientists to study the effect of various crop residue management prac-
tices on the soil and subsequent crops under short and long-run. Since the experimental
conditions under field are quite different than the farmer’s field conditions, so this re-
quires an analysis of various crop residue management practices at the farm level. In
the recent era, satellite information plays an important role in detecting and analyzing
crop residue burning in the field. Since crop residue burning is a short lived and sporadic
in nature; therefore, satellite monitoring has its limitations as satellites pass through spe-
cific locations at a certain time in a day. Hence, all fires cannot be detected by satellites.
Furthermore, fire counts do not provide information on crop type unless the information
is available on land use and cropping patterns. Moreover, satellite information’s have
inherent problems relating to meteorology and surface factors that must be considered
[Shrestha, et al. (2013)]. This necessitates that field studies may be conducted to sup-
plement the satellite information. Fieldwork is done in India [Gupta (2012), Nepal [Pant
(2015)] and Bangladesh [Haider (2013)] is not relevant to Punjab, Pakistan, because of
differences in climate, cropping pattern and other factors. Furthermore, work done in
other countries and Pakistan [Ahmed and Ahmad (2014)] used simple logit model in-
volving two options, i.e., burning vs. non-burning. Farmers make a particular choice
among many options while deciding about the management of rice residue. Thus, it is
important to find out the extent of residue burning and the determinants that influence
the farmers’ choice of rice crop residue management. Hence, this study is conducted to
determine the (a) adoption extent of various rice crop residue management practices
(b) level of production and field burning of rice residue straw and (c) factors affecting
the adoption of various rice crop residue management practices.

II1. Methodology
1. Multinomial Logit Model

Logit and probit are the most commonly used models in agricultural technology
adoption research. These models are used when the number of choices is two (i.e.,
whether to adopt or not). When the number of available choices exceeds two, then the
extensions of these models, more commonly referred as multivariate models are used.
The most commonly used multivariate models are Multinomial Probit (MNP) and
Multinomial Logit (MNL). These models have two major advantages over the binary
logit and probit models. Firstly, they help to evaluate alternative combinations of man-
agement practices or specific practices. Secondly, they account for self-selection and
interactions between alternatives [Wu and Babcock (1998)]. A comparison between
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MNP and MNL models shows that the statistical properties of both models are asymp-
totic and on a priori reason, it is difficult to establish the superiority of one method
over the other. The MNP model is criticized because even formally identified specifi-
cations are often poorly identified in applications which lead to misleading inferences.
MNP sometimes fails to convert at a global optimum or yields parameter estimates
that are imprecise. The MNL optimizes at its global optimum and not subject to opti-
mization errors except in case of profound misspecification. However, MNL imposes
the assumption that the relative odds between any two alternatives are independent of
the other alternatives [Dow and Endersby (2004)]. For most of the applications, the
independent assumption is neither relevant nor particularly restrictive. Furthermore,
MNL specification is tractable and easy to estimate, therefore, this model is preferred
over MNP [Dow and Endersby (2004)] and is used in this study. As various options
are open to the farmer for rice crop residue management; therefore, residue manage-
ment decisions can be modeled by using MNL in which farmers make a choice among
various practices. MNL analysis of technology adoption has been employed by Bekele
and Drake (2003), and Deressa, et al. (2009).

In this study, it is assumed that farmers maximize their utility by adopting crop residue
management practices and the utility from each alternative is a linear function of a vector
of explanatory variables plus an error term that captures un-modeled effects. Farmers are
assumed to select that crop residue management practice Y, that has the highest utility.

Many farmers are exercising more options on their farms for rice residue man-
agement. Under such circumstances, more dominantly followed practice is expected
to yield more utility than the other alternatives. As complete incorporation is followed
by negligible number of farmers in the study area, so farmers have to make a choice
among the other four rice crop residue management options. Consequently, Probij G=
0, 1, 2, 3) denote the probability associated with four choices of rice crop residue man-
agement, with j = 0, if dominant practice followed by the farmer is REM j = 1, if dom-
inant practice followed by the farmer is CBR j = 2, if farmer dominantly followed the
practice of RPBL and j = 3, if farmer dominantly followed the practice of RPIN. The
model for rice crop residue management choice can be given as [Greene (2012)].

el £
Prob (Y=))= — forj=0,1,2,3 1)
> e X
k=0

This gives the estimation equations for the standard multinomial logit model and
B, is a vector of parameters that relates Table 1 independent variables X; to the proba-
bility that ¥ = ;.

Because the sum of four probabilities must be equal to one, hence a convenient
normalization rule is to set B, = 0, the coefficient of the reference group. The proba-
bilities for the four alternatives crop residue management practices then become, as
[Greene (2012)].
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TABLE 1
Definitions of Variables Used in the Model
Variable Description
RSMP 0 if the farmer adopted the practice of residue removal (REM), 1 if farmer adopted
the practice of complete burning of rice crop residue in field (CBR), 2 if farmer
adopted the practice of removal of upper part of rice plant and burning of its
lower parts in the field (RPBL) and 3 if farmer adopted the practice of removal
of upper part of rice plant and incorporation of its lower parts in soil (RPIN).
GUJRAN 1 if farmer is doing farming in the Gujranwala district and zero otherwise.
AGE Farmer’s age in years.
EXPER Farmer’s experience of farming in years.
PRIMOC 1 if primary occupation of the farmer is farming and zero otherwise.
MATRIC 1 if farmer’s educational is upto matric and zero otherwise.
ABMATR 1 if farmer’s education is above matric and zero otherwise.
ARIAN 1 if farmer’s caste is Arian and zero otherwise.
JAT 1 if farmer’s caste is Jat and zero otherwise.
RAJPUT 1 if farmer’s caste is Rajput and zero otherwise.
SIZE Size of operational farm in acres.
OWNEROP 1 if farm is operated by owner and zero otherwise.
OWNCUTEN 1 if farm is operated by owner-cum-tenant and zero otherwise.
NOFRAG Number of locations where farmer carried out farming.
SILTLOM 1 if silt loam is the dominant type of soil and zero otherwise.
CLAYLOM 1 if clayey is the dominant type of soil and zero otherwise.
ANIMUNIT Number of animal units owned by the farmer.
TCROVBR Actual total cost incurred for the preparation of field of wheat crop after rice.
WHEATSN 1 if sowing of wheat is done before the start of December and zero otherwise.
AVAFMMAC 1 if farm machinery for incorporation of rice residue is available and zero otherwise.
FUEL 1 if residue of rice crop is used as fuel for cooking and zero otherwise.
FEED 1 if residue of rice crop is used as animal feed and zero otherwise.
SUPERBAS Proportion of super basmati rice acreage in to total rice acreage.
INSETDIS 1 if respondent is carrying out burning of rice crop residue in field with

an intention to control diseases, weeds, insects and zero otherwise.

TURNAROUND 1 if respondent is carrying out burning of rice crop residue in field with

CONVFACM

TRANP

an intention to reduce turnaround time between rice harvesting and
sowing of wheat crop and zero otherwise.

1 if rice crop residue burning in field results in convenience in farm
machinery use and zero otherwise.

Total cost borne by respondent to carry out rice crop residue collection
and transportation from field.

Source: Authors’ estimation.
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The natural logarithms of the odd ratio of Equation (2) and (3) gives the following
equation.

In (p; -5 @

The dependent variable is the log of one alternative residue management practice
(CBR, RPBL, RPIN) relative to the base residue management practice (REM). It shows
the relative probability of each choice to the reference choice probability. The coeffi-
cients estimated for each choice measure the effects of X,’s on the likelihood of the
farmer's choice with reference to relative choice. The coefficient for each explanatory
variable for the reference choice is simply negative of the sum of coefficients of other
choice [Rahji and Fakayode (2009)].

The coefficients of the independent variables obtained by the multinomial logit
model have no straight interpretation like that of ordinary least squares regression
model. As the estimated coefficients sign and magnitude are relative to the reference
group; therefore, it is difficult to carry out the interpretation of estimated coefficients
of the model. Hence, the explanatory variables marginal effects on the choice of rice
crop residue management practices need to be derived [Sherrick, et al. (2004)]. The
marginal effect of the independent variables on the particular choice of rice crop residue
by the respondents can be estimated by taking derivatives of the probabilities with ref-
erence to explanatory variables [Greene (2012)], i.e.,

oP, B J
oX _P]' (ﬁ/-kgl)Pkﬂk) (5)

The marginal effect ﬁP/. |OX represents the change in the probability of outcome ¢/ re-

sulting from one unit increase in X, for the given set of values of other independent
variables. The marginal effects are not constant as they depend on the probabilities,
which depend nonlinearly on all independent variables. Furthermore, it may be noted
that neither the magnitude nor the sign of marginal effects require any relationship
with the specific coefficient. They depend upon the magnitude and sign of many co-
efficients [Wu and Babcock (1998)]. The multinomial logit model was estimated by
using maximum likelihood. Model estimates are consistent and efficient asymptotically
provided that MNL model is correctly specified. This method chooses a set of param-
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eters to maximize the likelihood that the actual choice indicated independent variable
for respondents would occur for the given values of explanatory variables [Pindyck
and Rubinfeld (1998)]. The definitions of the variables considered in the model are
described in Table 1. A brief justification of independent variables considered in the
empirical model is as under:

Geographic location of the farm in Gujranwala (GUJRAN): Since socio-economic
and climatic factors may vary among locations, geographic location is considered as
an important variable influencing rice residue management [Gupta (2012), Ahmed, et
al. (2015)]. Although it is difficult to say anything specific about the impacts of the
geographic location of farm, we expect a difference between Gujranwala and Sialkot
districts. However, the expected sign for this variable is not known a priori.

Age (AGE): Age is used as a proxy for maturity of the respondent, and results in
careful handling of rice residue [Gupta (2012), Haider (2012) Ahmed, et al. (2015)].
Therefore, older farmers are expected to follow more incorporation practices than
younger farmers.

Farming experience (EXPER): Experience is used as a proxy for the potential of
farmers to handle rice residue carefully. The experienced farmers recognize the im-
portance of rice residue in maintaining the soil fertility status of their farmlands and
therefore, we expect experienced farmers to be less inclined towards the burning prac-
tice than less-experienced farmers. Many technology adoption studies treat experience
as a determinant [Gould, et al. (1989)].

Primary occupation (PRIMOC): If farming is the primary occupation of the farmer,
he might be more interested in the sustainable use of the land resource to ensure his
livelihood in the long run [Ahmed, et al. (2015)]. This is expected to have a negative
effect on the burning decision.

Education (MATRIC, ABMATR): Since a higher level of education implies better
technical knowledge [Gould, et al. (1989), Harper, et al. (1990), Sherrick, et al. (2004),
Wu and Babcock (1998)], know-how on residue management and farming skills, we
expect educated farmers to have a better understanding of the negative effects of burn-
ing rice residue on soil properties and nutrients. This might incline them to practice
non-burning alternatives in place of the open field-burning of residue.

Caste (ARIAN, JAT, RAJPUT): Caste is an important social institution that influences
the adoption of technologies [Floyd, et al. (1999), Ahmed, et al. (2015), Aryal, et al.
(2018) and Krishna, et al. (2019)]. It is difficult to say anything about the direction of
the impact of different castes (JAT, ARIAN, RAJPUT and others) on the extent of the
adoption of various residue management practices. However, caste is an important so-
cial variable.

Size (SIZE): Scale of farming is identified by the literature as an important determinant
of technology adoption [Nowak (1987), Cary (1992), Cary and Wilkinson (1997), Neill
and Lee (2001) and Ahmed, et al. (2015)]. Since the availability of labor and the num-
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ber of animal units per unit area decline with increase in farm size, we expect large
farmers to resort to crop residue burning practice more than owners of small farms.
Owner operator (OWNEROP): Since owner operators would be more concerned with
the sustainability of the land resource than tenants and owner-cum- tenants, we expect
them to adopt other alternatives to open field burning [Gupta (2012) and Ahmed, et
al. (2015)].

Number of fragments (NOFRAG): As an increase in the number of fragments of a
farm has a negative impact on the efficiency of resource use, which would result in
less production of paddy and residue, thus a relatively larger proportion of the residue
would be used as feed for animals and domestic cooking purposes [Gupta (2012) and
Ahmed, et al. (2015)]. Therefore, we expect the number of fragments to have a negative
effect on the probability of burning rice residue.

Soil type: Silt loam (SILTLOM) and clay loam (CLAYLOM) soils are more suitable for
the cultivation of rice than sandy soil, which would, in turn, lead to a relatively higher
quantity of rice residue than other soils. Since farmers might be incorporating residue
into the silt loam and clay loam soil in order to improve the physical properties of that
soil, so we expect less chance of burning rice residue on these soils, which is bound to
have a negative effect on the burning decision [Gupta (2012) and Ahmed, et al. (2015)].
Number of animals (ANIMUNIT): Farm animals produce manure besides milk, meat,
etc., Manure is added to soil to improve the organic matter and nutrient status. An in-
crease in the number of animals on the farm is expected to meet the requirement of or-
ganic matter. This is likely to encourage farmer to practice burning instead of
incorporation, so we expect this variable to have a negative effect on incorporation.
The actual total cost incurred for the preparation of wheat field (TCROVBR): Var-
ious operations are performed by using tractor and equipment for preparation of wheat
crop field after harvesting of rice crop. Incorporation of rice residue increases the cost
of preparation of wheat field compared to the removal/burning practice; therefore, it
is expected to have a negative influence on incorporation and positive effect on re-
moval/burning decision [Haider (2012) and Ahmed, et al. (2015)].

Sowing of wheat on time (WHEATS): Timely sowing of the wheat crop before the
start of December after the rice crop ensures a higher yield. Farmers must do all that
can reduce the turn-around time between rice harvesting and wheat sowing. Thus, we
expect the residue incorporation practice to be lower for timely planters of wheat over
the late planters.

Availability of farm machinery for incorporation (AVAFMMAC): Farm machinery
availability facilitates the incorporation of rice crop residue. Therefore, we expect a
positive influence of this variable on the incorporation decision.

Use of residue: Use of rice residue as fuel (FUEL) and feed (FEED) for cooking is
likely to discourage the incorporation and burning off residue [Haider (2012)]. There-
fore, it is expected that both variables have a negative affect on the incorporation and
burning decisions.
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Super Basmati rice acreage (SUPERBAS): The fine grain super basmati rice variety
matures late and yields more residue than the coarse varieties, which mature early and
yield less residue. Therefore, to expedite the timely sowing of wheat and for easy man-
agement of residue, we expect residue incorporation practice to be lower in the case
of super basmati rice than other coarse grain varieties [Ahmed, et al. (2015)].
Intention to control diseases, weeds and insects (INSETDIS): 1If farmer is carrying
out the practice of rice residue burning with an intention to control diseases, weeds
and insects, then we expect a negative influence on incorporation decision.
Reduction in turn-around time (TURNAROUND): Since the timely sowing of the
wheat crop after the rice crop ensures a high yield, farmers must do all they can to re-
duce the turn-around time between the harvesting of rice and the sowing of wheat
[Ahmed, et al. (2015)]. Thus, we expect the timely planters of wheat to adopt the prac-
tice of rice crop residue burning more over the late planters.

Convenience in use of farm machinery (CONVFACM): Use of farm machinery con-
veniently refers to the ease with which the farmer can prepare the land for the next
wheat crop by using machinery [Ahmed, et al. (2015)]. Therefore, we expect an in-
crease in convenience to encourage the burning of residue over incorporation.

Total cost borne by respondent to carry out collection and transportation of rice
residue from field (TRANP): An increase in cost of rice crop residue collection and
transportation is likely to encourage farmers to adopt the burning and incorporation
practices and we expect its positive effect on burning and incorporation decisions
[Haider (2012)].

2. Study Area and Data

The study is undertaken in the rice-wheat cropping system in the province of
Punjab, Pakistan. Sialkot and Gujranwala are the most important districts in this
province in terms of production and acreage of rice in this cropping system [Gov-
ernment of Punjab (2009)]. Therefore, these districts are selected for the study. The
study follows two stage sampling procedure. In the first step, 10 villages are ran-
domly selected from the 36 villages already selected randomly from each district by
the Federal Bureau of Statistics (FBS) for the estimation of various crop production
and acreage by using the sampling frame developed for the country. For each village,
farmers list was prepared and randomly, 20 farmers were selected for data collection.
A comprehensive questionnaire was developed and modified after pre-testing in the
rice-wheat cropping system for the collection of data from 400 respondents. The
data pertained to the extent of adoption of various residual management practices,
demographic characteristics of farmers, farm size, tenure type, farm machinery avail-
ability for the incorporation of rice residue, soil type, variety sown, etc. The data
were collected by carrying out personal interviews of farmers in the rice-what crop-
ping system.
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IV. Results

In the study area, 92 per cent respondent’s primary occupation was farming.
Rice and wheat were the dominant crops in the rice-wheat cropping system and
shared more than 40 per cent each of the total cropped area. Super basmati shared
70.63 of the total rice area followed by Basmati 386 (21.37 per cent) and other
varieties (8 per cent). Cost of rice crop residue management and wheat field prepa-
ration was the highest for REM (i.e., US$ 55) and the lowest for CBR (i.e., US$
41), indicating that rice crop residue burning infield is the most economical
method. Similar results have been mentioned by [Zhang, et al. (2016)]. About 87
per cent and 8 per cent of the removed crop residue was used as fuel and feed, re-
spectively, while only 5 per cent was sold, 63 per cent respondents reported the
use of residue as feed. Inconvenience in farm machinery usage in the presence for
crop residue and short turnaround time between rice crop harvesting and wheat
crop sowing were the major reasons for the rice crop residue burning in open fields
and is reported by 65 per cent and 46 per cent of the farmers, respectively. Use of
rice crop residue as feed for animals and as fuel for home cooking ae the major
reasons for not burning of crop residue in fields were reported by 95 per cent and
24 per cent respondents, respectively. Major reason for increasing trend in burning
was the use of combine harvester. About 27 and 15 per cent of the farmers thought
that rice crop residue burning in the field decreases and increases soil nutrients,
respectively, while 12 per cent reported no effect and 46 per cent did not know the
effect of rice crop residue burning in field on soil nutrients. More or less similar
effects were reported of residue burning on the soil organic matter. Rice crop
residue burning had adverse impact on the environment was reported by 48 per
cent respondents.

1. Adoption of Residue Management Practices

In the study area, management of rice crop residue by respondents shows that
REM is the dominant practice adopted by 48 per cent farmers. After it, farmers’ follow
CBR (35 per cent) and RPBL practice (12 per cent). RPIN and complete incorporation
practice is adopted by negligible percentage of farmers. In Bangladesh, 41 per cent
of the farmers practised complete and partial burning of rice residue compared to 47
per cent in Pakistan (Table 2). This difference may be due to high residue price (i.e.,
USD 221.72 per hectare) in Bangladesh compared to almost zero prices in Pakistan.
High prices encouraged farmers to practice complete and partial removal of rice
residue in Bangladesh. In terms of overall rice area, CBR is practised on maximum
acreage (58.27 per cent) followed by REM (24.84 per cent), RPBL (11.92 per cent)
and RPIN (4.13 per cent). More or less similar pattern is observed under various va-
rieties of rice (Table 3).
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TABLE 2

Rice Residue Management Practices Followed by the Farmers in
Pakistan and Bangladesh

Rice Residue Management Practices Pakistan® Bangladesh®
100 per cent removal 48 54

100 per cent burning 35 3
Removal of upper part and burning of lower part 12 38
Removal of upper part and incorporation of lower part 4 4

100 per cent incorporation 0.8 0.5

Source: a) Based on the field survey data collected for the present study; b) [Haider (2013)].

It is noted that the total cost incurred in rice crop residue management and preparation
of the field for wheat crop after the rice is the lowest for CBR and is followed by REM
practice. It was also observed that total rice area under open field burning of its residue
in this study is 70 per cent (i.e., the area where CBR and RPBL practices are carried
out). It is higher than the adjacent Indian Punjab open field burning area of 55 per cent
as reported by [Badarinath, et al. (2006)]. The difference in open field burning of Pak-
istani Punjab and Indian Punjab may be because of several reasons, but in particular,
in Indian Punjab, farmers grow coarse varieties of rice which mature early and generate
relatively less rice straw. Further, there is sufficient turnaround time between rice har-
vesting and wheat crop sowing, and farmers can prepare the field for the subsequent
wheat crop by using farm machinery. On the other hand, in the present study area,
farmers grow fine rice varieties especially super basmati, which matures late and pro-
duces relatively more rice straw. Moreover, there is a short time between rice harvesting
and wheat crop sowing.

TABLE 3

Proportion of Rice Area under Various Residue Management Practices
across Varieties

Pattern of residue management
(per cent of total rice area)

REM RPBL CBR RPIN IN

Super basmati  2676.89  24.64 12.04 59.40 2.72 1.20
Basmati 386 809.94 26.30 11.42 53.10 9.18 0.00
Other varieties ~ 302.99 22.60 12.21 62.05 3.14 0.00
All varieties 3789.82  24.84 11.92 58.27 4.13 0.84

Source: Based on the field survey data collected for the present study.

Area

Variety (acres)
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2. Production and Field Burning of Rice Straw

The results show that the production of rice residue per acre is 1602kg. However,
it varied from 1465kg to 1722kg per acre for various varieties of rice (Table 4). Burning
of residue is 932kg per acre under the practice of RPBL, while the quantity burnt is
1038kg under the practice of CBR. The study reveals that around 45 per cent of rice
crop straw produced is burnt in the field. This percentage is higher than the South
Asian countries (25 per cent) and India (14 per cent). However, burning of rice straw
in open field is substantially higher in the Philippines and Thailand, where 95 per cent
and 48 per cent of produced residue is burnt in fields, respectively [Gadde, et al.
(2009)]. The difference in the extent of burning of rice residue in open fields between
Pakistan and India is due to the fact that we are comparing the figures of entire India
with the rice wheat cropping system of Punjab, Pakistan. In fact, open field burning in
India is the main activity in the states of Haryana, Punjab, and Utter Pradesh [Gadde,
etal. (2009)]. Badarinath, et al. (2006) reported that about three-fourth of crop residue
is burnt in Indian Punjab.

TABLE 4
Production and Field Burning of Rice Residue by Variety
Production of Field burning of rice residue per acre
Variety residue per acre (in kg)

(inkg) RPBL CBR
Super basmati 1581 927 1004
Basmati 386 1722 1000 1192
Other variety 1465 788 932
Overall 1602 932 1038

Source: Based on the field survey data collected for the present study.

3. Factors Affecting the Adoption of Rice Crop Residue Management Practices

For the estimation of parameters, statistical software STATA was used. Parameter
estimates for the multinomial logit model of rice residue management decisions are
reported in Table 5.

All the coefficients in the estimated model are simultaneously equal to zero under
the null hypothesis is rejected on the basis of the likelihood ratio test. This shows that
the model has strong explanatory power. The Pseudo R? also gives an indication of a
decent model (Hensher, Rose and Green, 2015) and the value is similar to other studies
[Hendricks, (2007)].
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TABLE 5
Multinomial Logit Results with Removal of Rice Crop Residue as the Base Category

Removal of upper part Removal of upper part

Complete burning of rice plant and of rice plant and
Variable of rice residue in field burning of its incorporation of its
lower parts lower parts

Coefficient ~ Std. Error  Coefficient  Std. Error  Coefficient  Std. Error
GUJRAN 0.71822 0.3944  1.1562**  0.4538  2.3848**  0.8819
AGE -0.0415>  0.0218 -0.0172 0.0257 -0.0834 0.0555
EXPER 0.0658* 0.0218 0.0411° 0.0258 0.1244* 0.0568
PRIMOC -0.5986 0.7275 -0.0089 0.9583 17.0050 654291
MATRIC 0.1952 0.4050 -0.1622 0.4700  -1.1275>  0.8464

ABMATR -0.5195 0.8119 -0.9168 1.0626  -34.9151 171E+07
JAT -0.1022 0.4569 0.0113 0.5313 1.5243 1.4508
ARIAN -0.2410 0.8179 0.2951 0.9419 3.02832 1.7515
RAJPUT 1.7645%* 0.7328 1.3350° 0.8419 3.8261* 1.6266
SIZE 0.1028**  0.0223  0.0957**  0.0250 0.0513" 0.0397
OWNEROP -1.4324 1.4978  -2.9407* 1.2752 14.6375 654291
OWNCUTEN -1.0969 1.5389  -3.1447* 1.3830 15.6904 654291
NOFRAG 0.2108 0.2667  -0.5578>  0.3484 0.6723 0.5053
SILTLOM 0.0560 1.2959 0.0305 1.5008 -2.4249b 1.3618
CLAYLOM -0.3614 1.2991 0.3477 1.4928 -270632 1.3660
ANIMUNIT -0.0399 0.0193  -0.0563*  0.0291  -0.0843*  0.0621
TCROVBR 0.0004* 0.0002  0.0005**  0.0002 0.0007* 0.0003
WHEATSN 0.6398* 0.5485 -0.1611 0.6174  -0.5406**  0.9663
AVAFMMAC -0.7045 0.6818 -2.05532 1.1400 -0.7700 1.1861
FEED -3.9282**  (0.5557 0.2968 0.7757 1.1490 1.4380
FUEL -1.3104*  0.6216 -0.1080 0.6532  2.1772**  0.8852
SUPERBAS 0.0058 0.0055 -0.0026 0.0055  -0.0199*  0.0086
INSETDIS 0.1455 0.5719 0.0905 0.6535 1.3492 0.9784

TURNAROUND  1.2372* 0.6849 0.9672° 0.7362 -0.2696 1.4971
CONVFACM  2.1161**  0.5452  1.6415**  0.6017 0.5442 0.9510
TRANP -0.0001 0.0004 0.0001 0.0004 -0.0005 0.0013
CONSTANT -0.2101 2.4108 -1.3500 2.6264  -38.1393 -

* ** aand b indicates significant differences at 1, 5, 10 and 20% levels of probability, respectively.
Number of observations = 396. LR x> 0.01(78) = 405.9; Prob x> > = 0; Log likelihood = -237.13204; Pseudo R*>= 0.4612.
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Significance of regression coefficients shows the extent with which a variable con-
tributes to the probability of selecting a particular rice crop residue management practice
relative to its influence on the reference practice, i.e., removal of residue (REM). The
positive sign for an explanatory variable shows that when its value increases, it increases
the probability of choosing a particular rice residue management practice with respect
to the reference practice. The negative sign for an explanatory variable indicates that
when its value increases, it decreases the probability of selecting a residue management
practice relevant to the reference practice. Let us consider first the effect of the geo-
graphic location of a farmer. The preponderance of positive coefficients for Gujranwala
(GURJAN) for various residue management practices indicates that the location of
farmer in this district is more likely to adopt CBR versus REM, RPBL versus REM,
and RPIN versus REM of rice crop residue. The effect of length of farming experience
indicates that more experience makes it more likely to adopt CBR versus REM, RPBL
versus REM, and RPIN versus REM. This might be due to the fact that with the intro-
duction and more use of combine harvesters, it is easy and convenient for the farmer
to manage the rice residue by using practices other than the removal of residue. Simi-
larly, one can interpret the coefficients of other explanatory variables for various prac-
tices of residue management with reference to the removal practice of residue.

The explanatory variable’s marginal effect on the choice of particular practice of
rice residue management practice at overall sample means values are reported in Table
6. The study results indicate that the presence of the farm in the district of Gujranwala
increased the adoption probability of CBR, RPBL and RPIN by 0.1126, 0.0906 and
0.0001, respectively compared to that of REM. This might be due to large farm size,
and consequently a smaller number of animals per acre in the district of Gujranwala
as compared to the district of Sialkot, where residue of rice crop is more frequently
used as animal feed. More farming experience of farmers results in adoption of CBR,
RPBL and RPIN while less frequent REM. This might reflect their long farming ex-
periences in cultural practices. The results show that the adoption probability of CBR
practice increases with farming experience of farmer, farm size, sowing of wheat before
the end of November, actual total cost associated with wheat field preparation after
rice, convenience in the use of farm machinery, reduction in turnaround time between
harvesting of rice and sowing of wheat crop, and Rajput caste compared to REM prac-
tice. An increase in farm size results in a smaller number of animals per acre and as-
sociates with less demand of rice crop residue as animal feed and consequently more
burning. Turnaround time reduction between rice harvesting and wheat sowing is very
important for achieving higher yield of wheat. This requires immediate clearing of
field from rice crop residue for usage of farm machinery conveniently. The same is
achieved through burning of residue.

Furthermore, the adoption probability of CBR decreases with the age of respon-
dents, usage of rice residue as animal feed and usage of residue as cooking fuel by
the farmers relative to REM practice. This finding may indicate that old farmers



AHMED, ET AL., BURNING CROP RESIDUE: FARMERS’ CHOICE AMONG VARIOUS PRACTICES 281

adopted this practice less frequently. Furthermore, usage of rice residue by farmers
as fuel for domestic cooking and as feed for animals resulted in the practice of burning
less frequently and thus considered the importance of other practices in the manage-
ment of rice residue.

As with CBR, the adoption probability of RPBL practice increases with farm size,
turnaround time between rice harvesting and wheat sowing, the total cost associated

TABLE 6
Estimated Marginal Effects of Variables for Various Crop Residue Management Practices

Variable REM CBR RPBL RPIN
GUJRNAN -0.2033 0.1126 0.0906 0.0001
AGE 0.0089 -0.0090 0.0001 -3.72E-06
EXPER -0.0149 0.0136 0.0013 5.35E-06
PRIMOC 0.1178 -0.1465 0.0285 0.0002
MATRIC -0.0276 0.0540 -0.0263 -0.0001
ABMATR 0.1488 -0.0861 -0.0625 -0.0001
JAT 0.0187 -0.0248 0.0060 0.0001
ARIAN 0.0210 -0.0702 0.0481 0.0010
RAJPUT -0.3614 0.3287 0.0321 0.0006
SIZE -0.0252 0.0198 0.0055 2.26E-09
OWNEROP 0.4177 -0.0789 -0.3410 0.0021
OWNCTEN -0.3831 -0.3891 -0.1900 0.9623
NOFRAG -0.0062 0.0762 -0.0701 0.0001
SILTLOM -0.0123 0.0119 0.0007 -0.0002
CLAYLOM 0.0434 -0.1006 0.0573 -0.0001
ANIMUNIT 0.0110 -0.0068 -0.0042 -3.53E-06
TCROVBR -0.0001 0.0001 0.0000 3.03E-08
WHEATSN -0.0998 0.1485 -0.0486 -0.0001
AVAFMMAC 0.2220 -0.1054 -0.1165 0.0000
FEED 0.5958 -0.7286 0.1328 0.0001
FUEL 0.2169 -0.2546 0.0373 0.0005
SUPERBAS -0.0009 0.0015 -0.0006 -1.24E-06
INSETDIS -0.0331 0.0302 0.0028 0.0001
TURNAROUND -0.2698 0.2382 0.0317 -0.0000
CONVFACM -0.4602 0.3866 0.0737 0.0000
TRANP 6.96E-06 -0.0000 0.0000 -2.79E-08

Source: Based on the field survey data collected for the present study.
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with the field preparation for the wheat crop after rice, and convenience in the use of
farm machinery. However, owner operator, owner cum-tenant operator, number of
fragments of the operational farm, number of animal units and farm machinery avail-
ability for rice residue incorporation had a significant negative effect on the adoption
probability of RPBL practice. This demonstrates that these variables decrease adoption
of RPBL and hence, favour sustainability of land resources. Owner operators and
owner-cum-tenants are more concerned with long term yield than the tenant operated
farms. An increase in the number of animals is likely to increase the demand of rice
crop residue as feed and consequently favour less removal of ‘pural’ and burning of
the lower part of rice crop residue.

The adoption probability of RPIN practice decreased on farms with silt loam and
clay loam soils relative to the REM practice. This demonstrates the importance of soil
type in the choice of this practice. Animal strength had negative significant effect on
the adoption probability of PRIN practice compared to that of REM practice. This
finding may indicate that maintenance of a greater number of animals reduces the
need for adoption of RPIN practice. The adoption probability of PRIN declines on
farms where farmers are sowing wheat before the end of November, which is the op-
timum time for its sowing. This finding may indicate that REM of residue helps in
sowing of wheat at an appropriate time while RPIN practice delays the result because
it requires more time of farmers for the preparation of land with the incorporation of
residue. Results further indicate that the adoption probability of RPIN practice in-
creases with an increase in the proportion of rice area occupied by super basmati. This
finding may indicate that varieties like super basmati, which mature late discourage
the farmers in the adoption of RPIN and encourage REM practice. Furthermore, larger
farm size, use of residue as fuel, Rajput caste, Arian caste, higher total cost associated
with the residue burning increase the adoption probability of RPIN practice.

V. Conclusion and Policy Implications

This study highlights the determinants of rice crop residue burning in rice-wheat
cropping system of the Punjab, Pakistan. Crop residue burning has negative impacts
on the environment due to the emission of aerosols and black carbon during burning
process and results in global warming. Moreover, this act of farmers has a negative
impact on the soil’s quality of their land and yield of crops under the longer term. In
the study area, farmers are dominantly following the practice of CBR for the man-
agement of rice residue. One of the reasons for this choice is the association of the
lowest cost with complete burning of rice residue and wheat field preparation after
rice crop. Thus, economic considerations (i.e., cost saving) have a significant impact
on the tendency to adopt CBR practice. The effect of various factors that influence
the adoption probability of various practices of residue management show that the
adoption of CBR as well as RPBL is affected positively by farm size, actual total cost
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associated with wheat field preparation after rice, convenience in the usage of farm
machinery, turnaround time reduction between harvesting of rice crop and sowing of
wheat crop, farming experience and presence of farm in the district of Gujranwala.
However, the adoption probability of CBR decreases with an increase in the age of
respondents, the use of rice residue as fuel for cooking and feed for the animal by the
farmer. Furthermore, owner operator, owner-cum-tenant, number of farm fragments,
animal strength and availability of farm machinery for the rice residue incorporation
decrease the probability of adopting RPBL relative to REM. Hence to reduce emis-
sions from crop residue burning, promotion of usage of rice residue as feed for ani-
mals, farm machinery availability for the incorporation of residue in fields and
implementation of regulations to reduce burning of crop residue could be possible
solutions. Further, there is strong need to highlight the benefits associated with the
residue incorporation into soil on soil fertility, soil organic matter, soil moisture re-
tention, nutrient cycling, carbon storage, and other environmental and health effects
[Turmel, et al. (2015)].

Results show that super basmati variety, which produces relatively more residue,
has a significant negative effect on incorporation practice. Therefore, there is a need
to develop dwarf varieties of rice to reduce the straw production and consequently its
availability for field burning. These varieties can also ensure enough time to the farm-
ers for performing various operations between the one crop harvesting and sowing of
the next crop [Haider (2012) and Haider (2013)].

Diversification can be used as a tool to reduce the total quantity of crop residues
produced and emission of GHG besides augmenting farm income, alleviating poverty,
generating employment, and conserving water and soil resources (Ryan and Spencer,
2001; Pingali and Rosegrant, 1995; Von Braun, 1995). Various techniques can be used
for diversification to reduce crop residue burning. This can be achieved through the
cultivation of alternative crops like vegetables, pulses, oilseeds and fruits that produce
less crop residue.

The results of the study show that the use of rice residue as a fuel reduces the
adoption probability of BPLP practice. As there is sufficient evidence that crop residue
can be used as fuel in power generation plants [Nguyen, et al. (2013), Hiloidhari and
Baruah (2011), Karaj, et al. (2010), Jingura and Matersgaifa (2008), Shyam (2002),
Ergudenler and Isigigur (1994), Freedman (1983)]; therefore, crop residues can be
converted into energy products by using new emerging technologies [Idania, et al.
(2010) and Scarlat, et al. (2010)].

The use of rice residue as feed decreases the probability of adopting BPLP prac-
tice. Thus, in order to manage the crop residues efficiently, the government should
place emphasis on its use as feed for animals through enrichment of residues. To im-
prove the productive and reproductive efficiency of animals by farmers, various sup-
plements like micronutrients and other feed additives like minerals, vitamins, enzymes,
antioxidants, antitoxins, etc. can be added to residue. Governments should take ap-
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propriate measures including provision of subsidy to the farmers to introduce and pro-
mote processing technologies involving mixing of chopped straw with different in-
gredients [FAO (2012)]. These measures should be taken on a priority basis as the
supplies of various crop residues have increasing trend, especially due to increase in
cereal production (NIANP Feed Disc., 2005) and stagnating or shrinking area under
green forage crops despite the fact that the number of animals is increasing. Farmers
also need to be familiarized with the benefits of enriched straw to be used as fodder
for livestock through extension department.

Results of the study indicate that the cost associated with the wheat field prepa-
ration for its sowing after harvesting of rice encourages farmers to adopt the practice
of burning and consequently negligible proportion of farmers followed the practice
of incorporation even though the incorporation of residue has positive effects on the
soil’s biological, chemical and physical properties [Kumar, et al. (2015)]. It also results
in higher crop yield [Bahrani, et al. (2007) Tripathi, et al. (2007), Surekha, et al. (2003),
Prasad, et al. (1999)]. Given the benefits associated with incorporation of crop residues,
governments should take necessary initiatives for the development, introduction and
popularization of residue incorporation technologies, as no appropriate technologies
for the incorporation of crop residues are available. Therefore, research institutes and
agricultural universities may be provided more funds for the development of machines
and equipment like Indian Happy Seeder for crop residue incorporation. Provision of
new agricultural equipment at subsidized rates to farmers will help in their introduction
and more use. Further, organizing demonstrations and highlighting benefits of incor-
poration by the Department of Agriculture will encourage farmers to adopt machines
and equipment connected with the incorporation of residues.

Results of the present study show that the major proportion of residue produced
from rice cropped area is burned, which has adverse effects on environment. Therefore,
it is suggested that the Government should formulate policies for regulation of agri-
cultural crop residue burning. This may involve establishment of pollution control
board and setting up Ambient Air Quality Standards for the abatement, control and
prevention of pollution caused by burning of crop residues. Policy for monitoring crop
residue management also needs to be framed including satellite based remote sensing
techniques. Satellite based monitoring systems can help to monitor crop residue burn-
ing in open fields. Besides this system, the involvement of police stations, revenue
department and other agencies will also be useful for monitoring burning activities
and to ensure the implementation of complete ban on burning of crop residues. No
farmer should be allowed to burn any crop residue unless it is for the purpose of edu-
cation, research or disease control. Any person who is violating this regulation should
be liable to penalties in terms of fines and jail terms up to certain period. Furthermore,
there should be a system of rewards in term of payment for non-burning of crop residue
[Pant (2013)]. Farmers need to be trained about the direct and indirect costs of burning
residue through electronic media and other measures.



AHMED, ET AL., BURNING CROP RESIDUE: FARMERS’ CHOICE AMONG VARIOUS PRACTICES 285
Bibliography

Ahmed, T., and B. Ahmad, 2014, Burning of crop residue and its potential for elec-
tricity generation, Pakistan Development Review, 53: 275 -292.

Ahmed, T., B. Ahmad, and W. Ahmad, 2015, Why do farmers burn rice residue? Ex-
amining farmers’ choices in Punjab, Pakistan, Land Use Policy, 47: 448-458.

Aryal, J.P.,, M.L. Jat, T.B. Sapkota, A.K. Chhetri, M. Kassie, D.B. Rahut, and S. Ma-
harjan, 2018, Adoption of multiple climate-smart agricultural practices in the
Gangetic plains of Bihar, India, International Journal of Climate Change Strategies
and Management, 10: 407-427, https://doi.org/10.1108/IJCCSM-02-2017-0025.

Badarinath, K.V.S., T.R.K. Chand, and V.K. Prasad, 2006, Agriculture crop residue
burning in the Indo-Gangetic plains — A study using IRS P6 AWiFS satellite
data. Current Science, 91: 1085-1089.

Bahrani, M.J., M.H. Raufat, and H. Ghadiri, 2007, Influence of wheat residue man-
agement on irrigated corn grain production in reduced tillage system, Soil and
Tillage Research, 94: 305-309.

Bekele, W., and Drake, 2003, Soil and water conservation decision behavior of sub-
sistence farmers in the Eastern highlands of Ethiopia: A case study of the Hunde-
Lafto area, Ecological Economics, 46: 437-451.

Blanco-Canqui, H., and R. Lal, 2009, Crop residue removal impacts on soil produc-
tivity and environmental quality, Critical Review of Plant Science, 28: 139-163.

Bond, T.C., S.J. Doherty, D.W. Fahey, P.M. Forster, T. Berntsen, B.J. DeAngelo,
M.G. Flanner, S. Ghan, B. Kércher, D. Koch, S. Kinne, Y. Kondo, P.K. Quinn,
M.C. Sarofim, M.G. Schultz, M. Schulz, C. Venkataraman, H. Zhang, S. Zhang,
N. Bellouin, S.K. Guttikunda, P.K. Hopke, M.Z. Jacobson, J.W. Kaiser, Z.
Klimont, U. Lohmann, J.P. Schwarz, D. Shindell, T. Storelvmo, S.G. Warren,
and C.S. Zender, 2013, Bounding the role of black carbon in the climate system:
A scientific assessment, Journal of Geophysical Research Atmospheres, 118(11):
5380-5552.

Brady, N.C. and R.R. Weil, 2007, The nature and properties of soils, 14th Edition,
New Jersey: Pearson Education.

Cary, J.W. and R.L. Wilkinson, 1997, Perceived profitability and producers’ conser-
vation behavior, Journal of Agricultural Economics, 48: 13-21.

Cary, J.W., 1992, Lessons from past and present attempts to develop sustainable land
use systems, Review of Marketing and Agricultural Economics, 60: 277-284.

Deressa, T., R. Hassan, C. Ringler, T. Alemu, and M. Yesuf, 2009, Determinants of
farmers’ choice of adaptation methods to climate change in the Nile Basin of
Ethiopia, Global Environmental Change, 19: 248-255.

Dow, J.K. and J.W. Endersby, 2004, Multinomial probit and multinomial logit: A
comparison of choice models for voting research, Electoral Studies, 23: 107-
122.



286 PAKISTAN JOURNAL OF APPLIED ECONOMICS

EIA, 2008, Documentation for emissions of greenhouse gases in the United States,
2006, Energy Information Administration, Office of Integrated Analysis and Fore-
casting, U.S. Department of Energy, Washington, D.C, USA.

Erenstein, O., 2002, Crop residue mulching in tropical and semi-tropical countries: An
evaluation of residue availability and other technological implications, Soil and
Tillage Research, 67: 115-133.

Ergudenler, A., and A. Isigigur, 1994, Agricultural residues as a potential resource for
environmentally sustainable electric power generation in Turkey, Renewable En-
ergy, 5, Part-1I: 786-790.

FAO, 2011, Soil health: Technologies that save and grow, Food and Agriculture Or-
ganization, Rome.

Floyd, C.N., A.H. Harding, K.C. Paddle, D.P. Rasoli, K.D. Subedi, and P.P. Subadi,
1999, The adoption and associated impact of technologies in the western hills of
Nepal, Agricultural Research and Extension Network, Network paper, 90.

Freedman, S. M., 1983, The use of rice crop residues as a non-commercial energy
source in the developing world: The energy and environmental implications. Agri-
culture, Ecosystems & Environment, 10(1): 63-74.

Gadde, B., S. Bonnet, C. Menke, and S. Garivait, 2009, Air pollutant emissions from
rice straw open field burning in India, Thailand and the Philippines, Environmental
Pollution, 157: 1554-1558.

Ganwar, K.S., K.K. Singh, S.K. Sharma, and O.K. Tomar, 2006, Alternative tillage
and crop residue management in wheat after rice in sandy loam soils of Indo-
Gangetic plains, Soil and Tillage Research, 88: 242-257.

Garg, S.C., 2008, Trace gases emission from field burning of crop residues, Indian
Journal of Air Pollution, 8: 76-86.

Gould, B.W., W.E. Saupe, and R.M. Klemme, 1989, Conservation tillage: The role of
farm and operator characteristics and the perception of soil erosion, Land Eco-
nomics 65(2): 167-82.

Government of the Punjab, 2009, Punjab Development Statistics, Bureau of Statistics,
Lahore.

Greene, W.H., 2012, Econometric Analysis, 7th Edition, New Jersey: Prentice Hall.

Gupta, PK., S., Sahai, N. Singh, C.K. Dixit, D.P. Singh, C. Sharma, M.K. Tiwari, R.K.
Gupta, and S.C. Garg, 2004, Residue burning in rice-wheat cropping system:
Causes and implications, Current Science, 87: 1713-1717.

Gupta, R., 2012, Causes of emissions from agricultural residue burning in North-West
India: Evaluation of a technology policy response, Nepal: South Asian Network
for Development and Environmental Economics (SANDEE), Working Paper, 66.

Gupta, R., 2012, Causes of emissions from agricultural residue burning in North-West
India: Evaluation of a technology policy response, SANDEE, Working Paper, 66,
Nepal: South Asian Network for Development and Environmental Economics
(SANDEE).



AHMED, ET AL., BURNING CROP RESIDUE: FARMERS’ CHOICE AMONG VARIOUS PRACTICES 287

Gustafsson, O., M. Krusa, Z. Zencak, R.J. Sheesley, L. Granat, E. Engstrom, P.S. Praveen,
S.P. Rao, C. Leck, and H. Rodhe, 2009, Brown clouds over South Asia: biomass or
fossil fuel combustion? Science, 323: 495-498.

Haider, M. Z., 2013, Determinants of rice residue burning in the field, Journal of Envi-
ronmental Management, 128: 15-21.

Haider, M.Z., 2012, Options and determinants of rice residue management practices in
the South—West region of Bangladesh, Working Paper, 71, Nepal: South Asian Net-
work for Development and Environmental Economics (SANDEE).

Harper, J.K., M.E. Rister, J.W. Mjelde, B.M. Drees, and M.O. Way, 1990, Factors influ-
encing the adoption of insect management technology, American Journal of Agri-
cultural Economics, 72: 997-1005.

Hartley, C. and C.V. Kessel, 2005, Residue management, soil organic matter and fertility
in California rice systems, Conference Proceedings, California Plant and Soil Con-
ference, California, Available at: http://www.plantsciences.ucdavis.edu/uccerice/pub-
lications/2004%20Comp%20Rice%20Reports/2004%20RRB%20Report%20van%s
20Kessel%20RM-4.pdf (Accessed on August 27, 2012.

Heard, J., C. Cavers, and G. Adrian, 2006, Up in smoke — nutrient loss with straw burning,
Better Crops, 90(3): 10-11.

Hendricks, N., 2007, Estimating irrigation water demand with a multinomial logit se-
lectivity model, Thesis submitted to the Department of Agricultural Economics, Col-
lege of Agriculture, Kansas State University, Kansas, USA.

Hensher, D. A., J.M. Rose, and W.H. Green, 2015, Applied choice model, Second Edi-
tion, Cambridge University Press.

Hiloidhari, M., and D.C. Baruah, 2011, Crop residue biomass for decentralized electrical
power generation in rural areas (Part-1): Investigation of spatial availability, Renew-
able and Sustainable Energy Reviews, 15(4): 1885-1892.

Idania V-V, J.A. Acevedo-Benitez, and C. Hernandez-Santiago, 2010, Distribution and
potential of bioenergy resources from agricultural activities in Mexico, Renewable
and Sustainable Energy Reviews, 14: 2147-2153.

IRRI-CIMMYT Alliance, 2007, Cereal knowledge bank fact sheet, Crop Residue Man-
agement, Available at: https://betuco.be/CA/Crop%20residue%20management.pdf
(Accessed on August 27, 2016).

Jingura, R. M., and R. Matengaifa, 2008, The potential for energy production from crop
residues in Zimbabwe, Biomass and Bioenergy, 32(12): 1287-1292.

Karaj, S., T. Rehl, H. Leis, and J. Miiller, 2010, Analysis of biomass residues potential
for electrical energy generation in Albania, Renewable and Sustainable Energy Re-
views, 14(1): 493-499.

Krishna, V.V, L.M. Aravalath, and S. Vikraman, 2019, Does caste determine farmer access to
quality information? PLoS ONE 14(1), https://doi.org/10.1371/journal pone.0210721.

Lal, M.M., 2008, An overview to agricultural waste burning, Indian Journal of Air Pol-
lution Control, 8: 48-50.



288 PAKISTAN JOURNAL OF APPLIED ECONOMICS

Malhi, S.S. and H.R. Kutcher, 2007, Small grains stubble burning on tillage effects on
soil organic ¢ and n, and aggregation in North-Eastern Saskatchewan, Soil and
Tillage Research, 94: 353-361.

Moran, D., M. Macleod, E. Wall, V. Eory, A. McVittie, A. Barnes, R. Rees, C.F.E. Topp
and A. Moxey, 2011, Marginal abatement cost curves for UK agricultural greenhouse
gas emissions, Journal of Agricultural Economics, 62: 93-118.

Morello, T. F., M.G. Piketty, T. Gardner, L. Parry, J. Barlow, J. Ferreira, and N.S. Tancredi,
2018, Fertilizer adoption by smallholders in the Brazilian Amazon: Farm-level ev-
idence, Ecological Economics, 144: 278-291.

Murali, S., R. Shrivastava, and M. Saxena, 2010, Green house emissions from open field
burning of agricultural residues in India, Journal of Environmental Science and En-
gineering, 52: 277-284.

Neill, S.P., and D.R. Lee, 2001, Explaining the adoption and disadoption of sustainable
agriculture: The case of cover crops in Northern Honduras, Economic Development
and Cultural Change, 49: 793-820.

Nguyen, T. L.T., J.E. Hermansen, and L. Mogensen, 2013, Environmental performance
of crop residues as an energy source for electricity production: The case of wheat
straw in Denmark, Applied Energy, 104: 633-41.

NIANP, Feed Disc., 2005, A Data Base Compilation by National Institute of Animal Nu-
trition Physiology, ICAR, India: Bangalore.

Nori, S.J., 2005, Study of particulate matter (PM) in air in Taiyuan, M.Sc. Thesis, De-
partment of Chemistry, Faculty of Mathematics and Natural Sciences, China: Uni-
versity of Oslo.

Nowak, PJ., 1987, The adoption of agricultural conservation technologies: Economic
and diffusion explanations, Rural Sociology, 52: 208-220.

Pant, K.P., 2013, Monetary incentives to reduce open-field rice-straw burning in the
plains of Nepal, South Asian Network for Development and Environmental Eco-
nomics, Working Paper, 81, Nepal.

Pindyck, R.S., and D.L. Rubinfeld, 1998, Econometric Models and Economic Forecasts,
4th Edition, Singapore: McGraw-Hill.

Pingali, P. L., and M.W. Rosegrant, 1995, Agricultural commercialization and diversifi-
cation: Processes and policies, Food policy, 20(3): 171-185.

Prasad, R., B. Gangaiah, and K.C. Aipe, 1999, Effect of crop residue management in a
rice wheat cropping system on growth and yield of crops and on soil fertility, Ex-
perimental Agriculture, 35: 427-435.

Rahji, M.A\Y., and S.B. Fakayode, 2009, A multinomial logit analysis of agricultural
credit rationing by commercial banks in Nigeria, International Research Journal of
Finance and Economics, 24: 90-100.

Ramanathan, V., M. Agrawal, H. Akimoto, M. Authammer, S. Devotta, L. Emberson,
S.I. Hasnain, M. Iyngararasan, A. Jayaraman, M. Lawrance, T. Nakajima, T. Oki,
H. Rodhe, M. Ruchirawat, S.K. Tan, J. Vincent, J.Y. Wang, D. Yang, Y.H. Zhang,



AHMED, ET AL., BURNING CROP RESIDUE: FARMERS’ CHOICE AMONG VARIOUS PRACTICES 289

H. Autrup, L. Barregard, P. Bonasoni, M. Brauer, B. Brunekreef, G. Carmichael,
C.E. Chung, J. Dahe, Y. Feng, S. Fuzzi, T. Gordon, A K. Gosain, N. Htun, J. Kim,
S. Mourato, L. Naeher, P. Navasumrit, B. Ostro, T. Panwar, M.R. Rahman, M. V.
Ramana, M. Rupakheti, D. Settachan, A.K. Singh, G.St. Helen, P.V. Tan, P.H. Viet,
J. Yinlong, S.C. Yoon, W.C. Chang, X. Wang, J. Zelikoft, and A. Zhu, 2008, Atmos-
pheric brown clouds: Regional assessment report with focus on Asia, Nairobi: United
Nations Environment Programme.

Ryan, J. G., and D.C. Spencer, 2001, Future challenges and opportunities for agricultural
R&D in the semi-arid tropics, International Crops Research Institute for the Semi-
Arid Tropics, India: Patancheru.

Scarlat, N., M. Martinov, and J.F. Dallemand, 2010, Assessment of the availability of
agricultural crop residues in the European Union: Potential and limitations for bioen-
ergy use, Waste management, 30(10): 1889-1897.

Sherrick, B.J., PJ. Barry, P.N. Ellinger, and G.D. Schnitkey, 2004, Factors influencing
farmers’ crop insurance decisions, American Journal of Agricultural Economics, 86:
103-114.

Shrestha, R.M., N.T. Kim Oanh, R.P. Shrestha, M. Rupakheti, S. Rajbhandari, D.A. Per-
madi, T. Kanabkaew, and M. lyngararasan, 2013, Atmospheric Brown Clouds
(ABC) Emission Inventory Manual, Nairobi: United Nations Environment Pro-
gramme.

Shyam, M., 2002, Agro-residue-based renewable energy technologies for rural devel-
opment, Energy for Sustainable Development, 6(2): 37-42.

Sidhu, B.S., and V. Bari, 1989, Effect of crop residue management on the yields of dif-
ferent crops and on soil properties, Biological Wastes, 27: 15-27.

Smil V., 1987, Energy food environment, Oxford: Oxford University Press.

Smil V., 1999, Crop residues: agriculture’s largest harvest crop residue incorporate more
than half of the world’s agricultural phytomass, BioScience 49(4): 299-308.

Streets, D.G., K.F. Yarber, J.H. Woo, G.R. Carmichael, 2003, Biomass burning in Asia:
Annual and seasonal estimates and atmospheric emissions, Global Biogeochemical
Cycles, 17: 1099-1118.

Surekha, K., A.P.P. Kumari, M.N. Reddy, K. Satyanarayana, and P.C.S. Cruz, 2003, Crop
residue management to sustain soil fertility and irrigated rice yields, Nutrient Cycling
in Agroecosystems, 67: 145-154.

Tiefenthaler, J., 1994, A multisector model of female labour force participation: Empirical
evidence from Cebu island, Philippines, Economic Development and Cultural
Change, 42: 719-720.

Tisdale, S.L., W.L. Nelson and J.D. Beaton, 1985, Soil fertility and fertilizers, New York:
Macmillan Publishing Company.

Tripathi, R. P, P. Sharma, and S. Singh, 2007, Influence of tillage and crop residue on
soil physical properties and yields of rice and wheat under shallow water table con-
ditions, Soil and Tillage Research, 92(1): 221-226.



290 PAKISTAN JOURNAL OF APPLIED ECONOMICS

Turmel, M.S., A. Speratti, F. Baudron, N. Verhalst, and B. Govaerts, 2015, Crop residue
management and soil health: A systems analysis, Agricultural Systems, 134: 6-16.

UNEP and C4, 2002, The Asian brown cloud: Climate and other environmental impacts,
UNEP, Nairobi.

UNEP, 2010, Air pollution, promoting regional cooperation, Bangkok: Thai Graphic and
Print Co. Ltd.

Von Braun, J., 1995, Agricultural commercialisation: Impact on income and nutrition
and implications for policy, Food Policy, 20(3): 187-202.

Walli, T.K., M.R. Garg and P.S. Harinder, 2012, Crop residue based densified total mixed
ration — A user-friendly approach to utilise food crop by-products for ruminant pro-
duction, FAO Animal Production and Health, Paper, 172, Rome: Food and Agricul-
ture Organization.

Wilhelm, W.W., JM.E. Johnson, D.L. Karlen, and D.T. Lightle, 2007, Corn stover to
sustain soil organic carbon further constrains biomass supply, Agronomy Journal,
99: 1665-1667.

Wu, J., and B.A. Babcock, 1998, The choice of tillage, rotation and soil testing practices:
Economic and environmental implications, American Journal of Agricultural Eco-
nomics, 80: 494-511.

Yan, X., T. Ohara, and H. Akomoto, 2006, Bottom-up estimate of biomass burning in
mainland China, Atmospheric Environment, 40(27): 5263-5273.

Zha, S.P., S.Q. Zhang, T.T. Cheng, J.M. Chen, G.H. Huang, X. Li, and Q.F. Wang, 2013,
Agricultural fires and their potential impacts on regional air quality over China,
Aerosol Air Quality Research, 13: 992-1001.

Zhang, L., Y. Liu, and L. Hao, 2016, Contribution of open crop straw burning mission
to PM2.5 concentrations in China, Environmental Research Letters, 11: 1-9.



