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Abstract:

The study examines the efficiency analysis of conventional and dry
rice sowing systems. This research finds the factors which affect the rice
output and cost of rice output as well as this study finds the sources of
inefficiency. Furthermore, this study is estimate the technical, allocative
and economic efficiency of conventional and dry rice sowing farmers.
Data is collected from 300 farmers in the kharif cycle of 2013-14 from
five main rice growing districts of Punjab namely: Hafizabad,
Sheikhupura, Jhang, Vehari, and Gujranwala. Stochastic frontier analysis
is used to find the results of study. Study results reveal that Direct seeded
rice sowing method is more profitable for farmers in respect of yield and
save labor cost and water saving as compare to conventional rice sowing
method. On average technical, allocative and economic efficiency of
sample rice farmers are 86 percent, 43 percent and 37 percent. The result
of technical and allocative inefficiency reveals that education, experience,
owner, tenant, selling agency, credit access, tractor and tube well
ownership, extension services significantly contribute to improve farmer’s
technical and aliocative efficiency. This study suggest that agriculture
department and research institutes should design training programme to
aware farmers about functioning of Direct seeded technology related to
rice sowing and its consequences. In addition, government should focus on
increasing the education level of farming communities by opening more
schools in the rural areas. In addition, Government should plan policies to
attract more educated people into farming sector by providing required
incentives.
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Chapter 1:

INTRODUCTION

Pakistan is an agricultural country and its largest economic activity is
agricuiture. It has direct and indirect role in generating economic growth.
This Sector provides employment to 48.4 percent of the total labor force
of a country. Agriculture sector influences the growth of a country it
provides raw material to industry as well as bring the 60 percent export
earnings for a country. According to economic survey of Pakistan (2013-
14), the agriculture growth stood at 2.1 percent as compared to 2.9 percent

during last year.

There are two most important crop seasons prevailing in Pakistan that is
“Kharif” and “Rabi” crop seasons. “Kharif” sowing season starts in April
to June and harvested between the months of October fo December. On
the other hand “Rabi” sowing season starts in October to December and
harvested in between April to May, Kharif crops are grown during the
monsoon {rainy seasons) are called Kharif crops. Seed of the crops are
sown in the beginning of the monsoon season. After maturation, these
crops are harvested at the end of the monsoon season (Oct-Nov). Kharif

crops are like: Paddy, Maize and Miliet and Cotton crops.

Rabi crops are grown during the winter season (October-March) are called

Rabi crops. Seeds of these crops are sown in the beginning of the winter
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season. After maturation of crops, they are harvested at the end of the
winter scason (April-May). Rabi crops are like: Wheat, Gram, and

Mustard,

Rice is an important and economically feasible cereal crop of Pakistan
which is the second major source of foreign exchange earnings after
Cotton. According to economic survey of Pakistan (2013-14), rice
accounts 3.1 percent of the value added in agriculture and 0.7 percent of
GDP. In addition, rice production has increases 6,798 thousand tons in
2013-14 as compared to 5536  thousand tons in 201-13 reflecting, an

increase of 22.8 percent,

Punjab and Sindh are the leading rice growing provinces out of
which about 92 percent of the total area under rice. The main rice tract lies
in the Punjab province covering more than one million hectares annually.
Punjab due fo suitable agro-climatic and soil condition received hundred
percent of Basmati rice production in the country. In Pakistan important
rice producing districts in Punjab are Gujranwala, Sialkot, Okara,
Hafizabad, Sheikhupura and Mandi Bahuddin and Jhang. These areas
contribute more than 70 percent of Basmati rice production in the county.
Total rice arcas in Punjab are 1.76 miilion hectare which is the 68 percent

of total rice area in Pakistan.

There are two most important methods use for transplanting of rice

like direct seeding system and wet seeding system. Wet seeding system
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(Puddled condition) is basically a conventional technique for sowing rice
and most of the farmers use conventional technique for sowing rice. Direct
seeded method is a Dry method for sowing rice. It is a latest technique for
sowing rice. It consists of sowing dry seeds on to dry soil while, wet

seeding involves sowing pre-germinated seeds on to puddle soil.

Ahmad et al., (2013) ) said that per acre paddy yield in Pakistan
far below than the major rice growing countries of the world because
many yield-limiting factors like weed infestation, improper combination
of fertilizers, smaller plant population per acre and shortage of labor for
transplanting and harvesting are the major constraints. Pandey and
Velasco, (2002) said that in response to rising labor costs, competitive
demand for water and the need to increase crop production, many Asian
farmers have shifted from conventional method of rice to direct seeding

of rice.

Harris, (2006) said that high cost of farm labor invariably delay
transplanting and often lead to use of aged seedling which cause low yield.
Mann and Ashraf, {2001) write that in Pakistan, rice seedlings are
transplanted by hired labour that resulted in labor shortage throughout the
transplanting period. To minimize the shortage of labor rice research
institutes developed the latest technology that is direct seeded. According
to Awan et al., (1989) direct seeded technology of rice was found almost

at same level in yield with the conventional planted crop.

16



Direct Seeded is a successful method of cultivation in some

countries which save labor in more economical than transplanting and also
provide good stand establishment [(Adair et al., (1992)]. The results of

many years of experimentation of direct seeding technique concluded that
this technology has great potential for adoption as a substitute for

transplanting if the weeds are controlled properly with the accessibility of

high yield probable varieties [Sharif et al., (20071

Unfortunately there is, at present, no proper and cconomically
viable cropping sysiem in practice to make the best use of rice land for
determined productivity. Most of the farmers used conventional method
for transplanting of rice. Conventional method required a lot of water for

the transplanting of rice and this technique farmers face higher labor cost.

Direct seceded rice system is a newly developed technique. It is a
water and fabor cost saving technique. In this research our main focus is to
find out which technique of rice sowing either conventional or direct
seeded is beneficial for farmers and how much direct seeding technique
save labor cost and save water, This research we also finds which

technique conventional or dry sowing gives farmers higher vield,

In Pakistan high variation exist in rice yields. According to
Wasim, (2002) rice yield per acre would be increased through HY'V seeds,
better fertilizer application, new farm technology, pest control, and better

time of nursery sowing, better land preparation, better weed control and

17



b : '
etter method of harvesting, According to Abedullah et al,, (2007) rice
output per acre in Pakistan could be increased by increasing the

accessibility of irrigation water in the arca.

According to Jeffery and XU, (I 998) different socio-economic and

farm management factors responsible for instability in rice productivity or

in other words inefficiency gap like lack of credit facility, deficiency of
extension services ete. According to Hussain, (1995) age, education and
extension services are the important variables that improve the managerial
ability of farmers and contribute positive role to improve technical

efficiency of rice farmers.

According to Idiong, (2007) education enhances the achievement

and use of information on better technology by the farmers as well as their

innovativeness.

Lot of studies has been conducted for examining the issues of yield
gap and farmers efficiencies by using rice crop for different countries as
well as identified different socio-economic and farm specific management
factors which effect on farmers efficiency. These studies has been
conducted by following authors in different countries [ Zhang et al,
(2002); Dhungana et al., (2004); Krasachat (2003); Javed et al.,(2010);

Abu (2011); Avambila, etal,, (2013)].
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Various studies has been conducted in Pakistan Abedullsh, (2007) and
Javed et al., (2010) conciuded that a potential exist in a country to increase
rice yield by increasing the rice cropping areca and by adopting new

technology.

1.1 Obijectives:

» To carry out comparative efficiency analysis of Conventional rice and
Direct seeded rice sowing systems.

> To find out the sources of inefficiency.

7 To carry out the Gross margin analysis of Conventional and Direct

seeded rice sowing systems.

1.2: Research guestion;

To compare the Conventional and dry rice sowing technique for rice and
to find out which technique is more profitable for farmers in case of

Productivity and less cost of Production.

1.3: Significance of the study:

Rice is one of the most important staple crop of Pakistan that
requires more water as compared to other crops, Rice crop sowing date is
the 157 June to 15% July that is scorching hot season in which farmers
faces water shortages and due to it rice crop adversely affected. Recently

direct seeded rice system is introduced in the rice growing areas. It is the
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modern cost saving technique that not only save water but also gives the
farmers higher yield as well as it increases the efficiency of farmers.
Direct sceded rice production system requires less irrigation than
traditional transplanted rice.

This research work will helps to understand which technique gives
the farmers more advantage both in terms of cost and yield. Moreover, this
study will heip to draw conclusions for promoting a right package of

technology that help growers to get higher economic returns.

1.4: Composition of study:

This study consists of following parts: Section 1 comprises of introduction
that briefly discuss the techniques of growing rice crop. Section-ii briefly
discusses the literature review of previous studies. Section-IH explains the
procedure of data coliection and Methodology. Descriptive and empirical
results briefly explained in the section IV. Section V concludes the study

with some policy recommendations.
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Chapter 2

Literature Review

2.1 Theoretical Review:

The utilization of limited resources is an important issue in
economics. The correlation that demonstrates the technology of a firm is
cailed production function. This function explains the relationship
between limited resources and output of a firm. Lot of production theories
have prevailed prolong before Adam smith, but production theory were
polished, in a mathematical sense, at the ending period of 19" century.
When apprehensive with one output firm, the production function builds
very easily. It informs us that the maximal quantity of output can be
achieved by using different combination of inputs with given assured

technical information [Gordon and Vaughan, (2011)].

The history earlier than Adam Smith is not absent in economic
writing.  Different Roman and Greek writers have tackled various
problems in economics, comprising rapid attenti{;n to production and
distribution. The authors also dedicated significant time to economics
issues, involving planning and find out into production. Several scholars

related with Mercantilist and Physiocratic in the time period of early 17®
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contury gives more careful attention to issues of production in the

gconomy.

Robert, (1767) a member of the physiocrats, gives the concepts of
diminishing returns in a one input production function. He describes that
diminishing returns is just a different way that the marginal product of

input ultimately reduces.

After that Adam smith, (1776) gives more careful attention to
gconomic problems related to productivity and income distribution in his
influential book “The Wealth of Nation”, Malthus and Edward, (1815)
describes that if you were increase labor and capital together, then it
would increases agriculture production of the land, but by a diminishing
amount. They both, in effect of these theories again rediscovered the
concept of diminishing return. Later On, David Ricardo accepted the
results which arrive with his theory of income distribution when writing

his classical economics book of political economy.

The Marginalist also takes experiment in the area of
production. At the end of 18% century, Walras er al., (1800) integrated all
thoughts of factors values into their books. These authors claim that all
early post-smith economist theories common, in the sense that every one

used production functions that were in predetermined proportions.

After that Thunen (1840) first time introduced variable proportions

production function. He was the first author who permits to change the

22



capital-labor ratio. He observes that if we were {ake one input fixed and
increase all other inputs, then the level of output would increase by
diminishing amount. In addition, he applied for the first time the concept
of diminishing return to a two input in a variable proportion production
function. An argument could certainly be raised in this era that he is the
unique creator of marginal productivity theory. Although, in this era
Thunen work never received much consideration as it is deserved though.
Instead of Thunen, American economist Clark, (1894) received tribute as a
creator of marginal productivity of theory. He received this title in the

meeting of American Economic Association that was held in that year,

Later on, Wicksteed, (1894) explains that if production function
was defined by a linearly homogenous function then every input were
received s marginal product,(in other words, one that practice constant
return to scale), the total quantity would then be engaged in factor of
payments without any shortage or excess. Around the twist of the century,
Knut Wicksell formed a production function that is very alike to the well-
known Cobb-Douglas production function which is later prepared by
Douglas and Cobb. Unluckily, this was never published in any intellectual

Journal. So Cobb and Douglas never received credit in 1928.

Currently lot of development has been formulated under flexible
forms of production function. The most famous production function has
been developed known as transcendental logarithmic production function,

which is commonly known as the translog production function, Diewart,
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(1971} given the concept of generalized Leontief production function.
Christensen er af., (1972) developed the concept of translog production
function. The beauty of translog production function is it imposes fewer
restrictions on such items elasticity of scale, homogeneity and elasticity of
substitution. Translog production function is known as the flexible form of

production function,

Now a day different theories has been done which estimate the
efficiencies. Farrell was the first author who gives the concept of
efficiency. Farrell, (1957) determines the article that escorts the
development of several techniques for the measurement of efficiency of
production. After that lot of authors has been done work in the area of
efficiency of production. The empirical findings of these studies have been

discussed in next section.
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2.2  Empirical Review:;

Measurement of farm efficiency for both in developed and
developing agricuitural countries are very important. Farrell, (1957)
developing the concept of efficiency analysis at the farm level, The
significance of increasing efficiency in agriculture production has been
commonly famous and examined by the rescarcher both in Pakistan and
all over the world such as: shehzad er al., (1993); Ishfag et al., (1997);
Krasachat (2003), Linh and Thiruchivarn (2004); Brazdik (2006),
Abedullah ef al., (2007); Akmal (2008) and Naila (2009); Gomez and

Neyra (2010); Javed et af., (2010); Orefi (2012),

H-I: Factor affecting the technical, Allocative and economic

efficiencies of Rice Farmers:

in Efficiency analysis, two most popular techniques were mainly
used, such as, stochastic frontier analysis (SFA) and Data envelopment
analysis (DEA). Some authors used the Data Envelopment Analysis for
measuring efficiency like: Zhang (2002), Dhungana et al., (2004) and
Krasachat (2003), Javed ef ¢/, (2010}, Orefi (2011), Daniel ef af., (2012)
estimate the efficiency analysis of rice farmers by using data envelopment
analysis. These studies identified that variety of natural resources
influences on technical efficiency of rice farmers like seeds, labor,
fertilizers, and mechanical power and technical inefficiency is much

influenced by primary education and regional factors.
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On the other hand, Esfandiart ¢f al., (2012) estimated water use
efficiency of rice farmers in Kamfirouz Region, Fars Province, Iran. Data
envelopment analysis is used to estimate the technical, allocative,
economical and managerial efficiency of rice farmers. The results revealed
that average technical, allocative, economical and managerial
efficiency are 72, 40, 28, 79 and 91 percent respectively. The results
show that for rice producers it is possible to reduce the level of water use
about 65 percent, without dropping productions. The bad uses of inputs
are linked to water, area and pesticide uses which are 40, 35 and 39.74

percent respectively,

Furthermore, Dung ef al., (2008) analyzed the scale efficiencies
and technical efficiencies of rice producing families in the Mekong Delta
by using stochastic frontier analysis and data envelopment analysis,
Resuits shows that technical efficiency of rice farmers is 75% and the
factors that affect the technical efficiency of rice farmers are farming area,
investment expenses on fertilizers and agrochemical. The results of
technical inefficiency show inefficiency depends on expertise and

experience and ability to new techniques.

A lot of literature exist where authors using the stochastic frontier
analysis to find the efficiency and identify the factors which affect the
famers efficiency like: Ali and Flinn, (1989) and Jayasuriya, (1983)
measuring the efficiency analysis on the basis of survey by using
Stochastic frontier approach he concluded that higher output of rice could
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be achieved by increasing the availability of irrigation water (canal watet,
tube well etc.) in the area of rice because rice is a water demanding crop

and required comparatively more water than other crops.

Rahman, {2003) estimate the technical efficiency and allocative
efficiency of Bangladesh rice farmers by using the stochastic profit
frontier and inefficiency effect model. The results revealed that mean level
of profit efficiency is 77% and 23% profit is lost due to technical and
allocative inefficiency in modern rice production. The efficiency
differences are explained mainly by the variables of infrastructure, soil
fertility, experience, extension services, tenancy and share of non-

agricuitural income.

Matthias ef aof., (1999) and Ogundie, (2006) used the stochastic
frontier methodology for measuring the technical efficiency of rice
farmers. Stochastic frontier analysis approach are used for the estimation
of production function applied to primary data concluded that sample
irrigated area seed rate is used in rice production and seed variable would
play a very important role for increasing rice output and for improving the

efficiency for rice farms and household income.

Truong, (2006) estimates the technical efficiency of rice producing
households in Vietnam, Data is collecting from 261 rice farming
households in Mekong Delta. Data envelopment analysis and Stochastic

frontier analysis is used for finding the results, The results reveal that the
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variables that affecting the technical efficiency of rice such as plot size,

Seed and hired labor cost and farmers farming experience.

Hyuha er al.,(2007) measuring the profit efficiency of rice farmers
in Eastern and Northern Uganda by using the methodology of stochastic
frontier approach applied to primary data concluded that rice farmers were
losing income due to technical and allocative inefficiency and for
improving efficiency requires to expand the area under cultivation that

create the positive impact on profits,

Sharif e al., (2007) estimated the economic efficiency analysis and
competitiveness in the production of rice crops in Pakistan, Policy metric
analysis is used to find the results. Secondary data is collected from
different sources finance division, agriculture prices commission etc. The
results indicate that increased in the production of rice can increase the

exports and the prevailing structure affect the farmers negatively.

Later on Idiong, (2007} estimate the farm level technical efficiency
small scale swamp in rice production in cross river state of Nigeria.
Primary data is collected from 56 farmer households in two local
government areas in the cost river state. Cobb-Douglas Stochastic frontier
analysis is used to find the result. This study finds that rice farmers were
not technically efficient, farmer educational level, membership of
cooperative association and access to credit significantly influenced the

farmer efficiency positively.
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Afterwards Hassan, (2008) estimates the farm-specific technical
effictency of rice growing irrigated and non-irrigated rice in Northern
Ghana. Stochastic Frontier approach applied to cross sectional data and
finds that there is no major difference between the technical efficiency of
Non-irrigators and irrigators. The major determinants of technical
efficiency are age. education, extension contact, and family size. On the
other hand Linh, (2004) finds that technical efficiency is much influenced

by regional factors.

Majumder et al., {2009) compare the resource use efficiency of
farming under different tenure condition in an area of Bhola district.
Primary data is collected through questionnaire. Cobb-Douglas Stochastic
frontier production function is used to find the results. The resuits reveal
that cash tfenant operators were originate more efficient than those of
owner and crop share tenant operator and cash tenants were more efficient
in production because they were intense to make more profit from their

investment.

Later on Tijani, (2010) estimated the technical efficiency of rice
farms in Osun, state Nigeria, and identified the socio-economic factors
which influence on factor efficiency. Technical efficiency were estimated
using the stochastic frontier approach applied to primary data results
showed that efficiency are positively and significantly correlated with the

application of traditional preparation method ,and with off farm income.
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Narala and Zala, (2010) estimated the technical efficiency in
central Gujarat by using the Stochastic Frontier analysis. The results
concluded that the great potential exist for improving the productivity of
rice by adopting the good management practices and proper allocation of

existing resources and technology.

Baruwa ef al, (2010) estimate the technical, allocative and
economic cfficiency of plantain farmers in Ondo State Nigeria. Cobb-
Douglas Stochastic parametric technique is used to find these efficiencies.
The result concludes that age is positively correlated to technical and
economic efficiencies and extension services significantly contribute to

technical efficiency.

Gomez and Neyra, (2010), Abedullah ef al., (2007) measuring the
efficiency analysis of rice farming system by using stochastic frontier
analysis on the basis of survey identified that the parameter sowing area,
number of ploughing hours, irrigation hour, labor hour and fertilizer

nutrients play a very important role on rice production.

On the other hand Alam et al., (2011) examine the technical
efficiency changes at the farm level for rice farms in Bangladesh using
(1987 to 2004) Panel data. Results from Stochastic Frontier approach finds
that technical efficiency of rice farmers has decreased from 83% to 60%
due to Socio-economic factors. These factors like age, education, Tenure

status, and involvement in off farm work were negatively persuade of
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technical efficiency but farm size positively influencing on technical

efficiency.

Mingxian and Hongmei, (2011) investigate the factors that is
influencing on collective water management and their influences on
technical efficiency of rice production. Group and household level data is
collected from 2006-2007 in china. The results of stochastic frontier
analysis show that successful collective water management has a
significant positive impact on technical efficiency of rice production
because it delivers enough irrigation water at a serious stage of rice

cultivation.

Backman et al,(2012) estimates the teéhnical efficiency of
traditional variety and high vielding variety of rice in Bangladesh and
identify the determinants of HYV rice adoption by using survey data
from 360 farmers for the 2008/09 growing seasons. Stochastic frontier
analysis indicates that HYV rice is connected with lower technical
efficiency and had a greater variability in yield. The results shows that
technical efficiency of HYV and tradition variety growing rice farmers
were related to age, experience, off-farm income, extension visits, and

access to microfinance.

Nyarko ef al., (2012) assesses the efficiency of resource use in rice
production with the Kpong Irrigation Project (KIP) as a case study. Data is

collected from seventy farmers by using the random sampling technique.
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Cobb-Douglas stochastic frontier production function is used to estimate
the coefficient and various variables. The results of efficiency calculation
indicated that land, fertilizer, and seed were being underutilized and

chemical were being highly over utilized in the study area.

Afroz and Islam, (2012) estimate the profitability of growing Aus
rice and Jute rice to determine the resource use efficiency in three selected
village of Raipura. Primary dats is collected from sixty farmers through
questionnaire, Cobb-Douglas production function is used to estimate the
effects of individual inputs on production of Jute and Aus rice. The results
of resource use efficiency shows that neither jute nor Aus rice farmers

were efficient enough to use various inputs.

(ialawat and Yabe, (2012) estimate the profit efficiency among
rice farmers in Brunei by using a stochastic profit frontier and inefficiency
affect model for analysing the three component technical, allocative and
scale efficiency. The results shows that mean profit efficiency score is
80.7 % and 19.3% profit is lost due to combination of technical, allocative
and scale inefficiencies. Factors that are related to profit-loss and profit
inefficiency are non-membership of cooperative, no irrigation, lack of

training and low yield variety.

Basorun and Fasakin, (2012) estimates the factors that influencing
in rice production in Igbemo-Ekiti region of Nigeria, Data is collected

from farmers through questionnaire. Cobb-Douglas stochastic function is
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used to find the results. The results revealed that status of the rice farmers,
area of land cultivated, and availability of market for the rice products, the
number of laborers involved in production and the use of agro-chemicals

are critical factors that impacting the production.

Abdulai ef al., (2012), identify the technical efficiency of rice
farmers at Tona irrigation project. Cross sectional data and stochastic
production frontier model is used in this study. The resuits find that
technical efficiency is 0.41 to 1 and mean value of 0.81.The factors that
determined the technical efficiency is education and adoption of modern

inputs like seeds and chemical fertilizers.

Enwerem and Ohajianya, (2013) analyzed the technical efficiency
and the resources of inefficiency in large and small scale rice production
in Imo state Nigeria. By using primary data and Cobb-Douglas stochastic
frontier methodology results reveals that the factors that affected the

output of rice is labour, Capital, land and planting materials.

Hidayah and Susanto, (2013) estimate the economies of scale,
allocative and technical efficiency of rice farming in irrigated field at
Kabupaten Seram Province of Maluku. Quantitative and qualitative data
and Cobb-Douglas stochastic frontier analysis is used to find the resuits.
The results revealed that three independent variables that has significant

effect the production that is labor size, urea, fertilizer, and NPK
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fertilizer with following elasticity 0,55; 0,19 and 0,11 which means that

technical efficiency of this farming has been achieved.

Some author used the translog stochastic frontier approach to
gstimate the technical efficiency of rice. Abedullah er al., (2010) estimate
the environmental efficiency analysis of rice production by using the
transiog approach. Data is collected from five major Basmati rice growing
districts in Punjab. The resuit concludes that the reduction in chemical
weedicides will save 297 per acre and Rs 1307.3 million over the rice crop
in Punjab, Empirical analysis concludes that reduction in environmental

poliution composed with higher level of profitability is possible.

Wadud and Rashid, (2{}11)‘estimateé profit efficiency of rice
farmers in selected areas of Bangladesh. Translog stochastic frontier is
used for estimating the technical and allocative efficiency of rice farmers.
‘The results revealed that Socio-economic variables like agriculture
information and family dependency ratio creates positive effects on profit

inefficiency.

Galawat and Yabe, (2012) estimate the efficiency of rice
production by using Translog proﬁ.t frontier. Primary data is collected
from Brunei district in June 2010.Emperical results shows that mean profit
efficiency score 15 80.7% and 19.3% profit is lost due to the combination

of Technical, Allocative and Scale inefficiencies. The factors that are
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associated to profit inefficiencies are no proper irrigation, Lack of training

and low yield variety ete.

Afterwards yabe and Hoang, (2012) estimate the environmental
factors that affect the profitability of rice farmers in red river delta.
Primary data is collected from 349 farmers through personal interviews
and transiog profit function is used for finding the results. This study finds
that Plant disease, soil fertility, irrigation, and water pollution were the

four environmental factors that caused profit loss in rice production.

Furthermore Arayaphong, (2012) compare the cost and benefit of
SRI and conventional rice system in Thailand. This study used the cost-
benefit analysis to find out the mean and variation of profit and cost in
economic term. The study finds that SRI saves the production input and
increases yield gain significantly. Sensitivity analysis shows that SR has
better performance under best and bad situation for both types of soil {clay
soil and sandy loam). In conclusion SRI is more beneficial and efficient

than conventional system,
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H-ii. Socig-economi¢ and farm management factors influences on

fechnical and allocative inefficiencies of rice farmers:

A wide variety of literature exist that identified Socio-economic
and farm management factors which influence on technical inefficiency of
farmers like : Battese and Coelli (1995), Parikh and Shah (1995),
Kalirajan {1991), Wadud and white (2000), Rehman (2003), Shrama er af.,
(1999), Hailam and Machado(1996), Dhungana (2004), Fieming and
Villano(2004), Brazdik (2006), Tijani (2006), Amaza et ol ,(2006),
Abedulah er al., (2007), Javed ef al. (2010}, Narala and Zala (2010},
Biorndal and Adhikari (2012), identified the factors which influence on
technical and allocative inefficiency among farmers concluded that age,
education, experience, access to credit, tenure status, utilization of
extension service, involvement in off farm work, farm size, ratio of adults
in the farm househoid, Soil fertility were the major factors that influence

on the technical and allocative inefficiency among farmers.

Furthermore FErhabor and Ahmadu, (2012) identify the socio
economic factors that influence the technical inefficiency of rice farmers
in Taraba state Nigeria. Primary data is collected from 133 respondents
and stochastic frontier production function is used to find the results. The
results revealed that inefficiency of the farmers increase with increase
in age and inefficiency of farmers decreases with increase in the
number of male farmers, family size, level of education and farming

experience.

36



Basorun and Fasakin, (2012) identify the factors that influence the
rice production in Ighemo-Ekiti Region of Nigeria. This study data is
coliected from 156 farmers in the state of Nigeria and multiple regression
analysis is used to find the resuits. The results finds that the status of rice
farmers, area of land cultivated, availability of market for rice products,
number of laborers that involved in rice production and agro-chemical are

the important factors that impact the rice production.

Rekwot et al., (2011) determined the growth trend of demand and
supply in Nigeria over the period of 1970 to 2011 and its inference of
empowering youths and women. A growth model is used to analyze the
time series data. The results shows that compound growth rate was {7.5%
and 7.8%) of rice demand were higher than that of rice supply (6.5% and
6.7%) and this shows that the rate of demand-supply gap for rice in
Nigeria has been an existing trend over the years and the trend would
continue if accurate measure are not taken inspite the country huge

potential exist to attain independence.

Pede ef al.,, (2007} estimate the effect of remittances on technical
efficiency of rice farmers: A case study of rice farming household in
Philippines. Primary data is collected through personal interviews for
selected household, Stochastic frontier analysis is used to find the results.
The resuits reveal that the higher percentage of remittances for farm inputs
and the higher education of the male head of the household leads to

decrease technical inefficiency.
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11- :ii. Stadies conducted in Pakistan:

In Pakistan some researcher estimates the technical efficiency of
rice farmers and finds the factors that effect on the technical efficiency of

farmers.

Ahmad er al., (1999} estimated the technical efficiency of rice
farmers in Pakistan. Stochastic Cobb-Douglas stochastic frontier is applied
to primary data and concludes that agriculture credit and extension offices
play a major role in improving the farmer technical efficiency and
revealed that educated and experienced framers also obtain higher

productive efficiency and as a resulted achieved higher output.

Later on Abedullah (2007) estimate the technical efficiency of rice
production in Punjab. Primary date is collected from Sheikhupura district
and applied the Stochastic frontier methodology concluded that improper
combination of the fertilizer nutrients create the soil degradation problem
and also affect the quality of ground water as well as finds that old farmers

are technically inefficient.

After that Javed ef al., {2010) estimated the technical efficiency of
rice-wheat system in Punjab. Data Envelopment analysis was applied and
conclude that year of schooling, number of contacts with extension agent

and access to credit variables had negative impact on technical efficiency
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and farm size, age of farm’s operator, and farm to market distance had

positive impact on technical efficiency of rice farmers.

After that Akhtar er aof., (2012) analyses the impact of direct
seeding rice on household welfare in Pakistan. Data was coilected from
three main rice-wheat area of Punjab Sheikhupura, Hafizabad and
Gujranwala district through interviews. The empirical results indicate that
adopters of direct sowing technology are receiving higher net return in the
range of 8-9 mounds per acre and the profitability analysis shows that
direct seeding rice sowing technology cost of production is lower than the

conventional transplanting of rice.

Most of the studies have been done on conventional rice system
but no study has done that compare the Conventional and Dry rice sowing
and finds which sowing method is beneficial for rice farmers. To fill the
gap this study compare the Conventional and Dry rice sowing method and
aims to find that which sowing technique is profitable for farmers and
which technique farmers faces less cost and achieved higher output. In this
study we estimate the efficiency of conventional and dry rice sowing
farmers and identified the factors which affect the efficiency of rice

farmers.
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Chapter 3:
Material and Methods

III- I. Data Collection Procedure:

The cross sectional data has been used in this study. Analysis is
carried out by using primary data on input and output quantities and prices
from 300 respondents belonging to five districts of Punjab namely:
Sheikhupura, Hafizabad, Gujranwala, Jhang and vehari. From each
district total 4 viliages were selected randomly and form each village total
15 farmers were interviewed. Data was collected for the rice crop during
Kharif season in year 2013, Well- structured and pre-tested questionnaire
was used to collect the information from the respondents. The random
sampling technique was used for the selection of sample farmers. We
select randomly respondent’s farmers for interview. The respondents of
the study are those farmers who cultivated rice through conventional

method or Direct seeded method.

The data was collected from 150 farmers who cultivate rice
through conventional method and 150 from those who cultivate rice
through direct seeded method. Difficulties were faced in coliected data
from large number of farmers and more particularly finding specific
farmer who cultivate rice through conventional or direct seeding method.

During interviews Urdu language were used for literate farmers and

10




Punjabi and Sarike languages from those farmers who are illiterate and not

able to understand Urdu language.

H1-it: Concept of Efficiency:

Farrell’s, (1957) determine the article that led to the development
of several techniques for the measurement of efficiency of production.
According to Dinc ef al. ,(1998) the term “efficiency” refers the success
with which a farm best utilizes its accessible resources to produce
maximum levels of possible outputs. Cooper ef af., (1995) said that farm is
efficient if and only if it is not feasible to increase output (or decrease
inputs) without more inputs or without decreasing output). The
neoclassical theory of production defines the production function based on
the idea of efficiency that gives the maximum possible output fora

given sets of inputs.

Hollingsworth & Peacock, (2008) explain that efficiency creates
the relationship between the inputs (usually land, capital, and labor) and
the outputs of the production function, which define the possible
combinations of inputs and the resulting outputs. According to Alam er al.,
{2010}, the measurement of the productive efficiency is a very important
issue in farming sector especially for developing countries because it gives
in series that is helpful for make managing decisions ini resource allocation

and for formulating agricultural and economic policies.
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Analysis of efficiency dates reverse to Knight (1933), Debrew
{1951y and Koopmans, (1955) provides the definition of technical
efficiency and Farrell (1957) provide the definition of Frontier production
function which gives the idea of maximality. Farrell, (1957) defines that
efficiency is the actual productivity of a firm as comparative to its
maximal productivity. Lassitsa er al.,(2005) said that maximal
productivity is explained by the production frontier. In addition Coelli et
al., (2003) defines that all points on the production possibility frontier

represent the maximurm output possible from each input level.

HI- iii. Types of efficiency:

FEconomists have developed three main measures of efficiency to
fulfill the requirements of researchers, managers, and policy makers in
financial mutual in this regard. Farrell, (1957} explains the concept of
efficiency and its types. He defines that there are three types of efficiency.
i} Technical efficiency. it} Price or Allocative efficiency. iii) Economic

efficiency.

Technpical efficiency;

Technical efficiency explains the relationship between input and
output. Farrell, (1957) defines the concept of technical efficiency which
represents that ability of a farm to obtain maximum output from a
given set of inputs, or the ability to minimize input use in the
production of a given output vector. Farrell further explains that

technical efficiency of a firm must always to some extent reflect the
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quality of inpuis. The production frontier is the locus of maximum
achievabie output for each input combination. According to Worthington,
(2009) technical efficiency refers to the use of productive resources in the
most technically efficient way and another way technical efficiency

impHes the maximum possible output from a given set of inputs,

Allocative efficiency:

Farrell, (1957) defines that it refers the ability of a firm to choose the
optimal combination of inputs given their input prices and technology.
Allocative efficiency Farrell called it Price efficiency. On the other hand
allocative efficiency related with choosing different technically efficient
combinations of inputs that is used to produce the maximum possible

outputs.

Rehman, (2012) said that allocative inefficiency arises if farms fail to
allocating inputs which minimize the cost of production of a output,
given relative input prices. Failure in allocating resources cfficiently
resulting in increased cost and decreased profit. In particular, a farm is
said to be allocatively inefficient if the marginal rate of technical
substitution between any two inputs is not equal to the corresponding

ratio of input prices.

Economic efficiency:

Economic efficiency is the combination of technical and

allocative efficiencies. Ellis, (1998) defines that economic efficiency
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reflects the ability of a farm to produce output at minimum cost. Thus,
gither one of the efficiencies may be necessary but not sufficient
conditions to make sure economic efficiency for a farm. The simultancous
ability of both efficiencies gives the sufficient condition to ensure

economic efficiency.

When taken colectively allocative efficiency and technical
efficiency it establishes the degree of productive efficiency which is also
known as total economic efficiency. Begum ef al., (2009) and Coelii er
al,, (2005) explain that economic efficiency reveals the capability of a
production unit to produce a maximum output at the lowest amount.
According to Worthington, (2009) explains that if resources use
completely allocatively and technically efficient then it can be said to have

achieved total economic efficiency.

Technical inefficiency:

Al and Byerlee, (1991) explain that a firm is considered to be
efficient if it is operating on the production frontier whiie firm is
considered to be technically inefficient when it fails to achieve maximum
output from given inputs or fails to operate on the production frontier. On
the other hand, technical inefficiency refers to a failure of the farm to
produce the frontier level of output, given the quantities of inputs

[{Kumbhakar, 1994)].



111-iv: Efficiency measurement: Material and Methods:

Mostly two methods are used to measure the efficiencies in farming sector
that are Data Envelopment analysis (DEA) and Stochastic Frontier
analysis (SFA) which leads to mathematical programming and

econometric methods also.

Coelli et al., (1998) considered that stochastic frontier approach more
suitable approach than Data Envelopment Analyses (DEA) in agricultural
sector, especially in developing countries, because farming sector mostly
uncertainty oceur so that data is highly affected by the random errors and
the effects of climatic situation like floods, earth quake and discases, so
that {SFA) approach considered these random errors and statistical noise,

whereas DEA approach not considered,

Kumbhakar and Lovell, (2000) and Cabrera, (2010) said that a stochastic
frontier model is the most suitable approach especially in the rural sector
because of its ability that deal with stochastic noise (such as random
variable like Weather, Luck, and other events that is beyond the control of
firm). It is capable for hypothesis testing, and allows for single step

estimation of the ineffectivensess effects.

Data Envelopment Analysis:

DEA is an abbreviation for Data Envelopment Analysis, used to
calculate efficiencies in production. It is a lincar programming model to

construct a non-parametric piecewise surface to calculate relative

45



efficiencies. Data envelopment analysis (DEA) is a non-parametric
approach that is used for the estimation of frontier and the calculation of
efficiency measures {Tauer (1998), Jaforullah and whitemen (1999),

Stokes et al., (2007)].

Data En?eiopmem Analysis (DEA) was firstly developed by
Charnes ef al., (1978). It is a non-parametric mathematical programming
approach. DEA technique is basically helpful for the input-output based
approach depending on either they use input distance function or output

distance function.

The major weakness of DEA approach is that: It is a deterministic
approach (Begum et al., 2009). DEA does not make assumption about the
distribution of efficiency. DEA analysis does not accommodate for
statistical noise it explicitly account for Stochastic events like bad
weathers, poor tuck and measurement errors as it gives ambiguous results
[Fare et ai., (2000}, Karasachat (2003)]. All the deviation from frontier is
attributed to inefficiency and not due to measurement error {Fare et af,,
{2000), Karsachat, (2003)]. Its results are very sensitive to outliers, as
observations from the sample are used to construct the frontier [Perelman
{1999)1. It is not capable for hypothesis testing [Karasachat (2003}, There
is a lack of formal tests available to assess the strength of the functional
torm created by optimization of the DEA problem. DEA can only offer its

finite sample, piecewise linear approximation (Warsaw 2011).
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Stochastic Frontier Analvsis:

There are two approaches mostly used for measuring the
efficiency, parametric approach and Non-parametric approach. Parametric
approach used the econometric technique for the estimation of frontier
functions, Parametric approach stipulates and estimates the stochastic
production frontier and stochastic cost frontier. Stochastic Frontier
analysis the output (or cost) is supposed to be a function of inputs,

inefficiency and random error.

The main advantage of the stochastic frontier function approach
{SFA) is: it considered the stochastic error and then allows hypothetical
testing [(Coelli (1995) and Battese, (2005)]. It has a benefit over DEA
when statistical noise 1s a problem (Coelli1995).1t does not assume that all
firms are fully efficient [(Battese ef af,, (2005)]. It requires both price and
guantity information |Battese er af, (2005}, SFA separate errors
component from inefficiency components [Bauer {1990), Greene (1993),

Skinner (1994) and Radam et af,, (2010)].

Agriculture sector SFA approach is most appropriate then DEA,
because in agriculfure sector ambiguity prevail because of Climatic
conditions and some other random error involved [Ezeh (2004), Coellie
(1996)]. Farmer will always operate under uncertainty and therefore
present research is related to agriculture sector so this research here using

the stochastic frontier production function approach.
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111-v: Theoretical Framework of Stochastic Frontier Approach:

Stochastic production frontier model were simultaneously
introduced by (Aigner and Chu (1968), Seitz (1971), Timmer (1971), and
Richmend (1974) Lovell, and Schmidt (1977) and Meeusen and Van den
Broeck (1977), it was the effort of these authors that Jed directly to the
development of SFA, The main feature of the stochastic production
frontier is that the trouble term, which had two components, one describes
for random effects and another explain for technical inefficiency. “V”
captures the random effects that occur due to the measurement error,
statistical noise and other non-fair influences that cannot manage the firm

and “U;” captures the technical inefficiency that can control the firm.

The functional form of the modei can be defined as:

Yi = It represents the production {or the logarithm of the production) of

the ith firm,

X= Ht'sakK x1 vector of the input quantitics used by the producer of

firm.
8 = It Shows the vector unknown parameters to be estimated.
Vi= Tt is a random variable which is assumed to be identicaily

independent distribution (iid) N (0, 8%).
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U= It is a non-negative random variables which are assumed to
account for technical inefficiency in production function and are assumed

to be iid N (0, &%u).
E=V,=U; e (2)

£ = 1t is the error that shows the difference of technical inefficiency
and random error term.

Vi= it is a is a symmetrical two sided normally distributed random
variable that captures the stochastic effects outside the farmers

control like Weather, Disaster, and Luck eic.

U= It is a one sided (Ui 20) efficiency component and Non-negative
that captures the technical inefficiency of the farmer, Both U; and

V; are independent of each other’s.
Battese and Corra, (1977) extended the model and change the 3*v and 8%u

with:

2 2 2
8% = STU+ STV e e s (3)

&? explains that total variation in dependent variables is due to technical
inefficiency and random shocks together and ¥ shows that the systematic

influence that are not explained the production function it is the ratio of

variance of u to the total variance.
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7$52u/52u+52v ........................................ (4)

This can be calculated by the Maximum likelihood estimates. This
parameter must be lies between zero and one. On the basis of the size of y,
whether the differences between the best and actual practices were real or
accidental. The smaller the ratio, the higher is the probability that the

differences are accidental. {Kalirajan and Shand, (1985)].

Technical efficiency is obtained by the ratio of observed output (Y; Jto the

maximum achievable level of output(y").

TE = Yz y* = exp(w ui)

or

exp(Xﬁ%% wu_-J
TE = ! o ( ) mexp(wu.)
explX; B +v; I

In order to estimate these efficiency some author suggested a two-stage
method, in which the first stage consists of technical efficiency
estimation using a SFA approach, and the second stage involves the
condition of a regression model that relaxes technical efficiency with

some explanatory variables [ (Pitt and Lee (1981); Kalirajan,(1982);

Parikh and Shah, (1994)].

One-stage SFA models in which the inefficiency effects (u) are

explained as a function of a vector of observable explanatory variables
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were proposed by [Kumbhakar et al., (1991); chneider and Stevenson

{1991); Huang and Liu (1994)].

In different time period authors imposed the restriction with regard
to this model specification like: Battese er al, (1989) impose the
restriction that by assuming 7 is to be zero provides the time-invariant
model. The additional restriction of u equal to zero reduces the model (Pitt
and Lee (1981). Aigner et al., (1977} imposed the limit of T=1 then the

model becomes the single cross-sectional, half-normal term.

I1I-vi. Theoretical Frame work of Stochastic Frontier Cost Function:

Aigner ef al., (1977) and Hughes (1988) and Battese and Coelli (1988)
defines the stochastic frontier cost function. The model specification of the
cost stochastic frontier simply change the (Vi~ U) in to (Vi + Uj),

functional form can be defined as;

.......... 1)

In the cost function U; defines how far away the firm operates above the
cost function. If it assumed the allocative efficiency then U is closely

retated to the cost of technical inefficiency,
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Cost efficiency lies between zero and infinity. Cost efficiency relation to

the cost frontier without log dependent variable can be defined as

. exp(X—ﬂ+v.+U-)
EEF = i i e@(Xgﬁ“’f) ............. (2)

Cost efficiency measures with log dependent variable can be defined as:
EEF = exp(uz-) ............................ ()

In stochastic frontier production approach mostly Cobb-Douglas and
translog stochastic frontier is generally used to calculate the efficiency,
basically it is based on Cobb-Douglas and translog stochastic frontier
approach that could be specific also as production or cost function (Udoh
and Akintola, 2001). On the assumption that Viand U; are independent
and normally distributed, the parameters B, 6%, 6% ,0°, v and A can be
estimated by the method of Maximum Likelihood Estimates (MLE),
using the computer Frontier Version 4.1 (Coelli, 1996) which is also

estimates the technical and allocative efficiency.

HE-V: Cobb-Douglas Cost Stochastic frontier model:

A stochastic function of the C-D type is proposed by Battese and Collie

{1995} for wheat crop of Pakistan.

‘The general expression of Cobb-Douglas function is:
a,b
Y=AL"k
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Y represents the set of output; L shows the measure of labor input and K
capital, A term demonstrates the constant term. It is also considered the
joint impact of inputs that are measured to be fixed on the production
function. The main property of C-D type function is the “a” and *“b” are
the elasticity of production with respect to labor and capital and second
property is that the function is homogenous of degree, “a+b” [(Coudere

and Marijse,1991)].
Cobb-Douglas cost stochastic frontier model is used the [Schmidt and

Sickles {1984} ,Rahman (2002), Kahi and Yabe (201 1)]

n{y; )= By + By In Xy + By ln Xy + faln Xy + By In Xy + fsIn Xg +
Bgln X+ fln Xy +ﬁ81nX8+;39 inX9+ﬁioan10+ﬁnanH

+Vl+ul

Where Vi + Ui is a composed error term, In (Y) represents log of Cost of

output and In (X)) log of independent variables. (1,2, .......... 1)
Y= cost of rice output / acre of the ith farm

X; = Pesticide cost / acre

Xz = Seed cost facre

Xs= Fertilizer cost / acre
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X2 Weedicide cost / acre
Xg = Insecticide cost

Xo= Hawesting cost
Xio= labor cost

Xi1= Rice Output.

I1-V1_ Cobb Douglas Stochastic frontier Production Approach:

If we take the log of output and the input quantities, then the Cobb-Douglas
production function is obtained. The logarithmic functional form of Cobb-
Douglas stochastic frontier production function single output used tIhe
mode! [Battese and Coelli (1993), Abedullah ef al., (2007), Raman and

Chowdhury (2012}

The functional form of Cobb-Douglas Stochastic frontier production

function is:

In(¥;) = BO "}*ﬁl 1nX1 ) InX2+,B3 In X4 + B4 lnX4+ﬁ5 InXg+
,6’6 inX6+,87 In X +ﬁ8 1nX8+,89 InX9+ﬂwlnX10+ﬁHlnX“
*%"V;- —Drz

Where V; — Ui is a composed error term, In (Y) represent log of output and

In (X;) log of independent variables and i= ith farm.

Yi= Rice Output/ acre of the ith farm.

54



X;=  Area under Rice crops

X3= NPK Nutrients/ acre (N=Nitrogen, P= Potash, K= Phosphorus it is

the fertilizers that is used the farmers for sowing rice)

Xs= Seed per acre/ (kg)

{How much seed bags used the farmers per acre)

Xs= frrigation hours / acre

Xs = Weedicide (Jiters) / acre

Xy=  Labor hour/ acre (Labor hours for weeding, fertilization and
Spraying Pesticide).

Xg= Total tractor hour for land preparation (Ploughing, Planking,
Hewing, Spraying Land leveling).

Xy = Farm yard Manure

Xp= Insecticide

Xii= Pesticide

The stochastic frontier model is estimated by the computer frontier

program 4.1
The main advantage of Cobb-Douglas Stochastic production function is:

Cobb-Douglass functional form is considered more suitable in testing the
return to scale hypothesis. Cobb-Douglass functional form considered more

ease when we have a comparatively large number of inputs in the
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production frontier function. It creates a sufficient representation of the

data. Its directly indicate the elasticity of variables.

The disadvantage of Cobb-Douglas production function is that it has fixed
input elasticity’s and returns to scale. The elasticity of Cobb-Dougilas type
of production function is fixed irrespective of the amounts of every input

that are used.

111-vii. _Functional form of Technical inefficiency:

Battese and Coelli (1995) extended this model specification it considered
that U; is the non-negative random variables which are supposed to
explain for technical inefficiency in production. The function determined
the technical inefficiency effects are defined in its general form as a linear

function of socio economic and management factors.

The functional form of technical inefficiency is used the {Battese and

Cocliie (1993), Abedullah ef ¢l., (2007), Rahman and Chaudhary (2012)].

Ui =8+ Sieducation + Bnexperience + S 0wner + 84 Tenant+ 350wnercumtenant +
8 sMarket Distance + 3 Selling Agency+3-Credit Access+&gTractor +8gTubeWell
+8;qextension services +8,  Household size + V,

U; represents the technical inefficiency and Z; represent the socio
economic and farm management factors and 8o, §; (i...1, 2....11) is the

parameter to be estimated and V; is the unobserved random variables

which are identically independently distributed,

Fducation = Farmers Education.
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Experience = Farmers Experience
Owner = used as a Dummy Variables if farmer is an owner = 1 otherwise

Zero,

wise, Zero.

Owner-Cum-Tenant= Dummy variable as a third category of farmers is
Omitted.

Distance from main market (Km)

Crop sale = Dummy variable showing value =0 if the crop sale in a village

Credit availability = Farmers borrow money from bank or own cash or

borrow o relatives.

Tractor = Dummy variable showing value equal=1, if farmer is a tractor

owner, otherwise zero.

Tube Well: Dummy variable showing value equal=1, if farmer is a Tube

well owner, otherwise zero.
Number of household size

Technical inefficiency can be estimated by subtracting one from technical

efficiency.
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U;=1-TE 0<TEZ]
EEF =(xp+7,-U,)/(xB+V;)
EEF = exp(w U z-)

111-viii,_Translog Stochastic Production frontier Approach:

The translog production function is an elegant flexible function,
This function has both linear and quadratic term with its capacity of using
more than two factor inputs. This function can be judge by second order
Taylor series (Christensen, ef al., Jorgenson & Lau 1973). The following
advantage of translog stochastic production frontier approach is defined the

Coelii (1998) and Battese (2005).

it provides the opportunity to describe the data in a more flexibie
way. The translog form imposes no limitations upon returns of scale or
substitution possibilities. Cobb-Douglas form is an enough representation
of the data, given the condition of the translog mbdek. The logarithmic
functional form of translog stochastic frontier production function single
output used the model [Madau (2011), Strauss er al., (1986), Hassan

(2012)1.
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Where (Vi-U; ) is the composed error term. Ln (Y5) Is the log of rice output

and In (X) is the log of independent variables. i represents the ith farm.

Y; = Rice Ouiput/ acre of the ith farm.
X = Dummy variable 0 for Conventional Puddling and 1 for Dry rice.
Xz = Arca under Rice crops

X3 = NPK Nutrients/ acre (N=Nitrogen, P= Potash= Phosphorus it is the
Fertilizer that is used the farmers for sowing rice).

Xs = Seed peracre/ (kg) (how many seed bags use the farmers per
Acre)

Xs = Irrigation hours / acre

Xe= Weedicide (liters) / acre

X7 » Labor hour/ acre (Labor hours for weeding, fertilization and
Spraying Pesticide)

Xs = Total tractor hour for land preparation (Ploughing, Planking,
Hewing, Spraying and land leveling).

Xy = Farm yard Manure/Acre

Xio= Insecticide/Acre

Xii= Pesticide/Acre
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HI- ix. Translog cost stochastic frontier approach:

The logarithmic functional form of translog stochastic frontier cost

function single cost of output used the model [Strauss ez al., (1986)].
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Where (V; + Uj) are a composed error term, In (Y;) represents log of Cost of
cutput and In (X3} log of independent variables. fis are the coefficient of

linear, cross and square products terms. i represent the ith farm.
Y = cost of rice output / acre of the ith farm
Xy = Pesticide cost / acre

Xz= Seed cost /acre

X3= Fertilizer cost / acre

Xa= Per acre cost for land preparation

Xs = Cost of irrigation / acre

X = Farm yard manure cost / acre

X7= Weedicide cost / acre

X3 = Insecticide cost/acre

X9 = Harvesting cost/acre

Xio= labor cost/acre

Xy1 = Rice output

The translog stochastic cost frontier model is estimated by the computer

frontier program 4.1.

1H-x, Test of the Model Specification:

The hypotheses have been tested with regard to model specification. These

tests are performed using generalized likelihood - ratio statistics, (LR). The
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maximum-likelihood technigue is useful for the estimation of the parameter
and forecast the technical efficiencies of the firms over time. The
generalized likelihood ratio is measured for testing the null hypothesis,
which the inefficiency effects not stochastic or they do not depend on the

firm-specific variables (Battese and Collie 1992 and 1995).

Which are defines as;

LR = -2In[L(H ) ~ L(H )]

L (Ho) and L (H;) are the values of the log likelihood function under the

condition of the null and alternative hypothesis, respectively.

HI-xi _Testing of Hypothesis:

H =y =8, =8 = mrreimieinas 511=0
H =y =08, =8 = rmrinininneenens S511=0
HO m5},52,m ......................................... S511=0
HO m§1,52,—— ........................................... S11=0
Ifo = > 3] == 1

53



H =3 fk =1

The first null hypothesis tested Ho=y= 86=01= .ovvvvvrvrinnnnninn. O11

which state that the farm level technical inefficiency not exist in the

production frontier model,

The second null hypothesis we test Ho= =008 1=, ..ccovvrvernnriinenn O

which states farm level allocative inefficiency not exist in the cost

stochastic frontier model.

The third null hypothesis we test He= §:=0=,.....ccoiiiiiiinnnn 811 which
states that farm level technical inefficiency are not affected the

independent variable which is included in the production frontier model.

The fourth null hypothesis states that farm level technical inefficiencies
are not affected by the independent variable that is included in the cost

stochastic frontier model.

The fifth null hypothesis states that whether the sum of Elasticities in

Cobb Douglas production function has always constant return to scale.

The sixth null hypothesis states that whether the sum of Elasticities in

Cobb-Douglas cost function has always constant return to scale,

After testing hypothesis we decided to use translog stochastic frontier
model in this study. Details are mentioned in chapter 4-2, Empirical

chapter.
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Chapter I'V;

Descriptive Analysis Discussion of Results

Introduction:

Pakistan in the world considered as largest producer of Rice. Every
year, it produces an average of 6 million tones. According to Federal
Bureau of statistics, Government of Pakistan report (2012-13) rice sowing
area is estimated at 2.31 million hectares in Pakistan, 10.1% less than last
yeat’s area of 2.57 million hectares. Moreover, Rice production decreased
from 6.95 million tons in 2008-09 to 5.54 million tons in 2012-13, Hence,
it shows declining of 20%. The production decreases due to decrease in
area and effects of monsoon rain and late receding of water period in rice
field delay the sowing. All these factors affected the productivity and
technical, allocative and economic efficiency of Rice Crop. This chapter is
committed {o presentation and discussion of descriptive analysis. Section

IV-1 is about descriptive analysis; Section V-2 include empirical analysis.

1V-I: Descriptive statistics of sample farms:

After collection of data, the next most important step was to enter
the data and its descriptive analysis. For the purpose of descriptive
analysis used statistical package for social science (SPSS 20} in this study.

Descriptive statistics gives us all information about variables which is
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mentioned in questionnaire. Descriptive analysis provides us help to
identify the percentages, mean, and standard deviation of different

variables. Every variable is explained one by one in this chapter.

Table 1: Farm Size of sample farms:

Characteristics | Less 5.15 acre | 15-285 acre | =258
than 5 acre
acre

Conventional 3.13 8.81 19.88 47.11

Average farm
size {acre)

Percent farms 10 65 18 8
(%)
Direct seeded 3.14 9 19,96 39.6

average farm
size {acre)

Percent farms 9.3 65.40 18.70 6.90
(%)

Total Average 3.92 8.90 19.93 43.35
farm size

Total farm size 9.6 64.90 18.30 7.10
(%)

The farm size instrument is included in this study. Farm size
variable is an important factor in farming system. According to Abedullah
et al., (2007 the impact of farm size is uncertain on inefficiency. The
large planting area is likely to have positive effects on farmers efficiency
because larger the planting area, the greater likely is the opportunity fo
apply modern technologies such as tractors and irrigation. Therefore,
farmers with large planting area could be more efficient or less inefficient.
in addition, Kamruzzaman ef al., (2007) said that farm size positively
influences on technical efficiency and further explains that larger farms

are more efficient than smaller farms. It is not doubtful that large farms
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can quickly utilize existing resources and might have a greater ability to

access modern inputs on time.

Table 1 shows variation in farm size of conventional and direct
seeded rice farmers. Table represents that 10% conventional farmer’s use
arca less than 5 acre and 65 percent conventional farmers use area between
5-15 percent and 18 conventional farmers use area between 15-25 percent
and 8 percent farmers use area above 25 acres respectively. On the other
hand 9.3% direct seeded farmers use area less than 5 acre and 65%
farmers use area between 5-15 acres, 18.70 percent farmers use area
between 15-25 acres and 6.90 percent farmers use area above 25 acre

respectively.

Overall total 9.6% farmers use area less than 5 acres. 64.90 percent
farmers use area between 5-15 acres and 18.30 percent farmers use area
between 15-25 acres and 7.10 percent farmers use area sbove 25 acres
respectively. The results show that large number of sample farmers use

arca between 5-15 acres respectively in the study area.

Table2. Tenancy status of farmer’s categories:

Farmers Status of owner ship
Conventional Direct seeded farmers | Over all
farmers (%) (%)

Owner(#) 138 137 275
(%) 52 51,3 91.7
Tenant(#) i2 13 25

(%) 8 8.67 8.33

&7



Table 2 represents that tenancy status of farmers like farmer is owner or
tenant, The table results reveal that out of 150 conventional farmers the
most frequent form of land tenure is owner 92% and 8 % conventional
farmers are tenant. Moreover, out of 150 direct seeded farmers 81.3%
farmer’s status is owner, 8.67% farmer’s status is tenant. Overall the
sample results explain that out of 300 farmers the most common type of
tand tenure is owner that is 91.7% while 8.33% farmers are tenant. Hence,

the greater number of farmers is owner in the study area.

Tenancy status also affected the technical efficiency of rice farmers. Collie
et al., (2002) and Rehman et ¢l., (2007) concluded that farmers who hold a
large proportion of rented-in land are less efficient than those farmers who

cuifivated own fand.

Tabie 3: Characteristics of Farmers:

Characteristics | Conventional | Direct seeded | Over All
farmers farmers

Age (vears) 50 45 48

Education(Years) | 10 10 10

Experience 20 25 23

{years)

Distance from 4 5 5

farm to main

market (KM)

Family Size(No) | § 6 7

This study has taken following important factors Age, Education,
Experience, Distance from main market and family size which have a
significant impact on farm efficiency and decision making. Chaudhary et

al., (2002) concluded that age is an important factor in decision making,
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and also have a significant positive impact on farm inefficiency. When age
increases farmers inefficiency will also increases. In this study we have
taken information about Age, education level and experience of the
farmers in years. The table shows that overall average age of sample

farmer 18 48 years in this study.

This study descriptive statistics results indicates that average
education of sample farmers is ten years of education and average
experience of sample farmers is twenty three (23) years and average
houschold size of sample farmers is seven. Ahmadu and Erhabor, (2012)
said that higher level of education of the farmers lead to lower technical
inefficiency. This is because education brings clarification and defines the
farmers to access essential information which could improve their ability
to make rational production decisions and to innovate, It means,
strengthening of effort to provide both adult and extension education to
rice farmers which reduce the challenge of inefficiency in the use of

resources by the farmers and enhance rice production in the country.

Furthermore, Ajibefun er al. (2002), Onyenweaku and Nwaru
{2005) concluded that farming experience associated negatively with the

inefficiency of the farmers by saying that ‘practice makes perfect.

This study average distance from farm to main market is §

kilometers. According to FAO and IFA (1999), the use of purchased
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inputs would have been higher in developing countries if the supply outlet

were made available to the farming communities at a walking distance.

In addition, study finds that average family size of farmer is seven.
According to Ahmadu and Erhabor (2012) increased family size decreased
the mefficiency of farmers in production operations. Okoruwa and
Ogundele (2004) and Tiamiyu ef al., (2008) agrees with the statement of
Adewuyi and Okunmadews, (2001) that large household size decreases

inefficiency through labor involvement in production operations.

Table 4; Ownership sample:

Ownership | Conventional Direct seeded Overall
Sample farmers farmers

Owner Hired 1 Owner Hired Owner | Hired
Tractor 141 g 137 13 278 22
ownership
Tube Weli 136 i4 142 8 278 22
Ownership

Table 4 represents the ownership sample of farmers {conventional
and direct seeded farmers). Table results expiain that out of 150
conventional farmer’s 141 farmers have a tractor ownership and 9
farmet’s uses hire tractors. Furthermore, out of 150 Direct seeded farmers
137 farmers possess a tractor and 13 farmers uses hire fractor, The next
part of table shows the ownership pattern of farmers regarding tube well.
The sample results reveal that 136 conventional farmers possess a tube
well and 14 farmer’s uses hire tube well. In addition, 142 direct seeded

farmers owned fube well and 8 farmer uses hire tube well.
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Overall the sample results shows that 278 farmers own both tractor
and tube well and 22 farmers uses hire tractor and tube well in the study
area. Therefore, the larger number of farmers own both tractor and tube
well in this study area. Hence, it shows that there is no variation exists in
both types of farmer’s ownership status, According 0 Agarwal, (1983)
finds that tractor owning farms have significantly higher cropping
intensity than tractor hiring farms. He further, concluded that Ownership
of a tractor give the user any special benefit over one who just hire the

machine.

Table 5: Sources of irrigation:

Groups of Conventional | Direct seeded Over ail
operational holding | farmers farmers

Canal (#) 1 42 43

(%o} 0.67 28 14.33
Tube well (#) 37 20 57

(%o} 24.67 13.33 16
Canal +Tube Well 112 88 200

(#

(‘%))) 74.67 58.67 66.67

Table 5 represents the sources of irrigation of sample farmers
during kharif cycle. The table results explain that out of 150 conventional
farmers only 0.67% farmers relined on canal irrigation and 24.67%
conventional farmers relined on tube well irrigation and 74.67%
conventional farmers relined on both canal and tube well irrigation only.
Moreover, out of 150 direct seeded farmers only 28% direct seeded

farmers relined on canal irrigation and 13.33 % depends on tube well
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irrigation only. In addition, 58.67% direct seeded farmers depends on

Canal+ tube well sources of irrigation,

Over all the table results exhibits that tube well and Canal are essential in
supplying water to study area. On the whole 14.33% farmers depends on
canal irrigation only and 19% farmers depends on Tube well irrigation and
66.67% farmers relined on canal + Tube well sources of irrigation. Hence,
greater number of sample farmers depends on Canal + Tube well sources
of irrigation in the study area. However, according to Agarwal, (1983)
concluded that Tubewell irrigated farms have higher cropping intensity
than canal irrigated farms. On the other hand Chaudhary ef al.,(2002)
concluded that canal is a less flexible source, as tube well and tube well
plus canal are relatively more trustworthy sources and provides timely
supply of water throughout the cropping season and thus results in higher
farm productivity,

Table 6: Rice area used in different farm size category:

Rice area in Less than 5| 5-15 acre 15.25 Greater

acres acres acre than 25
acre

Conventional 18 117 7 8

rice field

(%) 12 78 4,7 54

Direct seeded 45 100 4 1

field

(%) 30 66.7 2.67 0.7

Over all 63 217 11 9

(%) 21 72.3 3.7 3
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Table 6 results explain that how much acre farmers cultivate rice in
kharif season. The survey results explain that 12% conventional farmers
cultivate rice in less than 5 acres, 78% famers cultivate rice in 5-15 acres
respectively and 4.7% and 5.4% famers cultivate rice in 15-25 acres and
above 25 acres respectively. Moreover, 30% direct seeded farmers
cultivate rice in less than 5 acres. 66.7% farmers cultivate rice in 5-15
acres, 2.67% farmers cultivated direct seeded rice In between 15-25 acres
and 0.7% direct seeded farmers cultivated rice in above 25 acres

respectively.

Overall 21% farmers cultivate rice in less than 5 acres area. 72.3%
farmers cultivate rice in 5-15 acres. 3.7% farmers cultivate rice in 15-25
acres and 3 percent farmers cuitivate rice above 25 acres respectively. On
the whole large number of farmers cultivated rice In 3-15 acres,
respectively in this study area. According to Tijani, (2006), Dhutta and
Akond, (2013) and Abedullah ef al., (2010) area planted to rice would
play an important role in rice production and increases in rice planted aréa

would significantly lead to increase rice yield.
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Table: 7 Rice varieties used in different sowing method:

Rice Varieties | Conventional Direct seeded Over all
Method Method

Super 125 36 181

Basmati(#)

{%) 83.4 374 60.4

Super Basmati+ 2 0 2

Basmati

385+Basmati

386 (#)

{%o) 1.30 0.00 0.70

Super Indiat i 2 3

Super Basmati+

Basmati 386

(%) 0.70 1.30 1.00

Super Basmati+ 2 2 4

Super India(#)

(%) 1.40 1.40 1.4¢

Basmati 386(#) 3 43 46

(%) 2 28.70 15.30

Super India(#) 1 1 2

(%) .70 0.70 0.70

Basmati S15(#) 3 17 20

(%) 2 11.30 6.70

Basmati 385(#) 2 6 8

(%) 1.30 4.00 2.76

Kernal 0 i 1

(%) 0 0.70 0.30

Super Basmati+ 5 10 15

Basmati 386(#)

(%) 3.30 6.70 5

Super 4 12 16

Basmati+515(#)

(%) 2.70 8 5.30

Basmati 2 0 2

386+Super

India(#)

(%) 1.36 0 0.70
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Total(#) 150 150 200
Total (%6) 100 100 100

Table 7 results explain that conventional and direct seeded farmers
cultivate different verities of rice in the field. The survey results explain
that 83.4% conventional farmers cultivate super Basmati rice only in the
field. On the other hand, 37.4% direct seeded farmers cultivate super
Basmati rice only. Only 1.30% conventional farmers cultivate different
varietics of rice super Basmati+ Basmati 385+ Basmati 386 in the field.
0.70% conventional farmers and 1.30% direct seeded farmers cultivate

Super India+ Super Basmati+ Basmati 386 combination of rice varieties in

the field.

1.40% conventional and direct seeded farmers cultivate
combination of rice Super Basmati + Super India in the field. 2%
conventional farmers and 28.70% direct seeded farmers cultivate only
Basmati 386 rice variety. 0.70% conventional and direct seeded farmers
cultivate Super India Rice variety only. 2% and 11.30% conventional and
direct seeded farmers cultivate Basmati 515 rice variety only. Moreover,
1.30% and 4% conventional and direct seeded farmers cultivate Basmati
385 Rice variety only in the field. Only 0.70% direct seeded farmers
cultivate Kemel rice variety only. 3.30% and 6.70% conventional and
direct seeded farmers cuitivate Basmati 386+ Super Basmati rice varieties.

2.70% and 8% conventional and direct seeded farmers cultivate Super
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Basmati+ Basmati 515 rice varieties. Only 1.30% conventional farmers

cultivate Basmati 386+ Super India rice varieties.

On the whole Survey results explain that 60.4% farmers cultivate
only Super Basmati Rice variety. 0.70% farmers cultivate Super
Basmati+Basmati386+ Basmati385 Rice Varieties in the field. 1% farmers
cultivate Super India+ Super Basmati+ Basmati 386 combination of rice
varieties. 1.40% farmers cultivate super Basmati +Super India rice
varieties and 15.30% farmers cultivate Basmati 386 rice variety
only.0.70% farmers cultivate super India and 6.70% famers cultivate
Basmati 386 only in the field. 0.30 farmers cultivate only Kernel rice
variety and 5% farmers cultivate Super Basmati+ Basmati 386 rice
varieties. 5.30% farmers cultivate Super Basmati+ Basmati 515 rice
varieties. 0.70% farmers cuitivate only Basmati 386+super India in the
field. Hence, the result shows that greater number of sample farmers

cultivate only Super Basmati rice variety only in the fieid.

Table: 8 Seed rate and sowing method on sample farms:

Particulars Conventional Rice Direct seeded Rice Field
Field

Seed Rate i2 30

{(Kg/acre) (5.2 (15.27)

Mean and Std

Sowing

Method (%)

Dril} 20 8

Broadcast 80 92

76




Table 8 shows that application of average seed rate is 12 kg/acre in
conventional rice field and 30 kg/acre in direct seeded field. Hence, direct
seeded farms required 18 kg/acre more seeds than conventional rice farms.
Khan ef ai., (2003), Anthony and Achike, (2010) and Dhutta and Avond,
(2013) finds that seed is an important factor and playing a major role in
rice yield and further explains that seed have a strong and positive impact

on rice yield.

Seed sowing method is also an important factor and playing a
major role in rice yield, Broadcasting of seeds is the usual method of Rice
planting in the study area. Around 80% conventional farmers and 92%
direct seeded farmers used the method of broadcasting for sowing seeds in
the field. On the other hand, only 20 % conventional farmers and 8%
direct seeded famers adopt drill method when seed planted in conventional

and direct seeded fields.

Table 9: Rice management Differential on Conventional and Direct

seeded field:

Particulars | Conventional Direct Seeded Overall
Rice Field field
Mear | SD Mean D Mean SD
{Use of 51 18.51 5532 16,73 153 17.57
Nitrogen(kg
Der acre}
Use of 39 15.49 26.61 11.59 | 32.81 i8.18
Phosphorus(k
| g per acre)
Use of Potash | 22.73 10.93 13.00 6.59 17.63 13.24
{Kg per acre)
Use of NPK | 4.6644 [ 0.37889 | 4.47 0414 | 4.5686 | 0.408]1
{Per acre) 9
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FYM applied | 4,22 0.4318 | 3.83 1.297 | 4.02 0.9844

{ per acre) 5

Weedicide 648.63 §284.32 1581.43 | 528.6 | 1115.03 | 630.07
cost {Per 3

acre)

Insecticide 21333 | 35458 | 204533 | 5154 | 208933 | 443.83
cost 3 7

( per acre)
Pesticide cost | 884.00 | 33839 1700 2457 | 1292 504.16
{per acre) 7
Total number | 4.90 18729 1363 1.97 427 2.02
of Ploughing
{ per Acre)

Total number | 33 2202 17.37 5.7 19.69 6.05
of irrigation
{ per acre)

Table 9 shows the rice management discrepancies when rice
planted in conventional and direct seeded ficlds. NPK ratio, FYM,
Weedicide cost, Insecticide cost, Pesticide cost, number of ploughing and
number of irrigation all these factors would play a positive and significant

role on rice yield.JAlam er of,, (2011),Abeduliah ef al.(2007), Chaudhary

et al., (2002), Dhungana ef al., (2004), Krasachat (2003)].

Table 9 resuits reveal that on average the quantity of nitrogen
applied on conventional rice field is 51 kg per acre and on average
approximately 55 kg/per acre applied in direct seeded rice field. In case of
Phosphorus on average 39 kg/per acre applied on conventional rice field
and approximately on average 26 kg/per acre applied on direct seeded rice
field. In case of Potash on average approximately 22 kg/per acre applied in
conventional rice field and on average 13 Kg per acre applied in direct

seeded field respectively.
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Usage of NPK ratio on conventional and direct seeded rice field is
4.66 and 4.47 respectively, Though, there is small variation in Nitrogen,
Phosphorus, and Potash and NPK magnitude when rice planted in
conventional and direct seeded rice field. Application of Farm yard
Manure (F'YM) on average in conventional rice field are 4.22 kg per acre

and on average 3.83 in direct seeded rice field.

Weeds are the major problem of study area. Use of weedicide
spray is the common method exercise by the farmers to control weeds.
According to survey results weeds problem are major facing by direct
seeded rice farmers as compare to conventional rice farmers. The results
shows that approximately 648 Rs/per acre weedicide cost facing
conventional rice farmers and 1581 Rs/per acre weedicide cost facing
direct seeded rice farmers in the study area. Almost 933 Rs/per acre
additional cost facing by the direct seeded farmers as compared to
conventional rice farmers. Furthermore, pesticide is also the major
problem of study area. Conventional farmers on average facing pesticides
cost 884 Rs per acre and direct seeded farmers bearing 1700 Rs/per acre
respectively.  Approximately Rs 816 per acre additional cost facing by

direct seeded rice farmers as compared to conventional rice farmers,

In case of insecticide approximately 2133 Rs/per acre insecticide
cost facing the conventional rice farmers and 2045 Rs/per acre cost facing
the direct seeded rice farmers. Consequently, there is small variation in

insecticide cost on both conventional and direct seeded field, In case of
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conventional rice field on average total number of ploughings is 4.90. In
comparison, an average of 3.63 ploughings is done in Direct seeded rice
field. Hence, total number of ploughings in conventional and direct

seeded field is slightly varied.

Total number of irrigation given to rice in the study area are varied
largely; in case of conventional rice field average number of irrigation is
approximately 33 and 17 number of irrigation on direct seeded field.
Consequently, conventional rice field required 16 more numbers of
irrigation as compare to direct seeded rice field. The reason behind that
under conventional technique more water required for rice crop as

compare to direct seeded rice field.

Table: 10 Labor cost per acre on Conventional and direct seeded rice

field:
Particalars Conventional Rice field | Direct seeded Rice field
Labor hour per acre 38.44 1921
(Average}
Standard Deviation 7.61 3.93
Labor cost per acre 7414.33 1941.33
{Average}
Standard Deviation 596.58 431.04

‘Table 10 represents the labor cost per acre which is facing the
farmers of conventional and direct seeded rice field. The survey results

shows that on average labor hour required in conventional rice field is
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38.44 and on average 19.21 in direct seeded field, So, in conventional rice
field required 19 more labor hours as compare to direct seeded rice field.
As a result conventional rice farmers face more labor cost as compare 10
direct seeded rice farmers. Conventional rice farmer’s face labor cost on
average approximately 7414 Rs/ per acre and 1941 Rs/per acre direct
seeded farmers. This is due to transplantation of rice under conventional
rice field. As a result, on conventional rice field required more labor hour
for transplantation of rice plants. So, conventional farmers face additional

tabor cost as compared to direct seeded ficld because direct seeded field

there s no need for trangplantation of rice plants. According to Alam et

al., (2011) labor is the major determinant of rice production. On the other
hand, Abdulai e al., (2013) said that rice is a labor intensive crop and

labor hour have a significant positive impact on rice yield.

Table: 11: Wheat sowing dates stretch on sample farms:

Wheat planting dates | Conventional | Direct Over all
Rice field seeded field

Before 15" November |5 7 12

(%) 3.33 4.67 4

15 to 30" November 23 143 166

(%) 15,33 95,33 55.33

Above 30" November 122 0 122

(%) 81.33 0 40.67

Table 11 represents that in this study area 3.33% farmers planted
wheat on conventional rice field before 15™ November and 4.67% farmers
on direct seeded field. 15.33% conventional farmers and 95.33% direct
seeded farmers planted wheat between 15 to 30™ November respectively.
Only 81.33% conventional farmers planted wheat in December.
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Studied conducted Chaudhary er al., (2002) shows that November
planting produce higher wheat yield. Mushtaq and Saleem (2010}
concluded that the best time of plantation of wheat is early November
when wheat sowing afier November 25 result in lower yield reduction 15
kg per acre. Consequently, 100% direct seeded farmers planted wheat in
November. Although, our results conclude that only 18.66 % conventional
farmers planted wheat in November and around 81.33 percent
conventional farmers sowing wheat in December,

Table 12: Impact on wheat crop:

Particulars { Per Canventional Rice Direct seeded field
Acre) field

Planking # (Average) 5 3

Manure # (Average) 6 4

Ploughing # 3 2

{Average)

Table 12 shows the impact of wheat crop on conventional and
direct seeded field. The survey results explain that conventional farmers
on average total 5 number of planking per acre use for the preparation of
land for wheat planting in conventional field. On the other hand, direct
seeded farmers use total 3 number of planking in direct seeded field for

the preparation of land for wheat planting.

Moreover, table results reveal that conventional farmers use total 6
Farm yard manure trolleys per acre in conventional rice field for wheat
plantation whereas, total 4 FYM trolleys per acre use direct seeded

farmers in direct seeded field.
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On the other hand, Conventional farmers’ uses total 3 numbers of
ploughings in conventional rice field for wheat planting and total 2
ploughings per acre uses in direct seeded field for wheat planting. On the
whole survey results explains that wheat planting in conventional rice field
require more number of planking, FYM and ploughing as compare to

direct seeded rice fieid.

Table 13: Rice-wheat Yield:

Rice ~wheat yield per acre on conventional and direct seeded field:

Particulars Conventional rice | Direct seeded rice | Qver all

field field

Mean | Std Mean | Std Mean Std
Rice Yield 42.76 8.73 4556 11193 43.64 10.48
per
acre(Maunds)
Wheat yield 3942 7.67 42,86 16238 41.14 7.194
Per acre
{(Maunds)

Table 13 demonstrates that Rice-Wheat yield per acre on
Conventional rice and direct seeded rice field, First part of the table
represents the conventional and direct seeded rice vield per acre in kharif
season. Conventional rice field per acre is an approximately 43 Maunds.
On the other hand direct seeded field rice yield per acre is an
approximately 46 Maunds. On the whole, direct seeded farmers achieve 3

Maunds greater rice yield as compare to conventional farmers.

The next part of table explains that wheat yield per acre on
conventional and direct seeded field in Rabi cycle. The table results

explains that on average wheat yield for the conventional rice field is just
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about 40 Manuds per acre and approximately 43 Manuds on direct seeded
field. The results clearly show that 3 Maunds wheat yield differential per

acre in between Conventional and direct seeded rice field.

There are following factors responsible for distinction between
wheat yield in Conventional and Direct seeded field like as: This study
reveals that approximately all Direct seeded farmers after cultivation of
rice planted wheat in November. On the other hand, large part of
Conventional farmers after cultivation of rice planted wheat in December.
As a result, due to late plantation of wheat Conventional farmers received
lower vield. The several studies Bashir and khan, (2005) suggest that best
time for the plantation of wheat is November. While, wheat planted after
November wheat yield reduces 15 kg per acre. This late planting factor is

also affecting the soil fertility and land preparation.

The table results reveal that Direct seeded farmers receive rice
yield 4 mounds more as compared to conventional farmers. Conventional
farmers uses traditional method for the cultivation of rice so it may receive
lower yield with higher cost of rice output as compare to direct seeded
famers. In addition, large number of conventional farmers in this study
area achieve lower rice yield as compare to direct seeded farmers. After
taking the results it is expected that conventional farmers next kharif cycle
may be used new technology direct seeded method for the cultivation of

rice.



IV-1: H., Gross Margin analysis of Conventional and Direct Seeded

Rice:

Table 14: Gross Margin analysis of conventional Rice:

Inputs Unit Quantity Price Value

Leaser Rs 1 2100 2100

feveler

Motivator Rs 1 2000 2000

Ploughing Rs 4105 656 3280

Planking Rs 102 597 1154

TFractor Rs i 2000 2000

Seed Cost Sto6kg 96 576

Urea Price per 1 to2 1800 3200
50kg/ bag

DAP Price per lto2 3800 7660
50kg/ bag

FYM Rs/per ton 4103 1200 6000

Weedicide | Cost 2 to 3 liter 648 1944

Insecticide § Cost 2 1o 3 liter 2166 6300

Pesticide Cost 2 to 3 liter {84 1768

Irrigation # 22 14060 30800

Total T0762

variable

cost

Price of Rs 8820

Rice straw

Price of Rs 81389.943

rice ouiput

Gross 26001.00

Margin

Effect
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Table 15: Gross Margiu analysis of Direct seeded rice:

Inputs Unit Quantity Price Value

Leaser Rs | 2100 2100

feveler

Rotavator Rs 1 2000 2000

Ploughing Rs 304 660 2640

Planking Rs ito2 564 1128

Tractor Rs 1 1750 1750

Seed Cost 15t0 16 kg 90 1440

Urea Price per 2 1800 3600
50kg/ bag

DAP Price per 1to2 3800 7600
50kg/ bag

Fym Rs/per 405 1200 6000
trolley

Weedicide | Cost 5 to 6 liter 1660 9600

Insecticide | Cost 2 liter 2045 4090

Pesticide Cost 3 1o 4 lter 1700 6800

frrigation # 15 1260 18000

Total

variable

cost 66748

Price of Rs 9112

Rice straw

Price of Rs 8804309

rice output

Gross 30407.09

Margin

Effect
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The gross Margin analysis of Rice production on Conventional and
Direct seeded field are represented in table 14 and 15 respectively. On
average (ross Margin of rice on Conventional rice field is Rs.20001.00
and on Direct seeded field is Rs.30407.09. This represents a broad
variation among gross margin of Rice on conventional and direct seeded
fields. The reasons behind that in direct seeded rice field required less
number of irrigation hour and more kg seeds as compare to conventional
rice field. Direct seeded rice fields received higher yield by using better
land preparation and by properly managing weedicide and insecticides
problems as compared to Conventional rice fields. It shows a potential
yield in rice productivity, on direct seeded ficlds is higher for farmers of

study area as compared to conventional rice fields.
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Chapter 1V-11

Results and Discussion

iv. Empirical Analysis:
In frontier 4.1 by (Collie 1996) the Translog production frontier

function and the inefficiency model are together estimated by the

maximum likelihood (MLE) method.
IV- 1L i. Hypothesis Testing:

In order to choose the type of production function that best {it our
data set test the null Hypothesis HO: Y8ij = 1, whether, the sum of
elasticities in Cobb Douglas production function have constant return to
scale. Henee, for the selection of production function that best reliable to
our data set author estimated both cobb-Douglas and translog production
functions. The value of log likelihood function for Cobb Douglas and

translog production functions are 16.47 and 51.33. By employing the log

Likelithood ratic test [12 = 2*(16.47-51.33)] = 69.72. This 12 calculated

hypothesis is rejected as the calculated value is greater than tabulated
value. Therefore, the test results show that in present model there is no
constant return to scale so the flexible functional form based on translog is

used in present study.,
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Similarly, to select the type of cost function that adequately
represents our data set we test the null hypothesis; HO: Y Bjk = 1,1 e The
sum of elasticities in Cobb Douglas cost function has constant return to
scale. For this purpose author estimated both cobb-Douglas and Translog
cost function. The value of log likelihood function for both Cobb Douglas

and Translog cost functions are find - 20.54 and 41.48 respectively. By
using the log likelihood ratio test {'?52 = -2(~(20.54){41.48)] = 41.88. This

%% caloulated value is compare with the tabulated value @ (23, 0.05) =

35 172. The test result reveals that 22 calculated value is greater than its

tabulated value. Hence, the null hypothesis coefficient of Cobb Douglas
cost function has constant return to scale is rejected. Therefore, the fest
results show that in present model there is no constant return to scale so

the flexible functional form based on translog is used in present study.

Table 16: Hypothesis Testing:

Testing of Hypothesis

Hypothesis Log Test Critical Decision

Likelihoo | Statistics | Value

d 2 2.5)

Function
He=y=dy- - - v nm &5:=0 51.33 27.36 21.02 Rejected
Ho= 81282 cvevnenn. ;=0 | 48.79 64,72 19.68 Rejected
Hozyzfoe v o w v s v v w 5170 41,48 64.01 21.02 Rejected
Ho= 8102 8=0 | 3498 4520 i9.68 Reiected

89



The first null Hypothesis that is tested states that technical
inefficiency effects are not present in the production frontier model. It
means that stochastic production frontier is not different than the
traditional average production function. It should be renowned that OLS
fit and log likelihood function for the full stochastic production frontier

model is calculated to be 37.65 and 51.33 respectively. This implies that

the generalized likelihood-ratio statistic (xz) for testing the absence of

technical inefficiency effect from the frontier is calculated to be 2

27.36. This value is estimated by the Frontier 4.1. The degree of freedom

is equal to the number of restrictions in null hypothesis. The value of wxZv

test is significant because it exceeds from the tabulated value. The log
likelihood ratio test represents that inefficiency exists in the data set.
Therefore, null hypothesis of no technical inefficiency in rice production

is rejected. It means that technical inefficiency effect exists in the data set.

The second null hypothesis of this study tested Ho= §1e 82w « « « »
- 811 implying that the farm level technical inefficiencies are not affected
by the independent variables which is included in the production model.
The results provide a likelihood ratio test statistics of 64.72, which is

greater than the critical value. Thus, this hypothesis is aiso rejected.

The third null hypothesis states that allocative inefficiency effects
are not present in the cost frontier model. The OLS fit and Maximum

iikelihood function for the full stochastic cost frontier model are calculated
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to be %% = 64.01.This value is estimated by the Frontier 4.1. The degree of

freedom is equal to the number of restrictions in null hypothesis. The test

“xz”

static value of is greater than tabulated value. Hence, the test

represents that inefficiency exists in the data set. Therefore, null

hypothesis of no allocative inefficiency in rice cost function is rejected.

The fourth null hypothesis state that farm level allocative

inefficiencies are not affected the explanatory variable that is included in

the model, This provides a likelihood ratio test statistics (12) is 45.20,

which is larger than the critical value. Thus, this hypothesis is also

rejected.

Production Frontier and technical efficiency estimates;

Table 17 shows the result of both OLS and MLE estimates. In total
90 parameters are estimated in stochastic production frontier model
including 77 in stochastic frontier model and 11 in the inefficiency model.
The other two variables sigma square and gamma relate to variances of the
random variables and technical inefficiency, Vi and Ui In this study,
observed that the estimated value of v is 91.09 and it is statiszicaliy
significant at one percent level. However, it reveals that 91 percent
variation in output is due to technical inefficiency. This means that
stochastic frontier model is significantly different from deterministic
frontier, which does not include random error. This result is consistent

with those reported by Coelli and Battese, (1996) Wadud and White,
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(2000) Sharma er al., (1999), Abedullah er al., (2007). The value of sigma-
square is observed that 24.15 and significant at 1 percent level indicating
the accuracy of the specified assumptions of the distribution of the
composite error. Here, all 90 variables are statistically significant in this

study.

V- IL ii. Production Frontier and Technical Efficiency Estimates:

Tabie 17: OLS and Maximum Likelihood Estimation of the Translog

Stechastic Production Frontier:

OLS Frontier Function
Variables | Parameter | Coefficient I t-ratic | Coefficient | t-ratio
Stochastic Production Frontier
Constant Ba T7.61%%% 1 31,04 | 48.31%%% 5,77
Ln{Conventional Rice/Direct | § 21.49%%% | 1568 | 24,13*%% | 27,20
seeded Rice)
Ln{Area under rice crop) 82 24.73%** | 18.64 | 4322%** | 507
Ln{NPK Ratio per Acre) 83 S12.67%%% 110,74 | -13.71%%% | -14.87
Ln{Seed use per acre/kg) 84 22.33%%% 1 16,13 | 21.54%%% | 2565
Ln(Irrigation hour per acre) | B85 84.26%%% | 534 | 31.82%*% | 2421
Ln (Weedicide liters per 56 21.58%*%% | 329 | 15.64%** | 1504
acre)
Ln{ Labor hour per acre) 87 31.03%%% 1 10,51 | 98.31%% | 10.7]
Ln{Fotal tractor hour for 88 -10.07%*% | 3,60 -10.94* -1.85
land preparation)
Ln {Farm Yard Manure) 89 -28.48%%% 1 1596 | -1L.21%%* | -10.4)
l.n(Insecticide) 510 §2,79%%% 1 13,51 1 10.36%** | 21.20
1.n{Pesticide) 811 ~78.BSHE* 1 L1725 | -69.83%%% | .B.60
0.5*Ln(Conventional/Direct | B12 19.68%%* | 1513 | 17.96%%* | 835
seeded rice)?
0.5*%In{ Area under rice B13 14.01%%% 1 546 | 23.67%%% | 3723
cropy
0.5%In{NPK Ratio)? pi4 ~29.96% «1.84 | -24.59%% | .21]
0.5%In(Seed)* Bis 45.97%** 1 2353 | 3097%* 6,7}
0.5* in{Irrigation)? Bi6 16.21%#%% 1 35727 | 23.88%** | 1403
0.5%inf weedicide)? pi7 30.66* 1.91 11.90%%* | 737
0.5*In(1abor hour)’ B8 13.96%* 2.08 9. 11%%% | 916
(.5*in(Tractor Hour for land | B19 ~10.60%%% | .3.4] | -10.65%*% | .10.44
preparationy’
0.5*in(Farm Yard Manure)® | f20 95, 13%%* 1 727 | -39.46%%F 1 510
0.5*In(Insecticide)* B2l ~49,10%%* | 10,98 | ~1523%%* | .1396
0.5*In(Pesticide)* p22 -16.56***% | -850 | -16.57%*% | -11.26
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La(Dummy Conventional
rice/Direct seeded rice*Area
Under Rice Crop)

p23

22.25%%*

6.80

35,140k

15.72

L.n(Dummy Conventional
rice/Direct seeded rice*NPK
Ratio)

24

31.04%%x

i1.98

20,177 x%=

10.80

1.n(Dummy Conventional
rice/Direct seeded rice*Seed

)

25

66,33 %%

12.32

62,1 5%%%

15.43

La(Dummy Conventional
rice/Direct seeded
rice*®irrigation hour)

B26

27 .68%¥*

10.23

13.31%%%

6.65

La( Dummy Conventional
rice/Direct seeded
rice* weedicide)

p27

H2.56%%%

12.34

46, 57*%*

14.10

La(Dummy Conventional
rice/Direct seeded
rice*[.abor Hour)

p28

34.96%%*

i1.87

50.07%*k*

12.17

La{Dummy Conventional
rice/THrect seeded
rice* Tractor Hour)

B29

SB5]*%E*

12,76

ST 18*%*

15.93

En{Dummy Conventional
rice/Direct seeded
rice*FYM)

B30

32.19%%+

30.73

32.2Q%**

20.53

Lon{Dummy Conventional
rice/Direct seeded
rice*Insecticide)

B31

~28. (k%%

-3.49

~25.4TH%*

-11.37

Ln{Dummy Conventional
rice/Direct seeded
rice* Pesticide)

p32

79, 79%#*

2517

R >

3137

L.n{ Area under rice
crop*NPK Ratio)

24.04%%*

1012

37200k

23.21

Ln{Ares under rice
crop*seed)

6L.G7H**

7.23

84.06%**

12,63

Ln{Area under rice
crop* [rrigation)

20,61 %%

1694

XS Rl

i8.69

L.n(Area under rice
crop®weedicide)

52.T6%¥*

8.14

41.63%%%

-11.03

Ln{Area under rice
crop*labor hour)

T8.34%*

2.12

388G H

-27.46

La(Area under rice
crop*tractor hour)

24,58 %%

4.91

38.05%**

-19.23

L.n{Area under rice
crop*FYM)

46, 43%**

543

30.00%#*

13.24

Lo{Area under rice
crop*insecticide)

~14,80% %%

-2.68

<15, 779%%%

-17.04

Ln{Area under rice
crop*Pesticide)

L b

8.19

10.36%%*

i1.54

Ln(NPK Ratio*Seed)

17.05%*

2.16

13.87%%%

.43
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Lin¢NPK Ratio* rrigation B43 26.50%%% + 545 | 3576%%% | 580
hour)

Ln{NPK Ratio*Weedicide) | p44 58.24%** | R19 1 1601*** | 1593
Ln{NPK Ratio*Labor hour) | 848 17.05%%% | 317 1 20.14%%* { 1943
Ln{NPK Ratio*Tractor 846 64.16%%% | 10.12 | 94.44%%* 1 21.82
hour)

Ln(NPK Ratio*FYM) B47 2497%F% | 566 | 4593%** | 1288
[Ln{NPK Ratio*insecticide) | 848 SO7.14%%% 1 077 | <10,43%%* 1 .20.76
Ln{NPK Ratio*Pesticide) 549 14.20%%% | § 11 | 28.04*%% | 2600
Ln{Seed*Irrigation Hour) B350 17.37%%% | 604 1 68.61*** | 2430
Ln(Seed* Weedicide) 851 82.79%%* | 416 | 51.65%%* | 821
En(Secd*Labor Hour) ps2 36.21%%% | 357 1 2033%** | 10.53
Ln{Seed* Tractor Hour) B33 3491%%% | 10.67 | 22.38%%% | 937
En(Seed*FYM) B54 28.16%%* | 390 1 56.53%% | 134}
Ln{Seed*Insecticide) B55 “25.45%%% 111,46 | -32.01%%*% | 1845
L.n{Seed*Pesticide) Bs6 T168%** | BT6 1 4549%** | 886
Ln{lrrigation 857 19.95%%% | 13,02 | 62.35%%* 2.60
hour* Weedicide)

En(lirigation*L.abor Hour) B58 22.63%%% | 966 | 27.29%%% | 1378
En(lrrigation*Total Tractor | B39 19.86%%* | 26.61 | 47.80%** | 10.57
Hour)

Ln{Irrigation*FYM) 560 10.62%%* 1 1851 | 11.65%** | 9.17
LnéIrrigation*insecticide) 861 L29.26%%% 1 L1274 | <13.39%%% 1 L2660
Ln¢Irrigation*Pesticide) 862 55.71%%% | 16,98 | 53.40%%F | 196
Ln (weedicide*Labor Hour) | £63 16.65%%% | 202 | 53806%** | 3560
Ln{Weedicide* Tractor Bé4 14,17%%% | 11.37 | 55.39%*%% | 664
Hour)

[.n{ Weedicide*FYM) 865 T7.73%%% | 1902 | 17.83%*%% | £79
L.n{Weedicide*Insecticide} | $66 11.88%*% | 6,50 | §3.16%** | 7324
Ln{ Weedicide* Pesticide) 867 61.68%%* | 46,60 | 20.01%* 2.15
Ln{Labor Hour*tractor hour} | B6§ 14.80%%% | 460 | 19.95%%% | 1103
Ln{Labor Hour*FYM) 869 18.98%%% | 19,52 | 47.07%%*% | 10,16
Ln{Labor hour*Insecticide) | 870 13.10%%% | 3420 | 31.34%** | 11.51
Ln{Labor hour*Pesticide) 871 17.93%%% | 734 | 2320%%* | 12.02
Ln{Tractor houwr*FYM) 872 17.69%%% | 310 | 43.28%** | 13.87
[.néFractor 873 19.34%%% | 1390 | §2.20*** | 12.21
Hour* insecticide)

Ln{Tractor hour*Pesticide) | §74 47.671%*% | 15770 | 47.73%%% | 20.23
Ln{FYM*Insecticde) 575 15.83%%% | 2.5 i5.41%%% | 26,56
Ln(FYM*Pesticide) B76 89.70%%* 1 1701 | 30.51*** 1337
La(insecticide*Pesticide) p7 10.66%%% | 258 14.04%%% | R96
Variance Parameters

Sigma Square & 24,15%%% | 29,63
Gamma y 91,00%%% | 2506
Log Likelihood Function 37.65 51.33
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k1% significance, **: 5% significance,*: 10% significance

To observe the effects of sowing methods on rice productivity whether,
rice is planted under conventional method or direct seeded method. This
study use dummy variable in the rice production, explain that one if famer
use direct seeded technique for rice sowing and zero is used if farmer use
conventional technique for rice sowing. The estimated parameter of rice
under conventional or direct seeded method is positively and statistically
significant at 1 percent level. The resuit shows that rice production per
acre increases significantly when rice planted through direct seeded
method. The major cause for this result is Direct seeded rice farmers
received higher yield per acre by using better land preparation and by
properly managing weedicide problems as compared to Conventional rice

farmers.

Area under rice crop is another important factor of rice production.
The result reveals that Coefficient of Area under rice is positive and
statistically significant at 1 percent level. This result shows that, an
increase in the area under rice crop would significantly lead to increase
rice yield. Similar results are acquired by {(Abedullah and Mushtaq, 2010);
(Nimoh ef al,, 2012); (Bakash ef al., 2004) along with Pakistani rice and

wheat farmers and Sri Lanka tea small holders respectively.

The parameter NPK ratic is an Important factor for rice
productivity, The results reveal that coefficient of NPK ratio is negative
and statistically significant at 1 percent level. It is clearly demonstrate that
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farmers use improper combination of different nutrients. However, total
amount of fertilizer (NPK) being used is less than the recommended level
and therefore, negative coefficient of NPK cannot be refer to higher use
of fertilizer as usually argue rather coefficient of NPK in our case is
negative because of improper combination of NPK. The improper
combination of NPK will not only affect the productivity of soil but it can
also affect the quality of ground water in the long run. (Nguyen and
Giang, 2000); (Lathrop ef al., 2003); (Abedullah er al., (2007) found
negative relationship between Fertilizer use and rice output in Punjab rice
study. On the other hand, Erhabor and Ahmadu, (2012) alse found
negative relationship between fertilizer and rice of output in Nigerian rice

study.

The estimated coefficient of seed variable is positively and
statistically significant at 1 percent level. The results demonstrate that
there is a positive associative between seed use and rice output. Increased
in seed usage as a result increases rice vield. The same results are acquired
by {(Islam er al., 2003); (Ahmadu and Erhabor, 2012); (Idiong, 2007);

Myint and Kyi, 2005)1.

The irrigation variable is an important factor for rice productivity.
The estimated results demonstrate that the coefficient of irrigation variable
is positively and highly significant at | percent level. The coefficient of
irrigation hours reveal that output of rice might be increased further by

increasing the availability of frrigation water in the study area. It is

96



consistent with other studies (All and Flinn, 1989); (Castillo ef af., 1983)
which demonstrate that rice is a water intensive crop and required

comparatively more water than other crops.

The estimated variable usage of weedicide is positively and highly
significant at 1 percent level. This implies that, as farmer use more
weedicide spray it would lead to increase the rice productivity positively.
This result is according to our expectation because growth of weeds tends
to reduce rice yield. So farmers of study area very much conscious about
weeds effects on rice production. The result is in line with [(Bakash ef al.,

2006); (Hassan, 20035); (Abedullah ef al., 2010); Chaudary er al., 2002)].

The estimated coefficient labor hour is positive and highly
significant at 1 percent level. This result is according to our expectation
implies that increase in labor hour would lead to increase rice output. This
is, however, contradictory to the general phenomenon of the existence of
surplus labor in agriculture sector of Pakistan. The same results is acquired
by [Ahmadu and Erhabor 2012); (Abedullah et af., 2007); (Akintola ef al.,

2009); (Desilva, 200%)].

The coefficient of tractor hours for land preparation is negatively
significant at 10 percent level but it is not clear that why it is so. The
coefficient of tractor is 0.1094 with negative sign implies that by
increasing one percent of tractor hour, the yield decline by 10.94 percent.

Abeduliah et gl., (2010) found negative relationship between tractor hour
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and rice yield in Punjab study area. Whereas, Singh ef 4/, (2013) and
Backman et al., (2011) found positive association between tractor hour

and rice yield in the study area of Nepal and Bangladesh,

The estimated coefficient of Farm yard Manure is negative and
statistically significant at 1 percent level. However, it exhibits negative
impact on productivity, Manure is the traditional fertilizer and largely used
by farmers in Punjab areas because of its easy accessibility and low cost.
However, the result indicates that excess use of manures have negative
impact on rice yield. The same results found (Akond and Dutta, 2013);
(Myint and Kyi, 2005).While, Rehman er al., (2012) found positive

association between manure and rice yield,

The coefficient of pesticide use is negative and statistically
significant at 1 percent level in this study. This implies that excessive use
of pesticide will lead to reduce rice output. It might be due to the fact that
due to heavy pest infestation has occurred which is making the spray
ineffective. It is consistent with other studies Nimoh ef al., (2012), on the
other hand, Onoja and Achike (2010) and Hidayah and Susanto (2013)
found positive relationship between Pesticide use and rice outputf in

Nigeria and Indonesian rice studies.

The estimated coefficient of insecticide variable is positively
significant at [ percent level in the study area. The value of insecticide

coefficient is 10.36 which imply that as one percent increase in insecticide
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usage as a result increases rice output by 10.36 percent. The result is in
line with {(Tiamiyu et al., 2009); (Hidayah and Susanto, 2013); (Mia ef

al., 2012)].

Some of the square terms in Translog production model is
statisticaily significant with some having negative and other having
positive signs. The square terms of NPK ratio, tractor hour and pesticide,
FYM are statistically significant at 1 and 5 percent level and maintaining a
negative sign both at initial and later stages. It means that as continue to
increases NPK ratio, tractor hour, pesticide and FYM lead to decreases

rice output both at initial and later stages.

On the other hand, area under rice crop, seeds, weedicides and
dummy variable Con/Direct seeded rice sowing, irrigation hour and labor
hour are significant and maintaining a positive sign in both stages. It
means that as continue to increases area under rice crop, seed, weedicide ,
direct seeded sowing method, irrigation hour and labor hour lead to

increase rice output both at initial and later stages.

The estimated coefficient insecticide has positive sign at the initial
stage, while on the second stage insecticide variable is statistically
significant with negative sign. It means that an increase in insecticide lead
to increase rice output at initial stage buf at later stage rice output

decreases as confinue 1o increases.
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In this study two interaction term for the translog production
frontier model are statistically significant with some having positive and
other have negative signs. The negative value of cross terms indicates a
substitute relationship between two inputs. In addition, the positive value
reflects that complementary relationship exists between two inputs. It is
observed that Conventional/Direct seeded rice and Area under rice,
Conventional /Direct seeded rice and NPK, Conventional/Direct seeded
rice and seed, Irrigation hour, labor hour, weedicide, tractor hour, Farm
yard manure and pesticide is significant at 1 percent level with positive
signs. The result implies that conventional/Direct seeded rice have a
complementary relationships with area under rice crop, NPK ratio, seed,
lrrigation hour, weedicide, labor hour, tractor hour, FYM and Pesticide, It

shows that these combinations have a positive effect on rice output,

However, Conventional/Direct seeded rice and insecticide is
statistically ~ significant with negative sign. It implies that
Conventional/Direct seeded rice has a substitutive relationship with
insecticides. 1 reflects that this combination has a negative effect on rice

outpui.

Area under rice crop and NPK ratio, Area under rice crop and
irrigation hour, Area under rice crop and wcedicid'e, Area under rice crop
and labor hour, Area under rice crop and Tractor hour, Area under rice
crop and FYM and Area under rice crop and seeds, Area under rice crop

and pesticides is statistically significant at 1 percent level with positive
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signs. This implics that Area under rice crop have a complementary
relationship with NPK ratio, seed, Irrigation hour, weedicide, labor hour,
Tractor hour and Farm yard manure and pesticide. These combinations
have a positive effect on rice output. While, Area under rice crop and
insecticides is statistically significant at 1 percent level with negative sign.
It implies that Area under rice crop has a substitutive relationship with

insecticides, This combination has a negative effect on rice output.

In addition, NPK ratio and seed, NPK ratic and irrigation hour,
NPK ratio and weedicides, labor hour, tractor hour, FYM and pesticides
are highly significant with positive signs. B means that NPK ratio have a
complementary relationships with seed, irrigation hour, weedicides, labor
hour, tractor hour, FYM and pesticides. These combinations have a
positive effect on rice output. On the other hand, NPK ratio and insecticide
is highly significant at 1 percent level with negative sign. It indicates that
insecticide variable has a substitutive relationship with rice output. On the

other hand, this combination has a negative effect on rice outputs.

The estimated cross term of Seed and irrigation hour, seed and
labor hour, seed and tractor hour, seed and weedicide, seed and FYM ,seed
and pesticides are statistically significant at 1 percent level with positive
signs implies that seed have a complementary relationships with irrigation
hour, weedicide, labor hour, tractor hour and FYM and pesticides. These
combinations have a positive impact on rice output. However, Seed and

insecticide are significant at 1 percent level with negative sign which
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indicates that sced has a substitutive relationship with msecticide. This

combination has a negative impact on rice output.

The other estimated cross terms of Irrigation hour and insecticide
is statistically significant at 1 percent level with negative sign. It implies
that Irrigation is a substitute to insecticides. The estimated coefficients of
Irrigation hour and Farm yard manure, labor hour, tractor hour, weedicides
and pesticide are statistically significant at 1 percent level with positive
signs indicates that irrigation is a complementary to farm yard manure,

labor hour, tractor hour and weedicides and pesticides.

On the other hand, weedicide and labor hour, Weedicide and
tractor hour, Weedicide and FYM, insecticides and pesticides is
statistically significant at 1 and 5 percent level with positive signs, It
reveals that weedicides is a complementary to labor hour, tractor hour,

FYM, insecticide and pesticide.

The estimated coefficient of labor hour and tractor hour, labor hour
and Farm yard manure, insecticide and pesticide is highly significant with
positive signs. The result reveals that Labor hour is a complementary to

tractor hour, FYM, insecticide and pesticide.

The estimated parameter of farm yard manure and insecticides,
FYM and pesticide are statistically significant at 1 percent level with

positive signs. This positive sign shows that input variable farm yard
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manure have a complementary relationship with insceticides and

pesticides.

The estimated variable insecticide and pesticide are highly
significant with positive sign indicates that insecticide is a complementary

1o pesticide.

V-1 iii __Cost Frontier and Allocative Efficiency Estimates:

Table 18 shows the result of both the OLS and MLE estimates. In
total 90 parameters arc estimated in the stochastic cost frontier model
including 77 in the stochastic cost frontier model and 11 in the
inefficiency model and remaining two parameters sigma squared and
gamma relate to variances of the random variables. The estimates of y is
0.98 and it is statistically significant at the one percent level (Table
18).This implies that about 98 percent variation in the total rice production
cost are due to difference in their cost efficiencies. Out of 90 parameters

are estimated out of which 89 variables are statistically significant.
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Table 18: OLS and Maximum lkelihood estimates of Translog

Stochastic Cost Frontier:

018 Frontier Function
Variables | Parameters | Coefficient | t-ratio | Coefficient | t-ratio
Stochastic Cost Frontier
Constant Be 32.21%% 2,48 86.56%%* 9.64
Ln{Pesticide Cost) 81 10.18%%* | 2576 | 26,15%%* 15.57
Ln(Seed Cost) 82 66.00*** | 2922 19.15%%* 3.58
En(Fertilizer Cost) 83 20,02%+* | 13.67 | 38.21*** 71.18
Ln{Land Preparation | 4 ~15.54%%% | 3064 | -10.49%%% -14.20
COsEY
Ln (Irrigation ¢ost) Bs 11.66%*% 5.810 70.,29%* 2.37
Lo Farm Yard pé 32.61%** | 33.86 15.94% 1.78
Manure Cost)
Ln(Weedicide Cost) | B7 11.20%*% | 4064 | 24.71%** 2345
La {Insecticide Cost) | B8 -55.03 -2.41 -41,34m -2.84
La(Harvesting Cost) | B9 22.45%%% 1 2840 | T3 58+ -1.87
Ln(L.abor Cost) gi0 T78.53%*%* 14,38 | 63.23%%% -14.23
Ln(Rice Output) Bii1 2221 30.0¢ 477 92% % 37.00
0.5*%In(Pesticide B12 40.84%%% | 2236 18.57%%% 22.47
cost)
0.5*In(Seed cost)? 513 45,1 *%x* 22.34 13.64%%¢ 14.99
0.5*In(Fertilizer B14 39.88%#* | 27.24 12.95%%% 14.81
cost)?
0.5*In(L.and B1IS -46.00%** | L3076 | -23.27%* -2.07
Preparation cost)?
0.5*In(cost of Bi6 17.80%%% 4.07 15.03%%* 11,44
irrigation)? _
0.5*%In(Farm Yard pi7 36.68%** 8.10 60.59% %+ 6.11
Manure cost)
0.5*in(weedicide Big 18, 70%+% | 4236 16.82%+%* 21,78
cost)?
0.5*in(insecticide pi9 B6.78¥** 302 10, 71%%% 13.04
cost)
0.5%In{Harvesting p20 50,784+ 5.81 73.78%% 341
costy
0.5*In{Labor cost)* p2i 36.73%%> 7.43 59,83% %+ 7.10
0.5*In( Rice outputy | B22 13.82%*% | 730 | 1501%** 3.35
La(Pesticide B23 26.03% 6.31 5§, 13%%% 17.34
cost*seed cost)
Ln(Pesticide p24 17.58%% ILI0 | 63544 8.76
cost*Fertilizer Cost)
Ln(Pesticide p2s 58,19%%* . 2817 | 26.89%** 20.73
cost*Land
preparation cost)
Ln(Pesticide cost* Bz6 31.23%%x 1 2653 28, g7wEx 4.90
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lrrigation cost)

L Pesticide p27 10.54%x* 15.97 | 20.08%%# 24.12
cost*EYM cost)

Ln(Pesticide p28 16.02%** 19.40 14.63%%% 16.64
cost*weedicide cost)

Ln(Pesticide 829 52.47%%* 16.21 10.42%%% 18.63
cost*Insecticide cost)

Ln{Pesticide #30 71.60%** 1 13,57 30,27%%+ 5.98
cost*harvesting cost)

En(Pesticide 831 2953 1 1310 | 6B.O7*** 3.44
cost*Labor cost) -
Li(Pesticide B32 83.60%** | 26.67 16.11%%* 5.05
cost*Rice output)

Ln(seed B33 10.51%%* | 1552 | 3447 427
cost*Fertilizer cost)

Ln( Seed cost*Land | B34 19.00%** i8.47 30.98%** 432
Preparation cost)

Ln(Seed cost* B35 33.098%** 12.30 12,82%% 21.10
irrigation cost}

L.n(Seed cost* FYM | p36 94.74%%* 19.05 17.68%%% 7.66
costy

Ln(Seed p37 51.27%% 7.37 14,]19%% 19.88
cost* Weedicide cost)

1.n(Seed 838 34.06%%% | 22.64 36.80%* 2.27
cost* Insecticide cost)

Ln(seed 339 19.47%%% | 17.19 16.09% %% 7.32
cost*Harvesting cost)

Lin(seed cost*Labor | B40 2533%%% 1 2696 {1.20%%% 10.83
cost)

Ln{seed cost* Rice 841 58.8g% = 11.11 372H%x 43.3]
output)

Ln{Fertilizer 842 74.30*** 13.92 50.22%%* 16.68
cost*Land

preparation cost)

En(Fertilizer B43 85.05%*x* 8.06 42 27%%* 7.62
cost*Irrigation cost)

La(Fertilizer pa4 43.41%%F 1 1913 | 42.94%%# 21.46
cost*FYM cost)

La(Fertilizer p4s 10,574 5.24 30.34%%% 445
cost*weedicide cost)

L.n{ Fertilize pa6 T4.51%** 3.76 40.95% %+ 6.34
cost*Insecticide cost)

Ln(Fertilizer Ba7 99 874%+ 3.07 26.51%%* 13.91
cost*harvesting cost)

Ln(Fertlizer p48 50.66%** | 12.24 35.62%%% 3.45
cost*labor cost)

Ln(Fertilizer p4s 69.80%+% 5.98 47.76%%% 19.72
cost*Rice cutput)

Ln{land preparation B50 33359 %+ 15.04 19, 53%%% 14.59

cost*irrigation cost)
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Ln(land preparation | 51 20.54%%¢ | 1509 1 11.02%%* 13.00
cost*FYM cost)

i.a(land preparation ps2 3B.65%** 19.56 T6.93% %k i8.57
cost*weedicide cost)

Ln(land preparation | B53 78.86*** | 1995 14.60%** 16.61
cost*insecticide cost)

Lnfland preparation | 854 65.80**** | 18.82 22.98%%% 24.48
cost*harvesting cost)

Ln{land preparation | B35 14.05%%* | 89725 15.45%%% 24.78
cost*iabor cost)

Ln{land preparation 856 23.11%%* 15.40 17.44% %> 20.81
cost*Rice output)

Ln{Irrigation B57 13.32%%% | G783 | 44.02%%* 15.46
cost*F¥YM Cost)

Ln(Irrigation B38 82.92%*% | 85724 10.63%%# 12,33
cost*weedicide cost))

L. (Irrigation 59 10.36%4*% | 53,62 | BRTO¥H* 23.87
cost* Insecticide cost)

Ln (Irrigation p60 81.93%*% | 60.61 T79.56%%* 42,12
cost*harvesting cost)

Ln (Irrigation pel 86.77*F%* | 3492 19.03%%x 34.39
cost*labor cost)

Ln (Irrigation 862 20.67*** | 1845 | 27710k 18.49
cost*Rice ouipul)

Ln{FYM B63 26.27H*F* 12.54 10.46%** 48.67
cost¥*weedicide cost)

Ln(FYM 364 ~TLIOM** 1 .37.65 | -10.63%%* -11.43
cost*insecticide cost)

En(FYM B65 22014 1 2810 1 B6.05*** 21.84
cost*harvesting cost)

En{FYM cost*labor | B66 64.09*** | 19.40 10.63%** 11.04
¢0si)

En(FYM cost*Rice B67 6113%¥* | 23193 73.13%% 41.84
output)

Ln({weedicide p68 61.68%%*% | 2573 99.02%** 11.04
cost*Insecticide cost)

Ln(weedicide p69 30.24%%* | 2315 57.38%%* 24.97
cosi*harvesting cost)

Ln{weedicide p76 13.92%*% | 9210 | 88.96%** 16.57
cost*labor cost)

Ln(weedicide p7t 30.52%%+ 11.71 37.81%%* 6.53
cost*Rice output)

L.n(Insecticide pr2 30,404+ 11.04 18.60%** 2080
cost*harvesting cost}

La(Insecticide p73 10.009%*+ 4.74 19.35%%# 231
cost*Labor cost)

L.a(Insecticide pr4 10.41%*% | 2825 45, 82%** 2447
cost*Rice output)

Ln(Harvesting p75 73.61%*% 4.92 20,0744+ 3.94
cost*iabor cost)
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La(Harvesting cost* | 76 37.99%x 7.31 PAR. Vi 2.83
Rice output)

L.n(iabor cost*Rice 7 25.87%*+ 3.20 37.31#** 6.95
output

Variance

Parameters

Sigma Square & Q4.2 ¥ Hx* 24.25
Gamma 5 98.00*** 35.08
Log Likelihood 2139 41.48
Function

##%:1% significance, **: 5% significance,*: 10% significance

The estimated coefficient of different input variables estimated
with MLE and OLS technique are reported in Table 18. The estimated
coefficient of pesticide cost variable is positive and highly significant at 1
percent level according to our expectation. This result exhibits that an
increase in pesticide cost would significantly lead to increase cost of rice
output. The result is in line with [(Umaru ef af; 2013), (Ohajianya and

Enarem; 2012)1.

‘The coefficient of seed cost is alse positive and highly significant. It
means that there is a positive association between seed cost and cost of rice
output. This means that a rise in seed cost would significantly lead to
increase cost of rice output. The same results are acquired by [(Bashir ef al;

2005); (Donkoh et al, 2013)].

This study finds other important variables which play a significant
role for increasing the cost of rice output. The estimated result reveals that
Fertilizer cost, Irrigation cost, Farm yard Manure cost, weedicide cost,

harvesting cost, labor cost and Rice output variables is positive and
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significant at 1 and 5 and 10 percent level. The results reveal that these
estimated variables have a significant positive impact on cost of rice
output. It means that Cost of rice production are heavenly depends on
seed cost , Pesticide cost, Fertilizer cost, Irrigation cost, FYM cost,

weedicide cost, harvesting cost, labor cost and Rice output.

The coefficient of land preparation cost is negative and significant
at 1 percent level in this study, The negative sign shows that there is an
inverse relationship exists between input variable land preparation cost
and cost of rice output. On the other hand, the coefficient of insecticide
variable is negative but insignificant in this study. It is not clear that why it

is doing so.

The square term of all input variables are statistically significant.
The square values of the inputs help us to know the effect on cost of rice
outpirt of the continuous use of the inputs costs: pesticides cost, seed cost,
fertilizer cost, frrigation cost, FYM cost, weedicide cost, harvesting cost,
labor cost and Rice output maintaining a positive sign in both stages. It
means that as continuously increases in the pesticides cost, seed cost,
fertilizer cost, irrigation cost, FYM cost, weedicide cost, harvesting cost,
labor cost and Rice output would lead to increase cost of rice output both
at the initial and later stages. On the other hand, the land preparation cost
still maintaining a negative sign at 5 percent level both at the initial and

later stages. It means that as continuously increases in the land preparation
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it would lead to decrease cost of rice output both at the initial and later

stages.

However, since the estimated coefficient of insecticide variable is
insignificant with negative sign but the square term of insecticide variable
is significant at 1 percent level with positive sign indicates that at the later
stage cost of rice output increases due to continue to increase in insecticide

¢ost,

The estimated results show that all interaction ferms are
statistically significant at 1 and 5 percent level for the Translog
specification. The interaction terms tell us the substitutability or
complementary of the variables. A parameter with a positive sign indicates
that the two variables are complementary, while a parameter with a

negative sign means that the variables are substitutes

The interaction terms of pesticide cost and seed cost, pesticide cost
and fertilizer cost, pesticide cost and insecticide cost, pesticide cost and
land preparation cost, pesticide cost and irrigation cost, pesticide cost and
farm yard manure cost, pesticide cost and weedicide cost, pesticide cost
and harvesting cost, labor cost and Rice output are statistically significant
at 1 percent level with positive signs. This means that pesticide cost is
complementary to seed cost, mnsecticide cost fertilizer cost, land
preparation cost, irrigation cost, FYM cost, weedicide cost, harvesting

cost, labor cost and Rice output.
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The other e¢stimated interaction terms of seed cost and fortilizer
cost, seed cost and land preparation cost, seed cost and irrigation cost,
seed cost and FYM cost, seed cost and weedicide cost, seed cost and
insecticide cost, seed cost and harvesting cost, seed cost and labor cost,
seed cost and Rice output are statistically significant at 1 and 5 percent
level with positive signs, The positive signs indicates that seed cost is
complementary to fertilizer cost, seed cost, land preparation cost,
irrigation cost, FYM cost, weedicide cost, insecticide cost, harvesting cost,
labor cost and Rice output. This represents that these combinations have

positive effect on cost of rice output.

The cross terms of fertilizer cost and land preparation cost,
fertilizer cost and irrigation cost, fertilizer cost farm yard manure cost,
fertilizer cost and weedicide cost, fertilizer cost and harvesting cost,
fertilizer cost and lkabor cost, fertilizer cost and Rice output are significant
at 1 percent level with positive signs. This indicates that fertilizer costis a
complementary to land preparation cost, irrigation cost and FYM cost,

weedicide cost, harvesting cost, labor cost and Rice output.

While, the interaction parameter of fertilizer cost and insecticide
cost is statistically significant at 1 percent level with negative sign. This

negative sign implies that fertilizer cost is a substitute to insecticide cost.

The interaction parameters of land preparation cost and irrigation

cost, land preparation cost and farm yard manure cost, land preparation
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cost and weedicide cost, land preparation cost and insecticide cost, land
preparation cost and labor cost, harvesting cost and Rice output are
statistically significant at 1 percent level with positive signs. This implies
that land preparation cost is a complementary to irrigation cost, farm yard
manure cost, weedicide cost, insecticide cost and labor cost, harvesting

cost and Rice output.

The other interaction parameter of irrigation cost and farm yard
manure cost, Irrigation cost and weedicide cost, and insecticide cost,
irrigation cost and harvesting cost, irrigation cost and labor cost, irrigation
cost and Rice output are statistically significant at 1 percent level with
positive signs. It indicates that irrigation cost is a complementary to farm
yard manure cost, weedicide cost, insecticide cost, harvesting cost, labor

cost and Rice oufput.

‘The interaction parameters of farm yard manure cost and
weedicide cost, farm yard manure cost and harvesting cost, FYM cost and
labor cost, FYM cost and Rice output is highly significant with positive
signs. It indicates that farm yard manure cost is a compiementary to
weedicide cost, harvesting cost, and labor cost and Rice output. However,
since the parameters of farm vard manure cost and insecticide cost is
statistically significant at 1 percent level with negative sign. It indicates

that farm yard manure cost is a substitute to insecticide cost.
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The cross term of weedicide cost and insecticide cost, weedicide
cost and harvesting cost, weedicide cost and labor cost, weedicide cost and
Rice output are significant with positive signs. This indicates that
weedicide cost is a complementary to insecticide cost, harvesting cost, and
labor cost and Rice output. These combinations have a positive influence

on cost of rice output.

The estimated interaction parameter of Insecticde cost and
harvesting cost, insecticide cost and labor cost, insecticide cost and Rice
output are statistically significant at | percent level with positive signs. It
indicates that insecticide cost is a complementary to harvesting cost, labor

cost and Rice output.

The coefficient of cross term labor cost and Rice output is
statistically significant at 1 percent level with positive sign. This exhibits
that a labor cost is a complementary to Rice output. This combination has

a positive influence on cost of rice output.

FV-1L 1V, Inefficiency Model:

In order to examine the factors of efficiency, we estimated the
technical and allocative efficiency model by using equations where
inefficiency is assumed to be the dependent variable. Inefficiency model

results are given in Tablel9.
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Table 19: Inefficiency Modek:

Technical Inefficiency Allocative
Inefficiency

Variables parameters | Coefficient | t-ratio | Coefficient | t-ratio
Constant o S0.09%%% 11090 | -51.09%%% -5.81
Education & L16.70%%% L J10.64 | -50.65%* -6.85
Experience & ~12.90%%% L 544 | 33304 -10.35
Owner b3 S5O, 10%%% | L17.64 | -46 Q4% ~10.33
Tenant 84 ~24.62%%% | L1752 1 ~12.5] %% -12.53
Market Bs 26.99%%% 2032 1 21.86%%# 20.48
Distance
Selling agency | b6 -67.65%E% 1.2 TT | 4R 524 -4.92
Credit Access 81 ~A2 9% ] L1321 ] -53.08% -8.69
Tractor 8s ~12.73%%% 1 .6.39 ~48.93%%* -9.14
Tube well 8s -19.46*% -1.86 -45.41%% -2.42
Extension 810 -62,35%*% ~2.23 -55.41%F% 2,57
services
Family size 81 G3.77#%% 1 837 40.04%%* 5.64

*4%:1% significance, **: 5% significance,*: 10% significance.

The parameter of farmer education is negatively significant at 1
percent level in both technical and allocative inefficiency indices.
According to our expectation coefficient of education is negative but
significant implies that investment on human capital is a great tool to
improve efficiency in rice producing area. Rice farmers with greater year
of schooling tend to be more technically and allocatively efficient. This
result is very clearly demonstrates that the farmer education emerges as an
important factor in enhancing the agricultural productivity. This resulf is
in line with [{Battese, 1996); (Wadud, 2003); (Abedullah, 2010); (Hassan,
1991); (Ahmad, 2001); (Chaudary ef al., 2002); (Coelli, 1996); (Battese ef

al., 1996); (Ali and Flinn, 1989) and (Bakash, 2006)]. According to
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Ahmad ef al., (2002) educated farmers usually have better access to
information about prices, and the state of technology and its use. Better-
educated people also have higher tendency to adopt and use modern inputs

more optimally and efficiently.

The parameter estimates of experience of farmers are negatively
and statistically significant at 1 percent level in both TIE and AIE indices.
The result implies that experience is inversely related with inefficiency, as
year of experience increases the fanm efficiency increases. Huffman,
(2001) also supported the views that farmers with more farming
experience had greater technical and allocative effictency. The same
results is in line with [(Bakash et al., 2006); (Backman ef al., 2012);

{Ahmadu and Erhabor, 2012); Idoing (200731,

The parameter estimates of owner used as Dummy variable.
Dummy variable showing the value of owner is equal to one if the farimer
is owner, otherwise zero. The AIE and TIE coefficient of the owner
variable is negative but significant at 1 percent levef. The result implies
that owners are technically and allocatively efficient. The results reveal

that farm efficiency would significantly increases if farmer is owner.

The parameter estimates of Tenant used as Dummy variable.
Dummy variable showing the value of tenant is equal to one if farmer is a
tenant, otherwise zero. The coefficient of tenant is negative and significant

at 1 percent fevel in both TIE and AIE indices. The results reveal that
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tenant is technically and allocatively efficient. Tenural arrangement is one
of the important factor and playing a significant role in determining the
farm level efficiencies, According to Chuadhary (2002) the tenants mostly
hold small area under cultivation and are generally under economic
pressure paying the rent of land, facing high variable cost also have a
pressure to save something for their family survival. Hence, all these
factors make tenants are responsible to struggle more to achieve high level

of production.

The estimated parameter of market distance is positive and
statistically significant at 1 percent level in both TIE and AIE indices. The
result implies that farm to market distance variable has a significant and
positive association with inefficiency. As farm to market distance
increases farmer inefficiency also increases. The same results is in line
with (Joseph and Fasakin; 2012) and (Ahmad e af., 2002). This result
implies that the farm efficiency and thus the productivity would
significantly increase with development of market and road infrastructure.
Better access to roads expands output markets on the one hand and
increases demand for modern inputs on the other hand [Ghura and Just,
(1992)]. According to FAQ and IFA (1999), the utilization of purchased
inputs would have been higher in developing countries if the supply
outlets are made available to the farming communities at a walking

distance.
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The estimated parameter of selling agency is used as Dummy
variable. Dummy variable showing value is equal to one if farmer sell rice
yield in market, zero value showing if farmers sell in village. The
coefficient of selling agency in both technical and allocative inefficiency
indices is negative and statistically significant at 1 percent level. The
results reveal that those farmers selling rice yield in market are more
efficient as compare {0 those farmers who selling rice yield in village. The
reason behind that if farmers selling rice crop in market farmers may be
able o get right prices of rice output as compared to sale of crop in
village. Chaudhary, (1995} reported that right prices in agriculture causes

the rapid growth in farm vield.

The estimated parameter of credit access variable used as dummy
variable (1 for Access, 0 for Non Access) is negative and significant at 1
percent level in both TIE and AIE models. The results implying that the
relaxation of financial constraint of the farmers increases farming
efficiency. According to Ahmad et af., (2002) the reason for negative
assoclation between credit access and inefficiency is that the adoption and
use intensity of purchased inputs usually depends on the adequacy of the
working capital. This is specifically true for the marginal farmers
operating very small holdings in developing countries like Pakistan. They
are the one who are fascinated in the vicious circle of financial hardships.
The credit availability eases these financial constraints and helps in buying

inputs and thus their application at the proper time. This result is in line
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with [(Idiong, 2007); (Yabe and Hoang, 2012); (Anthony and Achike;
2010}, (Ali and Byerlee, 1991); (Sevoum ef al, 1998); (Rahman et al.,

2003)].

The estimated parameter of tractor is used as dummy variable.
Dummy variable shows value of tractor is equal to one if farmer is a
tractor owner, otherwise zero if farmer hire tractor on rent. The coefficient
for the tractor ownership dummy is negative and statistically significant at
1 percent level in both TIE and AIE models. The resuits réveal that those
farmers having their own tractor are technically less inefficient than those

farmers who do not have their own tractor.

The parameter estimate of tube well is used as dummy variable,
Dummy variable shows value of one, if farmer is a tube well owner,
otherwise zero. The coefficient of tube well ownership dummy is
negatively significant at 10 percent and 5 percent level in both TIE and
AIE indices. The reason for this relationship it may be due to the fact that
farmers who have their tube well able to provide timely supply of water
throughout the cropping season. Especially, the application of seed and

fertilizer depends on the farmers to controlled water supplies.

The parameter estimates of extension services are used as dummy
variable. Dummy variable showing value of Extension =1 if the farmer
consuited the extension services or any other agricultural expert for

guidance, otherwise zero. Coefficient of extension agent is negatively and
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statistically significant at 5 percent and 1 percent level. The results reveal
that the coefficient of extension visits is negatively associated with
inefficiency in both TIE and AIE models. According to Backman ef al.,
(2012) extension visits enable the farmers to learm better farm
management methods and more efficient uses of limited resources.
According to Chaudhary et al., (2002) farmers who are in touch with the
agricultural extension department in order to seek advice are more
efficient in agricultural production. The same results reveal that [(Anthony

and Achike, 2010); (Hidayah and Susanto, 2013)].

The estimated parameter family size is positively significant at 1
percent level. The results reveal that household size is positively
associated with inefficiency. The same results reveal that (Mia er al.,

2012); (Anthony and Achikie, 2010)].

IV-11. V. Technical Efficiency Analysis:

The frequency distribution of estimated technical efficiency for
rice farmers is provided in Table 20. The estimated technical efficiency of
rice farmers ranges from 0.34 to 0.97 shows that there is a great potential
exist for rice farmers to increase per acre rice yield. The results
demonstrate that mean technical efficiency turned out to be 86% at the

aggregate level.
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Table.20 Frequency Distribution of Technical Efficiency of Rice Farmers:

Over all Conwentional Rice Farmers Direct Sceded Rice Farmers
Eif;c:;a:c; ® " f‘i;ency ® % f‘:;ency ® %
S/ I 0 02 9 ¢ <40 0
021030 |0 000 021030 |0 ¢ 021030 10 0
031040 {2 067 031040 12 13 031040 10 0
041050 033 041050 11 0.67 041030 10 0
051060 15 167 051060 13 200 051-066 §2 1.33
061070 16 5.33 061070 113 867 061-070 13 200
871080 321 100 0.71-080 110 667 0.71-086 111 3
081090 |14 5113 080090 72 4800 480090 182 54,67
>0.90 10 3367 090 149 1267 >0.90 52 3467
Total 300 10000 Total 150 100.00 Total 150 100:00
Mean .86 Mean  [0.85 Mean  {0.87

If we examine separately technical efficiency of rice farmers in
Conventional and direct seeded field, the results reveal that mean technical
efficiency of conventional farmers are 85 percent and Direct sceded
farmers technical efficiency are 87 percent. This indicates that those
farmers cultivate rice in Direct seeded field are 2 percent more technically

efficient than those farmers who cultivated rice in Conventional field.

It is observe that an aggregate ievel majority of rice farmers (48%)
operated at technical efficiency level between 81 to 90 percent. 6.67 and
8.67 percent of rice farmers lies between71-80 and 61-70 percent of the

technical efficiency level. Furthermore, the analyses expose that about
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32.67 percent of sample farmers arc operating close to the frontier with the
technical efficiency of more than 90 percent. Around 4 percent of rice

farmers are operated below 60 percent of technical efficiency level.

In addition, 67.34 percent conventional and 65.33 percent direct
seeded rice farmers originated to be at efficiency level of less than 90
percent. Around 6.67 percent conventional and 7.33 percent direct seeded
farmers operated at efficiency level between 71 and 80 percent. The
results further reveal that 32.67 percent conventional and 34.67 percent
direct seeded farmers are operated close fo the frontier level with technical
efficiency of more than 90 percent. 8.67 percent conventional and 2
percent direct seeded farmers operated at efficiency level between 61-70
percent. 2 percent conventional and 0 percent direct seeded farmers

operated below 50 percent efficiency level.

Over all the results reveal that high degree of technical inefficiency
exist in the production of rice farms in Punjab. The Stochastic frontier
results reveal that technical inefficiency turned to be 14 percent at the
aggregate level and 15 and 13 percent for rice in conventional and direct

seeded farms, respectively.

In other words, Rice farmers in Punjab can increase the production
of rice 15 and 13 percent just by way of realizing efficiency, without
increasing the quantity of inputs. The Stochastic frontier analysis has

further reveal that 91 percent of the observed inefficiency are due to
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farmers inefficiency in decision making and only 9 percent of i is due to
random factors that is outside the farmers control. Hence, it is possible
for rice famers of study area to improve rice yield by 16 percent without

increasing the level of inputs by using efficient management practices.

1V-11.V1. Allocative Efficiency Analvsis:

The frequency distribution of predicted allocative efficiency for
rice producers is given in table 21 the overall estimated allocative
efficiency of rice farms ranges from 0.17 to 0.48. The mean allocative
efficiency worked out to be 43% at the aggregate level. The results
indicate that there is a great potential for rice farmers to reduce cost of
inputs by 57 percent without reducing the level of output with existing

technology.
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Table 21: Frequency Distribution of Allocative Efficiency of Rice Farmers:

Over all Conventional Rice Direct Seeded Rice

Fificiency | . Ffficiency . Hficiency ,
PRI S A 7 L O (VNI N

020 12 067 <020 R B 20 |0 0.00
021030 (6 200 J021030 M4 1267 021030 |2 1.3

031040 |42 Mo 1031040 128 [1867 (031040 |4 1933
041050 (250 8333 041050 116 7733 041050 {134 {8933

051060 10 0 031060 10 000 051060 [0 0.00
061070 10 0 061076 |0 000 J061070 |0 0.00
0.71:0.80 {0 0 071080 |6 000 071080 O 0.00
081090 10 0 080:09¢ [0 000 080050 10 0.00
>0.90 0 0 % 10 0 PO 10 0.00
Total 300 106 Total 156 110000 ]Total 150 [100.00
Mean 043 Mean 0.42 Mean 044

Table results shows that out of 300 farmers overall 83.33 percent
farmers have allocative efficiency between 41.50 percent. 14 percent have
allocative efficiency between 31-40 percent. Furthermore, out of 300
farmers only 2.67 percent famers have allocative efficiency less than 30

percent,

If we observe separatively allocative efficiency of rice under

conventional and direct seeded farms the results reveals that mean
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allocative efficiency of conventional rice farmers are 42 percent and direct
sceded farmers allocatively efficiency are 44 percent. This indicates that
those farmers who cultivate rice under direct seeded rice field are 2
percent more allocatively efficient as compare to conventional rice

farmers.

In addition, out of 300 farmers 77.33 percent and 89.33 percent
conventional and direct sceded farmers have allocative efficiency between
41-50 percent. In addition, 9.33 percent and 18.67 percent conventional
and direct seeded farmers have allocative efficiency between 31-40
percent. Furthermore, 1.33 percent conventional and 4 percent direct

seeded farmers have allocative efficiency below 30 percent.

Overall the results indicates that if sample {armers operated rice at
full efficiency levels they can reduce, on an average cost of inputs by
about 57 percent without reducing the level of output with maximum
technology. In addition on an average conventional farmers and direct
seeded farmers if operated at efficiency level they can reduce average cost
of input 58 percent{ conventional famers) and 56 percent (Direct seeded

farmers) without reducing the cutput with maximum technology.
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1V-ILVIL Economic Efficiency Analvsis:

Frequency distribution of economic efficiency of rice farmers are
given in tabie 22. The results reveal that mean economic efficiency of rice
farmers are 37%. Furthermore resulis indicate that estimated economic
efficiency of rice farmers ranges from 0.06 to 0.47. Overall the results
indicate that sample farmers could bring down rice cost of production by

63%.

Table: 22: Frequency Distribution of Economic efficiency of Rice

farmers:

Over ail Conventional Rice Direct Seeded Rice
Efficiency Efficiency Efficiency
Level Fl % Level J(F)1 % | Level i {F) %
(.21 12 1400 102 16 1667 {<0.21 2 1.33
(.21-0.30 25 1833 16.210.36 14 §9.33 |0.21-030 it 7.3
(.31-0.40 153 (5100 031-040 174 §49.33 [0.31-0.40 379 |52.67
(.41-0.50 110 136.67 |0.41050 §52 §34.67 [0.41050 158 |3R.67
0.51-8.60 0 0.0 {0.51-060 10 006 10.51-0.60 0 9
0.61-0.70 ] 000 10610670 0 1000 3061076 0
0.71-0.80 0 000 H0.71-080 {6 000 07108 0
0.80-0.90 0 0.00 1080090 {0 1600 10.80:068C 10 D
>0,50 0 000 0% ¢ W00 090 0 0
Total 360 100 jTotal 150 §100  ]Total 150 1100
Mean 837 Mean 0.36 Mean 0.38

Overall the result shows that out of 300 farmers, majority of
famers have economic efficiency between 31 to 40 percent. 36.67 percent
famers have economic efficiency between 41 to 50 percent. 8.33 percent
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farmers have economic efficiency between 21 to 30 percent. Only 4

percent farmers have economic efficiency less than 21 percent.

If we examine separatively economic efficiency of conventional
and direct seeded farmers the results reveal that majority of conventional
and direct seeded farmers have economic efficiency lies between
31percent to 40 percent. Furthermore, the results indicate that 9.33
percent conventional farmers and 7.33 percent direct seeded farmers have
economic efficiency between 21 to 30 percent. 6.67 percent conventional
farmers and 1.33 percent direct seeded farmers have economic efficiency
less than 21 percent. 36.67 and 38.67 percent Conventional and Direct
seeded farmer have economic efficiency between 41 to 50 percent. Not
any conventional farmers have economic efficiency greater than 50

percent,

On the whole the results reveal that Direct seeded farmers are 2
percent more efficient economically as compared to conventional farmers.
In addition, Overall results indicate that on average 64 percent
Conventional farmers and 62 percent direct seeded farmers can bring
down cost of production without reducing the level of output and can
achieve maximum output without increasing inputs by using efficient

management practices,
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Chapter 5
Conclusion and Policy Implications

V.1. Cenclusion:

The main objective of this study is to identify the factors which are
affecting the productivity and efficiencies of rice crop in Pakistan. This
study is basically a primary research where cross sectional data has been
used. For the collection of data the most reliable instrument of Primary
research  “Questionnaire” has been wused. Through Questionnaire
information has been collected from respondents. The respondents of the
study are those farmers who cultivate rice by using conventional or direct
seeded method, This study information has been collected from total 300
sampie farmers, Total 150 farmers have been selected who cultivate rice
through traditional method and 150 farmers who cultivate rice through
Direct seeded method. Al of these farmers have been selected from the
five rice growing districts of Punjab namely: Gujranwala, Hafizabad,

Vehari, Sheikhupura and Jhang.

This research has been taken two analyses Descriptive and
empirical analysis. The Descriptive analysis of this research first of all
discusses the characteristics of rice determinants that capable the readers
to develop a relatively more sensible attitude towards analysis that
foliowed. This research is specially designed to study the impact of

various factors on rice yield. The following factors included in this study
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are: Conventional rice/Direct seeded rice, Area under rice crop, NPK ratio,
Seed use, Irrigation hour, weedicide liters per Acre, Labor hour, Total
tractor hour for land preparation, Farm yard manure, Insecticide, Pesticide.
This study also focuses on to identify the factors which influence on cost
of rice output. For this purpose following factors is included in this study
are: Pesticide cost, Seed cost, Fertilizer cost, land preparation cost,
Irrigation cost, Farm yard manure cost, Weedicide cost, Insecticide cost,
Harvesting cost, Labor cost and Rice output. The square and cross terms

of these variables are also explained in this study.

In inefficiency model, the socio-economic and farm management factors
included are: education, experience, Tenant, Market Distance, Selling
agency, Credit Access, Tractor, Tube well, Extension services and Family
size. This study also finds more important conclusion about those farmers
who cultivate rice through Direct seeded method and achieve higher rice
yield as compare to Conventional farmers. This study further concluded
that wheat after direct seeded rice field positively effects on wheat yield as

compare to Conventional rice field.

Descriptive analysis result shows that a large number of sample
farmers are cultivated the area between 5-15 acres, respectively. Out of
300 farmers the most frequent form of land tenure is owner which is 92%.
The average age of sample famers is 48 years. Average education of

farmers is 10 years of education and average experience of farmers is 23
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years. Average distance from farm to main market 1s Skm and average
household of sample farmers is seven.

This analysis further explains the ownership pattern of sample
farmers. The large number of farmer status is owner in this study area. The
study result explains that large number of farmers own both tractor and
tube well. Around 92% farmers use own tractor and tube well in farming
area. On the other hand, around 8% small farmers use hired tractor and

tube wells,

In addition, the large number of sampie farmers cultivates only
Basmati Rice in the field which is 60.4%. On average 86% farmers use
broadcasting method for sowing seeds and 14% farmers use Drill method

for sowing rice seeds,

Rice and wheat are the major crops of the Punjab. Conventional
Rice method is a traditional method that is used for the cultivation of rice.
On the other hand, Direct seeded method which is called a Dry method. It
is a new technique which is being used now for the cultivation of rice.
Survey results demonstrate that around 50% arcas are planted under
conventional method and 50% areas are planted under Direct seeded

method.

This study Author used the Translog stochastic frontier approach
to estimate the efficiencies in rice production. The Translog production

function resuits demonstrate that rice productivity has a positive
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relationship when rice planted under direct seeded method. The results
indicate that rice production per acre increases significantly when rice
planted through direct seeded method. The results further explain that rice
productivity have a positive relationship with area under rice crop. As
increase in area would significantly lead increase rice yield. The parameter
of NPK ratio is negatively associated with rice productivity. The irrigation
variable is also an important factor for rice productivity. The results
exhibits that the parameter of irrigation hour is positively associated with
rice productivity. The reason for this relationship is that rice is a water

intensive crop and required comparatively more water than other crops.

The Coefficient of seed is positively associated with rice
productivity. As increases in seed ratio would lead to increase rice yields.
In addition, weedicide is also an important factor for rice productivity. The
estimated variable of weedicide is positive and highly significant. This
implies that, as farmer use more weedicide spray it would significantly
lead to increase rice productivity. On the other hand, the sufficient
evidence implying that labor hour is also an important factor for rice
productivity because rice is a labor intensive crop. The study resuits
implying that there is a positive association lies between labor hour and
rice productivity. As increases in labor hour would lead to increase rice

output,

The study further results explain that the coefficient of farm yard

manure, pesticide and tractor hour are also significant but carry negative
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sign. The result explains that an excessive use of farm yard manure, {ractor
hour and pesticide have adversely impact on rice output. In addition,

Insecticde variable is positively associated with rice yield.

The study results reveal that the square terms of Area under rice
crop. seed and Dummy variable Conventiona! and Direct seeded rice,
irrigation, labor hour, weedicide, are statistically significant with positive
signs. The positive signs indicate that increases in the quantity of all these
inputs would significantly lead {0 increase rice output both initial and later

stages

On the other hand the square terms of NPK ratio, tractor hour,
FYM and pesticide are statistically significant and maintaining a negative
signs both at initial and later stage. It means that as continue to increase
NPK ration, fractor hour and pesticide would lead to decrease rice cutput

both at initial and later stages.

The estimated coefficient insecticide has positive sign at the initial
stage while, on the second stage the insecticide variable is significant with
negative sign, It means that usage of insecticides would lead to increase
rice outpud at initial stage but at later stage rice output would decrease as

continue 1o increases.

In this study two interaction term for the transiog production
frontier model are statistically significant with some having positive and
other have negative signs., The negative value of cross terms indicates a
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substitute relationship between two inputs. In addition, the positive value

reflects that complementary relationship exists between two inputs.

The stochastic production frontier analysis reveals that 91%
variation in output is due to technical inefficiency and only 9% variation
in output is due fo random factors it is due to outside the control of

farmers,

This study also estimate the Allocative efficiency of farmers by
using Translog cost frontier function. The main aim of this function is to

identify the factors which influencing to increase cost of rice output.

Furthermore, the study results reveals that pesticide cost, seed cost,
fertilizer cost, hrrigation cost, weedicide cost, FYM cost, labor cost and
Rice output are statistically significant with positive signs. It indicates that
pesticide cost, seed cost, fertilizer cost, irrigation cost, weedicide cost,
FYM cost, labor cost, and Rice output have a positive association with

cost of rice productivity,

The coefficient of land preparation cost, Farm yard manure cost is
negatively significant. It means that land preparation cost and farm yard
manure 15 negatively associated with cost of rice productivity., On the
other hand, the result of the study found insignificant relationship between

coefficient of insecticide and cost of rice productivity.
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Furthermore, the estimated results of square terms concluded that
square value of land rent cost, pesticides cost, seed cost, itrigation cost,
fertilizer cost, weedicide cost, insecticide cost, harvesting cost, labor cost
and Rice output maintaining a positive sign both at initial and later stage.
Tt means that a continuous increase in all input variables cost as a result
rice output also increases both at the initial and later stages. On the other
hand, the land preparation cost still maintaining a negative sign both at the
initial and later stages. On the_ other hand, square term of insecticide
variable is positive and highly significant reveal that rice output increases

as continue to increases in insecticides usage.

The stochastic cost frontier analysis results shows that 98 percent
variation in cost of rice output is due fo differences in their allocative

efficiencies.

The results of technical and allocative inefficiency model
concluded that education and experience are the important socio-economic
factors that enhancing the rice productivity. Rice farmers with greater
years of schooling tends to be more technically and allocatively efficient.
Furthermore, the coefficient of owner, Tenant, selling agent, Credit
Access, tractor, Tube well, Extension services are statistically significant
with negative sign. It indicates that if farmers status is owner or tenant it
would be less technical and allocatively inefficient. On the other hand, 1f

farmers have access to financial constraints it increases farming efficiency.
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In addition if farmers own tube well and tractor it would be
technically and allocatively efficient. The results further reveals that if
farmers sell crop in market instead of village it increases farming

efficiency.

Inefficiency mode! reveals market distances variable and
houschold size of farmers have positive relationship with farming
inefficiency. The result implies that farm to market distance variable has a
significant and positive association with inefficiency. The studies suggest
that better access to roads expands output markets on the one hand and

increases demand for modern inputs on the other hand.

The study also estimated technical, Allocative and economic
efficiency of rice farmers. The efficiency result reveals that the average
technical efficiency of rice farmers is turned to be 86 percent. It means
that an average farmer is producing 14 percent less than the attainable
potential output. The result also implies that those farmers cultivate rice
through direct seeded method are comparatively more efficient than those
farmers who cultivate rice through conventional farmers., The mean
technical efficiency of direct seeded farmers is 87 percent and convention
farmers are 85 percent. It means that direct seeded farmers are 2 percent

more technically efficient than conventional farmers.

The results further reveal that on average allocative efficiency of

rice farmers are 43 percent. On average, the allocative efficiency of direct
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seeded farmers tends to be 44 percent and 42 percent for conventional
farmers. This resuit implies that Direct seeded farmers are 2 percent more
allocatively efficient than conventional farmers,

In addition, on average the economic efficiency of rice farmers are
37 percent. This result implies that economic efficiency of direct seeded
rice farmers are 38 percent and conventional farmers are 36 percent. It
exhibits that direct seeded farmers are 2 percent more economically
efficient than conventional farmers.

The overall results reveal that Direct sceded farmers are
comparatively more technically, allocatively and economically efficient
than conventional farmers. It may be due to the fact that Direct seeded
field required less number of irrigation hour as compared to conventional
field. Furthermore through direct seeded method farmers can save labor
cost because this method is free from transplantation of rice. In addition,
direct seeded rice fields receive higher yield by using better land
preparation and by properly managing weedicide and insecticides
problems as compare to Conventional rice fields. Hence, due to these
reasons Direct seeded farmers are more technically, allocatively and

economically efficient than conventional farmers.
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V.IL. Policy implications:

Over all the study results reveal that Direct seeded rice technique is more

profitable for farmer in terms of yield and cost. Moreover, it is the modern

cost saving technique that not only save water but also save labor cost as

well as it increases the efficiency of farmers. By adopting Direct seeded

technique farmers can get higher economic return.

+
L

LJ
"y

Government institutions as well as Agriculture research councils should
organized conferences for the promotion of Direct seeded technology in
front of Researchers, Extension department representatives. These
conferences will be discussed briefly about merits and Demerits of
Direct seeded method for sowing rice.

Research Papers as well as books will be published on National and
International journals for the promotion of direct seeding system for
sowing rice. In addition, Agriculture Research council will be published
1EC material on direct seeding system procedures which should be used
in  conferences and distributed among extension department
representatives.

Agriculture Research Council should design workshops for Extension
department representatives, These workshops will give information to
participants about procedures of dry rice method. After that, these
trainers will give guidance to farmers about direct seeded system and its

COnsSCquences.
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APPENDIX



Questionnaire

Efficiency Analysis of Rice Production in Pakistan under Dry and

Puddle Conditions.

Personsal Information:

Experience (Years)

Age (years)

Caste

Status

Migrated/L.ocal

/Share Tenants

Education (years)

Owner/ Tenant/Owner cum Tenants

Family Information (Numbers)

Children | Children | Adult | Adult | Male Female | Male Female | Highest
Male Female Male Female | Greater | greater | farm farm education
Less than | Less than 1 15.60 15-60 1 than 60 | than 60 | worker | worker | level in
15years | 15 years i years years years years the family
Land Holding (Acres)
Own Area | Rented | Rented | Shared Shared Operational
In Out In Out Land
Holding
Soil Type Soil Fertility Good/Medium/Poor
Soil Test Yes/No
Cropping Pattern
Rabi Crops Area Kharif crops Area (acres)
(acres)
1. Wheat 1.Rice
2. Fodder 2. Fodder
3. Vegetables 3.Vegetables
4, Others 4,0Others
5. Others 5.0thers
Rice area
Varieties | Area Sowing Method
{acres) ; Convention | Production | Dry Production
al {mds) Sowing {mds)
(acres) {acres)
Basmati
Super
Basmati
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385

Basmati
386

Comparisen of Conventional and Dry Rice Sowing

S.# | Operation Conventional

Dry Rice Sowing |

1. Previous Crop

Soil type

2.
3 Rice Variety
4 Dry Ploughing (No.)

5 Pre-sowing hrrigation
(Rauni)

Number

Time (hours/irrigation)

6 Puddling

Wet Ploughing

Wet Planking

Transplanting Cost

7 Method of Sowing

1. Board Cast 2. Drill
Sowing 3.others

8 Seed per acre {(kgs)

Cost per kg

9 Irrigation
Number of Irrigation

1 Irrigation time (hours)

Source of 1% irrigation
i.Canal2. Tube well

Subsequent Irrigation
No.

iYCanal
No,
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i Tube well
No.

If canal irrigation fime
(hours)

If tube well irrigation time
(hours)

Canal+tubewell consecutive
use (hours)

Tube well type 1. Tractor
driven 2, Peter engine

If tractor driven diesel
consumption liter per hour.
Delivery pipe

" inch,

If peter engineHours
power
Diesel consumption liter per
hour

Delivery

pipe inches
Diesel Rate

{Rs./liter)

10.

Farm Yard Manure (trolleys
No.)

ii

Fertiizer

DAP

lhea

Other (price/bag--«--ver

Other (price/bag------m-

-,m--uw,-m,--,,)

Other (price/bag-—-------

s s i}

12

Weedicide (price-—s--r use
acres literg-sm—uww-u )

i3

Insecticide (price------- use
ACTES=mmmmme }

14

Pesticide (price-------use

15

Harvesting Method
1. Manually 2. Combine

16

Yield {maunds)

Table: Labour and Time Requirements

| Category | Traditional Planting

| Dry rice Planting
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Male # Female # Male # Female #
Basmati Rice
Coarse Rice
Time Requirements
Male Female Male Female
hours/day hours/day hours/day | hours/day
Basmati Rice
Coarse Rice
Table: Impact on Wheat Crop
Category Traditional Wheat Sown after Dry rice
sown
Timely Yes/No
Planking #
Manure #
Tillage #
Yield Maunds/acre
Table: Prices
Item Price per Item Price per
unit unit
Dry Ploughing DAP
Dry Planking Urea
Wet Ploughing FYM#rolley
Wet Planking FYM application per
acre
Transplantation Weedicide/Insecticide
Basmati Application
Transplantation lrri Manual Harvesting
others Combine Harvesting
Leaser leveler Rotavator
Further Information
Tractor Yes/No. Tube Well Yes/No. Number of cattle
Extension Services Yes/No. Sold at market/
Village Credit facility Yes/ No,
Distance from Main road Distance from main market
Km TechnologylnformationSource Future

Intension regarding direct seeded technology
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Efficiencies level of each farm:

Efficiency level of each farm
Conventioaal TE AE EE Direct seeded TE AE EE
Rice Farm vice Farm
! 034 017 0.06 1 0.70 0351 024
2 0.40 020 008 2 0.89 044 039
3 0.48 024 0.11 3 0,90 0451 0.40
4 0.55 0271 015 4 0.90 0451 041
5 0571  028] 0.16 5 0.77 0381 029
6 0.58 029 0.17 6 0.90 0451 041
7 062{ 031 0.19 7 0.86 0431 037
8 0621 031] 619 8 0.89 044! 039
9 0.63 0311 020 9 0.89 0451 049
10 0631 0321 020 10 0.84 0421 036
H 0.65 0321 021 11 0.87 0441 038
12 0.66 033] 021 12 0.93 0471 043
13 0661 0331 022 13 0.81 0411 033
14 0671 0331 022 14 0.94 0471 044
15 0.67 0341 022 15 0.94 047 | 044
16 0.68 034 023 16 0.84 0421 035
17 .70 035 025 17 0.83 0411 034
18 0.70 0351 025 18 0.95 0471 045
19 0.70 0351 025 19 0.93 0471 0.43
20 0.72 036 026 20 0.94 0471 0.44
21 0.72 0361 0.26 21 0.91 046 042
22 0.75 0381 028 22 0.92 0461 042
23 0.77 0381 029 23 0.83 042] 035
24 6771 039] 030 24 6.90 045] 040
25 0.79 0391 031 23 0.84 0421 035
26 0.79 040 | 0.3 26 0,88 044 | 038
27 0.79 040 | 031 27 0.88 0441 039
28 0.80 040 ] 032 28 0.89 0441 039
29 0.80 046! 032 29 0.84 0421 036
30 0.81 040 | 032 30 0.95 0471 045
31 0.81 040 | 032 31 0.82 0411 033
32 0,81 040 033 32 0.88 0441 039
33 0.81 0.40 1 033 33 0.90 0451 0.40
34 0.81 0.40 | 033 34 0.86 0431 037
35 0.81 0.41] 033 35 0.90 0.45 | 0.40
36 0.82 0411 033 36 0.85 042 036
37 0.82 0411 034 37 0.76 0381 029
38 0.82 041 034 38 0.86 043 ] 037
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39

39 0.82 0411 034 0.85 0431 036
40 0.83 0411 034 40 0.94 047 | 044
41 0.83 041! 034 41 0.91 0461 042
42 0.83 041 034 42 0.95 048 1 045
43 0831 041 034 43 0.87 0.44 | 038
44 0.83 0421 035 44 0.95 0471 045
43 0.83 0421 035 45 0.69 0.34| 024
46 0841 042 035 46 0.95 048 | 045
47 0841 042] 035 47 0.91 046 | 041
48 0.84 042 035 48 0.86 0431 037
49 0.84 042 | 035 49 0.90 0451 0.40
50 084 ] 042 035 30 092| 046 042
51 5

084 042 036 0.92 046 | 042
54 0.84 0421 036 52 0.92 046 | 042
53 0.85 0421 0.36 53 0.89 0451 0.40
54 0.85 0421 036 54 0.94 0471 044
53 0851 0421 036 33 0.92 046 | 0.42
56 085 043 036 56 0.89 044 | 039
27 0.85 0431 036 57 0.89 0451 040
58 0.85 0431 036 58 0.93 0461 043
39 0.85 0431 036 59 0.73 0371 027
60 0861 0431 037 60 0.93 046 | 0.43
61 0861 0431 037 61 0.93 046 | 043
62 086! 043 037 62 0.94 047 | 044
63 086 0437 037 63 0.72 0361 026
64 0.86 043 | 037 64 0.93 0,46 1 043
63 0.86 0431 037 65 0.9 046 | 041
66 087] 043 038 66 0.93 0.46 1 043
67 087 043] 038 67 0.93 0471 044
68 0.87 0431 038 68 0.94 0.47 | 0.44
69 0871 044, 038 69 06,92 046 | 0.42
70 088 044 038 70 0.90 045 | 0.40
71 0.88 0441 038 71 0.92 046 | 042
72 0.88 044 | 0.8 72 0.94 0471 044
73 0.88 044 039 73 0.80 040 1 032
74 0.88 044 | 039 74 0.89 0441 039
75 0.88 0441 039 73 0.80 040 | 0.32
76 0.88 044 | 039 76 0.91 0.46 | 041
77 0.88 044 | 039 7 0.91 046 | 042
78 0.88 0441 039 78 0.85 042 | 036
79 089 0441 039 9 0.88 044 | 039
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80 0.89 044 | 039 80 0.90 0451 041
81 089 0447 039 81 0.88 044 | 039
82 0891 044 040 82 0.95 048 | 0.45
83 0.89 044 | 0.40 83 0.86 043 | 037
84 089 045 0.40 84 0.95 0471 045
85 0891 045 040 85 0.90 0.45 | 0.40
86 0891 045! 040 86 0.88 044 | 038
87 0891 045 040 87 0.84 042 | 035
88 0.89 045 | 0.40 88 0.85 042 036
89 0891 045| 040 89 6.91 046 | 041
96 0.89 045! 0.40 90 0.86 043 | 037
91 0891 045| 040 91 0.86 0431 037
92 0.89 0451 040 92 0.93 047 043
93 0961 0.45) 040 93 0.87 0431 038
94 090 045] 040 94 0.86 043 | 037
95 090 045 040 95 0.86 0431 037
96 0.90 0451 040 96 0.82 0411 034
97 0.90 0451 040 97 0.92 046 | 0.42
98 0901 045( 040 98 0.88 044 ] 039
99 090 045 041 99 0.89 0.45 | 0.40
100 0.96 045| 041 100 0.89 045 ] 040
161 0.90 045 041 101 0.76 0381 029
102 0.91 0451 041 102 0.89 044 039
103 .91 046 | 041 103 0.93 047! 044
104 0.91 0461 042 104 0.91 0451 041
105 0.91 046 | 042 103 0.82 041 | 034
106 0.91 046! 0.42 106 0.91 045 041
107 0.91 046 | 042 107 0.82 0411 034
108 0921 046| 042 108 0.91 0.46 | 042
109 0921 046 042 109 0.73 0371 027
110 0.92 0.46 | 042 110 0.87 0441 038
i 0921 0461 043 11 0.95 048 | 045
Hia 0.92 0.46 1 043 112 0.82 041, 033
113 0.92 0461 043 113 0.52 026] 0.4
114 0.93 046 | 043 114 0.69 034 024
115 0.93 046 | 0.43 115 0.86 0.43] 037
116 0.93 046 | 043 116 0.88 044 | 039
17 0.93 046 [ 043 117 0,89 044 | 039
118 0.93 046 | 043 118 0.87 044 | 038
119 0.93 0471 043 19 0.74 0371 027
120 0931 0471 043 120 0.90 045 | 041
121 0.93 047 | 043 121 0.78 039 | 031
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093] 047 044 0.91 045 | 041
123 0.93 0471 044 123 0.88 0441 039
124 0.94 047 | 044 124 0.91 0.46 | 0.42
125 0.94 0471 044 125 0.83 041! 034
126 0.94 0471 044 126 0.90 045 040
127 0.94 0471 044 127 0.78 0391 0.30
128 094 047 044 128 0.85 043 ] 037
129 0.94] 047 044 129 0,94 0471 044
130 0,94 0471 044 130 0.93 046 043
131 0.94 0471 044 131 0.92 046 ] 043
132 094] 047 044 132 0.81 041! 033
133 0.94 047 044 133 0,89 044 | 0.40
134 0.94 0471 0.44 134 0.89 044 | 039
135 0941 0471 044 135 0.56 028! 016
136 094 047 045 136 0.81 041 | 033
137 0.94 047 | 045 137 0.87 044 | 0.8
138 0.95 0471 045 138 0.90 0.45 | 0.40
139 6951 047 045 139 0.90 045 | 041
140 0.95 0.47 0.45 146 0.8¢9 0.45 0.48
141 0.95 0471 045 141 0.88 044 | 038
142 0.95 0471 045 42 0.91 0461 042
143 095, 048] 045 143 0,88 0441 039
144 0.95 0.48 |  0.45 144 0.91 0461 042
145 0.95 0.48 1 0.45 145 0.96 0481 0.46
146 0.95 048 | 045 146 0.87 043 0.38
147 0,95 048 | 045 147 0.88 044 | 038
148 0.95 048 | 0.46 148 0.88 0441 039
149 0.96 048 | 0.46 149 0.87 0.44 | 0.38
150 097] 048] 047 150 085| 043 036

Mean 085! 042] o7 Mean 087] 044! 038

Minimum | 4300 pg7| ggg| Minimum 052 026] 014
Maximum | g9v| gag| g4y Maximom 096 048] 046
Standard Standard

Peviation 1108 5.54 8.25 Deviation 6.79 3,46 5.45
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