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Introduction 

About two third of Pakistan’s population depends 
directly or indirectly on agriculture as it is the 

most vital and largest sector of the country’s economy 

in terms of employment and labor involvement in it. 
Though, its share to country’s GDP over the last few 
decades has steadily declined to 19.3 percent but this 
sector has a plenty of potential and ability to escalate 
its contribution to GDP by improving and increasing 
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the use of new agricultural technology in productivity 
GoP (2021). 

The sector employed the highest percentage of the 
labor force and facilitates majority of the country’s 
manufacturing industries with raw materials. The 
sector is further classified into sub-sectors like field 
crops, agricultural forestry, fishing department and 
livestock where all of them have a substantial effect on 
Pakistan’s GDP (Ali et al., 2019) and its development 
not only ensures the poverty alleviation but is also 
quite capable of uplifting the socioeconomic struc-
ture of the remarkable fragment of the entire popu-
lation. Among the aforementioned subsectors, crops’ 
subsector contributes more to the economy where the 
main crops (wheat, maize, rice, sugar cane and cotton) 
account for almost 22 percent of the agricultural sec-
tor’s value added and 4.20 percent to GDP showing a 
growth of 4.65 percent while other crops account for 
11.69 percent of the agricultural sector’s value added 
and 2.23 percent to GDP (GoP, 2021).

Rice among other crops, is a commonly used food and 
a cash crop that holds a key position in Pakistan’s ag-
riculture sector. It is not only the 2nd highest consum-
able food after wheat but also is a 2nd most important 
exportable commodity for Pakistan after cotton ( Jan 
and Khan, 2019). The crop shares about 0.7 percent 
to country’s GDP and 3.5 percent of the value-add-
ed in agriculture (GoP, 2021). According to crop sta-
tistics report, rice in 2019-2020 was cropped on an 
area of 3034 million hectares, showed an increase of 
8 percent compared to 1810 million hectares of the 
last year’s cultivated area and similarly its production 
compared to 7.2 million tons of the last year raised by 
almost 3 percent to 7.4 million tons because of the 
increase in rice cultivated area in 2020 (GoP, 2020) 
whereas its production further increased by 13.6 per-
cent to 8.4 million metric tons in 2021 against 7.4 
million metric tons of the previous year (GoP, 2021).

Being a country’s major exportable cash crop, it 
generates substantial revenues for both the farming 
community and the government. In Pakistan, rice is 
cultivated in almost all the provinces but Punjab and 
Sindh are the leading rice producing provinces, ac-
counting for 56 percent and 39 percent of the entire 
rice production in country respectively (GoP, 2013). 
Khyber Pakhtunkhwa province isn’t behind in this 
race and shares a lot to the country’s production where 
it produced about 129,579 tons of rice with the aver-

age yield of 2312 Kg/ha during 2016-17. Rice crop 
showed an unceasing growth regarding its cultivated 
area and production in the country over several years 
as its area and production increased by of 9.9 percent 
and 13.6 percent respectively during 2020-21 (GoP, 
2021), but still its yield and production compared to 
other countries are low.

Rice production in the country is low as compared 
to other developed and developing countries and the 
reason for this are the country’s scarce resources and 
lower rate of adopting the modern farming technolo-
gies. In Pakistan, among all the other provinces Khy-
ber Pakhtunkhwa is facing an alarming challenge to 
feed its growing population despite the fact of having 
a firm footage on rice cultivation. The scope to expand 
area for rice cultivation and conversion of agricultural 
land to societies and other non-agricultural activities, 
the demand for food grain could only be met by in-
creasing the production through enhancement in pro-
ductivity. As the farming communities in such areas 
are unable to adopt modern agricultural technologies 
due to higher prices of resources and insufficient fund 
to invest in agriculture sector, it is quite necessary to 
improve farmers’ technical efficiencies, so they may be 
able to utilize the available scarce resources more effi-
ciently and improve their production.

The technical efficiency’s term was initially familiar-
ized by Michael Farrell in the middle of 20th century 
and the term generally captures the capability of an 
individual to operate on the frontier isoquant (Farrell, 
1957). This type of efficiency can be assessed in a rel-
ative way which simply indicates the deviation of an 
individual from the preeminent performer of a rep-
resentative peer group (Ali and khan, 2014). A lot of 
studies have been conducted to measure the technical 
efficiency and its relationship with farmers socioeco-
nomic characteristics (Reddy and Sen, 2004; Abedul-
lah and Khalid, 2007; Idiong, 2007; Sikdar et al., 
2008; Kadiri et al., 2014) and most of them revealed 
that education and farming experience influence the 
technical efficiency of the firms as these tools fortify 
the farmers’ perception and spread awareness among 
them to adopt modern technologies in best possible 
ways. Therefore, a progression in technical efficiency 
of a firm is the best possible and quite potent source 
of enhancing production as productivity of a firm can 
be gauged with the help of it and the difference in 
production among various firms could be determined 
by it easily. 
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Figure 1: Universe of the study.
Source: https://peshawarhighcourt.gov.pk/app/site/52/c/District_Courts.html

The Swabi district is gifted by nature with highly 
suitable and fertile agricultural land, having potential 
of higher productivity (Ali et al., 2019) but ranked 
16th regarding its rice cultivated area and production 
(GoKP, 2021). During the survey year 2019, the rice 
production in district Swabi was about 803 tonnes 
with the observed yield of 1, 916 kgs ha-1 whereas 
the crop was cultivated on a total of 419 hectares 
land (GoKP, 2021) but as compared to other districts 
the rice yield in this specific district was quite low 
and it might be due to the unawareness of modern 
technology, illiteracy, and lack of experience or sim-
ply because of the inefficient and penniless resourc-
es’ allocation (under or over-utilization of the farm 
resources). Therefore, this study was put forward to 
evaluate the technical efficiency along with the influ-
ence of education and experience on inefficiency of 
the rice producers in this specific district of Khyber 
Pakhtunkhwa.

Materials and Methods

Universe of the study
This specific study was conducted in Swabi, the 4th 
most well-known and popular district of Khyber Pa-
khtunkhwa located in between the Kabul and Indus 
rivers (72° 28′ 0″ to the east and 34° 7′ 0″ to the north). 
It was a major tehsil of Mardan district before the late 
1980’s and was nominated as an independent district 
of the province in July, 1988 and now it has its own 

tehsils namely Razarr, Swabi, Toppi and Chota-La-
hore. Geographically it covers an area of almost 1,550 
km2 and its entire population in 2017 was 1,826,804 
(GoKP, 2018). The district has an effective relative 
advantage of producing cereals, fruits, vegetables and 
other cash crops as it is gifted with fertile agricultural 
lands, favorable climate for cropping, better irrigation 
facilities and punctilious farming society. (Figure 1).

Sampling procedure and sample size
Swabi district was chosen purposively because of the 
time and budget constraints and a random multistage 
sampling technique was used to collect the data from 
rice growers. Among the four tehsils of Swabi district, 
Razarr tehsil was randomly picked up in the 1st stage. 
In stage 2nd of the procedure seven villages were cho-
sen namely Yar-Husain, Kalu Khan, Daagai, Gun-
bad, Adina, Yaqoobi and Nazar. In 3rd stage a total of 
300 rice growers were randomly interviewed and this 
sample size was taken by using the Yamane’s formula 
(Yamane, 1967) given below.

Where;
n: Size of the sample; N: Entire individuals of select-
ed villages involved in rice farming; e: Accuracy’s term 
of the formula.

https://peshawarhighcourt.gov.pk/app/site/52/c/District_Courts.html
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After deciding the total size of the sample, propor-
tional allocative sampling method was used to choose 
the rice farmers from each village. The formula is giv-
en below.

Where;
ni: Number of rice growers interviewed from a specif-
ic village; Ni: Total no. of rice farmers in that specific 
village; N: Number of total rice farmers in all selected 
villages; n: Over-all sample size (Table 1).

Data collection
The study employed both the primary and second-
ary data whereas the former one were collected with 
the help of questionnaire that was pre-tested in the 
field and designed well to investigate all the necessary 
particulars experienced in rice farming. Farmers were 
interviewed at their farms, houses and hujras in their 
local languages while secondary data were taken from 
Pakistan Bureau of Statistics, Khyber Pakhtunkhwa 
Development Statistics and local extension depart-
ments.

Table 1: Sampling procedure and sample size.
Tehsil/ 
District

Villages Population Sample size Percentage

Razarr/ 
Swabi

Adina 225 61 20.33
Yar-Hussain 195 53 17.67
Kalu Khan 184 50 16.67
Daagai 151 41 13.67
Yaqoobi 133 36 12.00
Nazar 117 31 10.33
Gunbad 105 28 9.33
Total 1,110 300 100.00

Source: Agriculture extension department, Swabi (2020)

Conceptual framework
In the mid of 20th century, Farrell (1957) for the first 
time developed a method to measure and describe al-
locative, technical and economic efficiencies whereas 
economic efficiency refers to increase a firm’s output 
without consuming any additional conventional re-
sources (Farrell, 1957; Khai and Mitsuyasu, 2011). 
Using available resources is highly cost effective as 
compared to modern technology only if individuals 
operate with the accessible resources efficiently while 
cultivating their crops (Khai and Mitsuyasu, 2011; 
Belbase and Grabowski, 1985). Economic efficiency 

of an individual is simply the product of allocative 
and technical efficiency whereas allocative efficiency 
is related to an individual’s ability to get to the de-
sired output’s level with the lowest possible cost while 
technical efficiency measures an individual’s skills and 
abilities to accomplish the maximum possible output 
by means of the given available technology (Coelli et 
al., 2005; Shapiro, 1977; Farrell, 1957).

Figure 2: Technical, Allocative and Economic efficiency.
Source: Adopted from Khai and Mitsuyasu (2011).

According to Farrell (1957) technical efficiency of a 
firm measures the output accomplished with existing 
technology without involving their relative prices and 
can be defined better with three major efficiency’s 
phenomenon such as the pure and real technical effi-
ciency, congestion (where increasing some specific re-
sources might cause a decline in output) and scale-ef-
ficiency (potential output achieved from an optimal 
firm’s size). To better understand the concept of tech-
nical efficiency, let’s assume an individual producing 
only one output (Y) while operating with a couple of 
inputs (X1, X2) with the supposition of 1:1 returns to 
scale. Technical efficiency of the fully efficient firm can 
be measured through the isoquant namely S, S´ given 
in Figure 2. Point A is fully technically efficient point 
because the firm at this point is operating on the ef-
ficient and effective isoquant curve and any deviation 
from this point gets counted in the inefficiency of the 
firm. Let say at point B where the firm is underuti-
lizing the inputs while producing the given output’s 
unit, the length of BA represents that firm’s technical 
inefficiency. This implies that reducing the percent-
age use of both the inputs by proportion of AB/OB 
could result the technically efficient level of output. 



September 2022 | Volume 38 | Issue 3 | Page 1151

Sarhad Journal of Agriculture
Usually, a firm’s technical efficiency is gauged by the 
proportion of OA/OB and ranges within 0, 1 show-
ing the degree of efficiency such as more the value 
closer to 1, the more technically sound or efficient a 
firm would be.

The situational allocative efficiency of the firm can be 
find out by the proportion of CO/CA while econom-
ic efficiency can be calculated by the multiplication of 
both the efficiencies and in this situation it equals to 
the ratio of CO/BO. The equations are given as:

Evident from the reviewed literature, generally two 
approaches are used to analyze the firms’ technical 
efficiency. The DEA approach (Data Envelopment 
Analysis) which is non-parametric and mathematical 
in nature and the SFM approach (Stochastic Frontier 
model) that focuses on a developing model built on 
deterministic frontier of Aigner and Chu (1968). The 
DEA approach helps in production process involving 
multiple outputs and inputs. Being a non-parametric 
approach, it’s not too much sensitive to deal with the 
error term’s specification because it lacks the ability to 
make a clear separation of inefficiency and noise while 
estimating the technical efficiency (Kebede, 2001). In 
contrast the SFM approach explains the relationship 
of a single output to multiple inputs (Khai and Mit-
suyasu, 2011) and being a parametric approach, it is 
quite capable of differentiating the inefficiency’s ef-
fects from the noise term and generates better esti-
mates for output and inputs relationship (Khai and 
Mitsuyasu, 2011; Kebede, 2001). (Figure 3).

Figure 3: Data envelopment analysis v/s stochastic frontier ap-
proach.
Source: Adopted from Hadi et al. (2018).

Among the few concepts of deterministic frontier, 
Kopp and Diewert (1982) imposed a very restrictive 
assumption that only inefficiency of the firms is re-
sponsible for the deviation of observed output from 
frontier level but Schmidt (1985–86) argued on this 
and concluded that statistical noises always have 
impact on efficiency of the firms estimated by such 
models. In order to deal with this conflict and elimi-
nate the random effect from efficiency Bravo-Ureta et 
al. (1991) employed a stochastic frontier production 
model given below.

Where;
Yj: Output achieved by jth firm; Xij: ith variable uti-
lized by jth firm; ∝: parameters to be estimated by the 
model; ε: Error term of the model.

The key factor of the SFM approach is that it’s error 
term is special and composed of two parts such as the 
technical inefficiency of individuals involve in pro-
duction and the random error (Khai and Mitsuyasu, 
2011; Bravo-Ureta et al., 1991; Meeusen and Broeck, 
1977). The composed error term of the model is given 
as;

According to Greene (1980) and Aigner et al. (1977) 
both the terms are independent of each other and “ui” 
shows the technical inefficiency of an individual or 
simply it captures the gap in observed output to that 
of the frontier level output, half normally distributed 
and always greater than 0 (ui>0) while “vi” term of the 
composed error indicates the random factors that are 
far beyond someone’s control (luck, climate, and oth-
er natural calamities) and is normally distributed on 
both the sides (-∞<vi<∞). Because of the consisten-
cy and specialty of the stochastic frontier production 
approach, the study implied this model to analyze the 
farmers’ efficiency and inefficiency (technical) follow-
ing Murtaza et al. (2020), Ali et al. (2019), Khai and 
Mitsuyasu (2011), Coelli et al. (2005), Kebede (2001), 
Bravo-Ureta et al. (1991), Belbase and Grabowski 
(1985), Kopp and Diewert (1982), Meeusen and 
Broeck (1977), Shapiro (1977), Aigner et al. (1977), 
Aigner and Chu (1968) and Farrell (1957).
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The specified form of SFM (Model-1) is given as:

Where;
ln: Natural log; ∝i: Coefficients’ parameters; labor and 
tractor: Amount of labor working hours and tractor 
hours respectively; chemicals: Amount of pesticides 
and weedicides used in litres; urea: amount of urea in 
kgs.; irrigation: No. of irrigation give to the rice; εi: 
Composed error term.

The specified form of SFM (Model-2) is given as:

Where;
αi: Coefficients estimated; T.Ineff: Inefficiency of the 
rice firms: age: Age of the rice growers; farmingexp: 
Rice farming experience of respondents in years; ed-
ucation: Education of respondents in years; income-
source: Dummy for primary source of income (1 for 
agriculture, 0 otherwise); tenancystatus: Dummy (1 
for owner, 0 otherwise); εi: Error of SFM (Model-2). 
Analysis was carried out in Stata 16 software (Stata 
Corp, 2019)

Results and Discussion

Cost of rice production (per acre)
The total cost incurred in rice production resulted by 
summing up the transportation and on-field produc-
tion cost, whereas the on-field cost is the sum of fixed 
cost (land rent) and variable cost (cost on variable in-
puts such as seed, labor, chemicals, tractor, fertilizers 
and irrigation etc.). 

Rice production cost per acre in the study area was 
calculated as Rs. 32676.59, sharing about 97.8 per-
cent to the total cost of Rs. 33402.17. The major ele-
ments of the on-field cost incurred on rice production 
are given as:

Cost on seeds: Rice growers in the study area used 
Garma (local seed) for production and it contributed 
1.59 percent to the total cost with the mean cost of 
Rs. 533.1 per acre.

Cost on labor: Labors in the study area were used 
to perform several field activities such as sowing 

seeds, seedlings’ raising and transplantation, irriga-
tion, chemicals and urea’s application, harvesting and 
threshing etc. The average daily basis wages in the study 
area were recorded as Rs. 68.30 and the total cost of 
labor on average was calculated as Rs. 10074.25, 2nd 

highest among all the other costs contributing almost 
30 percent of the total cost.

Cost on tractor use: Tractor was used to prepare seed 
bed for sowing. The average cost of tractor used by 
sampled farmers was Rs. 2940 with the unit cost of 
Rs. 1200 and it contributed about 8.8 percent to the 
total cost.

Cost on chemicals and urea: Chemicals such as pes-
ticides and weedicides along with the fertilizer like 
urea were applied to enhance the rice production. The 
average cost incurred on both the inputs were record-
ed as Rs. 2324.9 and Rs. 3842.9 with their average 
application of 2.85 litres and 98.53 kgs respectively, 
contributing about 18.10 percent to the total cost.

Cost on irrigation: Frequent irrigation is required to 
irrigate the rice crop as it is quite water intensive and 
all the sampled farmers used canal water for irriga-
tion. The variable was measured in numbers and the 
average cost incurred on it was Rs. 696, sharing about 
2 percent of the total cost.

Land rent: Land rent is considered as fixed cost and 
it varied across the villages based on water availability, 
soil texture and fertility and its distance from villages. 
Average land rent in the study area was calculated as 
Rs. 12265.4 acre-1, highest among all the other costs 
and contributed almost 37 percent to the total cost.

Marketing cost: It includes the cost of rice bags, 
loading, unloading and transportation but as all the 
sampled farmers sold both their main and by-product 
at their relative farms, this particular cost wasn’t too 
much. The average marketing cost was recorded as Rs. 
725.58 which contributed 2.17% to the aggregate cost 
on rice crop. The results are given below, in Table 2.

Profitability ratio, gross and net return from rice farming 
acre-1

Table 3 describes the profitability ratio, gross and net 
return of rice farming acre-1 in the study area. The av-
erage rice grain yield in the study area was recorded 
as 1573.27 kgs acre-1, resulting an average revenue of 
Rs. 59941.71 while the average revenue of rice crop’s 
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by-product was calculated as Rs. 12659.32. The gross 
and net revenues of rice growers per acre were calcu-
lated as Rs. 72601.03 and Rs.39198.86 respectively. 
The sampled rice growers were reasonably profitable 
as the profitability ratio of 1.17 revealed that a single 
rupee investment on rice farming generated a prof-
it of Rs. 1.17 which is far greater than its competi-
tive seasonal maize crop. The profitability ratio and 
net revenue of its competitive crop in the same dis-
trict was recorded as Rs. 0.20 and Rs. 5293.7 in 2020 
(Murtaza et al., 2020).

Table 2: Cost of rice production (per acre).
Particulars Unit Cost/unit 

(PRs)
Quan-
tity

TC Per-
centage

Tractor Hrs. 1200.00 2.45 2940.00 8.80
Labor Hrs. 68.30 147.50 10074.25 30.17
Seed sown Kgs. 100.00 5.33 533.13 1.59
Urea Kgs. 39.00 98.53 3842.98 11.50
Chemicals Litres 815.76 2.85 2324.91 6.96
Irrigation No. 43.50 16.00 696.00 2.08
Land rent PKR 12265.34 1.00 12265.34 36.73
Production cost PKR - - 32676.59 97.83
Marketing cost - - - 725.58 2.17
Total cost - - - 33402.17 100

Source: Author’s calculation (Rice data, 2020); Note: Production 
cost + Marketing cost = Total cost.

Summary statistics of variables used in SFM-1
Table 4 displays the descriptive analysis of all the re-
gressors used for estimating the stochastic frontier 
production model for rice growers. Explanatory var-
iables such as tractor, labor, chemicals, urea and irri-
gation were used to estimate SFM-1 while technical 
inefficiency model was estimated by variables like age, 
education, farming experience and dummies of ten-
ancy status and primary source of income. The results 
showed that the average rice yield was 1573.27 kgs., 
ranged from 1060 to 2065 kgs/acre with the std. de-
viation of 234.31 kgs. The mean value for tractor used 
was 2.45 hours acre-1 with the minimum and maxi-
mum use of tractor for 2 and 4 hours and std. devia-
tion of 0.27 hours. The labor working hours per acre 

ranged within 95.3 and 217 hours with an average 
of 147.5 hours and std. deviation of 22.7 hours. The 
mean value for urea’s application was 98.5 kgs with 
the std. deviation of 23.02, ranging in between 65 and 
175 kgs per acre. On average the rice growers sprayed 
2.8 litres of chemicals, ranged in between 2 and 4.2 
litres with the std. deviation of 1.93 litres acre-1. The 
sampled respondents on average irrigated their farms 
16 times during the cropping season with the maxi-
mum and minimum of 19 and 11 times respectively.

Demographic characteristics such as farming experi-
ence, age, education level, tenancy status and primary 
source of income influence the inefficiency of farming 
community in a production process (Murtaza et al., 
2020). The statistics showed that rice growers in the 
study area had an average age of 45.5 years, with the 
maximum, minimum and std. dev of 69, 30 and 9.85 
years respectively. Majority (60%) of the sampled rice 
growers were literate with an average education level 
of 5.59 years, maximum of 16 years and about 40% of 
them were illiterate. On average the sampled farmers 
were experiencing rice farming for 5.53 years, ranging 
between 2 and 13 years whereas 42 percent of them 
were owners while the remaining were tenants. About 
62 percent of the sampled respondents were agricul-
ture reliant as agriculture was their primary income’s 
source.

SFM (Model-1) estimates
Table 5 portrays the parameters estimated by SFM-1 
for rice growers in the research area. The coefficients 
were estimated as 0.369, 0.047, 0.060, 0.246 and 
0.098 for labor hours, tractor hours, chemicals, urea 
and irrigation numbers respectively.

The estimated coefficients along with their z-statistics 
and p-values showed that all the regressors had a di-
rect significant effect on the rice productivity except 
for number of irrigation. The estimated 0.369 coeffi-
cient for labor working hours was positive and highly 
significant (α= 0.000), ranked as the highest among 
all the other coefficients which revealed that a 1 per-
cent increase in the labor hours raised the rice yield

Table 3: Profitability ratio, gross and net return from rice farming.
Particulars Yield Revenue TR TC NR Profitability

39198.86/33402.03 = 1.17Main product 1573.27 59941.71 72601.03 33402.17 39198.86
By-product … 12659.32

Source: Author’s calculation (Rice data, 2020)
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Table 4: Summary statistics of variables used in stochas-
tic frontier production model.
Particulars Unit Mean S.D Mini-

mum
Maxi-
mum

Summary statistics of variables used in Model-1
Yield Kgs. 1573.27 234.31 1060 2065
Tractor Hrs. 2.45 0.27 2 4
Labor Hrs. 147.50 22.74 95.35 217
Urea Kgs. 98.53 23.02 65 175
Chemicals Litres 2.85 1.40 2 4.2
Irrigation No. 16.00 1.93 11 19
Summary statistics of variables used in Model-2
Age Years 45.51 9.85 30 69
Farming Exp. Years 5.53 2.17 2 13
Education Years 5.59 4.51 0 16
T. status Dummy 0.42 0.49 0 1
Income source Dummy 0.62 0.48 0 1

Source: Author’s calculation (Rice data, 2020).

Table 5: SFM (Model-1) estimates.
Regressors β's (coeffi-

cients)
Std. error Z-statistic P-value

Ln (Labor Hrs.) 0.36913 0.04414 8.36** 0.000
Ln (Tractor Hrs.) 0.04746 0.02015 2.36* 0.018
Ln (Chemicals) 0.06026 0.01721 3.50** 0.000
Ln (Urea) 0.24677 0.01984 12.4** 0.000
Ln (Irrigation No.) 0.09880 0.05267 1.88ns 0.061
Constant 4.10888 0.27551 14.91** 0.000
Sigma_v 0.06324 0.00854 (0.000)
Sigma_u 0.12722 0.01499 (0.000)
Lambda 2.01152 0.02231
Gamma  0.80

Source: Authors’ estimates for rice data, 2020; Note: ** indicates sig-
nificance level at 1%, * indicates significance level at 5% and ns shows 
non significance.

by 0.369 percent. This is because that rice being a la-
borious crop, draws more time and attention of the 
farmers and thus plays a key role in the rice farm-
ing (Ogundele and Okoruwa, 2006). The same pos-
itive and significant results for labor were estimated 
by Lema et al. (2017), Heriqbaldi et al. (2015), Ah-
madu and Erhabor (2012) and Sowunmi and Akin-
tola (2009). The estimated tractor hours’ coefficient 
of 0.047 implied that a unit change in tractor hours 
increased the rice yield by 0.047 percent. The effect 
was positive and highly significant, showing the im-
portance of machinery hours in the rice farming and 
this is because rice is one of the crops having deep 

roots by nature and according to Arora et al. (2019) it 
requires intensely ploughed soil to enter the feeding 
zones and get the desired amount of water, miner-
als and other nutrients easily. The results for tractor 
hours are in coherence to that of Subedi et al. (2020), 
Bempomaa et al. (2014), Ali and Munir (2014) and 
Reddy and Sen (2004). The coefficient estimated for 
weedicides and pesticides revealed that increase in the 
chemicals’ application had a positive and significant 
effect of 0.06 percent on rice productivity. The reason 
for this is that chemicals are much more important 
in production because they control pests, herbs and 
harmful weeds which affect the productivity of crops 
by competing them for essential nutrients and water 
(Hewitt, 2004). The results are in correspondence to 
Shaheen et al. (2017), Abedullah et al. (2010), Has-
san (2005) and Hassan and Ahmad (2005). The ad-
equate use of chemical fertilizer such as urea has an 
indispensable role in enhancing the rice productivity 
and is considered very important in production be-
cause it flourishes the leaves growth and aids the crop 
to improve the process of photosynthesis (Chen et al. 
2020). The statements are factual as the estimated co-
efficient of urea in this study showed that an increase 
in its application significantly raised the rice produc-
tivity by 0.24 percent and the results are consistent to 
Kea et al. (2016), Smith and Hornbuckle (2013), Yu 
and Diao (2011) and Khan et al. (2010). 

The coefficient for number of irrigation was positive 
but statistically insignificant, implying that irrigation 
numbers didn’t contribute significantly to rice produc-
tion and it may be due to the reason that rice growers 
didn’t irrigate their farms in time or they didn’t use 
the adequate numbers of irrigating the crop. Same in-
significant impact of irrigation on farmer’s technical 
efficiency was estimated by Achandi (2018), Narala 
and Yogendrasinh (2010). The estimated 0.80 value 
of gamma (variance parameter) implied that 80% de-
viation of the observed rice yield from frontier-level 
output was because of the sampled rice growers’ inef-
ficiency whereas the 20 percent of it was due to the 
random factors that are beyond the farmers’ approach.

SFM (Model-2) estimates
Table 6 depicts the estimates of SFM-2 for inefficien-
cy of rice growers in the study area. The coefficients 
for age, rice farming experience, education, income 
source and tenancy status of the respondents were es-
timated as 0.071, -0.392, -0.154, -0.085 and 0.146, 
respectively.
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Table 6: Estimates of stochastic frontier model for ineffi-
ciency of rice growers, Model-2.
Regressors Unit Coeffi-

cients
Std. Err Z- sta-

tistic
P- 
value

Age Years 0.07197 0.02692 2.67** 0.008
Farming Exp. Years -0.39270 0.12552 -3.13** 0.002
Education Years -0.15411 0.06093 -2.53* 0.011
Income source Dummy (1 

for agri-
culture, 0 
otherwise

-0.08594 0.38795 -0.22ns 0.825

Tenancy status Dummy (1 
for owner, 0 
otherwise)

0.14655 0.38846 0.38ns 0.706

Source: Authors’ estimates for rice data, 2020; Note: ** indicates 
significance level at 1%, * indicates significance level at 5% and ns 
shows non-significance.

The socioeconomic characteristics of respondents 
such as age, experience and education, source of in-
come and tenancy status have a great influence on 
their technical efficiencies because these characteris-
tics reflect their perceptions, interests and decisions 
about the modern farming. The findings of the study 
showed that age, rice farming experience and educa-
tion were statistically significant while tenancy status 
and primary source of income had an insignificant ef-
fect on farmers’ inefficiency. The coefficient for age of 
the rice growers was positive and significant, inferring 
that a year increase in farmers’ age increased the tech-
nical inefficiency by 0.07 percent. The fact is that rice 
being a laborious crop draws some more time and at-
tention and younger farmers got the plenty of poten-
tial to do that as compared to the aged farmers. Same 
positive impact of age on technical inefficiency of the 
farmers was found by Ali and Khan (2014), Khan et 
al. (2010) and Coelli and Battese (1996). The coef-
ficient for rice farming experience had a significant 
effect on technical inefficiency and its estimated value 
of -0.39 revealed that inefficiency of the sampled re-
spondents showed a negative change of 0.39 percent 
with one year increase in rice farming experience of 
the farmers. The reason behind this is the more fa-
miliar a farmer is with a crop, the more technically 
efficient he/she would be as an experienced farmer is 
fed to mouth with the relevant farming information 
and the results are in coherence to Abasi et al. (2013), 
Orewa and Izekor (2012), Backman et al. (2011), 
Khan et al. (2010) and Idiong (2007). The results fur-
ther showed that education of the rice growers had a 
significant negative impact on technical inefficiency 
and its estimated coefficient of -0.15 revealed that a 

unit increase in farmers’ schooling years resulted a de-
cline in their inefficiency by 0.15 percent. This nega-
tive impact of education might be due to the fact that 
education boosts up the farmers’ potential to enhance 
their skills and perception regarding modern farming 
practices. Educated farmers as compared to illiterate 
always have up to date information regarding seeds, 
fertilizers, chemicals and other agronomic activities 
and thus are more technically sound. Same positive 
and significant coefficients for education were found 
by Lema et al. (2017), Kea et al. (2016), Kabir et al. 
(2015) and Balde et al. (2014), while estimating the 
technical efficiency of rice farmers. Income source 
and tenancy status of the rice growers were treated 
as dummies in the model and their coefficients in-
ferred that the farmers who were tenants and relying 
only on agriculture as their primary income source 
were technically more efficient as compared to others 
but the results for both the variables were insignifi-
cant. Generally, the tenants incur more variable cost 
in a production process as they face more econom-
ic burden of paying annual land rent and it makes 
them more responsible to fight on their behalf and 
get some tremendous amount of yield (Ahmad et al., 
2002). Shaheen et al. (2017), Wahid et al. (2017) and 
Taraka et al. (2010) found the same impact of tenure 
status on technical inefficiency.

Frequency distribution of individual rice growers’ 
technical efficiency
Table 7 depicts the technical efficiency’s frequency 
distribution of the sampled rice farmers. The mean 
technical efficiency of the sampled farmers was es-
timated at 0.74, ranging within 0.52 and 0.99. These 
findings affirmed that the rice growers had still the 
potential to raise their rice production by 74 percent 
with the existing technology. The average technical ef-
ficiency of the rice growers in current study is almost 
equal to that of Kolawole and Ojo (2007), Ogandri 
(2008), Hossain et al. (2008) with their relative effi-
ciencies of 73, 75 and 75 respectively. Similarly, the 
efficiency estimated in this study is less than the ef-
ficiencies estimated by Khan et al. (2010), Nchare 
(2007), Abedullah et al. (2006) and Hasan and Islam 
(2010) with the score of 91, 89, 84 and 84 respective-
ly and greater than that of Dolisca and Jolly (2008), 
Ali and Munir (2014), Tchale (2009) and Gul et al. 
(2009) with the mean efficiencies of 63, 62, 53 and 20 
respectively. The efficiency’s score for each and every 
sampled respondent was estimated and categorized 
into four groups. The statistics showed that most of 
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the rice farmers (39%) were in the range of 0.80 and 
0.90 efficiency’s score, 35.6 percent had technical ef-
ficiency greater than 0.90, 18 percent were having ef-
ficiency within the range of 0.65 and 0.80 while 7.3 
percent respondents’ efficiency ranged within 0.52 
and 0.65.

Table 7: Frequency distribution of individual rice grow-
ers’ technical efficiency.
Technical efficiency Frequency %age
0.52-0.65 22 7.33
0.65-0.80 54 18.0
0.80-0.90 117 39.0
0.90-1.00 107 35.6
Mean   0.74
Maximum   0.99
Minimum   0.52

Source: Author’s estimates for rice data, 2020.

Conclusions and Recommendations

The findings of the study revealed that the average 
rice grain yield in the study area was 1573.27 kgs acre-

1. Rice growers were reasonably profitable as the prof-
itability ratio of 1.17 revealed that a single rupee in-
vestment on rice farming created a profit of Rs. 1.17. 
All the estimated coefficients of SFM-1 except no. of 
irrigation were highly significant with the estimated 
values of 0.369, 0.047, 0.060, 0.246 and 0.098 for la-
bor hours, tractor hours, chemicals, and urea and irri-
gation numbers respectively. The estimates of SFM-2 
for inefficiency of the rice growers revealed that age, 
rice farming experience and education had a signif-
icant effect on technical inefficiency of the farmers 
while tenancy status and primary source of income 
had no significant effect on farmers’ inefficiency. On 
average the farmers were 74 percent technically effi-
cient, ranging from 0.52 to 0.99 and the estimated 
0.80 value of gamma (variance parameter) implied 
that 80% deviation of the observed rice yield from 
frontier-level output was because of the sampled rice 
growers’ inefficiency.

As the estimated production model showed the high-
est coefficients for labor hours and urea, it is therefore 
suggested that rice growers can rise their rice output 
by increasing labor hours and urea application dur-
ing the production process. Inefficiency effects mod-
el indicated negative and significant relationship of 
inefficiency with farmers’ education and farming ex-

perience, so government needs to facilitate farmers 
with formal as well as informal education along with 
proper trainings regarding rice farming. Moreover, 
extension department needs to arrange gatherings in 
rice producing areas for sharing skills of experienced 
farmers with the farming community.

Novelty Statement

Education and farming experience, among other 
factors, plays important role in enhancing efficien-
cy of raising crops.  This study, therefore, estimated 
and examined the effects of these factors in affecting 
technical efficiency of the rice crop growers in Khyber 
Pakhtunkhwa province of Pakistan.
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