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Introduction

The role of farm sector in Pakistan is in more than 
one dimensions. Farm sector has the main con-

tribution towards economic growth. This sector also 
fulfils the supply of basic food and fiber needs of 
the country’s growing population and the economy. 
Wheat is main staple food item of the country’s pop-
ulation and largest grain crop. Wheat is most widely 
grown crop of Pakistan as well. Pakistan has made 
significant progress in wheat crop, overtime. Despite 
all this expansion in production over years, increase in 

the productivity per unit of area, has been very low in 
Pakistan. On all counts, Pakistan potentially can do 
much well than what it does now, by improvement in 
technical efficiency of inputs of wheat crop (Ahmad, 
2000). It is expected that due to the heavy pressure of 
population, demand for agricultural commodities will 
increase in near future. These factors together made 
Pakistan to have resorted to wheat import for avoid-
ing food shortages. Although having comparative ad-
vantage in wheat production, Pakistan, for most part 
of its history has been a net importer of wheat (Iqbal, 
2002).
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Food supply at affordable prices is the cornerstone 
of food security policy of Pakistan. In 2007-08, the 
country has spent US $1 billion on importing 2 mil-
lion tons of wheat in a situation of wheat crisis in in-
ternational market. The recent food crisis in country 
raised many concerns and questions among agricul-
tural research and policy circles, whether such food 
crisis would continue in future and if so, how these 
should be managed. Finally, the government has de-
cided to substantially increase wheat production in 
the country by increasing support prices, by more than 
50% during 2007-08 (Farooq, 2009).

Pakistan has been almost regularly importing wheat, 
except for few years. Wheat’s domestic production has 
remained short of the domestic demand. In order to, 
fulfil the food requirement of rapidly growing pop-
ulation, save foreign exchange and address the food 
security concerns of the country as well, we have to 
increase wheat production by utilizing all possible and 
optimal ways. 

On the other hand, a large share of future yield in-
crease will have to come from adoption of improved 
wheat varieties and crop management. Adoption of 
Modern wheat varieties is important for, more profit 
and enhancing wheat productivity. Since 1971, ap-
proximately 107 improved varieties of wheat have 
been developed and released in Pakistan. Adoption 
of High Yielding Varieties (HYV) leads to 25% in-
crease in wheat yield. However, modern wheat vari-
eties have not been adopted widely in Pakistan. The 
farmers make use of traditional wheat varieties whose 
yields are quite low as compared to the modern wheat 
varieties. It is due to a number of factors like poor 
infrastructure, poor access to the markets and the ex-
orbitant modern wheat varieties which are out of ju-
risdiction of farmer’s financial plans and this offsets 
the yield advantage. Majority of the farmers typically 
utilize the last year’s crop seeds instead of purchasing 
modern released wheat variety.

According to Farooq et al. (2007) non-availability and 
high prices of modern seeds varieties were the main 
reasons for its slow adoption and resulted in lower 
wheat yield per acre in Pakistan. Matuschke and Qaim 
(2006) examined the influence of modern wheat seed 
varieties adoption on small scale farmers in India. The 
result of the study indicated that farm size has no im-
pact on the decision to adopt modern wheat varieties. 
The major factors behind slow adoption of modern 

seed varieties are lack of information, high prices of 
new high yielding seeds varieties and non-availabili-
ty of credit. The study suggested that the adoption of 
modern wheat seed varieties would not be increased 
without the comprehensive government support 
for farmers, in the form of subsidies. According to 
Ghimire et al. (2012) apart from modern seed varieties’ 
development, farmers’ access towards these new seed 
varieties is one of the most important things. Due to 
inefficiency and underdevelopment in inputs’ distri-
bution system, the rate of modern seeds’ adoption was 
very insufficient. Hence, well-established institutional 
system in India might be supportive in debilitating 
these hindrances for farmers. Wicombe (1999) also 
suggested that supply of high yielding wheat varieties 
to the farmers in the Punjab of India, might result in 
higher level of wheat yield. According to Pandit et al. 
(2006) replacement of conventional wheat seed vari-
eties with modern seed varieties increased the wheat 
crop productivity. The widespread adoption of diverse 
high yielding wheat varieties will manifold the wheat 
production in Bangladesh. According to Shah et al. 
(2012) adoption of modern seed varieties compared 
to the conventional seed varieties increased the wheat 
production and doubled the returns for wheat crop 
producers. Major objectives of the present study were: 
to examine the rate of adoption of modern wheat vari-
eties among farmers of the study area; and to evaluate 
the outcome of presently employed wheat varieties on 
the productivity and technical efficiency of the wheat 
crop in Pakistan.

Materials and Methods

This study is a primary research. A purposive sam-
pling technique is used and cross-sectional data has 
been used. The instrument used is the “questionnaire”. 
A pre-tested questionnaire was used to gather the in-
formation from the farm respondents. A formal sur-
vey of wheat crop was conducted in districts of Rahim 
Yar Khan and Bahawalpur, in 2010. The major objec-
tive of this survey was to sort out the factors of special 
problem of non-adoption of modern high yielding 
wheat varieties that limited the wheat production. 
The respondents of the study were those farmers who 
cultivated the wheat. The population of this research 
encompasses the area of Rahim Yar Khan and Baha-
walpur, where 430 farmers were selected and inter-
viewed. It was difficult task to meet 430 farmers and 
collect information. Battese et al. (1996) explained 
that a questionnaire is an ordered list of questions for 
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a survey. A number of questions were asked about key 
practices in the production of wheat crop in order to 
analyse interactions between cotton and wheat. Data 
was also gathered with respect to inputs utilization for 
wheat crop cultivation, farm size and socio-economic 
and other farm specific characteristics which are con-
sidered vital for empirical analysis via a questionnaire. 
The reason for selection of wheat for the analysis is 
that this is the most important staple crop in Pakistan 
and also the major crop of the study area of Bahwalpur 
division. Wheat is equally popular among the small-
holder and large-scale commercial farming sectors of 
Pakistan. The author also used the Punjabi and Sarike 
language for those farmers that were illiterate and not 
able to understand the Urdu language and as a result, 
they felt ease while giving the information. Present 
study is based on sample responses of the farmers. 

Farrell’s (1957) determining work on efficiency meas-
urement provides several for productivity and effi-
ciency analysis. In general, two common approaches 
for efficiency analysis are employed, the stochastic 
frontier production function by Aigner et al. (1977) 
and Meeusen and van den Broeck (1977) and data 
envelopment analysis (DEA) by Charnes et al. (1978). 
Both approaches have merits and demerits that are re-
viewed by a number of economists like Bauer (1990), 
Seiford and Thrall (1990), Battese (1999) and Bra-
vo-Ureta and Pinheiro (1993). 

The major strong point of stochastic frontier tech-
nique is that it is covenant with stochastic noise that 
is most required in agricultural sector. In the last two 
decades, stochastic frontier production functions have 
been used broadly to examine technical efficiency 
particularly in case of agricultural sector, where un-
certainty is one of the main sources of variation.

In present study, Stochastic Frontier Analysis (SFA) 
is used to measure the maximum possible output, ac-
cessible from a specified bundle of inputs and tech-
nology. The disturbance term in stochastic frontier 
analysis is decomposed into two components.
Formally,

Y= f(x) ɛEi…….. (1)

Where according to Aigner et al. (1977),

Ei= Vi - Ui …….. (2)

Where Vi is a symmetric component, which captures 

randomness outside the control of the farmer, such as 
droughts, floods, etc. and the statistical noise contained 
in every empirical relationship. The other one-sided 
component captures the randomness under the con-
trol of the farmer (i.e., inefficiency). Vi is assumed to 
be identically and independently distributed with 
zero mean and variance as Vi ~ N (0, σ2). On the oth-
er hand, the Ui component of the error term captures 
the technical inefficiency of the interpretation and is 
assumed to be independent of Vi, The distribution of 
Ui is assumed to be half normal and distributed nor-
mally and identically as Ui ~ N (0, σ2). The non-neg-
ative component ‘Ui imitates that the output of each 
firm must be positioned on or below its frontier (Bat-
tese and Broca, 1997). σu

2 and σv
2 are the variances 

of the parameters symmetric (v) and one-sided (u) 
error term. It follows that, σ2 = σ2

v + σ2
u (Coelli, 1995).

TE refers the technical efficiency of the individual 
farm that lies in between zero and one, Yi is observed 
output and Yi* is maximum possible output using the 
given level of input.

TE = Yi / Yi*…….. (3)

Battese and Coelli (1995) defined the technical ineffi-
ciency effects as: Zi is the vector of explanatory varia-
bles associated with technical inefficiency effects. δ’ is a 
vector of unknown parameters to be estimated. Wi rep-
resents unobservable random variables, which are as-
sumed to be independently and identically distributed.

Ui = δo + δiZj + Wi …….. (4)

One hypothesis has been tested with regard to the 
model specification. This test is performed by employ-
ing generalized likelihood-ratio statistics, LR, The 
generalized likelihood-ratio is measured for testing 
the null hypothesis, which are defined as

LR = –2 Ln [L (H0) / L (H1)]

Where L (H0) and L (H1) are the values of the log 
likelihood function under the specifications of the 
null and alternate hypothesis, respectively. In the 
present study, the null hypothesis specify that Cobb 
Douglas stochastic frontier production is appropriate 
for present data set, which is specified as: 

H0 : βjk =0

Both the Cobb-Douglas and Translog functional 
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forms have been employed to estimate the wheat crop 
production function. The Cobb-Douglas production 
function form is defined as:
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Where, Yi = wheat yield, X1 = represent the weedi-
cide cost per acre, X2 = represent the farm size under 
wheat crop, X3= represent the wheat seed variety, X4 
= represent number of ploughing per acre, X5 = repre-
sents NP ratio per acre, X6 = Wheat seed rate applied 
per acre, X7 = Number of irrigation.

It is implicit that some farmers are not able to produce 
on the frontier and other produce on the frontier. So, 
to find out the factors that lead to the technical inef-
ficiency, the technical inefficiency model is employed. 

The technical inefficiency effects are defined as:

)7(54332211 ZZZZZU i δδδδδδ +++++= 

Where, Z1 = represent experience of farmer in years, 
Z2 = farmer used previous year own wheat seed ap-
plication used as dummy variable. It takes value of 1, 
if farmers use own seed from previous year crop, and 
otherwise zero, Z3 = represent farmers’ education in 
years, Z4=represents the number of farmers visits to 
extension services center, Z5, represents the distance 
of wheat farm from main market.

Result and Discussion

The survey recoded 6 varieties of wheat planted in the 
area, as depicted by Table 1. A large number of farm-
ers from the selected sample use more than one wheat 
seed variety, to accommodate diverse planting dates 
after different cotton types. Around 69% used Sahar 
seed variety, if wheat crop is planted on time. Approx-
imately 53% of the farmers used Bahkar seed variety, 
in case of late planting of wheat crop. The Sahar and 
Bahkar varieties were also grown by the farmers for 
both normal and late planting (on time planting date 
means wheat sown between 15 to 30 November while 
late planting means wheat sown in December). About 
23% of the farmers used Bahkar on normal planting 
fields and 20% used Sahar in case of late planting 
fields. The third main variety in the study area was the 

Abdul Sattar that was planted 4% on normal planting 
dates and 16% on late planting fields. Shafaq, Watan 
and Inqlab varieties were to some extent used in study 
area. The problem of slow uptake of new varieties in 
the area is quite severe, especially in case of Bahkar 
and Abdul sattar varieties. Only a few farmers recog-
nized the names of new recommended varieties.

Table 1: Wheat varieties used after different planting 
dates

Particulars Early plant-
ing of wheat

Late planting 
of wheat

All Prob.

Sahar 69 20 44

0.000
Bahkar 23 53 38
Abdul sattar 4 16 10
Sahfaq 2 6 4
Wattan 0 0 0
Inqlab 2 6 4

Table 2: Seed rate and sowing methods on sample farms
Particulars Early plant-

ed date
Late planted 
date

Prob.

Seed Rate (kg/acre) 51 60 0.000
Sowing method (%)
Drill 10 8
Broadcast 90 92 0.000

Table 2 shows the application of seed rate, and sow-
ing method. The seed rate applied was 51 kg/acre on 
early planted wheat fields. As compare to late planted 
wheat fields, farmers used 9 kg more seed in order 
to compensate the delayed planting. Broadcasting of 
wheat is the usual method of wheat planting in the 
study area. Around 90% and 92% farmers used the 
method of broadcasting when wheat planted early 
and late and only 10% and 8% of farmers used drill 
method respectively. 

Table 3: Management and application major inputs
Particulars Mean Std Prob.
Use of Nitrogen (kg/acre) 8.09 5.5 0.000
Use of phosphorus (kg/acre) 28.3 8.02 0.000
NP ratio (per acre) 3.52 0.244 0.000
Weedicide cost (per acre) 1007.7 507.2 1.000
T. number of Ploughing (per acre) 3.41 0.63 0.000
T. number of irrigation (per acre) 3.85 0.51 0.000

Table 3 shows the wheat management differential, 
when wheat is planted earlier as compared to the de-
layed sowing. In the study area, almost all the farm-
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ers were aware of the requirement to apply both ni-
trogenous and phosphate fertilizers, though fertilizer 
application rates were slightly dissimilar among the 
farmers of sample area. Chemical fertilizer was used 
by 100% of the sample of the farmers. The quanti-
ty of nitrogen and phosphorus applied on average on 
wheat crop, were 8.09 kg per acre and 28.3 kg per 
acre, respectively. Weeds’ augmentations are the major 
problem of the study area. Use of weedicide spray was 
the most common method exercised by the farmers to 
control weeds. On average, per acre cost of weedicide 
sprays was 1007.7 in Rs. Around 3 to 4 numbers of 
the ploughings were done per acre for land prepara-
tion in the study. The total number of irrigations given 
to the wheat in the study area slightly varied. In case 
of early sowing fields, average number of irrigations 
was approximately 4 times per acre.

Present study testes a null hypothesis that out of two 
well renowned functional forms, namely Cobb-Doug-
las and Translog, which one is most appropriate for 
present analysis. To test this hypothesis, the maxi-
mum likelihood ratio test is employed as under:

Liklihood Ratio Test = -2* [ln H0 - h H1]
 -2* [-551 - (-497)]

 108

The maximum likelihood values from Cobb-Doug-
las production function and Translog production 
function were -551 and -497, respectively. The cal-
culated value from log likelihood test was 108, and 
the tabulated value at 5% level of significance from 
Chi-square table was 41.33 with 28 degrees of free-
dom. The calculated value was greater than the tabu-
lated value and hence the null hypothesis implies that 
Translog functional form is more appropriate than 
the Cobb-Douglas functional form. Therefore, the 
present study has employed the Translog functional 
for the current study.

The maximum likelihood estimates of the Translog 
frontier model are presented in Table 4. The value 
of the variance parameter in stochastic frontier pro-
duction function is significant which demonstrates 
that the technical inefficiency has an influence on the 
wheat output. The results are also akin to the other 
studies such as Ali and Flinn (1989), Coelli and Bat-
tese (1996), Sharma et al. (1999), Croppenstedt (2005), 
Kamruzzaman and Islam (2008) and Javed et al. 
(2009). Subsequently, instead of conventional produc-
tion function, stochastic frontier production function 

is sufficient for the representation of wheat farms’ data.

Table 4: Maximum Likelihood Estimation of the 
Translog Production Frontier

Variables Parameter Coefficient t-ratio

Constant β0
0.705*** 7.75

LnCWeed β1
-0.130 -1.53

LnFarmSize β2
0.676*** 6.95

LnSeed.Variety β3
-0.246** -2.23

LnPloughing β4
0.405*** 3.61

LnNP β5
0.589*** 5.95

LnSeedRate β6
-0.203** -1.92

LnIrrigation β7
0.126*** 3.18

LnCWeed2 β11
0.082 0.22

LnFarmSize2 β22
0.141 1.33

LnSeedVariety2 β33
0.165 1.61

Ln.Ploughing2 β44
-0.237 -0.51

LnNP2 β55
0.319*** 3.68

LnSeedRate2 β66
0.177*** 3.14

LnIrrigation2 β77
0.637 0.5

LnCWeed*Farm size β12
-0.400 -0.39

LnCWeed*SeedVariety β13
-0.55*** -4.42

LnCWeed*Ploughing β14
0.161 1.19

LnCWeed*NP β15
-0.192* -1.65

LNCWeed*SeedRate β15
0.251*** 3.95

LnCWeed*Irrigation β16
-0.159*** -16.2

LnFarmsize*SeedVariety β23
-0.113*** -11.3

LnFarmsize*Ploughing β24
-0.364** -2.25

LnFarmSize*NP β25
0.186*** 16.36

LnFarmsize*SeedRate β26
-0.254** -2.27

LnFarmsize*Irrigation β27
0.153*** 15.64

LnSeedVariety*Ploughing β34
-0.496 -0.49

LnSeedVariety*NP β35
0.858 0.971

LnSeedVariety*SeedRate β36
0.134** 2.22

LnSeedVariety*Irrigation β37
-0.152*** -14.1

LnPloughing*NP β45
-0.439*** -5.55

LnPloughing*SeedRate β46
0.54*** 9.98

Ln.Ploughing*Irrigation β47
0.796* 1.68

LnNP*SeedRate β56
0.117** 2.20

LnNP*Irrigation β57
0.936*** 12.12

LnSeedRate*Irrigation β67
-0.603*** -6.08

Inefficiency Model
Constant δ0

-0.0284*** -4.43
Experience δ1

-0.013** -2.27
Own-seed δ2

0.012** 2.25
Education δ3

-0.028* -1.74
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# of visit to extension center δ4

-0.019 -0.77
Distance from main market δ5

0.119*** 3.33
Variance Parameters
Sigma-squared σ2 0.59*** 15.8
Gamma γ 0.629945** 2.10
Likelihood function -497.64

In the study area the growth of weeds along with 
wheat crop, is a serious issue and has negative effects 
on wheat crop. Nayyar et al. (1992) argued that weed 
infestation is one of the main reasons for the low 
wheat yield in Pakistan. The sign of weedicide cost 
variable is negative but, insignificant. The major rea-
son behind this negative sign is that the farmers of 
the study area applied the weedicide spray more than 
the optimum level and this resulted in unfeasible cost 
of production. Therefore, weedicide cost carried the 
negative sign, but it is not significant.

Farm size comes as an important factor of production 
with an elasticity of 0.676. This result shows that an 
increase in the area under wheat crop would signif-
icantly lead to the increased wheat yield, as greater 
farm size enables farmer to operate and manage mod-
ern equipment more efficiently. The positive estimated 
sign is as per our expectations. In Pakistan, extensive 
farming practice has been the fashion to increase the 
crop production instead of intensive farming to ele-
vate the per acre yield. 

To see the impact of wheat variety on wheat produc-
tivity, we used a variable that is defined as the wheat 
`seed variety for the wheat crop. The parameter esti-
mate of wheat variety is negative and significant. This 
result shows that the per acre production declines sig-
nificantly by using off beam wheat variety. In the study 
area, wheat farmers often face difficulty in sustaining 
high-quality of wheat yield, due to problem of using 
old wheat varieties instead of high yielding recom-
mended ones. Byerlee et al. (1993) articulated that the 
adoption of modern wheat varieties in Pakistan has 
been precisely inactive. For higher wheat yield, farm-
ers have to use new and recommended wheat varieties.

The coefficient of number of ploughing variable carry 
the positive sign and significant. The positive elasticity 
of number of ploughing indicate that as number of 
ploughing increased for land preparation its effect on 
wheat yield is positive and significant. 

The NP ratio variable has a positive sign and is also 

statistically significant at five percent. This result 
shows that there is a scope for increasing production 
of wheat by raising the use of NP ratio in the study 
area. According to Salam (1981), intensive use of fer-
tilizer on wheat crop is one of the major sources of 
higher wheat yield. Ahmad et al. (2002), Ghaderxa-
deh and Rahimi (2008) and Kaura et al. (2010) also 
found that higher use of NP ratio positively and sig-
nificantly affects wheat yield.

The parameter of seed rate variable is negative and 
statistically significant. This result shows that a 1% 
increase in the seed rate leads to a -0.203 percent de-
crease in wheat production. The number of per acre 
plants affect directly the production and per acre 
plants in turn depend upon the per acre seeds, used. 
Due to deviation in the seed use from the optimal use, 
as recommended by the government, seed rate nega-
tively affected the yield. Hence, application of wheat 
seed, more than optimum level only increased the cost 
of production. Similar results also found in previous 
studies, i.e. Hassan (2005) and Kaura et al. (2010). 

The coefficient of number of irrigation is also signif-
icant and carries the positive sign. The magnitude of 
the parameter estimates show that wheat productiv-
ity increases as the number of irrigations increases. 
According to Looney (1999), the inadequate supply 
of water during the application of other inputs, di-
minishes the effectiveness of these inputs. Bashir et 
al. (2004) argued that the shortages of water supply at 
the critical time of plant growth, have severe effect on 
wheat crop. The Similar findings are also found in ear-
lier studies i.e. Ahmad et al. (1998) and Hassan (2004).

Table 4 shows the results of inefficiency model as well. 
The result of parameter estimates of education of wheat 
farmer is negatively and significantly related to techni-
cal inefficiency as expected. As the farmers’ education 
increases, it negatively affects technical inefficiency of 
the wheat farms. This is for the reason that educated 
farmer is constantly more concerned about up-to-date 
wheat varieties and other most modern inputs that as-
sist to increase the wheat output. Similar result found 
in previous studies i.e. Ali and Flinn (1989), Coel-
li (1998), Bettese et al. (1996) and Ahmad (2002).

The results also imply that the use of last years’ own 
wheat seeds, increases technical inefficiency. This 
variable had been incorporated as a dummy variable 
which is binary. It takes the value of unity if the farm-
er uses own seeds of the previous year’s crop and zero 
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otherwise. Instead of purchasing new seed varieties, 
majority of the farmers prefer to use own seeds of the 
last year’s crop in the study area. This leads to a nega-
tive impact on the wheat yield. 

The number of visits to extension center variable used 
as dummy variable. It takes the value one if farmers 
visits to extension center, and otherwise zero. The co-
efficient of number of visit to extension center carry 
negative sign but insignificant. In the study area, the 
farmers’ trend to visit the extension services center is 
very inactive. If farmers’ visits toward extension ser-
vices center increased Farmers’ awareness to new farm 
practices and adoption of new seed varieties might 
be increased. Same result also found in the study of 
Abeduallah et al. (2006).

The coefficient of experience of the farmer is carry the 
negative sign and statistically significant at 5 percent 
level. This result of study reveal that as year of experi-
ence increases the farm inefficiency declines. Abedu-
allah et al. (2006) also found the similar results.

The parameter estimate of distance form main mar-
ket is significant and positively related to the techni-
cal inefficiency as expected, as the distance from main 
market increases, wheat farms’ technical inefficiency 
diminishes. This is due to the reason that increases 
distance decreases the access to the high yielding va-
rieties of the seeds. Greater market access increases 
the knowledge of the farmer about the better inputs.

The variable justification has been done for all the 
independent variables of technical efficiency and in-
efficiency models in the context of the factual circum-
stances that prevailed at the time of the data collection.

Figure 1: Frequency distribution of technical efficiency of 
wheat farmers

The Figure 1 shows the frequency distribution of 
wheat farms, the result shows the substantial techni-
cal inefficiency in wheat farms. The average technical 
efficiency of 78% of the wheat farms, shows that giv-
en the accessible technology, the wheat farmer could 
augment, on average the technical efficiency of wheat 
farms by 22% by efficiently utilizing the inputs, espe-
cially appropriate wheat seed varieties. 

Conclusions

Pakistan has been almost regularly importing wheat, 
except for the few years. It is because domestic pro-
duction has remained short of demand as a result. 
How these should be managed, it is the smouldering 
question. The result of the efficiency analysis shows 
that the average technical efficiency turned out to be 
78 percent. Thus an average farmer is producing 22 
percent less than potential wheat output. This result 
divulges that the wheat farmers that used own-wheat 
seeds, instead of modern high yielding varieties are 
comparatively less efficient than those farmers, who 
cultivate modern wheat varieties. For high wheat 
yield, it is necessary for the farmers of Pakistan that 
they make the most of new and approved wheat vari-
eties that go well with the climatic condition of their 
area. Though in this progression, farmers have to ex-
pend more money for most recent wheat seed variety. 
However, the end results are more profitable then cost 
of seed input. The most imperative elementary con-
clusions of the study have been that the traditional 
wheat variety is negatively affecting the wheat yield 
in the study area. As the new wheat growing season 
is approaching, government should immediately an-
nounce the approved and censured wheat seed varie-
ties and, make it possible to descend this information 
towards farmers. Government needs to take few steps 
through regulation to curb fake and low yielding sup-
ply of wheat seeds in the country. It is necessary to 
solicit for the issuance of an ordinance to ensure the 
supply of quality of recommended seeds/varieties to 
the farmers. 
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