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Abstract: This study examines the factors affecting the adoption of high-yield wheat varieties by
wheat farmers in Sindh, Pakistan. A cross-sectional data of randomly selected 240 wheat farmers
from Shaheed Benazirabad and Naushahro Feroze districts in the middle region of Sindh, Pakistan
were collected for this study. We performed the probit model to estimate factors that influence the
adoption of improved wheat varieties. The results drawn from the estimations show that the adoption
of improved wheat varieties by farmers in the study area was positively and significantly influenced
by education, farming experience, landholding size, tube-well ownership, extension contact and
access to credit. The study recommends that public and private sectors should encourage access to
extension service to improve of dissemination of certified seed of wheat crop among the growers
through trainings, workshops and seminars.
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1. Introduction

Presently, developing countries are facing two key challenges such as ensuring food security
and poverty alleviation. The enhancement of crop production is considered an important for
improving the welfare of small-scale farmers in these countries. With rapidly growing population
rate and limited cultivable farm land, in the agriculture sector technological involvement seems to be
the only viable option for developing economies to feed the increasing population and generate
employment. The adoption rate of high-yield varieties by large and smallholder farmers is expected
to provide impetus to increase crop production, which can help to reduce poverty and increase rural
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household food security [1-3]. Pakistan’s economy is primarily based on agriculture sector and this
sector accounts for almost 19.5% to the GDP and employs 42.3% of the labor force. An estimated
population of Pakistan is 199.1 million. Out of total population 80.72 million lives in urban areas
whereas 118.38 million lives in rural areas, which are directly or indirectly engaged in farming
related activities for their livelihood [4]. In terms of the cultivated area, production and yield, wheat
is the largest and main staple food crop followed by rice and maize in Pakistan. Wheat crop alone
contributes 9.6% value addition in agriculture and 1.9% to the GDP of Pakistan [4]. For 2016-2017,
area sown for wheat is estimated at 9052 (000 hectares), 1.9% lower than last year’s area sown of
9224 (000 hectares). The estimated wheat production remained 25.750 million tonnes, indicating an
increase 0.5% over the last year’s production of 25.633 million tonnes (GOP, 2017) (Table 1).

Table 1. Area, production and yield of wheat in Pakistan

Year Area Production Yield
(000 Hectares) Change (%) (000 Tonnes) Change (%)  (Kgs/Hec.) Change (%)
2010-2011 8,901 -25 25,214 8.2 2833 11.0
2011-2012 8,650 -2.8 23,473 -6.9 2714 -4.2
2012-2013 8,660 0.1 24,211 3.1 2796 3.0
2013-2014 9,199 6.2 25,979 7.3 2824 1.0
2014-2015 9,204 0.1 25,086 -34 2726 -35
2015-2016 9,224 0.2 25,633 2.2 2779 1.9
2016-2017% 9,052 -1.9 25,750 0.5 2845 24

Note: ? Provisional (July—March). Source: GOP (2014, 2017 p. 28, 24)

In Pakistan, since 1971 almost one hundred and seven (107) improved wheat varieties have
been developed and released. About 25 percent leads to increase in wheat productivity by using
improved varieties [5]. The main varieties grown throughout the Sindh province of Pakistan are such
as Benazir, Galaxy, TD1, SKD1 (Sakrand-I), Kiran, Abdul Sattar, Maxi, Sahher and local Sindhi
respectively [6-8]. However, rate of adoption of improved high-yield wheat varieties is quite low in
developing countries like Pakistan. The small-scale wheat farmers make use of traditional varieties
whose productivity is quite low as compared to the improved wheat varieties. It is due to various
technical and socio-economic constraints including limited supply of improved seeds varieties, less
adoption of modern agricultural technology, high prices of fertilizers and inadequate credit facilities
for purchase of agricultural inputs are the major socio-economic constraints [9-11].

Farooq et al. [10] observed that less accessibility and high prices of improved wheat varieties
are the main reasons for its quite low adoption and resulted in lower wheat production in Pakistan.
Similarly, Pandit et al. [12] observed that replacement of traditional wheat varieties with improved
and certified varieties increased wheat productivity. The extensively adoption of improved wheat
varieties will manifold the wheat production in Bangladesh. Adoption of IWVs compared to the
conventional varieties increased the wheat production and doubled the returns for wheat crop
growers [13]. To solve these problems, public seed sectors such as Pakistan Agricultural Research
Council (PARC), Punjab Seed Corporation (PSC), Sindh Seed Corporation (SSC), NWFP
Agricultural Development Authority (ADA), Balochistan Department of Agriculture (BDA), and
private seed sectors including 367 national seed companies including 5 multinational seed companies
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have made restless efforts to bring about change in agricultural production system of the farmers.
They have introduced modern agricultural technologies like use of improved high-yield varieties,
fertilizers and as well as improved farm implements, in relation to crops, which seem to increase in
yield. This shows that there are various factors directly or indirectly affecting adoption of modern
agricultural technologies that are believed to bring about change in farmers’ productivity [14].
Improving agricultural productivity at the household level is important to achieve food security [15].
The determinants of adoption of IWVs has been examined for several countries in different
regions of the world including China [16], India [17], Turkey [18], Ethiopia [19-22], Nigeria [23],
Ghana [24], Kenya [25], Sudan [26], Tanzania [27] and Eastern Zambia [28], respectively. In
Pakistan few studies have done [6-8,29-31], but they examined technical efficiency of yield of
wheat and impact of agricultural credit on the yield of wheat. Several socioeconomic factors
affecting adoption of wheat varieties such as farm size [18,32-35], farm assets like tube-well
and tractor-ownership [36,37], household savings [38], off-farm income [39-41], financial
constraints [42], accessibility of credit [8,43-45], ownership of livestock [46], own farmland,
non-farm work [47], gender of the household head [3,48-50], formal education, family size,
experience, market distance, appropriate usage of fertilizers, better irrigation systems, hired labour,
fertility of soil, climatic conditions [7,39,51-53], contact with extension agents, participating in
several agricultural related programs and trainings, membership to farmer groups [54], field visit
days [55] and use of information communication technology (ICT) [56-58], respectively. Therefore,
the main purpose of the present paper is to assess the determinants of adoption of improved wheat
varieties in Sindh, Pakistan.

2. Materials and methods
2.1. Study area and sampling method

The field survey was conducted in two districts of Sindh province of Pakistan namely Shaheed
Benazirabad previously known as Nawabshah and Naushahro Feroze. The total area of district
Shaheed Benazirabad is 4502 Sq.Kms whereas total population is 1,071,533 persons. Out of total
population, 282,359 (26.35 percent) live in urban areas while 789,174 (83.19%) live in rural areas.
The average family size of this district is 6.0 [59]. On the other hand, the area of district Naushahro
Feroze is 2945 Sq.Kms. Further, total population of this district is 1,087,571 persons. Out of total
population, 192,404 (17.69 percent) live in urban areas and 895,167 (82.31 percent) live in villages.
The average family size of this district is 5.8 [59]. Agriculture is the main activity in these two
districts of Sindh province of Pakistan and main crops grown are wheat, sugarcane, rice, maize
vegetables and fruits, respectively. Agriculture sector of these districts is in transition phase and
modern agricultural technology is being adopted quite rapidly by large and smallholder farmers and
as a consequence the crops production as well as the food security situation improved over the last
few years. The present paper used survey data, which was collected from two districts of Sindh
province of Pakistan during November to December, 2016. The data were collected using
multi-stage random sampling method. At the first stage, Sindh province was purposely selected. At
the second stage, two districts (Shaheed Benazirabad and Naushahro Feroze) were randomly selected
for this study, where wheat is one of the major crops grown. Eight villages from each district were
randomly selected at the third stage. At the final stage, 240 wheat farmers from selected villages (15
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wheat farmers from each village) were personally interviewed using the well-designed detailed
survey questionnaires. The survey covered a number of socioeconomic characteristics information of
the sampled wheat farmers such as age formal education, family size, farming experience, farm size,
market distance, credit availability, extension, tractor ownership and tube-well ownership,
respectively. The data was analyzed utilizing probit regression model to determine the factor
influencing adoption of IWVs in the study area.

2.2. Theoretical and empirical framework

Adoption of modern agricultural technology and usage of main farm inputs are the outcomes of
optimization by heterogeneous agents [60,61]. This optimization takes place in the existence of
information, accessibility of formal credit, constraint budget and the availability of modern
agricultural technology and other farm inputs. Consequently, farmers are assumed to maximize their
utility function subject to these constraints [62]. The variance among the utility from adoption of
improved varieties (U;,) and the utility from not adoption of modern agricultural technology (U;y)
may be represented as (Uj) such that a utility maximizing the rural household, i, will choose to
adopt modern agricultural technology if the utility gained from adopting is higher than the utility
from not adopting modern agricultural technology (Ui = Ujy — Ujy > 0). Meanwhile these
utilities are unobservable, they can be shown as a function of observable elements in the latent
variable model as expressed in Eq.1. By following studies [61-65] the adoption decision can be
modeled in a random utility framework as follows:

Ui = X0 + i,

Ui:{lifU*>0} "

0 otherwise

Where, U is the latent variable which denotes the probability of the farmer’s decision to adopt
IWVs, and takes the value ‘1’ if the farmers adopt IWVs, ‘0’ otherwise. The term X; indicates
explanatory variables explaining the adoption decision, ¢ is a vector of parameters to be estimated,
and p; denotes the error term assumed to be independent and normally distributes as p;~N(0, 62).
Based on the above mentioned theoretical model and earlier studies experiences [62, 63, 65—69] we
selected our explanatory variables and specified an empirical probit regression model as follows:

U= Yo + P1X1 + Xy + P3X3 + PuXy + YsXs + YeXe + ;X7 + PgXg + PoXy +
Y10X10 + & (2

Where, U; is adoption of improved wheat varieties (1 if the farmer adopts improved wheat
varieties and 0 otherwise), X; denotes age of household head in (years), X, represents household
head’s schooling in (years), X5 represents farming experience in (years), X, represents household
size in (numbers), Xs represents farm size in (acres), X, represents market distance in (Km), X,
represents tractor ownership (1 for ownership, 0 otherwise), Xg represents tube-well (1 for ownership, 0
otherwise), Xy represents extinction (1 for contact to extension, 0 otherwise), X;, represents credit
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facility (1 if household have availed credit facility, 0 otherwise), y,to y,, are the coefficient
terms and §; is the error term.

3. Results and discussion
3.1. Descriptive analysis

Summary statistics and explanation of the variables are displayed in Table 2. The results show
that the average age of the household head is 42 years while an average of 7 years, farmers had
formal education. Whereas, the average farming experience of the farmers is 25 years. The average
family size is almost 9 persons in the study area. Further, land assets are very much important
endowment for rural households; an average farm size is almost 14 acres. The mean distance from
village to the inputs market is about 8 kilometers. Additionally, about 37 percent respondents had
tractor ownership. After the tractor ownership, tube-well ownership of the respondents is the next
very important farm asset and about 53 percent of the respondents had their own tube-wells. Finally,
about 48 percent of the wheat farmers had access to extension services while 68 percent had availed
credit facility.

Table 2. Socio-economic characteristics of the wheat growers.

Variable Description Mean SD
Age Age of household head in years 42.875 11.565
Education Household head’s schooling in years 7.008 4.818
Experience Experience of the sample respondents in years 25.795 7.623
Household size Number of total family members in the household 8.916 2.569
Farm size Area under wheat crop in acres 13.621 12.921
Distance Distance of market in kilometers 8.033 4.550
Tractor 1 if farmer has tractor ownership, 0 otherwise 0.379 0.486
Tube-well 1 if farmer has tube-well ownership, 0 otherwise 0.533 0.499
Extension 1 if farmer has extension contact, 0 otherwise 0.483 0.500
Credit facility 1 if farmer has availed credit facility, 0 otherwise 0.683 0.466

Source: Survey results, 2016.

Table 3 reports the difference in a number of socioeconomic characteristics of the sampled
farmers that adopted the improved wheat varieties and those that did not adopt in the study area. The
results show that the difference in formal education is negative and statistically significant at 1%
between adopters and non-adopters of improved wheat varieties. Likewise, the difference in farming
experience is negative and significant at 5 percent. Similarly, the mean area allocated to adopters and
non-adopters of improved wheat varieties is 17.48 and 11.62 acres and the difference in farm size is
negative and significant at 5 percent. Additionally, the results show that the difference in distance of
inputs market is positive and statistically significant at 10 percent, demonstrating that not adopters of
improved wheat varieties farmers are farther away from main inputs markets compared to adopters
of improved wheat varieties in the study area. In addition, most of adopter of improved wheat
varieties had farm assets ownership like tractor and tube-well ownership and had more access to
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credit, compared with non-adopters of improved wheat varieties. Finally, there is no significant
difference in age, household size and access to extension services between both groups of adopters
and non-adopters of improved wheat varieties in the study area.

Table 3. Difference in socioeconomic characteristics of adopters and non-adopters of IWVs.

Variable Adopter Non-adopter Difference t-value
Age 44.3443 43.3770 -0.96721 -0.418
Education 8.6066 6.4754 -2.13115 —2.625%**
Experience 27.5246 24.5410 -2.98361 —2.396**
Household size 9.1475 9.0164 -0.13115 -0.277
Farm size 17.4867 11.6269 -5.85984 —2.237**
Access to credit 0.9016 0.6557 -0.24590 —3.223***
Access to extension service 0.3934 0.4426 0.04918 0.477
Distance to market 8.3443 9.6885 1.34426 1.673*
Tractor ownership 0.4262 0.2623 -0.16393 -1.800*
Tube-well ownership 0.4754 0.2459 -0.22951 —2.425%**

Note: ***, ** and * imply 1, 5 and 10 percent level of significance, respectively.
Source: Survey results, 2016.

3.2. Empirical analysis
3.2.1.  Determinants to the adoption of improved wheat varieties

In Sindh, Pakistan, improved wheat varieties are produced and marketed by the formal sectors
and directly purchased by rural households from public like Sindh Seed Cooperation (SSC) and
private companies include Bayer Pakistan (Private) Limited, FMC, Syngenta and Four Brothers
Seeds Corporation Pakistan under a better quality assurance system was defined as improved or
certified seed. In Rabi season (October—November), wheat is mainly grown in over all areas of Sindh,
Pakistan and is harvested in March and May [6,7,70]. Probit regression model was employed in
estimating factors that affect adoption of improved wheat varieties. The empirical results of the
model are reported in Table 4. This study used dummy dependent variable, which takes the value 1
if the farmer adopted improved wheat varieties and 0 otherwise. The LR chi? value is statistically
highly significant at 1 percent level, demonstrating the robustness of variables included in the probit
regression model. Education plays a fundamental role in adopting of new agricultural technology; the
coefficient of education is significant at 10 percent and positively associated to the adoption of
improved wheat varieties. This results show that better educated farmers get technical information on
new technology from research stations and extension contact. Further, educated farmers more likely
to adopt improved wheat varieties, which is consistent with the findings of the studies [71-74], they
found significant relation of education with adoption of improved wheat varieties. The coefficient of
farming experience variable is significant at 5 percent and showing positive association with
adoption of improved wheat varieties. This result implies that more experienced wheat growers have
better technical knowledge, able to assess the ricks related with use of modern agricultural technology
and are more likely to be getting possible profits from investment in new technology [37,75,76]. The
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study further shows that the coefficient of farm size variable is also significant at 5 percent and
positively associated with adoption of improved wheat varieties. The land as a basic input shows that
large landholding farmers are more likely to have more opportunities to learn about modern
technologies by first experimenting with innovations to see their results before adopting on large
scale. This finding is confirmatory with the findings of the studies [8,19,72,73], who found positive
effects of farm size on adoption of the new technology. The coefficient of distance to market is
statistically insignificant and showing right positive linked with adoption of IWVs in the study area;
this means distance increase to inputs market increase transaction and information costs, thus,
reducing the likelihood of the farmers to adopt new wheat technology [64,72,77-80]. The coefficient
of tube-well ownership is found to be significant at 5 percent, while the coefficient of extension
contact is positive but not significant. Finally, the coefficient of credit facility is found to be
significant at 5 percent and showing positive association with adoption of IWVs. Credit availability
IS a very important factor in adoption of new technology. This result implies that those wheat
growers with credit facilities are more likely to adopt improved wheat varieties in the study area.
This result is confirmatory with the findings of the studies [23,72,81].

Table 4. Parameter estimates the adoption of improved wheat varieties.

Variable Coefficient z P>|z| [95% Conf. Interval]
Age -0.0078 (0.0136) -0.57 0.567 -0.0346818 0.0189987
Education 0.0402 (0.0236) 1.70* 0.089 -0.0060631 0.0865111
Experience 0.0396 (0.0209) 1.89%* 0.059 -0.0014363 0.080819
Household size 0.0737 (0.0589) 1.25 0.211 -0.0417276 0.189311
Farm size 0.0273 (0.0135) 2.01** 0.044 0.0007342 0.0539923
Distance 0.0035 (0.0241) 0.15 0.884 -0.0438694 0.0509503
Tractor ownership ~1.0944 (0.3004) ~3.64***  0.000 -1.683318 -0.5055991
Tube-well ownership 0.5327 (0.2725) 1.96%* 0.051 -0.0013344 1.066876
Extension 0.1368 (0.2182) 0.63 0.530 -0.2907848 0.5645794
Credit 0.4422 (0.2333) 1.90** 0.058 -0.015149 0.8997058
Constant ~1.1119 (0.6444) -1.73* 0.084 —2.374994 0.1511511
LR chi? (10) 32.19

Prob > chi? 0.0004

Pseudo R? 0.1488

Pseudo likelihood -92.04176

Note: Robust standard errors in parentheses. ***, ** and * imply 1, 5 and 10 percent level of significance, respectively.
Source: Survey results, 2016.

3.2.2.  Marginal effect analysis

Adoption of improved wheat varieties is likely to be influenced by several socioeconomic
characteristics of the wheat farmers. Table 5 reports the results of marginal effects analysis. The
findings of marginal effects estimation show that education, farming experience, household size,
landholding size, tube-well ownership, extension contact and credit availability positively influenced
the adoption rate of improved wheat varieties in the study area. The marginal coefficients of
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education level is (B, = 0.0082), which imply that 1 percent increase in formal education, the
probability of adopting improved wheat varieties will increase at 0.0082 percent. Likewise, the
coefficient of farming experience is (B; = 0.0081); this implies that 1 percent increase in farming
experience; the adopting probability of the wheat grower would increase by 0.0081 percent.
Whereas, the coefficient of household size is (B4 = 0.0150). Further, the coefficient of farm size
is (Bs = 0.00055); this results implies that 1 percent increase in farm size the adopting probability
of the wheat grower would increase by 0.0055 percent. The coefficients of tube-well ownership,
extension contact and credit availability were positive and significant. These results imply that 1
percent increase in these variables the probability of adopting of improved wheat varieties will
enhance by 0.11, 0.02 and 0.09 percent, respectively.

Table 5. Determining adoption of improved wheat varieties (Marginal Effect).

Variable Marginal effect z P>|z| [95% Conf. Interval]
Age -0.0016 (0.0028) -0.57 0.568 -0.007093 -0.007093
Education 0.0082 (0.0047) 1.73* 0.084 -0.0011 0.01753
Experience 0.0081 (0.0041) 1.94** 0.053 -0.000094 0.016306
Household size 0.0150 (0.0119) 1.26 0.209 -0.00842 0.038561
Farm size 0.0055 (0.0026) 2.10** 0.036 0.000368 0.010809
Distance 0.0007 (0.0049) 0.15 0.884 -0.008963 0.010409
Tractor ownership -0.2584 (0.0745) -3.47*%**  0.001 -0.404576 -0.112353
Tube-well ownership 0.1111 (0.0574) 1.93** 0.053 -0.001456 0.223758
Extension 0.0279 (0.0446) 0.63 0.532 -0.05958 0.115437
Credit 0.0997 (0.0576) 1.73* 0.084 -0.013241 0.212803

Note: Robust standard errors in parentheses. ***, ** and * imply 1, 5 and 10 percent level of significance, respectively.
Source: Survey results, 2016.

4. Conclusions and policy implications

Adoption of improved high-yield variety is a key input factor for the enhancement of crop
production and food security status of the farmers in Pakistan. On the other hand, in rural Pakistan,
rate of adoption of improved wheat varieties is relatively low, especially among smallholder farmers.
The main purpose of this research is to examine the determinants of adoption of improved wheat
varieties in Sindh, Pakistan by using the probit model. This study used a random sampling method to
collect the data from 240 wheat growers through a face to face interview. The results drawn from the
estimations reveal that the adoption of improved wheat varieties by farmers in the study area was
positively and significantly influenced by education, farming experience, landholding size, tube-well
ownership, extension contact and access to credit. Based on the empirical findings of this paper, our
study suggests that public and private sectors should encourage access to extension service to
improve of dissemination of certified seed of wheat crop among the growers through trainings,
workshops and seminars, respectively. Credit availability was found as one of the very important
factors influencing the adoption of improved wheat varieties in the study areas. In rural areas of
Pakistan, agricultural credit is mainly provided to the farmers by ZTBL, Commercial Banks,
Domestic Private Banks, Microfinance Institutions and NGOs, respectively. Credit facilities are very
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important for the growth of agricultural sector and rural development. Therefore, it is also
recommend that formal sources of credit should supply timely and easy agricultural credit to farmers
at the sowing time of wheat crop and farmers get more benefit.
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