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ABSTRACT

Agricultural technologies have been promoted by the government to
increase productivity and efficiency. However, adoption of new
technology is very low because of lack of knowledge and awareness.
The study estimates the impact of agriculture technology adoption on
productivity and efficiency. The current study uses primary panel data
of base year (2006-07) and end year (2018-19). Further, it has also
explored the socioeconomic indicators responsible for productivity and
efficiency in the area. A propensity score matching approach has been
used to identify the factors responsible for productivity and efficiency.
The ordinary least square (OLS) and frontier production functions are
used to estimate parameters of agriculture technologies. The seven
technologies have significant impact on various levels and positively
affect productivity in the area. The positive factors influencing
efficiency are farmers age, education of farmer and farmer operational
area while during 2018-19, the factors increase technical efficiency are
family size, household family member employment, livestock
ownership and operational area respectively. The study recommends
some policy implementation that improves the technological adoption
to increase productivity and efficiency in the region.
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1. INTRODUCTION

Agriculture sector growth is an important sector in fostering economic development and feeding the
growing population specific to developing countries. The previous studies show that area expansion and
irrigation have already become a minimal source of output growth at a world level. The agriculture
sector's growth depends on new and improved technologies adoption. Empirical findings indicate that the
advantages of modern agricultural technology benefit the poor both directly by increasing farm
households' earnings and indirectly through expanding employment options with rising wages (Nguezet et
al., 2011).

Productivity is the combination of output to input (ratio of output to input). At its most central level,
productivity measures the amount produced by a target group at a given set of resources and inputs.
Productivity may be measured as a single entity or group of farms at any geographical location. Micro-
based actions are required for the comparison of productivity between farms. Productivity is taken as a
measure of performance. It is defined as the ratio of outputs to inputs. The ratio shows the performance
level. Productivity is considered an economic concept because it measures the amount of output produced
from available resources. It also indicates a good measure of sustainability over time (OECD, 2001).

In keeping with international initiatives like the 2030 agenda for sustainable development, several nations
have implemented programmes to increase agricultural output. Where this sector is a significant economic
sector, the agriculture sector is of highest concern. Because it successfully reduces poverty through
improved food security and higher farmer income, increasing agriculture production is crucial. According
to empirical studies, this will eradicate hunger. In order to embrace and enhance production techniques
and technologies, productivity can be increased. Agriculture productivity measurement dates back to the
traditional theory of economic growth and is not a recent development. Various scholars' most significant
contribution is to improve our understanding, measurement, and analysis of agricultural productivity
(Solow, 1957).

Most developing nations must make increasing overall production and productivity a top priority in their
policies; it is not a choice. It is possible to increase output and productivity in two different ways. The
first is accomplished by improved input utilization and/or technology advance at the level of input.
Enhancing the effectiveness of producers or businesses that have shown a fixed level of inputs and
technologies is the second strategy to increase productivity. Research on efficiency assessment is still
important, especially in developing nations where resources are limited and possibilities to advance their
economies by creating or using superior technologies are disappearing. The most common economics
concept is efficiency (Tadesse et al., 1997).

The current study’s primary objective is to assess how adopting new agricultural technologies affects
production and efficiency. Adoption of agricultural technology is essential for increasing production and
efficiency. In order to determine how these technologies, contribute to productivity and what factors
affect efficiency levels in the Faisalabad district, Punjab (Pakistan) by using seven technologies. The
objective of the current study is the evaluation of agricultural technologies and associated factors. It also
explores the factors responsible for boosting technological efficiency.

The main objectives of this study are:
e To examine the role of agriculture technology adoption on productivity and efficiency in the area
for both periods (2006-07, 2018-19).
e To explore socioeconomic and other factors responsible for technical efficiency in the area for
both periods (2006-07, 2018-19) and to assess the change during the study period.
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Based upon the study's research as mentioned above questions and objectives, the following hypotheses
are formulated for the present essay.
e Hai: Agriculture Technologies Adoption is responsible for agriculture productivity in the district
Faisalabad, Punjab, Pakistan.
e Hy: Agriculture Technologies Adoption has the same impact for both periods; base period 2006-
07 and end period 2018-19.
e Hs: The socioeconomic, demographic, and assets variables are influencing factors of technical
efficiency in the Faisalabad district, Punjab (Pakistan)

The empirical studies conducted in developed and developing countries to investigate the factors
responsible for productivity and efficiency. The previous studies used production, cost, etc., functions to
determine factors responsible for productivity and identify efficiency factors. A few or no studies were
conducted to assess the impact of technological adoption on productivity by using panel primary data.
The current study fills this gap by using seven various technologies' adoption roles in productivity, and
further investigated factors accountable for efficiency in the area.

Additionally, the previous studies used cross-sectional data for one year or secondary data to assess the
productivity and efficiency factors. But the current study identifies the technology adoption role in
productivity and efficiency factors by using micro panel data collected from field surveys (farmer
interviews) from the district for two time periods (2006-07 base period & 2018-19 end line period). A
separate analysis has been done for a comparative analysis of both periods.

So, the current study has an outstanding contribution to literature and future policy option to assess the
technology adoption role in productivity and efficiency. The study opens a new horizon to evaluate the
province, Punjab, to conduct investigations in a broader perspective by using more than two time periods
to assess the actual change of this technology adoption for future policy analysis.

2. LITERATURE REVIEW

Improved agriculture technology adoption can increase productivity, farmer income, and food security
issues. There is an expanding trend of literature review considering the impact evaluation of agriculture
technology on productivity.

The study finds the impact of technology adoption on productivity for Bangladesh during 2015 by taking
data from rice-growing farmers. The results show that farmers have used a high level of technology in
seed variety and irrigation technology, medium level in land preparation, pest management, and fertilizer
usage during the low level in weeding and harvesting. Education and landholding have a significant
positive impact on technology adoption and productivity (Khatun & Haider, 2016).

The study has focused on Asian countries to cater to food security in the region by considering rice crops
in Bangladesh. The study also highlights the share of rice in Asian economies and household food
consumption reducing over time. Rice is the largest basis of calories for a significant majority of poor
consumers. A strategy has been presented at the international forum for price control and sustainability
over time (Timmer, 2010).

The study examines and evaluates the productivity development in French agriculture from 2002 to 2015
by taking into account total factor productivity as well as changes in technology and efficiency. Field crop
farms, dairy farms, beef farms, sheep and goat farms, and mixed farms are the five forms of farming. The
study assessed technological change and efficiency by using various factors. The most productive factor
is cropping farm (Adom & Adams, 2020).
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The study examines the productivity change in five different forms of farming in France between the
years of 2002 and 2015: field crop farms, dairy farms, beef farms, sheep and goat farms, and mixed
farms. The study also assessed TFP change, together with its technical and efficiency components, as well
as additional efficiency change components, for each of the five sub-samples. In order to compare
technological evolution, Fare Primont has also been used as a meta-frontier framework. TFP advancement
was seen in all forms of farming. The technology used by field crop farms is the most productive of all
the agricultural types, according to the meta frontier study (Dakpo et al., 2019).

The low production and productivity are due to inefficient application of modern farm technologies.
Adoption and efficient use of improved farm inputs are required to reduce food security. 231 samples are
used in the study. The stochastic frontier, Cobb-Douglas production function and logistic approach used
to determine the effects of adopting better farm inputs. The outcome demonstrates that yield is favorably
and considerably impacted by the amount of land, labour, seed, chemical fertilizer, and oxen allocated.
According to the logit model, market distance and crop diversity have a negative impact on the likelihood
of adopting improved inputs, while extension service, information access, and cooperative membership
have a positive impact (Beyene et al., 2020).

Improved seed adoption technology is positively correlated with productivity and efficiency. Differences
in efficiency are responsible for some of the diversity in productivity. Efficiency is impacted by the
increased seed usage since farmers frequently do not use the best amount of inputs. Its adoption has an
impact on production both directly and through efficiency. Compared to recycled maize seeds, improved
seeds increase productivity and efficiency, by using panel data. The findings imply that the increases in
production (efficiency) that would arise from ignoring one of the two would significantly outweigh the
advantages of better seeds. Although the improved seeds are more productive than conventional seeds,
there are trade-offs between productivity and efficiency since farmers use the better seeds less efficiently
than they do conventional seeds. It urged decision-makers to develop plans for boosting output and
efficiency (Ayalew & Debela, 2019).

The household level data of 1989-2009 used to find out the impact of improved agricultural technologies
on smallholders’ crop productivity and welfare. The endogenous treatment effect model was applied to
account for the selection bias on household technology adoption decisions. The study finds out the
positive and significant impact of improved technology on crop productivity and welfare. The major
factors responsible for productivity and welfare are education level, farm size, credit access, labor use, an
extension program, expenditure for modern input, and asset holding. The study recommends that
investment in research and development is necessary to improve productivity, food security, and the
welfare of smallholder farmers (Mekonnen & Tigist, 2017).

Tetteh Anang et al., (2020) examined the farmers technological choice affects by using maize farmers
data in Ghana based upon 340 sample. The probit model used for adoption decisions while double
bootstrap data envelopment analysis carried out TE (Technical Efficiency) truncated regression to assess
inefficiency sources. The findings shows that the farmer decision to adopt technology increases technical
efficiency.

Precision agriculture technologies have a positive and significant impact on sustainable agriculture
growth. These technologies included optimization of crop management, soil and resource, GPS guided
machinery, remote sensing and drone delivering positive and significant impact on productivity. The
study finds out that by enhancing precision agricultural technologies may lead toward increased crop
yield and profitability (Mohd Javaid et al., 2022).

40



Impact of Agriculture Technology Adoption on Productivity ...

This study provides valuable insights into the adoption of agricultural green production technology
among smallholders in China, particularly in Shaanxi Province, and its impact on rice production
efficiency. The adoption rate of AGPT among the 582 rice farmers surveyed was relatively low at 15.1%.
The average technical efficiency (TE) of rice production was found to be 0.312, indicating substantial
room for improvement in production efficiency. A range of factors significantly influenced the adoption
of AGPT by smallholders including household characteristics, family characteristics and social
characteristics. Adopting AGPT significantly improved the TE of rice production, with a reported
increase in TE of 18.8% to 24.5%. The study highlighted specific farmer characteristics that were
associated with higher improvements in TE from AGPT adoption (Li et al., 2021).

3. METHODOLOGY

The current study will use the stochastic frontier method to estimate farmers' technical efficiency who
used agriculture technology and innovation in panel data (2006-07 and 2017-18). The core element of
modern economic theory is the assumption that behaviour may be optimized from either a producer or
consumer perspective. According to economic theory, producers should maximize their output from both
a technical and economic perspective:

e From a technical perspective, producers optimize by not wasting any productive resources.
e From an economic perspective, producers optimize by considering allocation problems involving
prices.

Not all producers, meanwhile, are always able to solve both varieties of optimization problems.
Performance at the firm or industry level, defined as the ratio of output to inputs used by production units,
yielding a relative measure of performance applied to factors of production, may depend on a) production
technology differences; b) production process efficiency differences; or ¢) production environment
differences. Even though technology and the production environment are "basically the same," firms or
industries may display varying productivity levels at a given time due to variations in their production
efficiency.

The current study describes technology adoption efficiency, productivity, its measurement and role of
technology in productivity and efficiency. The first we have calculated technology adoption efficiency
that is the effects of technology adoption on farmers’ technology adoption efficiency. There are two major
approaches to measuring efficiency. These are SFA (Stochastic Frontier Analysis) and DEA (Data
Envelopment Analysis).

The other is productivity that is defined as the relationship between the volume of output and the volume
of input used to achieve a particular output. It measures the ratio of output to input. It is the center of both
macroeconomic (agricultural) and microeconomic growth (economy). Increased productivity leads to
increased output and income in the form of profits. Productivity indicators often fall into one of two
categories: "single productivity indicators" used in combination with "multifactor productivity."

Single-factor productivity refers to the amount of output produced by a single input, such as the
productivity of labour, land, or capital. The single factor productivity indicators are straightforward to
interpret, comprehend, and compute since both the numerator and denominator can be stated in physical
units that can be computed using a single data source. Total Factor Productivity (TFP) quantifies how
effectively all the primary production inputs are distributed throughout the production process and
specifies the contribution of each one. In contrast to partial productivity indicators, it gives a picture of
productivity and is directly related to unit production costs and market prices.
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In order to estimate the impact of agriculture technologies on productivity and efficiency, firstly the study
will evaluate the average effect of the technology on farmers’ productivity who adopted this technology.
The impact of technology on productivity is:

E(Y, —Y,|Z,DV =1) = (,1Z,DV = 1) — E(Y,|Z,DV = 1) 1)

Where E (.) is the expectation operator; Y; the yield of farmer adopted technology; Y, the yield of farmers
not adopted technology while observable covariates is measured by vector Z that shows farmers personal
and resource characteristics under both situations; DV is a dummy variable taking value 1 for adopted
technology and O otherwise; To remove the biasedness, propensity score to match adopters and non-
adopters have been proposed. So E (Yy|Z, DV = 1) = (Yy|p(Z),DV = 0) = E(Yy|p(Z)) where p (.) is the
propensity or likelihood of adopting technology based upon farmers' characteristics (Rosenbaum &
Rubin, 1983).

The three-step estimation method is used to assess the impact of agriculture technology on productivity
and efficiency of the farmers. Step I, a probability likelihood model is estimated for the technology
adopters to generate the propensity of being an adopter. At step I, the predicted propensity score will be
estimated. In the last step, the stochastic frontier model will be used for the efficiency score.

The probability that farmer i is adopting technology is a function of farmers’ personal and farm factors.
P;(adoption) = f(farmers personal characteristics, farm characteristics) (2)

For predicted probabilities scores of being adopters of technology, the following probit model will be
used:

p(Z) = Prob(6; =1|Z) =Z;a + ¢ (€))

Where p indicate the probability function while 6 is the binary variable having characteristics of 1 if
technology adopters 0 otherwise; Z is a set of farmer's personal and resource factors; € random error
distributed with mean zero and variance one e~N(0,1).

A firm is considered technically inefficient if it doesn't generate as much as is reasonable given the
resources at its disposal. Technical inefficiency can either enhance or decrease production since more can
be produced with the same amount of resources. Technical efficiency is merely one factor that contributes
to increased productivity and should not be mistaken with productivity (Farrell, 1957; Nishimizu & Page,
1982; Grosskopf, 2003). On the other hand, technical efficiency denotes to "how efficiently" a farm can
combine the many inputs and components of production to produce a maximum amount of output.
Productivity measures the amount of production that can be generated from a given set of resources. A
farm is more productive if it can produce the same amount of output with fewer resources or more output
with the same amount of resources. Although the availability of superior inputs may have contributed to
the increase in output, this does not necessarily imply that it is more technically efficient.

The notion of technological efficiency is based on the idea of the production frontier, which indicates the
maximum output made possible by the technology. The border between distinct countries, regions, and
agro-climatic zones varies as a result of technological differences.

It is a different method for estimating the frontier using parametric models. The anticipated production

from this method can be seen as an expansion of productivity analysis in the conventional method and is
consistent with neoclassical econometric theory. The efficiency is determined in relation to the stochastic
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frontier once it has been econometrically assessed for each observation. Efficiency establishes the greatest
production level for production. The distance between the observed point and the frontier is used to
guantify inefficiency when the firm's output is below the frontier. The cost actually exceeds the minimum
frontier due to inefficiency, and the frontier indicates the possible least cost in terms of cost efficiency.
The composite error term with two-sided symmetric and one-sided components is included in this method
to account for statistical noise and the sensitivity issue. This method distinguishes the efficiency estimates
from the standard white noise stochastic term (Lovell, 1995).

The Stochastic Frontier Analysis (SFA) for technical efficiency can be written as:
Qit = f (xit; B) * exp(€;¢) Fori=1,2,..,nandt =1,2,...,T 4
Where the composed error is:

€it = Vit — Uy (5)
Qit = f (xi; B) * exp(vir — Uyr) (6)
Qit = f (xit; B) * exp(vir) * exp(—u;) (6)

Deterministic  Noise Inefficiency

Component Component Component
The inefficiency effects u;; is separate from the statistical noise v;; in the composed error term ¢;; for
each farmer. The inefficiency results u;; in equation (5) can be expressed as:

Uie = Zjp6 + Wy (7

Where z;; is a (1x m) vector of independent variables. It affects a farmer's level of efficiency that
fluctuates over time. § is a (m x 1) vector of parameters to be estimated that are associated with a set of
explanatory variables in the inefficiency model. w;; is error term distributed independently truncated at -
z;z6 with mean zero and variance ou?. Farmers specific technical efficiency (TE) is a combination of
ratio of observed output to efficient output on frontier production function:

TE. — %: Qit _ E[Qi¢ /wit, xi¢]
. Qir  f(xie; B) * eXP(”it) E[Qit/uit = 0, x]
= exp(—u;) = exp(—z; 6 — wyr) 8

The specification of (7) allows for TE to vary across farmers and over time. The level of efficiency is in
the form of zero to one.

In empirical form, the logit model can be written as:

p(Z) = Prob(8; = 1|1Z) = ay + Yo, ay Zy +€;= ag + a1ISA + a,FMA + asWITA +
a,FUA + asAIEA + agISMAA + a;MPAA +€; 9)

The Cobb-Douglas function for the stochastic frontier model is written in the form:

logY; = Bo + B11og(IS) + B, log(FM) + B3 log(WIT) + B, log(FU)+Bs log(AIE) +

Belog(ISMA) + B, log(MP) + v; — u; (10)
The inefficiency model can be written as follows:
V; = 8y + 6,AG + 6,FZ + §3EDUF + 8,FS + 85FE + 8gEMP + 8,10 + 8304 (11)

Where Y; represents the yield produced by the ith farmer; IS represents the Improved/Hybrid Seed; FM
represents the Farm Mechanization; WIT denotes the Water Irrigation Technologies; FU denotes the
Fertilizer Usage; AIE represents Access to Improved Electricity; ISMA represents the Internet/Social
Media Access; MPA represents the Mobile Phone Access; AG denotes the Age of Farmer; FZ represents
the Family Size (Number); EDUF represents the Education of Farmer (years of schooling); FS represents
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the Farmer Specialization; FE represents the Experience of Farming; EMP represents the Household
Employment Status; LO represents the Livestock Ownership; OA represents the Operational Area
(Acres).

4. RESULTS AND DISCUSSION

This section represents results of productivity and efficiency models estimated for productivity and
efficiency impact for base period and end line. The maximum likelihood estimates of the stochastic
frontier production and efficiency model parameters are estimated using Stata 16.0 version and applied a
two-stage approach in our analysis. We have estimated the stochastic half-normal frontier production
function at the first stage, while we have estimated fOarm-specific efficiency determinants at the second
stage. For comparison, both Ordinary Least Square (OLS) and Frontier Production Function have been
estimated to determine the agriculture technologies adoption effects on productivity in the area.

The farm mechanization and fertilizer usage having positive significant impact on productivity during
base period 200607. In comparison, the frontier production function indicates that only fertilizer adoption
technology has a positive and significant role in productivity. It means if there is any change in fertilizer
usage, then productivity positively changes by 0.017. The access to improved electricity adoption
technology has a significant (5% level of significance) negative impact on productivity during 2006-07.
The results are presented in Table 1.

Table 1: Parameter Estimates of the Stochastic Frontier Production

Agriculture Technologies 2006-07 2018-19
g g OLS Frontier Function OLS Frontier Function
Coefficients

Improved/Hybrid Seed (IS) 0.040 0.015 0.051*** 0.051***
(0.035) (0.024) (0.012) (0.012)

Farm Mechanization (FM) 0.048*** 0.002 0.065*** 0.065***
(0.015) (0.011) (0.012) (0.012)

Water Irrigation Technologies (WIT) - - 0.062*** 0.062***
- - (0.012) (0.012)

Fertilizer Usage (FU) 0.029* 0.017* 0.090*** 0.090***
(0.013) (0.010) (0.016) (0.016)

Access to Improved Electricity (AIE) 0.017 -0.038** 0.035** 0.035**
(0.022) (0.017) (0.015) (0.015)

Internet/Social Media Access (ISMA) 0.037 0.034 0.030** 0.030**
(0.036) (0.025) (0.013) (0.013)

Mobile Phone Access (MP) 0.057 0.022 0.055*** 0.055***
(0.038) (0.027) (0.018) (0.018)

Constant 3.413%** 3.673%** 3.191*** 3.195%**
(0.010) (0.012) (0.026) (0.091)

-6.351*** -3.706***
(0.344) (0.055)

-2.509*** -10.743
(0.075) (47.29)

Source: Authors own Estimation using data set of 2006-07 & 2018-19. The values in parentheses presents the standard errors,
while asterisks describe significance level (10%, 5%, 1%) respectively.

The seven technologies utilized in the study; however, all play positive and important roles in
productivity during the end line (follow-up survey) of 2018-19 for OLS and frontier production function.
It suggests that the adoption of certain agricultural technologies plays a positive impact in determining
productivity. According to the OLS estimations, adoption of improved/hybrid seeds, farm mechanization,
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water irrigation technologies, fertilizer use, and mobile phone access all have a positive and substantial
impact on productivity. The area's productivity in 2018-19 is positively and significantly impacted by
access to improved electricity adoption and internet/social media access adoption technologies (5% level
of significant).

Results from the stochastic frontier production function between 201819 reveal that adoption of better or
hybrid seeds, agricultural mechanization, water irrigation technologies, fertilizer use, and mobile phone
availability all play a significant influence in productivity. While the adoption of greater access to
electricity and the internet/social media are significant at a 5 percent level, all of these technologies are
positive and significant at a 1 percent level of significance.

The stochastic frontier production results show that if there is a change in improved/hybrid seed
technology, there is a positive change of productivity of 0.051 while farm mechanization has 0.065,
respectively. Water irrigation technologies and fertilizer usage have a positive and significant impact of
0.062 and 0.090, respectively. Access to improved electricity, internet/social media access, and mobile
phone access also positively and significantly impact productivity. These technologies positively affect
productivity by 0.035, 0.30, and 0.55, respectively.

The technical efficiency of the sampled farmers of the local area has been assessed by applying the
technical efficiency equation. We have estimated technical efficiency for both periods; 2006-07 base and
2018-19 end-line respectively. Technical inefficiency exists in both periods, but the level of technical
inefficiency is higher during the base period 2006-07. On the other hand, it has reduced during the end
line period 2018-19. There is a change of adopters from 2006-07 to 2018-19 due to which there are
positive effects of technical efficiency level in the district Faisalabad, Pakistan.

The parameter estimates of variables used in technical efficiency are presented in Table 2. The technical
efficiency results show that during the base year (2006-07), the age of the farmer, education of the
farmer, and operational area have a positive and significant role in technical efficiency. It indicates that
these variables increase technical efficiency. The farmer education and farmer operational area have a
positive and significant role in technical efficiency. The previous studies confirm the results of farmer
education's positive effect on technical efficiency (Jamison & Moock, 1984; Mechri et al., 2017).

On the other hand, the significant negative factors responsible for technical inefficiency are farmer
specialization, farming experience, household employment status, and livestock ownership in the area
during the base period (2006-07). The results show that farmer specialization does not have any role in
technical efficiency during 2006-07 as it reduces technical efficiency like the experience of farming,
household employment, and livestock ownership.

The end-line survey (2018-19) results show that family size, household member employment, and
livestock ownership have a positive and significant role in technical efficiency determination in the
district Faisalabad, Pakistan. The family size variable indicates that as farmer family size increases, there
is an increase in its technical efficiency level due to increasing usage of new/improved technology
adoption to increase agriculture productivity (Boru et al., 2015).
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Table 2: Parameters Estimates of Efficiency Effects Model

Variables 2006-07 2018-19
Coefficients
Age of Farmer 0.002*** 0.0003
(0.001) (0.0004)
Family Size (Number) -0.004 0.0041**
(0.004) (0.002)
Education of Farmer (Years of Schooling) 0.003** 0.0012
(0.001) (0.001)
Farmer Specialization -0.021** -0.0044
(0.010) (0.006)
Experience of Farming -0.002** -0.0005
(0.001) (0.0004)
Household Employment Status (1,0) -0.046*** 0.0255***
(0.010) (0.006)
Livestock Ownership -0.026** 0.0126**
(0.014) (0.006)
Operational Area (Acre) 0.005*** 0.0013***
(0.001) (0.0004)
Constant 0.739*** 3.3967****
(0.025) (0.012)

Source: Authors own Estimation using data set of 2006-07 & 2018-19. The values in parentheses presents the standard errors,
while asterisks describe significance level (10%, 5%, 1%) respectively

The financial strength of farmers also has a positive and significant role in technical efficiency
determination. The farmer's financial stability is shown by the farmer's family members' employment
status and livestock ownership. These variables (family member employment, livestock ownership) have
a positive and significant role in technical efficiency during 2018-19. Farmer agriculture operational area
(acres) also has a positive and significant role in technical efficiency determination. The stochastic
frontier production function's overall findings indicate that the new and better agricultural technology
used in the study has a favorable and significant impact on productivity. In the district of Faisalabad,
Pakistan, during the 2018-19 academic year, the technical efficiency result reveals that family size,
employment of household members, livestock ownership, and farmer operational area have a positive and
substantial effect in enhancing technical efficiency.

5. CONCLUSION AND POLICY IMPLICATIONS

The study describes the role of agriculture technologies adoption in the district on productivity and
efficiency during 2006-07 (base year) and 2018-19 (end-line), respectively. A very few studies conducted
in Pakistan catering technologies adoption impact on productivity and efficiency. Some studies
investigated single or two technologies' impact on productivity and efficiency. In contrast, this study
includes seven types of technologies being used in the sector and announced by the government to assess
the effects of this technology on productivity and efficiency in the district. The sample for the survey is
720 farmers from two tehsils for each survey (base year & end line) collected through field survey during
wheat harvesting season from the district.

Agriculture productivity and efficiency have an important role in the agriculture sector and in meeting
food security. Various factors are responsible for their determination to boost productivity. Technical
efficiency measures the influencing factors accountable for its determination in the area.

The fertilizer usage technology adoption during 2006-07 has only a positive and significant role in
productivity using the stochastic frontier production model. The low or less impact being observed during
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this period because of the low technology adoption rate in the area and other factors beyond this study
may prevail for its low impact. The technologies used in this study showed a significant impact on
dependent variables i.e. productivity during 2018-19. These seven technologies have significance at
various levels and positively affect productivity in the Faisalabad district (Pakistan). The technologies that
have positive and significant impacts on productivity are improved/hybrid seed, farm mechanization,
water irrigation technologies, fertilizer usage, access to improved electricity, internet/social media, and
mobile phone access.

The technical efficiency positive influencing factors during 2006-07 are the farmer's age, education of
farmer and farmer agriculture operational area while some negatively impacting efficiency are farmer
specialization, the experience of farming, household family member employment and livestock
ownership. While on the other hand, during 2018-19, family size, household family member employment,
livestock ownership, and operational area increase technical efficiency.

The current study as overall recommends the following policy recommendations for future agriculture
productivity and growth:
e The agriculture extension officer must be in contact with farmers and conduct awareness
campaign for new and improved agriculture technologies.
e The farmer income and welfare are strongly linked with these technologies’ adoption. The
adopters have higher income level as compared to non-adopters.
e The government must introduce new and improved agricultural technologies at subsidized to
increase adoption level to increase productivity.
The current study is limited to only one district dealing with two tehsils sample data, in future, the
research may extend to more districts with more variables. In addition, in future, the same kind of analysis
could be extended for four provinces of Pakistan and a comparison can be done on the basis of results.
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