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Abstract: Sustainable supply chain management (SSCM) has recently received increasing attention
from researchers and the business community. Due to globalization and changing consumption
patterns, agri-food industries have undergone a transformation, and the sustainability of agri-food
supply chains has also received greater attention. However, the issues of SSCM at the upstream
level of the supply chain in agri-food industries have not been adequately empirically studied. This
paper aims to list key issues or constraints in the production and marketing through farmers’ group
discussions, supplemented by the literature, and empirically identifies key constraints to SSCM
of the citrus industry in Pakistan. The paper used cross-sectional data from 300 farmers involved
in the production and marketing of citrus in Punjab, Pakistan. Farmers were asked to answer on
a Likert scale data about potential constraints identified from the literature and farmers’ group
discussions. Kendell’s coefficient of concordance and the mean ranking technique was used to rank
and to identify the critical constraints in the production and marketing of citrus. In addition, factor
analysis (principal component analysis) was used for the grouping of these constraints. In production
constraints, factors, such as fertilizer, pesticide, and seed quality, climate change, high production
cost, and agricultural labor performance, are important. These constraints are aligned with some key
marketing factors, such as packaging, grading, and storage facilities. The findings convey messages
for policymakers to solve these issues and challenges at the upstream level of the SSCM chain in the
citrus and related agri-food industries.

Keywords: agri-food supply chains; critical issues; sustainability; citrus production; marketing;
Pakistan

1. Introduction

Agri-food supply chains play a pivotal role in providing farmers with access to markets,
which affect the social, economic, and environmental sustainability of rural peasants [1]. Farmers,
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agribusinesses, governments, and civil society must cooperate to promote inclusive and efficient food
systems, better integrate small farmers into supply chains and agribusiness, and improve their access
to markets. These models can increase the value added by raw materials, thereby boosting local rural
economies, food security, and nutrition, and off-farm employment. Small-scale producers provide over
70% of the world’s food needs, and agribusiness is an important source of global employment and
income. Improving the sustainability of the agri-food supply chain can benefit hundreds of millions of
poor households in developing countries.

In the past few decades, much literature on supply chain management in the manufacturing
and service sectors has been produced, but little attention has been paid to the agriculture sector [2].
The agriculture sector contributes a major part of human livelihoods and raw materials to other
industries in developing countries, such as Pakistan. Among agricultural products, food items
have been least explored in supply chain management [3]. Pakistan relies heavily on agriculture,
which accounts for about 19% of the GDP, 43% of the labor force, and about 67% of rural farmers’
livelihoods [4]. Although agriculture is the mainstay of rural farmers in Pakistan, rural poverty is
widespread [5].

The main cause of this widespread poverty is the dependence of the country’s agriculture on
traditional agricultural production systems. However, due to the recognition of the importance of
high-value agriculture (HVA), such as animal husbandry and horticultural products, farmers are
now shifting from traditional agriculture to agribusiness [6,7]. Therefore, to improve profitability,
SSCM of agri-food is now very important. However, Pakistan’s agricultural performance remains
sluggish. The main factors contributing to this slow performance include the slow rate of technological
innovation, limited adoption of progressive farming techniques, problems with the quality, quantity,
and timeliness of inputs, limited investment in construction and infrastructure maintenance, marketing
and trade restrictions, pest and livestock diseases, and limited amounts of credit for agricultural
production and processing [4].

The growth of HVA, the development of institutions for vertical integration, and other structural
changes in agricultural supply chains present opportunities and challenges for farmers in developing
countries. The opportunity for small farmers is to increase their income by participating in the modern
supply chains for HVA commodities. The challenge for smallholders is that HVA commodities usually
have a high cost of production and there are more risks in production and marketing. To overcome
these types of challenges, there should be strong vertical linkages between farmers and other supply
chain actors, but in some cases, farmers cannot meet modern food demands [7]. The background and
nature of these challenges must be fully understood throughout the production and marketing process
of the agri-food industry to develop and implement appropriate solutions for the improvement of
SSCM. Therefore, this study aims to identify and analyze key production and marketing constraints in
the SSCM of the citrus industry at the upstream level of the chain.

In recent years, production and marketing constraints at the upstream level of agri-food industries
have received enormous importance as a way of implementing SSCM practices. However, in the
developing country of Pakistan, farmers still face several challenges in sustainable supply chain
management practices. There is a need to address these constraints to facilitate widespread and
successful SSCM practices. Therefore, the basic aim of this study is to investigate the critical production
and marketing constraints of the citrus industry.

Supply chains operating in the Pakistan citrus industry are a typical example. They provides low
value to the farmers as well as to the consumers, and the challenges in the SSCM negatively affect
the overall performance of the industry, preventing it from reaching its full potential, particularly the
meager share of exports to the total mandarin production [8]. At the same time, the development of the
horticultural industry is in the government’s priority policy area, and public and private stakeholders
are deeply concerned with identifying solutions to resolve emerging challenges for the development
of the horticultural industry. To overcome these problems, this study provides guidance on how these
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challenges and issues should be addressed in a developing country, much less in a single industry,
such as Pakistan’s citrus industry.

Citrus is the leading fruit in terms of production in Pakistan, i.e., 2.36 million tons is produced
from an area of 206.6 thousand hectares [9]. Pakistan is also the 13th largest producer and 5th largest
exporter of citrus in the world [10]. The citrus market in Pakistan is segmented broadly in traditional or
informal and modern or formal sectors. The traditional sector includes direct sales as village retailers,
sales to intermediaries, and sales at traditional fruit and vegetable markets that exist in almost every
city in the country. The modern sector includes the sales to the local processors or juice manufacturing
factories, from where it is processed in different juices or exported after waxing and processing by
increasing its shelf life. Most of the small village farmers sell their produce through the traditional
channel [8,11].

In Pakistan, the fruit-bearing life of citrus orchard trees is 20 to 30 years, which is low compared
with other citrus producing countries, where its span goes up to 50 years [12]. The basic factor affecting
the citrus supply chain is a lesser use of high-quality citrus production techniques. Farmers do not
realize the orchard as an endeavor; rather, they grow citrus as additional crops in the field. So, they
are not able to fulfill the demand of the citrus crop at the time of need; they create a huge gap in
citrus production as they do intercrop different crops in the citrus orchard, which cause unfavorable
losses to the citrus plants and production [12]. Intercropping of valuable crops may increase crop
diversification and increase the sustainability of family farms, as crop diversification improves food
security and household diets, and reduces market and weather risks, not to mention environmental
sustainability [13]. However, this is not the case for Pakistan, as most citrus growers only cultivate
forage crops in citrus orchards. Due to the growth of several weeds in the orchard, the cultivation of
different forage crops leads to a reduction in citrus production [14]. In addition, the cultivation and
harvesting of forage crops can damage citrus fruits. This effect is more pronounced in the fruiting
stage of citrus [15].

The citrus supply chain along with other agri-food commodities has become ineffective, resulting
in a decrease in net returns with the passage of time [16]. Multiple factors are responsible for this
ineffective supply chain, including variant climatic conditions [17,18]. Inadequate technical support,
poor availability of improved varieties, outdated irrigation approaches, an infestation of diseases, and
abrupt climatic changes are stressors for the supply chain [19]. Poor planning and quality ignorance
are additional factors affecting supply [20]. Poor quality assurance followed by the adoption of
traditional packaging practices appears inconvenient for higher returns in the international market [6].
This miserable condition is costing a loss of millions to the national economy and the livelihoods of
the growers.

In the true sense, effective SSCM of citrus can harness the best outcomes and attract the
international market. Quality produce can boost livelihoods and present a significant share in
the national economy [21]. Apart from citrus, all HVA commodities are highly competitive in the
international market and get high returns. Citrus, in this regard, is special because of the strong
comparative advantage in mandarins [6]. Despite being one of the world’s largest exporters of
mandarins, entry into high-value markets has been tough thus far, possibly due to quality issues.

Despite the considerable amount of literature on the downstream levels of agri-food industries
for SSCM in Pakistan [7,22-24], no studies have attempted to empirically identify the constraints of
the upstream level for SSCM of agri-food industries, especially citrus. The upstream level of the citrus
supply chain is of prime importance for two reasons. First, it includes farmers who are the main actors
in the SSCM of the citrus industry. Second, the upstream level also severely affects participants at the
downstream level, ultimately affecting citrus exports. Considering the importance of citrus fruit in the
national economy and livelihoods, this study was planned to empirically identify the key constraints
on the upstream level in SSCM of the citrus industry in Punjab, Pakistan.
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Theoretical Background

There are several studies that have emphasized the constraints in the citrus supply chain
in Pakistan. These constraints cause enormous post-harvest losses in citrus fruits. For example,
Johnson [25] estimated that these losses were about 40% in Pakistani citrus fruit. Some studies have
shown that 35% of Pakistan’s total citrus production is lost in the process of supplying fruit from one
place to another [12]. The percentage of total post-harvest losses is even higher at the farmer level [26].
These statistics show that agri-food supply chains, such as citrus, are affected by various factors at the
upstream level of the chain.

The main actor at the upstream of the supply chain is the farmer, and the associated factors can
be aggregated into production and marketing constraints. In the past, SSCM only dealt with the
efficient production marketing of the raw material to its final destination [27]. However, today, several
other factors are also involved in SSCM, such as climatic factors and quality standards [27-29]. In the
future, it will become one of the biggest opportunities in the history of economics and commerce [30].
As incomes rise, there will be an increase in the demand for environmental standards and people will
become more concerned regarding environmental standards [31].

The literature suggests that at the upstream level of the supply chain, farmers are associated with
production and marketing related constraints [26,32,33] as shown in Figure 1. On the production side,
input related factors include the use of pesticides, fertilizers, irrigation, and seed, and all inputs used in
the production of such crops; institutional factors, such as the extension department and the access of
credit related institutions; climatic factors, including rainfall patterns, severe temperatures, smog, and
humidity, etc.; and economic factors, including farmers’ income related issues. On the marketing side,
input factors are replaced by output related factors and all others remain the same. Output related
factors include any quality issues of the produce, output packaging, and output grading, etc.

Institutional Climatic
factors factors

Economic

Input factors

factors

arket]ng constraints k

H‘ Production constraints H

Output/quality Institutional Climatic Economic
factors factors factors factors

Figure 1. Factors contributing to the sustainable supply chain management (SSCM) of agri-food

commodities at the upstream of the chain.
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2. Materials and Methods

2.1. Identification of Constraints

For the listing and identification of potential constraints, five farmers” group discussions (FGDs)
were conducted in the study area. A total of 41 farmers participated in these FGDs, of which 6 to
11 farmers participated in the five sessions. To select farmers for the FGDs, a convenience sampling
technique was used. It is a non-probability sampling technique and is considered as being suitable for
the selection of FGD participants [34,35]. After the productive sessions of these FGDs, 30 potential
constraints were listed /identified for this study, as presented in Tables 1 and 2. After a thorough
review of these studies, the 30 constraints that we identified in the FGDs were sub-divided into two
distinct categories, i.e., production and marketing constraints. These listed production and marketing
constraints were also supported by the literature as they are well documented in previous research
(e.g., [11,12,24,33,36]), and therefore are more applicable. For example, inadequate extension and
technical information, poor quality of improved nursery plants, irrigation water shortages, infestations
of disease, pest attack, and climate change are frequently acknowledged in previous studies affecting
supply chain participation by farmers [12]. Thus, the identification of these potential constraints
focused on the factors that were reported by the farmers and also have received considerable attention
in the literature conducted in Pakistan and other countries in similar contexts. These constraints were
presented to the farmers in the actual survey for ranking on a Likert scale ranging from 1 to 5 (strongly
disagree to strongly agree). This is the more appropriate methodology, using well-known constraints
or factors, for this type of study. It also allows the respondents to respond easily [37].

Table 1. List of the potential production constraints supplemented from the literature.

Code Production Constraint Reference
S, Usman, Ashraf, Chaudhary, and Talib [12], Siddique [24], Nyaoga and
H1 Availability of labor Magutu [38]; SiddiquZ and Garnevska (2018C)l; Ezin et al}., [3§]
H2 Performance of labor Nyaoga and Magutu [38], Tsolakis et al. [40]
. .. Siddique, Garnevska, and Marr [8], Usman, Ashraf, Chaudhary, and
H3 Quality of pesticides Talib C[11 2], Siddique [24], Ghafoor, Muhammad, and Chaudhar}}lf [33]
. - Siddique [24], Ghafoor, Muhammad, and Chaudhary [33]; Usman et al.
H4 Quality of fertilizers q (2018); Siddique et al. (2018) y
. Siddique [24], Tsolakis, Keramydas, Toka, Aidonis, and Iakovou [40];
H5 Disease and pest attack 1 Usman et al. (201};3) ; Siddique et al. (2018)
Siddique [24], Tsolakis, Keramydas, Toka, Aidonis, and Iakovou [40];
H6 Severe weather condition Usman et al. (2018); Siddique et al. (2018); Ezin, Quenum, Bodjrenou,
Kpanougo, Kochoni, Chabi, and Ahanchede [39]
Siddique [24], Ghafoor, Muhammad, and Chaudhary [33], Tsolakis,
H7 Access to the latest production Keramydas, Toka, Aidonis, and Iakovou [40], Choudhary et al. [41],
information Shrestha [42]; Usman et al. (2018); Ezin, Quenum, Bodjrenou,
Kpanougo, Kochoni, Chabi, and Ahanchede [39]
H8 Access to credit Siddique [24], Ghafoor, Muhammad, and Chaudhary [33], Tsolakis,
Keramydas, Toka, Aidonis, and Iakovou [40]; Usman et al. (2018)
H9 Low quality of seed /varieties Siddique [24], Ghafoigohfg;fl:siirggzi; aerzc:1 E?;(ic;l)lary [33]; Usman et al.
Siddique [24], Choudhary, Kunwar, and Rasul [41]; Usman et al. (2018);
H10 Hard to manage fruit production Siddique et al. (2018); Ezin, Quenum, Bodjrenou, Kpanougo, Kochoni,
Chabi, and Ahanchede [39]
H11 Soil fertility is deteriorating Siddique [24]; Siddique and Garnevska (2018)
H12 Canal water is not available Siddique [24], Ghafoor, Muhammad, and Chaudhary [33]
L. Siddique [24], Ghafoor, Muhammad, and Chaudhary [33]; Usman et al.
HI3 High input costs 1 (2018); Siddique and Garnevska (20%78)
Less profitability in citrus with Sharif, Farooq, Malik, and Bashir [11], Tsolakis, Keramydas, Toka,
H14 competitive crops Aidonis, and Iakovou [40]; Siddique and Garnevska (2018);
Siddique et al. (2018)
Sharif, Farooq, Malik, and Bashir [11], Tsolakis, Keramydas, Toka,
H15 Higher risk in citrus production Aidonis, and Iakovou [40], Choudhary, Kunwar, and Rasul [41];

Siddique and Garnevska (2018)
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Table 2. List of potential marketing constraints supplemented from the literature.

Code Marketing Constraint Reference
c1 Perishable nature of the product Sharif, Farooq, Malik, and Bashir [11], Choudhary, Kunwar,
and Rasul [41]
Siddique [24], Tsolakis, Keramydas, Toka, Aidonis, and
G2 Lack of road infrastructure Iakovou [40], Shrestha [42]; Ezin, Quenum, Bodjrenou,
Kpanougo, Kochoni, Chabi, and Ahanchede [39]
Sharif, Farooq, Malik, and Bashir [11], Siddique [24],
a3 Lack of a transportation facility, Ghafoor, Muhammad, and Chaudhary [33], Tsolakis,
like a tractor trolley Keramydas, Toka, Aidonis, and Iakovou [40], Shrestha [42];
Usman et al. (2018)
ca Lack of a packaging facility in the Siddique and Garnevska [36], Nyaoga and Magutu [38];
village Usman et al. (2018)
G5 Lack of a packaging facility in the =~ Nyaoga and Magutu [38]; Siddique and Garnevska (2018);
union council Usman et al. (2018)
Sharif, Farooq, Malik, and Bashir [11], Siddique [24], Nyaoga
G6 Exploitation of the middlemen and Magutu [38], Tsolakis, Keramydas, Toka, Aidonis and
Takovou [40]; Usman et al. (2018)
c7 Lack of quality incentives for Tsolakis, Keramydas, Toka, Aidonis, and Iakovou [40],
proper packaging Shrestha [42]; Siddique and Garnevska (2018)
c8 Lack of quality incentives for Tsolakis, Keramydas, Toka, Aidonis, and Iakovou [40],
proper grading by size Shrestha [42]; Siddique and Garnevska (2018)
co9 Lack of quality incentives for Tsolakis, Keramydas, Toka, Aidonis, and Iakovou [40],
proper grading by variety Shrestha [42]; Siddique and Garnevska (2018)
G10 Lack of middlemen competition Siddique [24], Choiigagéiisg(zr’(ggf S;Qasul [41]; Siddique
Sharif, Farooq, Malik, and Bashir [11], Ghafoor, Muhammad,
Gl11 Lack of market price information and Chaudhary [33], Choudhary, Kunwar, and Rasul [41];
Usman et al. (2018)
G12 Rigging in F&V market price Sharif, Farooq, Malik, and Bashir [11], Shrestha [42];
settlement (boli) Usman et al. (2018)
Sharif, Farooq, Malik, and Bashir [11], Siddique [24], Nyaoga
G13 Lack of storage facilities and Magutu [38]; Usman et al. (2018); Ezin, Quenum,
Bodjrenou, Kpanougo, Kochoni, Chabi, and Ahanchede [39]
Sharif, Farooq, Malik, and Bashir [11], Ghafoor, Muhammad,
Gl4 Distance from F&V market and Chaudhary [33], Nyaoga and Magutu [38]; Usman et al.
(2018)
Gl5 No marketing investment Sharif, Farooq, Malik, and Bashir [11], Nyaoga and Magutu

[38], Choudhary, Kunwar, and Rasul [41]

2.2. Data Collection and Study Area

Following Razzaq et al. [43], a multistage sampling technique for a better representation of the

study area was used to select the suitable sample size. In the first stage, the district of Sargodha was
purposely selected due to it being the most significant district in terms of production. In the second
stage, three Tehsils, i.e., Bhalwal, Kotmomin, and Sargodha, were randomly selected. In the third
stage, 10 villages from each tehsil were randomly chosen, and in the final stage, at least 10 respondents
from each village were interviewed through a well-structured questionnaire. Thus, the study used a
sample size of 300 respondents, including a mix of traditional and modern supply chain participants
representing all farm size categories of small, medium, and large farmers. The sample size used for the
study is in accordance with the past literature carried out using this type of analysis [7,8,12].

Prior to the data collection, the purpose of the research was described to the respondents, and
verbal consent was obtained from all the respondents. Participation in the survey was entirely
voluntary. We assured participants of the anonymity and confidentiality of their responses. Data were
collected by trained interviewers who were graduate students in agricultural economics.

The study was carried out in the Punjab province of Pakistan, as shown in the study area map
in Figure 2. Punjab is the largest province in terms of population and the second largest in terms of
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area [44,45]. Punjab’s share of the agricultural GDP is also the highest among all other provinces [4].
Mixed farming is often practiced in Punjab as almost every farmer grows crops and raises dairy
animals [46,47]. In terms of horticultural crops, Punjab is the largest producer of mandarins, i.e., more
than 98% of mandarins are produced in the province [9]. During 2017-2018, the total production
of citrus in Punjab was 2.12 million tons, out of which 1.12 million tons, i.e., about 53%, came from
the Sargodha district out of the 37 districts of Punjab [48]. Therefore, the district of Sargodha was
purposely chosen for this study.

District Sargodha

o

[ %
T
[

Pakistan

o} 25 50 100 150 200
Kilometers

Figure 2. Study area map.
2.3. Data Analysis Technique

The following statistical analysis techniques were used for the constraint analysis.

2.3.1. Reliability of the Data Scale

The reliability of scale is most popularly assessed by the Cronbach alpha method [37].
It determines the mean correlation or the internal consistency among factors in the questionnaire to
assess the question’s reliability. The Cronbach alpha coefficient () has a value ranging from 0 to 1.
It is used to describe the reliability of factors extracted from a dichotomous or Likert scale. The higher
the value of «, the more reliable the measurement scale used is [49]. However, according to a general
rule, the value of @ must not be less than 0.70 to conclude that the scale being used is reliable [50].

2.3.2. Ranking of the Constraints

A nonparametric test commonly used to determine the overall agreement among the set of
rankings is Kendall’s coefficient of concordance (Kendall’s W) [51]. This method does not need any
specific distribution of the data [52]. We used Kendall’s W test to check whether different respondents
within a certain group agreed on the ranking of the constraints. The null hypothesis of Kendall’s W
test is that “there is no agreement among the ranking given by the respondents.” Kendall’s W value
ranges from 0 to 1, and a value of 0 indicated “no agreement” and 1 indicated “complete agreement.”
If the value of Kendall’s W generated from the test has low significance at the given level, then the
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null hypothesis was rejected and it was concluded that some degree of agreement exists among the
respondents [51].

2.3.3. Identification of the Key Constraints

A typical quantitative method, i.e., mean score ranking technique (MSRT), was used in this study
to identify and rank the key constraints of the 30 constraints identified in the FDGs. Chan et al. [37]
also used the same technique to rank the critical barriers to adopting green building study using a
five-point Likert scale. In the MSRT, the highest ranked factor is the most important constraint, and if
the two constraints have the same mean score, the constraint with the lowest standard deviation is
assigned the highest rank. The normalized value of the mean scores was also calculated to identify the
key constraints out of the 30 listed marketing and production constraints faced by the farmers. All the
constraints having a normalized value greater than 0.5 are identified as the key constraints [53] using
the formula:

Normalized value = (mean — minimum value)/(maximum value — mean) 1)

2.3.4. Grouping of the Constraints

The factor analysis (principal component analysis) was employed to identify the underlying
grouped constraints for the development of supply chain management. The purpose of using factor
analysis was to identify a relatively small number of constraint (factors) groupings, which were used
to denote the relationships among sets of many interrelated constraints [54]. Factor analysis is a data
reduction technique and is considered one of the most powerful methods for reducing and regrouping
a large number of factors to a smaller and more critical set by factor scores of the farmers’ responses [55].
However, before applying factor analysis, the appropriateness of factor analysis for the factor extraction
needs to be examined. Therefore, in this study, the Kaiser-Meyer-Olkin (KMO) measure of sampling
adequacy and Bartlett’s test of sphericity were used to determine the appropriateness of the factor
analysis. A degree of sampling adequacy that characterizes the ratio of the squared correlation between
the variables to the squared partial correlation between the variables is known as Kaiser-Meyer-Olkin
(KMO,) test [56]. Its value ranges from zero to one. A lower value of KMO indicates that the sum
of partial correlations is larger than the sum of correlations. This is an indication of diffusion in the
correlations’ pattern, which means the use of factor analysis is inappropriate [54]. Conversely, higher
values of KMO indicate that the correlations’ pattern is relatively compact and the use of factor analysis
would give reliable results [56]. Several studies reported that the KMO value should be above the
acceptable threshold of 0.50 [54,56,57]. However, the level of acceptance of the KMO value varies
depending on the KMO value, as shown in Table 3.

Table 3. Level of acceptance of the Kaiser-Meyer-Olkin (KMO) value.

KMO Value Level of Acceptance
Above 0.90 Superb

0.80 to 0.90 Great

0.70 to 0.80 Good

0.50 to 0.70 Mediocre
Below 0.50 Unacceptable

Source: Field [56].

The presence of correlations between the variables is highlighted with another statistical test, i.e.,
Bartlett’s test of sphericity [58]. It is employed to judge whether the original correlation matrix is an
identity matrix or not. This is an indication of no relationship between the variables, which means that
the use of factor analysis is inappropriate. Conversely, if the value of this test is large, the associated
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significance level is small. It means that the population correlation matrix is not an identity matrix and
the use of factor analysis is appropriate [59].

3. Results

Two main approaches were used for the analysis of farmers’” production and marketing of
citrus constraints, i.e., ranking analysis and the factor analysis (principal component analysis). This
section presents the constraint analysis results. The section first presents the descriptive results of
the respondents” demographic, socioeconomic, and farmer characteristics. It then presents literature
to supplement the selected constraints reported by other researchers, and the results of the ranking
analysis are presented and discussed. Afterwards, this section presents the results of the factor analysis,
i.e., principal component analysis.

3.1. Results of the Descriptive Analysis

Different socioeconomic and demographic variables are important in social and economic
studies, where the role of the family and respondent is critical to the research problem under study.
The descriptions of important respondent and household variables are presented in Table 4, with
the average age of the respondents being 46.15 years with an average of about 8 years of education.
The average family size of the respondents was about 9.76 members with a greater proportion of
children than adult males or females. The mean highest educational level in the household was about
9.38 years, slightly higher than the respondents’” education.

Table 4. Farmers” and households’ descriptive statistics.

Characteristic Unit Min. Max. Mean Std. Dev.
Age of the respondent Years 21 70 46.15 11.266
Education of the respondent Years 0 18 8.03 3.742
Adult male in the family No. 1 7 3.19 1.361
Adult female in the family No. 1 8 2.77 1.315
Children under 15 No. 1 11 3.80 1.870
Total family members No. 4 25 9.76 3.505
School going family members No. 0 8 2.83 1.579
Highest education in the family Years 0 18 9.38 3.507
Family members employed No. 0 2 0.55 0.714
Family labor on the farm No. 1 4 1.44 0.622
No. Nuclear Joint or extended

Family structure (percent) 160 (53.3) 140 (46.7)

It is also evident from the table that on average every family has 0.55 family members employed
in activities other than farming and on average 1.44 farm workers were employed for agricultural
activities. Survey results also revealed that 53.3% of the households were of a nuclear family structure
and 46.7% were of an extended or joint family structure.

Among citrus varieties, the share of mandarins (Kinnow) is more than 90%. The same results
were seen in our survey, as is evident from Figure 3, that, on average, farmers grow 5.87 hectares of
citrus orchard, out of which 4.97 hectares were under mandarins, i.e., 85% of the total. This pattern
was seen among all farm sizes, for example, large farmers grow mandarins on 80% of the total citrus
orchards, medium farmers grow on 86% of the total citrus orchards, and small farmers grow on 92% of
the total citrus orchards among all other citrus fruits.
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Figure 3. Average citrus orchard area according to farm size categories (ha).

3.2. Results of the Ranking Analysis and Critical Constraints

The summary of the ranking analysis results on farmers’ production and marketing constraints in
the citrus supply chain are presented in Tables 5 and 6, respectively. The mean score of the criticality
of the production constraints range from 3.62 to 4.20 (Table 4), and of marketing, constraints range
from 4.05 to 4.38 (Table 5). Constraints with a normalized value greater than 0.50 are identified as
critical farmers’ side constraints in the production and marketing of the citrus supply chain. Table 5
indicates that 5 out of the initial 15 production constraints have a normalized value greater than 0.50
and therefore are deemed critical production constraints. Expectedly, the quality of fertilizer, high
input cost, quality of pesticide, harsh climatic conditions, and the performance of labor have the
highest mean scores, indicating the most critical constraints in the production of citrus fruit faced
by the farmers in the study area. These findings agree with the findings of various previous studies
conducted within the context of citrus and other fruit supply chain studies in Pakistan [12,24,33].
The Kendall’s W value for the ranking of production constraints was 0.07, and the significance level
is 0.00, which indicates that a significant degree of agreement exists among all the respondents in a
particular group regarding the ranking of citrus production constraints faced by the farmers.

The ranking results of marketing constraints are presented in Table 6, indicating 6 out of the
15 listed constraints have a normalized value greater than 0.50, and are therefore considered critical
marketing constraints. Obviously, a lack of packaging facilities in the village and union councils, a lack
of quality incentives (premium price) for the proper grading of fruit sizes, the perishable nature of the
product, a lack of storage infrastructure, and a lack of quality incentive for proper packaging are the
most critical citrus marketing constraints. Previous studies on the citrus supply chain also reported
similar constraints, which are important in the marketing of citrus and other related fruits [7,11,36].
The Kendall’s W value for the ranking of marketing constraints was 0.047, and the significance level
is 0.00, which also indicates that a significant degree of agreement exists among all respondents in a
particular group regarding the ranking of citrus marketing constraints faced by farmers.
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Table 5. Ranking results of the production constraints.

Rank Code Kendall’s W Rank Mean Std. dev. Normalization
1 H4 10.28 4.20 0.669 0.83 *
2 H13 9.19 3.82 1.149 0.61*
3 H3 8.88 3.71 1.202 0.55*
4 He6 8.86 3.71 1.306 0.55*
5 H2 8.45 3.62 1.140 0.50 *
6 H5 8.36 3.60 1.390 0.49
7 Hi2 8.24 3.48 1.340 0.42
8 H11 7.99 3.47 1.448 0.42
9 H15 7.95 3.30 1.460 0.32
10 HS8 7.73 3.28 1.396 0.31
11 H9 7.72 3.27 1.445 0.30
12 Hi1 7.14 3.19 1.394 0.26
13 H10 7.08 2.97 1.423 0.14
14 H7 6.23 2.83 1.338 0.06
15 Hi4 5.89 2.73 1.318 0.00

Kendall’s W (Coefficient of Concordance) = 0.070 | Chi-square =293.595. N =300 | df =14 | Asymp. Sig. | 0.000 |
* normalized value > 0.50 = (mean — minimum value) / (maximum value — mean).

Table 6. Ranking results of the marketing constraints.

Rank Code Kendall’s W Rank Mean STD Normalization
1 G4 10.40 4.38 0.676 1.00 *
2 G5 9.90 4.35 0.681 0.98 *
3 G8 9.64 427 0.764 0.91*
4 G1 9.63 422 0.729 0.88 *
5 G13 9.50 4.19 0.928 0.85*
6 G7 9.04 4.05 1.019 0.75*
7 Gl11 791 3.71 1.171 0.49
8 G10 7.55 3.58 1.284 0.40
9 Gl14 7.44 3.57 1.237 0.39
10 G2 7.40 3.57 0.977 0.39
11 G12 7.15 3.56 1.334 0.38
12 G6 6.83 3.47 1.039 0.31
13 G15 6.25 3.34 1.370 0.21
14 G9 5.96 3.06 1.435 0.01
15 G3 5.40 3.05 1.323 0.00

Kendall’s Wa (Coefficient of Concordance) = 0.047 | Chi-square = 415.596; N =300 | df =14 | Asymp. Sig. | 0.000
| * normalized value > 0.50 = (mean — minimum value) / (maximum value — mean).

3.3. Results of the Factor Analysis

The results of the ranking showed that all 30 listed constraints have a mean raking score greater
the 2.50 out of 5, therefore, for a better understanding, the constraints identified in this study were
subjected to factor analysis. The value of KMO in this study was 0.517, which is acceptable as it satisfies
the threshold of 0.50 (Table 3). If the KMO value is under 0.50, it leads the researcher “to need more
data or think about the variables to be included for the analysis” [56]. The value of KMO can easily be
improved by removing some of the variables used in the analysis by using certain criteria of exclusion.

However, a number of factors, such as the contribution of the variable to the interpretation of the
factor group, should be taken into consideration in the decision to delete a variable. It is recommended
that variables with factor loadings exceeding or being close to 0.50 should be retained because they
are significant in contributing to the interpretation of the factor group [60]. Table 6 shows that all
factor loadings exceeded or were close to 0.50, with 23 (77%) of them exceeding 0.50; therefore, all the
variables were included in the factor analysis. In this study, the chi-square value in Bartlett’s sphericity
test was large, i.e., 393.53), and the associated significance level is small (0.000), suggesting that the
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population correlation matrix is not an identity matrix. This further reinforces the appropriateness of

using factor analysis.

For factor extraction, the principal component analysis technique was employed to identify
underlying grouped constraints. Table 7 summarizes the results of the factor analysis after direct
Oblimin rotation. Six underlying groupings (components) with eigenvalues greater than 1 were
extracted, explaining 65.53% of the variance.

marketing constraints.

Group 1: Quality related constraints.

Group 2: Risk and climatic constraints.

Group 3: Economic constraints.

Group 4: Knowledge and information related constraints.

Group 5: Transport-related constraints.

Group 6: Infrastructure related constraints.

Table 7. Results of the factor analysis.

This indicates that with these six components,
the highest percentage (greater than 50%) of the variance is explained by these production and

Constraint Grouping

Code Farmer’s Constraints
1 2 3 4
Group 1: Quality Related Constraints
cs Lack of quality .1ncent1\{es for proper 0.83
grading by size
H4 Quality of fertilizers 0.81
Lack of quality incentives for proper
G7 . 0.75
packaging

H3 Quality of pesticides 0.55

H2 Performance of labor 0.51

c9 Lack of quahty 1ncent1v§3s for proper 0.49

grading by variety
H9 Low quality of seed /varieties 0.46
Group 2: Risk and climatic constraints

Gl1 Perishable nature of the product 0.86

Heé Severe weather conditions 0.61

H5 Disease and pest attack 0.57

Hi12 Canal water is not available 0.52

H11 Soil fertility is deteriorating 0.47

H15 Higher risk in citrus production 0.45

Group 3: Economic constraints

H13 High input costs 0.61

Gl2 Rigging in F&V market price settlement 0.58
(boli)

G6 Exploitation of the middlemen 0.56
G15 No marketing investment 0.55
H8 Access to credit 0.51
Hi4 Less profitability in citrus with competitive 0.46

crops
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Table 7. Cont.

Constraint Grouping

1 2 3 4 5 6

Code Farmer’s Constraints

Group 4: Information related constraints

Gl1 Lack of market price information 0.69
G10 Lack of middlemen competition 0.65
H10 Hard to manage fruit production 0.58
H7 Access to the latest production information 0.53

Group 5: Transport-related constraints

Gl14 Distance from F&V market 0.63
G2 Lack of road infrastructure 0.56
G3 Lack of a transportation facility, like a 051
tractor trolley
H1 Availability of labor 0.49
Group 6: Infrastructure related constraints
G4 Lack of a packaging facility in the village 0.57
G5 Lack of a packaging fa.ahty in the union 0.52
council
G13 Lack of storage facilities 0.44
Eigen Value 4.40 3.48 3.27 245 2.19 1.53
Percentage variance 26.07 10.56  9.42 7.21 6.32 5.95
Percentage cumulative variance 26.07 36.63 46.05 53.26 59.58 65.53

4. Discussion of the Results

4.1. Group 1: Quality Related Constraints

This underlies the quality related to farmers’ side constraints in the citrus supply chains related to
production and marketing in Pakistan, and it is comprised of seven identified constraints: (1) Lack
of quality incentives for proper grading by size, (2) quality of fertilizer, (3) lack of quality incentives
for proper packaging, (4) quality of pesticide, (5) performance of labor, (6) lack of quality incentives
for proper grading by variety, and (7) low quality of nursery/plants. This group of seven constraints
fall within the purview of quality related constraints, and is the most dominant among all six groups,
explaining the greatest variance, i.e., 26.07% from a statistical point of view (Table 6).

In this group, a subgroup of some constraints related to the quality of input use in the production
of citrus, e.g., fertilizer, pesticide, and plant saplings. Several other studies related to citrus” and other
horticultural crops” quality of the inputs is considered to be a crucial factor [7,12]. The other subgroup
is about the incentives for adopting different production and marketing practices. At the current stage
in the citrus supply chain of Pakistan, a lack of incentives is the major constraint in the development of
sustainable supply chain management. Ozdemir [61] defined incentives as “something that influences
people to act in certain ways.” In essence, in the context of sustainable supply chain management,
incentives act as motivators compelling farmers to adopt certain practices, such as proper packaging
and proper grading by variety and size, in the marketing of citrus. Therefore, without incentives
from the industry, farmers might not adopt such practices [62]. In order to improve farmers’ decision
making regarding supply chain participation, proper packaging is the critical factor underlying the
assumption of sustainability of agri-food industries [63]. In the case of the citrus industry of Pakistan,
Siddique [24] also highlighted this problem of incentives and proper packaging facilities.

4.2. Group 2: Risk and Climatic Constraints

This underlying group explained 10.56% of the total variance and consisted of six identified
constraints: (1) The perishable nature of the products, (2) severe weather/climatic conditions, (3)
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disease and pest attack, (4) shortage of irrigation water, (5) deterioration of the land, and (6) high risks in
citrus production. These six constraints are grouped and named as risk and climate-related constraints.

Risks, particularly related to the supply chain networks of agri-food industries, can be classified in
a number of ways [64,65]. However, Hardaker [66] more appropriately classified them into production
and marketing related risks, as used in this study. Leat and Revoredo-Giha [64] also discussed a similar
type of production risk that occur because agricultural commodities are affected by uncontrollable
events, such as extreme climatic conditions and outbreaks of pests and diseases. Tummala and
Schoenherr [67] conceptualized supply chain risks with an appealing simplicity, namely “an event that
adversely affects supply chain operations resulting in performance measures.”

4.3. Group 3: Economic Constraints

This group consisted of six identified constraints and explained 9.42% of the total variance related
to the production and marketing of citrus: (1) High cost of inputs; (2) rigging of the setting of the
market price at fruit and vegetable markets, which is called boli in the local language; (3) exploitation
by the middlemen; (4) no marketing investment; (5) access to credit; and (6) less profitability in citrus
production as compared with competitive crops.

Ghafoor et al. [33] reported that high input prices and inadequate agricultural credit were the
major challenges for citrus farmers in Pakistan. Shortages of agricultural credit and expensive input
essential for sustained citrus production lower the potential of citrus production in the district of
Sargodha, the same area reported for this study [68]. In addition, Elahi et al. [69] reported that better
access to farm advisory services improves agricultural productivity in Punjab. It was also reported by
Ashraf et al. [70] that the latest technologies are expensive and farmers are relying on manual practices,
such as the application of spray, and other mechanization tools in the cultivation of citrus in Sargodha,
Punjab. Usman et al. [12] identified poor marketing facilities and the high cost of transportation faced
by the citrus farmers. There is generally a big difference in the prices received by the farmers and that
paid by the consumers due to the high market exploitation of the farmers.

4.4. Group 4: Knowledge and Information Related Constraints

This underlying group consisted of four farmers’ side identified constraints in the citrus supply
chain: (1) Lack of market price information, (2) lack of middlemen competition, (3) difficulty in
managing production, and (4) lack of information related to citrus production. From a statistical point of
view, this group of constraints described 7.21% of the total variance. Several studies in the past literature
found information, knowledge, and agricultural extension services as the important farmers’ side
constraints in citrus supply chain studies mostly concerned with production and marketing [12,19,24].

4.5. Group 5: Geographic and Transport Related Constraints

’

This underlying group described 6.32% of the total variance and consisted of four farmers
side constraints in the citrus supply chain: (1) Distance from fruit and vegetable markets, (2) poor
road infrastructure, (3) lack of a transportation facility, and (4) availability of labor. Usman, Ashraf,
Chaudhary, and Talib [12] pointed out that the improvement of road infrastructure, construction of
bridges, and spot maintenance make it easy for growers to reach local markets and other destination
markets. There is a need to create better policies to create integrity within remote rural areas (farms)
with urban markets through the provision and improvement of road networks [71,72]. In a similar
study of citrus marketing constraints, Usman, Ashraf, Chaudhary, and Talib [12] found that shortages
and inappropriate transportation facilities have been a major source of quality reduction and citrus
fruit losses. Better transportation systems should be provided to growers to reduce transportation
costs and travel times, resulting in better marketing and increased production [73]. The literature [12]
also pointed out the labor shortage problem in citrus production, and urged for the development of
the latest affordable machinery to overcome labor shortage issues.
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4.6. Group 6: Infrastructure Related Constraints

This underlying group consisted of three constraints: (1) Lack of a packaging facility at the village,
(2) lack of a packaging facility at the union council, and (3) lack of storage facilities. Statistically, this
group described 5.95% of the total variance. It was observed that poor quality assurance followed by
the adoption of traditional packaging practices appears inconvenient for higher profits [19]. In crops,
vegetables, and fruits, during packaging, there is an unavoidable amount of losses that occur related
to low productivity, inefficiency, contamination, and damage of the fresh products [63]. In a previous
study on citrus constraints [12], it was found that inadequate storage facilities enhanced the shelf life of
fruits and was the 2nd highest ranked constraint. They also found that along with the lack of storage
facilities, the high cost of storage is also an important issue to be addressed.

5. Concluding Remarks

The implementation of SSCM practices at the upstream level of the chain in agri-food industries
has received a high level of global attention. However, like many other developing countries, SSCM
practices are still in their infancy and face many constraints in agri-food industries of Pakistan.
The citrus industry in Pakistan is a typical example of poor management of SSCM. However, improving
SSCM of the citrus industry can significantly increase export earnings for the country. This can be
achieved by effectively addressing the issues and constraints in the entire citrus supply chain. Although
there is a large body of literature on the downstream levels for SSCM in agri-food industries, no studies
have attempted to empirically determine the limiting factors for the upstream level. The upstream
level of the SSCM includes farmers who are the main participants. Addressing upstream issues can
improve the performance of the entire citrus supply chain. To this end, this study aimed to identify and
analyze the key constraints and issues in the upstream level that affect the production and marketing
of the citrus industry in Pakistan. The study was conducted in three locations in the Sargodha district
of Punjab, Pakistan. We conducted five farmer group discussions (FGDs) to identify or list important
constraints for SSCM of the citrus industry. Farmers reported 30 constraints in the production and
marketing of citrus. These constraints were also validated by an extensive literature survey. Further, we
used Kendal’s coefficient of concordance (Kendall’s W- technique) and the mean score normalization
technique to identify 11 critical constraints that severely influence production and marketing at the
upstream level in the citrus supply chain. On the production side, the quality of fertilizer, high input
costs, quality of pesticide, harsh climatic conditions, and performance of labor are found to be the
most critical constraints faced by the farmers in the study area. Whereas, on the marketing side, a lack
of packaging facilities in the village and union councils, lack of quality incentives (premium price) for
proper grading of the fruit size, the perishable nature of the product, lack of storage infrastructure,
and lack of quality incentives for proper packaging are the most critical citrus marketing constraints.

Furthermore, we used principal component analysis to classify the 30 constraints identified
in the FGDs into six different groups, namely quality-related constraints, risk and climate-related
constraints, economic constraints, knowledge and information-related constraints, geographic and
transport-related constraints, and infrastructure-related constraints. The results of this study not only
fill the literature gap of SSCM at the upstream level of the chain, but also help to develop policies and
take appropriate measures to address the problems and constraints faced by farmers in the SSCM
of Pakistan’s citrus industry. While developing an SSCM policy to improve the citrus industry in
Pakistan, the government should consider the constraints identified in this study.
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