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Abstract: In developing countries, supply chains are rapidly transforming. However, smallholder
farmers, in particular, have experiencedmixed impacts in inclusion and exclusion frommodern sup‑
ply chains (MSC). Therefore, by taking Pakistan’s mandarin industry as a case, this study aims to
analyze the farmers’ efficiency and inclusiveness in modern supply chains and compare them across
the farm size categories, i.e., small, medium, and large. For that purpose, cross‑sectional data from
300 farmers were collected to test the posit objectives. The empirical investigation was made using
the endogenous treatment effect model and the propensity score matching approach. Findings show
that large farmers prefer to participate in MSC, driven by contractors, processors or exporters. Con‑
versely, the smallholders are more inclined to participate in the traditional supply chains (TSCs),
driven by village vendors, local retailers/consumers, middlemen, and traditional fruit and vegetable
markets. The results also revealed a positive connection between efficiency and farmers’ inclusion
in the MSC. Orchard size, education, off‑farm income, and extension services positively impact prof‑
itability. In terms of an increase in farmers’ profitability, the efficiency improvement can benefit the
resource‑poor smallholders who make up 74% of the total farmers in the sample. Therefore, these
results are noteworthy for devising policy actions to facilitate smallholder inclusion in the modern
agri‑food supply chains to alleviate rural poverty and ensure farmers’ wellbeing.

Keywords: smallholder farmers; modern supply chain; profit margin; wellbeing

1. Introduction
Rapid urbanization and increased per capita incomes have significantly transformed

the agriculture sector and food supply chains [1]. This is primarily due to changes in food
consumption patterns which have shifted the consumption of simple food grains to high‑
value processed cereals, dairy products, vegetables, and fruits. These changes have forced
developing countries to re‑organize their production and marketing arrangements while
linking smallholder producers with Modern Supply Chains (MSC) [2]. MSC have the po‑
tential to link producerswith processors for further value addition or link themwith export
markets to help boost export earnings [3,4]. Hence, MSC in agro‑based industries engage
with stakeholders and entities such as production, processing, marketing and distribution.
These MSC have also been conceptualized under agriculture production networks such as
the global value chain. However, there are several implications for linking smallholders
with these MSC networks in the domestic and international markets. Given these, little is
known about the potential impact of MSC on various stakeholders, who would gain and
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who lose in this kind of integration and how does MSC participation affect growers’ rela‑
tive efficiency. According to the supply chain, efficiency focuses on the internal processes
within the supply chain. It relates to effectively using available resources (e.g., financial,
human, physical, etc.) to lower the costs associated with the supply chain. Technology
can often play a pivotal role in optimizing supply chains. In other words, supply chain
efficiency is a measure of integration in the value chain to reduce the operational and pack‑
aging costs and time wastage.

Mandarin is the most commonly grown citrus fruit in Pakistan, accounting for about
90% of the total citrus production [5]. Pakistan is the 13th largest producer of mandarin [6]
and the sixth largest exporter of mandarins worldwide [7]. The country annually pro‑
duces around 2.36 million tons of mandarins from 206.6 thousand hectares. Presently, the
country exports 10% of its total production. Likewise, major export markets for mandarin
include Gulf countries, South and Central Asia and the European Union [8]. Thus, in‑
creasing the export volume through improved supply chains mechanism holds profound
potential for adding to the export bill, farmers’ income, and rural development in the coun‑
try. For that purpose, benefiting from the improved flow of fresh agri‑food products from
developing countries to developed countries could help integrate smallholder participa‑
tion into MSC. Yet, smallholders in developing countries face many challenges in their
access to high‑value markets [3,4,9]. A considerable amount of literature studied the de‑
terminants of farmers’ participation in MSC, giving mixed results. The seminal work of
various studies by [10–14] reported that fierce competition excludes smallholders from suf‑
ficient economic gains from niche markets arising along with different MSC to meet the
increasingly growing global food demand. Conversely, some proponents of MSC such
as [2,15–17] contended the successful cases for smallholder inclusion in the MSC with the
help of innovative institutional roles such as contract farming. Recent studies explored that
in developing countries, MSC are driven by high‑value export chains and supermarkets.
Yet, no research explored the welfare impact of MSC on smallholders in developing coun‑
tries. Although MSC are believed to positively impact smallholders’ income and social
status, there remain major gaps in how different sales channels affect smallholder farm‑
ers in developing countries. Likewise, there is a need to establish evidence of how MSC
improve technology and rural‑urban linkages and positively contribute to smallholders’
welfare in a developing country context.

Myriad snags deter the smallholder’s inclusion and formation of inclusive supply
chains where economic benefits drive the demand and supply chains, i.e., climatic con‑
ditions, farm management issues, harvest and handling issues, the role of intermediaries,
quarantine‑related issues, insect and pest management, unskilled labor, sanitary and phy‑
tosanitary requirements in the high‑end markets, market information, energy shortfalls
and security issues in the country [18]. However, recent evidence from developing coun‑
tries showed that the MSC contributes to improving efficiency and production as well as
mitigating production and market issues [2,15,16,19–22]. Therefore, to expand the market
choices for the farmers and to capture more profits by value addition, the government of
Pakistan is supporting the participation of private sector operators that positively influence
the growth in the development of agri‑food industries by linking small farmers with the
MSC [23]. Likewise, several studies largely focused on the determinants of participation
and overlooked the consequent effect of participation on smallholder efficiency and wel‑
fare. In the case of Pakistan, citrus supply chains are constrained by several factors, inter
alia, post‑harvest losses are foremost that impede the development of citrus supply chains.
Given this, studying the role of MSC among mandarin farmers represents a unique case
where quantity supplied and perishability poses a major constraint to smallholder man‑
darin farmers in Punjab, Pakistan.

To this end, this study attempts to fill the existing research gap by analyzing the deter‑
minants that affect the small farmers’ participation and efficiency of MSC in the agri‑food
supply chains. Supply chain efficiency refers to a reduction in transaction costs—including
transportation, handling and procurement—by eliminating complicated networks of pro‑
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ducers, resources, retailers and warehouses, which ultimately lowers the associated costs
and increases the profits. Therefore, the estimation focuses on the uptake of mandarin
supply chains among small farmers. We divided various market‑related stakeholders—
mandarin buyers—into five different groups, and then further aggregation was made into
two distinct groups, i.e., TSC and MSC. This paper’s specific objectives are: (1) to map
the farmers’ participation in different supply chains, (2) to calculate the farmer’s profitabil‑
ity across supply chains, and (3) to determine the factors affecting farmers’ efficiency and
inclusiveness in mandarin supply chains. The rest of the paper is organized as follows:
Section 2 outlines the theoretical framework of this study. In Section 3, we describe the
study area, the data and variables definition, the analytical framework of the study, and
the empirical methods used in this study. Section 4 describes the study’s results, followed
by conclusions and policy implications.

2. Theoretical Framework of Farmers’ Participation in Supply Chains
The basic economic concept of the market structure represents the interaction of sup‑

ply and demand agents anonymously, resulting in market equilibrium. For agricultural
processors and exporters, derived demand is the main factor in buying decisions. Under
the profit maximization principle, buyers set input price equal to the marginal product
value, whereas sellers set product price to marginal cost. In an agricultural setting, the
standard theory may not apply. Specialized product suppliers may be too thinly spread
out to realize economies of scale for the buyers. Tight quality requirements, particularly
for export products, may be ineffectively standardized; there may be asymmetric informa‑
tion and access to production technology for export quality and quantity targets which
might be a disadvantage for smallholder farmers [24].

The upfront vertical integration of smallholders intoMSC could tackle these problems
with land consolidation under the buyer’s ownership. However, this is not a solution. First,
in Pakistan, land reforms restrict the agricultural farm size to a certain level. The land ten‑
ants transfer the land rights, disallowing the accumulation of land to larger farmers. Sec‑
ond, vertical integration may not address procurement issues [25]. In this situation, the
MSC offers acceptance for both buyers and suppliers of agricultural products. Farmers
seek benefits because they get paid without delay and are provided with technical assis‑
tance and advice in their time of need. In some cases, MSC have contractual arrangements
with the farmers, offering to buy the expected output using specified input and technology
and sell products back to them. Third, some risks are associated with the MSC; someMSC
prefer contracts with a farmers’ group rather than individual farmers. It was also seen that
MSC operates only in good security areas, and infrastructure facilities are better, avoiding
remote areas. Evidence from the Madagascar vegetable supply chain indicates that when
quality and quantity standards were imposed at the farm level, inspectors and technicians
that provided training and closely monitored MSC could work well.

In developing countries, the size of the farm is a particular policy instrument because
smallholder farmers are less likely to be included in MSC. There is no consensus on the
direction and effect of farm size on farmers’ participation in the supply chains; [26] con‑
cluded in a multi‑country case study that if the public and private sectors can provide
all the necessary facilities to the smallholders—including research, extension, land tenure
security, finance, and market infrastructure—a vibrant smallholder sector will eventually
emerge to dominate the agribusiness industry, and therefore, can promote inclusive ru‑
ral development.

To date, several determinants of farmers’ participation and farm efficiency have been
explored that vary from farmer to farmer, such as farm (resource‑endowments), farmer
(demographic), geographic, and institutional factors. Endowments are the farmer’s house‑
hold condition regarding resources such as farm size, other income sources, orchard size,
wealth, etc. Locality and the distance from farm to market are the main geographic char‑
acteristics, representing physical accessibility and transportation cost. Demographic char‑
acteristics involved human and social capital variables: education, age, experience, family
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size, and gender. The rationale for promoting the farmers’ participation in the MSC rests
on the argument that smallholders’ inclusiveness in these high‑value MSC can improve
their income and help alleviate rural poverty. Therefore, from a policy perspective, it is
imperative to explore the economic implications of the farmers’ choice of supply chain par‑
ticipation in developing countries. Given these, it might help draw useful interventions
to promote inclusive and integrated MSC where rural communities are equal recipients
of welfare gains and economic stimuli. On the other hand, it could help transform ex‑
isting sales channels into more efficient inclusiveness and economic efficiency where the
improved scale would ultimately leap export earnings for the country.

This study evaluates the economic effects of supply chain participation to place this
analysis of farmers’ dynamics. The paper builds on the premise that production scale
is the principal differentiator of a farmer’s choice of supply chain participation—farmers
with abundant resources are more likely to engage with MSC. In contrast, small and poor
farmers continue to sell their produce in traditional or informal channels. Second, farmers
linked with the MSC earn better profits than those linked with informal channels or TSC.
Prior literature showed that a smallholder’s inclusiveness in the supply chain is affected by
several characteristics classified as farm, farmer, geographic and institutional factors [9,27].
Figure 1 presents a conceptual framework for carefully identifying the farmer’s inclusive‑
ness in the agri‑food supply chain affecting farm profitability. Farmers’ participation (in‑
clusiveness) is used as the treatment variable that affects the farm profitability and a list
of other factors related to the farm, farmer, geography and institutions. It allows a more
holistic analysis of farmers and their selected supply chains to better understand the under‑
lying factors and identify the potential to change the behavior of farmers and the relevant
stakeholders to better match the requirements for successfully participating in competitive
agri‑food supply chains in Punjab, Pakistan.
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3. Methodology
3.1. Description of the Study Area and Data

This study was carried out in Punjab Province because it produces more than 95% of
the mandarins in Pakistan. In Punjab province, three main mandarin‑producing districts,
i.e., Sargodha, Toba Tek Singh and Layyah were purposely chosen because they produce
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more than half of the total mandarin production in Punjab [28]. The map of the study area
can be seen in Figure 2. In addition, supply chains that do not lead the product (Mandarin)
to the export level or do not track the product for processing for other value‑added prod‑
ucts are referred to as traditional supply chains (TSCs) [9]. While, modern supply chains
(MSC) are those marketing channels that lead mandarins to the foreign market, improve
the export potential, and involve processed value‑added products.
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In this study, the respondents were selected usingmultistage random sampling. First,
we purposively selected three districts, namely Sardogha, Toba Tek Singh and Layyah—as
Sargodha is the leading district inMandarin production followed by the later districts—for
data collection. Second, we randomly selected one Tehsil from each district—for conduct‑
ing the final survey. Third, from each Tehsil, we randomly choose 10 villages and 12 re‑
spondents from each village to conduct face‑to‑face interviews through a well‑structured
tool. Hence, we compiled a sample consisting of 360 farmers—both MSC and TSC—
representing categories concerning farm size as small (less than 5 hectares), medium (5
to 10 hectares), and large (above 10 hectares) in the study.

Further, we used a semi‑structured interview schedule to collect data on all farm pro‑
duction and marketing‑related factors. All ethical aspects of data collection were consid‑
ered. Verbal consent to participate in the interview was taken from the respondents after
describing the research’s purpose. Further, the respondentswere assured of the anonymity
of the research data. Regarding the study variables, we divided variables into farmers’
socio‑demographic characteristics, market outlets, and regional dummies. We included
three regional dummies indicating the districts of Punjab to account for the production and
infrastructure differences; these include District Sargodha, Toba Tek Singh, and Layyah.
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3.2. Empirical Methods
3.2.1. Regression Analysis with Endogenous Treatment

In this study, we used regression analysis with endogenous treatment to examine the
mandarin farmers’ production efficiency and participation in the TSC and/orMSC. The key
purpose of using this two‑step procedure is to control for potential endogeneity in the un‑
observable heterogeneities that might be correlated with the error term, affecting farmers’
supply chain participation and profitability [29]. If one of the regressors is endogenous,
the regression estimates of the maximum likelihood estimators (MLE) may also be incon‑
sistent [30]. In this situation, the standard regression model gives biased and inconsistent
estimates [31,32]. Hence, to overcome this problem, we use a consistent two‑step estimate.
Therefore, following [11,15,29,33] a linear model was considered, where in the first stage,
a binary variable (participation in the TSC or MSC) is used as the treatment variable. The
objective is to estimate the effect of a binary qualitative variable (SC participation; 1, 0) on
a continuous or qualitative outcome variable (SC efficiency/profitability) using, and the
equation is specified as;

SCPi = βo + βiXi + δi Ii + εi (1)

whereXi is the list of explanatory variables affecting the choice of participation and Ii is the
set of instrumental variables (IVs) that are the location dummies in this study. The second
stage equation for the efficiency of the mandarin supply chain is specified as;

Yi = αo + αiXi + θiEi + νi (2)

whereYi is the outcome variable, which is the profitability of each farmer. It was calculated
by subtracting the total per hectare costs from the total per hectare mandarin sales, and it
was used as an indicator of efficiency in this study. Moreover, Ei is the set of explanatory
variables which only influences the profitability of mandarin production.

For identification, we used location dummies and farm distance to market as IV in the
given selection equation. In both equations, i.e.—outcome and selection—we used land,
and orchard size as an indicator of Mandarin production scale to better capture the farm‑
ers’ hard assets and endowments and their influence on the choice of supply chains. Fur‑
ther, we included variables for farmers’ characteristics—e.g., age, family size, education,
profession, etc.—and farm characteristics—labor availability, orchard size—institutional
variables—agriculture credit access, extension information—and also incorporated geo‑
graphic dummies to capture the variance in production within the district.

3.2.2. Propensity Score Matching Technique (PSM)
PSM has been widely used to effectively examine the interrelation between technol‑

ogy and productivity, income, contract farming and smallholder income [34–37]. In this
study, we examine the impact of farmers’ participation in TSC orMSC (treatment) on their
overall profitability and yield of mandarin production using the PSM technique. PSM
is highly suitable for the current study because it appropriately addresses self‑selection
bias(es) and the plethora of econometric problems; it is a widely used method in the liter‑
ature for counterfactual impact analysis of policies [38,39]. It is a two‑stage process, in the
first stage, the dependent variable (participation in the TSC orMSC)was regressed on a list
of independent variables using logistic regression to estimate their predicted values. In the
second stage, the effect of participation on farmers’ profitability was estimated by nearest‑
neighbor matching and kernel‑based matching (360 mandarin farmers). We examine the
propensity scores for each group (MSC, full sample, and sub‑matched sample). Next, we
created the sub‑samples of TSC participants and, one by one, matched them based on the
nearest propensity score with MSC participants. We expect the propensity score distribu‑
tion of the PSM sub‑sample to zero and the subsample closer to MSC participants. This
approach to matching TSC or MSC participants’ key characteristics helps remove the ef‑
fect of observable factors on the outcome variable [40,41]. Thus, after trimming the PSM
score, below 0.05 or 0.95, the sample shrinks to 268 observations, including 142 MSC par‑
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ticipants and 126 non‑participants. Hence, we used 268 observations in the final analysis.
This echoes the findings of [42], indicating MSC and TSC participants are quite dissimilar.
Moreover, it inculcates that better‑targeted smaller surveys offer more power than a larger
random sample of a wider population.

4. Results and Discussions
4.1. Descriptive Statistics

Table 1 illustrates the descriptive statistics and the distribution of respondents by farm
size and the average mandarin and mandarin orchard size by these farm size categories.
Many farms (38%) are categorized as medium farmers with an average of 7.17 ha of agri‑
cultural land, out of which 4.85 ha is dedicated to themandarin orchard, and only 0.82 ha is
under other citrus fruits. On the other hand, 30% of farmers have agricultural land greater
than 10 ha, averaging 13.45 ha. The average mandarin orchard is 10.05 ha, with 8.32 ha
dedicated to mandarin growing and 1.73 ha allocated to other citrus fruits. In the study
sample, 32% of respondents are small farmers having agricultural land less than 5 ha, 38%
are medium with 5 to 10 ha of agricultural land, and 30% are large farmers with greater
than 10 ha of agricultural land. It is evident from Table 1 that mandarin orchard size is
positively correlated with agricultural land size. The share of other citrus fruit varieties is
negligible comparedwith themandarin: that is themain reason for choosing themandarin
variety in the mandarin family for this study. It was also discussed earlier in Section 1 that
in Pakistan, more than 90% of the production is devoted to mandarin in the total culti‑
vated mandarin orchards [8]. Thus, studying mandarin in the given case, therefore, can
help formulate coherent insights for policy and practice.

Table 1. Descriptive statistics of mandarin farmers by farm and orchard size.

Farm Size
Ave. Orchard Size

Hectares Number Mean

<5 115 (32%) 3.40 (1.16) 3.20 (0.81)
5 to 10 137 (38%) 7.17 (1.56) 4.85 (1.57)
>10 108 (30%) 13.45 (2.84) 8.32 (1.83)
Total 360 (100%) 8.79 (4.35) 5.03 (2.18)

Note: Figures in parentheses except percentages are standard errors.

4.2. Likelihood to Participate in Various Supply Chains
The mandarin farmers have many choices for selling their products through different

supply chains. We categorized all of the stakeholders involved into five main channels
starting from (1) direct sales (some farmers sell their produce directly to the consumers,
retailers, or village vendors), (2) localmiddlemen/’beopari’, (3) fruits and vegetablemarket,
(4) contractors and the (5) processors. These five main channels were further aggregated
into two broad categories: TSC andMSC. The supply chain that leads to exports is termed
MSC [3,4,9], and the other local supply chains which cannot push the product to the export
level are referred to as TSC [9]. It is evident from Table 2 that a very small proportion of the
farmers are associated with channel 1 (retailers, village vendors, consumers), and mostly
the small andmedium farmers in the villageswere engagedwith channel 1. It is also found
that no mandarin grower has an orchard greater than 10 ha engaged with channel 1. Most
farmers (more than 50%) sell theirmandarin produce to channel 4 (contractors); hencemost
of the mandarin fruit passes through this chain. These results are in line with [43] and [44],
who also noted that contractors play a leading role in procuring mandarin, and this is the
largest (used) marketing channel in the case of mandarin and mandarin fruit in Pakistan.
This is because, in Pakistan, many farmers sell the produce to pre‑mature contractors that
have established links with the big city markets and exporters, and in some cases, they
have their own processing units nearby.



Horticulturae 2022, 8, 1041 8 of 16

Table 2. Distribution of mandarin farmers across different supply chains.

Categories Retailers (1) Middlemen (2) Markets (3) Contractor (4) Processors (5) Total

Total farm size

Small (<5) 5 25 21 59 5 115
Medium (5 to 10) 10 29 21 70 7 137

Large (>10) 4 18 25 54 7 108
Total 19 72 67 183 19 360

Mandarin orchard size
Small (<5) 8 39 32 92 5 176

Medium (5 to 10) 7 27 25 74 9 142
Large (>10) 0 6 11 23 2 42

Total 15 72 68 189 16 360
Note: farm and orchard sizes are in hectares.

Further results found that channel 3 (fruit and vegetablemarkets), and channel 2 (local
middlemen called “beopari” in the local language) represent about 20% (by each chain) of
the total mandarin producemarketed through thesemarketing channels. The last category
is the processorswithwhich only 4.33% of farmers are directly associated. Thismay be due
to the absence of amandarin processing industry in that rural area; therefore, farmers have
no option to choose the other available marketing chain. This indicates that the absence
of advanced processing units might be one factor that induces smallholder reliance on
contractors and middlemen in Punjab, Pakistan. Hence, establishing modern processing
units can play a greater role in helping transform mandarin value chains in Pakistan and
fostering smallholder farm income and better export earnings from processed foods for
the country.

4.3. Mandrin Farmers’ Participation in TSC versus MSC
The study aggregated the different supply chains (five marketing channels) into TSC

andMSC for a clear understanding. The first three supply chains in Table 2—direct selling,
vendors and local middleman—are categorized as the TSC, whereas the last two categories
(i.e., processors and contractors) are listed as the MSC. This categorization was conducted
by considering the potential for value‑addition inmandarin and linking it with exports. As
in the first three chains (1, 2 and 3), there are fewer exports and value addition. On the other
hand, the last two supply chains (4 and 5) in Table 3 are categorized as the MSC because
of the value‑addition and export perspective. Hence, Table 3 compares the percentage and
frequency distribution of mandarin farmers associated with the modern and traditional
supply chains. Results showed that most farmers (58.67%) in each farm size category are
associated with the MSC, and about 41.33% of farmers are associated with the TSC. It indi‑
cates that both—orchard and farm size—are associated with MSC. There might be several
reasons why significant numbers of mandarin farmers still engage in TSCs. Amongst oth‑
ers, smallholders’ access and linkages to TSCs might be the major constraint limiting their
access to MSC. By looking at the orchard size, findings indicate that more (68%) farmers
are selling toMSC. It implies that mandarin quantity is highly associatedwithMSC, where
large‑scale producers seek price incentives by selling to MSC. However, a significant por‑
tion of small farmers (61%) sell to MSC. It implies that there can be greater integration
of smallholder farmers into MSC if targeted incentives effectively address the snags con‑
fronting farmers’ broader access toMSC in Pakistan. Thus, the scalable integration of small
farmers intoMSC can be achieved irrespective of size and scale. This transformation could
boost income and employment in the local areas and lead to a leap in the social status of
the rural communities.
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Table 3. Distribution of mandarin farmers within TSC vs. MSC.

Farm
Category

TSC (1, 2 and 3) MSC (4 and 5) Total

Frequency Percentage Frequency Percentage Frequency Percentage

Total farm Size
Small 51 43.22 67 56.780 118 100

Medium 53 35.57 96 64.430 149 100
Large 45 48.39 48 51.613 93 100
Total 149 41.39 211 58.611 360 100

Mandarin Orchard Size
Small 73 41.24 104 58.757 177 100

Medium 58 42.03 80 57.971 138 100
Large 18 40.00 27 60.000 45 100
Total 149 41.39 211 58.611 360 100

Note: farm and orchard size are in hectares.

4.4. Farmer’s Participation in TSCs and MSC
The agri‑food supply chains in Pakistan are very diverse, starting with mandarin

farmers. Like other fruits, the mandarin fruit supply chain is primarily controlled by
the private sector. However, the government is facilitative by providing basic infrastruc‑
ture and a regulatory environment for easy business transactions and ensuring compet‑
itive markets [43]. It is generally observed that marketing intermediaries exploit agri‑
food producers by charging a high marketing margin on their investments and offering
lower prices to farmers [45]. Mandarin supply chains start with the grower who pro‑
duces fruits and later involve different stakeholderswith the dominant position held by the
pre‑harvest contractor.

During the survey, it was found that 41.3% of the farmers were associated with the
traditional supply chains having a benefit‑cost ratio value of 1.60. The end‑user of theman‑
darin in the traditional supply chain is the local consumer of fresh mandarin fruit. Tradi‑
tional supply chains included the farmer’s associationwith the local retailers or consumers,
middlemen or local beopari, and fruit and vegetable markets. Hence, by associating with
TSC, farmers used classical channels, which usually exploit them and offer lower prices
for their produce.

In our case, it was seen that some farmers directly sell mandarin fruits to the pro‑
cessing industry and nearby orange factories, and most of the farmers are associated with
contractors who have links with the exporters, traders, or processors. The survey results
show that about 58% of farmers were associated with the modern supply chains of man‑
darin, having a good benefit‑cost ratio of about 1.99. So, farmers’ inclusion in the modern
supply chain comparedwith the traditional supply chain is beneficial both to increase their
income with higher profits and for developing the mandarin industry exports and other
value‑added products. Passing from the other supply chain actors, the end‑user of this
supply chain is either the local or foreign consumers of the fresh fruit and value‑added
product made from the mandarin. It indicates that the broader integration of mandarin
farmers into MSC holds sufficient potential for developing the mandarin industry, where
farmers might seek huge with higher profit margins.

4.5. Farmers’ Profitability across Different Supply Chains
In a production frontier representing a supply chain, crop output and profit are the

key indicators of supply chain efficiency. Put simply, the output indicates partial produc‑
tivity and profit represents marketing efficicncy [19]. Figure 3 compares the indicators
related to MSC versus TSCs participation with varying degrees of farm size. Further, the
profit and margins were computed by the difference between per unit mandarin produc‑
tion and per unit cost of production.
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The results show that the farmers associated with MSC produced 36,554 kg per ha of
mandarin, whereas it shows 36,144 kg per ha for TCS. It is also evident from Figure 3 that
the difference in mandarin yield across different farm size categories is higher in the case
of large farmers in MSC and medium farmers exhibit higher yield in the case of TSCs. On
a broader perspective, this change in average yield across farm size described the produc‑
tion scale, i.e., large farmers with more resource endowments tend to obtain more yields.
These results align with prior literature [46]. However, some other supply chain studies
suggested that output is an indicator of production scale; perhaps a variance across man‑
agement practices tends to produce this difference [16].

The difference in mandarin prices across the farm size and various chains is repre‑
sented in Figure 3. Across the farm categories and TSCs and MSC, the farmer receives
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4.299 USD, and 4.308 USD per kg, respectively. However, large farmers in MSC received
higher prices within the categories than medium and small farmers. A possible justifi‑
cation is the larger size of marketed output attracted processors during the auction pro‑
cess because, in Pakistan, every farm’s product is placed differently to display to the buy‑
ers during the auction process. Hence, processors and exporters prefer buying a bigger
volume from a single seller to avoid paying more market fees in case of buying small
quantities from many farmers. Interestingly, it implies that farm size positively relates
to prices and complements the theory of lesser market intermediaries with lesser market‑
ingmargins [47–49]. Overall, the results exhibit a little variation in themargin earned from
mandarin—ranging from 4.287 to 4.321 USD per 40 kg—which, therefore, is an indicator
of the competitiveness of the mandarin market. Hence, these findings comply with the
microeconomic theory of pure competition [50], implying that large farmers have more
resource endowments, allowing easy resource mobility, perfect information and broader
market integration. Thus, MSC participants have a greater propensity to receive higher
prices where a larger number of buyers and sellers ensure fair price treatment. The final
portion of Figure 3 shows the margins across supply chains computed during the survey.
It reinforces that both processors and contractors gain more profit margins (MSC partici‑
pants), and thereby large farmers in MSC also receive higher profit margins. In TSCs, both
large and medium received higher profit margins as they were directly sold to retailers or
assemblers. Moreover, it highlights that as the output size increases, farmers gain more
profit margins in TSCs.

4.6. Mandarin Farmers’ Efficiency and Inclusiveness across Supply Chains
We used the endogenous treatment effect model to examine the determinants of sup‑

ply chain participation and mandarin profit. In Table 4, the second column is the selec‑
tion equation, and the third column is the outcome equation which shows the estimate
of farmers’ participation equation and the profit equation. The coefficient of participation
in the MSC in the outcome equation is significant and positive. This means the farmers
who participate in the MSC earn more profit than those who participate in the TSC. These
results are consistent with our previous results (see Figure 3), where farmers who partic‑
ipated in the processor and contractor category earned more profit than the other three
traditional categories. Since mandarin is a highly perishable commodity, one of the possi‑
ble reasons behind higher profit is that MSC has advanced logistics, transport and storage
facilities, which reduces the perishability‑related problems. Hence, in terms of large com‑
modity buying power, MSC are more competitive than TSCs and thus offer better prices
to farmers.

Among the other explanatory variables, small and large farms, and market distance
are negatively related to supply chain participation and mandarin profit. Likewise, farm‑
ers’ education, training participation, mandarin area, farm logistics, new entry farmers
(those farmers who just entered the mandarin business during the last three years), farm‑
ing as the main occupation, and credit access were found to have a statistically significant
impact on the participation in the MSC and produce more profit.

The study noted that the level of education positively influenced participation in the
MSC, which means higher education levels help farmers to adjust to the new market re‑
quirements and make farmers more likely to adopt MSC. These findings are consistent
with prior studies indicating that education plays a profound role in farmers’ participation
in advanced technology and remote markets [11,51,52]. It implies that educated farmers
are more inclined toward MSC and prefer their market engagements with more advanced
stakeholders. Regarding the coefficient of farm size dummies, both small and medium
farm size has a significant negative impact on the section and outcome equation (except for
medium farmers in the selection equation), whichmeans that large farmers aremore likely
to participate in the MSC. This implies that the current state of infrastructure in the study
areas prevents the smallholders’ modernization and MSC participation. These findings
lend support [16] complementing that smallholder farmers in Pakistan are resource‑poor
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and largely rely on village‑level and local stakeholders for their input‑output engagements.
Hence, apart from the large participation of large farmers in the MSC, current trade policy
and macroeconomic tools appear less useful in improving smallholders’ wider commer‑
cialization and MSC participation.

Table 4. Endogenous treatment effect model estimate for SC participation and profit.

Explanatory Variables SC Participation
(1 = MSC & 0 = TSC)

Outcome Equation
(ln Profit)

Farm size dummies (omitted = large)
Small −0.417 *** (0.089) −0.136 ** (0.085)

Medium −0.527 ** (0.317) −0.084 (0.078)
Farmers’ education 0.037 *** (0.008) 0.043 *** (0.006)
Land ownership 0.018 (0.023) 0.025 (0.029)

Farming experience 0.078 (0.193) 0.056 (0.059)
Farmers’ age −0.018 *** (0.007) −0.053 (0.049)

Training participation 0.572 (0.589) 0.136 *** (0.022)
Mandarin area 0.484 *** (0.016) 0.092 ** (0.019)
Farm logistic 0.152 *** (0.019) 0.194 (0.018)

New entry farmer 0.019 *** (0.005) 0.273 (0.211)
Main occupation (farming) 0.248 *** (0.013) 0.119 *** (0.001)

Permanent worker 0.168 (0.726) 0.063 (0.072)
Farm advisory 0.183 (0.2137) 0.142 (0.198)
Credit access 0.216 *** (0.041) 0.024 *** (0.002)

Market distance −0.087 ** (0.052) –
Distance from all‑weather road 0.168 (0.141) –

Cooperative membership 0.072 (0.104) –
District dummies (omitted Layyah)

Sargodha = 1, 0 otherwise 4.796 *** (0.656) –
Toba Tek Singh = 1, 0 otherwise 2.584 *** (0.325) –

MSC participation – 0.752 ** (0.397)
Constant 3.785 *** (0.611) 3.038 *** (0.117)
Lambda 0.571 *** (0.036)

Note: *** p < 0.01, ** p < 0.05.

The mandarin area has a significant positive effect in both equations, meaning that,
with the increased mandarin area, the probability of participation in the MSC is higher.
As discussed earlier, this represents farmers’ resource endowments; resource‑rich farmers
are more likely to participate in MSC and earn more profit, while resource‑poor farmers
are less likely to participate in the MSC and earn less profit. These findings are similar to
prior studies suggesting that large farmers are freer to choose between market and input‑
output decisions [16,51]. Hence, improving smallholder farmers’ resource endowments
might work as a useful gauge to improve their MSC participation.

Regarding the negative connection between farmers’ age and MSC participation, our
findings suggest that older farmers are less likely to participate in MSC. A possible justifi‑
cation is younger farmers are more oriented toward technology and innovation and tend
to focus on the commercialization of agriculture. This implies that younger farmers are
more motivated to develop and build their mandarin businesses than older ones. These
findings are in line with [53] advocating that older farmers are less engaged in modern
technology and advanced supply chains. The coefficient of the main occupation (farming)
is also positive and significant, meaning farmers who have farming as their main occu‑
pation are more likely to participate in the MSC and earn more profit than the others. As
information plays an important role in today’sworld, it helps farmers explore newmarkets
with better prices and other services. The study results also showed that the farmers who
took agriculture advice are more likely to participate in MSC and have more profit. This
implies that agriculture advisory participation help improves smallholder integration into
MSC by improving input use efficiency. These findings are consistent with prior studies
on smallholders’ market participation [51,52]. Hence, improving the provision of agricul‑
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ture advisory might help realize the broader participation of smallholders in MSC and
far‑off markets. Agriculture credit access is a positive and significant connection between
MSC participation and mandarin farmers’ profit. It reveals that the farmers who have
taken agricultural credit are more likely to participate in the MSC and have more profits.
Agriculture‑related information and agricultural credit are important tools for farmers to
better utilize their traditional practices, earn more profit, and explore new markets [53,54].

The results reveal that the value of lambda in the treatment effect model indicates the
existence of a correlation between the error term in the selection equation; the outcome
equation was found to be statistically significant. This indicates the existence of selection
bias, which is why the study used the treatment effect model to estimate the profitability in
which both selection and outcome equations were estimated simultaneously, as suggested
by [51,55].

4.7. Supply Chain Participation, Mandarin Yield and Profit
As discussed previously, farmers’ participation in MSC compared with the TSC in‑

creases the productivity of mandarin producers. It is, therefore, necessary to empirically
assess the impact of farmers’ participation on the productivity indicators such as yield
and profit. For this purpose, as described in the methodology study, we used the propen‑
sity score matching technique in the presence of several independent variables. Results in
Table 5 showed a significant difference in the profit and yield in both matching algorithms
(nearest neighbor and kernel‑based) using theAverage Treatment Effect. Farmerswho par‑
ticipate in the MSC have more yield and more profit. These results support the arguments
of Schipman and Qaim [56], who concluded similar results in sweet pepper supply chains,
where the participation of farmers in the MSC leads to higher income; [16] also found that
participation in the more developed and modern milk supply chain leads to high farm
efficiency in terms of a better price, yield, and profit. Slamet [51] found that small‑scale
farmer participation in the MSC generated higher per capita household income than the
traditional channels in the horticultural supply chain. The results of this study are also con‑
sistent with similar literature on emergingMSC in developing countries [55,57–59]. Hence,
farmers’ participation in MCSs increases their income through two means: (1) it improves
per acre mandarin yield through improved input use, and (2) MSC offers better prices of
mandarin—resulting in higher income and profit.

Table 5. PSM estimate for impact of MSC participation on profitability and mandarin yield.

Matching Tools Outcome ATE

Nearest neighbor method Profit 0.043 ** (0.028)
Yield 0.023 *** (0.006)

Kernel based matching Profit 0.051 * (0.034)
Yield 0.018 *** (0.001)

Note: *** p < 0.01, ** p < 0.05, * p < 0.1.

5. Conclusions, Implications and Way Forward
In developing countries, supply chain processes are inherently complex, where most

small farmers face numerous dependencies for information, credit and marketing. Fur‑
ther, small farmers face several inbound and outbound network constraints, restraining
their access and linkages with modern supply chains. These leave them connected with
traditional supply chains where market margins are higher and farmers receive lower in‑
come. Recent debates suggest that a transformed value chain can work as a remedy to
improve small farmers’ income in developing countries. To this end, this study compares
the farmers’ efficiency and inclusiveness in modern and traditional supply chains across
the farm size categories, i.e., small, medium, and large. The study is quite novel and pro‑
vides various cues for practice and practice.

The findings of the study have several‑fold implications. First, they indicate that the
expansion of modern markets in the developing world and changes in the marketing sys‑
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tem creates both opportunities and challenges for farmers to participate in modern supply
chains. The modern supply chain can potentially increase income and profitability for
small farmers. However, there are many challenges, particularly for small farmers, to be‑
come part of these modern supply chains. One of the biggest challenges for small farmers
is the lack of resources, such as the small size of the orchards and access to credit and
extension services. Based on these findings, modern supply chains could be inclusive to
small farmers if they act more collectively. Hence, fostering incentives for collective action
might be a plausible tool to enhance small farmers’ integration into the modern supply
chain. Second, the findings highlight that information is integral in integrating small farm‑
ers into modern supply chains and improving their farm income. Put simply, providing
up‑to‑date information through an already established public sector farm advisory service
might be a phenomenal tool to break the information asymmetry andmake it a public good.
Third, the study results also showed that the farmers who took agriculture advice and re‑
ceived agriculture credit are more likely to participate in MSC and have more profit. For
that purpose, aligning agriculture‑related information and agricultural credit could be an
important tool for farmers to better utilize their modern practices, earn more profit, and
explore newmarkets. Lastly, the findings of this study complement the applicability of the
theory of lesser market intermediary with lesser marketing margins and suggest that or‑
chard size is a limiting factorwhen integrating small farmers into themodern supply chain.
Further, from a key stakeholder perspective, the processing and export industries can play
a vital role in organizing small farmers in a sizeable cluster(s) where they could achieve
the desired economy of scale and, therefore, improve their participation and profitability.

The study shows scope for future research. First, this study includes mandarin farm‑
ers engaged in TSCs and MSC in Punjab, Pakistan, which provides a sound basis for in‑
vestigations. However, further studies can compare small farmers’ inclusiveness based on
various agricultural incentives, i.e., agriculture subsidies, farm‑based training, and export
promotion privileges. Second, the role of the farmers’ entrepreneurial skills is missing in
this work. Future studies can, therefore, study entrepreneurial skills while assessing par‑
ticipation in MSC.
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