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 Recent evidence suggests that Modern Supply Chains (MSC) in the agrifood industry have the 

potential to improve production efficiency and scale. However, the inclusion of smallholders for 

Sustainable Supply Chain Development (SSCD) is a growing concern for policymakers aiming to 

increase the profitability of farming communities. This study investigates the efficiency and 

inclusiveness of farmers in the citrus supply chain at the upstream level and factors responsible 

for SSCD using survey data from the Punjab province of Pakistan. The study employs 

endogenous treatment effect and principal component analysis apart from the descriptive 

analysis to explore study objectives. Results indicate that large farmers with abundant resources 

tend to participate in MSC, whereas smallholders are more likely to be inclined to Traditional 

Supply Chain (TSC) networks. The study also finds that participating in MSC has a positive 

impact on farmers' efficiency, and factors such as off-farm income, orchard size, education level, 

and access to extension services significantly affect profitability. The results of the principal 

component analysis revealed that for SSCD, six sets of factors, such as performance and quality, 

risk and climate, economics and market exploitation, knowledge and information, geographic 

and transportation, and innovation capability, are addressable. Therefore, these results suggest 

that policymakers should provide training programs, agriculture extension services, improved 

infrastructure, and educational facilities in rural areas to help smallholders alleviate poverty by 

creating sustainability in the agri-food industry. 
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INTRODUCTION 

Over the past two decades, agriculture and food supply chains 

have experienced significant transformations due to changes in 

consumption patterns as a result of globalization (Porter and 

Reay, 2016). In developing countries, urbanization and increased 

per capita income have led to alterations in dietary preferences, 

shifting away from basic grains towards processed and high-value 

cereals, dairy products, fruits, and vegetables (Burki and Khan, 

2011; Pingali, 2007). As a result, these countries must restructure 

their production and marketing systems to accommodate these 

evolving trends (Jayne et al., 2016) by connecting smallholders to 

Modern Supply Chains (MSC) to meet the growing local and 

international consumer demands (Montalbano et al., 2018; Naseer 

et al., 2019b). MSC refers to marketing channels that have the 

potential to elevate products to export levels or link products to 

processing levels for value addition (Davis, 2006; Henderson and 

Isaac, 2017; Maertens et al., 2012). In agro-based industries, the 

emergence of MSC has created opportunities for engagement 

among various stakeholders involved in activities from 

production to distribution, including processing and marketing. 

These MSCs have been conceptualized within these activities, 

ranging from production to distribution networks and global value 

chain frameworks. However, integrating smallholders into these 

MSC networks for both domestic and international markets raise 

several questions, such as who benefits and who suffers from this 

integration and how participating in MSC affects growers' efficiency. 

This study aims to address these questions. 

The export of agri-food commodities from developing to developed 

countries has increased in recent years, but small landholders in 

these developing countries face numerous challenges to capturing 

high-value markets in developed countries (Naseer et al., 2019c). 

The literature on the causes of small landholders' participation in 

those high-value markets or MSC has produced mixed findings. 

Some studies, such as Sartorius and Kirsten (2007), Rao and Qaim 

(2011), Heijden and Vink (2013), Schuster and Maertens (2013), 

and Swamy and Dharani (2016) reported that smallholders are 

often excluded from profitable niche markets due to intense 
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competition from different MSC in meeting global demand. In 

contrast, proponents of MSC, including Minten et al. (2009), Barrett 

et al. (2012), Birthal et al. (2017), and Montalbano et al. (2018) 

argued that modern institutional arrangements like contract 

farming could successfully include small landholders in MSC. 

Small-scale farmers, also referred as subsistence farmers, face 

significant challenges in establishing supply chain networks due to 

factors like unfavorable weather conditions, difficulties in farm 

management, harvesting, and handling challenges, involvement of 

middlemen, quality standard complications, pest control, 

employment of untrained labor, sanitary and phytosanitary 

standards for premium markets, proper information dissemination 

to growers, energy deficits, and safety concerns in their countries 

(Malik et al., 2014). However, recent findings from developing 

countries indicate that engagement in MSC can enhance efficiency 

and productivity while addressing production and market-related 

challenges (Barrett et al., 2012; Birthal et al., 2017; Birthal et al., 

2008; Chen et al., 2015; Montalbano et al., 2018; Mutura et al., 

2016; Trifkovic and Farimagsgade, 2015).  

For market expansion and more returns for farmers through value 

addition, governments support the involvement of private industry 

players that contribute to the growth of agri-food sectors by 

connecting small landholders with MSC (Siddique et al., 2018). 

While numerous studies have investigated factors influencing 

participation in existing supply chains and related issues, limited 

research exists on the effects of farmers’ participation decisions on 

production efficiency, considering all relevant variables. In Pakistan, 

research on the citrus supply chain has primarily focused on 

marketing margins, constraint analyses, and factors hindering 

Sustainable Supply Chain Development (SSCD) (Siddique et al., 

2018). 

The present study aims to explore the determinants of small-scale 

farmers' engagement in agri-food supply chains and the subsequent 

impact on profitability, focusing on Pakistan's citrus supply chain. 

The study classifies all stakeholders who purchase from farmers 

into five distinct categories and further consolidates them into two 

groups: TSCs and MSC. The objectives of the study are to map farmer 

participation in various citrus supply chains, assess profitability 

across these chains, identify factors that affect farmers’ efficiency 

and participation decisions, and identify the factors responsible 

for SSCD in Pakistan's citrus industry. The study's theoretical 

framework is presented in the next part of this section. Section 

two delves into the research area, data and variable definitions, 

analytical framework, and the empirical methods used. Section 

three presents and discusses the findings, followed by the final 

section that summarizes the conclusions and policy implications. 

 

Theoretical Framework 

The concept of market structure is grounded in the interaction 

between supply and demand stakeholders, leading to market 

equilibrium. For agricultural exporters and processors, the primary 

factor influencing purchasing decisions stems from derived 

demand. In line with the profit maximization principle, consumers 

equate input prices with the marginal value of the product, while 

suppliers equate product prices with marginal costs. Nonetheless, 

the standard economic theory may not always be applicable in 

agricultural contexts due to various reasons, such as specialized 

product suppliers being too dispersed to achieve economies of scale 

for buyers or quality standards not being effectively standardized, 

particularly for export products. Asymmetric information and 

unequal access to production technology may also place farmers at 

a disadvantage in meeting quality and quantity objectives. Thus, 

it's crucial to consider these factors when analyzing agricultural 

markets and address these challenges to ensure a fair and efficient 

market structure for all stakeholders (Briones, 2015). 

One potential solution to address these challenges is upfront 

vertical integration, which consolidates land under the 

consumer's ownership. However, in the case of Pakistan, this may 

not be a viable solution due to land reforms that limit the size of 

agricultural farms and transfer land rights to tenants, potentially 

preventing land accumulation by larger farmers (Naseer et al., 

2019a). Moreover, without land reforms, vertical integration may 

not resolve procurement issues (Hayami, 2010). In such 

situations, MSC presents a promising option for both agricultural 

product buyers and sellers. Farmers benefit as they receive 

prompt payment and receive technical support and advice when 

needed. In particular cases, MSC also have a contractual 

framework with producers, agreeing to purchase anticipated 

output by these networks, and farmers are bound to use specified 

input and technology and to sell their crop products back to them. 

Despite the advantages, several types of risks are also associated 

with MSC. For example, some prefer contracts with farmer groups 

rather than individual farmers. It has also been observed that MSC 

primarily operate in areas with better security and infrastructure 

facilities and avoid remote areas. However, in the case of the 

vegetable supply chain in Madagascar, quantity and quality 

standards were enforced in the farmer’s filed at the farm level, 

training was provided, and operations were closely monitored by 

inspectors and technicians, which shows that MSC can function 

effectively (Minten et al., 2009). 

In developing countries, farm size is a critical policy consideration, 

as small landholders are often excluded from MSC networks. 

There is no clear consensus among researchers on the impact of 

farm size on farmers’ decisions to participate in specific agri-food 

supply chains. However, a multi-country case study by Cramb et al. 

(2017) suggested that if smallholders are provided with necessary 

facilities, including land tenure security, market infrastructure, 

research, extension, and finance, a vibrant small landholder sector 

can emerge and promote inclusive rural development. Various 

factors influence farmers' participation and farm efficiency, 

including farm and household resources, demographic 

characteristics, geographic location, and institutional factors. Farm 

resources include farmers' household conditions, such as 

alternative income sources, farm size, orchard size, and wealth. 

Geographic factors involve location and distance from the farm to 

the market, representing physical access and transportation costs. 

Demographic factors include age, education, family size, social 

networks, gender, and farming experience. 

The literature indicates that small landholders' inclusiveness 

within the agri-food supply chain is influenced by various farm-

level, farmer-level, institutional, and geographic factors (Henderson 

and Isaac, 2017; Jordaan et al., 2014). Figure 1 introduces an 

analytical framework that identifies farmers' inclusiveness in the 

agri-food supply chain and its impact on farm profitability. The 

analysis takes into account several factors related to the farm, 

farmer, geographic, and institutional context, along with farmers' 

participation in the supply chain. This approach offers a more 

comprehensive understanding of farmers’ decision to participate 

in supply chains, enabling them to identify the reasons behind 

their behavior. It also provides them the possibility to change their 

decision and align with other stakeholders more effectively for 

successful participation in agri-food supply chains. 
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Figure 1. Conceptual framework for small landholders’ participation in the citrus supply chain. 

Literature also suggested that promoting farmers' involvement in 

high-value supply chains can increase their income and contribute 

to poverty alleviation (Cramb et al., 2017). It is essential to examine 

the economic consequences of growers' participation in agri-food 

supply chains from a policy perspective. If TSC participants are 

disadvantaged or in vulnerable situations, policy interventions may 

be required to support them. On the other hand, if MSC participants 

do not receive greater benefits or if TSC participants obtain 

equivalent benefits, policy interventions might not be justified or 

necessary (Romero Granja and Wollni, 2018). 

This study aims to evaluate the economic impacts of farmers' 

supply chain participation, identify factors for SSCD and provide 

policy implications. The underlying assumption is that a farmer's 

production scale serves as the primary factor in their choice of 

supply chain involvement. Large farmers participate in high-value 

MSC, whereas small landholders are economically disadvantaged 

and typically sell their produce through informal channels or 

TSCs. Furthermore, farmers associated with MSCs generally earn 

higher profits than farmers who are connected with informal 

marketing channels or TSCs. 

METHODOLOGY 

Study Area and Data Description  

Pakistan ranks as the 13th largest citrus producer globally (FAO, 

2018) and the 6th largest exporter of mandarins (Naseer et al., 

2019b). Mandarin (locally referred to as Kinoo or Kinnow) is a 

citrus variety commonly grown in Punjab, Pakistan (Naseer, 

2019). In Pakistan, citrus leads in fruit production, yielding 2,360 

thousand tons annually from 206.6 thousand hectares (Memon, 

2017). Mandarin constitutes about 90% of Pakistan's total citrus 

production (GOP, 2018c). The principal Mandarin-producing 

region is Punjab Province, which is responsible for over 95% of 

the nation's total Mandarin output. Consequently, this study was 

conducted in the Punjab Province (GOP, 2018a). Punjab 

Province is not only the most populous but also the second-

largest province in Pakistan in terms of area (GOP, 2018d; 

Naseer et al., 2016). It contributes the highest share of 

agricultural GDP compared to other provinces (GOP, 2018b). 

Sargodha district in Punjab was chosen for this study, as shown 

in Figure 2, as it represents around 53% of the province's total 

mandarin production (GOP, 2018d). 
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Figure 2. Map of the study area – district Sargodha. 

A multistage random sampling technique was employed to select 

the study area and respondents. First, the Sargodha district was 

purposefully chosen due to its prominence in citrus 

production. Next, three Tehsils (Bhalwal, Kotmomin, and 

Sargodha) were randomly selected from a total of six Tehsils. 

Third, ten villages from each Tehsil were randomly chosen, and 

finally, at least ten respondents were interviewed using a well-

structured questionnaire in the last stage as presented in Figure 3. 

The total sample size of the study comprised 300 respondents, 

representing a random mix of farmers associated with TSC and MSC 

and all farm size categories: small-sized farmers (less than 5 

hectares), medium-sized farmers (5 to 10 hectares), and sized 

farmers (above 10 hectares) (Naseer, 2019). A semi-structured 

questionnaire was employed to gather quantitative and qualitative 

data on production and marketing-related factors of citrus 

farmers. The study also considers the ethics of data collection, and 

verbal consent was obtained from the citrus farmers to 

participate in the survey after explaining the purpose of the 

study to them. Respondents were also assured of their 

anonymity in their responses. 

 
Figure 3. The multistage sampling technique used for the study. 
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Benfit Cost Ratio (BCR) 

All the fixed and variable cost calculations are summed up, 

including pre-harvest and post-harvest costs, to calculate each 

farmer's total cost. Then, the total yield is multiplied by the price 

received by the farmer to calculate the total revenue. The farmers' 

benefit-cost ratio (BCR) participating in different supply chains 

was calculated according to the following formula.  

 𝐵𝐶𝑅 =
𝑇𝑅𝑖
𝑇𝐶𝑖

 (1) 

Econometric Models  

Endogenous treatment effect  

This study aims to explore the factors affecting the production 

efficiency of Mandarin farmers by taking their involvement in TSC 

or MSC as treatment variables. A significant issue to address is 

endogeneity, which can result in biased and inconsistent 

estimates in standard regression models due to the correlation of 

unobservable heterogeneities influencing both inclusiveness and 

profitability (Benali et al., 2018; Girma and Gardebroek, 2015; 

Vella and Verbeek, 1999). Maximum Likelihood Estimates (MLE) 

might also be inconsistent if a regressor is endogenous. Therefore, 

to maintain consistency, a two-step estimation method was 

employed in place of MLE (Cameron and Trivedi, 2022). In this 

regard, we utilized a linear model as proposed by Rao and Qaim 

(2011), Barrett et al. (2012), Salmon and Tanguy (2016), and 

Benali et al. (2018). A dichotomous variable, i.e., farmer’s 

participation in TSC / MSC is considered a treatment variable in 

the first stage of this model and the equation is specified as: 

 𝑆𝐶𝑃𝑖 = 𝛽𝑜 + 𝛽𝑖𝑋𝑖 + 𝛿𝑖𝐼𝑖 + 휀𝑖 
(2) 

In equation (1), Xi represents the list of independent variables that 

influence participation, while Ii denotes the instrumental 

variables, including location dummies and the distance from the 

town. The second stage equation concentrates on farm 

profitability (efficiency) of the citrus supply chain is as follows: 

 𝑌𝑖 = 𝛼𝑜 + 𝛼𝑖𝑋𝑖 + 𝜃𝑖𝐸𝑖 + 𝜈𝑖  (3) 

In the above equation (2), Yi symbolizes the outcome variable, 

which is profitability, serving as an efficiency indicator. Ei refers to 

the independent variables that exclusively impact the profitability 

of citrus production. 

To guarantee identification, this study employed location 

dummies and the distance between the farmer's village and the 

market as instruments in the selection equation. Farm and 

orchard size were used as indicators of the mandarin production 

scale in both the selection and outcome equations. These 

indicators also account for the farmers' resource endowments 

when deciding to participate in the supply chain. Other variables, 

such as farmer-level variables (e.g., age, education, family size, and 

profession), farm-level variables (e.g., available labor, orchard 

size, or farm size), institutional variables (e.g., extension 

information and agricultural credit), and geographic variables 

were used as independent variables. 
 

Factor analysis 

Literature has reported several factors in SSCD of agri-food 

industries (Chen and Paulraj, 2004; Sitek et al., 2017; Badar et al., 

2015; Sharif et al., 2005; Nyaoga and Magutu, 2016; Briones, 2015; 

Yang and Shao, 2018). With the help of these studies, all important 

factors were subdivided into two distinctive categories of 

production and marketing-related factors, and a total of 30 factors 

were identified in this study. The respondents were asked to rank 

these factors according to the Likert scale from very disagree to 

very agree. After that, to determine the basic grouping of factors 

responsible for SSCD, Principal Component Analysis (PCA) was 

used. This statistical method was used to determine a relatively 

lesser number of factor sets that represent relationships between 

multiple interrelated sets of different variables (Norusis, 2008). 

This method is powerful, and many factors can be recombined by 

response factor scores and reduced to smaller and more critical 

factors (Li et al., 2011). However, before applying factor analysis, 

Kaiser-Meyer-Olkin (KMO) sampling adequate measurements and 

Bartlett spherical tests were used for the determination of the 

appropriateness of factor analysis. Cronbach alpha coefficient (α) 

helps to explain the reliability of factors arising from the 

dichotomy or Likert scale (Santos, 1999). Generally, the value of α 

must be no less than 0.70 for the scale to be reliable (Tavakol and 

Dennick, 2011), and in our case, it was 0.73. 

 

RESULTS AND DISCUSSIONS  

Farm Size Distribution  

Table 1 displays the distribution of survey participants based on 

farm size and the average size of their mandarin and other citrus 

orchards. Medium-sized farmers make up 41% of the sample, and 

the mean farm size of medium farmers is 7.37 hectares, with 4.95 

hectares allocated to mandarin orchards and 0.82 hectares to 

other citrus fruits. Farmers with more than 10 hectares of 

agricultural land comprise 26% of the sample and have an average 

of 13.65 hectares, dedicating 7.22 hectares to mandarin 

cultivation and 1.83 hectares to other citrus varieties. Small 

farmers, who possess less than 5 hectares of agricultural land, 

represent 33% of the sample. The data in Table 1 indicates a 

positive relationship between the size of mandarin orchards and 

the total agricultural land size. The emphasis on mandarin variety 

in this study is due to its significant presence in Pakistan's citrus 

orchards, with over 90% of production dedicated to mandarin 

(Ali, 2004). Moreover, the proportion of other citrus fruits is 

minimal compared to mandarin (Memon, 2017). 

 

Farmer’s Participation in Citrus Supply Chain  

Mandarin farmers have a variety of options to sell their produce 

through different supply chain actors. The stakeholders participating 

in these supply chains were categorized into five primary channels: 1- 

direct sales (selling directly to consumers, village vendors, or 

retailers), 2- local middlemen or 'beopari', 3- commission agents in 

fruit and vegetable markets, 4- contractors, and 5- processors.  

Table 1. Farmer’s distribution by farm size (hectares). 

Farm Size 
Ave. mandarin orchard Other citrus fruits Total citrus orchard 

Category  Number Mean (ha) 

Small 98 (33%) 3.60 (1.06) 3.16 (0.91) 0.26 (0.44) 3.42 (1.06) 

Medium  123 (41%) 7.37 (1.46) 4.95 (1.47) 0.82 (0.78) 5.78 (1.72) 

Large 79 (26%) 13.65 (2.74) 7.22 (1.73) 1.83 (1.14) 9.06 (2.14) 

Total 300 (100%) 7.79 (4.25) 4.97 (2.08) 0.90 (1.01) 5.87 (2.72) 

Note: The figures in parenthesis are the standard errors except percentages (%). 
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The data in Table 2 reveal that only a small percentage of farmers 

participate in channel 1 (direct sales to retailers, village vendors, 

and consumers), which is mainly limited to small and medium 

farmers in rural areas. Moreover, no citrus growers with orchards 

larger than 10 hectares engage in channel 1. Over 50% of farmers 

sell mandarin through channel 4 (contractors), signifying that it is 

the most commonly used marketing channel by citrus growers. 

These results align with previous research by Siddique et al. 

(2018) and Sabir et al. (2010), who observed that the most 

significant marketing channel for citrus and mandarin fruit in 

Pakistan involves pre-mature contractors with connections to 

large city markets, exporters, and sometimes their processing 

units in nearby locations. 

The study found that around 18% of the total Mandarin is 

marketed through commission agents in fruit and vegetable 

markets (channel 3), and around 19% is marketed through local 

middlemen known as ‘beopari’ (channel 2). Only 4.33% of farmers 

are directly linked to processors, which is attributed to the limited 

citrus processing industry in rural areas, leaving farmers with no 

choice but to select other available marketing channels. 

 

Defining Supply Chain Networks   

To facilitate a better understanding, the study grouped the five 

marketing channels into two categories: TSC and MSC, as 

presented in Table 3. In this context, TSC refers to local supply 

chains lacking the capacity to push the produce to the export level, 

while MSC represents the supply chain leading to exports (Davis, 

2006; Henderson and Isaac, 2017; Maertens et al., 2012). The first 

three channels in Table 2 were classified as TSCs, while the last 

two channels (i.e., contractors and processors) were categorized 

as MSC. This categorization of the marketing channels was also 

based on the potential for value addition and exports of the 

mandarins produced by the farmers. The first three channels have 

limited opportunities for value addition and exports, while the last 

two channels offer greater potential in these areas.  

The results indicate that about 58% of farmers of all farm size 

categories were inclined to the MSC, and the rest of the farmers 

are associated with TSCs.  

According to Birthal et al. (2017), the primary indicators of supply 

chain efficiency at the upstream level include product yield, 

revenue, and output prices. Yield represents production 

efficiency, while profits and prices represent economic and 

marketing efficiency. The results of this study show that there is a 

slight variation in yield across farm size categories, suggesting 

that yield is invariant to production scale because of the fewer 

differences in the management practices of Mandarin farmers. 

These results are in line with Birthal et al. (2017), who studied the 

efficiency and inclusiveness of dairy value chains in Indian Punjab. 

However, some studies also found an inverse productivity to size 

relationship (Sharma, 2015). When we talk about the output 

prices, it is seen that farmers who sold their produce to the 

processors receive the highest prices. An interesting result was 

observed: small farmers with direct sales receive a higher price 

than the average price. This finding supports the theory of lesser 

market intermediaries with lesser marketing margins (Agbo et al., 

2015; Fournier, 2018; Pokhrel and Thapa, 2007). 

Table 2. Farmer’s distribution across different all marketing channels.  

Farm Category  
Retailers/ 

consumers (1) 

Middlemen/ 

beopari (2) 

Fruits & vegetable 

markets (3) 
Contractor (4) Processors (5) Total 

Number of farmers 

Farm Size 

Small  3 20 18 54 3 98 

Medium  8 25 18 66 6 123 

Large 1 13 18 43 4 79 

Total 12 58 54 163 13 300 

Citrus Orchard Size 

≥ 5 7 30 26 80 4 147 

5 to 10 5 23 19 64 7 118 

< 10 0 5 9 19 2 35 

Total 12 58 54 163 13 300 

Percentage of farmers 

Farm Size 

Small  3.06 20.41 18.37 55.1 3.06 100 

Medium  6.50 20.33 14.63 53.66 4.88 100 

Large 1.27 16.46 22.78 54.43 5.06 100 

Total 4.00 19.33 18.00 54.33 4.33 100 

Citrus Orchard Size 

≥ 5 4.76 20.41 17.69 54.42 2.72 100 

5 to 10 4.24 19.49 16.10 54.24 5.93 100 

< 10 0.00 14.29 25.71 54.29 5.71 100 

Total 4.00 19.33 18.00 54.33 4.33 100 

Note: hectare is used as the unit for farm and orchard size. 
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Table 3. Supply chains classification with respect to farmer’s participation.  

Channel Farmer’s sale point Supply chain Value Addition Exports 

1 Retailers and village vendors  Traditional   

2 Middlemen/ beopari Traditional   

3 Local fruit and vegetable markets Traditional   

4 Modern contractors Modern ✓ ✓ 

5 Processors/ factories Modern ✓ ✓ 
 
 

Mapping of Farmer’s Participation in Citrus Supply Chain   

In Pakistan, the agri-food supply chains are quite varied and 

include mandarin farmers as the primary producers. The private 

sector generally controls the mandarin fruit supply chain, but the 

government supports it with basic infrastructure and some sort of 

regulatory environment to facilitate marketing transactions 

(Siddique and Garnevska, 2018). However, intermediaries 

involved in marketing often exploit agricultural growers by 

charging high marketing costs, and the return on their 

investments become less (Ali, 2004). In the Mandarin supply 

chain, the grower is the primary producer, and different 

stakeholders are involved, with pre-harvest contractors having a 

dominant position. The farmer’s participation in this diverse 

supply chain network of Punjab was mapped by the 300 Mandarin 

producer’s data and presented in Figure 4, broadly speaking, there 

are two main mandarin marketing channels, i.e., TSC and MSC. 

 

Traditional supply chain 

As previously mentioned, supply chains that do not lead to the 

exports of fruits or their inability to be processed as value-added 

products are known as TSCs (Henderson and Isaac, 2017). During 

our survey, we observed that 41.3% of farmers were involved in 

TSCs, which had a Benefit-Cost Ratio (BCR) of 1.6. In TSCs, the final 

consumer of mandarin fruits is typically a local consumer who 

purchases fresh fruits. These supply chains involve farmers 

associated directly with consumers or local retailers, selling to the 

local middlemen (beopari), and selling in fruit and vegetable 

markets through commission agents. 

 

Modern supply chain 

The MSC for Mandarin fruits refers to marketing channels that 

enable exports or value-added processing. Farmers in these 

supply chains sell their produce to processing plants or 

contractors with connections to exporters, traders, and 

processors. In contrast, traditional supply chains only involve 

local consumers and retailers, middlemen, and fruit and 

vegetable markets. According to the survey, about 58% of 

Mandarin farmers were associated with MSC, which had a BCR 

of 1.99, compared to 41.3% for TSCs with a BCR of 1.60. The end 

users of MSC may be the consumers of fresh fruits or its value-

added products in the domestic or international market. 

Participation in MSC can increase farmers' income and profits and 

help in the development of the citrus industry through its exports 

and value-added products. 

 
Figure 4. Supply chain mapping – farmer’s participation in the citrus marketing channels. 
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Determinants of Farmers’ Efficiency and Inclusiveness  

The study observed that the value of the lambda coefficient in the 

treatment effect model indicated a statistically significant 

correlation between the error terms of selection and outcome 

equations, revealing selection bias, and it is also identified in 

previous studies by Sahara et al. (2015) and Slamet et al. (2017). 

Consequently, the research employed a treatment effect method, 

simultaneously estimating both equations (selection and 

outcome) to estimate the impact of different unexplored variables 

on profitability by taking the farmer's participation as a treatment 

variable. The coefficients in Table 5 represent the estimates for 

farmers' participation in the first stage equation and profit in the 

second stage equation. The value of the coefficient in the profit 

equation is positive and statistically significant, indicating that 

farmers participating in the MSC earn more profit than TSC 

participants. This result aligns with previous multinomial 

equation analysis findings, which revealed that farmers 

participating in contractor and processor marketing channels 

earned more profit than those in the other three traditional 

marketing channels. The study also discovered that large farmers, 

farmers' education, mandarin area, farming occupation, extension 

information access, and availability of agricultural credit 

significantly and positively impacted MSC participation and 

profitability. 

The research determined that higher education levels positively 

influenced farmers' participation in the MSC, implying that 

educated farmers are more adept at adapting to new market 

demands and more likely to adopt MSC (Rao and Qaim, 2011; 

Schipmann and Qaim, 2010; Slamet et al., 2017). The study noted 

a significant impact of farm size dummies on both the selection 

and outcome equations, indicating that large farmers are more 

likely to tend towards MSC. Moreover, the mandarin orchard area 

had a significant positive effect, suggesting that farmers with 

larger mandarin areas are more likely to be inclined to agree with 

the MSC. These results emphasize the impact of resource 

endowments on farmers' participation and profitability in the 

MSC, where farmers rich in resources are more likely to incline 

with MSC and earn higher profits, while small landholders with 

poor resources are less likely to incline with MSC and earn lesser 

profits (Birthal et al., 2017; Birthal et al., 2008; Slamet et al., 2017). 

Results also revealed that the coefficient value of farming 

occupation is also significant, indicating that farmers primarily 

engaged in farming are more inclined with the MSC and earn 

higher profits compared to others. Access to information is critical 

in the contemporary world, as it allows farmers to identify and 

access new/modern markets and capture better prices. 

Furthermore, the study's findings showed that farmers with 

periodic extension information were more likely to align with 

MSC and generate higher profit. Similarly, those who obtained 

agricultural credit were also more likely to join the MSC and 

increase their profits. Similarly, agricultural credit and 

information access are essential tools for farmers to optimize 

their conventional practices, boost their earnings, and explore 

new markets (Elahi et al., 2018; Lothore and Delmas, 2009; 

Naseer et al., 2019c). 

 

Environment and Supply Chain Sustainability  

The principal component analysis technique was used for factor 

extraction to identify underlying groups of factors responsible for 

the SSCD. The factor loadings were greater than or close to 0.50; 

specifically, in our case, 23 out of 30 (77%) factor loadings were 

greater than 0.5. So, all these 30 listed constraints were subjected 

to factor analysis. Results also showed that the Bartlett sphericity 

test’s value of chi-square is high, i.e., 393.5, and a significant value 

of 0.000. It indicated that the population correlation matrix is not 

an identity matrix, supporting the suitability of employing factor 

analysis. 

The outcomes of factor analysis, employing Direct Oblimin 

rotation, revealed six underlying sets or components with 

eigenvalues exceeding 1, explaining 65.53% of the total variance 

in the data. It shows more than 50% of the variance is explained 

by these six sets of factors in SSCD.  

Table 4. Regression analysis with endogenous treatment effects.  

Note: Standard errors are written in parentheses.; ***, **, and * represent significant levels at 1, 5, and 10 percent respectively. 

 Independent variables  
Participation in Supply Chain 
(TSC = 0 & MCS = 1) 

Outcome Equation 
(Ln_profit) 

Farm size as dummy variable & omitted category is large farmer   

Small (≥ 5 ha) = 1, & 0 otherwise -0.6555** (0.5266) -0.1072* (0.0637) 

Medium (5 to 10 ha) = 1, & 0 otherwise -0.4049 (0.6245) -0.0900* (0.0495) 

Education of farmers (Years) 0.0489* (0.1240) 0.0133*** (0.0087) 

Education of farmers squared -0.0018 (0.0390) 0.0006 (0.0006) 

Family size (No.) -0.0188 (0.6133) 0.0216 (0.0219) 

Family size squared -0.0020 (0.2153) -0.0005 (0.0008) 

Mandarin area (ha) 0.5003*** (0.3571) 0.0082** (0.0388) 

Mandarin area squared -0.0463 (0.9155) -0.0033 (0.0027) 

Farming as the main occupation = 1, & 0 otherwise 1.1506* (0.0222) 0.0568** (0.0704) 

Permanent farm worker (Yes) = 1, & 0 otherwise 0.6823 (0.8593) 0.0377 (0.0859) 

Access to extension information (Yes) = 1, & 0 otherwise 0.0645* (0.6710) 0.0955** (0.0459) 

Agri Finance (Yes) = 1, & 0 otherwise 0.1304** (0.8335) 0.0199* (0.0227) 

Farm to market distance (Km) 0.0878 (0.4624)  

Tehsil/Location (omitted Kotmomin) dummies 

Sargodha = 1, 0 otherwise 8.8803 (0.2292)  

Bhalwal = 1, 0 otherwise 3.7892 (0.8607)  

Participation in MSC = 1, & 0 otherwise  1.09368** (0.5311) 

Constant Term 2.3881 (10.7996) 7.6421*** (0.1160) 

Lambda 0.6027** (0.0921)  
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Figure 5. Factor groups responsible for SSCD; Source: Factor analysis (PCA) results. 

In Figure 6, the performance- and quality-related set of factors in 

the sustainable citrus supply chain development comprises seven 

identified factors. These results are in line with Badar (2015) and 

Usman et al. (2018), who report that the quality of inputs is the 

crucial factor. Similarly, the lack of incentives is another major 

factor in the SSCD. Ozdemir (2000) defined incentives as "factors 

that motivate individuals to behave in specific ways." In the 

context of the SSCD, incentive acts as a catalyst for farmers to 

improve their practices, such as packaging and grading. Therefore, 

farmers might not adopt such practices without incentives from 

the industry (Darko et al., 2017).  

The second important set of factors is climatic and risk-related 

factors in the SSCD of agri-food industries, and it is also evident 

from the previous literature as well (Harland et al., 2003; Leat and 

Revoredo-Giha, 2013). Hardaker  et al. (2004) classified production 

and marketing-related risk as adopted separately. Leat and 

Revoredo-Giha (2013) also highlighted that production risks in 

agriculture may arise from uncontrollable factors like extreme 

weather events, pests, and disease outbreaks. Tummala and 

Schoenherr (2011) conceptualized some supply chain risks, 

specifically defined as "an event that negatively impacts supply 

chain operations, leading to performance measures." 

Ghafoor et al. (2008) emphasized that citrus farmers in Pakistan 

face significant challenges, including high input prices and a lack 

of agricultural credit. The scarcity of agricultural credit and the 

high cost of inputs remain critical for sustainable citrus 

production (Ashraf et al., 2014). He also highlighted the costly 

nature of the latest technologies, leading farmers to rely on 

manual practices like spraying and other traditional 

mechanization methods. Usman et al. (2018) argued that citrus 

farmers encounter difficulties due to poor marketing facilities and 

high transportation expenses. Moreover, they observed a 

considerable disparity between the prices received by farmers 

and those paid by consumers, mainly attributed to market 

exploitation. As a result, economic factors and market exploitation 

emerge as the third most significant contributors to SSCD.  

Several previous studies have identified knowledge & information 

and extension services as significant factors affecting farmers, 

particularly concerning production and marketing  (Iqbal and 

Kamal, 2014; Siddique, 2015; Usman et al., 2018). Usman et al. 

(2018) emphasized the importance of improving road 

infrastructure, constructing bridges, and maintaining road spots 

to facilitate growers' access to local and destination markets. To 

foster integrity between remote rural areas (farms) and urban 

markets, there is a need for better policies that focus on the 

provision and enhancement of road networks (Arethun and 

Bhatta, 2012; Markelova et al., 2009). Additionally, another study 

highlighted the necessity of a more efficient transportation system 

to reduce transportation costs and travel time, thereby improving 

marketing opportunities and increasing production ( Kedir, 2001), 

which ultimately addresses SSCD.  

Researchers have noted that adopting poor quality assurance and 

traditional packaging practices can hinder the potential for higher 

profits (Iqbal and Kamal, 2014). Packaging processes for crops, 

vegetables, and fruits often lead to unavoidable losses linked to 

low productivity, inefficiencies, contamination, and damage to 

fresh products (Djekic et al., 2018). In a study focused on citrus 

constraints by Usman et al. (2018), inadequate storage facilities 

were identified as the second most significant constraint in 

enhancing the shelf life of fruits. The high cost of storage was also 

highlighted as a crucial issue that requires attention. Proper 

packaging emerges as a critical factor for improving farmers' 

decision-making in supply chain participation, contributing to the 

sustainability of agri-food industries (Djekic et al., 2018). They 

also emphasized the problem of inadequate incentive and proper 

packaging facilities in the citrus industry of Pakistan. Therefore, 

fostering innovation capability becomes essential to address 

SSCD. 

 

CONCLUSIONS AND POLICY IMPLICATIONS 

The growth of contemporary markets in developing countries and 

the evolution of marketing systems present both opportunities 

and challenges for farmers to engage in modern supply chains. 

These supply chains hold the potential to increase farmers' 

income and profitability. However, small-scale farmers encounter 

significant obstacles when attempting to join these modern supply 

chains, primarily due to resource limitations such as small orchard 

sizes, restricted access to credit, and limited extension services. 

Conversely, farmers with abundant resources, such as large farms 

and convenient access to financial markets, dominate the modern 
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supply chains. Nevertheless, there is a possibility for small farmers 

to be incorporated into modern supply chains if they can establish 

more effective collaborations. Consequently, the industry must 

facilitate the organization of small farmers into larger groups, where 

they can achieve economies of scale and elevate their profitability. 

Furthermore, for SSCD the group of factors such as performance and 

quality, risk and climatic, economics and market exploitation, 

knowledge and information, geographic and transportation, and 

innovation capability are needed to be addressed.  

Drawing from the study's findings, several policy implications can 

be outlined; first, there is a need to prioritize the development of 

modern supply chains in developing countries, especially for 

small-scale farmers. This can be accomplished by providing them 

access to financial resources, extension services, and market 

information. Second, the government and other stakeholders 

should promote collective action among small-scale farmers to 

achieve economies of scale and strengthen their bargaining 

power. Establishing producer organizations or cooperatives can 

help small farmers participate more efficiently in modern supply 

chains. Third, policies that incentivize the adoption of new 

technologies and innovative practices by small-scale farmers can 

also improve their productivity and profitability. This may involve 

offering subsidies or tax breaks for farmers who adopt sustainable 

and modern practices. Lastly, the government can play a role in 

enhancing infrastructure, such as transportation and storage 

facilities, to minimize post-harvest losses and boost the efficiency 

of the supply chain. Therefore, the study indicates the necessity 

for coordinated efforts from various stakeholders, including 

government, industry, and farmers, to increase the participation 

of small-scale farmers in modern supply chains. 
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