
RESEARCH PAPER 

Financial support: None. 
Conflict of interest: The authors have no conflict of interest to declare. 
Corresponding author: mahakbhatia30@gmail.com 
Received: 24 May 2020 
Approved: 20 Aug 2020 
Editor: Osvaldo L. G. Quelhas. 

 This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 

Brazilian Journal of Operations & Production Management, Vol. 17, No. 4, e2020978, 2020 | https://doi.org/10.14488/BJOPM.2020.043 1/18 

Agriculture supply chain management - an operational 
perspective 
Mahak Bhatia1, G.M. Janardhana1 
1Bhartiya Skill Development University Rajasthan, Jaipur, India. 

How to cite: Bhatia, M. and  Janardhana, G.M. (2020). “Agriculture supply chain management - an operational 
perspective”, Brazilian Journal of Operations & Production Management, Vol. 17, No. 4, e2020978. 
https://doi.org/10.14488/BJOPM.2020.043 

ABSTRACT 

Goal: An integrated model for production and distribution of agricultural produce is developed. The 
objective of mathematical model formulated is to maximize farm revenues by investigating the 
production and logistics parameters associated with the type of crop cultivated. The paper aims to 
develop a mathematical & conceptual framework for crop distribution that will provide an optimal 
farm return with the reduction in farm cost. 
Design / Methodology / Approach: Mathematical and conceptual model is developed to overcome 
the challenges faced by growers of perishable crops. The decision of model is made on the basis of 
traditional/ previous season factors such as resource availability, market price of the produce in 
previous year. Linear Programming as a tool is used for formulation. 
Results: The complexity of model depends on the type of crop cultivated and capital invested by the 
growers. The developed model thus results in, planning a farm model from cultivation till harvesting. 
The timing which is an important parameter in the case of perishable crops were taken under 
formulation. 
Limitations of the investigation: To analyze the different parameters affecting the decision 
variables a hypothetical farm planting tomatoes, cucumbers and bell peppers are taken under 
considered to determine the operational cost involved in logistics management of perishable crops. 
Only the perishable crops were considered to study so that the complexities and the constraints 
associated in packaging, storage and harvesting of these crops will be observed and analyzed. Most 
of these farm model often overviews the factor such as product deterioration, product life span, 
freshness & quality, price dynamics, transportation and inventory costs. 
Practical implications: The study supports the farmers practising perishable crops, to maximize the 
farm revenue and minimize the farm losses. The developed model will help the growers of perishable 
produce to analyze the scenario and consider the crop according to the market demands and 
available farm resources. 
Originality / Value: none of the studies conducted so far will simultaneously focus on minimization 
of product loss and maximization of farm revenues 

Keywords: Logistics; Inventory; Agri-supply chain; Mathematical model; Distribution; Production; 
Perishable crop. 

1. INTRODUCTION 
According to the Indian Ministry of Trade & Industry, about 20% of the farm produced 

gets wasted every year due to a lack of storage facilities (CSR Journal, 2018). A survey has been 
conducted to investigate the problem present in the agri-supply chain management system. 
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The gaps that affect the supply chain system includes improper handling of agricultural 
produce, the involvement of intermediaries that mislead the farmers; results in the lower price 
of their agricultural produce, increase in post-harvest losses due to inappropriate availability 
of tools, inaccessibility of markets & mandis and lastly the lack of knowledge regarding 
government schemes and policies makes the sector more challenging and complex. 

Because of these gaps in a system, the need for proper regulations is required to 
overcome the agricultural loss. Consequently, the need and challenge to overcome the food 
wastage and spoilage have been evolved. However, adapting traditional planning to a fresh 
Agri supply chain is a task whose complexity is accompanied by the perishability of the crops. 

(Lowe and Preckel, 2004) mention long supply lead times accompanied by uncertainties 
in demand and supply of perishable produce. These challenges generate a need for proper 
agri logistics management system. In this paper, we present an integrated modelling approach 
for the distribution and production of agricultural products. 

Though the concept of logistics has been practiced since ancient times still it is one of the 
most challenging and dynamic factors of the supply chain system. The concept of logistics and 
supply chain is often used synonymously but both the concepts are the two sides of the same 
coin. “Logistics” deals with storage, packaging, transportation of goods on the other hand 
“Supply chain system” deals to coordinate different parameters of logistics (Frazzon et al., 
2019) (Figure 1). Logistics management includes the various related task that is required to get 
the right product to the right consumer in the right condition at right time and at the right cost. 

Logistics management is accompanied by the warehousing and inventory that adds value 
to the supply chain. But the cost of creating this value is high as the warehousing and inventory 
management (APS Fulfillment, 2017) in itself is a separate concept to look into that involves a 
high-cost factor as a major constraint. 

According to the 19th “State of Logistics Report” in 2008, United States companies spent 
US$1,398 billion in logistics services in 2007. Investment in transportation in 2007, ran 
US$857 billion that comprises 62% of the total logistics cost (Simantov, 2019). These statistics 
indicate that a huge amount of capital is invested in the transportation sector. Thus, supply 
chain managers and decision-makers must coordinate all the parameters efficiently and 
effectively to minimize the loss due to poor management among the parameters. 

 
Figure 1: Parameters of supply chain 

Source: Authors 
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1.1 ISSUES AND CHALLENGES 
In agri- logistics one of the major issues is the perishability and product quality (He et al., 

2018). More is the time length in harvesting and the time to reach the market lesser will be the 
price of produce. Hence time is considered as one of the major factors in the supply chain 
system (Ahumada and Villalobos, 2009). 

To overcome the issues faced by the sectors, there is a need to take a tactical decision at 
the beginning of the season that includes: what to plant, how to plant, what are the operational 
activities involved for cultivation and what potential markets needed to target (Ahumada and 
Villalobos, 2011b). In particular, the formulated model will support the growers cultivating 
perishable crops to maximize the farm revenues. 

The parameters needed to analyze were: availability of labor & resources, demand of 
produce, productivity and prevailing crop price time. One of the major issues in the 
development and smooth functioning of the chain system is the lack of skilled labor. 

In farm planning, there are several decisions that needed to be considered right from 
procuring seeds till it reaches the market (Nier et al., 2019). These decisions were taken at 
different stages as follows: 

• Operational decisions: involves production management, inventory storage, 
distribution and transportation. 

• Tactical decisions: involves land to be allocated to each crop, variety of crop to be 
cultivated, scheduling of pesticides and fertilizers, irrigation duration and the available 
mode of transportation for agricultural produce. 

• Strategic planning: it aims to reach the most effective and efficient parameter of the 
supply chain system i.e. consumers by allocating the mandis and the market places 
that is easily accessible to them. 

The model developed will provide an in-depth analysis of crop allocation, operational activities 
involved, labor required, harvesting and a conceptual model of distribution planning. The main 
purpose is to assist the producers in the complex supply chain management system and to supply 
fresh produce to consumers. The agriculture sector in India requires investment to set up an 
infrastructure that will reduce the crop decay and fulfil the consumer needs as and when required. 

However, the emphasis has been laid on the development and improvement of agri 
logistics system in such a way that all the parameters accompanied by the chain, especially 
the farmers are benefited as they are the leading and most crucial factor of the chain. Logistics 
as a concept is often misinterpreted only as a function of transportation and storage. However, 
the fact is that “logistics” is a wide and in-depth study of the following factors (Figure 2). The 
increasing importance of the agri logistics is attributed mainly to the fact that the consumers 
need a continuous supply of perishable products. 

Certain factors that affect the optimality of the system are the increased variety of 
agricultural products, globalization, shorter product-life, and increased regulatory complexity. 
All these parameters make it difficult for the system to achieve a strategic goal between what 
they practice and the desired dynamic customer needs (Benitez and Ferreira Lima, 2019). 
Thus, a conceptual framework is developed that will consider and investigate the parameters 
that affect the functioning of the system. 

 
Figure 2: Different Factors of Logistics 

Source: Authors 
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Through literature reviewed it is analyzed that farmers especially the farmers owing small 
areas for cultivation have been facing innumerable problems while planning their fields due 
to inadequate knowledge and financial constraints (Abdelaziz, 1978; Krummel and Su, 1996; 
Kumar, 1989; Matanga and Mariño, 1979; Ranade, 1980; Warrick and Gardner, 1983; 
Yang et al., 1996). The root cause of these challenges is the lack of operational and managerial 
decisions taken while farm planning. According to the World Bank, one of the reasons that 
inhibit the growth of the sector is the lack of agricultural extension services that includes post-
harvest decisions such as transportation network, packaging, storage, and inaccessibility of 
markets and mandis. Hence, there is a need to streamline all the decisions of agri supply chain 
(Figure 3). 

 
Figure 3: Decisions of Supply Chain 

Source: Authors 

1.2 WAREHOUSE MANAGEMENT IN INDIA 
The agriculture sector in India is one of the major contributors to its economic growth. 

Due to its agricultural diversity, topography, and production of agri- products it has made a 
country of “supply-driven” to that “market-driven”. An efficient agri-supply chain system not 
only reduces the post-harvest losses but also makes it easy to access the nearby marketplaces. 
The major benefits of the supply chain especially, cold storages are to overcome the 
fluctuations in the market price of the product that will occur due to crop failure, low 
production and so on. Hence, the main focus of the Indian Government is to develop more 
storage infrastructures and cold storage facilities to prevent these fluctuations and prices of 
agricultural products. Table 1 shows the organizations along with their storage capacity. In 
recent years, with the increase in demand for the logistics management private sector is also 
investing in logistics. 

The total warehouse capacity of India is around 91 million metric tonnes. However, 
government agencies use 66% (60 million metric tonnes) of total available agricultural storage 
capacity which includes 23 million metric tonnes of hired capacity. Table 2 indicates state wise 
storage owned by FCI. 
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Table 1: Capacity of Warehouses Owned by Government and Private Sector (India, 2015) 

Sr.No. Organization Storage capacity in 
(million tonnes) 

1. Food Corporation of India (FCI) 36.25 
2. Central Warehousing Corporation (CWC) 10.14 
3. State Warehousing Corporation (SWC) and State Agencies 39.31 
4. Cooperative Sector 15.07 
5. Private Sector 57.75 

 Total 158.52 
Source: Government of India Department of Food & Public Distribution New Delhi (India, 2015) 

Annually, around 30-40% of the horticulture produce gets wasted due to inadequate 
storage and transportation network. At present, the country requires 130-140 metric tonnes 
of space for the storage of food grains, oilseeds, and other cash crops. The post-harvest 
management of agricultural produce is one of the major sectors to look into and it provides 
an opportunity for the private sector to invest in this aspect of the supply chain system and 
make it a profitable sector. The reason behind the increase in post-harvest loss is the 
fragmented, uneven distribution of warehouses, location & infrastructure of warehouses, 
poor handling of the agri-products (Bureau, 2012). 

According to the World Bank Report, the Indian logistics supply chain has improved 
manifolds. India acquires 35th position in international supply chain efficiency called Logistics 
Performance Index in 2016. Improvement and advancement in the logistics sector not only 
boost programs such as “Make in India” but enables India to be a part of the International 
Supply Chain system (Bhuyan, 2016). 

Table 2 : State-wise average storage capacity owned by FCI (Food Corporation of India, 2019) (in lakh 
tonnes) 

Sr. No. States Total owned by FCI Total capacity hired by FCI 
1. Bihar 3.66 6.31 
2. Jharkhand 0.67 3.80 
3. Orissa 3.12 2.25 
4. West Bengal 8.40 1.06 
5. Sikkim 0.10 0.01 
6. Assam 3.00 1.00 
7. Arunachal 0.28 0.02 
8. Meghalaya 0.13 0.09 
9. Mizoram 0.25 0.00 

10. Tripura 0.36 0.08 
11. Manipur 0.28 0.04 
12. Nagaland 0.33 0.10 
13. Delhi 3.36 0.00 
14. Haryana 7.68 49.30 
15. Arunachal Pradesh 0.19 0.34 
16. Jammu & Kashmir 1.03 1.32 
17. Punjab 22.24 88.50 
18. Chandigarh 0.00 0.064 
19. Rajasthan 7.20 10.34 
20. Uttar Pradesh 14.9 39.51 
21. Uttarakhand 0.00 0.98 
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Sr. No. States Total owned by FCI Total capacity hired by FCI 
22. Andhra Pradesh 7.29 6.14 
23. Andaman & Nicobar 0.07 0.00 
24. Telangana 5.37 10.0 
25. Kerala 5.29 0.12 
26. Karnataka 3.81 4.44 
27. Tamil Nadu 5.80 6.32 
28. Puducherry 0.44 0.83 
29. Gujarat 4.05 2.13 
30. Maharashtra 8.68 10.47 
31. Goa 0.15 0.05 
32. Madhya Pradesh 3.37 4.35 
33. Chhattisgarh 5.17 2.89 

 Total 126.43 252.17 
Source: (Food Corporation of India, 2019. CapacityJune19.pdf) 

Table 3: Month-wise food grains procured by FCI (in lakh metric tonnes) 

Year Jan Feb March April May June July Aug Sep Oct Nov Dec 

2016 364.77 365.74 362.89 366.99 527.65 534.29 495.95 455.96 407.76 358.02 313.62 275.55 

2017 272.22 285.80 298.36 311.40 524.69 555.40 533.19 499.77 459.98 421.73 378.77 347.91 

2018 357.68 374.40 384.34 381.04 607.07 680.25 650.53 627.13 - - - - 

Source: Food Cooperation Of India (2018) 

 
Figure 4: Food procured by Food Corporation of India (FCI) 

Table 3 indicates the month-wise food grain stored by FCI. As per the reports of the Union 
Ministry of Agriculture and Farmer's welfare, India would have a bumper production of food 
grains. The latest historic figure for production is 283 million metric tonnes. FCI storage houses 
are flooded with grains and there is a large number of losses due to such a large quantity of 
harvested grains. Nafed and Food Corporation of India (FCI), in the year 2018-19 has procured 
nearly 38 lakh tonnes of oilseeds and pulses Figure 4. As per the records, in Rabi & Kharif 
season quantity of food grains purchased in 2018-19, 19.7 lakh tonnes, and 18 lakh tonnes 

Table 2: Continued... 
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respectively. Current storage capacity in the country is 877.37 lakh tonnes (Business Standard, 
2018). 

Table 4: Food production in India in 2018-19 

Sr.no. Crops Year Production (million 
tonnes) 

1. Food grains 
2018-19 281.37 
2017-18 284.83 

2. Oilseeds 
2018-19 31.50 
2017-18 31.31 

3. Sugarcane 
2018-19 380.83 
2017-18 376.90 

Source: Department of Agriculture, Cooperation & Farmers Welfare (India, 2018) 

As per the 2nd Advance Estimate for 2018-19 (Table 4), total food grain production in 
2018-19 is reduced by 3.46 million tonnes than in the year 2017-18. However average food 
grain production has increased by 15.63 million tonnes than the previous 5 years (2013-14 to 
2017-18). Total oilseeds production in the country is increased by 1.85 million tonnes than the 
average oilseeds production. Similarly, the production of sugarcane has increased to about 
31.05 million tonnes than the average sugarcane production over the last five years. 

The reports indicate that crop production in the country increases every year. Thus, there 
is a need to improve infrastructure to prevent post-harvest losses. As per the records in India, 
20% (Bureau et al., 2019) of food-grains were spoiled annually due to rodent attack, pilferage, 
poor- handling of agri-produce during transportation and inappropriate storage facilities. 

In the agriculture sector, farmers are the main component of the supply chain 
management system especially those that cultivate perishable products. Fluctuations in 
climatic conditions had impacted the product perishability and hence farms output. Further, 
they have to face the change in market conditions due to varying consumer demand. It is 
believed that the consolidation of retailers will continue in near the future results in the 
smooth functioning of the Agri supply chain management system. The developed model will 
help producers who access directly to the market by coordinating with each parameter of the 
supply chain depending on their requirements. 

According to the Ministry of Food and Public Distribution, agencies responsible for 
storage has a storage capacity of 85.15 million tonnes out of which only 72.45 million tonnes 
capacity of warehouses are covered. One major issue in storage is that these storage places 
does not guarantee the “first-in and first-out” principle of agri-produce. Consequently, the 
stock stored in the early phase has more chances of getting spoilt (Subramani, 2019). 

2. LITERATURE REVIEW 
Traditionally, planning a farm involves various decisions such as crop allocation, operated 

mechanized system, harvest scheduling, and many other factors. Most of the models develop 
focusses on traditional crops, with a smaller number of farm model that aims at developing a 
model that considers a perishable crop. (Ahumada and Villalobos, 2011b) proposed an 
operational farm model that gives an insight into the fresh produce industry. The developed 
model helps the decision-makers to maximize farm revenues. The idea of the paper is 
generated from the fact that the profitability of the producer depends on short-term planning 
in the harvest season. This will provide an insight into the kind of decision variables is to 
consider that will maintain the product perishability (short-term decisions) and optimizes the 
farm returns. 

Most of the existing literature focuses on traditional crops, a smaller number of experts 
have laid attention to perishable products from the view of tactical modeling. Since labor is 
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one of the crucial factors in agriculture planning thus one of the factors that need an in-depth 
analysis is the availability of labor especially in the case of perishable crops (Zhang and 
Wilhelm, 2011). 

(Ferrer et al., 2008) developed an operational model for harvesting, which includes a 
tactical decision such as the amount of produce to be harvested per period, the mode of 
transportation to be availed for transporting agricultural produce to inventories and then 
scheduling of packing and processing plants. Mixed-Integer Programming model is developed 
for optimally scheduling of the harvesting, labor, and transportation routing operations of 
wine grapes. The cost of harvesting and the rate of deterioration rate of wine grapes were 
taken under consideration. The main contribution of the paper is the inclusion of the decay 
rate of grapes in the objective function of the model. Paper overviews a decay period of 
perishable crops. 

(Rong et al., 2011) developed a model to control the food quality throughout the supply 
chain system. The model will consider the quality of agricultural produce as one of the major 
decision-making variables in production and distribution planning. 

Hence, from reviewed literature two of the most significant parameters in supply chain 
management of perishable crop that can be incorporated in one mathematical model is the 
lead time decay and type of transportation network to be considered depending upon the 
perishable nature of the crop (Blackburn and Scudder, 2009). 

Supply chain management is considered as a system that integrates all the factors and 
provides a link to associate, parameters of chain for the smooth inflow of agricultural produce 
(Moazzam et al., 2012) 

In the supply chain management system, the supply of perishable products is a critical 
issue due to its short life span and high decay coefficient parameter. (Boudahri et al., 2013) 
deals with the planning and management of poultry products. The main purpose of the study 
is to redesign the existing supply chain to optimize distribution planning. 

Di et al. (2011) consider a distribution network design where the decision has to consider 
regarding the allocation of sites for the distribution of the perishable agricultural product. The 
paper aims to minimize the location, inventory, transportation, and distribution cost. The 
decision-makers also consider the decay loss in transportation. (Catalá et al., 2013) formulate 
an optimal model for restructuring the production of apple and pears. The main focus is to 
optimally plan the investment of the farm, maximizing the farm's profit by dynamically 
allocating the crops in a given time horizon based on available financial constraints. 

Globalization and rapid change in population have raised the demand for agri-food 
products. However, the variations in climatic conditions, product perishability, change in 
demand of consumers poses a great challenge for the development of effective and efficient 
supply chain system that caters the need of all the sectors of the chain. 

With the increase in demand for agricultural produce, proper management among all the 
parameters of agriculture including production, harvesting, transportation, storing, packaging, 
marketing has become a necessity. (Olena and Maryna, 2016) focusses on the problem faced 
in the agricultural logistics system in Ukraine. Market institutions play a crucial role in 
coordinating a link among these parameters. The results of the study reveal that the 
implementation of logistics in the Agri supply chain will allow the following: 
• Optimizing the flow between the different parameters of the sector. 
• Optimization and allocation of resources 
• Coordinating transportation networks 
• Inventory and storehouse management 
• The continuous flow of agri-products among all the parameters 

Hence, to provide coordination & link all the factors of the supply chain system a 
conceptual model is developed that enables to cope up with the problems faced in the 
agriculture sector. 

Further, (Mogale et al., 2017) for the distribution of fresh vegetables, proposed a vehicle 
routing algorithm. Perishability as a critical concept was developed by using an algorithm for 
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the distribution of fresh vegetables. (Osvald and Stirn, 2008) proposed a food grain supply 
chain problem faced in India to satisfy the demand of the deficit Indian states. A Mixed Integer 
Non-Linear Programming model is formulated that aims to minimize the overall operational 
cost involved in storage and shipment. Along with the type of transportation network involved 
in a chain some other parameters such as seasonal procurement of agri-produce, storage, 
and vehicle capacity and satisfying the demand of consumers were taken under consideration 
to study. 

(Onggo et al., 2019) modelled a multi-period inventory routing problem by applying 
Mixed-Integer Programming as a tool. 

Thus, many researchers (Ahumada & Villalobos, 2011) developed conceptual and 
mathematical model that aims to minimize the post-harvest losses. The further sections of the 
paper discuss about the methodology followed by the mathematical and conceptual 
framework leading toward the discussion. 

3. METHODOLOGY 
To analyze the functioning of the logistics system a hypothetical farm in which farmers 

cultivate tomatoes, bell peppers, and cucumbers (perishable products) was considered. 
However, fresh agricultural producers have to make several decisions regarding crop 
allocation (it is a crucial aspect for the perishable produce) and planting. Planting decisions 
include the selection of best variety, area to be cultivated under each type of crop, and time-
period to plant a particular variety. Most of the time all these decisions were made based on 
the demand and expected price of the product in the market. From a survey conducted with 
farmers it is observed that nowadays, to prevent the crop from varying climatic conditions 
farmers prefer to cultivate perishable products especially cucumber, chilies and bell peppers 
in green houses. Because of this, the risk of crop failure is minimized and production is 
increased. Operational activities time horizon, to cultivate the field with tomatoes, bell 
peppers, and cucumbers is listed in Table 5. 

As per the planning schedule represented in Table 5, it can be evaluated that during the 
growing season the cultivating and harvesting activities overlap with each other. One of the 
reasons for this is that both these activities use a scarce resource i.e. labor. This indicates that 
there is a need to manage labor, particularly in peak season. The main challenge with labor 
planning is that the seasonal agricultural labour are limited in number, and due to a large 
requirement of fresh produce, labor can become one of the limited and restricted resources 
for planning. 

Table 5: Operational activities in cultivating tomatoes, bell peppers and cucumbers 

Crop variables hectares 
Sep Oct Nov. Dec. 

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

Tomatoes 50 
  * * *     $ $ $ $ $ $ $ 
    # # # # # # # # # #   

Cucumbers 30 
* *  $ $ $ $ $         

 # # #             

Bell peppers 20 
*         $ $ $ $ $ $ $ 
 # # # # # # # # # # #     

  * Planting Crops # Cultivation $ Harvesting 

To overcome this challenge the developed model will consider the availability of both 
seasonal and hired farm laborers. The difference among two is that seasonal labor is 
contracted for a particular season whereas, hired laborers were required only for a particular 
duration of crop planning such as at the time of harvesting. The need for labor is constrained 
by financial condition and labour availability in a season. Linear Programming as a tool is 
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applied to get optimized output of the model. Figure 5 represents the methodology adopted 
for analysis. 

 
Figure 5: Methodology for supply chain management of perishable crop 

Source: Authors 

3.1 CONSTRAINTS IN PLANNING A PERISHABLE CROP 
One of the major differences between the traditional cropping scenario and the model 

proposed, is the management of product decay and its perishability. The developed model will 
take care of the product perishability in two ways: first by restricting the maximum storage 
time for the produce. For example, in the case of tomatoes, the life of it is dependent on the 
shell color that determines the freshness. 

Constraints that lead to diminishing the life span of the product are always accompanied 
by production-distribution plan model depending on the type of crop considered. However, 
these constraints did not affect the perishability of products within a limited time horizon once 
it is harvested. But after a specific period, it leads to certain odd decisions such as using 
railways instead of roadways to deliver the product that leads to an increase in farm cost. 

To avoid product decay there is a judicious need for inventory management. Further, it is 
observed that with the increase in transportation time there is a reduction in product market 
price due to its diminished quality and freshness. Thus, a decay function (Figure 6) is proposed 
by (Osvald and Stirn, 2008) for peppers that show the relation of how the product life decays 
with the increase in transportation length. 

Figure 6 shows the decay function for a perishable crop, indicating the fall in product price 
at a constant rate over some time. 

 
Figure 6: Indicates the product decay with the increase in transportation length 

3.2 MODEL ASSUMPTIONS 
For the formulation several assumptions were made: 

• Farmers have basic infrastructural facilities such as land, water, seeds, fertilizers, etc. 
• Allocation of crops and the operational activities involved for production are pre-decided. 

Decision parameters that were looked into while formulating a supply chain management 
model include the decision variables such as land allocation for each type of crop, time of 
sowing & harvesting, labour planning, mode of transportation (depending on the type of 
cultivated crop) availability of water resources and another operational activity to minimize 
the farm expenses. 
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Unlike the farmers who cultivate cereals and grains, growers of perishable agricultural 
produce, have certain different constraints as compared to other farmers cultivating grains 
and cereals. To maintain the perishability of the product they need to access proper inventory. 

Farmers play a significant role in the supply chain as they are the main drives that link 
production and distribution. As a result, some producers leave the distribution of their 
products to the intermediaries while others handle the logistics sector on their own to reduce 
cost. Figure 7 represents the systematic in-flow among different parameters of the chains. 

 
Figure 7: Systematic Framework of Agri-Supply Chain 

Source: Authors 

Logistics initiate as soon as the crop is harvested at the farm level. Depending on the 
quality, quantity, and market price of the harvested crop the price of product, the granaries, 
and the agricultural warehouses were identified by the growers to store their crops. Most of 
the farmers due to financial constraints prefer to store the crop in their fields only. Thus, the 
budget is one of the significant components of the supply chain system. Since the majority of 
the perishable crops are being transported from one place to another thus, time quality of 
service, continuous flow of products, and routes to be taken up by the transporters are some 
of the crucial challenging parameters of the supply chain system. Figure 6 shows the 
systematic framework of agri-supply chain. 

According to the model (Figure 8) farmers have several locations to sell their farm 
produce such as nearby markets and mandis but all these locations must be allocated nearby 
farms so that the cost involved in the transportation of goods is minimized. These locations 
could be different in terms of their geographical position and infrastructure. Farmers can 
adopt different types of packaging facilities, warehouses and, distribution centers depending 
on the crop and their financial and economic conditions. Most of the small farmers were not 
able to access all these facilities due to capital constraints. 
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Hence, there is a need to make the Agri supply chain system accessible and adaptable for 
the farmers by optimizing production and distribution costs. 

 
Figure 8: Systematic flow of agricultural produce among different parameters of SCM 

Source: Author 

According to Figure 7 different farms (F1, F2 & F3) at different locations were considered 
to determine the transportation cost. These farms could be different in terms of topography, 
market accessibility, and availability of resources especially, labor and water. These two 
resources are crucial in the case of perishable agricultural products as plantation of these 
crops requires skilled labor and an accurate quantity of water for their cultivation. Growers 
have an alternative to opt for warehouses (W1 & W2) depending upon the quantity and the 
type of crop cultivated. Product packaging is one of the most important & complex 
components of the SCM system. Once the product gets packed it will be transported to local 
markets & mandis where it is easily accessible to consumers. 

3.3 MODEL FORMULATION 
The objective of the developed framework model is to reduce farm expenses by allocating 

farm resources optimally. The farm revenues are obtained depending on external (such as 
market price fluctuation of agricultural produce) and internal conditions (such as type of crop 
cultivated, land allocated to each crop). In model developed decisions were assumed to take 
for a finite planning horizon (t). The time horizon t represents the product decay time period. 

Constraints of the model were: 

 tia aG TA∑ ∑ ≤  (1) 

Gtia represents i th type of crop allocated on land (a) (in hectares) in time period t 
TAa represents the available land for crop allocation (in hectares) 

.ti tiaP G TIΣ ≤∑  (2) 

Pti represents production cost per hectare of i th in time period t 
TI represents total investment (in Rs.) 
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.i tiaW G TWΣΣ ≤∑  (3) 

Wi represents water required by i th crop in time period t 
TW represents total water available for irrigating the fields 
Xia = 0 when i th type of crop is not cultivated in time period t (4) 
Xia = 1 when i th type of crop is cultivated in time period t (5) 

 . . thia thia tia tiaH Y T G=  (6) 

Hthia represents harvesting of i th crop in period h, planted in time period t allocated on land (a) 
(in hectares) 
Ythia represents yield (per hectare) of i th crop planted in time period t and harvested in h time 
period, allocated on land (a) (in hectares) 
Ttia represents area under i th crop, allocated on land (a) (in hectare) in time period t 

 thiaf thiaKP H∑ =   (7) 

KPthiaf represents kgs of produce i allocated on area (a) (in hectare) is transported from farm 
to location 

  .  . ta tl ti tia thi thiaML ML MP G MH H+ ≥ ∑ +  (8) 

MLtl represents no. of seasonal labor required at time period t for location l (labor-
month/hectare) 
MLtl represents no. of hired labor required at time period t for location l (labor-month/hectare) 
MPti represents number of labour required for cultivating ith crop in time period t (labor-
month/hectare) 
MHthi represents number of labour required for harvesting ith crop in time period t (labor-
month/hectare) 

  hkcf hkc jP Q D= −  (9) 

Phkcf represents quantity of product k get packed in period h with color c 
Qhkc represents harvested quantity k of the vegetables with color c in period h 
Dj represents the quantity of decayed product j 

.  k hkcf hfHL P HF∑ ≤  (10) 

HLk represents the labor needed for packaging a product k 
Phkcf represents quantity of product k get packed in period h with color c 
HFhf represents the operator hours allocated at facility f and harvest time h 

Constrains (1)- (5) represents the limiting (land, water, area allocated under each crop) 
resources availability at farm. However, these resources are fixed resources. Moreover, 
constraints (1), (2) & (3) assured that the resources used by the solution will not exceed the 
total available land, capital and water resources. Constraint (4) & (5) represents upper and 
lower bound for planting a crop in particular season. This decision depends on the market 
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price of the product planted as the previous season price of the product will determine 
whether the same type of crop would be cultivated or not. (6) represents that the harvested 
quantity of produce is equal to that of planted one. Since crops undergo multiple harvesting 
Ythia represents the yield of i th crop harvested in period h cultivated on area (a) (in hectare). 
Equation 7 shows the quantity of produce get transported to facility of after packaging. 
Constraint (8) represents the availability of labors at planting harvesting time period. Equation 
9 represents the quantity of the product that will transported to warehouses or nearby 
markets. Constraint (10) represents the operational activities and hours involved in packaging 
of product. 

4. RESULTS AND MODEL VALIDATION 
To test the formulated model, several crop combinations, cropping patterns and spatial 

distribution of crops were studied. To get the results LINGO 18.0 Software is used. The factors 
evaluated include number of crops (C), product-decay time period (T), crop production period 
(PP), harvest period (H), consumers (I), location(L), Plants (P) warehouses (W), DC’s (D), product 
(K), Transportation modes (TM) 

Table 6: Results of Experiments 

SC T PP H I L P W D K TM Row Col Non Binary Gap Time 

6 40 6 18 4 2 2 2 2 8 3 25,545 71,243 235,455 12,504 0.0% 45 

6 40 6 20 100 2 2 2 12 8 1 22,134 123,845 312,130 9992 0.0% 36 

6 60 15 22 4 2 2 2 2 8 3 24,084 45,284 125,356 7312 0.3% 78 

6 60 15 22 100 2 2 2 12 8 1 25,545 136,452 356,300 60,407 0.4% 3600 

30 60 15 22 4 2 2 2 2 8 3 25,222 77,150 319,625 18,712 0.4% 3500 

30 60 15 22 100 2 2 2 12 8 1 29,168 25,136 412,897 61,456 0.0% 3392 

Model results were illustrated in Table 6 in terms of CPU seconds (Time) and optimality 
gap. Other sections of the table include the number of rows (Row), number of variables (Col), 
the non-zero coefficient in matrix (Non) and number of binary variables (Binary). A large 
number of binary variables is the main contributor to total time observed. 

However, the model complexity would be reduced if the resolution of decision variables 
is changed from weeks to days, increasing in the number of planting and harvesting variables. 

For model validation, a layout is prepared for planting, harvesting and distribution of the 
crops from a hypothetical producer. The model formulated reviews the entire growing period, 
from planting till harvesting. It is assumed that the grower cultivates bell peppers, cucumbers 
and tomatoes. 

To estimate the productivity of crops we use secondary data provided by logistics and 
service providers. The major decision is to satisfy consumer demand, which is presented by 
managing the time variable between planting and harvesting. Thus, to fulfil the model 
requirement we use the matrix developed by (Comisón para la Investigación y Defensa de las 
Hortalizas de Sinaloa, 2020), the results for one of the cultivated variety of tomatoes are shown 
in table 7. 

The developed model will be elaborated by associating different crop combinations, crop 
allocations, harvesting, and other operational activities. The complexity of the model is 
associated with planting and a variety of crop cultivated. Thus, the model developed will 
consider all the decisions that will affect the cultivation activities evolved. However, the main 
focus of the model developed is the distribution decision, which can be plotted as a continuous 
flow of commodity among all the parameters of the supply chain system. A major decision in 
the agriculture sector is the timing of planting and harvesting of crops to meet consumer 
requirements. 
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Table 7: Plant and harvest matrix for Tomatoes 

Week 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 Total 

1 0.01 0.09 0.18 0.18 0.19 0.03 0.11 0.04 0.06 0.02 0.09      1.0 

2  0.09 0.18 0.18 0.19 0.03 0.11 0.04 0.06 0.02 0.09 0.09     1.0 

3   0.09 0.18 0.18 0.19 0.03 0.11 0.04 0.06 0.02 0.09     1.0 

4    0.09 0.18 0.18 0.19 0.03 0.11 0.04 0.06 0.02 0.09    1.0 

5     0.09 0.18 0.18 0.19 0.03 0.11 0.04 0.06 0.02 0.09   1.0 

6       0.12 0.07 0.15 0.22 0.17 0.02 0.08 0.05 0.07 0.05 1.0 

Two locations for cultivation for the proposed supply chain is considered including two 
packaging units, two warehouses, three customers and two distribution centers. The 
maximum storage time is estimated with the previously published reports (Welby and 
McGregor, 2004). For tomatoes and cucumber, the decay time duration is a week and for a 
bell pepper it is for two weeks. 

The recommended planting plan is presented in Table 8. The table illustrates the crop 
selection, timing and area to be allocated to each cultivated crop. Variety A of bell pepper 
(ABP), variety B and C of tomatoes (TB & TC) and variety A of cucumber (CA) were selected for 
cultivation. Results indicate that in the first week farmer should cultivate 12 hectares of land 
with variety A of bell peppers and the activities for different week was planned (Table 8). Result 
of the model indicate that if growers were able to sell their product directly to the consumers 
than their revenues show a rise of 25%. The results are very promising, even though the 
deterioration period and risk factor of crop handling is considered. 

Table 8: Crop Selection and Cultivation Period 

Week 
Crop Selected 

Total Week 
ABP TB TC CA 

1 12 - - - 12 
3 - 16 - - 16 
4 - 12 16 - 28 
7 - - - 25 25 
8 - - - 12 12 

11 12 - - - 12 
13 8 - 6 - 14 
16 - 9 - - 9 
18 - - 10 3 12 

Total Crop 32 37 32 40 140 

5. DISCUSSION AND CONCLUSION 
The complexity of the model depends on the type of crop cultivated and the capital 

invested by the growers. By interviewing the farmers, it is observed that farmers with small 
landholdings (Scare et al., 2019) did not prefer to invest in storage facilities due to a lack of 
financial constraints. In the case of buffer production, they make small storage at their farms. 
They sell the agricultural produce to the nearby market places depending upon the quantity 
and quality of production. Generally, because of low capital investments, farmers have to face 
a loss due to sudden climatic variations. The crop kept in the field gets deteriorated by the 
sudden change in weather. 

Farmers owning a large piece of land avail inventory facilities to keep their agricultural 
produce. By interviewing the farmer’s, we came to know that the type of storage and packaging 
of the agricultural products depends on the nature of produce. In the case of cultivation of 



Agriculture supply chain management-an operational perspective 

 

Brazilian Journal of Operations & Production Management, Vol. 17, No. 4, e2020978, 2020 16/18 

grains and cereals, the complexities associated with storage, packaging, and transportation is 
quite less as compared to that with the perishable crop (due to their short life span). Generally, 
gunny bags were used for the storage of food crops such as rice, wheat, millets, pulses but for 
perishable crops such as fruits, spices special type of packaging is required that make the 
produce fresh for a longer time period till it reaches to market. In India, food grains are 
normally kept in silos and perishable crops were stored in cold storages. 

Another major issue in the agri supply chain is the continuous and multi-flow of 
agricultural produce. It is often observed that there is an irregularity in the flow of agri-
produced is caused due to poor harvest techniques or a sudden increase in demand for a 
particular product caused by the sudden change in climatic conditions. 

The developed model thus results in, planning a farm model from cultivation till 
harvesting. To analyze the different parameters affecting the decision variables a hypothetical 
farm planting tomatoes, cucumber, and bell peppers are taken under consideration to 
determine the operational cost involved in logistics management of perishable crops. Only the 
perishable crops (Schotzko and Hinson, 2000) were considered to study so that the 
complexities and the constraints associated with the packaging, storage, and harvesting of 
these crops will be observed and analyzed. By discussion with farmers, it is observed that the 
type of transportation network to access and packaging of the Agri product also depends on 
the distance of the marketplace from the point of production. By reviewing the literature, it is 
observed that fuel prices impact the involved transportation cost. The distance between the 
farm and distribution centers often plays a significant role in determining the market price of 
the produce. The major decision in the model formulation is the timing of crop sowing and 
harvesting to fulfill consumer requirements. Thus, the model will enable us to determine the 
type of transportation, packaging, and storage facilities to be availed by farmers to minimize 
the farm cost. However, the model focuses only the management of perishable product, the 
study can be further extended to inculcate both perishable and non-perishable products 
simultaneously. 

By accompanying crop perishability and alternative available in decision space for 
product distribution the model can be elaborated to determine the profitability of potential 
customers and exploring new market trends. 
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