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ABSTRACT: This study aims to simulate the effects of contract farming and farmer commitment to
contract farming on supply chain performance by using agent based modeling as a methodology. Sup-
ply chain performance is represented by profits and service levels. The simulation results indicate that
farmers should pay attention to customer requirements and plan their agricultural activities in order to
fulfill these requirements. Contract farming helps farmers deal with demand and price uncertainties.
We also find that farmer commitment is crucial to fulfilling contract requirements. This study contrib-
utes to this field from a conceptual as well as a practical point of view. From the conceptual point of
view, our simulation results show that different levels of farmer commitment have an impact on farmer
performance when implementing contract farming. From a practical point of view, the uncertainty
faced by farmers and the market can be managed by implementing cultivation and harvesting schedul-
ing, information sharing, and collective learning as ways of committing to contract farming.
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1. INTRODUCTION

These days consumers of agricultural products
have become increasingly aware of and concerned
about the availability, quality, and safety of the
food they consume (Engelseth, Takeno, & Alm,
2009; Hastuti, 2007). This change in consumer be-
havior represents a challenge to firms, exporters,
intermediaries and retailers of traditional and mod-
ern distribution channels in terms of meeting con-
sumer demands (Adebanjo, 2009). This challenge
is related to the ability of agricultural producers to
supply the quality required by their customers. In
developing countries, this challenge is more com-
plex due to the characteristics of farmers as agricul-
tural producers. They are usually small-scale farm-
ers who have limited knowledge and limited access
to technology and market information. They farm
using traditional methods, and their agricultural
routines are bases on their own needs and wants,
rather than consumer needs.

Agricultural supply chains in developing countries,
especially in Indonesia, are typically long supply
chains, which mean that they consist of more than
two actors. Moreover, farmers depend on interme-
diaries who provide them with access to the mar-
ket. The products that these farmers sell fluctuate
in terms of quality, quantity and price (Sutopo, His-
jam, & Yuniaristanto, 2012). These farmers do not
have much bargaining power in negotiating with
these traders, because they have limited resources.
Therefore, they tend to accept any price that the in-
termediaries offer (Widyarini, Simatupang, & En-
gelseth, 2016). There is no written contract in these
partnerships, and farmers and intermediaries can
pull out of their agreements at any time, so it is hard
to maintain long, sustained partnerships. This leads
to uncertainties in terms of demand and prices for
farmers and uncertainty in terms of agricultural
supply for intermediaries.

Contract farming is proposed not only as an alterna-
tive for dealing with demand and price uncertain-
ties, but also as global optimization and a win-win
solution for agricultural producers, intermediar-
ies, firms, exporters, and customers (Pandit, Lal, &
Rana, 2015; Young & Hobbs, 2002). Contract farming
establishes a fixed price that the farmers will receive
as agricultural producers. Moreover, the contract
farmer also sets the quantity, quality, and the time
of delivery of these agricultural products, which are
supplied by farmers to intermediaries, firms, or ex-
porters based on their customer requirements (Pan-

dit et al., 2015; Young & Hobbs, 2002). Consumers
can thus find the good and safe agricultural prod-
ucts that they want (Pandit et al., 2015).

Several studies mention that the implementation of
contract farming requires commitment from all of
the involved parties (Imbruce, 2008; Minot, 2007;
Pultrone & Silva, 2012). Commitment is a willing-
ness to give your time and energy to something that
you believe in. In this study, commitment is used in
the context of the farmers” willingness to give their
time and energy in fulfilling what has been written
in the farming contract. The terms of farming con-
tracts are usually violated by farmers who provide
agricultural products of low quality that does not
meet the farming contract’s requirements, or by sell-
ing their products to other parties who offer a higher
price (Guo, Jolly, & Zhu, 2007). Regarding the com-
mitment of farmers to contract farming, Guo et al.
(2007) state that the education level of farmers has a
positive relationship with their participation in, and
their commitment to, contract farming. However,
previous studies have not sufficiently elaborated the
impact of this coordination process and farmer com-
mitment to contract farming on supply chain per-
formance. Therefore, this study seeks to analyze the
implementation of contract farming. We have adapt-
ed a case study within the Pangalengan cluster in
West Java, Indonesia. A preliminary study has been
carried out to describe the journey of the Pangalen-
gan cluster to gaining access to a structured market,
focusing on the problems that the farmers faced and
the coordination mechanism that they have imple-
mented. The current study extends the coordination
process and studies the impact of this coordination
mechanism and the commitment to contract farm-
ing on farmer supply chain performance.

This study is organized in the following manner.
First we have offered some background to this re-
search area. Second, we will present a review of
the literature related to contract farming and agri-
culture in Indonesia. Third, we will discuss agent
based modeling and our research framework as part
of this study’s methodology. We then present and
discuss the simulation results. Finally, we will offer
our conclusions.

2. LITERATURE REVIEW

In this section, the concept of contract farming, and
the specific characteristics of agriculture and the
case study are explained.
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2.1 Contract Farming

Definitions of contract farming have been offered by
several researchers:

“a binding arrangement between a firm or contractor
and an individual producer or contractee in the form of
a ‘forward agreement” with well-defined obligations and
remuneration for tasks done, often with specifications on
product properties such as volume, quality, and timing of
delivery” (Catelo & Costales, 2008).

“Agricultural production carried out according to a prior
agreement in which the farmer commits to producing a
given product in a given manner and the buyer commits
to purchasing it” (Minot, 2007).

“A contractual arrangement between farmers and other
firms, whether oral or written, specifying one or more
conditions of production, and one or more conditions of
marketing, for an agricultural product, which is non-
transferable” (Rehber, 2007).

From these definitions, contract farming can be
defined as agreements between farmers as produc-
ers and firms as buyers to stipulate the specifica-
tions of an agricultural product (volume, quality,
and delivery time) at an agreed to price. Moreover,
according to Rehber (2007), contract farming oc-
curs when farmers and firms make a contractual
arrangement involving production and marketing
conditions for an agricultural product and the con-
tractis non-transferable. The production conditions
may include product types and characteristics,
farming schedules, and the use of specific farm-
ing techniques and resources. As for the market-
ing conditions, they usually include a fixed price
for the products and payment time. These condi-
tions help farmers in obtaining more stable prod-
uct prices and knowledge about current farming
techniques, making the agricultural product mar-
ket more structured. Contract farming also entails a
commitment to fulfilling contract requirements by
both the farmers and the firms.

People started applying the concept of contract
farming around 100 years ago. It was first used by
the Japanese in Taiwan during the nineteenth centu-
ry (Little & Watts, 1994). It was also used in Europe,
specifically within the seed industry, before the Sec-
ond World War (Rehber, 2007). Since then, contract
farming has become widespread, and it accounted
for up to 39% of the total value of US agricultural
production in 2001 (Young & Hobbs, 2002).

The use of contract farming in other areas of the
world has also increased quite significantly, espe-
cially in Southeast Asia. In Indonesia, contract farm-
ing is promoted by the government through the Fed-
eral Land Development Agency (FELDA) (Rehber,
2007). In Malaysia, contract farming mostly involves
state-promoted out grower arrangements (Morri-
son, Murray, & Ngidang, 2006). In Vietnam, 90% of
cotton and fresh milk, and over 40% of rice and tea
also come from contract farming (UNCTAD, 2009).

Based on the detailed information mentioned in the
contract, farming contracts can be categorized into
three types, namely market-specification contracts,
resource-providing contracts, and production-man-
agement contracts (Prowse, 2012). First, market-
specification contracts give a guarantee to farmers in
terms of price, delivery time, and marketing outlets,
as long as the customer’s quality requirements are
met. In this type of contract, farmers retain full con-
trol over the production process. Second, resource-
providing contracts state that agricultural input will
be provided to the farmers in order to assure the
quality of the agricultural product. This contract is
usually used for crops that require specific inputs or
quality standards, where farmers find it difficult to
supply the agricultural inputs. Third, production-
management contracts discuss the role of firms, in-
termediaries, exporters, and/or retailers in the pro-
duction process. In this type of contract, farmers do
not have full control over their production process.

2.2 Agricultural Product Characteristics

The specific characteristics of agricultural prod-
ucts that differ from other products are seasonal-
ity, perishability, safety, and traceability through-
out an end-to-end supply network (Taylor &
Fearne, 2006; Van der Vorst, Beulens, & Van Beek,
2000). Furthermore, intermediary trading orga-
nizations in the food industry have been facing
the challenges of coordinating retail promotions
with lead time requirements and a generally low
degree of supply chain flexibility and limited sup-
ply requirements (Adebanjo, 2009). Moreover,
Bijman, Omta, Trienkens, Wijnands, and Wub-
ben (2006) have suggested that an increased inter-
organizational collaboration in terms of the food
supply may be due to: the rise of food safety as a
prominent societal issue; the raw materials in food
distribution that often closely resemble the fin-
ished product; and the fact that foods are to vary-
ing degrees always perishable goods. Fresh foods,
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e.g. freshly-packed seafood, are perishable products.
This may then limit the timeframe for their transfor-
mation during the supply stage.

Fresh food distribution involves specific challenges,
i.e. “... (i) fresh products are not standard and are
subject to quality deterioration, (ii) there is a lack of
clear product descriptions and coding standardiza-
tion, (iii) information requirements differ with each
customer, making standardization complex, and (iv)
farmers utilize a relatively low degree of automa-
tion” (Van der Vorst et al., 2000).

Furthermore, food consumption is a vital aspect of
human well-being. Thus, food supply chains seek
to balance food safety, which is an ethically-laden
societal aim, with the economic needs of supply-
ing “quality” (Engelseth et al., 2009). “Safety” in the
food supply denotes food product features mea-
surable through the supply chain in terms of hu-
man well-being, which are dependent on technical
details, while “quality” involves product attributes
measured in relation to customer satisfaction. Ac-
cording to Becker (2000), food product quality in-
volves product-oriented quality, process-oriented
quality, and consumer-oriented quality.

2.3 Agriculture in Indonesia: A Case Study

In contrast to farmers in developed countries who
have greater access to markets, and more knowl-
edge, skill, and information about current farming
technology, farmers in Indonesia are predominantly
small scale and are characterized by not having ac-
cess to the market, mostly selling their agriculture
products to intermediaries, and a lack of knowledge
and information about current farming technology.
In practice, most small Indonesian farmers sell their
agricultural products to intermediaries. Moreover,
the relationships between farmers and intermedi-
aries are not only based on transactions and com-
merce. They are also based on family, religious, and
ethnic links. In these partnerships, there is an infor-
mation gap in terms of demand and prices. Farmers
do not have the bargaining power to push demand
and set the selling prices that intermediaries offer
(Widyarini et al., 2016).

In addition, these farmers have to deal with high
uncertainty along with high risks, since they do not
know the extent of market demand and prices may

fluctuate based on the number of products on the
market. The more agricultural products available on
the market, the lower the price will be. With these
conditions, it is difficult to improve the welfare of
these small farmers. Moreover, the use of traditional
farming methods can be observed from farmers’ cul-
tivating and harvesting decisions. Small-scale farm-
ers usually look at their neighbors in deciding which
products to plant, and do not have plans in terms of
when to plant and how much to plant. Moreover,
these farmers do not have plans related to when
they should harvest and how much they should
harvest within a given period. Usually harvesting
occurs during a short period of time, and selective
harvesting is not implemented.

In our current study, we use a case study adminis-
tered within the Indonesian horticulture industry.
In fact, this industry is dominated by small-scale
farmers who are usually scattered all over the coun-
try. In addition, there is a relatively low level of
competency in terms of farming and management
practices. Another characteristic of this industry is
the role of the intermediate actors, who are known
as “tengkulak” (middlemen). They play an impor-
tant role in the distribution of horticultural products
in Indonesia. These characteristics have made food
production and efficient coordinated food distribu-
tion in Indonesia challenging.

We have selected the Pangalengan region in West
Java for this case study due to its importance in
producing and distributing horticultural products,
produced not only for the domestic market, but also
for international markets as well (see Figure 1). The
Pangalengan cluster is one of the most vital fruit and
vegetable centers in West Java, Indonesia. In the past,
farmers had limited information related to market
demand and prices. Farmers did not have any ac-
cess to a structured market, and only dealt with in-
termediaries or brokers to sell their products. Direct
sales to intermediaries or brokers did not require
good post-harvest handling for fruit and vegetable
products. By developing a partnership model within
a cluster, these farmers have been able to deal with
several constraints. Price fluctuation is a major chal-
lenge to these fruit and vegetable farmers. In addi-
tion, these farmers have limited access to appropri-
ate technologies, counseling services, and therefore
perceive themselves individually as weak players in
this regional marketplace.
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Figure 1. The Pangalengan Region as a Case Study

Pasirambu

Pangalengan Region

In 2009, Padjajaran University established the Val-
ue Chain Center (VCC) which has played the role
of connecting farmers with the market in order to
raise the competitiveness of West Javan agribusi-
ness (Perdana & Kusnandar, 2012). In the same
year, the VCC also began a partnership with farm-
ers in Pangalengan. The partnership went well,
so in September 2013 the cluster became an orga-
nized entity created by the VCC to maintain price
stability from the farmers to the market. Besides
this, using the concept of a “cluster” has meant
that farmers can make direct sales to a structured
market and build partnerships with private com-
panies and governmental agencies. Furthermore,
the role of the VCC in creating the Pangalengan
cluster has given other companies, willing to join
and build partnerships with the cluster, access to
a structured market.

In the beginning of this partnership between farm-
ers and structured markets, there is a contract that
sets out the structured market requirements in-
cluding the quantity of agricultural products, their
quality and price, and when they need to be de-
livered. Structured markets know the needs and
wants of their consumers. Consumer information
needs are shared with the farmers. These consumer
needs are fulfilled by farmers by applying one or
more coordination mechanisms, such as collective
learning, joint decision making, and information
sharing with other farmers or with the VCC and
other institutions as well as with the structured

market. These coordination mechanisms are used
to achieve goals, namely selecting the best agricul-
tural inputs, designing cultivation, planning har-
vesting, and developing and implementing stan-
dard operational procedures, etc.

Practically, providing a structured market with
agricultural products that can fulfill their require-
ments is not easy. Farmers choose specific varieties
in accordance with cultivation techniques that may
produce expected yields. These farmers used to im-
plement traditional cultivation techniques or learn
on their own. If the market desires particular agri-
cultural products, it is important to provide farm-
ers with training in terms of the necessary cultiva-
tion techniques. The VCC can also help train these
farmers. To maintain continual high productivity,
cultivation and harvest scheduling needs to be well
planned. Cultivation and harvest scheduling are im-
portant to making sure that the market has a sustain-
able supply of agricultural products from farmers.
If cultivation and harvest scheduling are not imple-
mented by these farmers, there will be periods when
farmers cannot supply the market with enough of
their agriculture products because there is no farmer
cultivating these agricultural products at the time.
There will also be periods in which the supply will
be excessive because most of the farmers” agricul-
tural production occurs at the same time. In terms of
implementation, farmers still lack the commitment
to follow these schedules, which have already been
proposed by the cluster and the VCC.
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3. THE AGENT BASED MODEL
3.1 Model Objective and Overview

In this study, we use agent based modeling to simu-
late three different scenarios related to the implemen-
tation and impact of contract farming and farmer
commitment to meeting the contract requirements.
Each scenario simulates agent interactions that have
an impact on supply chain performance. As men-
tioned by Tangpong, Hung, and Li (2014), the interac-
tions among supply chain agents gives an idea of the
emerging properties of a supply chain system. In this
study, the impact of each scenario in terms of supply
chain performance is represented by farmer profits
and service levels. This study uses tomatoes as the
simulated commodity. The differences between the
three scenarios can be seen in Appendix 1.

This study simulates the coordination process and
farmer behavior in cultivating tomatoes, harvesting
them until the tomato plants die off, sending the har-
vested tomatoes to the farmer association (KATATA)
for contract quality products and to intermediar-
ies (the traditional market) for non-contract quality
products, and the farmers receive payments from
both the structured and traditional markets through
KATATA. The values for the variables in this simula-
tion have been derived from interviewing the man-
ager of KATATA (the coordinator of the Pangalengan
cluster), the head farmer, and the farmer advisor,
conducting on-site observations, and searching for
secondary data especially in terms of tomato prices
in local markets. The interviews were conducted
from January through April 2016. The interviews
ranged from 30 to 120 minutes in length.

For all of the scenarios, the farmers” harvested prod-
ucts can be categorized into two types, namely con-
tract quality products that meet the farming contract
requirements, and non-contract quality products
that do not meet the farming contract requirements.
The contract quality products are sold at the price
fixed in the farming contract, while the non-contract
quality products are sold at a free market price. In
the first scenario, there is no farming contract in the
partnerships between the farmers and the free mar-
ket or intermediaries. Information about demand
and prices is not available before farmers start their
cultivation activities. Therefore in this scenario,
farmers make their decisions in terms of when to
plant and how much to plant based on their experi-
ence, not on customer orders. Based on the interview
with the farmers, the prices that farmers get when

they sell their products on the free market fluctu-
ate in every period. Therefore in our simulation, the
agricultural product price is random and follows a
normal distribution, with the minimum price being
IDR 200 per kg and the maximum price being IDR
10,000 per kg. However, the free market can absorb
all the harvested products produced by the farmers.

In the second scenario, a farming contract is used
in the partnerships between the farmers and the
structured market. The farming contract sets out the
demand requirements that need to be met by farm-
ers in each period, and the price that farmers will
receive when they sell their agricultural products to
the structured market. The structured market has
an initial demand of 3 metric tons of tomatoes. In
the second scenario, the price that the farmers will
receive is fixed. The structured market’s price for to-
matoes is IDR 7,750 per kg. In the second scenario,
farmers are still not committed to contract farming
in their efforts to meet the requirements agreed to
by both the farmers and the structured market. De-
cisions in terms of when to plant are still made by
each farmer and are not made jointly. In the third
scenario, the farmers are committed to contract
farming and implement joint decision making, in-
formation sharing, and collective learning to meet
contract requirements.

Based on the simulation flow in Appendix 2, the
simulation begins with farmer decisions related to
when to plant and how much to plant. In scenarios
1 and 2, the number of farmers that plant the ag-
ricultural product in every period is not the same.
This happens because in scenarios 1 and 2 the farm-
ers do not use cultivation and harvest scheduling.
From our interview with the farmers, we know that
1 tomato plant with good agricultural practices can
yield a maximum of 2 kg of tomatoes per week dur-
ing the harvesting period. Each harvesting period
lasts six consecutive weeks. The quantity of products
harvested each week during the harvesting period is
not the same. In weeks 1 and 6, farmers can only har-
vest 40% of the expected yield (0.168 metric tons per
farmer). In weeks 2 and 5, farmers can only harvest
50% of the expected yield (0.21 metric tons per farm-
er). During weeks 3 and 4, with the farmers are able
to harvest 90% of the expected yield (0.378 metric
tons per farmer). In scenario 3, there are 10 farmers
assigned to plant this agricultural product in each
period in order to meet demand requirements and
achieve a stable supply. Each farmer should there-
fore cultivate 210 plants. While the tomatoes are still



Handayati, Y., Simatupang, T. M., Perdana, T., Siallagan, M.: 4 Simulation of Contract Farming Using Agent Based Modeling
34 ISSN: 1984-3046 « Journal of Operations and Supply Chain Management Volume 9 Number 2 p 28 — 48

harvestable, the farmers repeat the process of send-
ing tomatoes to KATATA and receiving money from
KATATA. KATATA also repeats the process of send-
ing tomatoes to structured and traditional markets,
and sends the money from both markets to the farm-
ers. The farmer service levels and profits are calcu-
lated for each period.

When farmers use cultivation and harvest schedul-
ing, the second group of farmers starts their culti-
vating activities 28 days after the previous group
has begun their cultivation activities. For example,
if group 1 has a 0-day delay, group 2 will have a 28-
day delay, group 3 will have a 56-day delay, and so
on. After planting their agricultural products, the
farmers wait for 90 days until their tomatoes are ripe
and ready to be harvested. If the scheduling option is
not used, each farmer can individually choose when
to plant their agricultural products. To validate the
model, the simulation results have been confirmed
with the manager of KATATA.

This study uses Relogo, a simple version of Repast,
a Java Groovy-based programming language for
agent based modeling and simulations (http://www.
repast.sourceforge.net). It is an open-source simu-
lation framework for agent based modeling, based
on the Java programming language. Basically, the
Java version of Repast is supposed to be used by us-
ers familiar with Java who need to create advanced
complex simulations. For new users with limited
knowledge of Java, it is suggested that they use Re-
logo, a simpler version of Repast, which is based on
Groovy, a programming framework for Java. While
in our simulation the customization of some agent
actions is needed, this tool makes it easier to create
advanced complex simulations.

We use an agent based simulation to prove the hy-
pothesis of this study. Our hypothesis is that supply
chains featuring contract farming with farmer com-
mitment outperform those featuring contract farm-
ing without farmer commitment and are better than
the free market mechanism based on average profits
and service levels. With a commitment to contract
farming, farmers can coordinate their agricultural
activities to fulfill contract requirements.

3.2 Agents

Based on our case study, there are four main agents
in the Pangalengan cluster, namely the free market;
the structured market; KATATA as the coordinator
of the Pangalengan cluster; and the Pangalengan

farmers. Pangalengan farmers are divided into three
categories based on their agricultural practices.
Farmers within the first group have poor agricul-
tural practices. Fifteen farmers from the Pangalen-
gan cluster can be included in this category. Farmers
within the second group have fair agricultural prac-
tices. Fifteen farmers can be included in this catego-
ry. Farmers within the third group have good agri-
cultural practices. Twenty farmers can be included
in this category.

These different types of farmers produce different
quantities of contract quality products. Only 10%
of the tomatoes produced by farmers with poor ag-
ricultural practices are of sufficient quality to meet
contract standards, and it will cost them IDR 3,000
per plant, given that one plantis equal to 2 kilograms
of tomatoes. Farmers with fair agricultural practices
will have 30% contract quality tomatoes and it will
cost them IDR 4,000 per plant, while farmers with
good agricultural practices will produce 80% con-
tract quality tomatoes, but it will cost them IDR
6,000 per plant. It is assumed that all of the contract
quality tomatoes will be sold to the structured mar-
ket, and all of the non-contract quality tomatoes that
cannot fulfill the contract requirements will be sold
on the free market.

3.3 Agent Behavior

In the third scenario, farmers can change their be-
havior based on their collective behavior. In this
simulation, farmers can change their agricultural
practices based on their observation of their neigh-
bors” behavior. As mentioned by Bianchi and Squaz-
zoni (2015), our decision making is usually influ-
enced by observing the behavior of others. Farmers
will improve their agricultural practices if they ob-
serve their neighbors implementing better agricul-
tural practices and getting better profits. There is
also a chance that farmers will degrade their agri-
cultural practices if their neighbors get better profits
though implementing worse agricultural practices.
They might also decide to quit contract farming if
the neighbors implement worse agricultural prac-
tices and have greater profits with the profit coming
mostly from the traditional market.

Another behavior simulated in this study is related
to social punishment. Social punishment is another
form of indirect reciprocity (Bianchi & Squazzoni,
2015). In this study, social punishment is represent-
ed by the decision of farmers to exclude a farmer
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who cannot fulfill contract requirements because
the farmer will not follow Standard Operating
Procedures (SOP). This decision would be made
because other farmers believe that the behavior of
this farmer could hurt their partnership with the
structured market.

4. SIMULATION RESULTS

The simulation results compare the impact of con-
tract farming and farmer commitment to fulfilling
contract requirements on supply chain performance,
namely profits and service levels. Table 1 illustrates
the comparison of profits and service levels achieved
by farmers in each scenario along with the standard
deviation. The average profit and service level are
obtained by running the simulation 700 times, and
each running consists of 500 periods. The number
of repetitions was calculated based on Kelton, Sad-
owski, and Sadowski (2002). Moreover, to test the

Table 1. Comparison of Profits in Scenarios 1, 2, and 3

differences in terms of profit in Scenarios 1, 2, and 3,
we used a one-way analysis of variance (ANOVA).
In addition, we used the Tukey-Kramer procedure
to identify which Scenario group is different. In or-
der to test the differences among service levels in
Scenarios 2 and 3, we used F-Tests for two-sample
variances and t-Tests for two-sample variances as-
suming equal variances. The results of these tests
can be seen in Tables 2 and 3.

Table 1 shows that without contract farming (Sce-
nario 1) farmers earn the lowest profit compared
with implementing contract farming. Moreover, if
contract farming is used by farmers but farmers do
not commit to fulfilling contract requirements (Sce-
nario 2), the farmers earned profit is lower than if the
farmers commit to fulfilling contract requirements
(Scenario 3). During each week of the harvesting
period, farmers in Scenario 2 earned profits of IDR
11,776,746.97 on average. In Scenario 3, the farmers
earned profits of IDR 15,369,211.58 per week.

Scenario 1 Scenario 2 Scenario 3
Profits IDR 5,368,258.30 IDR 11,776,746.97 IDR 15,369,211.58
Standard deviation IDR 5,074,632.90 IDR 6,029,624.23 IDR 2,855,707.02

Table 2. Result of Anova: Single Factor Test

SUMMARY
Groups Count Sum Average Variance
Scenario 1 700 3,757,791,227.50 5,68,274.61 40,929,666,151.05
Scenario 2 700 8,243,742,278.32 11,776,774.68 51,319,696,247.12
Scenario 3 700 10,758,448,105.33  15,369,211.58 43,732,459,023.36
ANOVA
Source of Variation SS df MS F p-value  F-crit
Between Groups 3.59318E+16 2 1.79659E+16 396,359.05 0 4.615298
Within Groups 9.50513E+13 2097 45,327,273,807.18
Total 3.60268E+16 2099

The hypotheses used in the ANOVA are:
HO: means for Scenario 1 = Scenario 2 = Scenario 3
H1: means for the scenarios are not all the same

The result of the ANOVA test with a significance
of 1% in Table 2 shows that the means for Scenar-
ios 1, 2, and 3 are not all the same (F-test = 396,359,
p-value = 0).
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Table 3. Results of the Tukey-Kramer Procedure

Scenario Comparison Mean Differences Critical Range
Scenario 1 - Scenario 2 6,408,500.07 3.31

Scenario 1 - Scenario 3 10,000,936.97

Scenario 2 — Scenario 3 3,592,436.90

The Tukey-Kramer procedure with a critical range of 3.31 shows that all of the Scenarios are different (Table
3). It can be concluded that Scenario 3 is better than Scenario 2 in terms of profits, and that Scenario 2 is better
than Scenario 1.

Table 4. Comparison of Service Levels for Scenarios 1,2, and 3

Scenario 1 Scenario 2 Scenario 3
Service Level - 42.16% 93.86%
Standard Deviation - 15.93% 14.25%

The simulation also shows the different service levels for each Scenario, which are displayed in Table 4. There
is no service level performance in Scenario 1, because there is no information related to customer demand.
The farmer service level performance in Scenario 2 is 2 times lower than in Scenario 3. The standard devia-
tion of service level in Scenario 2 is also lower than Scenario 3. This means that using Scenario 2, there is only
42% of structured market demand that is being met by farmers. In Scenario 3 on the other hand, the service
level shows that farmers managed to meet structured market demand. In order to check the service levels of
Scenarios 2 and 3, we used a t-test pooled variance to test the difference.

Table 5. F-Test for Two-Sample Variances

Scenario 2 Scenario 3
Mean 42.15919963 93.8578608
Variance 0.093151249 2.761344456
Observations 700 700
Df 699 699
F 0.03373402
P(F<f) one-tail 0
F-critical one-tail 0.882926931

Table 6. t-Test: Two-Sample Variances Assuming Equal Variances

Scenario 2 Scenario 3
Mean 42.15919963 93.8578608
Variance 0.093151249 2.761344456
Observations 700 700
Pooled Variance 1.427247852
Hypothesized Mean Difference 0
Df 1398
T Stat -809.5871746
P (T<=t) one-tail 0
T Critical one-tail 1.645944318
P (T<=t) two-tail 0

T Critical two-tail 1.961662333
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Tables 5 and 6 show that Scenario 3 is significantly

different from Scenario 2 (t test =-809, p value = 0). It

can be concluded that the service level in Scenario 3

is better than in Scenario 2.

Figure 2. Service Level Performance in Scenario 3 Illustrates Farmer Behavior

120

100

a0

&0

i
o

Service Level Performance

20

n] 50 100 150 200

The simulation result in Figure 2 illustrates that in
Scenario 3, the farmer service level can be improved
over time. The improvements in service level oc-
curred because farmers interact with other farm-
ers and the market. In this interaction, information
sharing, collective learning, and joint decision mak-
ing are implemented. This implementation is related
to farmer behavior in terms of SOP to increase their
service levels. Social punishment is also illustrated
in the simulation by assessing farmer service levels
in meeting contract requirements. If over several
periods, farmers cannot increase their service levels
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and cannot improve their SOP, the farmer cluster
will ask them to withdraw from the partnership.

5. DISCUSSION

In this section, we explain the simulation results
based on practice, observation, and our interviews.
Furthermore, farmer commitment to implementing
contract farming is also discussed.

5.1 Simulation Discussion for Farming without Con-
tracts (Scenario 1)

Figure 3. Farmer Product Supply in Scenario 1
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The farmer partnership in farming without con-
tracts is an illustration of farmer partnerships with
intermediaries as in the traditional market. In these
partnerships, the quantity of demand and prices
are not known in advance. In this kind of situation,
farmers face the risk that not all of their agricultural
products will be purchased by intermediaries, or
that their agricultural products will be sold at low
prices, which will mean their losing a lot of money.

As can be seen in Figure 3, the agricultural supply
in Scenario 1 fluctuates. This fluctuation occurs be-
cause there is no coordination among the farmers.
Moreover, farmers still do not realize that there is a
need for coordination, because there is no informa-
tion related to the customer requirements that they
need to fulfill. These farmers also do not use collab-
orative planning in terms of cultivation and harvest
scheduling. Therefore, there will be periods when
farmers plant the same commodity and harvest at
the same time, which will result in an excessive sup-
ply of their agricultural products. There will also
be periods when their agricultural products will be
very scarce, because there will be few farmers plant-
ing these commodities.

The simulation results for this situation show that
without contract farming to inform them of custom-
er demand, farmers cannot plan their cultivation de-
cisions. Farmer decisions related to what, when, and
how much to plant are only based on their past ex-
perience or the experiences of other farmers. With-
out cultivation planning, farmers cannot provide a
sustainable supply of product for their customers
because farmers do not have sustained, continuous
demand from their customers. Moreover, in this
situation, farmers only implement their traditional
methods of farming without considering ways to
apply new technology or knowledge to improve
their productivity. This situation occurs because
farmers have no incentive to change their current
farming activities. Moreover, there is no partner-
ship mechanism to encourage farmers to adjust or
improve their farming activities or cultivation and
harvest decisions.

These simulation results were confirmed by the
KATATA manager and the farmer advisor in a vali-
dation process. The KATATA manager and farmer
advisor agreed that when contract farming is not
implemented, the situation that is illustrated in the
simulation result occurs. Farmer cultivation deci-
sions are based on their neighbors’” decisions, and
harvesting takes place without implementing se-
lective harvesting. Sometimes early harvesting oc-
curs because the farmers need money for their daily
needs. In practice, sometimes an extreme situation
occurs, when farmers do not harvest their agricul-
tural products because the market price is very low.
Thus, the costs of harvesting would make them suf-
fer even greater losses.

5.2 Simulation Discussion for Contract Farming without
Commitment (Scenario 2)

Contract farming illustrates the farmer partner-
ship with the structured market. In contract farm-
ing, there is a demand quantity for the agricultural
product and its price is clearly stated (Arshinder &
Deshmukh, 2008). The demand quantity is fixed rel-
atively for every period so that farmers can carry out
cultivation planning to fulfill the demand for each
period. The key to contract farming is sustained and
continuous demand and zero fluctuation in terms
of demand and price. In the beginning of the con-
tract farming implementation process, it is difficult
for farmers to shift from their traditional methods
of farming to more well-planned farming. The most
basic way to achieve a sustained and continuous
supply of agricultural products is to implementing
cultivation and harvest scheduling. The implemen-
tation of cultivation and harvest scheduling involves
joint decision making, information sharing, and col-
lective learning between farmers and the market.
This is in accordance with the concept of Collab-
orative Planning, Forecasting, and Replenishment
which aims to reduce supply chain costs and pro-
mote greater integration, visibility and cooperation
among supply chain members (HolmstrOm, Fram-
ling, Kaipia, & Saranenet, 2002).
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Figure 4. Farmer Product Supply in Scenario 2
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In the beginning of the contract farming implemen-
tation process, farmers still do not know how to car-
ry out cultivation and harvest scheduling. The fluc-
tuation in the supply of contract quality products
occurs because farmers do not implement cultiva-
tion and harvest scheduling, as can be seen in Figure
4. Moreover, with contract farming, farmers’ losses
can be avoided because contract farming offers a
stable price. Thus, farmers can make more accurate
calculations of their revenue. This differs from mar-
ket prices which can be very low and can result in
farmers losing a lot of money.

Like the previous simulation results, the simulation
results of the second scenario have been validated by
confirming them with the KATATA manager and the
farmer advisor. They confirmed that the simulation
results are in accordance with the KATATA situation,
where contract farming for a structured market has
just been implemented. Having a partnership with
the structured market is a new experience for KATA-
TA, especially in terms of the structured market’s
complex requirements. Farming contracts spell out
detailed demand requirements. Agricultural product
characteristics, namely product weight, color, and
shape are also spelled out in the farming contract.
The quantities of agricultural products that are to be
supplied every period are also stated. The price that
farmers get from implementing contract farming
is stable and higher than the average market price.
Farmers realize that with contract farming their prof-
its will increase. However, by comparing the complex

requirements of contract farming with the require-
ments of the traditional market, farmers realize that
they need to improve their farming activities. With
the assistance of the farmer advisor, these farmers are
slowly changing their cultivation decisions.

5.3 Simulation Discussion for Contract Farming with
Commitment (Scenario 3)

In contrast to the second scenario, the third scenar-
io shows that farmers have already completed the
adaptation process and have adjusted their farm-
ing activities by developing cultivation and harvest
scheduling to meet contract requirements. Farm-
ers work together to arrange their cultivation and
harvest scheduling. Farmers get together to decide
when each one should plant, what to plant, and how
much to plant, so that they can offer a continuous
and sustained supply of agricultural products.

KATATA confirmed that the simulation results were
in accordance with what has happened in KATATA
when cultivation and harvesting scheduling have
been implemented. The stable demand of contract
farming allows farmers to develop cultivation plan-
ning. Farmers can also plan in terms of how much
to plant, when to plant, when to harvest, and how
much to harvest.

Using cultivation and harvest scheduling, the farm-
ers that join KATATA should coordinate their cultiva-
tion decisions. There is a commitment from farmers
to meet contract requirements, because both farmers
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and the structured market benefit from this partner-
ship mechanism. Farmers benefit from higher profits
compared with their partnerships with intermediar-
ies. The structured market benefits from higher mar-
gins because they obtain their product supply direct-
ly from farmers, not from intermediaries. Moreover,
the structured market can maintain higher quality
because the distribution chain is shorter.

Figure 5. The Level of Commitment and Supply Chain
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The simulation results for each scenario in the im-
plementation of contract farming illustrate the dif-
ferent levels of farmer commitment, which in turn
illustrates farmer commitment and its implications
in terms of supply chain performance. Without con-
tract farming, farmers do not have information relat-
ed to the quantity of agricultural products that they
will be able to supply during each period, so farm-
ers do not have a commitment to meeting market
demands. Furthermore, communication between
farmers and their consumers is very limited. There
is no bonding or incentive to encourage farmers to
evaluate their farming activities to improve harvest-
ing quantity and quality. The demand requirements
in this partnership are very loose. Moreover, with
contract farming, the commitment between farmers
and the structured market is greater than with the
traditional market in which contract farming is not
implemented. Contract farming encourages farm-
ers to have a supply target that they need to meet
to achieve higher revenue. In the second scenario,
farmer commitment has begun, but it is still in its
early stages, because farmers are still adapting to the
new partnership mechanism and the requirements
can be negotiated. This situation has also been
confirmed by Stringer and Sang (2009) and Burer,
Jones, and Lowe (2008). Furthermore, in this second
scenario, farmer commitment to contract farming

requirements is still questionable. The simulation
results from the third scenario show that the com-
mitment between farmers and the structured market
is well developed. Moreover, in the third scenario,
the farmer commitment to meeting contract require-
ments is greater than in the second scenario. With
this increased commitment, supply chain perfor-
mance also increases. This situation has been illus-
trated by Kuwornu, Kuiper, and Pennings (2009),
and Zylbersztajn and Miele (2005).

This study has practical implications. Supply chain
performance can be improved by establishing bet-
ter communication among farmers. This communi-
cation aims to motivate farmers to make a serious
commitment to meeting contract requirements, and
to monitor farmers in terms of the implementation
of cultivation and harvest scheduling and SOP for
Good Agricultural Practices. Thus, farmers who do
not follow SOP, and farmers that only halfhearted-
ly follow SOP, are encouraged to fully adopt SOP.
This simulation also proves that farmers who follow
SOP will have higher productivity and better supply
chain performance compared to farmers who do not
follow SOP or follow them halfheartedly. In general,
contract farming can only have a positive impact on
supply chain performance, especially in terms of
farmer profits and service levels, if farmers have a
commitment to meeting contract requirements by
implementing cultivation and harvest scheduling
and good agricultural practices.

This study has several limitations that can be im-
proved upon by further research. This study only
uses one case study to illustrate the implementation
of contract farming and its effect on supply chain
performance. The only commodity that was simu-
lated in this study is the tomato, even though in real-
ity, farming contracts can be required for more than
one commodity, and one farmer can cultivate more
than one commodity. The agent based simulation in
this study excludes external factors such as the en-
vironment and climate which can affect agricultural
production. The farming contracts illustrated in this
study are fixed and given. This study does not simu-
late the interactions between actors in the agricul-
tural supply chain that go into reaching agreements
on the terms of these contracts.

6. CONCLUSIONS

The simulation results of the three scenarios illus-
trate that a stable supply of agricultural products
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can be achieved when contact farming is implement-
ed and affects farmer cultivation decisions. Contract
farming makes farmers eager to improve their farm-
ing activities by developing cultivation and harvest
scheduling. A comparison of farmer profits in these
three scenarios shows that farmer profits are lowest
when there are farmer partnerships with intermedi-
aries to meet traditional market requirements. The
highest profits are achieved by implementing con-
tract farming. Instead of a market price that is always
fluctuating, prices in contract farming are stable and
higher than average market prices. Moreover, culti-
vation and harvest scheduling make farmers create a
stable supply of products and stable profits.

Williamson (1981) has stated that contract farming is
used to manage uncertainty. Williamson also added
that the implementation of contract farming needs
to consider agent characteristics in terms of bound-
ed rationality and opportunistic behavior. Bounded
rationality is related to the agent limitations in for-
mulating and solving complex problems and in pro-
cessing information. Opportunistic behavior charac-
terizes agents trying to maximize their own profits
regardless of how this affects other agents. In this
study, agent characteristics are reflected in farmer
commitment to meeting contract requirements. The
contribution of this study is related to the coordina-
tion process of fulfilling farming contracts and the
impact of contract farming and farmer commitment
on supply chain performance.

The commitment between farmers and their cus-
tomers is greater when contract farming is imple-
mented. Farmers should commit to meeting contract
requirements. Greater farmer commitment can be
seen by the implementation of cultivation and har-
vest scheduling. Contract farming also encourages
farmers to improve their farming activities because
farmers have a commitment to improve their pro-
ductivity and quality, which is never even discussed
when farmers supply intermediaries through tradi-
tional markets.

This study makes practical as well as conceptual
contributions to the field. From the conceptual
point of view, it differs from previous studies that
have examined contract arrangements by assess-
ing the interactions between actors (Chambers &
King, 2002; Kuwornu et al., 2009). This study has
been modeled and proves that implementing con-
tract farming affects the coordination of farmer cul-
tivation decisions, and shows that different levels
of farmer commitment affect farmer performance

when contract farming is implemented. This study
also shows that by using agent based modeling, the
actor or agent decision making process based on
their preferences can be illustrated. This study also
has practical implications. Contract farming is ben-
eficial for both farmers and the market because it
efficiently manages uncertainty in terms of demand
and prices for farmers and uncertainty in terms of
sustainable product supply for the market. More-
over, this simulation shows that contract farming
will provide farmers with larger profits. However,
contract farming without farmer commitment will
ruin the partnership between farmers and the mar-
ket, because the farmers will not be able to fulfill the
contract requirements. This simulation also illus-
trates that farmer commitment to contract farming
will increase profits and service levels.

The practical implication of this is that the simula-
tion’s coordination process shows that farmer com-
mitment to contract farming can be achieved by
collective learning, information sharing, and joint
decision making. Collective learning is related to
the implementation of SOP which can be used by
all farmers. Information sharing is related to the
behavior of comparing profits and service levels as
a result of implementing SOP. Joint decision mak-
ing is related to cultivation and harvest scheduling
that is agreed to and implemented by all farmers,
by informing them that in order to fulfill contract
requirements and achieve good service levels and
profits, farmers need to have closer interactions with
other farmers and their customers. Farmers should
be supervised or need an advisor to provide greater
knowledge and improved technology so that farm-
ers can improve their farming activities and cultiva-
tion decisions to enter a more valuable market.

To deal with the limitations of this study, future
research should focus on the coordination process
or coordination mechanism at each stage of these
agricultural activities. In the initial stage of agricul-
tural activities, farming contracts are agreed to. The
interactions between actors in the agricultural sup-
ply chain should be explained and included in this
simulation to explain the process of agreeing to the
terms of farming contracts. The coordination mecha-
nism is not the sole mechanism for contract farm-
ing, but other mechanisms are usually used in the
coordination process. The coordination mechanism
should be included also in the simulation to capture
the interactions between actors in the agricultural
supply chain. The interaction and learning process
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of each agent in the coordination process at each
stage should also be better simulated. Furthermore,
external factors such as climate and environmental
conditions should be included in the simulation to
describe their role in affecting agricultural produc-
tivity and their influence on the coordination pro-
cess. In further research, the simulation should in-
clude more than one farmer planted commodity to
indicate farmer capabilities and limitations in terms
of meeting contract requirements.
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Appendix

Appendix 1. Scenario Differences in the Simulation Model

Aspects

Scenario

Scenario 1 (Transactional)

Scenario 2 (Contractual)

Scenario 3 (Committed)

Farmer access

¢ Traditional market through
intermediaries for all agricultural

e Structured market for contract
quality products based on
contract requirements

e Structured market for contract
quality products based on
contract requirements

to market products produced by farmers ¢ Traditional market for non- e Traditional market for non-
contract quality products contract quality products
Available e Demand requirements
information e Demand requirements e Prices
before i o Prices ¢ SOP and Good Agricultural
cultivation Practices
e Pangalengan cluster farmers e Pangalengan cluster farmers e Pangalengan cluster farmers
in terms of Good Agricultural in terms of Good Agricultural in terms of Good Agricultural
Practices: Practices: Practices:
- Traditional method of farming - Traditional method of farming - Traditional method of farming
(15 farmers) (15 farmers) (15 farmers)
Agents - Partially implement Good - Partially implement Good - Partially implement Good

Agricultural Practices (15
farmers)
- Good Agricultural Practices (20
farmers)
e Traditional market through
intermediaries

Agricultural Practices (15
farmers)
- Good Agricultural Practices (20
farmers)
 Traditional market through
intermediaries

Agricultural Practices (15
farmers)

- Good Agricultural Practices (20
farmers)

Traditional market through

intermediaries

Coordination
mechanism

o Contract farming

Contract farming

Joint decision making between
farmers to planning cultivation
and harvesting scheduling in
advance

Information sharing and
collective learning between
farmers and structured market
to implement Good Agricultural
Practices and follow SOP

Agent behavior

e Farmers do not have planning
related to when to plant and how
much to plant. Therefore it is
random.

e Farmers do not have planning
related to when to plant and how
much to plant. Therefore it is
random.

Which farmers should plant, when
to plant, how much to plant,
when to harvest, how much to
harvest are based on cultivation
and harvesting scheduling.

Information sharing and collective
learning is implemented so that
farmers have the ability to learn
and change their behavior in
implementing SOP and GAP. With
this coordination mechanism,
farmers can improve their
agricultural practices.
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Aspects

Scenario

Scenario 1 (Transactional)

Scenario 2 (Contractual)

Scenario 3 (Committed)

Assumptions

o The initial stage of the simulation in each scenario has the same number of farmers with the same
configuration of levels of agricultural practices.

e Demand and prices of the
traditional market are unknown

e Farmers only sell their agricultural
products to the free market. The
free market price fluctuates, with
a minimum price of 200 IDRand a
maximum price of 10,000 IDR. The
price is set at random with normal
distribution.

e Farmer production fluctuates
greatly

e Farmers do not share information
with other farmers, so farmers
cannot change their level of
agricultural practices

e Demand and prices of structured market are stable and known before

cultivation

e Farmers sell their contract quality
products to the structured market
at a stable price, 7,750 IDR.

e Farmers sell their non-contract
quality products to the free
market with fluctuating prices.

e Farmer production fluctuates
greatly

e Farmers do not share information
with other farmers, so farmers
cannot change their level of
agricultural practices

e Farmers sell their contract quality
products to the structured market
at a stable price, 7,750 IDR.

e Farmers sell their non-contract
quality products to the free
market with fluctuating prices.

e Farmer production is relatively
stable compared with the other
two scenarios

e Farmers share information with
other farmers, and benefit from
collective learning related to
agricultural practices. Therefore,
farmers can change their level of
agricultural practices and follow
their neighbors who have higher
levels of agricultural practices.

o Each farmer plants 210 tomato plants, with each plant yielding 2 kilograms of tomatoes. The total amount of
harvested product will also depend on the harvest count. On the first and sixth harvest, they will yield 40%
of total expected products, which will amount to around 0.168 metric tons. On the second and fifth harvest,
they will yield 50% of total expected products, which will amount to around 0.210 metric tons. On the third
and fourth harvest, they will yield 90% of total expected products, which will amount to around 0.378 metric
tons. However, the percentage of contract quality products depends on the type of farmers. Farmers in the
first group have 40% contract quality products because they do not implement SOP and Good Agricultural
Practices. Farmers in the second group can achieve yields of 60% contract quality products. Meanwhile
the farmers of the third group can achieve yields of 80% because of the implementation of SOP and Good

Agricultural Practices
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Appendix 2. Simulation Flow in Scenario 1

Each farmer plant 210 tomato plants.

On the first & sixth harvest, they will yield 0.168 tons
On the second & fifth harvest, they will yield 0.21 tons
On the third & fourth harvest, they will yield 0.378 tons

Poor agricultural

Define 3 types of farmers in producing tomatoes

Fair agricultural

Good agricultural

practices practices practices

15 farmers 15 farmers 20 farmers
(yield 10% on-grade (yield 30% on-grade (yield 80% on-grade

products) products) products)

1* scenario

Each farmer decides
when to plant

Farmers start planting
without cultivation
scheduling

Waiting > 90 days
after planting

Farmers harvest
tomatoes until
tomatoes age > 130
days

|

Sell all harvested
product to traditional
market
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Appendix 3. Simulation Flow in Scenario 2

Each farmer plant 210 tomato plants.

On the first & sixth harvest, they will yield 0.168 tons
On the second & fifth harvest, they will yield 0.21 tons
On the third & fourth harvest, they will yield 0.378 tons

Define 3 types of farmers in producing tomatoes

Poor agricultural Fair agricultural Good agricultural
practices practices practices
15 farmers 15 farmers 20 farmers
(yield 10% on- (yield 30% on- (yield 80% on-grade
grade products) grade products) products)

2" scenario

I

Contract farming
negotiation

I

Contract farming
of demand
requirement and
price

I

Each farmer
decides when to
plant without joint
decision making

Waiting
> 90 days after
planting

Farmers harvest
tomato weekly
until tomato age >

130 days
sell the off-grade
tomato to
traditional market ~No On-grade
weekly
Yes

R S

sell on-grade
tomato to
structured market
weekly
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Appendix 4. Simulation Flow in Scenario 3

Each farmer plant 210 tomato plants.
On the first & sixth harvest, they will yield 0.168 tons
On the second & fifth harvest, they will yield 0.21 tons
On the third & fourth harvest, they will yield 0.378 tons

Define 3 types of farmers in producing tomatoes

Poor agricultural Fair agricultural Good agricultural
practices practices practices
15 farmers 15 farmers 20 farmers
(yield 10% on-grade (yield 30% on- (yield 80% on-
products) grade products) grade products)

Replacement

Farmers quit

Waiting
> 90 days after
planting

Farmers harvest tomato
until tomato age > 130

1 farmers join
KATATA
3" scenario
i
Contract farming
negotiation Farmers
|| change | ves
! agricultural
practices
Contract farming of
demand requirement and
price
By joint decision making
farmers cluster design Farmers
cultivation and harvesting keep their No
scheduling - own e 1
l agricultural
practices
Each farmer assigned
when to plant based on
cultivation and harvesting
scheduling

Decision to change
agricultural practices is
higher than decision to keep
agricultural practices

KATATA

No

Decision to stay
in KATATA is higher than
decision
to quit KATATA

|
Decision to keep Farmers look for information about others’ profit
agricultural from KATATA and neighbors to make the
practices decision of keeping, improving, or degrading
increases their agricultural practices, or quiting KATATA
Yes

Structured
market
profit is higher
than traditional
market profit

[
Farmers with lower
agricultural practices

days
sell off-grade
tomato to
On-grade No traditional
market weekly
Yes
L2

sell on-grade
tomato to

structured
market weekly

compare their own profit
from structured market and
traditional market weekly




