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Abstract. Quality emerges as a pivotal competitive factor for agricultural products. Recently, retailers
within agricultural supply chains have begun investing in technologies to improve quality and designing
contracts to incentivize farmers to enhance their labor inputs. The farmers and the retailers incur different
quality investment costs, with this cost increasing in the quality they provide. Simultaneously, retailers
have embraced the farmer-competition strategy, employing competition to stimulate improved agricultural
product quality among farmers. We construct a Stackelberg game model to analyze how farmers” quality
investment, retailer’s contract design, and profits are affected by the retailer’s farmer-competition strategy.
We show that the farmer competition introduced by the retailer is not always effective in improving the
farmer’s quality investment. Similarly, the competition cannot always lead to additional profits for the
retailer. Moreover, the supply chain profit suffers from the retailer’s farmer-competition strategy when
the competition intensity between farmers is relatively large. Our results offer insights for retailers by
identifying how should the retailer design the contract to improve the farmer’s quality effort given the
existence of the farmer competition and under what conditions the retailer should adopt the farmer-

competition strategy.

Keywords: Quality management, farmer competition, agricultural supply chain, contract farming

1. Introduction vide contracts including incentive mechanisms
to encourage farmers to contribute their la-
bor (Bold et al. 2017). To be specific, farmers

can effectively input labor during the planting

Quality stands out as a crucial competitive

aspect for agricultural products, and qual-

ity management holds significant importance ~ stage, including regular watering, fertilization,

within the field of operations management. ~Weed control, and pestand disease prevention.

Large companies, on the one hand, engage in
breeding, crop cultivation management, and
agricultural technological innovation to en-
hance quality. For instance, companies may
conduct research and development on scien-
tific crop management techniques, including
proper procedures of fertilization, irrigation,

and pest control. Meanwhile, companies pro-

These labor activities contribute to maintaining
a favorable product growth environment, ulti-
mately enhancing the quality of agricultural
products. Therefore, companies pay a quality-
based wholesale price to farmers. The higher
the product quality, the higher the wholesale

price for the farmer.

The method of jointly investing in qual-
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ity by both companies and farmers is a com-
mon practice. For example, Wens, a promi-
nent poultry and livestock farming enter-
prise in China, distinguishes itself by in-
corporating advanced technologies in animal
breeding, poultry breeding, and feed nutri-
tion. Following investments in these tech-
nologies, the company delivers high-quality
piglets, chicks, and agricultural inputs to farm-
ers (Wens 2020). Acknowledging the labor-
intensive responsibilities shouldered by farm-
ers during the maturation phase, Wens em-
ploys a quality-based wholesale price to incen-
tivize farmers’ commitment to quality. While
the quality-cocreation method and the design
of incentives offer a mechanism to motivate
farmers’ quality investments, the intricacies
of delicate seedlings and sophisticated plant-
ing/raising methods present additional chal-
lenges to farmers, potentially resulting in a de-

cline in product quality.

To address the above issue, the company
introduces competition among farmers (Singh
2009). Supplier competition has been widely
adopted in traditional manufacturing supply
chains. For instance, industry leaders like
Toyota and Cisco deliberately maintain mul-
tiple suppliers within their networks, allow-
ing them to choose suppliers with lower pro-
duction costs (Chopra and Sodhi 2004). Be-
sides choosing a supplier based on cost, man-
ufacturers also choose a supplier based on the
quality. Electronics manufacturers such as Sun
Microsystems employ a scorecard system to
allocate demand among suppliers, rewarding
those offering higher service quality with in-
creased demand allocation (Cachon and Zhang

2007, Farlow et al. 1996). In a similar context

of agricultural supply chains, the varied lev-
els of cost coefficient in quality among farmers
contribute to differing degrees of competitive
intensity. Asaresult, product quality may vary
among different farmers. Consequently, com-
panies can utilize farmer competition to evalu-
ate the quality performance of different farm-
ers, facilitating the identification of the farmer
exhibiting the highest product quality. How-
ever, we observe that some companies have not

adopted the strategy of farmer competition.

Therefore, this work jointly analyzes the ef-
ficacy of the retailer’s farmer-competition strat-
egy in influencing the farmer’s quality de-
cisions and the retailer’s contract design in
the agriculture supply chain. Particularly in
practice, when the retailer signs the contract
with the farmer, he needs to select farmers
from hundreds of them located in the same
area in one period. Higher competition in-
tensity among farmers (characterized by the
relative quality improvement cost) may lead
to higher product quality. If the cost advan-
tage of a farmer is relatively high, the qual-
ity investment decision of this farmer may
Then,

the retailer can manipulate the farmers’ qual-

not be affected by the competition.

ity investment decision by the contract de-
sign. However, it remains unclear how the
farmer’s investment in quality evolves follow-
ing the retailer’s introduction of competition
among farmers. Moreover, what is the opti-
mal approach for the retailer in designing con-
tracts when engaging with multiple farmers?
Does the retailer consistently favor the farmer-
competition strategy? Furthermore, what im-
pact does the retailer’s adoption of the farmer-

competition strategy have on the overall profit
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of the supply chain?

To answer these questions, we construct a
game-theoretical model with the retailer and
the farmer co-creating the product quality
and the retailer offering a contract contain-
ing quality-based wholesale price to two cost-
asymmetric farmers. Within this contract, the
retailer supplies the farmers with seedlings of
a predetermined quality, decided upon by the
retailer before the planting stage, and estab-
lishes the marginal wholesale price. Subse-
quently, the farmers determine the quality af-
ter entering into a contract with the retailer.
In the selling stage, the retailer chooses the
farmer with the highest produce quality, pays
the wholesale price, and proceeds to sell the
products at the retail price. Both the retail
and wholesale prices are contingent on the
quality, providing incentives for both the re-
tailer and the farmer to enhance the quality.
We comprehensively delineate the optimal de-
cisions and contract design under conditions
of farmer competition, subsequently compar-
ing our findings with a benchmark case where
the retailer exclusively contracts with a single
farmer. The following outlines our main find-
ings.

Firstly, the retailer’s farmer-competition
strategy does not consistently prove effective
in enhancing the farmer’s investment in qual-
ity, particularly when the intensity of farmer
competition is small, and the retailer offers
substantial incentives (a high marginal whole-
sale price). Secondly, the retailer needs to de-
sign the contract carefully. Specifically, to en-
hance the farmer’s quality investment through
the farmer-competition strategy, the retailer

must enhance his own investment in quality

before the planting stage. Thirdly, the re-
tailer’s farmer-competition strategy does not
always bring additional benefits to the retailer.
When the competition intensity is small, the
retailer’s profit remains the same as in the
no-competition case. Fourthly, the supply
chain profit suffers from the retailer’s farmer-
competition strategy when the competition in-
tensity is relatively large. In this scenario,
the improvement in quality under competi-
tion can only provide limited benefits to the
supply chain, which is insufficient to counter-
balance losses incurred by the farmers due to
competition. In conclusion, if the retailer can
ensure cost-effective labor input from farm-
ers through the implementation of a rigorous
farmer screening strategy when signing con-
tracts with the farmer, then the retailer may not
need to employ the farmer competition strat-
egy.

The remainder of the study is organized as
follows. Section 2 reviews the related litera-
ture. Section 3 describes the model. We ana-
lyze the benchmark case in Section 4 and dis-
cuss the competition case in Section 5. Then,

we conclude this study in Section 6.

2. Literature Review

This research mainly relates to three streams
of literature: supplier competition, sustain-
able agricultural operations, and quality co-

creation along supply chains.
2.1 Supplier Competition

In the field of supplier competition, a stream
of literature studies the supply chain base de-
sign. Most of them particularly study the

buyer’s preference for sourcing from single
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or dual/multiple suppliers (Li and Wan 2017,
Deng and Elmaghraby 2005, Benjaafar et al.
2007). This research focuses on single sourc-
ing and closely relates to the other stream
of supplier competition literature, which ex-
amines how supplier competition affects the
mechanism design and the supply chain per-
formance. For example, Cachon and Zhang
(2006) illustrate that the late-fee mechanism
and lead-time mechanism can effectively min-
imize the buyer’s cost and supply chain cost
when the buyer needs to select one from mul-
tiple suppliers who have private capacity in-
formation. On the other hand, Li and Wan
(2017) examine the impact of supplier compe-
tition on suppliers’ incentives to improve, and
they show that competition between suppliers
can be positive or negative depending on the
information structure. Similar to them, Ozer
and Raz (2011) also consider the supplier com-
petition from the supplier’s perspective. They
analyze how the big supplier’s pricing strat-
egy is affected by the case where the buyer has
a possible contract option with the small sup-
plier. They find that the big supplier benefits
when the small supplier keeps its production
cost private. Moreover, Jiang and Wang (2010)
consider a decentralized assembly system in
which the buyer assembles products from mul-
tiple suppliers. They illustrate that suppliers’
direct competition helps improve system per-
formance and individual firms” performance.
They focus on the suppliers’ price competition,
considering demand uncertainty in the system.
Unlike their research, this research mainly fo-
cuses on the quality competition between sup-
pliers. Specifically, each supplier competes on

quality, and the retailer only sources from the

supplier with the highest quality. We also con-
sider the quality cocreation along the supply
chain and aim to understand how the suppli-
ers’ competition affects both suppliers’ and re-

tailers’ quality decisions.
2.2 Sustainable Agricultural Operations

In the agricultural supply chain, deliber-
ate adulteration by farmers threatens public
health. Motivated by this, some researchers in-
vestigate factors that deter farmers from adul-
teration. For example, Mu et al. (2016) find
that competition is either effective or ineffec-
tive in deterring adulteration, depending on
the testing mechanism. Levi et al. (2020) il-
lustrate that quality uncertainty, supply chain
dispersion, traceability, and testing sensitiv-
ity can jointly affect farmer’s adulteration be-
havior. Mu et al. (2014) examine two incen-
tives, confessor rewards, and quality rewards,
and two testing methods: pre-mixed individ-
ual testing and post-mixed individual testing.
They find that quality rewards and pre-mixed
individual testing can be harmful to product
quality. Additionally, most farmers in the agri-
cultural supply chain are always smallholders
and belong to the low-income segment of soci-
ety. Hence, some research focuses on improv-
ing farmers” welfare. For instance, Chen and
Tang (2015), Tang et al. (2015) explore the value
of information on the farmer. Specifically, they
consider different information types, such as
private and public information, agricultural
advice, forecast information about market de-
mand, etc. Whereas others consider the con-
tact design in the agricultural supply chain. In
particular, this stream of literature examines

how different types of contracts create value
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for supply chain performance. Tang et al
(2016) show that a partially-guaranteed-price
contract can generate mutual benefits for both
the firm and the farmer. Niu et al. (2016) il-
lustrate that the cost-sharing contract can re-
sult in a win-win outcome for the farmer and
the downstream firm. Ayvaz-Cavdaroglu et
al. (2021) propose two payment policies, a
revenue-sharing payment policy and a two-
part tariff contract, to incentivize farmers’
quality efforts; they find that both policies
can coordinate farmers’ quality input with
the system. Chen and Chen (2021) illustrate
that introducing production-management and
resource-providing contracts for high-value
agricultural products can create value for all
contract and non-contract farmers. de Zegher
etal. (2019) consider two sourcing channels be-
tween the buyer and the farmer, a commodity-
based channel and a direct-sourcing channel,
and they find that direct-sourcing is not al-
ways sufficient to create shared value for sup-
ply chain members. Hsu etal. (2019) examine a
partnership model between the farmer and the
retailer, where the dairy animals are raised by
individual farmers during the maturing stage
and then by the enterprise during the milking
stage. They show that the partnership model
is preferred when the enterprise’s market size
is intermediate. Qian and Olsen (2022) study
a contract offered by the buyer in which the
buyer specifies a quality standard and offers
a multistage payment scheme. Farmers can
exert quality-related effort and also show pref-
erence toward prompt payment timing. Differ-
ent from this stream of literature, we consider
an innovative contract adopted in the breed-

ing industry, where both the retailer and the

farmer are responsible for the quality, with
the former investing in technology and the lat-
ter investing in labor. Moreover, our model
mainly focuses on the pricing and quality strat-
egy from the retailer’s point of view, where the
retailer in the breeding industry is a monopo-
list. The retailer provides contracts to multiple

farmers who need to compete in quality.

2.3 Quality Co-creation along Supply

Chains

Product quality can be divided into two as-
pects: conformance quality and performance
(design) quality (Karaer et al. 2017). Confor-
mance quality focuses on the degree to which
a product or service adheres to specified stan-
dards, requirements, or specifications. It is
primarily concerned with whether a product
meets the established criteria and standards,
ensuring it is free from defects and conforms
to the predetermined specifications. Inspec-
tion and adherence to standards play a crucial
role in assessing conformance quality. On the
other hand, performance quality emphasizes
how well a product or service performs its in-
tended functions and meets customer expecta-
tions. Rather than focusing on adherence to
standards, performance quality evaluates the
effectiveness, efficiency, and overall functional-
ity of a product or service in real-world scenar-
ios. Customer satisfaction, reliability, durabil-
ity, and functionality are key indicators of per-
formance quality. In summary, conformance
quality ensures that a product meets estab-
lished standards, while performance quality
assesses how well the product or service per-
forms in terms of functionality and customer

satisfaction. Both aspects are crucial for deliv-
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ering high-quality products and services that
meet specifications and meet or exceed cus-
tomer expectations in practical usage.

In the literature on quality co-creation
along supply chains, some researchers study
the buyer and supplier’s effort to improve con-
formance quality (Chao et al. 2009, Balachan-
dran and Radhakrishnan 2005, Dong et al.
2016, Zhu et al. 2007), while our study is more
related to the literature focusing the perfor-
mance quality. For instance, Avinadav et al.
(2020) study a supply chain in which product
quality is co-created by the platform and its ser-
vice provider, who owns private quality and
market information. They focus on the con-
tract design to achieve optimal quality under
information asymmetry. Additionally, Man-
dal et al. (2021) examine whether the retailer’s
and the supplier’s quality efforts are affected by
price timing, upfront pricing, and postponed
pricing. Unlike theirs, this study mainly fo-
cuses on the impact of supplier competition on
product quality. Moreover, El Ouardighi and
Kogan (2013) consider both quality measures,
performance, and conformance quality. They
investigate how the supply chain parties allo-
cate effort between these two quality measures.
Different from theirs, we mainly study how the

performance quality is affected.

3. Model

We consider a monopoly agriculture system
with one brand-name retailer (he) sourcing
from two potential farmers (she) and selling
products to quality-conscious consumers. The
retailer and the farmers are engaged in a Stack-
elberg game. The retailer invests in breed-

ing and agricultural inputs and then offers a

quality-based wholesale price contract to farm-
ers. Given the retailer’s quality investment de-
cision and contract, the farmers exert quality
efforts, produce the product at the planting
stage, and sell the mature products directly
to the retailer at the farmer’s location at the

selling season.

Product quality, as perceived by customers,
depends on the quality efforts of the retailer
(the supply chain leader) and farmers (the sup-
ply chain follower). The quality invested by
the retailer and the farmers is denoted by 0,
and 6y, respectively, with the subscript r and
f denoting the parameters and variables of the
retailer and farmers, respectively. We assume
that the cost coefficient of quality investment
is not only different between the retailer and
the farmers but also between the two competi-
tive farmers. The cost coefficient of improving
quality for the retailer, farmer 1, and farmer
2 are denoted by y,, ¢, and ¢, respectively.
In practice, the retailer exerts quality efforts re-
lated to technical innovations such as breeding,
fertilizer selection, and improvement of plant-
ing methods. The farmers exert quality efforts
that are related to the labor input. For example,
the farmers’ diligence in labor-intensive work
such as irrigation and fertilization will also im-
prove the quality of the agricultural products.
Our model allows for the quality improvement
cost through technology investment to be more
challenging and expensive than through labor
input, i.e., y» > yy. On the other hand, our
model allows asymmetric marginal quality in-
vestment costs between the farmers for the ca-
pacity utilization level on labor varies among
the farmers. To focus on the effect of competi-

tion on farmer 1’s quality decision, we assume
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that farmer 2 has a higher cost coefficient of
quality than farmer 1, thatis s > y¢. There is
a positive, convex cost of providing these quali-
ties, denoted by C;(0;) = %y,- 61.2,1' e{r, f}. The
output quality is assumed as a simple additive
of these two qualities, thatis, 0 = 0, + 6, and
this quality form can be widely found in the
literature (Hsu et al. 2019). If either party de-
livers lower quality, it will impact the overall

quality of the agricultural products.

The amount of product a farmer produces
is normalized to one. Our model mainly fo-
cuses on quality decisions along the supply
chain, so we consider an exogenous produc-
tion quantity. On the other hand, the farmer,
who usually has limited resources and land,
cannot easily alter the planting/raising quan-
tity. For one unit of product, the product yield
is denoted as u. While real-world situations of-
ten encompass yield uncertainties, we consider

a fixed yield for traceability.

In the retail market, quality-conscious con-
sumers are willing to pay higher prices for
agricultural products with higher performance
quality, which motivates the retailer to improve
the quality along the supply chain. Hence, we
consider the unit-wholesale price and the unit-
retail price are linear increasing functions of
the final quality 0. Letw = w,,0,and p = p,, 0.
This assumption can be found in the literature
(Mu et al. 2016, Hsu et al. 2019). Additionally,
in practice, agricultural products are classified
into various quality grades based on their per-
formance quality, with the selling price of those
products increasing as the grade level rises.
For instance, apples are graded into Grade 1,
Grade 2, and Premium Grade based on their

size, color, and other attributes with the whole-

sale price of Grade 1 being the lowest and the
prices for other levels increasing sequentially
according to their respective grades !. Interna-
tional Livestock Research Institute also adopts
quality-based linear pricing methods for milk,
with quality serving as an assessment of the
various nutrients in the milk (Draaiyer et al.
2009). The notations used in the analysis are
summarized in Table 1.

To explore the effect of upstream competi-
tion, we start with a benchmark case (single
farmer) in Section 4, then consider the compe-

tition case (two farmers) in Section 5.

4. Benchmark Case: Single Farmer

In this case, we consider the retailer only
sources from a single farmer and purchases
the farmer’s product with quality 6. We use
superscript B to denote this case. The decision
sequence for a single farmer is as follows:

1, The retailer initially invests in quality
(08) before the planting stage, then decides
the marginal wholesale price w5 and signs the
contract with the farmer.

2, During the planting stage, the farmer ex-
erts efforts and decides her quality (6?).

3, The retailer sources from the farmer with
the wholesale price w® = w? 08 = w3 (68 + 6?)
at the selling season and then sells his prod-
ucts to the retail market at the retail price
pP=pn0P =pn (0] +07).

The farmer’s profit maximization problem

can be formulated as follows:

efBzo

1
H? = max{yw,ieB - Eyfejfz} (1)
We can easily show that the farmer’s

profit is concave in 9? and then we can get
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Table 1 Notations

Variable Definition

U Product yield

w Wholesale price

Wi Marginal wholesale price

p Retail price

Pm Customer’s marginal value of quality
0 Product quality

Of The quality invested by the farmers
O The quality invested by the retailer
Vf Farmer 1’s cost coefficient for quality
Vf Farmer 2’s cost coefficient for quality
Vr Retailer’s cost coefficient for quality

the farmer’s optimal quality in the following

Lemma.

Lemma 1 In the benchmark case, the farmer’s op-
B _ whu
f oo

timal quality is given by O

Lemma 1 shows that the farmer’s optimal
quality increases with the yield and marginal
wholesale price and decreases with her cost co-
efficient of quality. Additionally, the retailer’s
profit maximization problem can be written as
follows:

Ik =

’ max

B . ,B
9}' /Wi =0

1
{u (pm —why) 6° - 5%952}
)

Solving the profit maximization problem of
the retailer, we can get his optimal decisions,

which are illustrated in the following Lemma.

Lemma 2 In the benchmark case, the farmer’s op-
timal quality, the retailer’s optimal quality, and

the optimal marginal wholesale price in the equi-

Wil B« _ _Puk
vl T 2yr=ys’

librium are given by 9?* =

B = Pn0rvr)

b 2y, respectively.

The marginal wholesale price and the re-

tailer’s quality increase as the customer’s value

of quality increases, suggesting that the re-
tailer enhances the quality and increases the
marginal wholesale price, thereby incentiviz-
ing the farm’s quality. Furthermore, if the
retailer’s cost coefficient of quality increases,
the retailer will increase the marginal whole-
sale price to incentivize the farmer’s quality
and, at the same time, decrease his investment
in quality. If the farmer’s cost coefficient of
quality increases, the retailer will decrease the
marginal wholesale price to reduce the cost
paid to the farmer and increase his investment
in quality. These dynamics illustrate that the
retailer, acting as the Stackelberg leader, pos-
sesses the ability to allocate resources consid-
ering the cost coefficients associated with dif-
ferent quality types. Therefore, the design of

the contracts is crucial to the retailer.

Then we substitute the farmer’s and re-
tailer’s optimal decisions into the quality and
the players’ profit, respectively, we can get the
equilibrium quality and profit. To be specific,
the equilibrium quality is 08 = 225 The

VVFvE
equilibrium profits of the farmer and the re-

2,2 _
tailer are nj’f* _ Pu(r yf)(y’:yf)
2y¢(2yr-vs)

,and 7 =
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2,2
Pl Yr :
m—z), respectively.

Z(ZVer—Vf

5. Farmer Competition

In this section, our objective is to comprehend
the impact of competition introduced by the
retailer on product quality and profitability.
We initially explore how the presence of com-
petition, represented by an additional farmer,
influences the quality decisions made by the
incumbent farmer. Subsequently, we examine
how this influences the retailer’s contract de-
sign. Particularly, we derive the equilibrium
contract design for the retailer in the competi-
tive scenario. Finally, we conduct a compara-
tive analysis of the supply chain profit between
the benchmark case and the farmer competi-
tion case to discern the effects of the retailer’s
farmer-competition strategy.

The model is similar to the benchmark
model, except with the retailer considering
sourcing from two farmers, farmer 1 and
farmer 2, who have asymmetric cost coeffi-
cients. Farmer 1 is the incumbent farmer ex-
isting in the benchmark case, whose cost co-
efficient of quality is ys, while farmer 2 is the
additional farmer. To focus on the effect of
competition on farmer 1’s quality decision, we
assume that farmer 2 has a higher cost coeffi-
cient of quality than farmer 1, that is, ys > y;.
In the following, we will use overline to de-
note parameters, decisions, and profits related
to farmer 2.

Specifically, as the supply chain leader, the
retailer decides his quality co-created level and
provides quality-based wholesale price to both
farmers before the planting stage. We need to

note that as the retailer raises quality by de-

livering innovative techniques, the additional
cost the retailer incurs in providing quality
cocreated contracts to more farmers is negli-
gible. Then he sources from the farmer whose
product quality is higher. The farmer whom
the retailer does not select earns zero profit.
Here, we also assume that the retailer prefers to
source from farmer 1 whenever these farmers’
quality is indifferent. The competition model,
in this case, follows the definition of supplier-
selection based on the research of Karaer et
al. (2017), Benjaafar et al. (2007) and Jiang and
Wang (2010). Additionally, the superscript C
represents the competition model, and the se-
quence of events in this section is as follows.

1, The retailer initially invests in quality
(0F) before the planting stage, then decides
the marginal wholesale price w§, and signs
the contract with farmers.

2, Farmer 1 and farmer 2 compete in a static
game of complete information, and they si-
multaneously decide their quality, 6¢ and 6¢

f £’
After observing the products’

respectively.
quality at the selling season, the retailer then
sources from the farmer with the highest qual-
ity level (max(@?, é}:)). The winning farmer
earns the retailer’s entire business and incurs
a related cost. However, the farmer who does
not win the competition earns zero profit.

3, The retailer sells his products at the retail
market.

The farmers’ profit can be formulated as

follows:

1
C CpC C
||f=ywm9 —Eyfeﬁ

_ _ 1 -
C_ ,,.,Cac CPale
Hf = uw,,0 —Eyfé)fz

In our model, farmer 1 has a lower cost

coefficient of investing in quality, so she always
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earns the retailer’s business. Since we focus on
how the existence of competition affects farmer
1’s quality decision, we demonstrate farmer 1's

profit maximization problem as follows:

1
C c_ 1 c2
I —g;gﬁ{uwm@ > Vr 0% } ©)

st. 6¢>6¢

where the constraint represents that farmer 1
needs to ensure her output quality is larger
than that of farmer 2. Farmer 2, whose cost
coefficient of investing in quality is larger, will
strive to invest in quality and choose a maxi-
mum quality she can achieve that makes her
profit equal to zero. Hence, farmer 2’s quality

is

oM _ WS+ \/nywc 0Cu +w§u?
/ 7
(referred to as the maximum quality of farmer
2 hereafter, and represented by superscript
CM) and 1:IJC( (GfCM ) = 0. Additionally, recall
that if the competition does not exist, farmer 1

chooses the profit-maximizing quality

9Co — Wy
oy
(shown in Lemma 1, represented by super-
script CO). The following Proposition demon-
strates how the farmers’” quality decisions are

affected by the retailer’s decisions in the con-

tract.
coO QQCM 89CM
. ‘
Proposition 1 Z= > 0, 7o > 0, aec > 0.

Proposition 1 reveals that the profit-
maximizing quality for farmer 1 increases with
the marginal wholesale price. In contrast, the
maximum quality of farmer 2 rises with both

the retailer’s marginal wholesale price and the

retailer’s quality. Proposition 1 first implies
that a higher marginal wholesale price can
offer stronger incentives to the farmer, con-
sequently increasing the farmer’s quality in-
vestment. Additionally, farmer 2, aiming to
prevail in the competition, is compelled to in-
vest in quality as much as possible until the
quality cost becomes prohibitively high, result-
ing in her profit reaching zero. As a result,
given that her revenue rises with both the re-
tailer’s marginal wholesale price and the re-
tailer’s quality, she will allocate all revenue to
quality investment. Therefore, QfCM not only
increases with the marginal wholesale price
but also increases with the retailer’s quality.
With the existence of competition, farmer
1 is constrained to provide the product with
higher quality; otherwise, the retailer will not
source from her. Therefore, farmer 1’s deci-
sion of quality becomes 6? = max(@?M, G?O).
If Q?M > 9}?0, competition improves farmer
1’s quality investment from 6?0 to G?M ; oth-
erwise, if G?M < 9}?0, then competition does
not affect farmer 1’s quality decision. The fol-
lowing proposition discusses how the farmer
competition introduced by the retailer affects
farmer 1’s quality decision and the related re-

tailer’s contract design.

Proposition 2 (i) When the competition intensity

is small, that is, 0 < Vf < yz—f, we consider the
following two cases:

, 2
(i-a) If w§, > Gran Wz S , then QCO GfM.

277207 co
CA;zb)If 0 < w$ < G then 6% <
o7
( ii) When the competition intensity is large, that
is, 2 < Vf < )/f, QCO < Q}:M

Proposition 2 illustrates that the effective-
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ness of competition in enhancing farmer 1’s
quality is collectively influenced by the com-
petition intensity and the contract designed
by the retailer. First, the competition does
not take into effect in improving farmer 1’s
quality when farmer 1 holds a substantial cost
advantage in quality investment (the compe-
tition intensity is small), and the retailer’s
marginal wholesale price is relatively high,

that is, GJ? = QJ(EO when 0 < yf5 < %f and

C o _2s%r
" 2
substantial cost advantage in farmer 1’s qual-

w . This is due to the fact that a
ity ensures farmer 1’s quality superiority and
a relatively high marginal wholesale price pro-
vides large incentives for farmer 1 to invest in

quality. Consequently, even if farmer 2 strives

to choose a maximum quality GJ(EM, GJ(EM is
still smaller than G?O. Therefore, the com-

petition failed to improve farmer 1’s quality in
this condition. Secondly, when the competi-
tion intensity between farmers is small but the

retailer provides a relatively small marginal
i

wholesale price, that is, 0 < yf < & and
0 < wé < 270 the competition starts
N )1 P

to enhance farmer 1’s quality investment from
6?0 to G}:M. In this scenario, lower wholesale
price decreases farmer 1’s incentive to invest
in quality, leading the quality that maximizes
farmer 1’s profit to be smaller than farmer 2’s
maximum quality, i.e., 9}?0 < Q?M . Hence,
competition comes into effect in enhancing
farmer 1’s quality investment, and farmer 1’s

optimal quality equals to farmer 2’s quality,

ie, 6}: = G}ZM. Thirdly, when the competi-
tion intensity between farmers is large, that is,

VTf < yf < V¢, the competition between farm-
ers gets tougher, farmer 1 reacts to the threat

of farmer 2’s competition by increasing qual-

ity investment. To be specific, farmer 1's op-
timal quality decision is affected by the inter-
action between the degree of competition and

the retailer’s wholesale price. Figure 1 illus-

C

trates how the marginal wholesale price wy;,

affects the farmer’s incentives to invest in qual-
ity, consequently influencing farmer 1’s qual-
ity decisions. In Figure 1, the solid lines rep-
resent farmer 1’s optimal quality. These re-
sultsillustrate that when the retailer adopts the
farmer-competition strategy, he should design
the contract carefully; otherwise, the farmer-
competition strategy might be ineffective in
motivating farmer’s quality investment.
Proposition 2 shows the farmers’ best re-
sponse and illustrates whether the competition
and the retailer’s contract design are effective
in improving farmer 1’s quality. However, the
farmers’ different quality decisions, in turn af-
fect the retailer’s contract design. Hence, an-
ticipating the farmer’s quality, the retailer de-
cides his quality and marginal wholesale price
to maximize his profit, which is
I = max u (pm - wﬁ,) max (QC, éc)

0S,wS >0

1 (4)
- EVrQEZ

and the retailer’s decisions are listed in Lemma

3. Hereafter, we use superscript CO and CM to

represent the decisions, parameters and profits
C _ gco C _ gCM ;

;= 0 f and 0 ;= 0 P respectively.

The following Lemma illustrates the optimal

when 0

contract design for the retailer in the competi-

tion scenario.

Lemma 3 (i) Anticipating farmer 1's quality 6? =

CO _ whp o ; ;

0 PR the retailer’s quality and marginal

wholesale price are 0S° = 2;::’—’_%

PM(?’V_?’f)
2yr=yf

and wSP =

Consequently, the profits of farmer 1
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80,

60

80

Figure1 Farmer 1’s Optimal Quality with Respect to the Marginal Wholesale Price

Notes. The parameters are y¢ = 0.2, 5 = 0.5 (in subplot (a)), 75 = 0.3 (in subplot (b)), u =5, 95: = 10. In subplot (a),

ZJ/fZH,C

~C _ )
O (}”f—2}’f)u

2 2
and retailer are TICO = Ll gy4 T7C0 =
4yryr-2v5 f

P =y ) ety )i

2

2y (=2yr+yy)
(ii) Anticipating farmer 1's quality 6}‘; =
oM — W, u+ V29w, 0F u+wSE

f - Vs

ity and marginal wholesale price are

CM _ _Pm)r
and wy" =
2(yr+75)

m
farmer 1 and the retailer are TIM =

, respectively.

, the retailer’s qual-
gCM _ Pmit
;

Vr

Consequently, the profits of

ph (75
2yr s
cM = Pryoe?

M =

and T respectively.

As stated in the discussion, the retailer
can choose the quality investment and offer a
wholesale price to the farmers to induce them
to choose a quality improvement level that
maximizes his profit under the competition. In
Lemma 3 (i), the retailer’s contract design re-
mains the same as the benchmark case (Lemma
2), and then the farmer 1 chooses the profit-
maximizing quality. On the other hand, if the
retailer alters his decisions, where O™ = p;%#
and wiM = Z(f/’:l—j,);f) (Lemma 3 (ii)), farmer 1

is induced to compete with farmer 2 and im-
M
0.

Then we compare the differences between

proves her quality to

retailer’s decisions. The quality level set by the

retailer to induce quality improvement from
farmer 1 is higher than the case in which farmer
1’s quality investment remains the same as the
benchmark case, that is, 0™ > 0CC. If farmer
1 is induced to compete with farmer 2 in the
market, farmer 1’s quality investment is farmer
2’s maximum quality, i.e., 6)}5j = GfCM . Hence,
the retailer anticipates that his investment in
quality will directly improve farmer 1’s qual-
ity (QfCM, See Proposition 1), and in turn, he can
benefit from the high output quality. In con-

trast, if farmer 1’s quality investment remains

C _ gco
f- O
the quality is independent of the retailer’s qual-

the same as the benchmark case, i.e., 6

ity. Asaresult, the retailer is reluctant to invest
in quality if he does not want to introduce com-
petition between farmers. Overall, the retailer
can anticipate the farmer’s quality and designs

the contract that maximizes his profit.

Next, we characterize the retailer’s equi-
librium quality investment and contract de-
sign by comparing the retailer’s profit between
two scenarios: one where farmer 1 does not

have to change her quality investment and
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another where farmer 1 is compelled to im-
prove the quality. The retailer then selects the
marginal wholesale price and quality that re-
sult in higher profits for him. The equilibrium
decisions of the retailer are illustrated in the

following Proposition.

Proposition 3 [n equilibrium, the retailer’s opti-

mal quality and marginal wholesale price are

GEO/ wr(;zor

if 0<)/fSVr— Vr+V_f

05, wS =
GEM/ ZU%M,

v’ m

3
Vrﬂ’f

if yr— <yr<7f

©)

When farmer 1 is competitive in quality in-

vestment (0 <y <y, — ), the retailer’s

+
optimal quality and margii}ialywholesale price
are 0S° and wSP. On this occasion, the re-
tailer takes advantage of farmer 1’s low cost
coefficient and sets a higher marginal whole-
sale price to encourage farmer 1 to increase
quality investment. On the other hand, antici-
pating that farmer 1’s quality is not affected by
his quality investment, he invests a relatively
low quality level to reduce cost (0S© in Figure
2 (a)) and provides a relatively high marginal
wholesale price to incentivize farmer’s qual-
O in Figure 2 (b)). Addi-

tionally, if the competition intensity increases

ity investment (wS

3
_ Vi
(7/7’ Vr +)7f

< yf < ¥y), the retailer’s opti-
mal quality and marginal wholesale price be-

OM and wiM.

come In this situation, the
farmers’ competition gets more intense, so the
retailer starts to utilize the competition strat-
egy to increase the farmer’s quality investment.
Specifically, the retailer invests a relatively high

quality level to enhance farmer 2’s quality in-

vestment and simultaneously decreases the
marginal wholesale price, compelling farmer
1 to improve the quality investment (05 and
wSM in Figure 2 (a) and (b)). It is worth noting
that when the competition intensity is small

vi
O <yr=r=y55

petition to the supply side cannot bring addi-

), introducing com-

tional profit for the retailer. The insight from
Proposition 3 is related to the practice. Though
some companies in India implement a farmer
competition strategy, Wens, the leading com-
pany in China, does not adopt it. Specifically,
it adopts a rigorous farmer screening strategy
when signing contracts with the farmer, mak-
ing sure that the farmer in the contract is cost-
effective. To further explore the effect of the
retailer’s competition strategy, we compare the
equilibrium quality and profits between the

benchmark case and the competition case.

Proposition 4 (i) If competition intensity is small

_ )/? Cs _ Bx Cs _
O <yr <y w/%m),thene =07, =

T(?*, Cx _ ,RB*

(ii) If competition intensity is large (y, —

v
+)7f
> niB

B+
f

< )/f < 7y), then 0 > 0B, n€* <

f
C>(-

Proposition 4 shows that the retailer’s profit
is at least equivalent to that in the benchmark
case. In instances where the retailer opts to
design the contract such that the farmer 1 does

not need to change her quality investment (0 <

VS yr— %VT’W), quality and profits in the
competition case are the same as in the bench-
mark case. Conversely, when the retailer’s

competition strategy involves forcing competi-
tion between farmers (y, — <V <Vs)

then 0 > 0B, farmer 1 improves quality,

Vr +)’f
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Figure 2 Retailer’s Equilibrium Decisions in the Competition Case
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Notes. The parameters are y, = 0.8, 75 = 0.5, pyy =1, p = 5. In Figure 2, 7 = yr — yr)j);f .
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Figure 3 Quality and Profit Comparison between the Benchmark Case and the Competition Case
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resulting in increased output quality. Conse-
quently, the retailer benefits from the higher
quality, thereby earning more profit. However,
it is essential to note that the competition leads
to a reduction in farmers’ profits, as they are

compelled to compete with each other.

Furthermore, we analyze the supply chain’s
profit in Proposition 5. According to Propo-
sition 5, the supply chain benefits from
the retailer’s competition strategy when the
competition intensity is either small (yf <

v
VrtVs

Yr — ) or relatively large (yy >

max |V, yr — %)), as depicted in Figure
4. Referring back to Proposition 4, the re-
tailer increases the supply chain quality by
utilizing a farmer-competition strategy, con-
sequently enhancing the supply chain profit.
Conversely, the supply chain profit may be ad-
versely affected by competition when the com-
petition intensity between farmers lies in the

3
Vr

gy < Vf < 7f)- In
such instances, the additional quality improve-

medium region (y, —

ment from farmers’ competition is not suffi-
cient to offset farmer’s profit losses due to com-
petition, resulting in a decrease in supply chain

profit.

Proposition 5 IT¢* + HJQ* > T8+ H?* if

and only if vy < y, — ,yr}fvf and yr >

3
Vr

)’Y"')_’f

) ; otherwise, TIS* + H(f?* <

max (ff, Vr—

I8 +HJ§* ifand only if y, — [ y,yjy‘f <y <7s

where §7 is the solution to T1S* + H}CE* =18+ H?*.

6. Conclusion

In this study, we examine the impact of the
retailer’s farmer-competition strategy on farm-
ers’ optimal quality decisions and the re-
tailer’s contract design. Even though prior re-
search has addressed improving product qual-
ity through contracts or suppliers’” competi-
tion, the interaction between farmers’ compe-
tition and the retailer’s contract design in the
agricultural supply chain is still unclear. To
study this effect, we build a Stackelberg game
model where the retailer offers contracts to two
farmers and procures from the one with supe-
rior produce quality.

Our findings reveal that adopting compe-
tition on the farmers’ side can increase the
farmer’s quality except when the competition
intensity is low and the retailer offers a high
wholesale price to farmers. The retailer can
manipulate the farmer’s quality investment by
increasing his investment in quality improve-
ment and lowering the wholesale price. How-
ever, when competition intensity is low, the
competitive dynamics do not materialize, re-
sulting in failed quality improvement.

We also find that whether the competi-
tion can be an effective strategy to bring ad-
ditional profit to the retailer depends on the
degree of competition. More intense compe-
tition leads to higher farmer quality invest-
ment. Hence, the retailer’s profit is improved.
More interestingly, there are many settings
where the supply chain profits are reduced
even if the farmer-competition strategy im-
proves the quality due to the fact that the
farmers lose profit from competition. Con-

sequently, large companies should cautiously
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Figure4 Supply Chain’s Profit Comparison between the Benchmark Case and the Competition Case.

[3
Notes. The parameters are y, = 0.8, 7y = 0.5, p =1, p = 5. In Figure 4, y5 = yr — )/rl—ryf, V¢ is the solution to

TIE + TG = T + I3

embrace the farmer-competition strategy, and
if they choose to implement this strategy, the
contract requires meticulous design. These re-
sults provide theoretical instructions for the
companies in the agricultural supply chain,
particularly when the retailer signs the con-
tract with the farmer, he needs to select farm-
ers from hundreds of them located in the same

area.

There are several possible avenues for fu-
ture research. First, our model assumes that
the farmer’s quality investment is an addition
to the quality improvement of the retailer’s
quality. Adding a new factor of farmer’s abil-
ity to deal with high-tech seedlings would al-
low us to consider situations where the qual-
ity might be reduced given the advanced
seedlings/planting methods. Second, we also
assume that the quality is a variable that can be
directly decided by the farmer and the retailer.
However, one could consider the uncertainty

of quality.

Appendix A Proofs

Proof of Lemma 1. It is easy to show farmer’s

profit is concave in quality since we have

2178

dH{
B

def

Z—)/f<0

Hence, the farmer’s optimal quality satisfying
B

drl B
f _ : B _ Wyl
_def =0, that is, Gf =5 ]

Proof of Lemma 2. Anticipating farmer’s op-

timal quality, retailer decides the marginal

wholesale price w5 . TT? is concave in w? since
PIF _ 22
dwB? Yf

Hence, the retailer’s optimal marginal whole-

o ~yr 08+ ot
sale priceis w? = W =0

m

Next, the retailer decides his quality 95.

satisfying

Similarly, we can show the retailer’s profit is

concave in 0F since

PIIE 2y +yy
0 —— <0

Hence, the retailer’s optimal quality is 68 =

Pl . . . B

Ty satisfying 267 = 0. Plug ;" into the
optimal marginal wholesale price, we have
B = Prrs) -

m 2}’r_)/f
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Proof of Proposition 1. The first derivative of

CO i C;
0 K with respect to wy;, is
W
ows, Vf

Similarly, we can show

N .“(77/’ of +uf u)

00EM (s (27505 +w0G )
= >0

ow§, Vf
aGfCM — me 0
20 2)/f9c+wmy

Proof of Proposition 2. Define

C\ _ pCM CcO
G (wS;) = 66 - of

G (w§,) is concave in w§, since

PG(w

c2
dwy,

)7f6rcz\/f~7 0
(w§ (27,6 +w§p)) "

Then solving for G (wc) = 0, we can show that

2nC

G (w§,) = 0 when w§, = 0 and wy é_f;f_ze)’y.
Then we discuss the value of o 2,20 2)#

. 2)/f29£: 7f

i) Gon > 0, thatis, 0 < yf <

c c_ o
G(wy,) >0 whenCO < wy, < G20

. 2y5%6; . i

(11) If m < 0, that 1S, V¢ > 5
G (w§,) > 0 when w§, > 0. ]

Proof of Lemma 3. (i) The proof of Lemma 3
(i) is the same as the Lemma 2 given the profit
function of the retailer and the farmer’s quality
are the same in these two cases.

(ii) Anticipating farmer’s quality ch =

WS u+V27 fws OF u+wi? p

QCM = 7 , retailer decides
the marginal wholesale price w(M. TISM is
concave in w$M since

(See Equation (A.1)). In Equation (A.1),

T =wMy (277f6§M + wany) >0
Hence, the retailer’'s optimal marginal

CM _ Pt

wholesale price is w;,;" = ——2——
P 2(77 0 +pmi)

satisfy-

&HCM _
ing Eme =0.

Next, the retailer decides his quality QEM.

Similarly, we can show the retailer’s profit is

concave in M since
aZHCM _
aeC;AZ - _VV < 0
r
Hence, the retailer’s optimal quality is OSM* =
Pmi - oM CM
o satisfying aergM = 0. Plug 6" into the
optimal marginal wholesale price, we have
CMsx _ __Pm)r
Wy = ]
" 2)
2 2
Proof of Proposition 3. GivenIT¢0 = —fultb_
yrvr=2yy
nd IEM = 22027 e platform ch
a r = = g,7  the platform chooses

the higher profit between I1¢C and TT*M. De-
fine
ﬂC — HCO _ HCM
;

122(L L)+122 Vr

mel’l Vr - zpm” 2)/7’)/f_yf2

IS is convex in Y f since

PIC anﬁzyr(4ﬁ—67r7f+3y§) 0
ayZ - 2V, —y 3.3 >
¥ @rr=r7)"7}

and additionally, IT is minimized at y =V
Then solving for IQI,C = 0, we can show that

Vi
Vet Ty

there exists a ¢ = yr — < vy such that

I1€ (pf) = 0. Therefore, IIEC > TIEM when
3
Ye < Yr— yff}_,f, and the retailer chooses

the marginal wholesale price and the quality
such that the farmers do not compete with each

other. n

Proof of Proposition 4. (i) If 0 < yf < yr —

\ = o +7f , Proposition 3 and Lemma 3 show that

in the competition case, the retailer chooses
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TIEM

1 (P 720 M 40 GM (7105 (375 0 M +600GM p+4VT ) #205M o (wGM e+ VT )

P 7T <0 (A1)
05 = 059 and w§* = wSP such that farmers ~ decreases in yf since
do not compete with each other and the output arIgMTIcH 02
quality, famer’s profit and retailer’s profit is the CI7 27% <0

same as the benchmark case. Hence, 6¢* =
CO _ pBs 77C*+ _ 17CO _ 17B* 17C*+ _ 77CO _
0% = 6%, IIy* = I1;% =11, 1T = 115~ =

5 f f
IT x
(i) If y, — ,/yrﬁ,,f < yt < J, Proposi-

tion 3 and Lemma 3 show that in the com-
petition case, the retailer chooses 05* = OM

wCM

and w$ = wSM such that farmers competes

with each other. Hence, the output quality is
6 = 0M, I1¢* = TIEM, n}? = EM.
(ii-a) Quality. Define 6 = 05 — M =

_1 Vr _ 1 A .
Pm ( T T— 7f). 0 is convex in

since

2 ey (47367175 +32)
(2y—y f)f’y;

jg

(92
Iy

N

and additionally, 0 is minimized at y F=

Then solving for O = 0, we can show that

,3
there exists a y5 = yr — 1/Vr7_+—‘y.f < yr such

that 6 (y¢) = 0 Therefore, 65 < 0 if y; >
_|»

Vr Vrtyst
(ii-b) Farmer’s profit. H?* - TIM =

f
()’r—?/f)(%ﬂ’;) N ,Vf_sz) > 0.
i (=2rr+y5) Vs

3P (
Proof of Proposition 5. In the benchmark case,

the supply chain profit TT5* + Hj'i* decreases in

Vs since

B B
AT paw (602 -9y r+dry+r®) 0

272 (-2r4)’

dye

In the competition case, when farmers need
to compete with each other, the supply chain

profit is T1¢* + ij,f* =M + HJ?M CTIEM 4 H;JM

iy, T 4 15 -

< 0

Additionally, when y¢ =

PR (13427 -20 7247}
- _ _ 2
2y (<2754 75)

o) -

when y¢ =0,
lim T18* +l_[?’6 — +00 >
yi—0
[EM 4 gM = Phiretnr)
Hence, there must exist a 7 such that TT5* +
I = TIEM 4+ TIEM. "
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