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Matching ecological transition and
food security in the cereal sector:
The role of farmers’ preferences on
production contracts

Stefano Ciliberti*, Angelo Frascarelli and Gaetano Martino

Department of Agricultural, Food and Environmental Sciences, University of Perugia, Perugia, Italy

Introduction: Under an increasing demand from citizen and public institutions,

agri-food supply chains are requested to comply with stringent environmental

requirements. Moreover, new sources of uncertainty related to pandemic and geo-

political turbulences put further pressures on economic agents, calling for proper and

resilient governance mechanisms. Under the lens of the Neo Institutional Economics,

we focus on production contracts and their clauses which, in turn, perform di�erent

functions and contribute to allocate property and decision rights, in the attempt to

conciliate sustainability and food security.

Methods: In this framework, contract design assumes a key importance. Thus, we

analyze farmers’ preferences for di�erent contractual clauses in the cereal sector. A

choice experiment is carried out among durum wheat producers in Italy and mixed

logit estimations assuming heterogeneous preferences are performed.

Results and discussion: Findings provide interesting indications, revealing a strong

farmers’ willingness to adhere production contracts in exchange for price stability

and knowledge transfer o�ered by technical assistance services. However, producers

are not available to limit their decisional autonomy in unilateral agreement with

buyers and they reveal a certain indi�erence to costly production techniques aimed

to improve environmental sustainability.

KEYWORDS

contracts, sustainability, food security, NIE, transaction costs, uncertainty, choice experiment,

Italy

1. Introduction

In the last decades, greenhouse gas emissions from agri-food systems have increased
of around 20%, accounting for about 30% of all emissions related to human activities in
2019 (FAO, 2022). Moreover, it is estimated that 85% of projected losses in biodiversity
will be caused by agriculture and forestry (Vazquez-Brust et al., 2020). It follows that not
only the agri-food sector negatively impacts on the environment but it also increasingly
suffers from the main consequences of climate change, that could irremediably affect
biodiversity, soil fertility, and last but not least, food security (Chandio et al., 2020). In
order to push the transition toward global sustainable food systems and models, United
Nations Member States approved the 2030 Agenda for Sustainable Development, revolving
around the 17 Sustainable Development Goals (SDGs). Lately, the European Commission
promoted the ecologic (or green) transition thanks to the European Green Deal and
the Farm to Fork and Biodiversity strategies, all aimed to make agri-food system more
sustainable (Dupraz, 2020; Schebesta and Candel, 2020). Such a transition mainly entails
full decarbonisation and reduction of all GHG emissions down to a very low level (Prieve,
2022). As the general level of society’s environmental consciousness increases, both consumers
and downstream supply chain partners need to select eco-friendly products (Chu et al.,
2017). Concerned with improving sustainability to enhance operational, economic, and social
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responsibility performance, many companies have begun therefore
to incorporate cleaner technologies, and new organizational and
logistical practices in the attempt to realize circular supply chains
(González-Sánchez et al., 2020). For instance, food producers
increasingly endorse and implement standards that establish criteria
for sustainable production and sustainable management practices
strongly relying on narrower collaboration with suppliers and
customers for their implementation, with a growing interest for
alternative food initiatives (Aggestam et al., 2017).

More recently, both the COVID-19 outbreak and the Russo-
Ukrainian war had impacts on food security (Béné, 2020; Laborde
et al., 2020; Mardones et al., 2020; Coopmans et al., 2021; Hassen
and El Bilali, 2022; Hellegers, 2022). In this framework, there
is an increasing need of progressively reconciling productivist
and environmental standpoints, while addressing increasing
technological, geopolitical, behavioral, and many other sources of
uncertainty at stake. Such a situation calls into question coordinated,
resilient, and responsive governance mechanisms regulating
transactions in local and global agri-food supply chains. In more
detail, both design and negotiation of contracts gain a key role
(Li and Zhu, 2020). Companies requiring a consistent amount of
agricultural rawmaterials have widely adopted contract farming (CF)
to coordinate their supply chains (Abebe et al., 2013; Mugwagwa
et al., 2020). According to Pinstrup-Andersen and Cheng (2009, p.
37), CF entails “agricultural production carried out according to a
pre-planting agreement in which the farmer commits to producing
a given product in a given manner and the buyer commits to
purchasing it.” In this paper, we focus on production contracts,
that is, a type of agreement between a buyer and its suppliers
(either farmers or storage organizations) that frame the production
and the transaction of a commodity (Bogetoft and Olesen, 2002).
Compared to CF, production contracts refer more explicitly to the
type of agreement in itself and its organizational dimension and
not to the more global phenomenon of agricultural production
under contract. Unlike traditional marketing contracts, which only
specify basic clauses related to delivery modality, quantity and
price, crop production contracts also contain also input and output
specifications (Ricome et al., 2016). According to Cholez et al. (2020),
therefore their main aim is to coordinate production, exchange and
knowledge development among stakeholders. In doing so, they may
play a relevant role in the field crop sector, because of their effect on
reducing transaction costs.

Against this backdrop, the present paper aims to explore and
analyze the role played by production contracts and their clauses
(or terms) in matching farmers’ preferences in the durum wheat
sector. This is a strategic sector (particularly relevant in Italy, where
the study was conducted) at the center of geopolitical turmoil for
food security reasons, since the Russia-Ukraine conflict has started.
The innovative contribution of this paper to the literature in the
field of production contracts is two-fold. First, it proposes and test
an original classification of contractual clauses and their function
according to the NIE framework. Then, accordingly, using a discrete
choice experiment and a mixed logit analysis, it analyzes the potential
attractiveness of contractual clauses, including those related to the
diffusion of sustainable production patterns in an uncertain context.
To this purpose, in the following sections we first conceptualize the
role of production contracts and their content, then, we elaborate
research hypotheses looking at different functions and areas of
intervention of contractual terms and at their likely acceptance from

farmers. Methodology adopted is then described in detail, focusing
on the characteristics of a discrete choice experiment conducted
among Italian wheat producers and analyzed by means of mixed
logit estimations. Lastly, results are described and discussed in the
light of the existing literature in this field, before final remarks and
recommendations are provided.

2. Conceptual framework

2.1. The NIE approach to contracts

A relevant strand of the agribusiness literature has been mainly
centered on CF solutions as a tool (or “treatment”) for rural
poverty alleviation, evaluating their impacts on smallholder farmers’
welfare (in terms of employment, credits, farm incomes) in the
least developed countries and across many crops (see Bellemare
and Bloem, 2018 for an exhaustive review). Not without exceptions
due to unfair practices and lack of transparency (Ruml and Qaim,
2020), CF clauses provide access to knowledge, better technologies
(e.g., highly productive varieties), and credit, stimulating skill
transfer and promotion of quality standards (Da Silva and Ranking,
2013; Mishra et al., 2018). However, under the concept of CF,
there is a diversity of governance mechanisms that widely range
from basic to more articulated contracts providing inputs and
technical assistance.

The term “governance mechanism” is rooted in the Neo
Institutional Economics (NIE) (Coase, 1988; Williamson, 1991,
1996). According to Williamson (1985), it is necessary to choose
the mechanisms that minimize transaction costs, i.e., the ex-ante
and ex-post costs of planning, adapting, and monitoring task
completion of an agreement intrinsically related to different sources
of asset specificity and uncertainty. Under the NIE view, contracts
gain momentum as interesting governance solutions in response
to coordination, safeguard and adaptations needs, so as to lower
transaction burdens (Ménard, 2013; Martino and Polinori, 2019;
Vazquez-Brust et al., 2020; Vicol et al., 2021).

In this paper, we adopt the Ménard (2022) representation
(Figure 1) in order to conceptualize the role of contractual
mechanisms which are able to provide monetary and non-
monetary incentives aimed to stimulate a process of joined
centralization/decentralization of both property rights (that is,
control over strategic investments) and decision rights (that,
is governance). In turn, such a combination of incentives
(to centralize/decentralize decision rights and/or the control
over strategic investments) established by contractual clauses
is able to shape organizational solutions aimed to minimize
both production and transaction costs due to asset specificity
and uncertainty.

Going into details, the curve from A to B (or external frontier)
in Figure 1, that is concave to the origin, defines the optimal
alternatives that could be reached with respect to the degree of
control and coordination required. The curve from C to D (or
internal frontier), that is convex to the origin, designates more
formal agreements, with no room for relational adjustment. The
intersection between these two curves delimitates the area under
which misalignments between decision and property rights tend
to make the organization of transaction costs hardly feasible, with
the only exceptions of “spot markets” (segment from A to C) and
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FIGURE 1

Setting the research problem under the NIE lens: linking property and decision rights, transactional attributes, and organizational arrangements. Source:

Our elaboration based on Ménard (2017, 2018, 2022).

“command firm” (segment from B to D). All other arrangements
involve relational contracting with varying degree of efficiency and
are located in the lens-shaped area covering markets (segment
C-E), hierarchies (segment F-D) and, mainly, hybrids (segment
E-F). This latter is the zone where commonly production contracts
flourish, develop, and operate offering incentives for pooling strategic
resources and governance decisions among the parties. Moreover,
the figure reveals that, within the area of acceptance of relational
contracts, the more partners expect to gain from pooling strategic
assets, the more motivated they are to sacrifice their autonomous
control over property rights. Symmetrically, the more they expect
to gain from coordination over co-specialized investments, the
more motivation they have to endorse centralized decision-making
(Ménard, 2022).

Focusing on the topic under analysis, in response to the
increasing interest of consumers and public authority for
environment protection, agri-food production contracts engage
multiple area of farming activities, spanning from technology
definition and implementation, to quality strategies, and
environmental resources. Multiple sources of uncertainty then affect
the decision making process of farmers and processors, facing the
necessity of combining private good provisioning and environmental
services and protection. This fact has two implications, since
economic agents seek to combine the contractual arrangements
economizing on both transaction and production costs (Martino and
Polinori, 2019). First, production contracts tend to become more
complex requiring the specification and the alignment of multiple
contractual terms. Second, because of the uncertainty surrounding
transactions parties may face the need to adapt the contractual
arrangement during its life and design further mechanisms to cope
with the issues raised by non-contractible elements emerging after
that the contract has been signed by the parties.

2.2. The role of contractual clauses

Following Martino and Polinori (2019) and Oliveira et al.
(2021), a production contract is seen as the combination of specific
clauses/terms (henceforth also named “attributes”) that encompass
both governance and production costs. As a consequence, the profit
of the farmer i (i= 1, 2, 3 . . . N) for each contract c (c= 1, 2, 3. . .) is:

πic = Vic − (Cic + Tic) (1)

where πic is the profit, Vic is the value of the final product
obtained from the contract under the form of revenue, Cic represents
production costs and Tic represents the transaction costs (that are
function of the type of rights at stake and their negotiation).

In line with Williamson (1985) and Ménard (2017, 2018, 2022),
we adopt a comparative approach that considers the alternative
combinations (of property and decision) rights that are derived
from different contractual attributes, entailing different values and
costs. For instance, all other things being equal, insertion/removal
of a contractual clause affects both value and (production and
transaction) costs involved, as follows.

J
∑

j

βRijk = Vijk − (Cijk + Tijk) (2)

where Rijk represents an index for the alternative j from a choice
situation k of contractual attribute which are included in a contract by
the ith farmer, and β represents the unit monetary value of each term.

In our case, each contractual term brings its own value (that we
assume constant for simplicity) as well as production and transaction
costs. In practical terms, because we assume that the value V is
given and therefore independent of the contract chosen, the farmer

Frontiers in Sustainable FoodSystems 03 frontiersin.org

https://doi.org/10.3389/fsufs.2023.1114590
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Ciliberti et al. 10.3389/fsufs.2023.1114590

maximizes profit π by choosing, among alternatives, a contract c
including combinations of contractual attributes j that minimize the
expected variations of both production and transaction costs.

Hereafter, further elaborating on Williamson (1979), Mellewigt
et al. (2012), and Ménard (2022), we conjecture connections
among transactional attributes and functions of contractual clauses
in allocating decision and property rights, which are able to
affect preferences under scrutiny. Moreover, based on previous
empirical evidences in the agri-food sector, we assume that widely
adopted contractual clauses operate in some of the following areas
of intervention: production, exchange and knowledge transfer.
Accordingly, we develop research hypotheses on farmers’ preferences,
separately looking at contractual clauses based on their main areas of
intervention and their functions.

2.2.1. Exchange clauses
Irrespective of the degree of centralization of decision and

property rights, one of the fundamental elements of (more or
less elaborated) contracts is represented by exchange clauses. This
category encompasses a group of contractual clauses that parties
adopt to regulate prices, methods and time of payment, and modality
of delivery.

Price is probably the most common attribute in empirical studies
dealing with contracts (Tuyen et al., 2022). Scholars report several
different solutions, spanning from “open” price following market
volatility to fixed price, under the form ofminimum guaranteed price,
passing through mixed alternatives where market price is used as a
reference point for complex design of contract price (Bogetoft and
Olesen, 2002).

Other exchange clauses refer to the schedule, modalities, location,
and methods of payment and delivery (Ochieng et al., 2017).
Solutions mainly encompass immediate, anticipated or postponed
payment, taken the delivery as reference point. Under the NIE lens,
the rationale of these categories of contractual clauses is to offer
monetary incentives and coordinate decisions about exchange and
payment with the aim to both safeguard parties against opportunistic
behavior and offer a protection against uncertainty in output market.
As a consequence, a first set of research hypotheses that explicitly
refer to exchange clauses is elaborated.

Hypothesis 1a. Contractual clauses centralizing coordination of
decision rights on price significantly affect farmers’ preferences,
protecting them from market uncertainty.
Hypothesis 1b. Contractual clauses centralizing coordination of
decision rights on the modality of payment significantly affect
farmers’ preferences, protecting them from behavioral uncertainty.

2.2.2. Production clauses
This category encompasses a wide variety of contractual clauses

providing incentives to concentrate decisions rights over production,
so as to enhance coordination among parties. In more details, these
clauses intervene to regulate production techniques and, increasingly
in the last decades, quality and sustainability requirements.

2.2.2.1. Technique and production rules

This type of contractual clauses refers to production decisions
and rules for the use of specific technical inputs that are sometimes
also provided by the buyer with specific arrangements (Lemeilleur

et al., 2020). Clauses may also include the way the final product
must be delivered to the buyers, with or without storage, additional
treatments or first processing (Blandon et al., 2010). To sum
up, contractual clauses allocate among the parties involved in
the contract the right to decide the rules of production. In
doing so, they incentivize coordination and offer safeguard to
specific investments, against potential negative consequences of
opportunistic behaviors related to the wrong use of technology in the
production process. Thus, the following research hypothesis comes
out as a consequence.

Hypothesis 2a. Contractual clauses centralizing both coordination
of decisional rights on production techniques and control over
pooled strategic resources significantly affect farmers’ preferences,
offering safeguard for specific investments and protection from
technological uncertainty.

2.2.2.2. Quality

Increasing importance of credence attributes leads to a growing
need for coordination along the agro-food supply chain, so as to
avoid deleterious consequences in terms of legal liability, reputational
damage and consumer confidence (Ménard and Valceschini, 2005;
Martino and Perugini, 2006). Contractual clauses introducing quality
requirements provide incentives to centralize decision over the use
of technology, since this can have direct consequences on the use of
input and dedicated investments to achieve certain quality threshold
(Frascarelli et al., 2021). As a consequence, a new research hypothesis
is elaborated, as follows.

Hypothesis 2b. Contractual clauses centralizing both the
coordination of decision rights on quality requirements and
control over pooled strategic resources significantly affect farmers
‘preferences, since they safeguard dedicated investments and
protect them from technological and behavioral uncertainty.

2.2.2.3. Sustainability practices

The concept of jointness of production is a key characteristic
of so-called nature-related transactions costs that have been often
overlooked in literature, even if with some important exceptions
in the NIE field (Hagedorn et al., 2002; Vatn, 2002; Hagedorn,
2008). Following Hagedorn (2008), for example, buying and applying
fertilizers and pesticides on a crop might result in higher yields with
farm income increases as a consequence. While such a transaction
is intended and expected, a fraction of the applied chemical inputs
might end up in the groundwater or in a nearby river imposing
additional costs on actors using this water for drinking purposes.
According to the seminal work of Coase on social costs (Coase,
1960), in the real world the attempt to allocate property rights in
order to establish who is in charge of compensating whom for some
environmental damage is not costless, because of the existence of
transaction costs.

This fact explains why when formal laws or environmental
standards are absent or not well-enforced and implemented, sources
of technological, and behavioral uncertainty around the outcomes of
nature-related transactions increase: to cope with them, economic
agents react developing governance mechanisms and organizational
structures (Ménard, 2017). Such a situation paves the road for the
increasing diffusion of contractual clauses that refer to environmental
sustainability. Even if these contractual terms are intrinsically related
(and somehow similar) to production rules and quality specifications,
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they have gained importance because of the increasing collective
demand for developing and adopting sustainable innovations
techniques from both consumers and public authorities (Stanco et al.,
2020). Accordingly, we formulate another research hypothesis.

Hypothesis 2c. Contractual clauses centralizing both coordination
of decision rights on sustainable cultivation techniques and
control over pooled strategic resources significantly affect farmers’
preferences, since they safeguard dedicated investments and protect
them from technological and behavioral uncertainty.

2.3. Knowledge transfer clauses

Another area where production contracts increasingly intervene
is related to knowledge and innovation (Martino and Polinori,
2019). Under a NIE perspective, economic rationale of knowledge
transmission thanks to clauses referred to the provision of technical
assistance is at least three-fold (Ciliberti et al., 2019). First, these
contractual ensure terms a continuous monitoring of production
processes and coordination of decisions, possibly reducing risks of
opportunistic behavior and information misalignment. Second, in
doing so they indirectly allow to safeguard specific investments in
key inputs, monitoring and controlling their use so as to enhance
quality of productions. Last but not least, to a certain extent,
it introduces a flexible and dynamic mechanism to adapt the
use of key inputs, techniques and production to exogenous and
incontrollable factors that in turn represent sources of technological
uncertainty. As a consequence, we are able to formulate the following
research hypotheses.

Hypothesis 3. Contractual clauses centralizing both coordination
of decision rights and control over strategic resources by means
of a technical assistance services significantly affect farmers’
preferences, since they safeguard key investments as well as
coordinate and adapt production choices in presence of behavioral
and technological uncertainty.

3. Material and methods

3.1. Experimental design and contract
attributes

Choice experiments are a standard tool to evaluate the
preferences of respondents with respect to hypothetical goods or
services and are widely used in consumer research and environmental
economics (Hensher et al., 2005; Louviere et al., 2010). Recently,
choice experiments have also gained popularity in the agricultural
economics field. The choice model on which this study is based
deepen its roots in random utility approach (Louviere et al., 2010).

The starting point in designing a choice experiment is selecting
relevant attributes and their corresponding levels (Hensher et al.,
2005). Attributes (i.e., contractual clauses in our case) and levels
were based on previous analyses and direct observations of the
most representative contracts used in the durum wheat supply
chain in Italy. Moreover, attributes and their levels were selected
and tested with key stakeholders directly involved in designing
and negotiating contracts, to validate the experimental design and
enhance its robustness and reliability. Table 1 reports the list of

attributes and levels considered for this work, building a bridge
between the conceptual framework and the analytical framework.

Once we decided on the final attributes and levels specification,
we designed the choice sets that would be presented to respondents.
In more detail, combining the six attributes according to their
three levels, a full factorial design would consist of 36 = 729.
However, such a number of contracts is too complex to manage for
a respondent. Therefore, we reduced the design to a D-efficient DCE
where attributes and their levels were randomly distributed into 18
choice sets, each one with three possible contracts. As a result, 54
different contracts were involved in the end, representative of 729
possible contracts.

Moreover, choice sets were arranged into six blocks (each one
with three choice sets) and each farmer was submitted to one of these
blocks. Then, for each choice set, three choice situations came out
in which the farmer was allowed to specify his preference toward
one out of three contracts; as an alternative, he could also decide
to select the opt-out (no-choice), opting for “none of the previous
contract.” As a result, different contracts were proposed to farmers,
characterized by six attributes (each one with three levels), reflecting
different types of transactional attributes, contractual functions, and
incentives to centralize property and decision rights.

In order to test the research hypotheses a purposive sampling
strategy was adopted to get insights from our study population,
consisting of Italian farmers producing durum wheat. This crop
covers 40% of the Italian cereal production, with around 150,000
farms cultivating an area of 1.3 million hectares, for an average
production of around 4million tons and a total value of 2 billion euro
(Council for Agricultural Research Economics, 2021). Face-to-face
interviews were conducted by trained and experienced interviewers,
based on their own judgment when choosing potential respondents
attending technical workshops and seminars all around Italy, between
late 2019 and early 2020. As a consequence, inclusion in the sample
mainly depended on farmers’ participation to these workshops, their
willing and interest to participate in the survey and their ability of
correctly answering. To gather information, we used a structured
questionnaire including a choice experiment to investigate farmers’
preferences over contractual terms, details of which are provided later
on. Characteristics of the sample, made of 163 farmers, are displayed
in Table 2.

3.2. Econometric analysis

From a statistical point of view, the standard choice model,
the multinomial logit (McFadden, 1974), assumes that substitution
patterns are defined by the Independence of Irrelevant Alternatives
(IIA) restriction. It implies that relative probabilities of two
alternatives are unaffected by other alternatives, so that preferences
for attributes of different alternatives are assumed to be homogeneous
across individuals (Kanninen, 2007). Over the past years alternative
modeling approaches have been developed that relax the IIA
restriction, such as the mixed logit model also known as a mixed
multinomial logit model or random-parameter logit model, which
uses random coefficients to model the correlation of choices across
alternatives. Mixed logit or random parameter logit is used in many
empirical applications to capture more realistic substitution patterns
than traditional conditional logit. The random parameters are usually
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TABLE 1 Contract design: Concepts, areas of interventions, functions, and attributes.

Area of
intervention

Transactional
attribute(s) involved

Contractual
attributes under
analysis

Levels of attributes Main
contractual
function(s)

Research
hypothesis

Exchange Market uncertainty Price • Guaranteed minimum price
• 100% open price based on the average
of the commodity exchange

• Mixed (50% open−50% fixed) price
based on production costs

Coordination H1a

Behavioral uncertainty Modality of payment (time) • 100% in September
• 50% in September, 50% in March
• Monthly payments

Coordination H1b

Production • Technology and behavioral
uncertainty

• Asset specificity

Technique and production
rules

• Free process (freely decided by the
producers)

• Agreed with industry
• Imposed by industry

• Coordination
• Safeguard

H2a

• Technology and behavioral
uncertainty

• Asset specificity (brand and
dedicated investments)

Quality threshold • Proteins content > 12.5%
• Proteins content > 13.5%
• Proteins content > 14.5%

• Coordination
• Safeguard

H2b

• Technology and behavioral
uncertainty

• Asset specificity (brand)

Sustainability of production • Optimized nitrogen application
methods (ONAM)

• Conservation agriculture (CA)
• Both (ONAM+ CA)

• Coordination
• Safeguard

H2c

Knowledge transfer • Technology and
behavioral uncertainty

Technical assistance • Yes
• Yes, through a decision support
system

• No

• Coordination
• Adaptation

H3

TABLE 2 Characteristics of the sampled durum wheat producers and their farms (n = 163).

Variable code Variable meaning Mean SD Min Max

Age No. of years 48.66 12.82 19 87

Exp No. of years of experience as farmers 28.09 13.44 3 60

High_edu Owner of high school diploma, degree
or Ph.D. (y/n)

0.82 0.38 0 1

UAA No. of hectares of utilized agricultural
areas

144.87 291.27 2.6 2,204

UAA_dw No. of hectares of durum wheat (y/n) 68.75 145.49 0 1,000

COOP/POs_m Members of cooperatives/producers
organizations

0.53 0.50 0 1

Contr_COOP/POs Contracts with cooperatives and POs 0.16 0.37 0 1

Contr_proc Contract with processors 0.62 0.49 0 1

assumed to follow a normal distribution, and the resulting model is
fit through simulated maximum likelihood.

In doing so, it accounts for preference heterogeneity among
respondents and repeated choices (McFadden and Train, 2000;
Train, 2009). To account for such a heterogeneity, the random
utility approach describes the utility Uijk consisting of a systematic
(observable) component and an error (unobservable) component εijk.
In more detail the latter component is represented by a vector of
random coefficients of the attributes X of individual i for choosing
alternative j and choice situation k can be included in equation.

Uijk = Xijkβi + εijk = Xijkβ +ÆŠ(β)Xijk + εijk (3)

The utility coefficients β vary according to individual (hence βi)
with density function of the random parameters f (β). This density

can be a function of any set of parameters, and represents in this case
the mean and covariance of β in the sample population.

The mixed logit choice probability of choosing alternative j in a
choice situation k is therefore given by

P(Yijk = 1) =

∫

exp
(

xijkβ
)

∑J
j=1 exp(xijkβ)

f (β)dβ (4)

where Yijk is the choice variable of individual i for alternative j in
choice situation k.

For this paper, we ran four mixed logit estimates. In model 1 the
price coefficient is fixed, since we assume homogenous preferences
of farmers for high prices, following a common approach in similar
studies (Schipmann and Qaim, 2011; Ochieng et al., 2017). Then,
being in presence of modalities of pricing options rather than price
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levels, we also considered price as random in model 2, allowing for
heterogeneous preferences among farmers. Both models include an
alternative specific constant (ASC) to account for the fact that the
choice sets include a status quo (“none of the proposed contract”)
option. Lastly, since contract preferences may be correlated with
socioeconomic characteristics, we run two additional models (models
3 and 4) with the same specification of model 1 and 2 and interaction
terms betweenASC and control variables (related to farmers and farm
characteristics) already described in Table 2.

Econometric analyses are run using the software Stata 14.2 and,
in particular, packages based on Train (2003) and Hole (2007)
for mixed logit with usual optimization methods for maximum
likelihood estimation.

4. Results

Results are obtained on a final sample of 163 completed
questionnaires, filled in by durum wheat producers. Since each
producer faced three choice situations, 489 choice set were available.
However, 105 times (equivalent to 21.3% of the choice set),
respondents opted for the “no-choice” alternative. Table 3 shows
the raw choice frequency (%) for each attribute level, excluding
the case where the “no-choice” option is selected. What emerges
is that choices were almost equally spread over the three levels
of each attribute, with some interesting exceptions for the price,
technique and technical assistances attributes. Going into details,
the “guaranteed minimum price” and the “100% open price” were
selected in 44.7 and 21.0% of the choices, respectively. Moreover, only
in<1 choice out of four, farmers opted for contracts were production
techniques were imposed by the industry. Lastly, producers showed
a larger acceptance for technical assistance (77% of the choices),
combined or not with decision support systems.

Overall, the sample resulted quite heterogeneous with respect to
respondent characteristics. On average, farmers are 48 years old (sd
= 12.82), with 28 years of experience in the field (sd= 13.43). About
one-fifth of the respondents own a degree, while about 18% has low or
no education at all; the remaining 60 % took a high-school diploma.
Farmers manage on average 144.87 hectares (sd = 291.27), of which
on average 68.75 hectares (sd = 145.5) are cultivated with durum
wheat. While 12.7% of respondents are associated with producers’
organizations (POs) and 40.5% with cooperatives, the remaining
respondents (46.8%) are not. Contracts with POs are used by 16.1%
of respondents, while those with processors in 62.1% of the cases.
Moreover, almost 42% of those contracting with POs also use contract
with processors. However, almost one-third of the respondents do not
use any type of contracts at all.

As far as the mixed models estimation are concerned, Tables 4, 5
report the marginal effects of the estimated models to facilitate the
interpretation of the results.

Results reveal that some preferences toward attributes are
significant and relevant.

First of all, the “no-choice” option has a negative and significant
coefficient (m.e. are −3.406 in model 1 and −3.500 in model 2),
indicating that farmers strongly prefer the contracting alternative
over maintaining the status quo. This result is remarkable, given that
not all the sampled farmers used to adopt contracts, suggesting a
potential relevant interest for such a governance tool.

TABLE 3 Percentage of “yes” for each attribute (n = 384∗).

Attribute Level %

Price Guaranteed minimum price 44.7

100% open price 21.0

Mixed (50% open−50% fixed) price 34.3

Time of payment 100% in september 35.1

50% in september, 50% in March 35.3

Monthly payments 29.6

Technique Free process 39.0

Agreed with industry 37.1

Imposed by industry 23.9

Quality threshold Proteins content > 12.5% 37.6

Proteins content > 13.5% 35.1

Proteins content > 14.5% 27.3

Sustainable
cultivation practice

Optimized nitrogen application
methods (ONAM)

33.5

Conservation agriculture (CA) 31.2

ONAM+ CA 35.3

Technical assistance No 23.1

Yes 38.2

Yes, through a decision support system
(DSS)

38.7

∗Excluding the “no-choice” option, frequencies within each attribute sum up to 100%.

As for the price, in bothmixedmodels farmers significantly prefer
a guaranteed minimum price solution (the reference clause) in spite
of open price solutions (m.e. are −0.878 in model 1 and −1.588 in
model 2) or mixed price alternatives (m.e. are−0.410 in model 1 and
−0.922 in model 2).

With regard to technique, results highlight a significant farmers’
reluctance to rules unilaterally imposed by the processing industry
purchasing durum wheat (m.e. are −0.533 in model 1 and −1.024 in
model 2) compared to the possibility for a free production process
(the reference clause).

Very interestingly, producers do not show significant preferences
toward contractual attributes referred to the adoption of sustainable
practices. At the same time, durum wheat producers are strongly
and significantly attracted by the opportunity to benefit from
technical assistance and decision support systems provided by
buyers (m.e. are +0.488 in model 1 and +0.711 in model 2 for
traditional support only, and +0.526 in model 1 and +0.679 in
model 2 for modern technical assistance by means of decision
support systems).

As far as the quality threshold and related duties are
concerned, empirical evidences highlight clear and significant
farmers’ preferences toward lower level of commitment (and related
production costs), that is a protein content of 12.5% rather 14.5%
(m.e. are−0.546 and−0.815, respectively, in models 1 and 2).

Time of payment do not significantly affect farmers’ preferences,
with the only exceptions of mixed model 2 where estimates reveal
a slight opposition to monthly payments compared to full payment
after harvesting (m.e.=−0.430).
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TABLE 4 Parameter estimates for the mixed logit models 1 and 2: marginal e�ects (m.e.).

Attribute Level Mean (1) SD (1) Mean (2) SD (2)

m.e. P >
|z|

Std.
err.

m.e. P >
|z|

Std.
err.

m.e. P >
|z|

Std.
err.

m.e. P >
|z|

Std.
err.

Price 100% open
price

−0.878 ∗ ∗ ∗ 0.194 : : : −1.588 ∗∗ 0.456 −1.748 ∗∗ 0.567

Mixed price −0.410 ∗∗ 0.163 : : : −0.922 ∗∗ 0.318 1.919 ∗ ∗ ∗ 0.458

Time of
payment

50% in
September
50% in March

0.137 0.165 0.438 0.294 0.152 0.228 −0.478 ∗∗ 0.314

Monthly
payments

−0.219 0.181 −0.226 0.317 −0.430 ∗ 0.251 0.658 ∗ ∗ ∗ 0.302

Technique Agreed with
industry

0.064 0.146 0.146 0.460 0.486 0.216 1.030 ∗∗ 0.378

Imposed by
industry

−0.553 ∗∗ 0.184 −0.309 ∗∗ 0.471 −1.024 ∗∗ 0.347 1.679 ∗∗ 0.591

Quality
threshold

Proteins
content >
13.5%

−0.255 0.174 0.857 ∗∗ 0.274 −0.386 0.252 0.926 ∗∗ 0.354

Proteins
content >
14.5%

−0.546 ∗∗ 0.189 −0.856 ∗∗ 0.310 −0.815 ∗∗ 0.288 0.330 0.597

Sustainable
cultivation
practice

CA −0.151 0.160 −0.106 0.401 −0.099 0.231 −0.197 0.454

ONAM+ CA −0.109 0.181 −0.646 ∗∗ 0.318 −0.050 0.244 1.043 ∗∗ 0.387

Technical
assistance

Yes 0.488 ∗∗ 0.185 0.730 ∗∗ 0.294 0.711 ∗∗ 0.271 −1.153 ∗∗ 0.436

Yes, through
DSS

0.526 ∗∗ 0.176 −0.025 0.293 0.679 ∗∗ 0.240 0.357 0.349

No choice Yes −3.406 ∗ ∗ ∗ 0.876 4.475 ∗ ∗ ∗ 0.865 −3.506 ∗ ∗ ∗ 0.845 4.340 0.771

No. of
observations

1,956 1,956

No. of
respondents

163 163

Log
likelihood

−570.894 −560.281

LR chi2 (11) 139.51 ∗ ∗ ∗ 160.74 ∗ ∗ ∗

Significance levels: ∗∗∗1%, ∗∗5%, ∗10%. “:” means “not estimated”.

Lastly, models 3 and 4, introducing interaction terms between
the “no-choice” option and control variables, substantially confirm
previous results revealing also a significant role played by
high education in fostering farmers participation to contracts.
Interestingly, previous contracting experiences with cooperatives,
producers’ organizations and processors significantly decrease
farmers’ willingness to join production contracts.

5. Discussion

Empirical results allow to confirm the majority of the hypotheses
under analysis, even if with some relevant exceptions. Henceforth,
findings are therefore properly discussed in the lights of the existing
literature in the field, following the order of presentation of the
hypotheses in the conceptual framework.

The first group of hypotheses refers to clauses that
affect exchanges.

As for the hypothesis 1a, results reveal that farmers prefer
clauses able to ensure a higher level of coordination leading to
a centralization of decision rights on price in order to address
market uncertainty. In our case farmers perceive a minimum
guaranteed price as explicitly abler to play a stabilization role
even better than a mixed price, that is however costlier to enforce
and somehow exposed to price volatility. This result is in line
with Minten et al. (2009), Miyata et al. (2009), and Blandon
et al. (2010), confirming that fixed price options provide farmers
insurance against downside price risks. However, evidences contrast
with Wang et al. (2011) and Abebe et al. (2013) who reported
smallholders’ preference for a floating price, when the ex post
spot market price is expected to exceed the price proposed in
the contract.

Frontiers in Sustainable FoodSystems 08 frontiersin.org

https://doi.org/10.3389/fsufs.2023.1114590
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Ciliberti et al. 10.3389/fsufs.2023.1114590

TABLE 5 Parameter estimates for the mixed logit models 3 and 4: marginal e�ects (m.e.).

Attribute Level Mean (3) SD (3) Mean (4) SD (4)

m.e. P >
|z|

Std.
err.

m.e. P >
|z|

Std.
err.

m.e. P >
|z|

Std.
err.

m.e. P >
|z|

Std.
err.

Price 100% open
price

−1.043 ∗ ∗ ∗ 0.233 : : : −1.328 ∗∗ 0.401 0.924 0.652

Mixed price −0.439 ∗∗ 0.179 : : : −0.848 ∗∗ 0.306 1.801 ∗ ∗ ∗ 0.499

Time of
payment

50% in
September
50% in March

0.236 0.186 0.248 0.275 0.124 0.225 0.145 0.361

Monthly
payments

−0.139 0.204 0.326 0.348 −0.331 0.258 0.533 0.439

Technique Agreed with
industry

0.094 0.164 −0.027 0.411 0.168 0.198 0.422 0.406

Imposed by
industry

−0.660 ∗∗ 0.250 0.741 0.461 −1.034 ∗∗ 0.354 0.977 ∗∗ 0.470

Quality
threshold

Proteins
content >
13.5%

−0.262 0.201 0.582 0.377 −0.445 ∗ 0.267 0.835 ∗∗ 0.383

Proteins
content >
14.5%

−0.529 ∗∗ 0.217 0.654 ∗ 0.386 −0.784 ∗∗ 0.275 −0.398 0.467

Sustainable
cultivation
practice

CA −0.128 0.185 0.061 0.346 −0.067 0.233 −0.316 0.517

ONAM+ CA −0.102 0.188 0.030 0.452 −0.160 0.240 0.503 0.405

Technical
assistance

Yes 0.386 ∗ 0.216 1.157 ∗∗ 0.342 0.552 ∗∗ 0.258 1.179 ∗∗ 0.495

Yes, through
DSS

0.328 ∗ 0.188 0.228 0.379 0.388 ∗ 0.226 −0.067 0.495

No choice
(nc)

Yes −2.846 2.200 2.987 ∗ ∗ ∗ 0.673 −4.770 ∗ 2.544 4.174 ∗ ∗ ∗ 1.00

nc∗Age −0.065 0..068 : : : −0.097 0.078 : : :

nc∗Exp 0.092 0.057 : : : 0.182 ∗∗ 0.079 : : :

nc∗High_
edu

3.434 ∗∗ 1.105 : : : 4.416 ∗∗ 1.317 : : :

nc∗UAA 0.000 0.001 : : : 0.001 0.001 : : :

nc∗UAA_dw 0.003 0.004 : : : 0.001 0.004 : : :

nc∗COOP/
POs_m

−0.694 1.051 : : : 0.250 0.844 : : :

nc∗Contr_
COOP/POs

−2.075 1.458 : : : −3.791 ∗∗ 1.301 : : :

nc∗Contr_
proc

−2.118 ∗∗ 0.917 : : : −3.809 ∗∗ 1.228 : : :

No. of
observations

1,512 1,512

No. of
respondents

163 163

Log
likelihood

−430.098 −420.760

LR chi2 (11) 69.10 ∗ ∗ ∗ 87.77 ∗ ∗ ∗

Significance levels: ∗∗∗1%, ∗∗5%, ∗10%. “:” means “not estimated”.

For what concerns the other clause intervening on the exchange
area, findings do not allow to confirm hypothesis 1b related to
the modality of payment. Farmers do not see such a contractual

attribute as a remedy able to offer coordination and mitigate
potential behavioral uncertainty. This result contradicts other studies
(Schipmann and Qaim, 2011; Gelaw et al., 2016; Anh et al.,
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2019), where delivery and payment mechanisms are of paramount
importance for farmers. However, whileWidadie et al. (2020) noticed
a group of interviewed farmers neglecting this type of clauses,
Oliveira et al. (2021) also found a similar pattern in a previous study
in the durum wheat sector, where producers were not significantly
interested to contractual terms establishing the modality of payment
in advance.

The second group of hypotheses is referred to clauses regulating
production and its features.

In this area of intervention, what emerges is that farmers prefer a
higher degree of decentralization of decision rights on the production
process rather than a quasi-hierarchical centralization imposed by
the industry without negation. Interestingly, against the expectation
that farmers rely on clauses that ensure coordination of decisions
to both safeguard their specific investments and protect them from
technology and behavioral uncertainty (as in Oliveira et al., 2021
and in Al Ruqishi et al., 2020), here what prevails is the decisional
autonomy for a production cycle characterized by a low level of
dedicated investments. However, this evidence is in line with Abebe
et al. (2013) and Vaissiere et al. (2018), which showed that the
probability of accepting a contract decreases with increasing levels
of restrictions on management practices, since farmers place more
value on the freedom to make autonomous decisions. All that said
and considered, we must reject hypothesis 2a.

With regard to quality of durum wheat production, the
hypothesis 2b is confirmed. In line with Goodhue (2011), farmers
reveal a preference toward a contractual clause introducing a certain
degree of coordination aimed to centralize decision rights on quality
requirement, reducing technology and behavioral uncertainty and
introducing safeguard for dedicated investments. In this regard,
literature is plenty of examples of contractual clauses regulating
stringent food safety and product quality standards or imposing
quality specifications (Raynaud et al., 2005, 2009; Arouna et al.,
2017). All these clauses refer to quality requirements, which have
a large impact on farmers’ acceptance because they not only define
minimum quality levels but also payment of premium prices. In our
case, the reluctance to accept costly obligations, such as an excessive
quality threshold (e.g., 14% or even 13% of protein content for durum
wheat), can be attributed to possible quality measurement problems
in line with Abebe et al. (2013) and Oliveira et al. (2021).

Very interestingly, despite the potential of contractual
arrangements in promoting environmental sustainability in the
agri-food sector (Ren et al., 2021), empirical evidences do not allow
to confirm hypothesis 2c, in line with Van den Broeck et al. (2017).
Results highlight that farmers tend to not accept a clause centralizing
decision rights on sustainable cultivation techniques, which could
contribute to guarantee safeguard for dedicated investments and
protection from technological and behavioral uncertainty. Possible
explanations are at least two-fold. First, such a clause can be used to
transfer liability of the environmental pollution from agribusiness
firms to farmers (Huong et al., 2020). Second, producers are not
particularly committed to more sustainable practices per se, so
that they do not accept specific obligations, if not in exchange
for incentives promoted by leading actors in the agri-food supply
chains (Shi et al., 2020; Ciliberti et al., 2022). Looking outside,
a decisive role certainly can be played on the one hand by the
institutional environment, unable to provide sufficient incentives
or disincentives (in terms of rewards and penalties) and on the
other hand, by consumers and clients unwilling to pay more to

compensate producers from extra costs due to the adoption of
environmental-friendly practices.

The last hypothesis concerns clauses intervening on
knowledge transfer.

In this case, results show that farmers see favorably a contractual
term centralizing both coordination of decision rights and control
over strategic resources by means of whatever form of technical
assistance. What emerges is that durum wheat producers rely on
this category of services, in order to better coordinate and adapt
their production choices, reducing behavioral and technological
uncertainty and benefitting from some form of safeguard for their
key investments as well. In line with Anh et al. (2019) and Ihli
et al. (2022), these evidences allow to confirm research hypothesis
3 revealing that extension and advisory services are largely accepted
from farms, since they can help improving both their productivity
and performance. Moreover, technical assistance may contribute to
guiding farms in transitioning toward more sustainable and resilient
practices (Labarthe and Laurent, 2013; Šumane et al., 2018).

6. Conclusions

In a scenario where continuing societal and institutional pressure
for an ecological transition are imposing a shift toward eco-friendlier
production process, the COVID-19 crisis and the Russian-Ukrainian
conflict increasingly questioned the ability of the agricultural sector
to ensure both food security and environmental sustainability. This
fact calls for a necessary balance between two apparently contrasting
goals, that in turn interrogates coordination mechanisms along
the agri-food supply chain as an opportunity for reconciling food
production and environmental protection.

Adopting a NIE perspective, our paper shed lights on production
contracts as an interesting solution to govern transactions among
economic agents, regulating not only modality of production but
also exchange and knowledge transfer and directly impacting on
both property and decision rights allocation. Looking at production
contracts under this lens, we focused on contract design, that
is a fundamental step where actors’ preferences toward specific
terms reflect the role played by transactional attributes, such as
uncertainty and asset specificity, and the consequent need for
safeguard, coordination or adaptation solutions.

In doing so, this paper contributed to unravel the complex
interactions among contractual areas of interventions, contractual
functions, and transactional attributes in the cereal sector, highly
impacted by recent geo-political turmoil. Even if based on a
small and not representative sample of Italian farmers that hinder
whatever generalization of results, empirical evidences revealed a
widespread interest for production contracts and offered other
valuable indications.

What emerged was that farmers’ preferences on contractual
clauses were composite and not necessarily in line with previous
evidences. Farmers did not accept unilateral and extremely stringent
rules imposed by the industry, showing a certain degree of managerial
autonomy which must be taken into account when negotiating
contracts. In this regard, fixed prices and the provision of technical
assistance were key terms in leading producers’ choice to join a
contract. These clauses have a role in safeguarding investments and
protecting against uncertainty, while making the relationships more
adaptive to unexpected events and new techniques. Likewise, quality
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thresholds also played an important function in coordinating and
guiding production choice and protecting investments, but only if the
request from industry was not extremely burdensome for farmers.

However, neither the condition of payments nor, more
interestingly, the adoption of sustainable practices without specific
rewards were of any interests for producers. Such a latter finding
raised important questions on what could be useful monetary or
non-monetary incentives able to stimulate sustainable commitments
in the cereal sector.

In conclusion, matching production and sustainability targets in
contractual arrangements brings implications that, in turn, call for
both managerial and policy actions in a scenario of international
crisis with direct and negative consequences on international trade
and prices for fertilizers and energy.

Governing the ecological transition cannot ignore farmers needs
for containing increasing input costs and adapting to potential
sources of uncertainty, related to increasing market and geopolitical
instability as well as to new technological pressure in emerging digital
business ecosystems. Along this pathway, due to their organizational
nature, contractual solutions should not be approached as one
size fits all solutions, since they are not able to automatically
ensure the achievement of whatsoever targets, even more when
they are apparently conflicting such as sustainability and food
security. Rather, recognizing different contractual functions, areas of
intervention and effects on property and decision rights, managers
and policymakers should invest in supporting more inclusive process
of production contract design, based on fair and collaborative
negotiation of contractual terms, so as to enhance their diffusion.
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