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ABSTRACT 

One dynamic field of research in agri-food economics focuses on the analysis of commercial 

interactions in the upstream stages of the food supply chain, where significant inefficiencies may 

occur due to the different bargaining power of actors. The aim of this thesis is to explore the quality 

of commercial relations between producers and buyers, as well as the possible effects of inefficient 

practices—including the occurrence of food loss— generated in the fruit and vegetable supply chain 

in Italy. To contribute to this stream of research, the thesis is elaborated on three research questions: 

(I): How do Producer Organizations engage with commercial channels in the fruit and vegetable value 

chain, and how do private quality standards affect food loss from their perspective? (II): What is the 

extent of fruit and vegetable loss during the postharvest phase, both in terms of mass and economic 

value, and how much of this loss can be attributed to private quality standards? (III): According to 

producers’ perceptions, what factors influence the quality of their commercial relationships with 

buyers? 

The thesis is based on three scientific papers, each addressing specific research questions. PAPER I 

and PAPER III explore questions I and III; while PAPER II responds to question II. More specifically, 

PAPER I studies the role of Producer Organisations as key actors in the fruit and vegetable supply 

chain, investigating the Italian and German contexts. The semi-structured interviews conducted to 

Producer Organisations are analysed with the MAXqDA program, giving a qualitative and 

quantitative analysis of the contents. In PAPER II, a direct assessment of the impact of private 

cosmetic quality standards is conducted in the postharvest phase of carrots supply chain, at one 

Producer Organisation warehouse. The assessment is conducted on mass and value of carrots sold to 

fresh market, downgraded, and sold for food industry. PAPER III studies the factors that shape the 

quality of the commercial relations between producers and buyers. A mixed methodology approach 

is used, combining a focus group with Producer Organizations and a survey administered to 

Producers, with the aims to analyse their perceived quality of commercial relations with the two most 

important buyers. Basing on the evidence provided by these three papers, the thesis is elaborated with 

a common introduction, following by methodologies and results. The dissertation ends with a 

discussion of the overall results gathered across the papers, and the implications at practitioner, 

market, and policy level. The three papers are cited wherever needed in the dissertation, while their 

full text is reported at the end of the document. 

 

KEYWORDS 

Food supply chain; Fresh fruits and vegetables; Producer Organisations; Commercial relations; Food 

loss; Private quality standards.  
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INTRODUCTION 

Reaching the sustainability of global food systems is one of the main challenges that societies are 

pursuing. This is also reflected in the Sustainable Development Goals (SDGs), n. 2-12-14, calling for 

zero hunger, sustainable production and consumption processes, and conservation of life below water. 

However, achieving these goals is challenging due to the environmental impact of food systems. It 

has been estimated that food supply chains generate 26% of anthropogenic Greenhouse Gas 

Emissions (GHG) emissions (Poore and Nemecek, 2018), which are responsible to alter the balance 

and the composition of natural ecosystems; and reduce biodiversity and ecological resilience 

(Bouwman et al., 2002). Among the different stages of the supply chain, primary production and 

processing have the greatest impact, accounting for the 61% of food’s GHG emissions. Specifically, 

31% of them is generated by livestock and aquaculture activities, 27% from cultivation processes; 

24% are related to land consumption; while the remaining 18% is generated during the food 

production processes and depend on the subsequent stages of the food supply chain (Poore and 

Nemecek, 2018).  

Indeed, although food production is an essential process for human being, it requires a significant 

amount of natural resources and energy, that have a negative impact on environment. These effects 

include, for example, land use, biodiversity loss, freshwater resource depletion, global warming, and 

contamination of terrestrial and marine ecosystems (Springmann et al., 2018).  

FAO (2019) estimates that the demand of food products, and in turn agricultural products, will 

increase by 35-50% by 2050 due to the growing population, thus bringing a higher pressure on the 

environment. Moreover, FAO (2019) estimates that 14% of the food produced never reaches the 

distribution phase, as it is lost in the production of processing phases, thus becoming a Food Loss 

(FL). Of the food that reaches the distribution phase (86% of the produced food), UNEP (2024) states 

that 19% of food available to consumers is wasted at the retail, food service and household levels. 

This significant amount of Food Loss and Waste (FLW) generated during the food value chain 

represents an environmental issue, where it has been estimated that 6% of GHG emissions are 

generated worldwide from food that will never be consumed (Poore and Nemecek, 2018). FAO 

(2014) estimated that the annual FLW contribute for more than 4.4 gigatons of carbon dioxide 

equivalent (CO2e) and that 10% of the world’s total energy consumption is used to produce food that 

is lost or wasted (FAO 2017). 

FLW not only affect the environment but also has significant economic impact and social 

consequences. It represents an economic loss for all the actors of the food supply chain, including 

consumers, and this reflects a highly inefficient use of resources. At the same time, FLW constitutes 
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a paradox in a world where almost 10% of the population struggle for food insecurity, since they lack 

of physical, social, or economic access to food (FAO, 2022). This paradox between FLW and food 

security has drawn the attention of policymakers and public opinion to this issue. In fact, the UN’s 

SDGs include a target focused on FLW reduction, specifically the 12.3: “By 2030, halve per capita 

global food waste at the retail and consumer levels and reduce food losses along production and 

supply chains, including post-harvest losses” (UN, 2015) and two indicators are set to measure the 

progress of this target: (I) FL Index and (II) Food Waste Index. The thesis focuses particularly on the 

first index (I), which measures the total losses of agricultural commodities in the upstream stages of 

the supply chain -farm and processing level up to (but not included) retail level. It reflects the 

percentage of food removed from the supply chain with respect to the total food produced. Even with 

some limitations due to lack of data in the primary production, the FL Index revealed that in 2016, 

approximately 14% of food produced is lost before reaching the retail stage (FAO 2019) and its 

monetary value is approximately 400 billion USD (Surucu-Balci et al., 2021). 

Reaching more fairer, healthier, environmentally, and sustainable food system is also a goal included 

in the Farm to Fork Strategy, which is part of the European Green Deal (European Commission, 

2020), and the goal is to achieve neutral or positive environmental impact. This should help mitigate 

climate change, reverse biodiversity loss, and ensure food security, nutrition, and public health. It 

also aims to guarantee access to sufficient, safe, nutritious, and sustainable food for all, preserve the 

affordability of food, generate fairer economic returns, enhance the competitiveness of the EU supply 

sector, and promote fair trade. The main pillars of the Farm to Fork Strategy are: 

- Sustainable food production; 

- Sustainable food processing and distribution; 

- Sustainable food consumption; 

- FL and waste prevention. 

To better monitor the advancement of the fourth pillars of the strategy with regard the assessment of 

FLW, in 2020 the EU has established a common methodological framework at the member states 

level (2018/851/EC; Caldeira et al., 2019), which allows to track the progress towards SDG 12.3 

targets over the years. The last available data on Food Waste (FW) states that 131 kg per capita of 

food is wasted in the EU, and in Italy the data reaches 146 kg per capita (Eurostat, 2023). Among the 

various phases of the supply chain, consumers and household stages account for a total of 53% of 

FW, and the data does not include the waste generated in the food service sector; while the percentage 

accounted in agricultural production consists of 20% of the total FW.  

Focusing more closely on the fruit and vegetable (FFV) supply chain, the quantity and dynamics of 

FW are well-studied at the retail and consumption stages (Cicatiello et al. 2017, Giordano et al., 2019; 
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Eriksson et al., 2017). However, a gap remains in the upstream stages of the supply chain in the 

analysis and the quantification of FL, in identifying its causes and address the inefficiencies that 

generates. In particular, perishable products such as FFV display higher losses in the supply chain 

than for other products, with a median of 6.4 % compared to 2.7–3.8 % of cereals, especially in low-

middle income regions (Fabi et al., 2021). 

FFV sector is one of the most important in Europe. In 2022, 2.0 million of hectares of land across 

Europe are cultivated in fresh vegetable, yielding and harvesting 59.8 million tonnes of crops 

(Eurostat, 2022). In terms of quantity, the three most grown vegetable products are tomatoes (15.4 

million tonnes of harvested production), onions (6.2 million tonnes) and carrots (4.4 million tonnes) 

and the top-producer of tomatoes in Europe is Italy (Eurostat, 2022).  

Agricultural FFV producers play a key role in the supply chain, however their relations with other 

stakeholders remain challenging: they deal with large buyers, such as retailers or food industry. 

Although the aim of EU is to have fairer and equitable food chains and ensure securer future for 

farmers (EU, 2025), negotiations and market powers are often unbalanced among the actors of the 

supply chain. This unbalanced power, which is in favour of buyers - and more specifically retailers - 

may generate inefficiencies in the interaction between the actors, especially with respect to the 

weakest part, the producers (Russo et al., 2023). Therefore, to improve their market power in the FFV 

supply chain, the EU has legally recognised and supported Producers Organisations (POs). The POs, 

which are formed by union of farmers, aggregate production and look after negotiation and 

commercialisation, increasing the bargaining power of farmers. However, the retailers and food 

industries superior position lead them to set and establish contractual terms, standards, and business 

practices for the weak links in the supply chain (Herberg et al., 2022). Among these requirements, 

private cosmetic quality standards pose one of the main challenges (PAPER I), resulting in a 

significant volume of products that fail to meet these standards and, thus, cannot be sold on the fresh 

market. These products, known as suboptimal, are downgraded directly at the producers’ warehouse 

and reallocated to the most appropriate available commercial channel. However, if these operations 

are not performed promptly, suboptimal products may turn into waste. In this context, private 

cosmetic quality standards can significantly contribute to generate FL, while also causing financial 

losses and additional logistical costs throughout the supply chain (PAPER I; Herzberg et al., 2022). 

Moreover, during negotiations retailers impose conditions that may results unfair or perceived as such 

by producers. There is an ongoing debate in the scientific literature and policy discourse regarding 

the potential negative effects of unequal commercial relations on producers and the overall 

functioning of the food system. Evidence reports that the overall performance of the FFV supply is 

influenced by the quality of commercial relations between actors – especially if actors are engaged in 
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active, long-term relations characterized by trust, long-term commitment, social satisfaction, and 

cooperation (Schulze et al., 2006; Kühne et al., 2013; Molnàr et al., 2013). When the quality is higher, 

it represents a source of competitive advantage for producers and buyers (Grant., 2005).  
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RESEARCH QUESTIONS 

In this context, the thesis aims to contribute to analyse the inefficiencies that occur in the relation 

between producers and retailers, during the harvest and postharvest up to, but not including, the retail 

stage. The three research questions investigated are: 

1. How do POs engage with commercial channels in the FFV value chain, and how do private 

quality standards affect FL from their perspective?  

2. What is the extent of FFV loss during the postharvest phase, both in terms of mass and 

economic value, and how much of this loss can be attributed to private quality standards?  

3. According to producers' perceptions, what factors influence the quality of their commercial 

relationships with buyers?  

The answers to these questions are provided by three scientific papers, on which the thesis is based 

(Figure 1). Question I and III are answered by PAPER I and III, while PAPER II tackles question II. 

The full text of the three papers is appended at the end of the thesis. 

 

Figure 1: Relation between research questions and scientific articles of the thesis. 

   

Source: own elaborations 

 

The scientific papers are developed with different methodologies, both qualitative and quantitative. 

PAPER I presents a qualitative methodology to analyse semi-structured interviews. PAPER II 

presents a quantitative methodology that involve a direct assessment. PAPER III uses a mixed 

methodology, where the first part is composed by qualitative methodology (focus groups) and the 
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second part uses a quantitative methodology (survey followed by statistical elaborations, section 

“Material, Methods And Methodological Advancement” at page 20).  



12 

 

BACKGROUND 

The FFV supply chain in Italy 

The FFV supply chain includes all the actions and processes involved in getting products from the 

farm to the consumers, passing by different stages. Multiple actors take part in each stage, and each 

one is essential to guaranteeing that the finished products reach consumers. In Italy, the FFV sector 

is considered one of the main strategic for the economy, contributing with a percentage of 24% of the 

economic value (ISTAT, 2022). Italy is considered one of the main producers in Europe, together 

with Spain and France (Eurostat, 2022). Even though the Utilized Agricultural Area dedicated to 

vegetables account for 2%, and to fruit for 3%, the total annual turnover is about 8.5 milliard of 6.531 

milliard of euro in 2022 (ISMEA, 2023). The main Italian FFV products are tomatoes, eggplant, 

artichokes, kiwifruit, hazelnuts, and wine grapes (Confagricoltura, 2020-2021). 

The FFV supply chain can be represented as a sequence of five stages (Figure 2): agricultural 

production, processing, distribution, and consumption (Porat et al., 2018).  

 

Figure 2: steps of the FFV supply chain

 
Source: own elaboration by Ishangulyyex et al 2019 

 

In this thesis, the focus is on the upstream stages, especially in the harvest and postharvest phase of 

the supply chain, POs assume a crucial role. They are legally recognized as groups of farmers, 

financially supported by the EU (EU, 2013). The primary reason for their creation is to achieve greater 

bargaining power in the supply chain compared to individual farmers, strengthening their position 

with buyers (Sorrentino et al., 2018). They concentrate supply of agricultural commodities, negotiate 

contracts with buyers - especially retailers – and assume the economic risk associated with those 

transactions (Devin et al., 2018; Eriksson et al., 2017; Skorbiansky et al., 2019). Furthermore, they 

assist farmers in the harvest and postharvest operations, such us collecting, storing, processing, and 

selling the products. They also support farmers joint production planning, help with technical advice 
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and in machinery investments (Chlebicka et al., 2018; Hendrikse et al., 2002; Menard et al., 2007). 

POs may also aggregate in Association of POs (APOs) to reach more advantages and higher 

negotiation positions. POs and APOs facilitate collaboration in postharvest processing and 

commercialization of products, by concentrating in a single phase more than one stage of the supply 

chain (European Commission, 2018).  

In Europe, 3400 POs are legally recognised, with 52% operating in the FFV sector, particularly in 

France, Germany, and Italy (European Commission, 2018). In Italy, 302 POs and 13 APOs operate 

in the FFV sector (MASAF, 2023), with a marketed FFV production higher than 12 million tons a 

year (MASAF, 2020).  

POs normally collect FFV, handle them and sell to different buyers. Buyers are mostly composed by 

retailers, general markets, or food industries. The main distribution channel is represented by retailers, 

which cover the 80% of distribution for FFV in Italy (ISMEA, 2023). Most of the consumers’ 

purchases take place here; therefore, they assume a stronger position in the supply chain. They set 

and establish contractual terms, conditions standards and business practices. They also dump the 

economic risk and relatives cost transactions on the upstream stage of the supply chain, at the expense 

of weaker players such as individual farmers to minimize economic risk emerging from transactions 

(PAPER I; Devin and Richards., 2018; Skorbiansky and Ellison., 2019). 

During the negotiations, prices, quality, production standards, logistics, delivery, payment schedules, 

promotions, risk sharing, and many other details are typically agreed upon in supply contracts 

established between POs and buyers (EU, 2013).  These contracts usually include conditions on the 

quantities and delivery times imposed by buyers, as well as cosmetic standards that the products must 

fulfil, stricter than the one imposed by Public Institutions (Fulponi et al., 2007). However, the 

relations between actors may generate many inefficiencies, such as economic risk, power imbalance 

of FLW (Galdeano-Gómez et al., 2015). 

 

Commercial relations and negotiations 

According to Grant (2005), the quality of relations is affected by a dichotomy between the 

transaction-based and relationship-based approach, and it is defined as the degree to which parties 

are engaged in an active, long-term working relations (Kühne et al., 2013; Razavi et al., 2016; Gajdić 

et al., 2021). Different degree levels correspond to different quality of the commercial relations. 

The transactional approach is characterized by the discrete, short-term exchanges, where the most 

important elements are availability, timeliness, and price. The key features are minimal personal 

relationships and no expectation of future interactions beyond the immediate transaction; there is no 

relationship with the commodities offered.  
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The relational approach is based on long-term relations built on trust, commitment, and mutual 

benefit. Both parties cooperate, share information and work together to reach the common goal over 

the time. Here, this kind of relations generate long-term value and competitive advantages (Grant et 

al., 2005; Kühne et al., 2013; Razavi et al., 2016; Gajdić et al., 2021).  

Commercial relations are based on two different theories: the Neoclassical Theory and the 

Transaction Cost Economics Theory. In the Neoclassical Theory, the approach is that farmers form 

cooperatives to balance market strength of process and obtain higher prices; the liquidation price 

given to farmer has an impact on satisfaction (Hernández-Espallardo et al., 2009). The Transaction 

Cost Economics theory can be used to explain the relations between buyer and supplier, and the effect 

on the performance (Marcos-Matás et al., 2013). The focus is on the costs associated with organising 

transactions and the management of relations: beyond the price, other factors determine the 

satisfaction and the intention to stay in a cooperative. Better access to information and the ability to 

evaluate performance positively influence satisfaction and continuity and adaptation. The ability to 

adapt the relations to changing circumstances in the external environment also impacts on satisfaction 

and on the intention to stay in the cooperative. 

The quality of commercial relations is considered crucial for overall the FFV supply chain (Schulze 

et al., 2006) and exert an influence on the overall performance (Grant., 2005; Kühne et al., 2013; 

Molnàr et al., 2013). The three key elements where the quality of commercial relations is based are 

satisfaction, trust, and commitment (Kühne et al., 2013). 

Trust and commitment are highlighted as fundamental elements in a business relation (Schulze et al., 

2006). Trust refers to the belief in the integrity and reliability of the customer/partner. Commitment 

represents the desire to maintain this valued relation (Anderson and Weitz, 1992; Morgan, 1994). 

These factors are critical for long-term and high-quality relations between producer and suppliers 

(Ganesan, 1994; Morgan, 1994). Satisfaction is defined as the intention to remain in a cooperative 

beyond price, such as better access to information. The ability to evaluate performance positively 

influences satisfaction and continuity of adaptation, as well as the ability to adjust relations to 

changing circumstances in the external environment. This enables the intention to continue within the 

cooperative to be considered. The higher the quality of relations, the more they tend to a relational 

approach.  

Although these factors are critical for long-term with high quality of relations (Ganesan, 1994; 

Morgan, 1994; Geyskens and Steenkamp, 2000), they have seldom been investigated in the agri-food 

supply chain (Gajdić et al., 2021; Bandara et al., 2017). Having relational relations is a difficult 

challenge due to the higher effort needed, which is not immediately rewarded with an economic 

benefit. Establishing close relations in FFV supply chain is particularly complex due to the large 
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number of small-scale producers, which makes forming close ties with large retailers more 

challenging (Schulze et al., 2006). Instead, in this context the transactional approach is most used, 

where factors as delivery speed and price holding greater value than relational factors.  

During negotiations, retailers’ superior position allows them to establish contractual terms, conditions 

standards, business practices to the weaker counterparts in the supply chain and this unbalanced 

power generates many inefficiencies, in particular the shift of the economic risk on the most weaken 

actors (Russo et al., 2023; Di Marcantonio et al., 2017). Therefore, many practices are set by the 

stronger players influence relations between producers and buyers that result to be unfair or perceived 

as such, and they are called Unfair Trading Practices (UTP). UTP are becoming increasingly 

significant and frequent, and to limit this, the EU supported POs with a legal framework, by adopting 

the Directive (EU) 2019/633 on UTP (EU, 2019). The aim is to achieve more efficient and fairer food 

supply chain, including the producer cooperation and measures to enhance market transparency. This 

directive has been adopted in Italy as D.L. 198/2021 and it set a list of 10 prohibited practices, called 

“black-list” in the FFV buyer-supplier relations and a “grey list”, where practices are forbidden, 

unless agreed between the parties.  

However, even though legislative stakeholders and policymakers enforced regulations, this 

framework does not seem to mitigate UTPs, and their impact is still unknown (Di Marcantonio et al. 

2017). UTPs continue to persist and influence commercial relations.  

 

Commercial quality standards and suboptimal products  

Quality standards are mainly set to have products safe for human consumption and adhere to the 

regulations in force within EU member states. These standards may be either public or private. 

The public standards are the ones set with legislative frameworks by Public and Quasi-Public 

institution, such as EU and United Nations Economic Commission for Europe (UNECE) to ensure 

food safety (PAPER I).  

The minimum standards for FFV products are set according to the EU regulation 543/2011. Besides 

the safety aspect of the products for human consumption, the aesthetic features are also considered in 

this regulation, such as aspect, shape, dimension, and ripeness, with a tolerance of 10% (EU 

543/2011). Additionally, a residual threshold for fungicide and pesticide is defined by CE 396/2005 

and set European Food Safety Authority (EFSA) and this level is not dangerous for human 

consumption.  

More specific recommendations are added by the UNECE, with the aim to facilitate trade between 

EU countries. They take over the minimum quality standards defined by the EU regulation and 

establish three aesthetic classes to FFV products. The three classes consist of (I) Extra products, a 
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superior category with only very slight surface defects; (II) Class I, good quality of products and 

variety, with slight defects in relation to shape, colour, and peel; and (III) Class II, that respect the 

minimum quality characteristics listed above; they may have defects in shape, colour, and skin as 

long as they retain the essential quality characteristics.  

Besides public and quasi-public standards, each buyer -and especially retailers- arbitrarily set 

additional standards, defined as “private” because they are not regulated by law. They may differ 

between each buyer and are always stricter than the public ones. These private standards do not deal 

with assuring safety, rather they focus on cosmetic features, such as colour, shape, diameter, absence 

of cosmetic defects, or they set stricter standards on fungicides and pesticide residual levels. The aim 

in applying these standards is to satisfy consumers’ demand and standardize the appearance and 

features of the products (de Hooge et al., 2017; Harmann et al., 2021), under the assumption that 

retailers’ customers are not ready to buy products with aesthetic defects or they would have a lower 

willingness to pay the suboptimal products (Buzby et al., 2011; Stangherlin et al., 2019; de Hooge et 

al., 2017; Harmann et al., 2021).  

According to POs, private cosmetic quality standards of FFV products are one of the hardest 

conditions set by retailers which is difficult to respect (PAPER I; de Hooge et al., 2017; Harmann et 

al., 2021) and they are often included in the contract with buyers (Fulponi et al., 2007).  

The application of private quality standards generates the downgrading of a substantial amount of 

products, called “suboptimal”. They have the same intrinsic quality and safety of “accepted” ones, 

but are not conforming with cosmetic requirements, such as weight, shape, size (de Hooge et al., 

2017). Suboptimal products must be quickly reallocated, otherwise they may become FL (de Hooge 

et al., 2017). Additionally, because most of FFV products are perishable, once rejected by buyers, 

their reallocation to an alternative commercial channel is hardly feasible, as they would spoil in the 

meantime. Many studies currently explore how to manage and sell suboptimal products in the retail 

sector (Hartmann et al., 2021; Huang et al., 2020). There is evidence of a growing awareness of 

consumers and their willing to buy these products; however, their effects on the upstream stages of 

the supply chain remain less explored. 

During handling process, POs previously downgrade the suboptimal products and allocate them to 

alternative commercial channels where fewer aesthetic requirements are required, such as food 

industries or wholesale markets. However, they are not much remunerative as retailers. Additionally, 

during the reallocation, the suboptimal products may be reprocessed, thus generating additional costs 

(PAPER II).  

The extent of losses and downgraded products due to cosmetic quality standards have seldom been 

measured in the available literature, as well as their economic impact. According to Porter (2018), 
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vegetables with high losses in UK are mostly composed by potatoes, carrots, onion, and brassicas. 

He assessed that the range of losses for cosmetic reason vary between 4-58% in the European 

Economic Area and 7-65% for UK. In total, they show a total cosmetic loss of 23-44% on-far, grade-

out losses.  

 

Food Loss and Waste 

FLW occurs during the five key stages: agricultural production, postharvest handling and storage, 

processing, distribution, and consumption (Porat, 2018).  

FW refers to the downstream stages of the supply chain. FAO (2013) states that FW refers to “food 

appropriate for human consumption being discarded, whether or not after it is kept beyond its expiry 

date or left to spoil. Often this is because food has spoiled but it can be for other reasons such as 

oversupply due to markets, or individual consumer shopping/eating habits”. In 2019, FAO redefined 

FW as “the decrease in the quantity or quality of food resulting from decisions and actions by 

retailers, food services and consumers” (FAO 2019). However, according to EU definition, FW is 

considered “any substance or product (processed, partially processed or unprocessed), intended to 

be, or reasonably expected to be ingested by humans that becomes waste” (European Parliament, 

2018). According to the definition of the FUSIONS project, “FW is any food, and inedible parts of 

food, removed from the food supply chain to be recovered or disposed” (Östergren et al., 2014). The 

relevance of this second definition is in also including beverage and any ingredient used to produce 

foods, composted, crops ploughed in/not harvested, anaerobic digestion, bio-energy production, co-

generation, incineration, disposal to sewer, landfill or discarded to sea. In the developed countries, 

many studies have been conducted and large portions occurs during retail, consumption, logistic 

management operations and consumer behaviours (Porat et al. 2018, Cicatiello et al., 2017; Giordano 

et al., 2019) 

Instead, FL refers to the upstream stages of the supply chain, especially the harvest and post-harvest 

phases. FAO (2013) define FL as “decrease in mass (dry matter) or nutritional value (quality) of food 

that was originally intended for human consumption. These losses are mainly caused by inefficiencies 

in the food supply chains, such as poor infrastructure and logistics, lack of technology, insufficient 

skills, knowledge and management capacity of supply chain actors, and lack of access to markets. In 

addition, natural disasters play a role”. In 2019, FAO updated the definition as “the decrease in the 

quantity or quality of food resulting from decisions and actions by food suppliers in the chain, 

excluding retailers, food service providers, and consumers” (FAO, 2019). 

The quantification and impact of FL is still a challenge, since data collected through direct 

quantification is limited (Caldeira et al., 2019; Corrado et al., 2018; Schneider et al., 2019). Also, 
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many of the available studies report data obtained through literature reviews or indirect measurements 

and significantly constraining accuracy (Corrado et al., 2019). Even less is known about the 

mechanisms that generate them in the upstream stage of the supply chain (Herzberg et al., 2022).  

Among the available studies on FL in the FFV sector, Schneider et al (2019) quantifies FL in the 

potato harvest stage in Austria and Germany may vary between 1.4 and 9.1% of the potential potato 

yield. In Switzerland, Willersinn et al (2015), quantifies the total losses during the potato supply chain 

to be approximately 53–55% of the initial fresh potato production and 41–46% of the initial 

processing potato production. From the total initial production of fresh potatoes, 15–24% gets lost 

during agricultural production, a further 12–24% at wholesalers, 1–3% at retailers, and 15% at private 

households. In comparison, 5–11% of the initial production gets lost at wholesalers, a further 14–

15% during processing, 0% at retailers, and 2% at private households. Losses during agricultural 

production do not vary much (13–25%) between fresh and processing potatoes. Also, they underline 

that approximately, half of the losses occurs because potatoes do not meet quality standards. 

Fernandez-Zamudio (2020) quantifies the persimmon during harvest and postharvest production 

phase in Spain. The total mass and economic loss assessed is 38.5% of the kilos that are ultimately 

commercialized or 29.5% of the entire volume produced. In class 2, where purely aesthetic damages 

are considered - that do not meet quality standards-, the average losses are 4.57%. De Falco et al. 

(2022) focus on losses of artichoke in Italy, where the incidence of residues on the total fresh biomass 

during the postharvest phase is very high, with values between 58.5% and 69%. The quantity of leaves 

is equal to 2.8 tons ha-1 in dry weight, while the residues of primary and secondary heads amounted 

to 1.4 tons ha-1 in dry weight. In the tomato supply chain in Australia, postharvest FL are equal to 

between 40.3% and 55.9% of the total harvestable product. Additionally, between 68.6% and 86.7% 

of undamaged, edible, harvested tomatoes are rejected as out grades and consequently discarded due 

to product specifications. Between 71.2% and 84.1% of produced tomatoes are left in the field and 

not harvested (McKenzie et al, 2017). In Thailand logan supply chain, the quantitative loss is 14.07% 

and qualitative loss due to cosmetic requirements is 11.02% for domestic consumption, quantitative 

loss 13.50% and qualitative loss 14.82% for export-bound fresh longans on-season, and quantitative 

loss 9.85% and qualitative loss 6.52% for export-bound fresh longans off-season (Tansuchat et al., 

2023). Johnson (2018) studies the losses during harvest phase across six crop vegetable and it has 

been estimated that around 65% of non-harvested product is still edible, even if it did not fit the 

cosmetic specification requested by retailers. In the EU Northern countries, the mean harvest loss 

carrots on the studied farms are 2.9 t/ha, varying from 0.7 to 4.7 t per ha. A relatively small share of 

the produced carrot yield was left in the field or sorted in the field: on average 6.2%, varying from 

1.3% to 14.9% (Hartikainen et al., 2017).   
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MATERIAL, METHODS AND METHODOLOGICAL 

ADVANCEMENT 

In this work, a combination of different methodologies is used, both quantitative and qualitative.  

As a first step, qualitative methodologies have been used to analyse the mechanisms that occur in the 

supply chain between producers and retailers, from the producers’ perspective. The focus of the 

analysis is on POs, which have been involved as key stakeholders of the postharvest phase. Semi-

structured interviews (PAPER I) and a focus group (PAPER III) have been conducted with producers. 

These qualitative methodologies revealed that two main aspects that shape the producer-retailer 

interface in the FFV supply chain are private cosmetic quality standards and the quality of the 

commercial relation between these actors. These aspects are further analysed using two distinct 

quantitative methodologies, used in PAPER II and III. To study the effects of the private cosmetic 

quality standards on producers, a direct assessment on carrots supply chain has been conducted in 

PAPER II, at the warehouse of one Italian PO between June and September 2023. Here, the stream 

of losses and suboptimal carrots is assessed in terms of mass and value, as well as the quantity re-

processed and marketed.  

Instead in PAPER III, the focus is on the factors that influence the quality of the commercial relations 

between producers and buyers (especially retailers), by means of a survey. The combination of these 

four methodologies is explained in Figure 3. 

 

Figure 3: structure of methodologies used in the thesis, according to the article used 

 
Source: own elaboration 
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Qualitative methods 

Two different qualitative methodologies have been used to investigate the mechanisms in the 

interface between producers and retailers. In PAPER I, semi-structured interviews to POs are used to 

explore the inefficiencies related to the generation of FL and their connections to private marketing 

standards. In PAPER III, a focus group with Italian POs aimed to identify potential UTPs in the 

commercial relation between POs and buyers, from the perspective of POs. During this latter analysis, 

it emerges that in the perception of POs there are many other factors besides UTP, that influence their 

commercial relations with buyers. Such factors are further investigated in relation to the perceived 

quality of the relationship with a quantitative methodology (survey).  

 

Semi-structured interviews – PAPER I 

As a first analysis to explore the FFV sector and the relationship among the actors of the supply chain, 

semi-structured interviews are conducted to provide insight on the mechanism and process related to 

FL at PO level. The semi-structed interviews are hold both in Italy and Germany, by selecting POs 

working on FFV products among all the countries to guarantee to cover different crop types and 

different regions in both countries to have a representative sample. The people interviewed are 

responsible for sales and marketing, quality control or management of the POs. A guideline for the 

interviews is developed addressing the same issues to contribute to the objectivity and trustworthiness 

of the study. All interviews cover the following topics: 

1. Causes of FL in the supplier/retailer interface; 

2. Design of contracts and arrangements that POs have in place with farmers and retailers; 

3. Relation between the structure of contracts, orders’ management, and quantity of FL; 

4. Quality management process along the supply chain and criteria that influence the decisions; 

5. Management of products that do not meet the required quality standards. 

Interviews in Germany are recorded and literally transcribed. Interviews held in Italy are not recorded, 

but full comprehensive notes are taken on the same day of the interview. In Germany, interviews are 

conducted between October 2020 and January 2021; in Italy between September and December 2022; 

if possible, interviews are conducted face-to-face, or online/via telephone if COVID-19 restrictions 

were still in place. In total, three interviews with Italian POs and seven with German POs are 

conducted. Despite conducting fewer PO interviews in Italy, the chosen POs have a significant impact 

on the national market; collectively, they account for over 5% of the country’s fennel and potato 

production, with a total turnover of about EUR 300 million. In table 1 the description of PO involved 

in the study is shown. 
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Table 1: description of the POs involved in the study of the PAPER I 

PO Country Number of members Total acreage (ha) Products 

PO 1 Germany 19 600 Onions 

PO 2 Germany 1200 900 Pomaceous Fruit, Berries and Asparagus 

PO 3 Germany 60 152 Vegetables 

PO 4 Germany 330 2,500 Pomaceous Fruit 

PO 5 Germany 350 5,500 Pomaceous Fruit 

PO 6 Germany 50 270 Vegetables and Herbs 

PO 7 Germany 50 10,000 Vegetables and Herbs 

PO 8 Italy 183 1,200 Salad, Potatoes, Carrots and Fennel  

PO 9 Italy 85 565 Potatoes, Cabbage, Chickpeas, beans and Lentils 

PO 10 Italy 4957 32,091 Fruits, Potatoes and Onions 

Source: PAPER I 

 

The content of the interviews is analysed through MAXqDA program, to develop a structured content 

analysis approach for qualitative data (Kuckartz et al., 2019). The MAXqDA software is fed with 

transcriptions for Germany and notes for Italy from the interviews. In the applied methodology, a 

coding system is created and used to sort all the statements of the interviews. The coding system is 

based on a deductive and inductive coding. The deductive codes are elaborated according with the 

theories and scientific literature available. The inductive codes are developed during the analysis of 

the material of the interviews, and then referred to the scientific literature. In this way, Italian and 

German interviews have the same coding system, where each sentence has a code, and the code is 

grouped and analysed in thematic areas.  

 

Focus group to discuss commercial practices in the FFV supply chain – PAPER III 

The first part of the methodology is included in a wider study on the analysis of UTP (Directive EU 

2019/633) in the FFV supply chain in Italy1. A focus group was organized in February 2024, bringing 

together 24 representatives—primarily sales managers—from Italian POs operating in the FFV 

sector. The participants were divided into two parallel sessions: an online session with 22 POs and 

an in-person session with 2 POs. POs that participated to the focus group are in different areas of Italy 

and they are of different size in terms of turnover and number of employees.  

The two focus groups are conducted following the same guidelines to contribute to the objectivity 

and trustworthiness of the study (Kallio et al., 2016). The structure of each focus group includes 

different topics of discussion, with a focus on negotiation, pricing, commercial practices perceived 

 
1 The general objective of the PRIN AGREF (project code 2022FARZPJ, funded by the Italian Ministry of University 

and Research) project is to investigate commercial practices perceived as unfair by suppliers in the fruit and vegetable 

supply chain in Italy and attempting an estimation of the impact of such practices on farmers and POs.  
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as unfair and the overall quality of commercial relations that POs establish with buyers. The duration 

of the focus group discussion is approximately 120 min. The discussion is facilitated by a researcher 

who invites participants to use sticky notes to point out specific issues. Both focus group sessions are 

recorded and transcribed. We apply a structured content analysis for qualitative data following 

Kuckartz (2019), using deductive and inductive coding in Excel. The deductive coding is performed 

by identifying four categories that represent the main issues in a commercial relationship, based on 

the theories and the literature: (I) Relation in the value chain, (II) Contracts and negotiations, (III) 

Flexibility and scheduling, and (IV) External factors. Then, during inductive coding, each sentence 

is allocated to one of the codes, considering the affinity of the sentence’s topic with the codes. Each 

sentence is allocated to only one code. Among all the sentences transcribed from the focus group, this 

study only analyses those referring to factors that affect the quality of the commercial relations from 

the perception of the POs. 

 

Quantitative methods 

Two different quantitative methodologies are used in the thesis. In PAPER II, the impact of private 

cosmetic quality standards is empirically assessed through a direct quantification at the warehouse of 

a PO, alongside the development of various scenarios exploring the hypothesis of changes in retailers' 

acceptance rates for suboptimal products. The second quantitative method used is a survey, which is 

conducted on farmers and PO to analyse the perceived quality of commercial relations they have with 

buyers, and the factors that influence these relations. 

 

Direct assessment of carrots downgraded due to private quality standards at PO – PAPER II 

To assess the impact of private cosmetic quality standards at postharvest phase of carrot supply chain, 

a direct quantification is conducted at the warehouse of a PO in Central Italy (PAPER II). The PO is 

responsible for post-harvest operations and commercialization towards the market, through retailers 

or industry. The total production of FFV of this PO consists of 78 million of kg per year, from 183 

farms, and the annual turnover is around 40 million euro. The main products of the PO are fennels, 

carrots, potatoes, and salads, with a total acreage of over 32,000 ha. The case study is located in the 

centre of Italy, in a PO located in Abruzzo region.  

The assessment period includes 18 days between July and September 2023. To conduct the direct 

quantification, carrots are classified in three categories based on their aesthetic quality attributes 

(Johnson et al., 2018), which are evaluated during the handling phase at the PO warehouse to 

determine their market destination. This classification is also in line with the European definition of 

FW (Directive EU – 2018/851) (Figure 4): 
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• Marketable as fresh: carrots that are suitable for human consumption, with no visual or 

cosmetic defects, diameter between 20 and 40 mm (imposed by buyers as part of private 

quality standards). These carrots are sold to retailers to be marketed as fresh. 

• Downgraded – Edible but not marketable as fresh (DØtot): carrots that are safe and nutritious, 

not under- or over-ripen but not saleable for fresh market because they do not meet the private 

quality standards related to size, shape, and colour; these carrots are re-processed and sold for 

industry. 

o DminØ: carrots with a smaller diameter than the minimum required by buyers (<20 mm);  

o DmaxØ: carrots with a larger diameter than the maximum accepted by buyers (>40mm); 

o DØ: carrots with a diameter included in 20-40mm, discarded due to cosmetic issues. 

• Unfit: carrots discarded after harvest because they are unfit for human consumption, further 

classified in two categories: 

• Primary loss: carrots that are damaged, diseased, decayed, under- or over-ripen and are 

discarded upon arrival at the PO warehouse.  

• Secondary loss: inedible parts of carrots that are cut and discarded during the rehandling of 

downgraded carrots destined to industry. 

 

Figure 4: classification of carrots in the three different categories: marketable as fresh (I), 

downgraded – edible but not marketable (II) and unfit (III). 

(I)  (II)  (III)  

Source: PAPER II 

 

These parameters are specific to the PO in this case study, as they are the result of negotiation between 

buyers and suppliers. This study also attempts to evaluate the economic implications of carrot 

downgrading and loss. The definitions used for this purpose are: 

• Potential turnover: turnover that could be gained if no private cosmetic quality standards were 

applied and all edible carrots were sold on the fresh market. Here, it is assumed that the 

additional carrots are sold at the same sales price.  

• Current turnover: turnover currently gained with the application of private cosmetic quality 

standards. 
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The assessment is conducted at the warehouse of the PO, to measure the streams of carrots, in mass 

and economic value, all along the postharvest operations, starting from the moment when the 

harvested carrots are handled at the warehouse until they are sold to fresh market or industry.  

The unit of measurement used for direct quantification is the kilogram (kg), while the unit of reference 

to assess the stream of carrots is the plastic bulk bin that is used to process carrots in the warehouse. 

Each bin is measured, and on average their capacity is 350–400 kg. Therefore, each bin processed 

corresponds to one observation in the final dataset. The method of data collection is based on several 

points of assessment, where streams of carrots are measured, as shown in figure 5. For each stream, 

the quantity of carrots in terms of mass (kg) and, if possible, value (sales price in €) is assessed. 

 

Figure 5: carrots handling process that take place in the PO warehouse. Each arrow represents the 

stream of the process to the next step. Each star represents a data collection point, where the 

quantity (kg) is assessed for each bin handled. The quantity sold for fresh market and for food 

industry is also recorded in economic value (€). 

 
Source: Paper II 

 

During the harvesting, carrots are collected in bins (still with soil and stones). No selective harvesting 

is made on the field. Carrot bins are carried into the PO warehouse and left in the cold storage. Upon 

receipt of an order from a retailer, the carrot processing process starts. Each bin to be processed is 

weighed (still dirty) and unloaded onto a platform which transfers the carrots to the washing machine. 

Here, an initial stream leaves the process, consisting of unfit carrots (diseased or rotten), soil and 
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stones. Unfit carrots (primary loss) and soil and stones are weighed separately. After this, the carrots 

go through a process of manual selection, to detect any unfit ones.  

The carrots then pass through the calibration machine, where they are sorted by size: carrots with a 

diameter between 20 and 40 mm continue in the process, while out of size carrots are downgraded 

because they are too small (DminØ in Fig. 2) or too large (DmaxØ in Fig. 2). The in-size carrots are 

manually re-sorted to remove any carrots with cosmetic imperfections that do not meet the private 

cosmetic standards imposed by buyers (mainly large retail companies); these carrots with cosmetic 

flaws are downgraded, meaning that they are not considered suitable to be sold as fresh products (DØ 

in Fig. 2). Carrots that are in-size and free from cosmetic imperfections are sold for the fresh market. 

They can be sold in bulk bags (average weight approximately 1100 kg), trays (1 kg, 500 g, 600 g or 

750 g) or boxes (10 kg); they are packed and loaded onto trucks at the PO warehouse, to be delivered 

to retailers. 

Downgraded carrots are re-processed, either on the same day or in the following days, to be sold to 

the food industry; this requires a process during which imperfections, black spots and splits are 

removed. Also in this case, the carrots are loaded onto trucks at the PO warehouse and delivered to 

the food industry. Meanwhile, unfit carrots are disposed as organic waste or used for animal feed. As 

a result of the data collection, for each bin assessed the quantities measured are weight on delivery, 

unfit carrots (primary loss), downgraded carrots divided into DminØ, DmaxØ, and DØ, carrots sold 

for the fresh market, carrots re-processed for industry, carrots discarded during re-processing because 

unfit for human consumption (secondary loss), and carrots sold to the food industry. These secondary 

losses are also disposed as organic waste or used for animal feed. 

To weight the bins, scales with a sensitivity of one kilogram are used; weight is measured with the 

help of forklifts. Instead, manual scales with a sensitivity of one gram are used for boxes; for trays, a 

scale built-in the packaging machine is used. All weights recorded during the study are net of tare. 

For each bin sampled at the beginning of the process, all the data at the data collection points are 

detected and noted in a database built in Excel. The accuracy of the data collection is verified on a 

day-by-day basis, by cleaning and monitoring the dataset, also using historical data of productive 

season years 2020, 2021 and 2022 as a reference benchmark.  

Due to the different timing of post-harvest carrot operations at the PO warehouse, the data collection 

process is divided into two stages, reflected in Figure 1:  

1. Collection of data on carrots processed, from their arrival at the PO warehouse to their sale 

on the fresh market or downgrading; 

2.  Collection of data on carrots re-processed for industry, from the reprocessing of downgraded 

carrots to their sale to industry.  
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The sales prices of the product are also recorded to support economic evaluation. Data on sales are 

acquired from PO records from 1st of January to 31st of August 2023. The names of the buyers are 

anonymized by means of a code, to prevent any sharing of market sensitive information. However, 

sales to different buyers are recorded separately because the PO negotiates the price of products 

individually with each, and significant differences in price are possible even within the same day for 

a given product. In the dataset, every individual sale that occurred within the period is recorded, along 

with the quantity and sales price. Sales are categorised by type of buyer, to distinguish between 

retailers (fresh market) and industry (re-processed carrots); they are also divided by the type of carrots 

sold (conventional or organic) and type of packaging.  

In total, 182 bins of carrots are sampled during the study period, corresponding to a total mass of 

279,757 kg of carrots, approximately 1% of the PO’s overall yearly production. Two different datasets 

are elaborated, reflecting the two separate stages of the carrot process in the PO. Dataset 1 focuses on 

the first step of data collection, from harvest to the sale of carrots for the fresh market, including the 

side stream of downgraded carrots; Dataset 2 focuses on the second stage of the process, from 

downgrading to the re-processing of carrots, until they are sold to the food industry. A Dataset 3 is 

also elaborated, with the sales records acquired from the PO, including the product code, name, 

quantity, price, value, and the anonymized customer identification number. The datasets are 

composed of 136, 36 and 724 observations, respectively. As an initial part of the elaborations, a 

Sankey diagram is created to represent the streams of carrots during post-harvest operations at the PO 

warehouse, referring to step 1 of the data collection. Secondly, a descriptive analysis of Dataset 1, 

Dataset 2 and Dataset 3 is performed. In Dataset 3, price variation during the season is analysed. The 

third section concerns the analysis of the economic implications of downgrading. To this end, Dataset 

1, Dataset 2 and Dataset 3 are analysed collectively.  

Lastly, scenarios are modelled with various levels of acceptance of private cosmetic quality standards, 

with the aim of analysing the potential effect of greater acceptance of defects in carrots, in terms of 

the mass of carrots delivered to the fresh market or lost, and the consequent economic implications. 

Four different scenarios are modelled: 

- Scenario 1 (S1): the mass of carrots downgraded due to excess size (DmaxØ) is decreased by 

10%, reflecting a greater acceptance of carrots that are currently considered too large to be 

sold on the fresh Market  

- Scenario 2 (S2): the mass of carrots downgraded due to small size (DminØ) is decreased by 

10%, reflecting a greater acceptance of carrots currently considered too small to be sold on 

the fresh market 



27 

 

- Scenario 3 (S3): the mass of in-size carrots downgraded due to cosmetic defects (DØ) is 

decreased by 10%, reflecting a greater acceptance of cosmetic defects in carrots to be sold on 

the fresh market  

- Scenario 4 (S4): the mass of carrots downgraded is decreased by -5% for each of the three 

defects considered (DmaxØ; DminØ; DØ), reflecting a higher acceptance of suboptimal 

carrots on the fresh market. 

The economic value of the resulting mass of carrots accepted for fresh market is calculated by using 

the specific median price, considering the changes across the season, for conventional and organic 

carrots sold to fresh market, and for carrots reworked for food industry separately. The results are 

compared with the status quo situation. 

 

Survey on the quality of commercial relations – PAPER III 

The second part of the methodology of PAPER III includes a survey administered to producers, such 

as farmers and POs, with the aim to assess the perceived quality of the commercial relations they 

have with buyers and rating a set of factors that may influence such relations.  

The survey is constructed following the framework developed by Schultze (2006), integrated with 

the results emerging from the focus groups. The survey is structured in three parts: (I) an introduction 

section with general questions about the respondent; (II) a second section where respondents are 

asked to rate set of factors related to commitment, price satisfaction, flexibility, trust, and cooperation; 

(III) a final section where respondents rate the overall satisfaction for the commercial relation. 

Respondents are asked to rate all the items with reference to the commercial relation they have with 

the first and the second most important buyers; therefore, every response generates two sets of 

answers.  

After the introduction with general questions of Section I, Section II includes the 14 items (F1-F14) 

that belong to five dimensions. The dimensions are five, and described as follow: 

- D1 “Long-term commitment” which refers to the willingness of actors to exert effort on behalf 

of the relationship, where they perceive to mutually benefit (Razavi et al., 2016; Morgan et 

al., 1994; Gundlach et al., 1995), and includes F1, F2, F3; 

- D2 “Price satisfaction”, intended to assess the extent to which the economic outcome is 

important for the evaluation for the relationships (Schulze et al., 2006); this dimension 

includes an evaluation about prices (in comparison with other buyers) (Schulze et al., 2006) 

and margins, with F4 and F5; 
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- D3 “Adaptation on quality standards”, which assesses the flexibility of buyers and suppliers 

to mutually adapt to each other needs and capabilities regarding quality standards (Razavi et 

al., 2016; Håkansson et al., 1982), expressed by F6, F7, F8; 

- D4 “Relational quality and trust” summarizing the degree of mutual trust, good personal 

relations, and transparency of communication between supplier and buyer (Gajdić et al., 

2021), expressed by F10, F11, F12; 

- D5 “Cooperation in case of issues” referring to situations where actors work conjointly to 

achieve mutual goals (Razavi et al., 2016; Anderson et al 1990), including F13 and F14. 

Section III includes two summary variables to measure the overall perceived quality of the 

commercial relations: 

- F15: “In the next 2-3 year, I would prefer to replace this buyer with another”; 

- F16: “Overall, I am satisfied with the commercial relations with this buyer”. 

A 1–7 Likert scale is used for all items to rate respondents’ level of agreement with the statements 

(1- not at all; 7 – at all). Items and dimensions are illustrated in Table 2. 

 

Table 2: description of items and dimensions starting by the questions of the survey. 

Cod Dim. Variable Units Mean St. Dev. Min Max 

F1 D1 This buyer gives me the certainty of being able to sell a 

large part of my production 

Likert 1-7 4.48 1.81 1 7 

F2 D1 This buyer gives me the certainty of having a medium-

long term sales channel 

Likert 1-7 4.57 1.53 1 7 

F3 D1 With this buyer the contractual conditions are clear from 

the beginning of the season 

Likert 1-7 4.1 1.84 1 7 

F4 D2 This buyer offers me good prices for my products Likert 1-7 4.16 1.45 1 7 

F5 D2 This buyer gives me the possibility of making good 

margins on the products 

Likert 1-7 4.1 1.55 1 7 

F6 D3 The quality standards (aesthetic aspects, size, shape, 

colour etc.) required by this buyer are strict (compared 

to others) 

Likert 1-7 4.81 1.67 1 7 

F7 D3 The control of quality standards upon delivery is rather 

flexible 

Likert 1-7 3.86 1.61 1 7 

F8 D3 It often happens that the products we deliver to this 

buyer are rejected 

Likert 1-7 3.48 1.68 1 7 

F9 - The buyer does not appropriately consider the 

uncertainty of the weather and seasonal conditions of 

the last period 

Likert 1-7 4.39 1.91 1 7 

F10 D4 There is no dialogue with this buyer Likert 1-7 3.68 1.82 1 7 

F11 D4 I have a good relation with the person with whom I 

contract the sale of the products 

Likert 1-7 4.72 1.61 1 7 

F12 D4 This buyer considers us reliable Likert 1-7 5.35 1.43 1 7 

F13 D5 If we make a mistake, this buyer is available to help us 

out. 

Likert 1-7 4.39 1.55 1 7 

F14 D5 If they (buyer) make a mistake, they are willing to fix it Likert 1-7 4.28 1.68 1 7 

F15 - I would prefer to replace this buyer with another  Likert 1-7 3.19 1.66 1 7 

F16 - Overall, I am satisfied with the commercial relations 

with this buyer 

Likert 1-7 4.76 1.61 1 7 

Source: PAPER II 
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The survey is developed in Qualtrics, and the time needed to complete it is approximately 10 min. 

All respondents are asked to approve an informed consent form before starting the survey; no personal 

data or data that could lead to identifying the farms and POs answering the survey is collected. The 

survey was administered between April and October 2024 to POs and individual farmers contacted 

through agricultural networks, agricultural associations, extension services and professionals 

operating in the FFV sector. The total number of responses is 99. After data cleaning, 42 responses 

are considered invalid as the respondent did not complete the questionnaire for even one of the two 

buyers requested. 57 responses are retained, among which 16 provided the assessment of only one 

buyer, and 41 referred to two different buyers. The database is therefore composed of 98 observations, 

each one referring to the assessment of one buyer by one respondent. The data is analysed with the 

XLStat 2024.3 statistical software, which operates in Microsoft Excel environment.  

Descriptive statistics are performed for these variables to summarize the intention to change buyer 

and the level of satisfaction. Additionally, the correlation matrix is used to evaluate the quality of 

commercial relations between items F15 and F16 and the variables related to type of buyer, % of 

turnover, and long-terms relations (expressed in years). 

The individual variables for which higher rates in the Likert scale correspond to a lower quality of 

the commercial relation have been rotated, then a total rating is obtained for each dimension, by 

summing up the ratings of the individual items. The resulting 5 variables (D1, D2, D3, D4, D5) 

express the rating of each dimension; they are standardized and used to feed a k-means cluster analysis 

to classify different types of commercial relations. Four clusters are obtained. 

A Kruskal–Wallis nonparametric test is used to examine whether the overall perceived quality of 

commercial relations differs across the clusters of commercial relations. The choice of this test is due 

to the non-normality of the dependent variables F15 and F16, tested with the Shapiro–Wilk test and 

resulting in α < 0.05. In the Kruskal–Wallis test, F15 and F16 are used as dependent variables, with 

the aim of analysing any significant difference in the perceived quality of commercial relations among 

the clusters. 

As a last step, a multiple correspondence analysis is developed to detect correspondence between 

high-low levels of perceived quality of the commercial relation and the belonging to a specific cluster, 

also considering the importance of commercial relations in terms of turnover. 
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RESULTS AND DISCUSSIONS 

The results are organised along the three research questions they aim to answer. Each research 

question is addressed in one sub-chapter, building on the results of PAPER I, PAPER II, PAPER III. 

Sub-chapter “Structure of the FFV supply chain” refers to research question I; sub-chapter “Impact 

of private quality standards” refers to research question II; sub-chapter “Quality of commercial 

relations” refers to research question III.  

 

Structure of the FFV supply chain 

According to the result of PAPER I, POs assume a central role in FFV supply-chain, acting as 

intermediaries between farmers and retailers. They collect and store the products from farmers, 

negotiate contracts with buyers -especially retailers- and take charge of logistics and deliveries upon 

retailers’ orders. The interviews in PAPER I revealed that POs are present in more than a phase of 

the FFV supply chain, which have a structure vertically integrated. They plan their production 

together with the associated farmers; during the harvest and postharvest phase, farmers store most of 

the products at the PO warehouses; the PO is then responsible of the processing, commercialization, 

and delivery of products to buyers. The storage phase assumes a higher importance especially for the 

long shelf-life products. They remain in stock until the PO receives an order from a buyer.   

As emerged by PAPER I, POs establish relations and negotiate contracts with various commercial 

channels, primarily including retailers, wholesalers, and food industries, as well as potential buyers. 

They also represent farmers in commercial relations and negotiations (EU, 2013). By working with 

different buyers allow POs to allocate products more effectively, ensuring the specific requirements 

of each buyer. This enables them to avoid FL and strategically distribute surplus or suboptimal 

products across various marketing channels (Aschemann-Witzel et al., 2019).  

Among the standards imposed by buyers, private cosmetic quality standards are the most challenging 

to comply with (PAPER I). These standards are stricter than the legislative ones (whether public or 

quasi-public, as set by the EU and UNECE), with each buyer establishing their own specific 

requirements, such as visual standards, sizes, and pesticide limits.  

According to POs’ perception analysed in PAPER I, each buyer has different requirements and food 

industries are considered as more reliable. Contracts are established at the beginning of the year with 

clear conditions and quantities, however the price paid for products is lower with respect to the other 

marketing channels. Additionally, the requirements and quality standards for products are not 

stringent and have already been specified in the contracts. Since quantities are fixed at the beginning 

of the year, this enables better production planning through the year and tray to ensure a fixed turnover 
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for POs, and therefore, farmers (PAPER I). Retailers are considered as the best option, as they 

potentially offer higher revenue; although, they impose strict contracts and challenging conditions 

(PAPER I; PAPER III). Sales price is not specified in the contracts; instead it is weekly or biweekly 

negotiated between the POs and retailers, since sales price is influenced by many factors such as the 

available quantity of product and/or European or foreign markets. Due to this difference between the 

revenue that can be gained by different marketing channel, PAPER I disclosed that one of the main 

challenges for POs is to find a balance between contracts with food industries, considered as safer, 

and the more remunerative ones with retailers (PAPER I). This is the reason why they tend to have 

different buyers and contract larger volumes of products with retailers rather than with food 

industries, as they offer higher remuneration (Camanzi et al., 2011). 

Timing and quantity ordered during the year are not always specified in the contracts (PAPER I). 

This implies that both timing and quantity may vary significantly during the season, often leading to 

last-minutes changes in orders and cancellations, which typically occurs on a daily basis. In fact, POs 

declare in PAPER I that many orders are commonly placed with short notice (AxA, today for today; 

or AxB, today for tomorrow). However, last minutes changes in procurement decisions by retailers 

can always occur, driven by peaks or off-peaks in consumer demand for some products. This may 

result in sudden surplus stocks which, in turn, may drive prices down, generating FL as a consequence 

(Bustos et al., 2018). 

In PAPER I, the results of the interviews conducted with Italian POs are then compared with the 

answers of German POs, confirming the central role of these POs and several similarities across all 

thematic areas. Both Italian and German POs assume their similar role in the organisation of FFV 

supply chain during the harvest and postharvest phase: they collection, storage, allocate, and sell FFV 

products to different commercial channel. However, interviews disclose differences in crop planning 

during the harvest phase: in Italy, POs schedule most of their associated farmers’ production, while 

in Germany farmers have more leeway in product and quantity planning. Regarding “contracts and 

agreements” area, both Italian and German POs acknowledge the strong bargaining power of retailers 

and their tendency to avoid the economic risk during negotiations, which is consequently transferred 

to POs and producers. Instead, all German and Italian interviewed POs recognise private quality 

standards – particularly the cosmetic ones - as one of the main factors contributing to generate FL, 

and this confirmed is also supported by evidences in literature (Brancoli et al., 2019; Kulikovskaja et 

al., 2017). However, the definition of these standards during the negotiations differs: in Italy they are 

mostly defined in a written form (e.g in contracts), whereas in Germany they are mostly defined 

through oral agreements.  
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Thought a direct assessment on postharvest phase, the quantity of carrots that reach fresh market is 

52.78% of the POs production (PAPER II). Although all the products sent by POs to retailers is 

already selected, retailers re-examinate again them in the quality control. If products do not match 

the required quality standards, they are rejected and sent back to POs, thus potentially contributing to 

generating FL. Besides improve the selection of products directly at the warehouse, POs manage with 

different marketing channels to allocate suboptimal products (PAPER I): downgraded products are 

generally allocated to wholesales or food industries, where the requirements are less strict. Here, a 

great flexibility is required, since it is a logistic channel; poor management of the product could affect 

the generation of FL level (Hobbs et al., 2020) and consequently, the turnover.  

 

Impact of private quality standards 

In Italy, PAPER II represents the first study to quantify, in mass and value, the amount of suboptimal 

products and FL generated by private quality standards with a direct quantification in the carrot supply 

chain. The quantity sampled (279,757 kg of carrots) represents the 1% of the average annual 

production. After subtracting the tare (soils and stones), the mass of carrots starting the process in the 

PO warehouse is 263,755 kg. After the carrot process shown in Figure 6, 52.78 % of carrots are sold 

for the fresh market (139,223 kg), 34.64% (91,376 kg) are downgraded (DØtot), and 12.57% 

represent the primary loss (33,156 kg). Out of the total quantity of carrots downgraded, 66.72% is 

due to out-of-size carrots (60,963 kg of the total downgraded), of which 25.47% (corresponding to 

8.82% of total carrots processed) are smaller than the minimum required diameter (DminØ) and 

41.25% (14.29% of total carrots processed) are larger than the required diameter (DmaxØ). 33.28% 

(30,413 kg) of downgraded carrots (corresponding to 11.53% of total carrots processed) are in-size, 

but they do not meet the cosmetic standards required for sale on the fresh market. In the second stage, 

carrots downgraded are reprocessed and it may occur on different days, so quantity reprocessed does 

not correspond to the quantity downgraded. In PAPER II, the downgraded carrots reprocessed are a 

total of 75,199 kg, and the percentage sold for food industry is the 84.73%, while the remaining 

15.27% is discarded as a secondary loss.  
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Figure 6: Sankey diagram showing the first stage and second of the carrot processing in the PO, 

from harvesting to the selection of carrots in the warehouse for sale on the fresh market, 

downgraded and unfit as primary loss; and then a second step that show the quantity of carrots that 

are sold for food industry and the secondary loss.  

 
Source: adapted from PAPER II 

 

The data obtained by the direct assessment of PAPER II seems to be in line with the ones available 

in literature. The downgrading (DØtot = 34.64% of processed carrots) is in line with FAO (2021), 

which estimates a range between 25% and 30% of carrots are lost before retailing due to physical or 

cosmetic defects, even if detected by indirect measurement (Stuart, 2009). Additionally, it is also in 

line with available data in the literature for carrots (FAO, 2021), potatoes, onions, and apples (Porter 

et al., 2018); while it seems lower compared with tomatoes (McKenzie et al., 2017).  

Downgraded carrots are perfectly edible from a food safety perspective; they merely lack the “right 

appearance” to be accepted at retail. In PAPER II, downgraded carrots are not lost but reprocessed 

within the PO, prepared to be sold to food industry at a lower price, which is considered a more stable 

buyer, even if with a lower revenue (PAPER I). However, during reprocessing, not only carrots are 

downgraded, but also a secondary loss is generated to prepare carrots to be marketed for food 

industries. This secondary loss could be prevented; however, following the food hierarchy procedure 

(Papargyropoulou et al., 2014), it is mostly used for animal feed or disposed of as waste, or is biogas 

production, although this was not the case in our study because no facilities are available in the area. 

In PAPER II, the economic impact of the application of private cosmetic quality standards is analysed, 

thought a comparison between current and potential turnover 2. The base quantity to calculate carrots 

turnover is the processed quantity of carrots (263,755 kg), of which primary loss as unfit for human 

consumption (12.57%) are subtracted and the daily median sales price recorded during the season is 

used. The comparison between current and potential turnover is shown in Figure 7. 

 
2 Current turnover: turnover currently gained with the application of cosmetic quality standards. Potential turnover: 

turnover potentially gained with no application of cosmetic quality standards, calculated by considering the mass of 

carrots that could potentially be sold on the fresh market if no private cosmetic quality standards were applied. 
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Figure 7: Economic implications of private cosmetic quality standards on turnover. Potential 

turnover is compared to the current figure, where private cosmetic quality standards are applied. 

 
Source: Paper II 

 

The economic loss linked to the application of private cosmetic quality standards amounts to 

42,756.33 € for 263,755 kg carrots processed (less than 22.05% of potential turnover); and it is due 

to (I) the secondary loss that occurs during the reprocessing of carrots, and (II) the difference between 

the sales prices for the fresh market and industry (PAPER II). This economic loss does not consider 

the additional cost that the PO must bear to re-process downgraded carrots and prepare them for sale 

to industry. 

Here, the consequence of downgrading is a double loss. In terms of mass, the impact of FL is not 

high, since suboptimal products are reprocessed and reallocated – following the hierarchy of FL 

(Papargyropoulou et al., 2014). However, most important impact of the loss is the economic one. 

Carrots are downgraded and sold to the food industry at a lower price, and the marketable quantity 

available for sale to the food industry is further reduced due to losses incurred during reprocessing. 

The actual economic loss may be even greater, since products are re-processing twice, leading to 

increase costs and effort (PAPER II). In this sense, food industries represent a reliable and stable 

commercial channel for POs: as well as in terms of products since it is possible to sell products that 

may not be accepted by other channel; that in terms of timing and quantity. Contracts signed with 

POs includes timing-scheduled product that are asked during the year and fixed price, even if with a 

lower sale price (PAPER I).  
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Private commercial quality standards vary between products and even among different buyers 

(PAPER I). Depending on buyer’s preferences, a product might be rejected by one buyer that another 

buyer would accept. These criteria increase the difficulty for POs, as well as affecting logistics and 

production costs (PAPER I).  

In PAPER II, different scenarios are also simulated, and the tolerance of downgrading product is 

modulated by 5 or 10% more, to analyse the impact of private cosmetic quality standards (Scenario 

1-4), turnover and in terms of FL. Having more flexible requirements and accept products with high 

tolerance would increase the turnover due to fresh market by: 

▪ +2.43 % in Scenario 1, where a greater flexibility in accepting carrots considered too large to 

be sold on the fresh market is simulated (DØmax > 10%); 

▪ +1.43% in Scenario 2, where a greater flexibility in accepting carrots considered too small to 

be sold on the fresh market is simulated (DØmin > 10%); 

▪ +2.48% in Scenario 3, where a greater flexibility in accepting carrots that are in-size, but show 

cosmetic defect, is simulated (DØ > 10%); 

▪ +3.17in Scenario 4, where a greater flexibility in accepting carrots with all types of defects is 

simulated (DØtot > 5%).  

 

Quality of commercial relations 

The conditions applied during negotiations are influenced by the quality of commercial relations 

occurring between producers – often represented by POs - and buyers. The quality of commercial 

relations is influenced by many factors, and, among them, the most important are trust, satisfaction, 

and commitment (Razavi et al., 2016; Gajdić et al., 2021; Schulze et al., 2006).  

The focus group organized as part of PAPER III suggest that, upon producers’ perception, these 

factors can be categorized in 4 groups: external factors, flexibility and scheduling, contracts and 

negotiations and relations in the value chain. Analysing the flexibility and scheduling, the main 

perception is that retailers do not take in consideration the seasonality and the reality of the season 

production typically of the agricultural production. Instead, they follow a plan of prices, promotions, 

quantity of orders, that sometime does not fit with the seasonal trend of FFV. In the contract and 

negotiations area, commissions, and intermediation costs; price, marginality, and remuneration; 

standard uniformity of buyers and quality standards are the main topic. Here, an important point that 

emerged is that “retailers are more punctilious when the market goes down, they become overly 

attentive…”; for example, at times of the season that are potentially positive for POs (in terms of 

availability of product, higher prices etc.). As emerged in PAPER III, according to POs, retailers tend 

to have a stricter control of quality standards, promotions, prices and timing of the deliveries and this 
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control increase the frequency of rejection of products, controversies, and in turn, additional costs for 

producers. Another issue emerged is the lack of communication with retailers’ organisation and 

management (PAPER I and PAPER III). 

To analyse the quality of commercial relations between FFV producers and buyers, a survey is 

administered to Producers (PAPER III). 98 commercial relations are analysed - 80.85% reported by 

individual farmers, among which 57.45% are members of a PO or cooperative, and 9.57% reported 

by POs. The main counterparts of these relations are retailers and wholesalers (24.47% and 27.66% 

of the observations). On a 1-7 Likert scale, the average satisfaction of producers for the commercial 

relations is 4.76, while the average willingness to replace the buyer with another one is 3.19.  

The variables have been aggregated in five dimensions: long-term commitment, price satisfaction, 

adaptation on quality standards, relational quality and trust, cooperation in case of issues. Commercial 

relations are then clustered in four groups as shown in Figure 8 and the features of each cluster are 

analysed by looking at the centroids. 

 

Figure 8: Centroids of the 4 clusters in relation to the 5 variables considered (standardized value; 

0=average of the variable, positive values = above average, negative values = below average) The 

between-cluster variance is 53.90%, while the within-cluster variance is 46.10%. 

 
Source: PAPER III 

 

The four clusters in PAPER III reflect the orientation of the commercial relations, which refers to the 

dichotomy of transaction-relation approach. 

Cluster 1, which includes the 29% of the observations, is oriented through a relational relation. It is 

characterized by higher reliability, where no stricter quality standards are applied. Price and margins 

are felt with high satisfaction by the producers and a good atmosphere and cooperation between 



37 

 

supplier and buyer is reported. This cluster is mainly composed by commercial relations with buyer 

called “other”, which include restaurants and local-based supply chains, which seem to perform very 

well in terms of establishing relations of high quality.  

Cluster 2, with 33% of observations, is represented by buyers which are felt stable and reliable. The 

suppliers’ satisfaction for the economic aspects of the commercial relation is slightly above average, 

even if they show are very strict conditions in the application of quality standards on the products. 

This cluster is mainly composed of commercial relations with retailers 

In Cluster 3, where 25% of observations are included, the commercial relations are characterized by 

high flexibility in the application of quality standards, while the other aspects are rated lower than in 

other clusters. Here, the cluster is mainly composed of commercial relations with wholesalers and 

wholesale market. 

Lastly, in Cluster 4, 11% of observations, the commercial relations perceived as negative by the 

producers for all the aspects considered are included: long-term commitment, relational quality, trust, 

and cooperation are scored lower than in the other clusters. Here, commercial relations are oriented 

more in a transactional relation. 

The cluster are also compared to the average values of satisfaction of commercial relations (F16); and 

it is significantly higher in Cluster 1 and 2 with respect to Cluster 4. However, it is not reflected in 

the willingness to change buyer (F15) where a significant difference is only observed in Cluster 1 and 

4. As a result of PAPER III, this may significance that only when the relation is perceived as highly 

negative, there may be a driver for change: producers pursue an exit strategy after realizing that they 

have no voice to change things; otherwise, other factors tend to dominate the decision to remain in a 

commercial relation with the buyer. 

Additionally, a multiple correspondence analysis is hold in PAPER III, where the clusters are used to 

analyse the relations between commercial relations, together with the percentage of turnover that the 

commercial relation generate, and the values of F15 and F16, both above and below the median for 

each item. The result of the analysis is visually displayed in Figure 9.  

Cluster 1 is associated with commercial relations with high satisfaction (F16_HIGH), low willingness 

to change buyer (F15_LOW) and low turnover share. Cluster 2 is positioned near high turnover and 

low willingness to change buyers, and it represents commercial relations with retailers. Even if 

producers may not be satisfied for the relation with this buyer, retailers represent a highly 

remunerative channel, which is maybe the reason for the willingness to change being low (PAPER 

III). Cluster 3 reflects low satisfaction and a high intention to change buyers, it is associated with 

wholesalers and wholesale markets. Here, turnover is minimal, and POs choose this channel always 
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as an alternative one, since the preferred one is represented by retailers, as also confirmed by results 

of PAPER I. 

 

Figure 9: correspondence between perceived quality of commercial relation, turnover and clusters 

 
Source: PAPER III 
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IMPLICATIONS OF THE RESEARCH 

Implications for practitioners 

This study highlights the central role of POs in the FFV supply chain. According to PAPER I and III, 

this role becomes even more significant if considered in advocating for fairer and more equity 

contracts and more sustainable practices with the FFV stakeholders. Retailers hold a superior position 

and exert considerable bargaining power over producers by centralizing product demand, creating a 

critical dependence on the distribution sector (Herzberg et al., 2022). 

Another key point that emerges in all papers (PAPER I-II-III) is that private quality standards 

represent a bottleneck in the FFV supply chain. They are intended to assure that only high-quality 

and perfectly shaped products reach the supermarkets shelves; but the risks and costs associated with 

selection and downgrading are completely born by producers. However, despite their best efforts, a 

certain quantity of production variability remains beyond human control, as FFV production takes 

place in the open field and is influenced by climatic conditions (Wheeler et al., 2000). This uncontrol 

quantity is represent by primary losses in PAPER II.  

PAPER II reports that only 52.78% of the mass of harvested product is suitable to be marketed to 

retailers in the case of carrot value chain; while 34.64% of the products is downgraded and 

reprocessed to be allocated to food industry. This is in line with results available in literature, where 

more flexible standards may reduce the quantity of suboptimal products and FL (Fernandez-Zamudio 

et al., 2020; Opara et al., 2021; Commons, 2017; McKenzie et al., 2017; Tansuchat et al., 2023; 

Willersinn et al., 2015; Hartikainen et al., 2017), since the cost of the quality standard is born by 

producers when they must downgrade, reallocate, or reprocess products. 

Applying more flexible approach to private quality standards may be a strategy to increase turnover, 

selling more fresh products to retailers and at the same time prevent the generation of FL. In PAPER 

II, different scenarios are built and, for example, having a tolerance of 10% on over size carrots 

(DØmax) or a flexibility to accept small cosmetic defects (DØ), could improve producer turnover by 

up to 1.41% and at the same time reduce losses, especially the ones due to reprocessing.  

Evidence from literature highlight that from retailers’ point of view, some companies do not even 

perceive themselves as responsible for FL resulting from the application of quality standards, since it 

arises earlier in the supply chain (Herzberg et al., 2022). In addition, retailers are often hesitant to 

adopt flexible standards, as they fear the effects on the image of other products sold in the same store 

or with other competitors (Aschemann-Witzel et al., 2020). However, retailers are likely to become 

more flexible during seasons of short supply (Herzberg et al., 2022), while they are stricter when the 

product is abundant.  
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In this sense, the scenario hypnotized in PAPER II on flexibility of the private cosmetic quality 

standards appears reasonable, as there is evidence that consumers are willingness to purchase 

suboptimal products, particularly when offered at a more affordable price (de Hooge et al., 2017; Tait 

et al., 2024; Aschemann-Witzel et al., 2017). Additionally, the growing interest in topics such as 

sustainability or FLW is an important incentive to help to strengthen producers’ positions, especially 

with respect to consumers e.g. to organic production, who are likely to be willing to accept less 

stringent cosmetic requirements. However, improving food literacy and educate all consumers can 

improve the acceptance of suboptimal products by aligning market preferences with environmentally 

responsible practices (Palumbo et al., 2019).  Moreover, strategic communication and marketing may 

highlight the environmental and economic benefits of reducing waste (Hartmann, et al., 2021).  

An alternative channel that is increasingly being used to sell suboptimal products is online platforms 

(de Hooge et al., 2018), where suboptimal products are sold using claims related to sustainability or 

FL reduction, as also some initiatives are presented in PAPER II, such as “Bella dentro” 

(https://www.belladentro.org/).  

Flexibility in the implementation of quality standards could be possible if closer collaboration occurs 

between producers and buyers, giving benefits for both as emerged in PAPER I and PAPER II. In 

this sense, closer relations may lead to orient towards a relational approach (PAPER III). An example 

can be found in the German supply chain, where Government set up voluntary agreements with food 

industries, restaurants, and supermarkets, with the aim to incentivize companies to donate surplus 

food to charitable organizations rather than discarding it (BMEL, 2019). In Denmark, after surveying 

customers, a retail chain has started to sell second class FFV (Kuntscher et al., 2023).  

In the light of these examples, policymaker and stakeholders should promote closer and equity 

cooperation among actors of the FFV supply chain by encouraging transparency and shared 

responsibility. This approach could reduce the transfer of the economic risk to the upstream stages of 

the supply chain, mitigate FL, and contribute to a more equitable and sustainable food system. Even 

embracing small changes on requirements of quality standards can bring significant benefits for all 

the actors involved. 

 

Market implications 

In the FFV supply chain, the dynamic of products between producers and buyers are influenced by 

several key factors, such as weekly or daily price negotiations, buyer-specific differences and 

requirements. 

PAPER I and III highlight the factors that affect production - such as the natural growth process of 

products in the field and seasonal climate variations—are often overlooked by buyers when 
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requesting FFV products. These challenges are particularly pronounced in the organic sector, where 

according to the interview in PAPER I, the limited use of fertilizers and pesticides may lead to more 

frequent cosmetic defects, resulting in a higher rate of product downgrading.  

Another factor in the negotiation between producers and retailers is the bargaining over price and 

quantity, which may take place daily or weekly, depending on the buyer and the conditions it imposes 

on suppliers, as outlined in PAPER I. During the scenarios elaborated in PAPER II, we assumed that 

the selling price for carrots does not change when an additional volume of lower-quality carrots is 

introduced into the market and which can be assumed true in this specific case, since PO sell this 

product during all the year. However, if we extend this scenario to other producers, it is likely that 

the price of carrots on the fresh market could decrease because of the increased supply of lower-

quality carrots and it could bring to a lower turnover, especially if private cosmetic quality standards 

are more flexible. An important factor to consider in the market is demand elasticity. It is possible to 

hypothesis that if the selling price of carrots decreases, the demand for carrots increases. For example, 

Henneberry et al. (1999) estimates an own-price demand elasticity of -1.653 for carrots with respect 

to their price, suggesting that a 10% decrease in the price of carrots would lead to a 16.53% increase 

in demand. This relationship between price and demand underscores the potential for market 

expansion if the price of carrots is reduced due to the increased availability of lower-quality produce. 

Substitution effects between carrots and other vegetables may also occur (Henneberry et al., 1999), 

with potential impact on their markets. Additionally, carrots may be substituted for other vegetables, 

further affecting the demand and prices in their respective markets.  

In PAPER II, we have assumed that consumers are ready to accept suboptimal carrots, assuming their 

willingness to pay for suboptimal carrots remain the same or could be closely lower to the perfect 

ones. However, it is closely linked to their perceived quality (Aschemann-Witzel et al., 2017). If 

private quality standards were relaxed for all producers, there could be a general decline in the quality 

of carrots available on the market, potentially reducing consumer willingness to pay higher prices for 

them. Studies have shown that this decline may not be linear. According to Qi et al. (2022), 

consumers' willingness to pay for carrots decreases significantly when just one carrot in a bunch is 

suboptimal. However, when up to 40% of carrots in a bunch are considered suboptimal, consumers' 

willingness to pay does not decline further. This suggests that there may be a threshold beyond which 

consumers are more accepting of lower-quality produce. Rising this “tolerance threshold” may be 

possible when food literacy and awareness of consumers increases (Lisciani et al., 2024).  

Targeted marketing strategies, such as promotion of suboptimal products associated with claims of 

sustainability and FLW reduction, may serve to this purpose, as mentioned in PAPER I and PAPER 

II. Suboptimal products are often associated with the term “ugly”, which gives them a negative 
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attribute and shall probably be avoided to make it “normal” having different sizes and shapes of 

vegetables on the shelves. The authenticity and naturalness of the suboptimal products may attract 

environmentally conscious consumers, further supporting the demand for products of lower cosmetic 

quality but still as nutritious as perfect vegetables, especially if consumers are instructed before (Yuan 

et al., 2019). In this sense, also the EU aim to build a more attractive and sustainable agri-food sector, 

by propose a fairer, simpler, and targeted common agricultural policy, where among the main focuses 

it aims to reinforcing agri-food diplomacy and pursuing a stronger alignment of production standards 

and help farmers and farmers’ return (EU, 2025). 

 

Policy implications 

The analysis of producer-retailer interface in commercial relations reveals significant imbalances that 

disadvantage producers, particularly farmers and POs (PAPER I). To limit this imbalance, the 

application of the EU Directive 2019/633 aims to protect the weaker parties in the relations in the 

supply chain, including farmers. Although the aim of this directive is to balance the power among the 

actors of the supply chain, their effectiveness remains still limited and commercial relations remain 

unfair, as confirmed in PAPER I and PAPER III. During the investigations it emerges that buyers, 

and in particular retailers, often impose strict conditions that pass on the economic risk upon 

producers, such as last minutes changes in orders, returns of products, application of quality 

standards. 

In this sense, the EU directive 2019/633, and consequently the Italian DL 198/2021, set the “black 

practices” of prohibited actions and the “grey” ones, allowed only if an agreement between the parties 

is in place and when explicitly agreed upon by both parties in advanced and written in the contract. 

Policymakers should prioritise the guarantees conformity of the current legislation and at the same 

time consider amendments that gives more protection and guaranties to producers.  

An example could be rebalancing contractual power by establishing fixed baseline terms that prevent 

shifting the entire economic burden onto producers, rather than leaving it subject to the agreement of 

both parties. In fact, retailers can leverage their market power to compel suppliers to accept unfair 

contractual terms; while these conditions may not be considered unfair by law, since “both parties 

agree”, they are inherently unfair in practice.  

As emerged in PAPER III, producers might be willing to continue a commercial relationship with 

buyers because of economic necessity or the lack of alternatives, even if they are not satisfied with 

the conditions. Since retailers ensure large share of producers’ total turnover, the economic outcome 

in commercial relations with producers and retailers remains positive, even when they impose stricter 

conditions and requirements (Camanzi et al., 2011) and it may outweigh concerns about fairness or 
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satisfaction. Therefore, from PAPER III, it emerges that is difficult to identify a clear distinction 

between transactional or relational approach in commercial relations, since economic and relational 

aspects are intertwined, and relations may be unsatisfactory for both parties, especially when they last 

over the year and ensure high turnover.  

Additionally, the evidence in PAPER III may suggest that the willingness to change buyer is not an 

indicator of the quality of commercial relations, as it encompasses the necessity of the supplier to 

adapt to market opportunities. This mechanism may also be interpreted considering the Hirschman 

paradigm (Hirschman., 1970), suggesting that in some cases producers may be entrapped in 

commercial relations – especially with retailers -, despite their unsatisfaction since they feel to have 

no voice to express (Alpmann et al., 2015). The lack of alternative markets and the difficulty in 

diversifying sales channels clearly play a role in this situation. 

Additionally, changing buyer may represent the risk of moving to different and possibly more 

stringent contractual conditions. Of course, the lack of alternative remunerative channel and the 

difficulty in diversifying sales channels play a crucial role in this situation. 

Supporting positive commercial relations could involve a reinterpretation of Italian law, shifting from 

a focus on prohibitive actions to ones that promote transparency and collaboration strategies among 

actors, such as tax benefits or certifications. Alternatively, incentives for retailers could help reduce 

the imposition of overly strict conditions. Encouraging collaboration strategies between actors could 

lead to more positive and mutually beneficial commercial relations (Kühne et al., 2013). 

Some of the evidence presented in this thesis may have implications in the frame of the European 

Green Deal, in the four pillars of the Farm to Fork strategy as well as in the Common Agricultural 

Policy (CAP).  

Starting by the Farm to Fork strategy, actions related to the first pillar of the strategy “Sustainable 

food production” are intended to reduce the use of chemical pesticides, fertilizers and antimicrobials 

as well as increase agricultural land under organic farming. This may lead to an increase of the amount 

of suboptimal products, since the aesthetic character of the products cannot be controlled. In this 

sense, it is very important to build remunerative commercial channels for these products.  

Looking at the pillar of the strategy focused on “FW reduction”, it must be underlined that the EU 

still lacks an official definition of FL. The current FL definition may be improved to include all the 

losses occurring at primary production, including those left in the field and several research projects 

(such as FOLOU - https://www.folou.eu/) founded by EU are now working to implement this 

definition.  

Lastly, for what concerns the Farm to Fork pillar of “Sustainable food processing and distribution”, 

the goal is to reduce the overall environmental footprint of the food system and make the adoption of 

https://www.folou.eu/
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healthy diets easier. In this frame, one initiative tackles a revision of EU marketing standards. in this 

regard, PAPER II provides scientific evidence of the impacts of different quality standard on FFV 

products.  

The results emerging from this thesis can also be framed in the discourse in the context of the current 

debate on the digitalisation of the agri-food sector chains. According to literature, innovations focused 

on the digitalization of supply chain processes will increase the transparency of information across 

actors of the supply chain (Nasso et al., 2024). For example, tools that provide an account of 

agricultural practices implemented to improve quality may improve the awareness of buyers and 

consumers over the efforts of producers to deliver high-quality products. Collaborative tools may 

enhance producers’ awareness of the challenges that retailers experience in their relations with 

consumers. In this respect, digitalization may help twin transaction to manage the FFV supply chain 

in a more sustainable way and improving at the same time the awareness of the actors of the supply 

chain, both producers and buyers. Having more transparency and collaboration in the FFV supply 

chain, may also lead to mitigate unbalance power in the supply chain and build more sustainable 

relations in the FFV supply chain. The same tools may support an analysis of the production cost 

incurred by all actors of the supply chain, thus allowing efficiency-oriented actions as well as a greater 

recognition of the value creation along the supply chain. An example of digitalization is the Farm 

Sustainability Tool for nutrients (FaST), which is already available. It will combine data and manual 

input from farmers to provide customized recommendations on crop fertilization through a nutrient 

management plan. Building on this platform, much more information could become available to 

consumers and all actors across the value chain, such as details on downgraded products or the 

production costs of each actor. This approach would foster greater transparency between suppliers, 

buyers, and consumers, thereby encouraging stronger commercial relationships.  

In the CAP, the due diligence is required to producers that aim to mitigate environment and social 

issues into their corporate strategy with the aim to enhance transparency of the operation in the supply 

chain. It may become a powerful tool to improve equity in the distribution of value and risk across 

actors of the supply chain. Increasing transparency for food industry and retail companies may 

become an encouraging to change behaviour and collaborate with Producers, rather than using their 

market power to dominate commercial relations. To promote the diffusion of these tools among 

farmers, POs are a key stakeholder and play a crucial role and this is also confirmed by PAPER I – II 

- III. In fact, EU provides the economic supports thought the CAP, which is implemented by the 

operational plan that are mainly managed by POs. Indeed, supporting POs could be a strategy not 

only to assist producers, but also to raise awareness among supply chain actors, enhance transparency, 

and foster more positive and stable commercial relations. For this reason, a vision of EU (EU, 2025) 
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is help and mitigate the UTP rules and common market organisation regulation, to have more 

competitive markets and strengthening the power of the sector in Europe.  
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CONCLUSIONS  

The focus of this thesis is the interface between producers and buyers in the FFV supply chain in 

Italy. PAPER I focus on the key role of POs in the supply chain, validating and comparing results in 

Italy and Germany. PAPER II analyses the impact of private cosmetic quality standards in terms of 

mass and value, by assessing suboptimal carrots at a PO warehouse. PAPER III analyses the factors 

who shape the quality of commercial relations, from the producers' point of view. 

In the timeline of the PhD’s path, the research started with an investigation of FL in the FFV supply 

chain, since it represents a priority target of food policies. During the research, it has been realised 

that looking at the issue of FL with a reuse-recycle approach focusing on alternative marketing 

channels and circular economy processes is not enough, especially if the cost for this is only born by 

producers. Prevention should always be regarded as a first propriety, and this means investigating the 

root causes of FL, that are often more complex than it appears at first sight.  

The three papers of this dissertation provide evidence that one of the key issues to be solved is – still, 

despite the improvements pushed by the CAP in the past decades – the imbalances in the relations 

between suppliers and buyers in the supply chain. POs have an important role there to increase 

concentration and bargaining power of agricultural producers, which should be reinforced and further 

promoted. However, it is likely that a greater concentration of supply will push an even greater 

concentration in retail and industry because all actors act to increase their bargaining power; therefore, 

this action cannot stand alone. 

New approaches to the relation between actors in the FFV supply chain based on long-term and trust-

based relations, should be explored to enhance the overall efficiency of the supply chain and, in turns, 

its sustainability. 
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Abstract: With the aim of disclosing the antecedents and dynamics of food loss generation in the
upstream stages of the fruit and vegetable sector, this paper presents the results of a series of semi-
structured interviews with 10 Producers’ Organisations (POs) in Germany and Italy. The content
of the interviews is analysed by applying a qualitative content analysis approach, thus disclosing
the most relevant issues affecting food loss generation at the interface between POs and buyers
(industry and retailers). Several similarities emerge as we compare the answers provided by Italian
and German POs, especially concerning the role of retailers’ cosmetic specification on products in the
generation of losses. Instead, the structure of contracts regulating commercial transactions between
POs, industry, and retailers show noticeable differences, apparently resulting in a greater capacity to
plan the demand of products from the beginning of the season in the Italian context. Despite these
differences, this study confirms the key role of POs in increasing farmers’ bargaining power against
the buyers, both in Germany and Italy. Further research is needed to compare circumstances in other
European countries and to analyse why the similarities and differences identified occur.

Keywords: food loss and waste; fruit and vegetables; supply chain structure; content analysis;
postharvest; qualitative interviews; supplier/retailer interface; bargaining power

1. Introduction

Food loss (FL) occurs due to several factors and inefficiencies in the supply chain
during the early stages of the food supply chain, from harvest up to, but not including,
the retail level [1–3]. It is estimated that in the harvest and postharvest process, FL sums
up to 14% [2] of production, while 17% of food available for consumption is wasted in
the downstream stages of the supply chain [4]. FL can refer to a reduction in the mass
of food destined for human consumption (quantitative losses), or to qualitative losses,
referring to a decrease in food attributes that reduces the nutritional value of products
or its economic value due to noncompliance with quality standards [2]. The Sustainable
Development Goal 12.3 [5] states that FL should be reduced by 2030, and the progress
towards this objective is measured with the Food Loss Index [6]. However, in the early
stages of the value chain data is still scarce [7], and the dynamics of FL generation in the
interface between suppliers (producers and their organisations) and buyers (retailers and
industry) are still being studied.

Focusing on FL in the fresh fruit and vegetable (FFV) supply chains, FAO reports that
between 20 and 25% of produce is lost from postharvest to distribution worldwide [2]. In
this sector, producers’ organisations (POs) play a crucial role. These are associations of
farmers, which take charge of the postharvest phase by collecting, storing, processing, and
selling the products, thus strengthening the farmers’ collaborative bargaining power [8]. In
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the European Union, POs are legally recognized and financially supported [9]. Their aim is
to bridge farmers with buyers by concentrating the supply of agricultural commodities,
negotiating the contracts, jointly planning the production, and supporting farmers with
technical advice and help in machinery investments [8,10–12]. By aggregating the produc-
tion of farmers, POs try to contrast the higher power of buyers during the negotiation of
contracts, taking charge of the economic risk related to these transactions [13–15].

Prices, quality and production standards, logistics, delivery, payment schedules, pro-
motions, risk sharing, and many other details are typically agreed upon in supply contracts
established between POs and buyers [16]. These contracts usually include conditions on
the quantities and delivery times imposed by buyers, as well as cosmetic standards that the
products must fulfil [17]. These standards for commercialization may either be imposed
by regulations to assure food safety, or applied by buyers to standardize the appearance
and features of the products [18,19]. The latter, which are referred to as ‘private marketing
standards’, are particularly relevant in the FFV sector. Retailers set strict quality standards
under the hypothesis that customers would reject or have a lower willingness to pay for
suboptimal products [18,20]. Such standards create a bottleneck for products entering the
market, thus generating significant quantities of suboptimal products which have the same
intrinsic quality and safety of ’accepted’ products, but are not conforming with cosmetic
standards (for example mass, shape, size, etc.), or are approaching the use-by date labelled
on the packaging [18]. In the absence of alternative channels for commercialization, these
products are likely to become FL [21]. Moreover, due to the perishable character of (most)
FFV, once these products are rejected for cosmetic reasons, the redirecting to alternative
channels is hardly feasible because they would spoil in the meanwhile. While there is a
growing body of literature on how suboptimal products might be managed in the retail
sector [19,21,22], there is a lack of knowledge about how the implementation of private
marketing standards affects the other key players of the upstream supply chain, i.e., POs
and, in turn, the affiliated producers.

Porter et al. [23] report that the range of losses of FFV due to cosmetic standards varies
between 4 and 58% in the European Economic Area, excluding preharvest grade-out losses.
This data is supported by other studies that estimate a loss of up to 40% of harvested
FFV due to cosmetic standards requested by the retailers [24–26]. One of the few studies
reporting a direct measurement monitored persimmon losses in Spain, indicating that
16.11% of delivered persimmon quantity is downgraded at the cooperative warehouse
due to quality standards, and is not paid to primary producers [27]. Willersinn et al. [28]
estimated that at the agricultural stage, losses of fresh potatoes were reduced by 3–5% on a
total of 53–55% in all the supply chain when lower cosmetic standards were applied; this
reduction was even more significant in the processing stage, where a lower standard could
lead to a reduction of FL up to 11%.

However, data on FL and the dynamics of its generation in the upstream stages of the
supply chain is still scarce [7]. This paper aims to contribute filling this gap by studying
how FL is generated at the interface between farmers, POs, and buyers, that is, the harvest
and postharvest stages of the FFV supply chain. This paper focuses on the perspective
of POs, which represent a main actor in this phase of the supply chain. We compare the
processes in relation to private quality standards and contractual terms that lead to FL in
the value chain, at the PO level, and across Italy and Germany. Although there is literature
available for some countries, such as Germany, the unique contribution of this paper is to
provide insights on a new country, Italy, where little information is available, comparing
Italy to a better-assessed country. To do so, semi-structured interviews have been conducted
with seven German POs and three Italian POs. A standard guideline has been applied,
using the MAXQDA program, to conduct the content analysis of the interviews, to make
the method comprehensible, and to allow comparison of the two studied countries. The
results are analysed in the framework of a structured qualitative content analysis to assess
similarities and differences in food loss occurrence between Germany and Italy in the FFV
supply chain.
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The specific objective of this paper is to address the following research questions:
(i) what are the similarities and differences in the market dynamics between POs and
buyers in the FFV supply chain in Germany and Italy?; (ii) what are the reasons why FL is
generated at the interface between POs and buyers in Germany and Italy?; (iii) do private
marketing standards, set by buyers, influence FL in Germany and Italy, and how are the
products managed if they do not meet these requirements?

2. Materials and Methods
2.1. Data Acquisition

A qualitative research approach was chosen to investigate FL and how it is connected
to private marketing standards from the perspective of the POs. 52% of POs in Europe
operate in the FFV sector. France, Germany, and Italy are the countries where POs are more
present: Germany has 692 POs, among which, 31 are in the FFV sector, while Italy has 583
and 315 FFV POs, respectively [29].

We chose the method of semi-structured interviews to shed light on the mechanisms
and processes related to FL at the PO level. In Germany and Italy, the interviewees were
selected based on a list of POs working in the FFV sector within the country, making
sure to cover different crop types and regions. A similar methodological approach was
applied in both countries, with the aim to jointly analyse and compare the results. The
interviewees were persons responsible for sales and marketing, for quality control, or for
the management of the POs.

A guideline was developed for the interviews in Germany and Italy, addressing
the same issues to contribute to the objectivity and trustworthiness of the study [30]; all
interviews covered the following topics:

1. Causes of FL in the supplier/retailer interface;
2. Design of contracts and arrangements that POs have in place with farmers and retailers;
3. Relation between the structure of contracts, orders’ management, and quantity of FL;
4. Quality management process along the supply chain and criteria that influence the decisions;
5. Management of products that do not meet the required quality standards.

Interviews in Germany were conducted between October 2020 and January 2021,
and were partially analysed by Herzberg et al. [31], targeting the issue of food loss cre-
ation through unequal bargaining power, trading practices, product specifications, orders,
and contracts in Germany. Interviews in Italy were conducted between September and
December 2022.

The interviews were conducted face-to-face, whenever COVID-19 restrictions allowed
for, or online/via telephone. In total, seven interviews were conducted with German POs
and three with Italian POs. Although the number of interviews with POs conducted in
Italy is lower, the selected POs are very relevant in the national market; all together, they
produce more than 5% of the national production of fennel and potatoes; all in all, they
reach a turnover of almost EUR 300 million. Table 1 provides the description of the POs
involved in the study.

Table 1. Description of the POs involved in the study.

PO Country Number of Members Total Acreage (ha) Products

PO 1 Germany 19 600 Onions
PO 2 Germany 1200 900 Pomaceous Fruit, Berries, and Asparagus
PO 3 Germany 60 152 Vegetables
PO 4 Germany 330 2500 Pomaceous Fruit
PO 5 Germany 350 5500 Pomaceous Fruit
PO 6 Germany 50 270 Vegetables and Herbs
PO 7 Germany 50 10,000 Vegetables and Herbs
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Table 1. Cont.

PO Country Number of Members Total Acreage (ha) Products

PO 8 Italy 183 1200 Salad, Potatoes, Carrots, and Fennel
PO 9 Italy 85 565 Potatoes, Cabbage, Chickpeas, Beans, and Lentils

PO 10 Italy 4957 32,091 Fruits, Potatoes, and Onions

Interviews in Germany were recorded and literally transcribed. Interviews held in
Italy were not recorded, but full comprehensive notes were taken on the same day of
the interview.

2.2. Data Analysis

We applied a structured content analysis approach for qualitative data, inspired by
Kuckartz et al. [32], to the interviews. The MAXQDA software was fed with transcriptions
for Germany and notes for Italy from the interviews.

In the applied methodology, a coding system was created and used to sort all the
statements of the interviews. It is based on a deductive and inductive coding. The deductive
codes are rooted in the theories and literature described in the introduction section of
the paper. The inductive codes were developed during the analysis of the material of
the German interviews. The same coding system was then applied to the notes of the
Italian interviews.

3. Results and Discussion

As a result of the content analysis on the interviews, two different tables were devel-
oped: a quantitative cross table, and a qualitative segment matrix coding the data of the
interviews. The results of the quantitative cross table are summarized in Figure 1. In total,
we have 177 codings, divided into 3 thematic areas: the answers dealing with supply chain
organisation (with 63 codings), followed by the issues related to contracts and agreements
(with 37 codings), and lastly the FL and quality standards (with 77 codings). These three
areas are reflected in the next subsections of the paper, where the results are reported and
discussed separately for each topic.
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Figure 1. Structure of the coding systems developed and applied in the content analysis to sort the
single statements (i.e., codings; n = 177). The codings are divided into three thematic areas: supply
chain (n = 63), contracts and agreements (n = 37), and FL and quality standards (n = 77). Every
thematic area has different codes, meaning different categories to sort the codings; some categories
are also divided into subcategories (subcodes).
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In the qualitative segment matrix, codes are listed in the rows, and the statements of
each PO are reported in the columns. The segment matrix allows for the comparison of
similarities and differences between the answers of the different POs on the same category
in a qualitative manner. Therefore, it helps to compare POs and countries based on the
selected codes and subcodes. Table 2 reports the main similarities and differences between
German and Italian POs emerging from the interviews, which are organised along the three
thematic areas represented in Figure 1.

Table 2. Summary of similarities and differences between German and Italian POs, divided by
thematic areas.

Thematic Areas Similarities Differences

Supply chain organisation

Structure of the FFV supply chain is
vertically integrated.

Central role of the PO, and as intermediary
between farmers and retailers.

POs store and prepare the products to be sold.
Orders are made with short notice.
Flexibility of POs to supply orders.

Selection takes place at different stages of
the products (field for Germany; POs’

warehouse in Italy).
POs mostly plan the quantity and products

to be cultivated by farmers in the next
season to better supply orders in Italy;
some members have more leeway in

product and quantity planning in Germany.
Timing and quantities to be delivered are

negotiated at the beginning of the season in
Italy, informally agreed upon within

annual consultations in Germany

Contracts and agreements

POs represent farmers in the commercial
relations and negotiations.

Buyers take advantage due to their
bargaining position.

POs usually have contracts with
different buyers.

Contracts with the food industry are
generally considered more reliable (hardly

changing quantity and timing that
is demanded).

Price paid by retailers is higher than the one
of the food industries; therefore, retailers are

the first choice.
Timing and quantity of everyday orders can

vary significantly during the season.
Final quantities and prices are defined on a

short-term basis by retailers and last-minute
changes are frequent.

Some of the contracts between POs and
retailers are on the edge of unfair trading

practices (EU legislation).
Prices between POs and retailers are
negotiated upon weekly or biweekly;

influenced by the European and world
market prices.

Promotions are scheduled by retailers at the
beginning of the year, while quantities are

announced few weeks before; this is
considered a potentially strategic tool to

avoid FL.

Economic risks are with different actors of
the supply chain.

Ownership of the products belongs to POs
in Italy, to different stakeholders (POs or

farmers) in Germany.
Timing, negotiation, and structure of

contracts differs between POs and buyers.
Differences in the mechanism of the price

setting between POs and retailers, and
between farmers and POs.
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Table 2. Cont.

Thematic Areas Similarities Differences

FL and quality standards

Private quality standards are a crucial issue
in generating FL.

Each retailer asks for different specific quality
standards that are generally stricter than the
quasi-public and public standards imposed

by the EU and UNECE.
If private standards are not respected,
products are not accepted during the

retailer’s quality control and are sent back to
the PO, which potentially generates FL.
Visual standards, calibres, and pesticide

limits are the most difficult private quality
standards to be reached.

Many alternative marketing channels are
available to reallocate suboptimal products.
The combination of restrictions to pesticide

use and cosmetic standards leads to a higher
likelihood of FL generation in organic supply

chains compared to conventional ones.

Quality standards are mostly specified in
the contracts in Italy; retailers impose these

standards in an informal manner (or
written form but not contract) in Germany.

3.1. Supply Chain Organization

The content of the interviews confirms the central role of POs in the value chain, both
in Germany and in Italy. Interviewees describe the POs as intermediary between farmers
and retailers, collecting and storing the FFV products from farmers, negotiating contracts
with retailers, and taking charge of logistics and deliveries upon retailers’ orders. When
products are harvested, farmers bring them to the PO, where they are stored or directly
delivered to retailers.

The length and organisation of the process at the surveyed POs depend on the type
of fruit and vegetables; super fresh products such as strawberries, salads, and other leafy
vegetables are quickly delivered to retailers, which is in line with the findings from Surucu-
Balci et al. [33]. In contrast, other products are typically stored in the warehouse of the
PO until the order of the buyer. Some differences are detected in the structure of the
postharvest operations across the two countries. In Italy, POs take charge of selection and
packaging of products before delivering it to the buyers; these operations take place in
the warehouse of the PO. Instead, in Germany, many items (for example cabbages and
salads) are selected and packed directly in the field. Therefore, a selection and sorting
out of unsuitable produce already happens in the field, while in Italy the selection mostly
happens at the PO premises. This is particularly interesting in relation to FL generation,
because the different organisational patterns influence where FL is generated. It therefore
also defines the actor of the supply chain in charge of managing such losses [34], as well as
the available options for recovery of the discarded items [35].

During the interviews, the structure of the FFV supply chain emerges as being ver-
tically integrated. In general, POs plan their production together with farmers and they
manage the quantity to be delivered by different farms, considering the changing environ-
mental conditions. As also confirmed by the literature [36], these efforts are intended to
reduce the volatility of prices in the FFV market. According to our study, Italian POs plan
at the beginning of the season where to cultivate each item, based on the quantity they
expect to deliver to the retailers during the upcoming season, and assuring a proper crop
rotation in the fields. As argued by Aschemann-Witzel et al. [37], this approach assures
a better management of the surplus products, giving the PO the possibility to reallocate
surplus or suboptimal products to different marketing channels. In Germany, the process is
basically the same, although the German sample comprises, on the one hand of POs that
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work rather top-down and, on the other hand, of others that work less vertically integrated,
where members have more leeway in product and quantity planning.

The interviewees disclosed that in both countries POs also store harvested products,
especially those with a long shelf life. These items remain in stock until the PO receives an
order from a retailer; orders are typically made with short notice (AxA, today for today; or
AxB, today for tomorrow). The flexibility that is required in this situation, besides being
a logistical challenge, can also affect FL levels, as also confirmed by Hobbs et al. [38].

The interviews also suggested that a main challenge for the POs is the estimation of
the quantity of products they will need during the season to satisfy the orders. In Italy, the
quantities to be delivered are agreed upon among POs and buyers at the beginning of the
season. In Germany, quantities are informally agreed upon within annual consultations.
Last minute changes in procurement decisions by retailers can always occur, considering
peaks or off-peaks of consumer demand for that product. This could lead to sudden surplus
stocks and bring prices down, causing FL as a consequence in our results, and suggested
by Bustos et al. [39].

3.2. Contracts and Agreements

The role of POs as a bridge between farmers and the market is very clearly expressed
in the interviews. POs represent the farmers in the commercial relations with the buyers
of different marketing channels (retailers, food industry, and wholesale trading centres).
The interviewees confirmed that buyers may take advantage of their bargaining position
to minimize the economic risks emerging from the transaction [31,40]. To cope with this
situation, POs usually have contracts with different buyers, and among them, with different
retailers. This evidence is in line with Fałkowski et al. [41], who report that POs are
recognized to improve farmers’ position against the industry and retail sector. In addition,
the larger the POs´ size, the greater the benefits offered to their members, also in terms of
profits, lower costs, and services [42]. German interviewees report that POs sometimes pass
the economic risk onto the upstream farmers, e.g., by passing potential monetary discounts
due to low product quality onto them. This does not happen in POs in the Italian sample.

The relations between the farmers and the POs are usually regulated through written
contracts in the Italian POs surveyed. In this case, the product is owned by the PO from
the beginning of the season. Instead, in Germany, there are different patterns: either the
PO may buy the product from the farmer, as it happens in Italy, or the PO only acts as
an intermediary between the farmer and the retailer, and the ownership of the product
remains with the farmer until the retailer buys the product. What makes these German
contracts different is the ownership of the goods, which is managed differently, and this
also influences the responsibility of dealing with returned/rejected produce.

In most cases, POs negotiate contracts both with the industry and retailers, as well as
with further potential buyers. The contracts with the food industry are generally considered
more reliable by the Italian interviewees because, as one of them said, “what they write in
the contracts is what they ask for, products hardly remain in the field”. In Italy and Germany,
food industries hardly change the quantity demanded during the year, thus allowing for a
better planning of crops. However, the price paid by retailers is higher than the price paid
by the food industry. Therefore, POs must carefully find a balance between these kinds
of contracts, considered as safer, and the more remunerative ones, signed with retailers.
For this reason, as also suggested by Camanzi et al. [43], larger POs tend to have larger
volumes of products contracted with retailers than with food industries, in order to have
higher remuneration. Instead, POs with fewer members, and thus smaller in size, tend
to have more contracts with food industries, to guarantee the sale of products. However,
selling fresh FFV to the retailing sector remains the first choice due to the substantially
higher economic margins. It should also be considered that the average acreage per farm
and the number of farmers per PO is heterogenous, as shown in Table 1. This makes it
difficult to generalize these concepts, as POs composed by smaller farms may produce a
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broader variety of products that would be less likely to meet the private quality standards
required by retailers.

The interviews reveal significant differences in the timing and structure of contracts
between POs and buyers across Italy and Germany. In Italy, every contract is discussed
and signed at the beginning of the year, which includes the specification of the quantities
agreed upon by all the actors within the annual consultation. It also comprises the private
quality product standards to be respected, delivery timing, and the schedule of promotions.
Instead, in Germany, contracts cover several years, but they only state very general terms
of cooperation among the parties, e.g., codes of conduct, working conditions of employees,
etc. This means that no binding agreements are made on quantities, prices, crop types, etc.
Yearly consultations to negotiate quantities and price corridors do take place in Germany at
the beginning of each year, but no formal kind of contract emerges from these consultations,
rather, agreements are written on a “piece of paper”, as mentioned by one of the German
interviewees. Final quantities and prices are defined on a short-term basis. This situation
may lead to last-minute changes in the orders of products in both countries. In Italy,
the timing of orders and the quantity ordered every day can vary significantly during
the season, especially for super fresh products that are harvested and delivered on the
same day, although the annual quantity agreed upon within the contract stays the same. In
Germany, short-term variations can concern both quantity and prices. German interviewees
also reported that the lack of specifications within contracts between POs and retailers may
bring the risk of having a surplus of products in the peak period of the season at the POs´
level. This is coherent with other evidence in the literature, suggesting that the behaviour of
retailers can influence the amount of losses, not only at their stores, but also at the upstream
stages of the supply chain [44,45].

Some of these contracts are on the edge of unfair trading practices, as defined by the
recent EU legislation [46] which lists the practices which are banned, unless the parties
agree otherwise. For example, the buyer is not allowed to unilaterally change the terms of
agreements concerning the frequency, method, place, time or volume of supply or delivery
of the products [46]. The directive also states that the short notice cancellation of orders for
perishable products allows to assume that the supplier will not be able to find an alternative
to market or use such products. Take-back agreements, that is the practice to return unsold
products to suppliers, are also considered as unfair, though none of the POs in our sample
report to have it in force.

German interviewees also mentioned that sometimes retailers may decide to buy items
from another supplier (even from abroad) in the middle of the season. This approach can
generate large amounts of losses for domestic suppliers.

The Italian interviews disclosed that contracts also define what happens if delivery
time or/and quantity are not respected. In this case, retailers usually apply an additional
cost to POs, representing a big fee for every delayed load. However, the same issue was not
reported in the German interviews, nor was the problem confirmed in the available literature.

Another issue for contract specification is the price. If the price is not remunerative
enough, farmers do not have any advantage to work with POs, and they would rather
use the spot-market as individual businesses. The prices in agriculture are very volatile,
and this is an issue for farmers [47]. The PO works as an intermediary, aiming to secure
the farmer’s interest, but the interviews revealed several differences in how this role is
interpreted. In Italy, the price that the PO pays to farmers is set in advance at the beginning
of the season. In Germany, a price corridor is agreed upon during the annual meetings, and
the contracts only include payment times, terms and conditions: “That means in week A (..)
the prices for week B are set, if necessary, the quantities are also discussed and then in week B there
is actually only the dropping of this quantity. (..) That means there are no permanent contracts, the
form is more of a planning and agreement”, as well-described in a German interview. Instead,
the price between buyer and PO is contracted during the season. Both in Italy and in
Germany, prices between POs and retailers are agreed upon weekly or biweekly, and the
price-setting for fresh products is influenced not only by the European market, but also
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by the world market prices. The efficacy of this mechanism is crucial for the effective
operation of the market because the connections between producers, processors, and POs
assure market and price stability [48]. One of the main advantages that POs can provide to
farmers is the stability of product prices, and therefore of their income in the long term [8],
even if in some seasons the farmers may get a lower price through the PO than they would
get from other market channels.

The European Union, in the Common Agricultural Policy, includes a range of measures
to help mitigate price volatility in agricultural markets, including market interventions, risk
management programs, and support for sustainable farming practices. One example is the
use of public stocks and intervention purchases to stabilize prices during times of market
disruption. On the one hand, these measures can help to prevent sharp price fluctuations
that could negatively impact farmers and consumers. On the other hand, the withdrawal
of products from the market can create a potential amount of FL [49].

Promotion campaigns are also mentioned by interviewees as a tool that is potentially
strategic to avoid FL. In Italy, the promotions are already scheduled by retailers at the
beginning of the year: POs know in advance in which week they will be active. In Germany,
there is also a planning of promotional campaigns at the beginning of the season. However,
retailers announce the estimated quantities of the promotion to POs just a few weeks before
they start. On the one hand, an early scheduling of promotions enables POs and farmers to
plan the production in advance, thus preventing the generation of FL. On the other hand,
spontaneous campaigns can be used as leverage to react to unexpected excess quantities.
Promotions imply, within a few days, an increasing demand for products that are sold and
bought for a lower price; the estimation of the quantities that are actually requested remains
difficult [31]. The Italian interviewees report that when retailers schedule promotions, they
mainly consider the expected trend of consumer demand, as well as their own needs in
terms of planning marketing actions; instead, they do not consider the seasonal variation
of the timing of harvesting. The consequence is that the increasing demand for products
by retailers, linked to the start of a promotion, may not match the actual peak of products
ready for harvest in the field. With respect to this issue, Hobbs et al. [38] argue that POs
should plan crop production and orders very carefully to be able to supply the amount
required by retailers, but they should also be able to stay flexible.

Despite the planning efforts, excess production can always occur. The approach to
handle these surplus products, which cannot easily be marketed, differs between the
surveyed countries. From the Italian interviews, it emerges that during the peak of the
season, some POs organize trucks to donate surplus products, which would otherwise
be lost, to charities. Indeed, the donation of surplus products can help prevent food loss
by redirecting excess, edible food to those who need it, and increase the efficiency of the
food system [50]. This is facilitated by the existence of a specific legislative framework
which regulates the donation of surplus products to charities in Italy [51]. Instead, planned
regular donations from POs on a large scale do not seem to exist in Germany, maybe
because charities would tend to be overwhelmed by such large amounts of produce, and
the management effort would exceed the capacities of the POs. However, it can be expected
that this destination for surplus produce will become more frequent in the future, following
the launch of the “European Food Donation Act” to encourage food donations across
the continent [52].

3.3. FL and Quality Standards

Private quality standards imposed by retailers emerge as a crucial issue related to
FL generation in all interviews. Each retailer asks for different specific quality standards
that are generally stricter than the quasi-public and public standards imposed by the EU
and UNECE. Vandemoortele et al. [53] suggest that retailers systematically apply stricter
standards because, in this way, they can obtain products of higher quality by inflicting to
producers most of the costs related to the achievement of such quality. This mechanism
also generates significant FL in the upstream supply chain [13,21,54].
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In Italy, quality standards are mostly specified in the contracts. In Germany, POs
explain that retailers rather impose these standards in an informal manner or in a written
form, but not within the contracts. POs, however, have their own product profile for each
variety that elaborates on characteristics that need to be met. Regardless, they must be
complied with, otherwise the products are not accepted during the retailer’s quality control
upon delivery, and are sent back to the PO due to insufficient quality. One of the most
frequently repeated argument by interviewees is that “if it was for us (PO), we would have
sold everything, but retailers do not want it”. While there is evidence in the literature that
retailers have an impact on consumer decision-making and purchasing behaviour [45],
they prefer rejecting suboptimal products rather than taking the risk of remaining with
unsold products.

When products are sent back from retailers to POs because they do not meet the
quality standards requested, they cause FL in mass and economic terms [14]: POs need to
repack and rework products that were rejected by retailers and find different marketing
channels that are not as remunerative. As rework is also barely lucrative, POs try to avoid
items being sent back from the outset. Depending on the general perishability of the
rejected produce and the actual condition (e.g., ripeness), the aforementioned procedure
will exceed the available time until the end of edibility is reached and, thus, produce has to
be disposed of.

While discussing about different types of private quality standards, the interviewees
reported that visual standards are one of the most difficult to be reached. Italian POs
underline the importance of the visual aspect for Italian retailers: interviewees said that
some retailers want the “most perfect products, beautiful and clean”. In addition, many
German POs mentioned calibre as one of the main standards contributing to FL generation.
The interviewees report that the main argument of retailers to justify these requirements
is that the consumers would not buy substandard products. However, the evidence
shows that there are existing retailer brands selling suboptimal products on a regular
basis, at least in some countries (including Germany, Italy and Austria). Recent research
shows that consumer acceptance depends on specific characteristics related to certain
products. This means they accept a specific flaw (e.g., a dent) for one product, but not
for another [18,55–57]. Moreover, there is no evidence that consumers are actually able
to recognize small cosmetic differences among products, meaning that in some cases
they might not even be able to identify non-compliance with cosmetic standards [58].
Interviewees argue that this would allow for a less strict implementation of cosmetic
standards, for example, regarding the size of fruit and vegetables. Meyer et al. [59] suggest
that a change from marketing more items per piece to a marketing per mass in Germany
would reduce the pressure to produce same-size products. However, in Italy, most FFV
products are already sold by mass, and still this issue was raised in the interviews.

Although some studies have detected a negative image effect on retailers due to selling
of suboptimal products [60], POs argue that suboptimal products have the “same organoleptic
and quality characteristics and same taste, but they are just ugly”. This claim is in line with
other studies which underline the need for raising awareness among customers [18,58,61],
especially adopting some marketing strategies [62].

Since suboptimal products are a big issue at the interface between POs and retailers,
alternative marketing channels are available to reallocate products. There are marketing
options (e.g., “patata imperfetta” in Italy or “die krummen Dinger” in Germany) to sell
such produce at the fresh market by retail chains, but as mentioned above, marketing is
challenging due to consumer preferences. Alternative fresh marketing channels could
directly address open-minded consumers or public institutions, e.g., by offering suboptimal
food boxes using online subscription systems in Germany (German examples are the
start-ups Querfeld [63] and Etepetete [64]), Austria (Austrian example is the start-up
Afreshed [65]), or the UK (UK example is the start-up Oddbox [66]) or to address food
service businesses.
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From the perspective of the POs interviewed, limits to pesticide residues also represent
a critical issue, because German and Italian retailers ask for stricter thresholds than the
ones imposed by EU regulations. Although in Italy they do not seem to affect FL to a great
extent, German interviewees are of the opinion that the standards are quite hard to reach
and are considered among the most important reasons affecting FL levels. Reasons are
the inability to control pests and diseases by applying only small amounts or a restricted
number of agents, but also the sorting out of produce exhibiting too high levels and/or too
large numbers of pesticide residues.

The challenge seems to be even harder for organic FFV products, where higher restric-
tions are in force due to the requirement of the organic certification bodies. Interviewees
argue that the combination of restrictions of pesticide use, and cosmetic standards leads
to a higher likelihood of FL generation in organic supply chains, as compared to conven-
tional ones.

3.4. Limitations

Three main limitations must be considered for this study. First, only three interviews
were conducted in the Italian case, and they were not literally transcribed, as it was the case
in Germany. However, the Italian POs involved in the study are quite large and relevant
at the national level, and full notes were taken during the interviews. Second, interviews
can only capture perceptions and knowledge on processes, and therefore enhance the
understanding of FL mechanisms. However, the approach is not suitable for assessing
quantities of FL. Therefore, we cannot relate the interviewees’ views to the actual quantity
of FL the POs generate. Third, and last, it should be remarked that the views reported in
the study reflect the perspective of the POs, which may contrast with the perception of the
other supply chain actors.

4. Conclusions

The aim of this paper is to examine differences and similarities between Italy and Ger-
many considering FL generation in the upstream stages of the supply chain, focusing on the
FFV sector. Through a series of qualitative interviews, we gained insights from POs about
the organisation of the supply chain, the content of contracts and agreements with buyers,
and the relation between FL and private quality standards imposed by buyers. The study
confirms the key role of POs in the FFV supply chain. They increase farmers’ bargaining
power against retailers and food industry, both in Germany and in Italy. However, retailers
still have the power to impose most of the conditions to POs and farmers concerning the
terms of contracts and agreements. The content of these agreements shows differences
among the two countries analysed, especially concerning the timing with which quantities
and prices are defined. Retailers also require private quality standards to POs, which are
typically stricter than those imposed by law. This mechanism can generate a significant
amount of suboptimal products that are likely to become FL in the absence of alternative
marketing channels.

This study suggests that some key antecedents of FL at the upstream stages of FFV
supply chains, such as the concentration of the supply, the way private quality standards
are enforced by retailers, and the opportunities to reallocate suboptimal products, are quite
similar across POs located in Germany and Italy. Nevertheless, several conditions are
different, such as levels of informality in Germany, especially in the contract agreements
between POs and buyers. This, in turn, may lead to diverging responsibility for the produce,
and thus result in varying points within the supply chain where actors can implement
food loss prevention measures. An example is the packaging of produce earlier or later
in the supply chain, which would require FL reduction measures either in the field or
at the PO level, respectively. Overall, this means that POs represent a crucial role in the
implementation of FL prevention strategies targeted at the upstream stages of the supply
chain. In addition, from the policy perspective, involving the POs in the discussion and
implementation of action against FL is crucial, also considering that the same dynamics
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of FL generation might be found in the FFV sector of other EU countries. The evidence of
this study confirms that the whole issue of food loss and waste must be addressed from a
broader perspective. Additionally, in the first stages of the supply chain, the framework
to address the issue should be set and implemented starting from the EU level and the
Common Agricultural Policy instruments.
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A B S T R A C T

Retailers usually impose strict private quality standards on fresh fruit and vegetable products, mainly focused on
cosmetic features. At the supplier level, this generates a stream of suboptimal products that cannot be sold on the
fresh market. This article studies the impact of these standards on suppliers by means of a direct quantification
conducted in 2023 in the carrot supply chain of an Italian Producer Organisation. 34.64% of the carrots pro-
cessed in terms of mass is downgraded because of non-compliance with the standards imposed by retailers, while
12.57% is lost at the primary stage due to food safety reasons. Downgrading occurs as a result of cosmetic
imperfection (33.28% of mass) or because carrots are out-of-size (66.72%). The downgraded carrots are re-
processed for industry, generating an additional loss of 15.27% of mass along the way. The economic loss
linked to downgrading would account for 22.05% of potential turnover if no cosmetic quality standards were
applied. By modelling a series of hypothetical scenarios, this article discusses the impact on the producer if the
private quality standards imposed by retailers were more flexible.

1. Introduction

The incidence of food loss in the fruit and vegetable sector is esti-
mated as 20–25% of production in terms of mass (Porat et al., 2018;
FAO, 2019). When considering the early stages of the supply chain, from
farms up to - but no including - retail, 13.8% of the economic value of
food produced globally is lost (FAO, 2019). However, at these stages, the
availability of data gathered through direct quantification is limited
(Caldeira et al., 2019; Corrado et al., 2018; Schneider et al., 2019) and
many studies rely on data obtained from literature reviews or indirect
measurement, significantly limiting its accuracy (Corrado et al., 2019).
The main factors contributing to food loss in the fruit and vegetables
value chain are agronomic practices, disease, deterioration, incorrect
storage, human error, and product defects (Ishangulyyev et al., 2019;
Gustavsson et al., 2011). While many of these factors can hardly be
managed or prevented through human action, several are due to the
actions of operators in the value chain. This is the case of private quality
standards, which are increasingly considered relevant to discussion
about food loss in the fruit and vegetable sector (de Hooge et al., 2018;
Pietrangeli et al., 2023; Porter et al., 2018; Porat et al., 2018).

Private quality standards are requirements that buyers (especially

retailers) impose on suppliers with the aim of standardising the
appearance and features of fruits and vegetables (de Hooge et al., 2017,
2018; Hartmann et al., 2021). These standards are stricter than the re-
quirements established by public and semi-public institutions (such as
the EU or UNECE) to ensure food safety. The application of such stan-
dards prevents the sale of products with imperfections, for example
black spots, non-straight shapes or other cosmetic issues, resulting in the
rejection of a substantial volume of produce, referred to as suboptimal
(Commons, 2017; Hezarkhani et al., 2023). These products have the
same intrinsic quality and safety as products that meet the standards, but
their visual appearance, shape or colour deviate from the norm; for this
reason, they may be deemed undesirable by consumers and retailers
may not accept them to be sold on the fresh market (Aschemann-Witzel
et al., 2015).

For some products, the application of private quality standards starts
in the field, with selective harvesting (Gunders, 2012; Suresh Kumar
et al., 2023). More often, private quality standards are applied during
post-harvest operations, when suboptimal products are selected and
downgraded, thus leaving the stream of products destined for the fresh
market. If they are not quickly reallocated to alternative, less remu-
nerative, marketing channels (such as the food industry, Pietrangeli
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et al., 2023), they can become a food loss, due to their perishability (de
Hooge et al., 2018).

FAO (2021) estimates that between 25% and 30% of carrots do not
reach grocery stores due to physical or cosmetic defects. In the UK,
on-farm and grade-out losses due to cosmetic issues are between 23%
and 44%, and the products with the highest losses are potatoes, carrots,
onions, and brassicas (Porter et al., 2018). In England, 3%–13% of po-
tatoes, 9%–20% of onions, and 5%–25% of apples are discarded for
aesthetic reasons (Commons, 2017). In a study conducted in Australia,
tomato losses during post-harvest operations are 40.3% of the total
harvestable product; of this, between 68.6% and 86.7% are rejected due
to out-grades (McKenzie et al., 2017). In the fresh longan fruit supply
chain in Thailand, from harvesting, sorting, grading and packaging to
transportation, qualitative loss amounts to 11.02% of total production
(Tansuchat et al., 2023). In Finland, 13%–31% of carrots produced are
diverted to a side stream, the main reason being flaws in quality, size or
appearance (Hartikainen et al., 2017).

In Switzerland, Willersinn et al. (2015) found that total potato losses
are approximately 41%–46% of the initial processing mass, and half of
these losses are due to quality standards. Fernandez-Zamudio et al.
(2020) quantified losses of persimmon in Spain at the harvest and
post-harvest stages as equal to 38.5% of the mass ultimately commer-
cialised, or 29.5% of the entire volume produced; persimmons pre-
senting purely aesthetic damage, and thus not meeting quality
standards, are 4.57% of the harvested fruit on average. De Falco et al.
(2022) studied the artichoke chain in Italy, where food loss was between
58.5% and 69% in the post-harvest phase.

The application of private quality standards has a huge impact on
operators in the upstream stages of the supply chain: harvesting, pro-
cessing, and distribution (Porter et al., 2018). In the fruit and vegetable
supply chain, Producer Organisations (POs) play a crucial role in harvest
and post-harvest operations. These are farmers’ associations which
oversee the harvesting and marketing of produce, achieving greater
bargaining power than individual farmers (Herzberg et al., 2022). POs
perceive private quality standards as a challenge, due to the strict re-
quirements set by retailers (Pietrangeli et al., 2023).

This paper aims to contribute to this stream of research by providing
a direct quantification of the carrots lost and downgraded due to private
quality standards, in terms of mass and value, on the basis of field data
retrieved at one large PO in Italy. The research questions behind this
study can be defined as follows: (i) what proportion of carrots are
downgraded due to private cosmetic quality standards, and how many
are lost, out of the total mass processed at a PO? (ii) what are the eco-
nomic implications of downgrading and loss of carrots, in terms of
turnover for the PO and, in turn, for producers? (iii) what are the
possible actions to reduce downgrading and sell more carrots on the
fresh market?

2. Material and methods

2.1. Case study

This paper focuses on the postharvest phases of the carrot supply
chain. Carrots fall within the EU common market organisation for fruit
and vegetables, and producers are frequently associated in POs, which
take care of post-harvest operations and market commercialisation,
through retailers or industry. The field study was conducted at the
warehouse of a PO located in central Italy. The total production of fruit
and vegetables by this PO is 78 million kilos per year from 183 farms,
and its annual gross turnover from all services provided by the PO is
around 40 million euros. The main products of the PO are fennel, car-
rots, potatoes and salad vegetables, with a total cultivated area of over
32,000 ha. Italy is the 5th largest producer of carrots in the EU and the
15th in the world (Brandi et al., 2021), with a total production of 4,991,
515 quintals per year (Istat, 2023). The case study PO is located in
Abruzzo, the top Italian region in terms of quantity of carrots produced

(1,501,000 q per year).

2.2. Definitions

This study focuses on post-harvest operations in the carrot value
chain. In this case study, carrots are sorted into three categories, based
on their quality attributes (Johnson et al., 2018), and in line with the
European definition of food waste (Directive EU – 2018/851) (Fig. 1).

• Marketable as fresh: carrots that are suitable for human consumption,
with no visual or cosmetic defects, diameter between 20 and 40 mm
(imposed by buyers as part of private quality standards). These
carrots are sold to retailers to be marketed as fresh.

• Downgraded – Edible but not marketable as fresh (DØtot): carrots that
are safe and nutritious, not under- or over-ripe but not saleable on
the fresh market because they do not meet the private quality stan-
dards relating to size, shape and colour; these carrots are re-
processed and sold for industry.
o DminØ: carrots with a smaller diameter than the minimum
accepted by buyers (<20 mm);

o DmaxØ: carrots with a larger diameter than the maximum
accepted by buyers (>40 mm);

o DØ: carrots with a diameter between 20 and 40 mm, discarded due
to cosmetic issues.

• Unfit: carrots discarded after harvest because they are unfit for
human consumption; these are further sorted into two categories:
o Primary loss: carrots that are damaged, diseased, decayed, under-
or over-ripe and are discarded upon arrival at the PO warehouse.

o Secondary loss: inedible parts of carrots that are cut and discarded
during the re-processing of downgraded carrots destined for
industry.

These parameters are specific to the PO in this case study, as they are
the result of negotiation between buyers and suppliers.

This study also attempts to evaluate the economic implications of
carrot downgrading and loss. The definitions used for this purpose are.

• Potential turnover (€/kg): turnover that could be gained if no private
cosmetic quality standards were applied and all edible carrots were
sold on the fresh market. Here, it is assumed that the additional
carrots are sold at the same sales price.

• Current turnover (€/kg): turnover currently gained with the applica-
tion of private cosmetic quality standards.

2.3. Methodology of assessment

For the purposes of this study, a field assessment was conducted at
the warehouse of the PO, to measure the streams of carrots, in terms of
mass and economic value, at every stage of post-harvest operations,
from the moment the harvested carrots enter the warehouse until they
are sold to the fresh market or industry.

The unit of measurement used for direct quantification is the kilo-
gram, while the unit of reference to assess the stream of carrots during
processing in the PO warehouse is the plastic bulk bin that is used to
process carrots. Each bin is measured, and on average their capacity is
350–400 kg. Therefore, each bin processed corresponds to one obser-
vation in the final dataset.

The method of data collection is based on several points of assess-
ment, where streams of carrots are measured, as shown in Fig. 2. For
each stream, the quantity of carrots in terms of mass (kg) and, if possible,
value (sales price in €) is assessed.

During harvesting, the carrots are collected in bins (still with soil and
stones). No selective harvesting occurs on the field. The carrot bins are
taken into the PO warehouse and placed in cold storage. Upon receipt of
an order from a retailer, the carrot processing process starts. Each bin to
be processed is weighed (still dirty) and unloaded onto a platform which
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transfers the carrots to the washing machine. Here, an initial stream
leaves the process, consisting of unfit carrots (diseased or rotten), soil
and stones. Unfit carrots (primary loss) and soil and stones are weighed
separately. After this, the carrots go through a process of manual se-
lection, to detect any unfit ones. The carrots then pass through the
calibration machine, where they are sorted by size: carrots with a
diameter between 20 and 40 mm continue in the process, while out-of-
size carrots are downgraded because they are too small (DminØ in
Fig. 2) or too large (DmaxØ in Fig. 2). The in-size carrots are manually
re-sorted to remove any carrots with cosmetic imperfections that do not
meet the private cosmetic standards imposed by buyers (mainly large
retail companies); these carrots with cosmetic flaws are downgraded,
meaning that they are not considered suitable to be sold as fresh prod-
ucts (DØ in Fig. 2). Carrots that are in-size and free from cosmetic im-
perfections are sold for the fresh market. They can be sold in bulk bags
(average weight approximately 1100 kg), trays (1 kg, 500 g, 600 g or
750 g) or boxes (10 kg); they are packed and loaded onto trucks at the
PO warehouse, to be delivered to retailers.

Downgraded carrots are re-processed, either on the same day or in
the following days, to be sold to the food industry; this requires a process
during which imperfections, black spots and splits are removed. Also in

this case, the carrots are loaded onto trucks at the PO warehouse and
delivered to the food industry. Meanwhile, unfit carrots are disposed of
as organic waste or used for animal feed.

As a result of the data collection, for each bin assessed the quantities
measured are: weight on delivery, unfit carrots (primary loss), down-
graded carrots divided into DminØ, DmaxØ, and DØ, carrots sold for the
fresh market, carrots re-processed for industry, carrots discarded during
re-processing because unfit for human consumption (secondary loss),
and carrots sold to the food industry. These secondary losses are also
disposed of or used for animal feed.

The field data collection covers 18 days during the months of July,
August and September 2023. The total mass of carrots sampled is
279,757 kg, which represents around 1% of the PO’s total production in
one season.

To weigh the bins, scales with a sensitivity of 1 kg are used; weight is
measured with the help of forklifts. Meanwhile, manual scales with a
sensitivity of 1 g are used for boxes; for trays, a built-in scale in the
packaging machine is used. All weights recorded during the study are
net of tare.

For each bin sampled at the beginning of the process, all the data at
the data collection points are detected and recorded in a database built

Fig. 1. Classification of carrots in the three different categories: marketable as fresh (I), downgraded – edible but not marketable (II) and unfit (III).

Fig. 2. Carrot processing operations in the PO warehouse. Each arrow represents the flow of the process to the next step. Each star represents a data collection point,
at which the quantity (kg) is assessed for each bin processed. For quantities sold for the fresh market and the food industry, the economic value is also recorded (€).
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on Excel. The accuracy of the data collection is checked on a daily basis
by cleaning and monitoring the dataset, also using historical data from
the production years 2020, 2021 and 2022 as a benchmark.

Due to the different timing of post-harvest carrot operations at the
PO warehouse, the data collection process is divided into two stages,
reflected in Fig. 1.

1. Collection of data on carrots processed, from their arrival at the PO
warehouse to their sale on the fresh market or downgrading;

2. Collection of data on carrots re-processed for industry, from the re-
processing of downgraded carrots to their sale to industry.

The sales prices of the product are also recorded in order to support
economic evaluation. Data on sales are acquired from PO records from
1st of January to 31st of August 2023. The names of the buyers are
anonymised by means of a code, to prevent any sharing of market-
sensitive information. However, sales to different buyers are recorded
separately because the PO negotiates the price of products individually
with each, and significant differences in price are possible even within
the same day for a given product. In the dataset, every individual sale
that occurred within the period is recorded, along with the quantity and
sales price. Sales are categorised by type of buyer, to distinguish be-
tween retailers (fresh market) and industry (re-processed carrots); they
are also divided by the type of carrots sold (conventional or organic) and
type of packaging.

2.4. Elaborations

In total, 182 bins of carrots were sampled during the study period,
corresponding to a total mass of 279,757 kg of carrots, approximately
1% of the PO’s overall yearly production. Two different datasets are
elaborated, reflecting the two separate stages of the carrot process in the
PO. Dataset 1 focuses on the first step of data collection, from harvest to
the sale of carrots for the fresh market, including the side stream of

downgraded carrots; Dataset 2 focuses on the second stage of the pro-
cess, from downgrading to the re-processing of carrots, until they are
sold to the food industry. A Dataset 3 is also elaborated, with the sales
records acquired from the PO, including the product code, name,
quantity, price, value, and the anonymised customer identification
number.

The datasets are composed of 136, 36 and 724 observations respec-
tively. Table 1 describes the variables used for the elaborations.

As an initial part of the elaborations, a Sankey diagram is created to
represent the streams of carrots during post-harvest operations at the PO
warehouse, referring to step 1 of the data collection.

Secondly, a descriptive analysis of Dataset 1, Dataset 2 and Dataset 3
is performed. In Dataset 3, price variation during the season is analysed.

The third section concerns the analysis of the economic implications
of downgrading. To this end, Dataset 1, Dataset 2 and Dataset 3 are
analysed collectively.

Lastly, scenarios are modelled with various levels of acceptance of
private cosmetic quality standards, with the aim of analysing the po-
tential effect of greater acceptance of defects in carrots, in terms of the
mass of carrots delivered to the fresh market or lost, and the consequent
economic implications. Four different scenarios are modelled.

- Scenario 1 (S1): the mass of carrots downgraded due to excess size
(DmaxØ) is decreased by 10%, reflecting a greater acceptance of
carrots that are currently considered too large to be sold on the fresh
market

- Scenario 2 (S2): the mass of carrots downgraded due to small size
(DminØ) is decreased by 10%, reflecting a greater acceptance of
carrots currently considered too small to be sold on the fresh market

- Scenario 3 (S3): the mass of in-size carrots downgraded due to
cosmetic defects (DØ) is decreased by 10%, reflecting a greater
acceptance of cosmetic defects in carrots to be sold on the fresh
market

Table 1
Variables used in the elaborations of the article. FM = fresh market.

Numerical variables

Variable Description Unit Min Max Mean Std. Dev.

Tot_kg_processed Total quantity of carrots harvested Kg 250.00 13470.00 1939.38 2839.96
Tot_kg_FM Total quantity of carrots sold to FM Kg 89.00 6475.00 1023.70 1166.94
DØtot Total carrots downgraded Kg 50.00 5594.00 671.88 1118.33
DØ Carrots downgraded for cosmetic reasons Kg 0.00 928.00 223.63 147.98
DminØ Carrots downgraded due to small diameter Kg 3.00 3651.00 171.13 490.33
DmaxØ Carrots downgraded due to large diameter Kg 0.00 3521.00 277.13 696.74
Unfit_primary loss Carrots unfit for human consumption Kg 10.00 3955.00 243.80 620.75
Loss Primary loss carrots discarded Kg 10.00 3014.00 230.50 568.75
Animal Primary loss carrots used for animal feed Kg 0.00 941.00 13.29 90.34
Industry_kg Total carrots re-processed for industry Kg 80.00 4087.00 1074.27 1073.69
Industry_worked_kg Total carrots sold to industry after re-processing Kg 52.00 3328.00 910.20 902.59
Industry_secondary_loss Secondary loss from industry re-processing Kg 10.00 863.00 164.07 191.37
Tot_kg_FM (%) Total quantity of carrots sold to FM % 22.53% 91.11% 59.87% 13.47%
DØtot (%) Total carrots downgraded % 7.85% 62.58% 32.31% 11.43%
DØ (%) Carrots downgraded for cosmetic reasons % 0.00% 48.14% 19.09% 11.35%
DminØ (%) Carrots downgraded due to small diameter % 0.43% 29.99% 4.54% 4.68%
DmaxØ (%) Carrots downgraded due to large diameter % 0.00% 29.49% 8.68% 6.09%
unfit_primary loss (%) Carrots unfit for human consumption % 1.05% 32.07% 7.82% 4.55%
Loss (%) Primary loss carrots discarded % 0.87% 24.44% 7.54% 4.32%
Animal (%) Primary loss carrots used for animal feed % 0.00% 7.63% 0.28% 0.95%
industry_worked_kg (%) Total carrots sold to industry after re-processing % 0.09% 0.97% 0.83% 0.09%
loss_industry (%) Secondary loss from industry re-processing % 0.52% 0.48% 0.17% 0.09%
€_conventional_carrots Sale price of conventional carrots sold to FM €/kg 0.25€/kg 1.20€/kg 0.72 €/kg 0.18€/kg
€_organic_carrots Sale price of organic carrots sold to FM €/kg 0.33€/kg 1.50€/kg 0.85 €/kg 0.20€/kg
€_industry Sale price of carrots sold to industry €/kg 0.27€/kg 0.85€/kg 0.49 €/kg 0.11€/kg

Category and dummy variables

Variable Description Type Category Category description Observations %

Organic_c Conventional carrots Dummy 0 No 30 16.50%
Organic carrots ​ 1 Yes 152 83.50%
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- Scenario 4 (S4): the mass of carrots downgraded is decreased by 5%
for each of the three defects considered (DmaxØ; DminØ; DØ),
reflecting a greater acceptance of suboptimal carrots on the fresh
market.

The economic value of the resulting mass of carrots accepted for the
fresh market is calculated by using the specific median price, consid-
ering variations across the season, for conventional and organic carrots
sold to the fresh market, and for carrots re-processed for the food in-
dustry separately. The results are compared with the status quo.

3. Results

3.1. Descriptive analyses of the quantity of carrots processed

A total of 279,757 kg of carrots is sampled. Subtracting tare (soil and
stones), the mass of carrots starting the process in the PO warehouse is
263,755 kg. Of these, in the first stage, 52.78 % are sold for the fresh
market (139,223 kg), 34.64% (91,376 kg) are downgraded (DØtot), and
12.57% are primary loss (33,156 kg). Analysing the reasons for down-
grading, out-of-size carrots account for 66.72% (60,963 kg of the total
downgraded), of which 25.47% (corresponding to 8.82% of total carrots
processed) are smaller than the minimum required diameter (DminØ)
and 41.25% (14.29% of total carrots processed) are larger than the
required diameter (DmaxØ). 33.28% (30,413 kg) of downgraded carrots
(corresponding to 11.53% of total carrots processed) fail to meet the
private cosmetic quality standards required for sale on the fresh market,
even if they are the correct size, and are therefore downgraded (Fig. 3).

Fig. 4 analyses the distribution of downgrading across the observa-
tions of Dataset 1. The variables present a normal distribution. Average
downgrading amounts to 32.31% and is composed of values that are
generally higher than the average. Analysing the three variables that
lead to downgrading (DmaxØ, DminØ and DØ): DØ has an average of
19.09%, higher than the out-of-size carrots, with a normal distribution;
DmaxØ, with an average of 8.68%, has many values lower than the
average; DminØ, with an average of 4.54%, presents the opposite situ-
ation. The proportion of unfit carrots (primary loss) has an average of
7.82%, and the distribution shows a shift towards lower values than the
average.

The second stage focuses on the re-processing of downgraded carrots,

which are sold to industry. For this elaboration, Dataset 2 is used. The
quantity re-processed does not correspond to the quantity downgraded
recorded in Dataset 1 because the re-processing may occur on different
days. The sample to which Dataset 2 refers has a total mass of 75,199 kg
of downgraded carrots. Of these, 84.73% (63,714 kg) is sold to industry,
while the remainder, 15.27% (11,485 kg), is discarded as a secondary
loss.

3.2. Descriptive analysis of the sales price of carrots

Carrot sales prices are analysed for carrots sold both to the fresh
market and to the food industry (Fig. 5). The sales price of carrots sold to
the fresh market varies with the week and the various buyers, depending
on ongoing negotiations between the PO and retailers. Different

Fig. 3. Sankey diagram showing the first stage of the carrot processing in the PO, from harvesting to the selection of carrots in the warehouse for sale on the fresh
market, downgraded and unfit as primary loss.

Fig. 4. Boxplot showing the distribution of downgraded and unfit carrots in the
first stage of the PO process, calculated on the basis of the quantity processed in
the same observation in the row. Values are expressed as percentages (%). On
the Y axis, the distribution of the percentage of downgrading (calculated as
mass of downgraded carrots as a proportion of the total mass of carrots pro-
cessed) across observations (N = 136); on the X axis, the variable analysed:
DmaxØ, DminØ, DØ, DØtot and unfit carrots, representing primary loss.
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negotiations, and therefore different prices, are reported for conven-
tional and organic carrots, with an average sales price from January
2023 to August 2023 of 0.72 €/kg and 0.85 €/kg respectively, and a
median price of 0.68 €/kg and 0.86 €/kg.

Regarding the sales price for industry, this is systematically lower
than the fresh market price; it also shows less fluctuation, remaining
more stable throughout the season. Here, conventional and organic
carrots are sold at the same price, but the sales price may vary between
buyers (various food industry companies). The average sales price from
January to August 2023 is 0.49 €/kg, while the median price is 0.50
€/kg.

Table 2 focuses on the variation in sales price during the months of
the field data collection. In particular, between June and August 2023
the sales price for conventional carrots averages 0.72 €/kg, with a lower
standard deviation (0.18 €/kg) and a median of 0.68 €/kg. The price of
organic carrots is higher; the average sales price is 0.85 €/kg, with a

standard deviation of 0.20 €/kg and a median of 1.00 €/kg, showing a
higher fluctuation at the higher end.

The industry sales price is more stable over the season, with small
fluctuations compared to the price on the fresh market: the average is
0.49 €/kg, with a standard deviation of 0.11 €/kg and a median of 0.42
€/kg during the months of the data collection.

3.3. Economic implications

The economic implications of the application of private cosmetic
quality standards by retailers are analysed on the basis of Dataset 1, as
shown in Fig. 6, comparing the current turnover (turnover currently
gained with the application of such quality standards) with the potential
turnover. Potential turnover is calculated by considering the mass of
carrots that could potentially be sold on the fresh market if no private
cosmetic quality standards were applied, and represents the turnover

Fig. 5. Scatter plot of sales prices divided by market channel destinations (fresh market or industry). For the fresh market, the sales price is divided into conventional
and organic carrots. The X axis shows the months of 2023; the Y axis shows sales prices (expressed in €/kg).
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that could be achieved if no such standards were applied. Starting with
the total carrots processed (263,755 kg), the primary loss (12.57%) is
discarded as unfit for human consumption. Potential turnover is calcu-
lated as the gross revenue from carrots sold to the fresh market, plus the
gross revenue that could come from downgraded carrots, if they were
also sold to the fresh market. The median sales price recorded during the
season is used for this purpose. The potential turnover, corresponding to
87.43% of carrots processed (currently sold to the fresh market, plus
downgrading), amounts to 193,873.08 €. However, due to private
cosmetic quality standards, only 52.78% of total carrots processed is
sold to the fresh market, corresponding to a turnover of 118,599.32 €,
61.17% of potential turnover. The remaining carrots are downgraded
and re-processed for the food industry. In this process, a secondary loss

equivalent to 15.27% of the re-processed mass occurs, therefore 84.73%
of the total mass of re-processed carrots is sold to the food industry.
Considering the median price at which carrots are sold for industry, this
process generates an additional turnover of 32,517.43 €. In the current
situation, total turnover is 151.116,75 € for 263,755 kg of carrots
processed.

The economic loss linked to the application of private cosmetic
quality standards amounts to 42,756.33 € (22.05% of potential turn-
over), and is due to (i) the secondary loss that occurs during the re-
processing of carrots, and (ii) the difference between the sales prices
for the fresh market and industry. This economic loss is directly
dependant on the private cosmetic quality standards imposed by buyers,
and does not take into account the additional cost that the PO must bear
to re-process downgraded carrots and prepare them for sale to industry.

In this calculation, we assume that the sales price remains the same
for all carrots sold on the fresh market.

For a more in-depth study of the impact of private cosmetic quality
standards, the mass of carrots sold to the fresh market and the associated
economic loss are calculated for the four scenarios outlined in the
methodology, and compared with the status quo scenario described
above. All calculations are made on the basis of a total mass of carrots of
263,755 kg.

3.3.1. Scenario 1 (S1)
Scenario 1 (S1) reflects a greater acceptance of carrots that are

currently considered too large to be sold on the fresh market, with a
decrease of 10% of DmaxØ. In this situation, the turnover increases to
152, 657, 80 €, 1.02% higher than current turnover. At the same time,
economic losses decrease by 3.60%. In terms of the mass of carrots,
secondary losses (in kg) decrease by 4.12%.

3.3.2. Scenario 2 (S2)
Scenario 2 (S2) reflects a greater acceptance of carrots that are

currently considered too small to be sold on the fresh market, with a

Table 2
Sales price of carrots during the months of the data collection, divided by
destination (fresh market or industry) and type of carrots (conventional or
organic). All prices are in €/kg. FM = fresh market.

Mean Median Stan
dev

Min Max

€/kg €/kg €/kg. €/kg €/kg

Sales price for conventional
carrots sold to FM

0.72 0.68 0.18 0.25 1.20

June 2023 0.87 0.70 0.24 0.64 1.20
July 2023 0.68 0.67 0.15 0.25 1.05
August 2023 0.72 0.72 0.14 0.54 1.05
Sales price for organic carrots
sold to FM

0.85 1.00 0.20 0.33 1.50

June 2023 0.86 0.88 0.13 0.38 1.08
July 2023 0.94 1.00 0.18 0.33 1.20
August 2023 0.91 1.00 0.18 0.38 1.10
Sales price for carrots sold to
food industry

0.49 0.42 0.11 0.27 0.85

June 2023 0.52 0.52 0.04 0.40 0.60
July 2023 0.45 0.42 0.10 0.30 0.70
August 2023 0.44 0.42 0.12 0.27 0.72

Fig. 6. Economic implications of private cosmetic quality standards on turnover. Potential turnover is compared to the current figure, where private cosmetic quality
standards are applied.
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decrease of 10% of DminØ. Also in this scenario, the quantity of carrots
sold for the fresh market increases (+1.67%), and economic losses
decrease (− 2.04%); however, even if the quantity sold is higher, the
turnover does not grow as much as in S1 (+0.58%) since smaller carrots
weigh less and carrots are sold by the kilo. Secondary losses decrease by
2.55%.

3.3.3. Scenario 3 (S3)
Scenario 3 (S3) hypothesises a greater acceptance of carrots that are

currently downgraded due to cosmetic defects (DØ), with a decrease of
10% of DØ. As a result, total turnover increases by 1.23% compared to
the current situation, and the turnover from the fresh market increases
by 2.48%. Secondary losses decrease by 3.33% in terms of mass, while
economic losses decrease by 4.35%.

3.3.4. Scenario 4 (S4)
In Scenario 4 (S4), a 5% decrease in downgrading is modelled for all

three reasons (DminØ; DmaxØ; DØ). In this scenario, turnover increases
by 1.41%, while economic losses and secondary losses (kg) decrease by
5%.

Table 3 compares the four scenarios with the current situation. In the
table, S1 corresponds to a 10% decrease in DmaxØ-downgraded carrots,
increasing the quantity sold for the fresh market; S2 to a 10% decrease in
DminØ-downgraded carrots and an increased quantity to be sold for the
fresh market; S3 to a 10% decrease in DØ -downgraded carrots and
increased quantity to be sold for the fresh market; and S4 is a 5%
decrease in downgrading and the corresponding increase in the quantity
sold for the fresh market. In each scenario, the first column shows data
calculated, while the second column shows the difference compared to
the current situation, expressed as a percentage (%). The highest overall
turnover is shown in S4, with an increase of 1.41% compared with
current turnover. It also shows the lowest losses in terms of mass
following the hypothesised greater acceptance of all types of defects on
the fresh market.

However, when a greater acceptance is hypothesised for only one
defect (S1, S2 and S3), Scenario S2 shows the least change in terms of
mass and value. In S3, the turnover is higher by 1.23% compared to the
status quo, while in S1 (DmaxØ) turnover increases by 1.02%.

4. - Discussion

This study provides a direct assessment of the impact of private
cosmetic quality standards imposed by retailers in the fruit and vege-
table value chain. It measures the quantity of downgrading and loss in
the carrot value chain at the post-harvest phase. There is an ongoing

discussion on whether cosmetic quality standards affect the extent of
food losses in the fruit and vegetable sector, as suggested by initial ev-
idence provided for other products (Fernandez-Zamudio et al., 2020;
Opara et al., 2021; Commons, 2017; McKenzie et al., 2017; Tansuchat
et al., 2023; Willersinn et al., 2015; Hartikainen et al., 2017). In this
case, we measured and weighed the streams of carrots at a PO ware-
house, where the carrots are processed after harvesting, prepared, and
sold to buyers.

One key fact is that 12.6% of carrots processed at the PO are dis-
carded because they are deemed unsuitable for human consumption.
This result is in line with the losses of up to 9% recorded by Schneider
et al. (2019) for potatoes, although in that case the primary losses were
measured in the field, while in this study the selection of carrots only
occurs at the PO warehouse. Fig. 4 suggests that the data is relatively
stable across the 136 observations collected, even though the 2023
season was fairly challenging in the study area due to weather condi-
tions. Such primary losses can hardly be prevented, but they can be used
as inputs for other processes (Papargyropoulou et al., 2014), for example
the production of animal feed and biogas (de Oliveira et al., 2021).

Focusing on the role of private cosmetic quality standards, 34.64% of
the carrots processed are not considered suitable for the fresh market
because they fail to meet the standards, and are therefore downgraded.
This figure is in line with available data in the literature for carrots
(FAO, 2021), potatoes, onions, and apples (Porter et al., 2018); while it
seems lower when compared with tomatoes (McKenzie et al., 2017).
More specifically, our results fall within the range of carrot loss esti-
mated by FAO (2021), which suggested that between 25% and 30% of
carrots are lost before retailing due to physical or cosmetic defects.
However, FAO data are obtained through indirect measurement (Stuart,
2009).

The main reasons for downgrading are size (25.47% too small and
41.25% too large, in terms of mass) and cosmetic issues (33.28% of
mass). In all these cases, carrots are perfectly edible from a food safety
perspective; they merely lack the “right appearance” to be accepted at
retail. The downgraded carrots are not lost, but re-processed within the
PO, prepared for further industrial processing and sold to industry at a
lower price. The food industry is an important marketing channel for
POs operating in the fruit and vegetable sector; it is considered more
stable than the fresh market in terms of price and demand, albeit less
remunerative (Pietrangeli et al., 2023). However, during the
re-processing of carrots, a secondary loss occurs, larger than expected in
terms of quantity. Following the food hierarchy procedure
(Papargyropoulou et al., 2014), this secondary loss is mostly used for
animal feed or disposed of as waste. Another possible destination is
biogas production, although this was not the case in our study because

Table 3
Comparison of the four scenarios compared with the current situation; FM = fresh market.

Total carrots processed and ready to be sold - without primary loss (kg) 263,755
Potential quantity sold for FM (kg) 230,599
Potential turnover (€) 193,873.08 €

Current
situation

S1 S2 S3 S4

Total turnover (€) 151,116.75 € 152,657.80
€

1.02% 151,989.99
€

0.58% 152,978.10
€

1.23% 153,254.57
€

1.41%

Qty sold to FM (kg) 139,223 142,992 2.71% 141,550 1.67% 142,264 2.18% 143,792 3.28%
Turnover from FM(€) 118,599.32 € 121,481.61

€
2.43% 120,300.76

€
1.43% 121,542.96

€
2.48% 122,363.01

€
3.17%

Qty carrots downgraded (kg) 91,376 87,607 − 4.12% 89,048 − 2.55% 88,334 − 3.33% 86,807 − 5.00%
Qty carrots re-processed and sold to
industry (kg)

77,422 74,229 − 4.12% 75,451 − 2.55% 74,846 − 3.33% 73,551 − 5.00%

Turnover from industry (€) 32,517.43 € 31,176.19 € ¡4.12% 31,435.14 € ¡2.55% 31,435.14 € ¡3.33% 30,891.56 € ¡5.00%
Turnover loss compared with
potential turnover (€)

42,756.33 € 41,215.28 € ¡3.60% 41,883.09 € ¡2.04% 40,894.98 € ¡4.35% 40,618.51 € ¡5.00%

Quantity of secondary loss (kg) 13,953 13,378 − 4.12% 13,598 − 2.55% 13,489 − 3.33% 13,255 − 5.00%
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no facilities are available in the area.
The economic result of this situation is that the PO systematically

loses part of its turnover because a significant portion of its production is
diverted from the fresh market and reallocated to industry. The loss of
turnover calculated in this study, for the sampled mass of carrots
(around 1% of the PO’s total yearly production), is 42,756.33 €, equal to
22.05% of the corresponding potential turnover. This value is higher
than expected, which can probably be explained considering that
15.27% of the downgraded carrots are lost during re-processing (5.29%
of the initial mass); this means not only that the downgraded carrots are
sold to industry at a lower price, but also that the quantity available to
be marketed for industry is lower due to losses during re-processing. As a
consequence, the actual economic loss may even be higher, since
products must be processed twice, with a corresponding increase in cost
and effort.

However, commercial criteria vary from crop to crop and between
individual buyers: everything is at the discretion of the buyer, and this
results in significant variation. Depending on the buyer’s preferences, it
might reject a product that another buyer would accept. These criteria
increase the difficulty for POs, as well as affecting logistics and pro-
duction costs. This issue should be addressed through political bodies or
trade regulations, such as those of the World Trade Organization.

Some studies argue that alternative marketing channels can be found
for downgraded products and, more generally, products with minor
defects. Some authors suggest that “ugly” carrots can be mixed with
“beautiful carrots” in bunches to be sold on the fresh market (Qi et al.,
2022), but many other alternative marketing channels are being
developed. Online channels aiming to sell suboptimal products are
growing (de Hooge et al., 2018), for example “Belli dentro”
(https://www.belladentro.org/) in Italy. Another example is the
reprocessing of ‘misshapen’ carrots into ‘baby’ carrots (Porter et al.,
2018; Peterson et al., 2008). It was not the case in this particular study,
but sometimes misshapen or out-of-size products are left in the field and
not harvested; when this happens, creative market-
ing/processing/distribution of such produce could reduce avoidable
on-farm loss, potentially increasing income and food availability
(Delgado et al., 2021; Fernandez-Zamudio et al., 2020; Baker et al.,
2019), for example through gleaning (Johnson et al., 2019; Kowalczyk
et al., 2020).

But is it true that consumers would not accept misshapen and wrong-
sized products if they were sold as fresh at retailers? Today’s literature
provides evidence that consumers might be willing to accept suboptimal
products, especially if they are sold at a reduced price (de Hooge et al.,
2017, 2018; Aschemann-Witzel et al., 2017; Hartmann et al., 2021; Tait
et al., 2024; Tsalis et al., 2024).

Our results suggest that greater flexibility in private cosmetic quality
standards could significantly reduce the loss of product and revenue at
the PO/farm level. In this regard, the priority suggested by our analysis
of scenarios is to increase the acceptability of wrong-sized carrots.
Accepting 10% more oversized carrots could result in an increase of
1.02% in total turnover for producers, while accepting 10% more small
carrots could result in an improvement of 0.58% in total turnover.
Obviously, these are only theoretical scenarios, but they provide con-
crete evidence of the impact that a higher rate of acceptance of such
products can make. Besides size, another important aspect to consider is
the acceptance of carrots with small cosmetic defects. Accepting 10%
more carrots that are in size, but are downgraded for cosmetic reasons,
could result in an increase of 1.23% in total turnover. When greater
acceptance is hypothesised on all the defects considered (S4), turnover
increases by 1.41%. All these scenarios seem reasonable in the light of
numerous studies suggesting that consumers are willing to buy products
with minor defects, possibly sold at a lower price (Aschemann-Witzel
et al., 2017; de Hooge et al., 2017).

In this study, we assume that the selling price at which buyers pur-
chase carrots from the PO does not change when an additional volume of
“lower quality” carrots is marketed. This can be considered realistic for

our specific case study, whose focus is on one PO which may be able to
negotiate a good price for the additional carrots sold on the freshmarket,
despite their small defects in size, shape and appearance. However, if we
extend our scenarios to other producers, it is possible that that price of
carrots on the fresh market may decrease in response to the additional
quantity delivered. Of course, in this situation the gains of POs due to
reduced private quality standards could also decrease. However, we can
also hypothesise that if the selling price of carrots decreases, the demand
for carrots increases. For example, Henneberry et al. (1999) estimates an
own-price demand elasticity of − 1.653 for carrots with respect to their
price, suggesting that a 10% decrease in the price of carrots would lead
to a 16.53% increase in demand. Substitution effects between carrots
and other vegetables may also occur (Henneberry et al., 1999), with
potential impact on their markets. Another aspect that merits discussion
is that, if private quality standards were made more flexible for all
producers, the overall quality of carrots on the market would decrease,
possibly affecting the willingness of consumers to pay for purchasing
this product. Previous studies on this topic suggest that such a decline in
the willingness to pay may not be linear. Qi et al. (2022) report that
consumers’ willingness to pay for carrots decreases even if only one
carrot in a bunch is suboptimal; however, up to 40% of suboptimal
carrots in a bunch, this willingness to pay does not decline further. In
this situation, adding a promotional message linking the purchase of
suboptimal produce with the reduction of food waste can partially offset
the decreased willingness to buy these products, especially if combined
with messages pointing out the authenticity and naturalness of “ugly”
carrots (Qi et al., 2022).

Consumer acceptance of minor cosmetic defects could be further
increased by raising the level of food literacy (Palumbo et al., 2019)
obtained through exposure to food and its uses over time, which has
been lost in developed countries, where consumers are increasingly far
away from the supply chain and its operation (Porter et al., 2018).

In this study, 83.54% of the sampled carrots are organic. This
product is mostly preferred by customers with a greater awareness of
sustainability; these consumers are expected to be more environmen-
tally responsible and more flexible regarding products with less strin-
gent aesthetic requirements.

In any case, the extent to which increased consumer willingness to
buy suboptimal products can push retailers to be more flexible in their
acceptance of products that fall below current private cosmetic quality
standards is not clear. In a study investigating retailers’ cosmetic spec-
ifications, Herzberg et al. (2022) found that these companies do not
perceive themselves as responsible for the food losses that arise earlier in
the supply chain due to the quality standards they demand. However,
such requirements are likely to become stricter when the product is
abundant, while more flexibility is common in years of short supply
(Herzberg et al., 2022).

Some retailers may also be hesitant to accept suboptimal products
because they are afraid of the effects on the image of other products sold
in the same store or with other competitors (Aschemann-Witzel et al.,
2020). It appears clear that these actors have greater bargaining power
and a more powerful position on the market than POs (Herzberg et al.,
2022; Pietrangeli et al., 2023); therefore the focus of research and policy
should remain the producer-retailer interface and the push for greater
acceptance of products with minor defects on the fresh market. The
results of this study suggest that even a small change can make a sig-
nificant impact on the economic results of farmers and POs.

The sales price for the fresh market is negotiated differently for
conventional and organic carrots, and agreed on a weekly basis. In this
study we could only partially break down the results into conventional
and organic carrots, but the downgrading of organic carrots can be
considered to have an even higher impact than that of conventional
ones: their production cost is higher, and their organic attributes are not
considered when selling to industry. The economic loss of downgrading
organic carrots is therefore likely to be higher. Future research may
investigate further on this; in organic production, the restricted use of
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fertilisers and pesticides may increase the frequency of cosmetic defects
(Oosterkamp et al., 2019) possibly leading to a higher rate of down-
grading for these products.

Lastly, increasing the acceptance of additional carrots sold on the
fresh market could increase turnover for both POs and farmers, and at
the same time reduce costs during the post-harvest phase.

This study has several limitations. The data collection was conducted
during a single productive season; studying more seasons would
certainly provide a more accurate assessment, especially with greater
seasonal variation linked to climate change. However, field data
collection is extremely demanding in terms of time and resources, so the
value of the data collected remains high. Furthermore, the assessment
refers to carrots, and it does not follow that other vegetables or fruit will
show the same results.

5. Conclusions

Evidence on the quantity and composition of food loss at the
producer-retailer interface is rather scarce in comparison with the bulk
of literature available on food waste in the subsequent stages of the
supply chain. In this study, we argue that private quality standards
imposed by buyers generate a significant stream of suboptimal products,
which producers must reallocate in other markets, with considerable
economic loss and the additional burden of their further processing. By
analysing a range of scenarios, we suggest that a small effort to increase
acceptance of products with defects can result in a substantial increase
of turnover for the PO.

For these changes to be feasible, one key point is to persuade con-
sumers to buy imperfect products, perhaps at lower prices, which seems
reasonable considering previous studies in the literature surrounding
these issues. Another key point is to encourage buyers – especially re-
tailers – to accept imperfect products as a “normal” part of the bulk of
vegetables sourced from farmers. Currently, farmers and POs are the
only actors bearing the cost of product imperfection, although the
definition of such imperfection comes from other actors in the supply
chain. Closer collaboration between producers and retailers to find
appropriate and remunerative channels for imperfect products should be
envisaged, especially targeting consumers who are willing to buy these
products. Such collaboration would rebalance bargaining power in the
supply chain and, at the same time, contribute to making supply chains
more sustainable and fairer.
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Abstract: The different bargaining power of actors is a long-standing problem in the fruit
and vegetable supply chain, where buyers (e.g., retailers, industry, and wholesalers) have
more power than agricultural producers and are, therefore, able to engage in commercial
practices that may be perceived as unfavorable or even unfair by the weaker part. This
study explores how producers perceive the quality of commercial relations. The methods
include a focus group discussion with sales managers of producer organizations and a
survey of agricultural producers in Italy. We measure their willingness to change buyer
and their stated overall satisfaction with the commercial relation by analyzing ninety-eight
commercial relations and five dimensions of quality in the relationship. We identify four
clusters of relationships characterized by different quality levels. The satisfaction and
willingness to change buyers significantly differ across the clusters; economically favorable
commercial relations are associated with a low willingness to change buyers, even when the
producer is not satisfied with the overall quality of the relationship. The highest levels of
satisfaction and the lower willingness to change buyers are reached for commercial relations
that are not only economically favorable but also include positive relational aspects such as
trust and mutual commitment.

Keywords: commercial relations; quality of relations; retailers; agricultural producers;
supply chain; cluster analysis

1. Introduction
In the fruit and vegetable supply chain, large buyers, intended as retailers, processing

industries, and wholesale markets, have an increasing share of bargaining power [1,2],
which might generate issues related to the governance and coordination of the chain [3]. In
this context, establishing high-quality commercial relations becomes crucial for producers
to counterbalance the growing power of buyers [4–6]. The quality of commercial relations
between producers and buyers has been extensively analyzed from a theoretical perspec-
tive, but only a few empirical studies have explored how the involved parties perceive
these relationships.
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In this paper, we explore how fruit and vegetable producers perceive the commercial
relations they have with buyers, considering their position as the “weaker party” in these
transactions. The objective of this paper is (I) to understand the economic and relational
factors shaping the commercial relation between producers and buyers in the Italian fruit
and vegetable supply chain and (II) to examine how these factors are related to the quality
of commercial relations, as perceived by agricultural producers.

2. Literature Background on Quality of Commercial Relations
The fruit and vegetable value chain is characterized by farmers selling fresh, perishable

products to buyers who centralize demand, and it shows a crucial dependence on the
distribution sector [7], which owns a superior position in negotiations, allowing for control
of contractual terms and conditions, such as trading practices, standards and specifications
of the product. To minimize economic costs and risks arising from commercial transactions,
retailers often shift the related costs upstream in the supply chain actors, placing the
burden on weaker players, such as individual farmers [8–11]. Large buyers exert significant
pressure on suppliers through modifications and stricter requirements regarding quality
and the underpricing of products because of their oligopolistic control [8,12], as product
pricing is a key factor for retailers [13].

The different bargaining power of the actors might generate inefficiencies in the fruit
and vegetable supply chain, such as inefficient allocation of economic risk and distortion
of incentives [14,15]. In this context, unfair trading practices (UTPs) are experienced by a
majority of producers (especially farmers) [16]. UTPs are usually described as practices that
deviate from good commercial conduct, imposed by a trading partner over a weaker one,
and that are in opposition to fair trade and trustworthiness [17]. UTPs include pressure
tactics, where suppliers are forced to accept unfavorable terms of contract, unilateral
changes by retailers and food processors, payment delays or price undercutting, as well as
lack of information sharing and punitive commercial practices over suppliers that refuse
to comply with unfair contract conditions [16]. In 2019, the European Union adopted a
specific directive to limit UTPs, Directive (EU) 2019/633, which has also been implemented
in Italy (D.L. 198/2021). Nevertheless, several UTPs still occur, and their impact is still
unclear [18].

To counterbalance the growing power of buyers, farmers are forming collabora-
tions [19], and the European legal framework [16–19] is supporting the creation of producer
organizations (POs). POs enhance their position and bargaining power of farmers by con-
centrating the supply of agricultural commodities, negotiating contracts collectively, sup-
porting farmers’ production, and reducing the number of brokers in the supply chain [14].
POs take care of negotiating prices and agreeing on contracts with retailers, quality and pro-
duction standards, logistics, delivery schedules, payment terms, promotions, risk-sharing,
and other details [17,20–22]. Joining POs seems to provide benefits to farmers in terms of
achieving higher profitability and added value for their products [23] with respect to negoti-
ating with buyers alone. Additionally, cooperation among farmers within POs strengthens
horizontal integration to increase bargaining power [24]. Collective initiatives, such as POs,
may offer perceived benefits in terms of price and quality setting, but there is no theoretical
expectation that exerting countervailing power will necessarily reduce UTPs, as all contract
terms are negotiated at once [18].

The quality of commercial relations is defined as the degree to which parties are
engaged in active, long-term relations characterized by trust, social satisfaction, non-
coercive power, and reputation [4–6]. There is evidence that the quality of a commercial
relationship exerts an influence on the overall performance and sustainability of the supply
chain [4,25,26]. However, the way this influence applies and its extent have seldom been
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investigated in the agri-food supply chain [6,27], where establishing close relations between
producers and buyers is more complex [28].

In any interaction between actors in the supply chain, there is a diversity of situa-
tions ranging from a transaction-based to a relationship-based approach, corresponding
to different levels of quality of the commercial relation [29]. The transactional approach
is characterized by discrete, short-term exchanges, where the most important elements
are availability, timeliness, and price. Here, neither minimal personal relations nor future
interactions beyond the immediate transaction are expected, and there is no relation with
the commodities offered. On the other hand, the key features of a relational approach are
long-term relations built on trust, commitment, and mutual benefit; both parties cooperate,
share information, and work together to reach common goals over time. The relational ap-
proach generates long-term value and competitive advantage [5,6,29], building satisfaction,
trust, and commitment among the actors involved. The intention to cooperate—such as
improved access to information and the ability to evaluate performance—positively influ-
ences satisfaction, continuity, and the capacity to adapt the relation to changing external
circumstances [5,6,27]. Trust and commitment are highlighted as fundamental elements in
successful business relations [28]. Trust refers to the belief in the integrity and reliability of
the commercial partner, while commitment represents the desire to maintain this valued
relationship [30,31]. These factors are critical for the quality of the relationship between
suppliers and buyers [4,31–33]. For example, Gajdić et al., 2021 [6] found that trust has
an impact on the overall performance of perception of quality of commercial relations,
according to their duration. The quality of commercial relations may also be linked to the
fairness of the practices existing between the parties, as low-quality commercial relations
are more likely to result in the application of UTPs by the stronger actor of the supply chain
over the weaker one [16] and, in turn, producers’ perception of unfair practices is likely to
reduce their satisfaction for the commercial relation.

3. Materials and Methods
A mixed method is used here to investigate the factors influencing commercial

relations in the Italian fruit and vegetable supply chain and their quality from the
producer’s perspective:

• A qualitative analysis using focus groups, which aims to identify the factors that shape
the producer-buyer commercial relation from the point of view of the POs;

• A quantitative analysis, where a survey is developed and administered to producers,
with the aim to disclose the influence of these factors on the quality of the commercial
relations they establish with buyers.

3.1. Focus Group

The first part of the methodology is included in a wider study on the analysis of
UTP (Directive EU 2019/633) in the fruit and vegetables supply chain in Italy The general
objective of the project PRIN AGREF (project code 2022FARZPJ, funded by the Italian
Ministry of University and Research) is to investigate commercial practices perceived as
unfair by suppliers in the fruit and vegetable supply chain in Italy and attempting an
estimation of the impact of such practices on farmers and POs. A focus group is organized
in February 2024, involving 24 representatives—in most cases, the sales managers—of
Italian POs operating in the fruit and vegetable sector, divided into two parallel sessions:
an online session in which 22 POs joined and an in-presence session, in which 2 POs joined.
Such POs are located in different areas of Italy, and they are of different sizes in terms of
turnover and number of employees, as described in Table 1.



Sustainability 2025, 17, 2641 4 of 18

Table 1. Description of the POs involved in this study.

Num Region (Noth,
Centre, Sud)

Range of
Tunover (€ per

Year)

Last Available
Data on Total
Activity (€)

Number of
Employees Presence/Online

1 North <10 mln € 2023 7 O
2 Centre <10 mln € 2022 15 P
3 South 10–20 mln € 2022 93 O
4 South <10 mln € 2022 23 O
5 South <10 mln € 2022 106 O
6 South >20 mln € 2022 158 O
7 Centre 10–20 mln € 2022 2 P
8 South 10–20 mln € 2022 154 O
9 South <10 mln € 2021 57 O

10 Centre 10–20 mln € 2022 212 P
11 Centre <10 mln € 2023 11 O
12 South 10–20 mln € 2022 28 O
13 South 10–20 mln € 2021 4 O
14 South 10–20 mln € 2021 71 O
15 South <10 mln € 2022 3 O
16 South 10–20 mln € 2022 8 O
17 Centre <10 mln € 2022 140 O
18 North <10 mln € 2021 3 O
19 South >20 mln € 2022 73 O
20 South >20 mln € 2021 95 O
21 North >20 mln € 2023 101 O
22 South 10–20 mln € 2022 91 O
23 South <10 mln € 2022 1 O
24 South 10–20 mln € 2022 105 O

The two focus groups are conducted following the same guidelines to contribute to
the objectivity and trustworthiness of this study [34]. The structure of each focus group
includes different topics of discussion, with a focus on negotiation, pricing, commercial
practices perceived as unfair, and the overall quality of commercial relations that POs
establish with buyers. The duration of the focus group discussion is approximately 120 min.
The discussion is facilitated by a researcher who invites participants to use sticky notes
to point out specific issues. Both focus group sessions are recorded and transcribed. We
apply a structured content analysis for qualitative data following Kuckartz [35], using
deductive and inductive coding in Excel. The deductive coding is performed by identifying
four categories that represent the main issues in a commercial relationship, based on the
theories and the literature: (i) Relation in the value chain, (ii) Contracts and negotiations,
(iii) Flexibility and scheduling, and (iv) External factors. Then, during inductive coding,
each sentence is allocated to one of the codes, considering the affinity of the sentence’s topic
with the codes. Each sentence is allocated to only one code.

Among all the sentences transcribed from the focus group, this study limits the
analysis to those referring to factors that affect the quality of the commercial relation from
the perception of the POs.

3.2. Survey

As a second step of the methodology, a survey is administered to farmers and POs,
aimed at assessing the perceived quality of the commercial relations they have with buyers
and rating a set of factors that may influence such relations. The survey is constructed
following the framework developed by Schulze [28], integrated with the results emerging
from the focus groups.
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The survey is structured in three parts: (I) an introduction section with general ques-
tions about the respondent; (II) a second section where respondents are asked to rate a set
of factors related to commitment, price satisfaction, flexibility, trust, and cooperation; (III) a
final section where respondents rate the overall satisfaction for the commercial relation.

Respondents are asked to rate all the items with reference to the commercial relation
they have with the first and the second most important buyers; therefore, every response
generates two sets of answers. Section II includes the 14 items (F1–F14) that belong to the
following dimensions and are listed in Tables 2 and 3:

- D1 “Long-term commitment”, which refers to the willingness of actors to exert effort on
behalf of the relations, where they perceive to benefit mutually [5,31,36], and includes
F1, F2, F3;

- D2 “Price satisfaction”, intended to assess the extent to which the economic outcome is
important for the evaluation of the relations [28]; this dimension includes an evaluation
of prices (in comparison with other buyers) [28] and margins, with F4 and F5;

- D3 “Adaptation on quality standards”, which assesses the flexibility of buyers and
suppliers to mutually adapt to each other’s needs and capabilities regarding quality
standards [5,37], expressed by F6, F7, F8;

- D4 “Relational quality and trust”, summarizing the degree of mutual trust, good per-
sonal relations, and transparency of communication between supplier and buyer [6],
expressed by F10, F11, F12;

- D5 “Cooperation in case of issues”, referring to situations where actors work conjointly
to achieve mutual goals [5,38], including F13 and F14.

Table 2. Descriptive statistics of numerical survey items (N = 98).

Cod Dim. Variable Units Mean St. Dev. Min Max

F1 D1 This buyer gives me the certainty of being able to sell a large part of my
production Likert 1–7 4.48 1.81 1 7

F2 D1 This buyer gives me the certainty of having a medium–long-term
sales channel Likert 1–7 4.57 1.53 1 7

F3 D1 With this buyer, the contractual conditions are clear from the beginning
of the season Likert 1–7 4.1 1.84 1 7

F4 D2 This buyer offers me good prices for my products Likert 1–7 4.16 1.45 1 7

F5 D2 This buyer gives me the possibility of making good margins on
the products Likert 1–7 4.1 1.55 1 7

F6 D3 The quality standards (aesthetic aspects, size, shape, color, etc.)
required by this buyer are strict (compared with others) Likert 1–7 4.81 1.67 1 7

F7 D3 The control of quality standards upon delivery is rather flexible Likert 1–7 3.86 1.61 1 7
F8 D3 It often happens that the products we deliver to this buyer are rejected Likert 1–7 3.48 1.68 1 7

F9 - The buyer does not appropriately consider the uncertainty of the
weather and seasonal conditions of the last period Likert 1–7 4.39 1.91 1 7

F10 D4 There is no dialogue with this buyer Likert 1–7 3.68 1.82 1 7

F11 D4 I have a good relationship with the person with whom I contract the
sale of the products Likert 1–7 4.72 1.61 1 7

F12 D4 This buyer considers us to be reliable Likert 1–7 5.35 1.43 1 7

F13 D5 If we make a mistake, this buyer is available to help us out. Likert 1–7 4.39 1.55 1 7
F14 D5 If they (the buyer) make a mistake, they are willing to fix it Likert 1–7 4.28 1.68 1 7

F15 I would prefer to replace this buyer with another Likert 1–7 3.19 1.66 1 7
F16 Overall, I am satisfied with the commercial relations with this buyer Likert 1–7 4.76 1.61 1 7
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Table 3. Descriptive statistics of categorical survey items (N = 98).

Variable Type of
Categories Category Description Observations %

Is the farmer joining a PO or a
cooperative

Dummy 0 No 42.55
1 Yes 57.45

Localization in Italy Categorical
1 North 26.60
2 Centre 41.49
3 South 31.91

Which is the commercial channel? Categorical

1 Retailers 24.47
2 Wholesalers 27.66
3 Food processors 12.77
4 Wholesale markets 14.89
5 Other (specify 20.21

% of turnover with the buyer Dummy 0 <40% of the total
turnover 50.00

1 >40% of the total
turnover 50.00

How many years have you been
working with this buyer? 1 Categorical

1 less than 2 years 9.57
2 Between 2 and 5 27.66
3 Between Tra 5 and 10 12.77
4 More than 10 50.00

F15—I would prefer to replace this
buyer with another

Dummy 0 Lower than the
median value 55.10

1 Higher than the
median value 44.89

F16—Overall, I am satisfied with
the commercial relations with

this buyer

Dummy 0 Lower than the
median value 66.33

1 Higher than the
median value 33.67

1 The original formulation of this item is “Please indicate the % of your total turnover depending on this buyer” and the
respondents had to choose between the following answers: <20%; 20–40%; 40–60%; 60–80% and >80%. These
categories were then grouped during the elaborations, as indicated in Table 2.

Section III includes two summary variables to measure the overall perceived quality
of the commercial relations:

- F15: “In the next 2–3 years, I would prefer to replace this buyer with another”
- F16: “Overall, I am satisfied with the commercial relations with this buyer”

A 1–7 Likert scale is used for all items to rate respondents’ level of agreement with the
statements (1—not at all; 7—at all).

The survey is developed in Qualtrics, and the time needed to complete it is approx-
imately 10 min. All respondents are asked to approve an informed consent form before
starting the survey; no personal data or data that could lead to identifying the farms and
POs answering the survey is collected. Tables 2 and 3 report the list of items and the related
descriptive statistics.

The survey is administered between April and October 2024 to POs, individual farm-
ers, and agricultural technicians contacted through agricultural networks, agricultural
associations, extension services, and professionals operating in the fruit and vegetable
sector. The total number of responses is 99. After data cleaning, 42 responses are considered
invalid as the respondent did not complete the questionnaire for even one of the two buyers
requested. A total of 57 responses are retained, among which 16 provided the assessment
of only one buyer, and 41 referred to two different buyers. The database is, therefore,
composed of 98 observations, each one referring to the assessment of one buyer by one
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respondent. These data are analyzed with the XLStat 2024.3 statistical software, which
operates in a Microsoft Excel environment.

Descriptive statistics are performed for these variables to summarize the intention to
change buyers and the level of satisfaction. Additionally, the correlation matrix is used to
evaluate the quality of commercial relations between items F15 and F16 and the variables
related to the type of buyer, % of turnover, and long-term relations (expressed in years).

The individual variables for which higher rates in the Likert scale correspond to a
lower quality of the commercial relation have been rotated, and then a total rating is
obtained for each dimension by summing up the ratings of the individual items. The
resulting 5 variables (D1, D2, D3, D4, and D5) express the rating of each dimension; they
are standardized and used to feed a k-means cluster analysis to classify different types of
commercial relations. Four clusters are obtained.

A Kruskal–Wallis nonparametric test is used to examine whether the overall perceived
quality of commercial relations differs across the clusters of commercial relations. The
choice of this test is due to the non-normality of the dependent variables F15 and F16, tested
with the Shapiro–Wilk test and resulting in α < 0.05. In the Kruskal–Wallis test, F15 and
F16 are used as dependent variables, with the aim of analyzing any significant difference in
the perceived quality of commercial relations among the clusters.

As a last step, multiple correspondence analysis is developed to detect correspondence
between high-low levels of perceived quality of the commercial relation and belonging
to a specific cluster, also considering the importance of commercial relations in terms
of turnover.

4. Results
4.1. Results of the Focus Group

Figure 1 shows the factors that may influence the perceived quality of the commercial
relations between producers and buyers as they emerged from the focus groups. We coded
a total of 75 sentences, which are grouped into four categories: external factors, flexibility
and scheduling, contracts and negotiations, and relations in the value chain.

A total of 70.67% of the sentences are related to retailers, 6.67% concern general
marketing and food processors, and 5.33% relate to wholesalers, while 10.67% are not
directly linked to any specific buyer.

From the focus group, it emerged that POs perceive the practices related to negotiations
and bargaining power as factors that can negatively affect the quality of the commercial
relations they have with buyers. One of the main features is that “retailers disconnect from
the reality of production”, which means that they do not take into consideration the seasons
and the fluctuations that are typical of agricultural production, and therefore, they do not
demonstrate the necessary flexibility. Instead, they follow a plan of prices, promotions,
and quantity of orders that sometimes do not fit with the seasonal trend of fruits and
vegetables. In this sense, a sentence that is repeated many times is: “sometimes retailers do
not give us [POs] the possibility to explain reasons. . .”. In addition, with reference to contracts
and negotiations, we find that “retailers are more punctilious when the market goes down, they
become overly attentive on quality standards. . .”; for example, at times of the season that is
potentially positive for POs (in terms of availability of product, higher prices etc.), the
retailers tend to react with tighter control of quality standards, promotions, prices and
timing of the deliveries, thus increasing the frequency of rejection of products, controversies,
with additional costs for producers.
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Building on these results, we investigate the overall quality of the commercial relation-
ship between producers and buyers and the factors that may exert an influence on it by
analyzing the results of the survey.

4.2. Results of the Survey

The survey responses are mostly from individual farmers, accounting for 80.85%,
while 9.57% come from POs. Among farmers, 57.45% are members of a PO or cooperative.
These data are evenly distributed across different regions of Italy, with 26.60% of responses
from the North, 41.49% from the Centre, and 31.91% from the South. The observations refer
to various types of buyers, primarily retailers and wholesalers, which account for 24.47%
and 27.66% of the responses, respectively. Most responses relate to long-term commercial
relations, with 50% having been established for more than 10 years.

In terms of the quality of the overall commercial relation, the average satisfaction score
is 4.76 on a 1–7 Likert scale, while the average willingness to replace the buyer with another
channel is 3.19 (Table 2). Figures 2 and 3 illustrate the distribution of responses for these
two variables, which are both non-symmetric. While F15 shows that the frequencies of the
answers are concentrated on the left side, F16 shows an opposite distribution, with answers
showing a higher frequency of satisfaction in commercial relations.

The distributions of 14 items related to factors that may influence the perceived
quality of the commercial relation (F1 to F14) are almost all unimodal and approximatively
symmetric, with the central values of the scale having more observations. Median values
are 4 or 5 (on a 1–7 Likert scale) for all items, except for F8 (rejection of products; median = 3)
and F12 (concerning the perceived reliability of the supplier; median = 6).
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Figure 4 shows the correlation matrix between the dimensions of quality of commercial
relations, broken down by type of buyer. There is a recurrent correlation between D1—Long-
term commitment and D2—Price satisfaction (top-left side of the matrixes) for all buyers except
wholesale markets, suggesting that this channel may be activated on a short-term basis.
Another common pattern (bottom-right side of the matrixes) is the correlation between
D4—Relation quality and trust and D5—Cooperation in case of issues, which is observed for
all buyers except retailers. We also observe that D3—Adaptation on quality standards is not
correlated with other dimensions when the buyer is a food processor; this is probably linked
to the fact that this channel typically accepts products that are rejected by other channels
with stricter standards. In addition, for wholesale markets, a negative correlation (blue
color) is observed between D3 and D1—Long-term commitment, showing that the shorter
the timeframe of the commercial relation, the more flexible the standards for the products.
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4.2.1. Cluster Analysis with Aggregate Variables

The aggregate variables summarizing the five dimensions of commercial relations
are used to perform a cluster analysis. The Cronbach alpha of the five dimensions is as
follows: D1 and D2 have α = 0.833; for D3 α = 0.525; for D4 α = 0.651; for D5 α = 0.805.
The optimal number of clusters is identified through hierarchical clustering, suggesting an
optimal partition of observations in four clusters. A K-means cluster analysis is then used
to group the observations into the four clusters. The between-cluster variance is 53.90%,
while the within-cluster variance is 46.10%.

The features of each cluster are analyzed by looking at the centroids (Figure 5).
Cluster 1 (29% of observations): buyers are stable and reliable; they do not have strict

quality standards and are felt as quite detached from the agricultural sector; these relations
are characterized by high satisfaction of producers for the price and margins and by a good
atmosphere and cooperation between supplier and buyer.

Cluster 2 (33% of observations): buyers are stable and reliable, and the suppliers’
satisfaction with the economic aspects of the commercial relation is slightly above average,
but they are very strict in the application of quality standards on products.

Cluster 3 (25% of observations): commercial relations belonging to this cluster are
characterized by high flexibility in the application of quality standards, while the other
aspects are rated lower than in other clusters.
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Cluster 4 (11% of observations): this cluster groups commercial relations that are per-
ceived as negative by the producers for all the aspects considered; long-term commitment,
relational quality, trust, and cooperation are scored lower than the other clusters.
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A Kruskal–Wallis test is performed to compare the average values of F15 and F16
across the clusters (Figure 6). As expected, satisfaction for the commercial relation (F16)
is significantly higher in Cluster 1 and Cluster 2 with respect to Cluster 4. This is not
reflected in the willingness to change buyer (F15), where a significant difference is only
observed between Cluster 1 and Cluster 4, although a less significant difference can also be
observed between Cluster 1 and Cluster 2 (with p-value 0.024) and Cluster 3 (p-value 0.011).
It appears that when the relation is perceived as highly negative, there may be a driver for
change: producers pursue an exit strategy after realizing that they have no voice to change
things; otherwise, other factors tend to dominate the decision to remain in a commercial
relation with the buyer.
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Another interesting result concerns the frequency of observations related to each
buyer across the clusters. Figure 7 shows that Cluster 3 is mainly composed of commercial
relations with wholesalers and wholesale markets, while Cluster 1 is characterized by
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relations with wholesalers and other buyers (among which, the most frequently cited are
short supply chains with products marketed directly to consumers, restaurants and delivery
to cooperatives and POs). Cluster 2 mostly represents commercial relations between
agricultural producers and retailers. Cluster 4 does not show a particular orientation
towards a specific channel and seems to be spread across all of them.
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4.2.2. Multiple Correspondence Analysis

A multiple correspondence analysis is conducted to examine the relations between
clusters of commercial relations, the percentage of turnover generated through those
relations, and the values of F15 and F16, both above and below the median for each item.
Figure 8 illustrates the correspondence between the categories of these variables, revealing
that commercial relations with high satisfaction (F16_HIGH) and a low willingness to
change buyers (F15_LOW) are associated with Cluster 1. This cluster is also closely linked
to commercial relations characterized by a low turnover share. Cluster 2, representing
commercial relations with retailers, is positioned near high turnover and low willingness
to change buyers. Additionally, Cluster 3, which primarily represents commercial relations
with wholesalers and wholesale markets, is characterized by low satisfaction and a high
intention to change buyers. The same is valid, though to a lesser extent, for Cluster 4.
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5. Discussion
This article examines the quality of commercial relations between producers and

buyers within the Italian fruit and vegetable supply chain. The content analysis on the
focus group transcripts discloses four main factors influencing the quality of commercial
relations: external factors, flexibility and scheduling, contracts and negotiations, and
relations in the value chain. The latter collects the highest number of sentences, which
highlight the importance of long-term commitment, transparency of information, and
trust to build a high-quality commercial relationship between agricultural producers and
buyers [4–6]. Based on the perception of the POs that joined the focus groups, there are
several commercial practices that affect the quality of the commercial relation, mainly
related to negotiation and bargaining power. Buyers, and in particular retailers, follow
a plan of prices, promotions, and quantity of orders, which do not always fit in the fruit
and vegetable seasonal trend and agricultural production reality and, therefore, influence
the actors of the supply chain [39]. This represents a burden in commercial relations
that could be mitigated by a better ability of buyers to adapt to suppliers’ capabilities [5].
This lack of flexibility is also relevant with respect to the application of quality standards,
promotions, pricing, and delivery schedules, possibly leading to high rates of product
rejections, disputes, and, consequently, increased costs for producers for the management
of rejected products [40]. The focus group participants also reported that some of these
practices may even result in unfair practices, possibly categorized as UTPs by the current
EU and national legislation.

These results are complemented by the evidence provided by the survey, which was
used to analyze 98 commercial relations. To this respect, we investigated the perception
of producers towards five dimensions of quality of commercial relations—D1 “Long-term
commitment”, D2 “Price satisfaction”, D3 “Adaptation on quality standards”, D4 “Relational
quality and trust”, and D5 “Cooperation in case of issues”—exploring their relations with
the willingness to change buyer and the overall satisfaction for the commercial relation.
The correlation matrix shows the link between the dimensions of quality of commercial
relations broken down by type of buyer. We detect a correlation between D1 “Long term
commitment” and D2 “Price satisfaction”, except for wholesale markets, which may indicate
that this channel is mainly chosen on a short-term basis. In fact, producers and POs may
choose this channel to reallocate products that are not accepted by other buyers, similar to
what happens in the reallocation of suboptimal vegetables to the food industry [9]. Another
element supporting this interpretation is the negative correlation observed between D1
“Long term commitment” and D3 “Adaptation on quality standards” for wholesale markets,
indicating that standards are more flexible when the timeframe of the commercial relation
is short. In this case, the commercial relation is likely to be more oriented towards a
transactional approach, where the main driver is the economic outcome [29].

As expected, all buyers show a positive correlation between D4 “Relation quality
and trust” and D5 “Cooperation in case of issues”. Interestingly, this correlation is weaker
forcommercial relations between producers and retailers than for other buyers, confirming
the results from the focus groups, where a lack of communication between producers
and retailers is reported. Indeed, communication represents a key element in improving
the quality of commercial relations [4], which may also be enhanced by the adoption of
technological innovations that allow for improving the relationship between actors, as
shown, also with reference to the fruit and vegetables supply chain [41–43].

Looking at D3 “Adaptation on quality standards” for commercial relations with proces-
sors, we observe that this dimension is not correlated with any other. This suggests that
the quality standards required by food processors are not relevant to defining the overall
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quality of the commercial relation. This may be one of the reasons why producers often
consider the food industry a reliable commercial channel despite the lower prices [7].

Looking at clusters of commercial relations, Cluster 2, which mainly includes commer-
cial relations with retailers, shows high ratings for all dimensions except for D3, “Adaptation
for quality standards”. In contrast, Cluster 3 demonstrates an opposite trend, with negative
performance across all dimensions except for D3; this indicates a high level of adaptation
to quality standards on the products; it is predominantly represented by wholesalers and
wholesale markets, confirming the results of the correlation analysis presented above. Clus-
ter 1 groups commercial relations that are rated high for all dimensions, and it includes
different buyers, especially wholesalers, and buyers falling under the category “other”.
“Other” buyers include restaurants and local-based supply chains, which seem to perform
very well in terms of establishing relations of high quality. This may be because, in local
chains, relational patterns are the most frequent ways of interaction between producers and
buyers [44], therefore possibly increasing commitment and trust, which are fundamental to
a high-quality commercial relationship [5,28,45].

The analysis of the survey results also discloses that the willingness to change buyers
and the overall satisfaction for the commercial relation significantly differ across the clusters,
but also that they show different patterns. Commercial relations between producers and
buyers often unfold in contexts marked by unbalanced bargaining power distribution [1].
This means that producers might be willing to continue a commercial relationship with
buyers because of economic necessity or the lack of alternatives, even if they are not
satisfied with the conditions. The economic outcome of commercial relations established
with retailers remains positive, even if they apply strict conditions and requirements [46];
retailers represent a large share of their total turnover, which may exceed in importance the
perception of fairness or satisfaction. Therefore, it is difficult to identify a clear distinction
between transactional or relational approach for these commercial relations, since economic
and relational aspects are blended that tie up the parties and, at the same time, may not
be satisfactory for both. This is particularly evident when relations are long-term and
ensure high turnover over the years. Furthermore, this may suggest that the willingness to
change buyers is not an indicator of the quality of commercial relations, as it encompasses
the necessity of the supplier to adapt to market opportunities. This mechanism may also
be interpreted considering the Hirschman paradigm [47], suggesting that in some cases,
producers may be entrapped in commercial relations—especially with retailers—despite
their dissatisfaction since they feel to have no voice to express [48]. The lack of alternative
markets and the difficulty in diversifying sales channels clearly play a role in this situation.

The multiple correspondence analysis confirms that a crucial aspect influencing the
willingness of producers to change buyers is the share of that commercial relation for their
turnover. Commercial relations with retailers (Cluster 2) are not perceived as of higher
quality than others, but they are still very important as they deliver a high share of the
turnover to the producer. One particularly problematic aspect of these relations is the rigid
application of quality standards, which sometimes may be used opportunistically. In such
cases, a stricter approach may be applied, and products may be rejected more frequently
when there is an abundance in the market, possibly resulting in unfair trading practices [18].
A strict application of quality standards may also deliver undesirable impacts, for example,
in terms of food loss or economic loss [49–51], since there is evidence in the literature
showing that UTPs represent a leading factor that generates food loss and waste across the
supply chain [52,53]. It is also interesting to interpret the result of commercial relations
belonging to Cluster 3, in which quality is perceived to be much worse than in other
clusters (high intention to change buyers and low overall satisfaction). The rationale behind
the continuation of these relations is probably related to the flexibility that these buyers
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show in the acceptance of products that do not comply with quality standards requested
by retailers.

6. Conclusions, Limitations, and Recommendations for Future Research
By investigating producers’ perception of the quality of their commercial relations, this

study suggests that the collaboration among different supply chain actors is a key factor
in improving efficiency, quality management, and sustainability in fruit and vegetable
supply chain operations. The results from the focus groups and a survey conducted with
producers support the idea that trust and long-term cooperation between suppliers and
buyers are key factors for a high-quality commercial relationship. Commercial relations
that are unsatisfactory for producers persist because of a lack of better alternatives or an
entrapment mechanism that keeps them tied to buyers that have a stronger position in
the relation.

In interpreting the results of this study, its limitations should also be considered. First,
this study focuses on the perspective of the producers and POs; it would be interesting
to assess the perceived quality of commercial relations with agricultural producers from
the perspective of buyers, especially retailers. Second, despite the efforts to spread the
survey and the good number of answers, the number of observations collected does
not support more in-depth statistical analyses, which might be used with larger sets of
data to investigate the causal link between the quality of commercial relations and its
underlying factors.

Future research could explore the link between the quality of commercial relations
and the emergence of UTPs. At the same time, an analysis of the assessment of the
impact of UTPs on producers could help in improving the sustainability and equity of the
supply chain. Investigating these aspects could provide valuable insights to develop more
equitable supply chain practices, as well as long-term and satisfactory commercial relations
for producers.
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