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It is usually believed that the position of farmers along the agro-food supply 
chains is weak, and this circumstance leads farms to achieve modest prices for 
their products and, in turn, capture only a small share of the added value. Such a 
situation substantially limits farms’ efforts to adequately remunerate the resources 
employed, including contract and hired labor. This article argues that, while the 
unfavorable position of farms is a valid concern, it is also crucial to consider how 
the efficient use of resources employed in agriculture impacts their remuneration, 
by means of price mechanisms. An empirical analysis conducted on a FADN sample 
of farms producing processing tomatoes over the years 2014–2018 reveals that 
the product price which allows for adequate compensation of hired agricultural 
labor decreases with increasing efficiency. At the same time, all other things being 
equal, for price levels above the theoretical one, the profit of the farms increases 
and the possibility for fairer wages as well.
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1 Introduction

There is a consensus among scholars regarding the weakness of agricultural farms 
compared to other actors in agro-food supply chains (Russo et al., 2023; Koppenberg, 2023; 
Bonanno et al., 2018; Ton et al., 2018; Hendrikse and Bijman, 2002). The price obtained by a 
farm for its products is a central element in determining the effective possibilities that the 
farm has to adequately remunerate the factors of production utilized. Recognizing this 
heterogeneous distribution of bargaining power is the main premise of the argument 
explaining the unfavorable condition of farms in food chain value distribution. Usually, the 
low share of added value attributed to farms, compared to those achieved by other actors in 
the supply chain, is motivated by their weak capacity to impose their conditions in the 
agricultural exchange process. Accordingly, political intervention in markets, collective action 
by farmers, and the adoption of bilateral contractual instruments are often advocated to cope 
with this issue, to contrast the loss of farmers’ welfare, and to promote the development of 
the sector and fair remuneration of resources (Di Marcantonio et al., 2020; Requena-i-Mora 
and Barbeta-Viñas, 2024; Bellemare and Bloem, 2018; Bijman and Iliopoulos, 2014).

Farms’ weakness in food chains often leads them to receive low or modest prices for the 
products they sell. However, farmers’ legitimate claim concerning the necessity of receiving larger 
prices from the processing or distribution stage is based on the implicit assumption that farms’ 
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production processes are efficient. Therefore, efficient processes can 
provide the benchmark measure for the market price even if this topic 
has not been systematically investigated in the literature (Antonioli 
et al., 2023). The objective of this article is to contribute to filling this gap 
by investigating the pattern of the relationship between the level of 
production process efficiency and the price of agricultural products.

This article aims to contribute to the analysis of the relationship 
between the added value distribution among the food chain agents 
and the capability of the farm to adequately remunerate the factors of 
production utilized.

The analytical perspective of this study considers the organization 
of the relevant transactions in food chains and the efficiency of the 
agricultural production process. Specific attention is paid to the 
relationship between the price of a given agricultural product, the 
efficiency of the production process, and the consequent ability to 
adequately remunerate external resources acquired by the farm. 
Among them, the focus of the empirical analysis is on agricultural 
labor. Although mechanization has progressively reduced the need for 
labor in farming, the workforce is still relevant in certain sectors or 
operations, such as fruits and vegetables harvesting, and such a critical 
role in the COVID-19 pandemic and its related restrictions 
(Christiaensen et al., 2021; Latham-Sprinkle et al., 2019; Górny and 
Kaczmarczyk, 2018; Richards and Rutledge, 2023; Rye and Scott, 2018).

The article is organized as follows. Section 2 presents the 
conceptual framework of the study. In this study, particular attention 
is given to placing the relationship between product prices and wages 
for non-family labor within the context of the increasing complexity 
of relationships characterizing the agro-industrial system. Section 3 
presents the method of empirical investigation: The analysis focuses 
on the economic results of the processing tomato production process 
and directly relates the chosen reference wage to the product price, 
with the intent to identify the product price that ensures an adequate 
wage. The results of the empirical analysis are then presented and 
discussed in Section 4 before final remarks and implications for 
policymakers and researchers are provided.

2 Conceptual framework

The farm exchanges its products by organizing transactions with 
downstream companies, and, at the same time, it acquires external 
resources from upstream agents. Namely, the farm maximizes its 
profit by producing and selling the quantity for which the equality 
pm = Cm holds, where pm is the price of the product and Cm is its 
marginal cost. The price pm is determined by organizing the 
transaction T1. The marginal cost depends upon the technical 
efficiency of the production process and the prices of the external 
resources1. The owners of these resources require adequate prices to 

1 Farmers usually own several resources: land, equipment, household labour, 

and so on. The remuneration of each of these resources derives from the net 

gain of the production and selling processes as farmers have primarily to pay 

the owners of the external resources to make them available for the farm. For 

the sake of simplicity, in the text, we simply label all the residual gains of the 

farm as “profit” without taking into account the distribution of these gains 

among the different resources and the entrepreneurship effort. This choice 

does not limit the analysis as its focus is on the potential tensions between 

product and external resource prices.

make their resources available to the farm. It is then reasonable to 
posit the question: what should be  the price of the product that 
ensures the farm to pay the required prices for the external resources? 
To answer this question entails considering the market of the product, 
the market of the resources, and the technical efficiency of the 
production process. In the following, among the external resources 
we concentrate on agricultural labor because of (a) the importance of 
human labor in many critical farm productive operations; (b) the 
market is usually regulated by collective bargaining and contracts 
which set the wage but, at the same time, the large availability of 
workers—also in fragile legal condition (Górny and Kaczmarczyk, 
2018)—and the presence of illegal organizations make possible for a 
farm to lower the wage also by means of illegal practices (Rye and 
Slettebak, 2020; Salvia, 2020; Angiuoni, 2017; Perrotta, 2014).

The exchange of the agricultural products is undertaken by 
organizing the transaction T1 (see Figure 1) which connects the farms 
and the downstream (processing, distribution) company. In T1, the 
agents seek to get the governance structure right and organize the 
exchange by economizing on the transaction costs (Williamson, 2000). 
A huge literature showed how farmers seek to improve the organization 
of the exchange to achieve a more efficient organization and 
counterbalance the power of the downstream company (Bonanno et al., 
2018; Bijman and Iliopoulos, 2014; Fałkowski and Chlebicka, 2021).

It is reasonable that for different levels of production process 
efficiency, a farm will seek to achieve different prices of the product to 
repay the prices in turn required by the owners of the external 
resources. The transaction T2 concerns usually the recruitment of 
agricultural workers who provide external labor to the farm.

It follows that, first of all, the farm should efficiently organize 
transaction T1; then, it would need to efficiently allocate resources and 
also procure external resources, including non-family agricultural labor. 
We observe that pm—that is the market price—can ensure adequate 
remuneration of external resources provided that an adequate level of 
efficiency is achieved in the farm’s production activities. This means that 
in production activities, a farm needs to get the marginal condition 
right (Williamson, 2000, pp. 597). That is, for a given level of production 
process efficiency θ1, let pe the theoretical market price in T1 which 
allows a farm to pay an adequate and fair wage2 to the agricultural 
workers: The larger the efficiency of the farm production process, the 
smaller, ceteris paribus, should be  pe. The theoretical relationship 
between the efficiency θ and the price pe is shown in Figure 2.

If an efficient governance structure in T1 allows the exchange at 
the market price pm, at the level of production efficiency θ0, the 
theoretical price is pe = pm: At this market price, the farm can pay a fair 
wage for hired labor. If the level of production efficiency is θ1, the price 
pm would not allow the farm to pay pe. The farm should receive a 
market price equal to pe1 to adequately remunerate its resources, but 
a price higher than pm could not be achieved. Therefore, a trade-off 
may exist between the farm profit and the wage: The farm may pay a 
fair wage only reducing its profit. Finally, if the level of production 
efficiency is larger than θ0, say θ2, the farm can pay a fair wage (since, 
actually, pm > pe2) and gain an increasing profit as well.

2 Fair wage refers to company practices that lead to sustainable wage 

developments, which is a wage never lowers the living wage, but never lower 

because the living wage is only one of the elements of a fair wage. To be able 

to pay fair wages, several conditions have to be met, among which is that the 

living wage must be known (Bronkhorst, 2020).
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Based on the previous analysis, we  submit that the level of 
efficiency of the farm production process causes the ratio Rp = pe/pm 
because the larger (smaller) the production process efficiency, the 
larger (smaller) the capacity of the farm to pay a fair wage by the 
market price pm and the closer (more distant) the theoretical price pe 
is to pm. This fact has two implications which can be expressed by the 
following two propositions:

Proposition 1: variations in the efficiency of the farm production 
process θ cause the ratio Rp between the theoretical price pe and the 
actual market price pm to vary.

Proposition 2: if the efficiency of the production process increases 
(decreases), then the ratio Rp between the theoretical price pe and the 
actual market price pm decreases (increases).

An empirical test of both propositions is carried out henceforth by 
examining the relevant case study of the Italian processing tomato sector.

3 Materials and methods of the 
empirical analysis

The steps of our empirical analysis are the following:

 a To gather data concerning production costs and prices for a 
given agricultural production process,

 b To determine the price pe,
 c To determine the production process efficiency θ,
 d To investigate the pattern between the ratio pe/pm and θ.

3.1 Dataset

The Italian processing tomato sector was chosen as a case study 
due to the large employment of the company and non-company labor. 
For this purpose, useful data for the analysis were extracted and 
processed from the FADN dataset for 5 years (2014–2018).

The Farm Accountancy Data Network (FADN) is an annual 
sample survey established by the European Economic Community 
Commission in 1965 with Regulation EC 79/56 and updated with Reg. 
EC 1217/2009 and subsequent amendments.

The FADN survey does not represent the entire universe of farms 
surveyed in a given territory but only those that, due to their economic 
size, can be considered professional and market-oriented.

Currently, the Italian FADN is based on a reasoned sample of 
approximately 11,000 farms, structured to represent the different 
production and size types present in the national territory. The 
methodology adopted aims to provide representative data on three 
dimensions: administrative regions, farms’ economic size, and their 
technical-economic orientation (i.e., type of farming).

3.2 Determining the price pe

To determine the theoretical price pe that would ensure the farm to 
pay fair wages for non-family labor, Equation 1 can be used:

 
e

e
CV w L CF Tp

Q
+ +′ +

=
 

(1)

where:
CV’ = total variable costs excluding total wages paid for 

non-family labor,
weL = total wages paid for non-family labor L,
CF = total fixed costs,
T = extra profit,
Q = quantity produced.
and

 ( ) ( )e ep cv cf sπ= + + +  (2)

where:
cv = CV’/Q, variable cost per product unit (except than total 

wages paid for non-family labor),
cf = CF/Q, fixed cost per product unit,
se = weL/Q, fair wage per product unit,
π = T/Q, extra profit per product unit.
The fact that a fair wage we is guaranteed by the price pe as given 

in Equation 2 is based on the assumption that all other elements in 
Equation 2, except for se, are given. This implies that all the owners of 
the external resources are deemed able to get paid at the right market 
prices for what they provide to farmers. In other words, the price 
indicated by Equation 2 represents a price level that would adequately 
compensate for non-family labor. In the discussion of the results, 
implications related to the institutional context of this definition will 
be considered as well.

FIGURE 2

Farm efficiency and pe: theoretical relationship. Source: authors’ 
elaboration.

FIGURE 1

Exchange of agricultural products and related transactions. Source: 
authors’ elaboration.
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3.3 Estimation of the production efficiency θ

The Data Envelopment Analysis (DEA) approach was followed 
to estimate production efficiency. DEA consists of a mathematical 
programming model that, using observed data (collected from FADN 
in our case), provides empirical estimates of input–output 
relationships and efficiency (Charnes et  al., 1978). A unit is 
considered efficient if there are no other units in the examined sample 
capable of producing the same output level with fewer resources (or 
producing a higher output level with the same number of resources). 
Therefore, the DEA is not concerned with absolute efficiency levels 
but relative levels.

Since efficiency also depends on uncertain operating 
conditions and practices (related to the environment, technological 
equipment, and managerial approaches), we  indicate them as 
“context variables” (Fried et al., 1999; Johnson and Kuosmanen, 
2012), and the analysis is carried out in two stages henceforth 
described. In doing so, it is possible to explore the possibilities of 
identifying managerial strategies aimed at improving efficiency or 
regulatory interventions (Johnson and Kuosmanen, 2012).

Therefore, in the first stage, the efficiency level was determined for 
each farm. Then, in the second stage, the effect of context variables on 
the previously estimated efficiency level was analyzed as well.

To this purpose, since the efficiency index θ assumes values within 
the range between 0 and 1, the analysis of the effect of instrumental 
variables must be conducted with specific models. Accordingly, Tobit 
models were adopted in this study, with the following specification:

 0 i iXθ β β ε= + Σ +  (3)

where the parameters β₀ and βi measure the impact of the 
contextual variables on efficiency, and ε represents the error in the 
estimates (Greene, 2008).

Efficiency levels were determined using the set of relevant inputs 
(human and mechanical labor, fertilizers) calculated on a per-unit 
basis, as follows:

 • MAN_ha, human labor per hectare of crop,
 • MACH_ha, mechanical labor per hectare of crop,
 • N_ha, level of nitrogen fertilization per hectare of crop,
 • P_ha, level of phosphorus fertilization per hectare of crop,
 • K_ha, level of potassium fertilization per hectare of crop.

The output was also considered on a per-unit basis (GPu: gross 
production per hectare, quantity*price). According to this approach, 
the context variables considered were as follows:

 • Dim_econ, reporting farm economic size according to the FADN 
classification (large, medium-large, and small),

 • Alt, indicating the average altitude of farmland (plain or hill/
mountain),

 • Area, which identifies the geographic area where the farm is 
located (1, if in the South; 0, if elsewhere),

 • Age, revealing the presence of young entrepreneurs,
 • Org, indicating organic farming.

Table 1 shows the descriptive statistics of the variables used.

3.4 Testing the propositions

Proposition 1 relates to a causal relationship between θ and Rp, 
with further variables accounting for the different capabilities of farms 
to organize efficient production processes. The simplest way to 
describe this relationship is to consider the nexus from θ to Rp and a 
nexus from the utilized agricultural area (UAA) toward θ. The latter 
accounts for the fact that land is the main productive resource in 
agriculture, and it tends to constrain the capability of the farm to reach 
an adequate level of efficiency (De Benedictis, 2009; Reinhard et al., 
1999). Figure 3 shows the diagram illustrating this causal relationship.

Proposition 2 is then tested just by descriptive graphics, observing 
the causal pathways between θ and Rp, for increasing (decreasing) 
levels of θ.

4 Empirical analysis

4.1 The processing tomato sector in Italy

The 10 largest producing regions or countries account for 
approximately 80% of the global production of processing tomatoes. 
California (10.1 million tons), Italy (4.8 million tons), and China (4.5 
million tons) are the three main producers worldwide. It follows that 
the Italian processing tomato sector is very developed as the total 
amount of processed tomato was approximately 37 million tons in 
2022 (World Processing Tomato Council data). The processing 
tomato supply chain is organized into two large interbranch 
organizations (IBOs). The “Nord Italia” IBO manages 36,000 hectares 
of processing tomatoes, involving approximately 2,000 agricultural 
producers (grouped into 13 producer organizations, or POs) and 25 
processing plants (belonging to 20 different companies). This 
cultivation leads to the processing of approximately 2.5 million tons 
of tomatoes into tomato concentrates, pulps, and purees. The “Bacino 
Centro Sud Italia” IBO involves 22 POs (managing approximately 
28,000 hectares of tomato crops) and 51 processing companies 
(working with 2.3 million tons of tomato, corresponding to 
approximately 90% of the production obtained in Southern and 
Central Italy).

4.2 The analytical approach

The analyses were carried out by selecting farms sampled in the 
Italia FADN dataset over the period 2014–2018. This approach yields 
five samples (one per year) of different sizes which were 
analyzed separately.

First, all observations with anomalous data that could bias the 
result were eliminated, as follows:

 • Farms with no production for the crop under consideration, 
since they did not achieve marketable production due, for 
instance, to phytosanitary issues or adverse weather conditions.

 • Farms with yields excessively out of range, presumably due to 
phytosanitary issues and adverse weather conditions.

 • Farms with small crop areas, since the incidence of fixed costs 
would have an excessive impact on the price per unit calculation.
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After eliminating all these anomalous observations, the box plot 
diagram was applied to graphically represent and describe the sample 
distribution through dispersion and position indices. This procedure 
allowed us to remove outliers as well.

To calculate the value pe (a price that guarantees a fair salary), 
some values were directly taken from the FADN dataset into account, 
whereas others were calculated on purpose. Specifically, while crop 
variable costs come from the dataset, crop fixed costs were calculated 
using the company fixed costs from the database and subtracting labor 
costs (temporary and permanent), social charges, and salary.

The value pe was therefore obtained by first adding all the costs 
currently attributed to the crop (variable and fixed costs) to the profit, 
then dividing this value by the quantity of production. Such a procedure 
gave the theoretical price pe able to guarantee a fair wage, which was 
assumed to be 12 €/h for the simulation (Guidi and Berti, 2023).

5 Results

5.1 The processing tomato crop: the pe 
distribution

A summary of indicators related to processed tomato cultivation 
in Italy for the period under observation is reported for all districts, 
regions, altitude zones, and farm sizes (Table 2). All indicators have a 
very low variability, as reported by the coefficient of variation. As seen, 
the price that would ensure a fair wage for temporary labor amounts 
to an average of 116 €/ton (with a median value of 107 €/ton). The 
difference between the fair price and the observed price is indeed 
modest (on average 27 €/ton, with a median value of 20 €/ton).

This information is of sure interest for analysis. First, because it 
indicates the existence of a realistic negotiation margin for farms, 
producer organizations, and trade unions: If half of the observed 
farms received 20 €/ton more, they would have the basis to guarantee 
the remuneration of all the production factors used, earn a profit 
comparable to the current one, and pay a fair wage of 12 €/h (that is 
four times what is paid to irregular labor, employed under severely 
exploitative conditions in many areas of Italy).

The second consideration concerns the potential efficiency gains 
that can be  achieved, a fact suggested by the great variability of 
the results.

5.2 Efficiency analysis

Levels of the efficiency index calculated at the unitary level of the 
production process are illustrated in Table 3.

The minimum value among the average and median values is in 
2018, while the maximum is in 2016. Variability is more pronounced 
in some years (2014, 2015, and 2018).

Using the Equation 3, a Tobit model was estimated for each of the 
years considered for the efficiency values determined at the unitary 
level of the production process. Table 4 summarizes the results obtained.

The variable Dim_econ (which is dichotomous and assumes the 
value 1 if the company is “large” and 0 in all other cases) is statistically 
significant and positive in the years 2015 and 2016 but negative in 2018. 
This result indicates that larger companies manage to achieve higher 
levels of efficiency, but this does not imply a systematic and wider T
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capability. The variable Alt (which is 1 for companies located in the plain 
and 0 in all other cases) has a positive effect on efficiency only in 2014, 
while the variable is not statistically significant in the remaining years 
indicating a null impact on efficiency. The area variable, on the other 
hand, has always had a significant and negative coefficient, except for 
2016. As recalled, this variable takes the value 1 for companies located 
in the South or Islands and 0 for all other cases. Consequently, the result 
indicates that companies in both Southern Italy and the Islands areas 
have a lower capacity to achieve efficient production processes 
compared to those in other areas where processing tomato is cultivated. 
Finally, note that the two variables Age and Org do not have statistically 
significant coefficients (except for Age in 2017). Summarizing, the 
determination of the technical efficiency of the production process 
conducted at the unitary level indicates that (i) technical efficiency is 
systematically low, (ii) large companies have a higher capacity to 
improve efficiency, and (iii) companies in Southern Italy and the Islands 
areas seem to have less capacity to improve technical efficiency.

5.3 Relationships between price ratio Rp 
and efficiency θ

From the perspective of economic size, it is the medium-small 
companies (from 25,000 to 50,000 € PS) that have the highest pe value 
(173.4 €/ton). Large companies, on the other hand, have a much lower 
pe value of 111.7 €/ton. Observing the difference between the 
calculated price and the recorded price, it is the small and medium-
small companies that show the greatest difference, while the large ones 
have a delta smaller than the national average (see Table 5).

As far as the form of business management is concerned, farms 
directly managed with a prevalence of family members have a higher 
pe value compared to other management forms, equal to 135.9 €/ton. 
The businesses with the lowest pe value are those managed solely by 
family members (117.4 €/ton). The price gap between the calculated 
and recorded prices is similar for all five cases, although greater 
variability is observed for businesses directly managed with a 
prevalence of family members.

Table 6 summarizes the SEM models estimated.
The causal relationship from θ to Rp is proved for all five models 

except for the 2015 sample. The parameters estimated for θ are 
statistically significant and with expected signs. Proposition 1 is 
then verified.

Finally, graphs 1–5 illustrate the pattern of the price ratio with 
respect to the efficiency of the production process. A local polynomial 
regression has been carried out for each of the years under analysis to 
synthesize the pattern observed (see the line in the graphs, with a 95% 
confidence interval). It is easy to see that in all the years of the period 
considered, the larger the efficiency, the smaller the price ratio and 
close to 1 so that proposition 2 then is verified.

Moreover, we observe that when the market price is low, farms can 
achieve a normal or higher profit by improving their efficiency. Given 
the collectively negotiated wage, there is a minimum efficiency level (θ*, 
θ1, and θ2) that allows the farm to pay a fair wage. It comes out, therefore, 
that improving efficiency levels offers opportunities for paying a fair 
wage equivalent to those provided by increasing the market price.

6 Discussion

The evidence confirms the pattern conjectured for the price ratio 
pe/pm and the efficiency. Two cases have to be considered assuming 
that a given price pm is determined by the exchange. First, let us 

FIGURE 3

SEM diagram: causal pathways under analysis. Source: authors’ elaboration.

TABLE 2 Processing tomato: price, cost, and labor productivity.

Index Symbol Mean Median Coefficient of variation

Fair price (€/ton) pe 116.0 107.0 0.6

Market price observed (€/ton) pm 89.0 87.0 0.17

Difference (€/ton) pe – pm 2.6 1.6 1.45

Unit variable cost (€/ha) CV/SAU 2739.2 2445.9 0.55

Unit fixed cost (€/ha) CF/SAU 459.8 288.9 1.2

Labor productivity (€) Q/L 4089.1 2487.7 1.08

Source: authors’ elaboration.

TABLE 3 Efficiency index θ for processing tomato (at the unitary level of 
the production process).

Year Mean Median Coefficient of variation

2014 0.296 0.210 0.848

2015 0.350 0.265 0.821

2016 0.420 0.352 0.669

2017 0.360 0.263 0.758

2018 0.251 0.138 0.882

Source: authors’ elaboration.
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consider the case of farms that achieve only a low production process 
efficiency. In this case—illustrated in Figure 1 by θ < θ0—the farms 
seek to achieve a market price for the product larger than pm, but this 
is impossible if the exchange has been already organized “getting the 
governance structure right” (Williamson, 2000, pp.  592 ff.). 
Therefore, the farms will be unable to pay an adequate, fair wage and, 
in turn, this implies two alternative consequences: A farm may seek 
to remain in the sector activity if at least the fixed costs are covered 
or a farm may decide to reduce the wage below the due level. These 
two alternatives differ in terms of the institutional environment 
which may support one or the other alternative. The premise for the 

first alternative to viable is that the market for the product and labor 
work correctly: More precisely, we assume that inclusive institutions 
(Robinson and Acemoglu, 2012) allow the farmers to efficiently 
organize the transactions T1 and T2. In this case, a farm could expect 
to improve its efficiency in subsequent production and supply cycles 
to get and pay the right prices. The second alternative—to reduce the 
wage below the fair level—entails a completely different setting, 
characterized by extractive institutions (Robinson and Acemoglu, 
2012) which allow the transfer of wealth from workers to farmers 
through salary cuts. In Italy, the existence of such a form of 
institution has been documented, assuming the form of the 
caporalato (gangmaster) (Perrotta, 2014; Salvia, 2020). It implements 
the possibility of having very low wages by illegally recruitment of 
workers, often migrants deprived of legal status. The diffusion of 
such extractive institutions which may support the existence of 
inefficient farms has to be carefully taken into account because they 
implement incentives for farmers to remain inefficient. This in turn 
could distort the competition process and also sustain the diffusion 
of inefficient business management among other farmers. It must 
be also pointed out that regulation intervention or collective actions 
aimed at increasing the price paid for the product—e.g., by 
increasing the bargaining power of farmers—distort the resource 
allocation if the efficiency is low and therefore lead the system to 
waste resources.

The case of large efficiency—illustrated in Figure 1 by θ > θ0—
allows the farm to gain net compensation for the resources employed. 
In this scenario, the profit increases allowing farmers to pay a fairer 
price for external resources, labor included. Beyond pure technical 
issues, also economic factors are critically at stake. Under this view, 
Dupraz and Latrouffe (2015) deeply investigate the relationship 
among family, contract, and hired labor in the case of French 
agriculture, highlighting the importance of wages and monitoring 
costs in determining the pattern of diffusion of these different forms. 
Christiaensen et al. (2021, pp. 7 ff.) underlined the impact of different 
farm strategies and pointed out the potential benefits of migrant 
workers’ recruitment. Our evidence indicates that efficient 
management of the production process allows a farm to improve its 
room for maneuver in contract or hired workers’ recruitment.

TABLE 4 Tobit model: estimations (dependent variables: efficiency levels θ).

Independent variables 2014 2015 2016 2017 2018

Dim_econ 0.116 (−1.770) 0.297*** (−3.860) 0.223** (−3.150) 0.0875 (−1.440) −0.157** (−2.75)

Alt 0.117** (−2.750) 0.00805 (−0.130) 0.0333 (−0.590) 0.06 (−1.230) 0.0481 (−0.720)

Area −0.112** (−2.70) −0.124* (−2.17) −0.0428 (−0.75) −0.252*** (−5.45) −0.165** (−2.82)

Age 0.0738 (−1.370) 0.0262 (−0.440) 0.00428 (−0.060) 0.167* (−2.420) −0.0307 (−0.45)

Org 0.0532 (−0.660) −0.12 (−1.58) 0.0924 (−0.880) 0.123 (−1.250) −0.0795 (−0.74)

Constant 0.243*** (−5.440) 0.332*** (−4.780) 0.358*** (−5.80) 0.378*** (−6.270) 0.377*** (−5.650)

Sigma 0.236*** (−11.25) 0.270*** (−9.63) 0.285*** (−12.46) 0.241*** (−10.87) 0.223*** (−7.03)

N. obs 123 113 121 115 48

Log-likelihood −4.93 −25.02 −38.78 −13.15 0.53

F 4.36 5.81 8.8 9.59 3.37

Prob> F 0 0 0.02 0 0.01

Pseudo R2 0.699 0.375 0.203 0.632 −1.096

*p < 0.05, **p < 0.01, and ***p < 0.001. Standard errors in parentheses. Source: Authors’ elaboration.

TABLE 5 Efficiency index: distribution for geographic area and farm 
economic size.

Northern and 
Central Italy

Southern Italy 
and Islands

Year Economic 
size

Mean SD N Mean SD N

2014 Large 0.323 0.278 51 0.217 0.150 49

Others 0.513 0.356 13 0.260 0.164 10

Total 0.362 0.302 64 0.224 0.151 59

2015 Large 0.329 0.250 49 0.221 0.203 38

Others 0.615 0.322 21 0.408 0.338 6

Total 0.415 0.302 70 0.246 0.230 44

2016 Large 0.402 0.266 47 0.319 0.234 41

Others 0.556 0.292 25 0.628 0.325 8

Total 0.455 0.283 72 0.369 0.273 49

2017 Large 0.439 0.284 41 0.221 0.169 46

Others 0.567 0.288 21 0.181 0.068 7

Total 0.482 0.289 62 0.216 0.160 53

2018 Large 0.406 0.290 22 0.195 0.164 11

Others 0.202 0.136 11 0.094 0.036 4

Total 0.338 0.266 33 0.169 0.147 15

Source: authors’ elaboration.
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TABLE 6 SEM models: estimations (years 2014–2018).

Coef. Std. Err. z P > z [95% conf. interval]

(a) Year 2014

Dep. variable: Rp

θ −0.435 0.141 −3.08 0.002 −0.711 −0.159

Constant 1.533 0.060 25.75 0.000 1.417 1.65

Dep variable: θ

UAA 0.005 0.002 3.32 0.001 0.002 0.008

Constant 0.27 0.029 9.19 0.000 0.213 0.329

Var (e.Rp) 0.161 0.021 0.125 0.207

Var (e.q) 0.06 0.008 0.047 0.078

N. obs 123

Likelihood ratio −64.12

AIC 140.23

BIC 157.11

(b) Year 2015

Dep. variable: Rp

θ −0.155 0.320 −0.480 0.628 −0.782 0.472

Constant 1.473 0.205 7.190 0.000 1.701 1.875

Dep variable: θ

UAA 0.002 0.001 1.660 0.096 0.000 0.005

Constant 0.574 0.027 20.960 0.000 0.520 0.627

Var (e.Rp) 0.502 0.066 0.387 0.650

Var (e.q) 0.042 0.006 0.032 0.054

N. obs 114

Likelihood ratio −103.48

AIC 218.93

BIC 235.37

(c) Year 2016

Dep. variable: Rp

θ −0.64 0.136 −4.72 0.00 −0.907 −0.374

Constant 1.754 0.089 19.63 0.00 1.578 1.928

Dep variable: θ

UAA 0.045 0.001 3.61 0.00 0.0021 0.0070

Constant 0.559 0.025 21.97 0.00 0.5089 0.6086

Var (e.Rp) 0.114 0.015 0.0890 0.1472

Var (e.q) 0.046 0.006 0.0360 0.0596

N. obs 121

Likelihood ratio −26.34

AIC 64.68

BIC 61.46

(d) Year 2017

Dep. variable: Rp

θ −0.894 0.149 −6.00 0.00 −1.118 −0.602

Constant 1.865 0.094 19.74 0.00 1.68 2.05

(Continued)
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7 Conclusion and policy implications

This study has proposed an original and innovative investigation 
of the relationship between product price and wages in the context of 
complex agro-industrial relations. The empirical analysis explored this 
relationship based on simple propositions on the level of wages. 
Despite some caveats, data were adequate to provide a general 
perspective, which can certainly be improved; our research findings 
carry significant implications for policymakers and researchers.

First of all, an attempt has been made to emphasize how the 
profound transformation of the relationships between the farm and the 
remaining components of the agro-industrial system has accentuated 
the importance of entrepreneurship, highlighting the focus on actors 
and activities along the supply chain, but reducing the attention paid 
to the underlying connections between the other factors of production 
(i.e., land, labor, and capital). The nexus between supply chain relations 
and those between factors of production needs to be reconsidered by 
agrarian economic analysis and policymakers to identify its boundaries 
and strengths within the framework of current agro-industrial 
relations. In the redefinition of sectoral regulation, initiated with the 
approval of the Reg.EU 1308/2013 on the Common Market 
Organization, the ability of the farm to adequately remunerate the 
factors of agricultural production must be  recognized as a central 
element of agricultural entrepreneurship. The definition of efficient 
relations with downstream sectors—mediated by contracts or by the 
planning of POs or other forms of organization—should take on the 

responsibility of including in agro-industrial agreements an adequate 
relationship between price and remuneration of agricultural 
production factors. In this perspective, the usefulness of statistical 
information on actual price and wage levels grows, as does the 
importance of transparency and the circulation of information. In this 
regard, reliable and updated information on actual prices and wages is 
a relevant asset for all actors in the supply chain, including consumers. 
It, therefore, seems reasonable to consider the hypothesis of defining 
mechanisms for the transmission of this information, such as to ensure 
its circulation for all the involved actors and their stakeholders.

A second reflection concerns the possibilities that agro-industrial 
and wage bargaining may find elements of strategic convergence 
between the growth of the contractual capacity of the agro-industrial 
farms along the supply chain and their capacity to adequately 
remunerate the productive resources deployed. The case of processing 
tomatoes seems to signal that such a possibility is perhaps realistic. On 
the other hand, the study also proposes more controversial evidence 
that seems rather to suggest that the efficiency gains of farms may 
perhaps represent one of the first objectives for improving the position 
of farms and labor.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

TABLE 6 (Continued)

Coef. Std. Err. z P > z [95% conf. interval]

Dep variable: θ

UAA 0.002 0.001 1.6 0.111 0.000 0.005

Constant 0.575 0.025 23.19 0.000 0.527 0.625

Var (e.Rp) 0.099 0.013 0.077 0.129

Var (e.q) 0.038 0.005 0.029 0.049

N. obs 115

Likelihood ratio −5.62

AIC 23.23

BIC 39.7

(e) Year 2018

Dep. variable: Rp

θ −0.951 0.181 −5.26 0.00 −1.305 −0.59698

Constant 1.939 0.124 15.67 0.00 1.697 2.182

Dep variable: θ

UAA 0.001 0.001 0.53 0.595 −0.002 0.004

Constant 0.64 0.032 20.18 0 0.579 0.703

Var (e.Rp) 0.108 0.018 0.078 0.150

Var (e.q) 0.045 0.008 0.033 0.063

N. obs 73

Likelihood ratio −13.21

AIC 38.42

BIC 52.16

Source: authors’ elaboration.
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